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GENERAL ABSTRACT

Harmful mycotoxins such as fumonisin B (FB), deoxynivalenol (DON), and
zearalenone (ZEA), produced by ubiquitous food-borne fungal species, are known to
contaminate maize crops from subsistence farming areas in Centane, Eastern Cape
Province (EC), South Africa. The daily consumption of home-grown maize in these
areas has resulted in FB exposure of five to ten times above the recommended
provisional maximum tolerable daily intake (PMTDI) of 2 ug kg-! body weight day-', as
set by The Joint FAO/WHO Expert Committee on Food Additives. From a public health
perspective, not only can these mycotoxins cause various human diseases but also
impact food security. For this purpose, mycotoxin risk assessment among maize-
subsistence farmers is critical to ensure evidence-based risk management. Currently,
in resources poor settings, a deterministic risk assessment approach remains the
easiest and most accessible. This approach, based on epidemiological data, includes
using a total mean mycotoxin level (ug kg™') multiplied by the individual total mean
dry/raw maize intake in g day' divided by body weight (kg) and expressed as a
probable daily intake (PDI). The resultant PDI is thereafter compared to the relevant
mycotoxin PMTDI to determine the risk. However, this type of assessment remains
one-dimensional and can only quantify risk. To address this limitation, the current
study was aimed at developing a mycotoxin risk assessment model that not only
quantifies the risk of exposure to multi-mycotoxins (FB, DON, and ZEA) but it is also
interactive. The new model was based on the Mycotoxin Risk Assessment Model
(MYCORAM) that was originally developed for South African commercial maize
consumers and referred to as the MYCORAM-II. The overall purpose of the
MYCORAM-II is to assess the percentage of maize consumers above the relevant
mycotoxins PMTDI. In the current study, a multiphase study design was used to
develop and evaluate the model consisting of phase 1) dietary maize intake, body
weight data collection, phase 2) the development of dietary dry maize intake per body
weight categories, phases 3 and 4) mycotoxin levels data and the development of the
MYCORAM-II, phase 5) evaluation of the MYCORAM-II using published mycotoxin
levels in home-grown maize from Centane, and phase 6) to assess the
appropriateness of the national maximum safety levels as set by the South African
Department of Health for FB and DON in dry maize. The development of the model
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was limited to the availability of secondary data, its validity, and the type of data that
has been collected and published from studies conducted over the past 10 years in
rural maize-subsistence farming areas in EC, South Africa. Applying mycotoxin levels
in home-grown maize from Centane to the MYCORAM-II indicated that for total FB
between 80-90% of maize, consumers were above its PMTDI based on overall higher
levels of FB. In comparison, DON and ZEA with their lower levels in home-grown
maize resulted in a lower percentage of consumers above the respective PMTDIs. The
MYCORAM-II also indicated that the South African national maximum safety levels
will not protect subsistence maize consumers between (89% and 90% will be at risk).
In addition, the MYCORAM-II indicated differential risk scenarios when using
published data from African countries. Overall, the MYCORAM-II highlighted the
distinct roles of FB levels in home-grown maize, the number of positive samples, and
maize intake practices. Despite the limitation of the MYCORAM-II, its simplicity and
interactive function render it useful to describe multi-mycotoxin exposure among
subsistence maize farmers not only in Centane, EC, but also in Africa. Its application
can also be expanded towards developing population-specific safety levels, facilitating
decision-making during risk management, and the evaluation of appropriate public

health interventions aimed at reducing mycotoxin exposure.
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PART A: STUDY PROTOCOL

1 Background

1.1 Problem statement

Exposure to harmful mycotoxins can be regarded as a silent public health epidemic,
especially among subsistence farmers due to their chronic exposure to a high
concentration of harmful toxins (Cardwell, 2000; Wild and Gong, 2010). Mycotoxins
such as fumonisin B (FB), produced by ubiquitous food-borne fungi, are known to
contaminate maize crops produced by subsistence farmers in Centane, Eastern Cape
Province (EC) of South Africa. Fumonisin B, an International Agency for Research on
Cancer (IARC) type 2B carcinogen, has been associated with several human diseases
(e.g. oesophageal and liver cancer, neural tube defects, and childhood growth and
developmental problems) (IARC, 2002; Mismer et al., 2006; Sun et al., 2007; Wu et
al., 2014). In this regard, maize-subsistence farmers from Centane, EC have
consistently shown probable daily fumonisin intake of 5 to 10 times above the
corresponding provisional maximum tolerable daily intake (PMTDI) of 2 ug kg™' body
weight day!, as set by The Joint FAO/WHO Expert Committee on Food Additives
(JECFA, 2012; Shephard et al., 2019). With the recent discovery of the presence of
deoxynivalenol (DON) and zearalenone (ZEA) mycotoxins in home-grown maize from
Centane, the health impact of multiple mycotoxin exposure has become an important
public health consideration (Shephard et al., 2013a). The exposure to unsafe food of
vulnerable groups, such as young children and people with existing diseases, and
where food is discarded due to contamination, is creating an additional burden of food

insecurity in South Africa.

In South Africa, 78-95% of people, depending on the type of dietary assessment
method applied (24-hour recall vs. food frequency questionnaire), consume maize
daily (Labadarios et al., 2003). The monotonous consumption of staples such as maize
is, however, associated with food insecurity and nutrient deficiencies (Burger et al.,
2010; Shisana et al., 2013). Despite the mandatory fortification of commercial maize
meal (since 2003) of six vitamins and two minerals to address national micronutrient

deficiencies, those consuming home-grown maize as part of a traditional daily dietary
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pattern are more likely at risk for food insecurity, less diversity in their diet, and a poor

nutritional status (Burger et al., 2010; Shisana et al., 2013).

Adults living in maize-subsistence farming areas in Centane are known to consume
an average of between 340-630 g of cooked maize daily (Burger et al., 2010; Burger
et al., 2014; Lombard et al., 2012; 2013).

These toxins, produced at any stage during the pre-and postharvest periods, are
thermally and chemically stable and therefore regarded as highly persistent
(Bullerman and Bianchini, 2007; Burger et al., 2013; Munkvold, 2003). Thus, to
mitigate the risk of exposure to mycotoxins, appropriate models to characterise risk
are warranted especially among maize-subsistence farmers, to prioritise risk

management responses and strategies.

1.2 Mycotoxins and their occurrence in Centane, Eastern Cape

Maize crops are susceptible to filamentous fungal species that produce secondary
metabolites called mycotoxins (Marasas, 2001; Marasas et al., 2012). The major
mycotoxigenic fungal species responsible for the production of the FB mycotoxins are
of the Fusarium genus such as F verticillioides and F. proliferatum, whereas F.
graminearum and other related species are responsible for DON and ZEA. Fumonisins
mycotoxins consist of 28 analogues, classified into four main groups: A, B, C, and P
series (Marasas, 1996; Rheeder et al., 2002). From a toxicological perspective FB1,
FB2 and FB3 are the most relevant based on their high prevalence (Rheeder et al.,
2002).

For the past 30 years, the main focus of mycotoxicological research in maize-
subsistence areas in EC has mainly included the three FB analogous and their
collective total level (Total FB = FB1+FB2+FB3) (reviewed in Marasas, 2001). However,
with the development of multi-mycotoxin analytical methods, the presence of two
additional mycotoxins in subsistence maize from Centane, that of DON and ZEA, have
also been identified (Shephard et al., 2013a, 2013b). These two mycotoxins have
been associated with health disorders associated with the gastrointestinal and

reproduction system, respectively (Amuzie and Pestka, 2010; Warth et al., 2013).

Mycotoxin contamination levels in maize crops are affected by numerous factors

across the pre- and postharvest periods (including storage); consequently, they also
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vary greatly across different seasons. The mean level of total FB in subsistence maize
from Centane has ranged from 168-4006 (median 17-2870) ug kg™ over 30 years
(calculated from total FB data obtained from 12 studies conducted from 1985 to 2015
(Rheeder et al., 2016; Shephard 2007; 2013a; Tshalibe et al., 2020). Maize-
subsistence agricultural practices associated with increased risk of fungal infection
and mycotoxin production includes i) using a maize crop as a monoculture, ii) use of
untreated seed, iii) late planting, iv) failure to remove crop residues, v) leaving crop
residue to remain on the soil surface, vi) plant damage, vii) absence of pest control
measurements, viii) inadequate drying of crops and ix) improper storage facilities
(Fandohan et al., 2003; Munkvold et al., 2003; Ncube, 2008; Ncube et al., 2010; Wilke,
2007).

During the postharvest processing of maize, such as sorting, milling (dry and wet),
cleaning and thermal treatment (cooking, roasting, baking, frying, brewing,
nixtamalisation, and extrusion) only partially removes or degrades FB (Braun and
Wink, 2018; Bullerman and Bianchini, 2007; Humph and Voss, 2004). The chemical
conversion of FB within the food matrix during different food processing conditions
remains complex and challenging. Currently, modified and/or bound mycotoxins
(masked mycotoxins) are undetectable by standard analytical technologies, and their
toxicological effect, independent, synergistic or additive effect relative to free
mycotoxins, are an emerging concern to food safety specialists and authorities (Braun
and Wink, 2018).

In rural maize-subsistence farming areas, postharvest practices and food processing
include some form of traditional sorting, shelling, dehulling, winnowing and milling
using hands, grinding rocks, wooden mortar and pestle, handle-operated shelling
machines, small-scale motorised shelling or milling technologies (Alberts et al., 2019;
Burger et al., 2010). Of these methods, sorting and shelling has proven to reduce FB
levels the most effectively, between 69-71% and 57-65%, respectively (Desjardins et
al., 2000; Fandohan et al., 2006; Kimanya et al.,, 2008; Matumba et al., 2015;
Sydenham et al., 1994; Van der Westhuizen et al., 2010; 2011). In Centane, the
traditional cooking of porridge using home-grown maize has shown very little reduction
of FB (11.3%) (Shephard et al., 2012). Moreover, visibly mouldy maize is preferred for
the preparation of traditional beer (Shephard et al., 2005; Burger et al., 2010).
Affordable, culturally sensitive (and acceptable) ways to reduce mycotoxins effectively
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remain challenging within the context of poor infrastructure, poverty, food insecurity,
and lack of food diversity (Alberts et al., 2017; IARC, 2015).

1.3 Human health impacts and exposure to mycotoxins

The human health impacts associated with exposure to FB include an increased
cancer risk (liver and oesophageal), childhood growth and developmental problems
(stunting and neural tube defects) (Kimanya et al., 2010; Marasas et al., 2001; 2004).
Whereas for DON these include gastrointestinal disorders, immune-suppression,
anorexia, nausea, emesis, headache, chills, giddiness, and convulsions (Amuzie and
Pestka, 2010), and for ZEA: precocious pubertal changes in children, early menarche,
and other infertility related conditions due to its endocrine disruptive effect (Warth et
al., 2013).

In the EC, the level of FB contamination and exposure has been associated with the
risk of oesophageal cancer (OC) (Marasas, 2001). Subsistence-maize areas such as
Bizana (north-eastern part of EC) with lower FB levels in maize has shown lower OC
incidences in Centane, whereas high levels of FB contaminated maize and higher OC
incidences co-occur (Rheeder et al.,, 1992; Shephard et al., 2007). Oesophageal
cancer age-standardised incidence rates (ASIR) per 100 000 for Bizana and Centane

stratified by gender, are summarised in Table 1 (Somdyala et al., 2013).

Table 1: Oesophageal cancer incidence rates from the population-based Eastern Cape
Province Cancer Registry for two municipality areas

Area Period ASIR per 100 000 ASIR per 100 000
for males for females
Bizana 1998-2002 37.2 19.4
2003-2007 32.2 14.1
Centane 1998-2002 48.5 40.5
2003-2007 54.3 38.9

ASIR: Age-standardised incidence rates (Somdyala et al., 2013)

Over the past nine years, OC incidence rates have consistently remained lower in
Bizana compared to Centane. While this is also observed in the FB contamination

levels of subsistence maize, the mechanistic link between OC and FB remains elusive.
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Moreover, high FB levels in maize and OC incidence have also been observed in other
countries such as China and Iran (Shephard et al., 2002; Sun et al., 2007; Wu et al.,
2014).

1.4 Characteristics of maize-subsistence farming communities in

Centane

Many households in Centane, Mnqunma Local Municipality, EC of South Africa
produce maize to sustain their daily food staple (Burger et al., 2010; Lombard et al.,
2012; 2013). Home-grown maize consumption among adults from these areas is two
to four times higher per day (340-630 g) compared to EC commercial maize
consumers (153 g) (Burger et al., 2010; Burger et al., 2014; Lombard et al., 2012;
2013). Adult maize consumers usually consume two meals a day that may include
either bread and a maize-based dish or two maize-based dishes (Burger et al., 2010;
Lombard et al., 2012; 2013). Furthermore, the consumption of traditional maize beer
is normally a part of social gatherings where it is served in a communal dish (Burger
et al 2010; Shephard et al., 2005; Matsha et al., 2006). Most adults have an estimated
beer intake of 2 L per drinking event which may occur once a week. To validate this
high intake, the four-question CAGE scoring method was used to measure alcohol
dependence and regular use (Bradley et al., 2001; Ewing, 1984; O’Brien, 2008). The
CAGE questions consist of “Have you ever felt you needed to Cut down on your
drinking?”; “Have people Annoyed you by criticising your drinking?”; “Have you ever
felt Guilty about drinking?”; “Have you ever felt you needed a drink first thing in the
morning (Eye-opener) to steady your nerves or to get rid of a hangover?” (Bradley et
al., 2001; Ewing, 1984). A score of 2 (out of 4) was attributed to this group as an
indicator of regular alcohol use (Burger et al., 2010). The consumption of maize beer
may exacerbate exposure since “visibly mouldy” home-grown maize is preferred for
the preparation to enhance the taste, and therefore may contain higher levels of FB
(Shephard et al., 2005). However, even maize perceived as visibly good/healthy may

contain high levels of FB and increase the consumption of unsafe food.

With the presence of a traditional monocereal diet, in addition to poverty,
unemployment, and food scarcity, the additional loss of maize due to fungal and
resultant mycotoxin contamination will also further contribute to food insecurity and

possibly to existing micronutrient deficiencies (Alberts et al., 2019; Burger et al., 2010;
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Eastern Cape Community Survey, 2018; Labadarios et al., 2011; Mnquma Local

Municipality Socio-economic Review and Outlook, 2017; Wenhold and Faber, 2008).

1.5 Risk factors associated with increased mycotoxin exposure

Dietary and agricultural practices are not the only factors associated with an increased
risk of exposure to mycotoxins. Other factors such as climate change, food insecurity,
level of education, farm size, the non-existence of agricultural extension workers, lack
of mycotoxin risk awareness and knowledge, absence of surveillance systems,
inadequate regulatory standards and/or enforcement thereof, have also been
suggested (Adegoko and Letuma, 2013; Burger et al., 2010; Fernandez et al., 2017;
Jolly et al., 2009; Kumar and Popet, 2010; Misihairabgwi et al., 2017; Rheeder et al.,
2016; Shephard, 2008). The multiplicity of factors associated with an increased risk of
exposure is not fully characterised among susceptible subpopulations such as maize-
subsistence farmers from Centane. However, the identification of modifiable risk
factors such as those associated with the pre-and postharvest period is critical for

reduction and prevention strategies (IARC, 2015).

1.6 Mycotoxin risk assessment and management in South Africa

The regulation of mycotoxins in food crops such as maize, is a global priority for public
health, industry, and trade. Notwithstanding, such regulations require a scientific and
evidence-based process that is systematic, comprehensive, transparent, and
participatory. In this regard, mycotoxin risk analysis consists of risk assessment, risk
management, and risk communication (FAO and WHO, 2009). Such risk assessment
would comprise four critical steps: i) hazard identification and ii) characterisation
(collectively also referred to as hazard assessment), iii) exposure assessment, and iv)
risk characterisation. The overarching purpose of all these components is to provide
regulatory guidelines and strategies to protect consumers’ health against the harmful
effects of mycotoxins. South Africa, a producer and user of maize, no national
mycotoxin risk analysis process currently exists and has recently adopted the
international Codex Alimentarius Commission (CAC) maximum safety levels (MSLs)
(CAC, 2014; Department of Health, 2016). These include 4 mg kg™ for FB and 2 mg
kg™! for DON in raw maize and whole maize (including maize meal and flour), whereas
2 mg kg for FB and 1 mg kg for DON in maize products (flour, meal, flakes or
semolina) were set (CAC, 2014; Department of Health, 2016).
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However, the problem with using international standards is that these are
inappropriate within the context of subsistence farming and resource-scarce areas
(Shephard et al., 2019). Applying specifically the FB safety levels to the Mycotoxin
Risk Assessment Model (MYCORAM) indicated that between 74-92% of South African
commercial maize consumers will be exposed above the PMTDI for FB (Burger et al.,
2014; Shephard et al., 2019). The MYCORAM, an interactive model based on national
raw commercial maize intake, was developed to i) identify specific South African
maize-consumer groups at risk, ii) simulate risk scenarios using different
contamination levels, and iii) predict maximum level (Burger et al., 2014). The
MYCORAM has recently been used to develop national safety limits by a reputable
South African grain manufacturing company to safeguard commercial maize
consumers (Burger et al., 2014). Currently, the risk assessment approach in maize-
subsistence farming areas include a deterministic approach and expressed as the
probable daily intake (PDI) using mycotoxin levels (ug kg-') multiplied by the dry/raw
portion of maize consumed in g day' divided by body weight (kg) (Alberts et al., 2019).
The PDI can then be compared to the relevant mycotoxin PMTDI to assess risk. The
use of a deterministic approach is based on utilising epidemiological data obtained
from surveys and, despite its limitations and methodological challenges, is often the

easiest in resources poor settings (Burger et al., 2014; Alberts et al., 2019).

1.7 Mycotoxin exposure as a public health problem

The economic and human health impacts of exposure to multiple mycotoxins such as
FB, DON, and ZEA are overall poorly defined (Gbashi et al., 2018; Wild and Gong,
2010; Wu et al., 2014). Human studies investigating related health outcomes are
limited and most stem from a few epidemiological studies with overwhelming evidence
from in vivo and/or in vitro mechanist studies. With competing health priorities and
poor health systems in a country such as South Africa, the chronic exposure to
mycotoxins among subsistence farmers is regarded as of no consequence (Shephard
et al, 2008; Shephard et al., 2019). The type of human studies required to address the
health impacts of mycotoxins is expensive, labour intensive, time-consuming,
complex, and require a participatory multiple stakeholder approach including
government, research entities, funders; international agencies, subsistence farming
communities, and traditional leadership, private sector and agricultural support
systems (Wild and Gong, 2010; IARC, 2015).
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However, in maize-subsistence farming areas in EC, the pre-existing burdens of food
scarcity, poverty, nutrient deficiencies, OC incidence and other diseases such as
HIV/AIDs and TB, the additional chronic intake of toxins may have a contributory effect
(Hansotia et al., 2019; Massyn et al., 2020; Shisana et al., 2013; Somdyala et al.,
2013; Statistics South Africa, 2018). Nonetheless, FB specifically is carcinogenic to
animals, associated with liver and kidney cancers (Wild and Cong, 2010). Emerging
human health concerns in this regard are the possible synergetic or additive effects of
the simultaneous exposure to mycotoxins. In regards to this, the co-exposure to FB
and DON and the activation of pro-inflammatory cytokines, morphological changes,
and immune disruption have been observed in porcine intestines, known to be
physiologically similar to humans (Bracarense et al., 2012; Pierron et al., 2016). More
human studies are required to assess the true causal associations between exposure

and health outcomes to guide mycotoxin risk assessment and management.

1.8 Research gap

Risk assessment, the evidence-informed process of guiding risk management and
public health responses, remains critical. In the case of exposure to mycotoxins such
as FB, DON, and ZEA, the absence of measurable adverse outcomes in humans
hinders health risk assessment and the only useful tool remains the quantification of
exposure and risk. Moreover, mycotoxin risk assessment (and management)
approaches at the rural farm/household level will vastly differ from those in well-
developed economic markets (Alberts et al., 2019). This is further impacted by the
government’s lack of political and economic commitment to mycotoxin exposure being
a public health problem in these areas. To fill this methodological gap in the literature,
appropriate and novel risk assessment approaches are warranted with what data is
available from maize-subsistence farming areas in South Africa. Besides, a risk
assessment method capable of validating mycotoxin prevention and reduction
strategies is currently the method of choice while biomonitoring techniques remain
expensive and inaccessible. For this purpose, the current study will focus on the
development of a maize-subsistence farming health risk assessment model and

validate this model using different real-time mycotoxin levels.
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2 Study Aim

This research aim is to develop a multi-mycotoxin (FB, DON, and ZEA) health risk
assessment model to determine the percentage of adult home-grown maize
consumers from maize-subsistence farming areas in Centane, EC who are exposed

above the PMTDI levels for each respective mycotoxin.

3 Study Objectives

The following objectives are for meeting the study aim:

1. To develop a multi-mycotoxin (total FB, DON, and ZEA) health risk
assessment model for maize-subsistence farmers from Centane, EC using
relevant secondary data (home-grown-maize intake in g day' and body
weight in kg) from research conducted in these areas over the past 10 years.

2. To evaluate the relevancy and effectiveness of this health risk assessment
model as a public health tool using available mycotoxin levels (ug kg™) in
home-grown maize obtained from maize-subsistence areas in Centane, EC.

3. To assess the appropriateness of the South African National Department of

Health's current maximum levels using this risk assessment model.
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4 Study Methodology
4.1 Study design

A multi-phase study design will be used to develop and evaluate the maize-
subsistence mycotoxin risk model aimed at quantifying the risk of exposure to multi-
mycotoxins (FB, DON, and ZEA). The development of the model will be limited to the
availability of a subset of already published data, its validity, and the type of data that
has been collected in studies conducted over the past 10 years in rural maize-
subsistence farming areas in EC, South Africa. The current model will be based on the
Mycotoxin Risk Assessment Model (MYCORAM) and will utilise home-grown maize
intakes and body weight obtained from adults living in maize-subsistence farming
areas of Centane, EC. In contrast, the MYCORAM used commercial maize intake (and
body weight) obtained from a South African national consumer survey (Burger et al.,
2014). The purpose of using this existing model is its simplicity, noted usefulness, and
relevancy (Burger et al., 2014; Alberts et al.,, 2019; Shephard et al., 2019).
Furthermore, its effectiveness as an important public health tool will also be assessed
by evaluating whether the current safety levels as set by the South African DOH are
protective within the context of home-grown maize consumers from maize-farming

areas in Centane, EC.
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Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Phase 6

Figure 1: Multi-phase approach to develop and evaluate the maize-subsistence mycotoxin risk

«Ethical approval to acces and use secondary data from CPUT
*Data tabulation and cleaning

«Convert cooked maize to dry maize intakes in g day!

«Calculate maize intake increments (g day! kg body weight)

 Using the various maize intake categories, mycotoxin levels and PMTDIs to
develop the model based on the MYCORAM methodology (Burger et al., 2014)

«Evaluation of the maize-subsistence risk assessment model by using actual
mycotoxin levels obtained from various seasons

*Assess its relevance and effectiveness as a public health tool to identify at-risk
groups

*Use the national maximum level to assess its appropriateness

assessment model as a public health tool

Phase 1:

Obtaining ethical approval from both the Health Research Ethics Committee (the
University of Cape Town) and the Faculty of Applied Science Researchers Ethics
Committee, Cape Peninsula University of Technology. Once approval has been
obtained, secondary data from all the studies done in the past 10 years among maize-
subsistence farmers in EC, related to assessing maize intake, body weight, and
mycotoxin level in home-grown maize, will be accessed. All data will be tabled in an

Excel spreadsheet to clean the data and ensure there are no duplicates or other

inconsistencies.
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Phase 2:

Normally, dietary maize intake assessed via food frequency questionnaires (FFQ), 24-
hour recalls or food records, are expressed as the intake of the cooked and prepared
food item. For modelling exposure assessment, however, the dry/raw maize portion
as an ingredient in certain traditional maize-based dishes consumed by maize
consumers from subsistence farming areas in Centane, are of relevance (Burger et
al., 2010, 2014; Alberts et al, 2019). With the development and validation of a culturally
appropriate maize dietary assessment tool (FFQ and picture book), all the usual and
traditional maize-based dish recipes were obtained and the ratio of maize to other
ingredients were estimated and expressed as a maize-factor (Lombard et al., 2012,
2013). This provides a useful way of calculating individuals’ dry maize intake per day
and increases the accuracy of exposure assessment. The traditional maize-based
dishes or food items consumed by maize-subsistence farmers are summarised in
Table 2 and provide the specific ratios of maize when combined with other ingredients
as well as the maize-factor. Secondary maize intake data spanning 10 years will be
collated and the dry maize intake will be calculated using the relevant maize-factor

according to the ratios of maize to other ingredients.

Table 2: The maize-factor for each traditional dish or food item normally consumed by
maize—-subsistence farmers (Adapted from Lombard et al., 2012; 2013)

Maize Dish or Maize ltem Factor

Bread Group

Baked bread 1.65
Steamed bread 1.98
Cornbread 3.63
Dumplings 2.18
Vetkoek 1.63
Cereal Group

Whole kernels 1.90
Soft porridge 7.31
Stiff pap 3.02
Crumbly porridge 1.75
Samp 3.2
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Maize Dish or Maize Item
Mixed dishes Group (+ ratio)
Maize meal + imifino 1:1
Maize meal + imifino 1:2
Maize meal + imifino 1:5
Maize meal + imifino 2:1
Maize meal + spinach 1:1
Maize meal + spinach 1:2
Maize meal + spinach 2:1
Maize meal + spinach 1:5
Maize meal + pumpkin 1:3
Maize meal + pumpkin 3:1
Maize meal + pumpkin 1:2
Maize meal + pumpkin 2:1
Maize meal + dried beans 1:2
Maize meal + dried beans 2:1
Maize meal + dried beans 1:3
Maize meal + dried beans 3:1
Samp + beans 2:1

Samp + beans 3:1

Samp + beans 5:1

Samp + beans 1:2

Soup 1:1

Soup 2:1

Soup 1:2

Soup 1:3

Mealie rice + imifino 1:3
Mealie rice + imifino 3:1
Mealie rice + imifino 1:2
Mealie rice + imifino 2:1
Mealie rice + spinach 1:3

Mealie rice + spinach 3:1

Factor

5.33
6.85
17.46
3.92
4.62
7.32
3.66
11.97
12.79
3.22
6.00
3.31
6.67
2.67
8.71
2.38
5.29
4.66
3.87
8.84
5.40
0.48
10.0
11.0
8.97
2.96
7.99
2.30
7.86
3.21
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Maize Dish or Maize ltem Factor

Mealie rice + spinach 1:2 20.10
Mealie rice + pumpkin 1:3 7.98
Mealie rice + pumpkin 3:1 2.72
Mealie rice + pumpkin 1:2 5.78
Mealie rice + pumpkin 2:1 3.88
Maize-based Beverage Group

Amarewu 3.2
Traditional beer 3.2

Imifino: Type of wild green spinach-like leafy vegetable (Lombard et al., 2012)

Amarewu: Traditional sour fermented beverage (Lombard et al., 2012)

Phases 3 and 4

The first step in creating the risk model according to the MYCORAM methodology
(Burger et al., 2014) is to create maize intake categories in g kg! body weight day .
Similar to the maize intake data, secondary data on body weight from previous
research among maize-subsistence farmers will also be obtained and the data
transferred to an Excel spreadsheet for cleaning. The various maize categories and
corresponding mycotoxin levels will be chosen to reflect probable daily intake (PDI)
scenarios below, equal to, and above the PMTDI of each respective mycotoxin. For
example, an intake of 10 g kg™' body weight day' (within the 10 to 20 maize intake
category) and FB contamination level of 100 ug kg-! will provide a PDI of 1.0 ug kg
body weight day', which is below the PMTDI of FB (2 ug kg™' body weight day). This
intake and levels are deemed safe for maize consumers, whereas a maize intake of
20 g kg™! body weight day - with the same level of FB (100 ug kg™') will render a PDI
of 2 ug kg' body weight day-'which is equal to the PMTDI of FB and an indication of

risk or probability of harm.
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Table 3: Development of the maize-subsistence risk assessment model using six steps (adapted from Burger et al., 2014)

Step 1 Step 2
Dry maize intake Calculate the
categories percentage (%)
in individuals per

g kg! body weight day - maize category
20 and above
10to 19.9
4t09.9
210 3.9
l1to 1.9
Up to 0.9

100
200
500
1000
2000

Step 3
FB levels

in ug kg™

50
100
250
500
1000

Step 4
DON levels
in pg kg™

Step 5 Step 6
ZEA levels Plot percentage (%) of
in ug kgt each maize category

(y-axis) against the
mycotoxin levels
25 (x-axis)
50
125
250
500
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Phase 5

This phase will be the obtaining of relevant mycotoxin levels of FB, DON, and ZEA in
home-grown maize from studies conducted in the past 10 years in rural maize-
subsistence farming areas in EC, South Africa. Using the maize-subsistence graph
developed in phases 3 and 4, and applying actual mycotoxin levels, the health risk
assessment model's relevance and effectiveness as a public health tool will be
evaluated by determining the percentage of home-grown maize consumers at risk
(above the PMTDI) for each mycotoxin. These phases will also identify whether this
risk assessment model will be useful and practical in identifying and predicting at-risk

groups and MSLs.

Phase 6

The MSLs for public health as set by the South African DOH (2016) for FB (FB1 +FB2)
include that of 4 000 ug kg™" in dry maize and 20 000 ug kg™ for maize flour and maize
meal. Whereas for DON it is 2 000 ug kg in maize with ZEA not included (DOH,
2016). These MSLs will be evaluated by applying them to the model and to evaluate
whether maize consumers from maize-subsistence areas in Centane are vulnerable
to multi-mycotoxin exposure (as identified by the percentage above the PMTDI) or

protected by these MSLs (very low or zero percentage above the PMTDI).

4.2 Study timeline 2020-2021

August  September October December January February

Finalise protocol X X
Ethics submission
and review
Data management X
Model development X
Evaluation of the
model
Draft article X X
Submission of

mini-thesis
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5 Ethical Considerations

In the study proposed in this document, the principal researcher (Dr. H-M Burger, MPH
student) will uphold all research integrity and ethical principles as stated in the
Declaration of Helsinki and relevant institutional policies.

The intended study will be submitted for ethical approval at the Health Research Ethics
Committee, UCT, as well as the Faculty of Applied Sciences Research Ethics
Committee, CPUT to access secondary data. The data to develop the health risk
assessment model was collected over a 10-year period by researchers from CPUT
(including the principal researcher Dr. H-M Burger). Since all the secondary data
required has already been published in various peer-reviewed scientific journals, only
information on maize intake and body weight from adults (men and women), and FB,
DON, and ZEA levels in home-grown maize from maize-subsistence areas in Centane,
EC, South Africa will be used. The raw data is currently in Excel spreadsheet format
and stored on a password-protected computer only accessible by the principal
investigator and researcher (Dr. H-M Burger). No personal information or identifiable
indicators are evident in this Excel database; only the unique study number that each
voluntary participant received during the original studies are listed. Therefore, none of

the data can be linked to a specific participant and his/her personal information.

5.1 Study risks and benefits

The current study poses minimal risk since it will utilise secondary data already
published in peer-reviewed scientific journals and has already received ethical
approval. Most of the studies conducted were descriptive and entailed assessing
maize intake and practices, measuring body weight and food sampling, and multi-
mycotoxin analyses of home-grown maize from maize-subsistence farmers from
Centane, EC. Although the current research will not pose a direct benefit to the

participants, it will however have a broader positive public health impact.

Since maize-subsistence farmers living in Centane are known to be exposed to
harmful mycotoxins produced by food-borne fungi that infect home-grown maize, the
current study is aimed at the development of a multi-mycotoxin health risk assessment
model to quantify this risk. From a public health perspective, the consumption of

unsafe food is a major concern, therefore public health tools to assist with decision-
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making and the development of appropriate responses and strategies to reduce

exposure are critical.

5.2 Informed consent

The current study will not require additional informed consent since this is a secondary
data study using data that has already been obtained via an informed consent process
and has received ethical approval before peer-reviewed publication. Although the
various published research studies conducted in the area had different aims and
objectives, their overarching purpose has always been that of i) increasing our
understanding of and ii) reducing the exposure to harmful mycotoxins among maize-
subsistence farmers. The main purposes have been explained both orally and in
writing (in their home language of isiXhosa) to each participant during the informed
consent process. The current study’s aim is no different and falls within these purposes
and therefore it is anticipated that no additional consent will be necessary to use the

data.

5.3 Privacy and confidentiality

All data will be collated in a new Excel spreadsheet with only the unique study number,
maize intake, body weight, and mycotoxin levels visible. No other data will be
accessed, and the data obtained will only be used for the intended purposes described
in this protocol. Each participant normally receives a unique study number to ensure
anonymity and confidentiality. The current study poses no additional risks or harm to
any of the participants who participated in the original studies. Since the data has
already been published in various articles over the past 10 years, ethical approval
would have been obtained. All databases compiled as results of this study will be
password protected with only the principal investigator and student (Dr. H-M Burger)
allowed access to its contents. It is therefore anticipated that participants' identity and

privacy will be protected at all stages of the current study.

5.4 Data analysis and monitoring

Data analysis will be done in Excel by the student and the resultant model will also be
evaluated using published mycotoxin levels and other relevant scientific publications
on mycotoxin risk assessment. The researcher will remain the custodian of the data

and will be responsible for managing the databases and safeguarding access.

27 |Page



5.5 Resources

All resources required to conduct the study, develop the risk assessment model,
evaluate the model, and complete the study are available to the researcher and

principal investigator.

5.6 Study outcome and authorship

The results from this study will be used for the completion of a mini-thesis as part of
the requirement for the degree Master of Public Health, Environmental Health Track,
UCT. It is anticipated that the study will be published in a peer-reviewed, high-impact
journal and presented at conferences relevant to the field of mycotoxicology and food
safety. In recognition of the work of fellow mycotoxins researcher collaborators of 10
years and more, who have contributed to the data used in this study, authorship will
be made available (Dr. MJ Lombard, Northwest University; Dr. HA Alberts, CPUT and
Dr. JP Rheeder, CPUT).

5.7 Conflicts of interest

The principal investigator and researcher have no perceived, real or potential conflicts

of interest to declare.
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Abstract

Harmful mycotoxins such as fumonisin B (FB), deoxynivalenol (DON), and
zearalenone (ZEA), produced by ubiquitous food-borne fungal species, are known to
contaminate maize crops from subsistence farming areas in Centane, Eastern Cape
Province (EC), South Africa. The daily consumption of home-grown maize in these
areas has resulted in FB exposure of five to ten times above the recommended
provisional maximum tolerable daily intake (PMTDI) of 2 ug kg-! body weight day', as
set by The Joint FAO/WHO Expert Committee on Food Additives. From a public health
perspective, not only can these mycotoxins cause various human diseases but also
impact food security. For this purpose, mycotoxin risk assessment among maize-
subsistence farmers is critical to ensure evidence-based risk management. The aim
of the current study was to develop a unique subsistence maize Mycotoxin Risk
Assessment Model (MYCORAM-II) for Total FB (FB1 + FB2 + FB3s), DON, and ZEA
using secondary data from published studies. The overall purpose of the MYCORAM-
Il is to assess the percentage of subsistence maize consumers equal to or above the
relevant mycotoxins PMTDI. The newly constructed MYCORAM-II was further
evaluated using mycotoxin levels in home-grown maize from previous studies
conducted in Centane. Thereafter it was used to assess the appropriateness of the
South African maximum safety levels for FB and DON in dry maize, as established by
the Department of Health. Various selected studies conducted in Africa relevant to FB
were also used to assess the MYCORAM-II usefulness in different FB risk scenarios.
Applying mycotoxin levels in home-grown maize from Centane indicated that for total
FB, between 80-90% of maize consumers were above the respective PMTDI; whereas
applying the South African national maximum safety levels, that of 4 000 ug kg™ for
FB1 + FB2 and 2 000 ug kg for DON, showed that 90% and 89% of home-grown
maize consumers will be at risk of exceeding the PMTDI, respectively. From a public
health perspective, this may have a severe impact on the health status and the existing
burden of disease of people living in subsistence farming areas in the EC. Four FB
risk scenarios were constructed from studies conducted in Africa (Tanzania, Nigeria,
Zimbabwe, and Algeria) and highlighted the distinct roles of FB levels in home-grown
maize, the number of positive samples, and maize intake practices. The MYCORAM-
Il indicated that between 36 to 100% of these consumers were at risk of exposure to

harmful toxins. Despite the limitation of the MYCORAM-II, its simplicity and interactive
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function render it useful to describe multi-mycotoxin exposure among subsistence
maize farmers not only in Centane, EC but also in Africa. Its application can also be
expanded towards developing population-specific safety levels, facilitating decision-
making during risk management, and the evaluation of appropriate public health

interventions aimed at reducing mycotoxin exposure.

1 Introduction

Equitable access to safe maize remains a challenge in especially maize-subsistence
farming areas within South Africa. In this regard, the first target of the United Nations’
Sustainable Development Goals under goal number 2 (Zero Hunger) reads: “By 2030,
end hunger and ensure access by all people, in particular the poor and people in
vulnerable situations, including infants, to safe, nutritious and sufficient food all year
round” (UN 2015). This projection, aimed at low- and middle-income countries, has
yet to have an impact on vulnerable populations consuming unsafe food daily and
more so in times when food is scarce. In South Africa, food security has been the main
focus of the Department of Health and an increase in household food security from
2002 to 2017 has been achieved (Statistics South Africa, 2019). This narrow focus,
however, has neglected food safety as a critical function of both nutrition and public
health (Misselhorn and Hendriks, 2017; Ngumbela et al., 2020).

In subsistence farming areas in the Eastern Cape Province (EC), South Africa, harmful
mycotoxins produced by filamentous food-borne fungal species are known to
contaminate maize crops. The most predominant mycotoxins, fumonisin B1, (FB1) an
International Agency for Research on Cancer (IARC) type 2B carcinogen, are
associated with several human diseases namely oesophageal and liver cancer, neural
tube defects, and childhood growth and developmental problems (IARC, 2002; Mismer
et al., 2006, Sun et al., 2007; Wu et al., 2014). The maize-based traditional staple diet
of farmers from Centane, EC has increased their daily exposure to fumonisin B (FB)
five to ten times above the recommended provisional maximum tolerable daily intake
(PMTDI) of 2 ug kg™' body weight day-!, as set by The Joint Food and Agricultural
Organisation/World Health Organisation (FAO/WHQO) Expert Committee on Food
Additives (Shephard et al., 2019; JECFA, 2012). Apart from FB, the presence of two
other mycotoxins, that of deoxynivalenol (DON) and zearalenone (ZEA) in home-

grown maize from Centane, highlights the importance of the health impact of chronic

41|Page



multiple mycotoxin exposure (Marasas, 1996; Rheeder et al., 2002; Shephard et al.,
2013a). Deoxynivalenol is cytotoxic and immunosuppressive, resulting in
gastrointestinal dysfunction, reduced nutrient absorption, risk of infectious diseases as
well as decreased growth in especially animals, whereas various gastrointestinal
problems have been observed in humans (Etzel, 2014; Payros et al., 2016; Pinton and
Oswald, 2014; Waskiewicz et al., 2014). Dietary exposure to ZEA, a non-steroidal
estrogenic mycotoxin, has been linked to precocious puberty and other reproductive
problems (Asci et al., 2014; Massart et al 2008; Warth et al., 2013).

Addressing public health issues requires a systematic, transparent, and action-based
process known as mycotoxin risk analysis, consisting of risk assessment, and
management, and communication is critical to ensure safe food (FAO and WHO,
2009). The process consists of risk assessment, a science-based approach that
includes hazard identification and characterisation, collectively also referred to as
hazard assessment, exposure assessment, and risk characterisation (FAO and WHO,
2009). In advanced economic markets, however, the regulation of mycotoxins is often
an interplay between economics, politics, preservation of trade, and public health
considerations (Wu and Guclu, 2012). In South Africa, both a large producer and user
of maize grain with an approximate production of over 10 million tons each year,
commercial maize is known to contain much lower levels of mycotoxins and is
regulated, monitored, and controlled by specific structures, legislation, policy, and
procedures (Burger et al., 2013; Locke et al 2013; Shephard et al., 2019). In 2016,
South Africa adopted the international Codex Alimentarius Commission (CAC)
maximum safety levels (MSLs) of 4 and 2 mg kg for raw maize and whole maize
(including maize meal and flour) respectively, for FB and DON: 2 mg kg™' for maize
and 1 mg kg for maize product (flour, meal, flakes or semolina) (CAC, 2014;
Department of Health, 2016). While these strategies protect commercial maize
consumers from harmful mycotoxins, maize-subsistence farmers in resource-poor

areas remain vulnerable (Shephard et al., 2019).

In resource-poor settings, mycotoxin risk assessment is commonly estimated using a
deterministic approach whereby the individual risk is expressed as a probable daily
intake (PDI) (Alberts et al., 2019). This approach includes using quantitative
epidemiological data. Despite the known limitations and methodological challenges of
collecting such data, this remains the most accessible, affordable and easiest, and
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currently also allows for the comparison of similar studies across Africa (Burger et al.,
2014; Alberts et al., 2019). For health risk assessment, the PDI can then be compared
to the relevant mycotoxin PMTDI and thus evaluate and describe the probability and

seriousness of the exposure to harmful mycotoxins.

Mycotoxin research conducted in Centane, EC over the past 20 years have provided
valuable quantitative data on dietary maize intake patterns, mycotoxin levels, and
anthropometrical measurements using validated methods. In addition, a South African
Mycotoxin Risk Assessment Model (MYCORAM) was developed to i) identify specific
South African maize-consumer groups at risk, ii) simulate risk scenarios using different
contamination levels, and iii) predict a maximum level (Burger et al., 2014). Thereafter,
the MYCORAM was used to develop safety limits for a South African grain
manufacturing company to safeguard commercial maize consumers (Burger et al.,
2014). This unique model provides an opportunity to develop a similar tool to be used
to assess a highly at-risk population. Therefore, the current study is aimed at the
development of a maize-subsistence farming health risk assessment model building
on MYCORAM. This model is the first health risk assessment tool that focuses on the
consumption of home-grown maize as a staple and is called MYCORAM-II. Moreover,
the MYCORAM-II was validated utilising different real-time mycotoxin levels in home-
grown maize and applied to different mycotoxin scenarios across Africa. lllustrated in
this article is that, despite the limitations of the model, it is used for public health policy
decision-making to reduce vulnerable populations' exposure to harmful levels of

mycotoxins.
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2 Material and Methods
2.1 Study design

To develop the MYCORAM-II, a subset of secondary published data from a large
research project conducted in 2010 in Centane, EC among maize-subsistence farming
households was used including dry maize intakes and body weights (Burger et al.,
2010; Lombard et al., 2012; 2013). The parent project used a multiphased approach
to develop and evaluate the mycotoxin risk assessment model, referred to as the
MYCORAM-II, and included: 1) calculating various dry maize intake per body weight
categories in g kg body weight day -'; 2) determining the percentage (%) of
individuals within a specific maize intake category; 3) use of different contamination
levels of FB, DON, and ZEA in ug kg’ relevant to their PMTDIs; 4) plotting the
percentage (%) of individuals within each maize category (y-axis) against the
mycotoxin levels (x-axis) with a linear association (y= mx + b); 5) evaluation of actual
mean mycotoxin levels in home-grown maize from Centane; and 6) establishing the
appropriateness of the South African national regulatory maximum levels for
mycotoxin contamination. This health risk model was based on the development of the
first South Africa nation-wide MYCORAM by Burger et al. (2014) with the difference
that it is aimed at estimating risk among a focused high-risk subpopulation from the
EC exposed to FB, DON, and ZEA. Data required for the MYCORAM-II included
dietary dry and raw maize intake, body weight, and the various PMTDIs relevant to
FB, DON, and ZEA. To evaluate the model, actual levels of these mycotoxins from
published data were used as well as the regulatory level of the South African National

Department of Health.

2.2 Study area

This study used data obtained from published studies conducted among maize-
subsistence farming households in Centane, EC. Centane, together with the
Butterworth and Nggamakhwe Traditional Councils, forms the Mnqunma Local
Municipality (Figure 1 and Figure 2) and is situated in the South-Eastern part of the
EC Province and is under the authority of the Amathole District Municipality in South
Africa. Land tenure, access, and management are mostly governed by local traditional
leaders such as chiefs, headmen, and their respective committees. The Mnqunma

Local Municipality, like many other areas within the EC, are often referred to as rural,
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characterised by lack of access to resources, underdeveloped infrastructure, poverty,
household food insecurity, poor diet diversity, unemployment, and lower levels of
education (Statistics South Africa, 2019). The total population is approximately
252 390 people living across 3 270 km? (Mnquma Local Municipality website, 2021).
Of the 75 410 households in this local municipality, 57% are involved in agricultural
activities that mostly involve maize production (Mnquma Local Municipality website,
2021). Governmental agricultural support, such as providing cultivation subsidies, and
supply supported fertilizers, pesticides, and seeds, to small farming households across
the EC, is about 25.1% (Mkhonto and Musundire, 2019; Statistics South Africa, 2018).
Sixty-one percent of the population are between the ages of 15 and 64 years with 99%
isiXhosa speaking Africans, of which 54% are female (Mnquma Local Municipality
website, 2021; Municipalities of South Africa, 2021; Statistics South Africa, 2018;
Labadarios et al., 2011; Lahiff, 2003; Ntsebeza, 2005).
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Figure 2: Map of the Amathole District Municipality, with the arrow indicating the study
site near Kentani

Source: https://municipalities.co.za/map/1007/mnguma-local-municipality
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Figure 3: Typical scenery in Centane with traditional farmsteads spread across the area
with no formal addresses or available listings thereof and connected with gravel roads.

(Source: HM Burger)

2.3 Study phases
2.3.1 Phases 1 and 2: Dietary maize intake, body weight data, and the
development of dietary dry maize intake per body weight category

The individual daily intake (in g day') of home-grown maize, including cooked kernels
or cobs, maize-based dishes such as maize porridge, traditional maize-based
beverages, and any combined maize-based dishes, obtained from published studies
conducted in Centane, EC, was used (Burger et al., 2010; Lombard et al., 2012; 2013).
A database with all the cooked maize-based dishes was created and each maize-
based item was converted to a dry maize portion followed by the calculation of a mean
in g day' for each individual as well as a study group total mean intake. Similarly,
corresponding individual body weight data in kg were also added to the database
(Burger et al., 2010; Lombard et al., 2012; 2013).

The dietary home-grown maize intake data was originally obtained using a culturally
appropriate and validated maize dietary assessment method consisting of a food
frequency questionnaire (FFQ) and picture book (Burger et al., 2010; Lombard et al.,

2012; 2013). The FFQ contained traditional maize-based dishes commonly consumed
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and all the various recipes, including the various ratios of maize to other ingredients,
were available, allowing for the conversion of individual cooked maize-based dishes
(including combined or mixed maize dishes for example spinach and maize meal) into
an individual raw/dry maize portion (Burger et al., 2010; Lombard et al., 2012; 2013).
Body weight measurements were also determined according to standardised practices
such as using a scientific scale to measure the mean of two readings in kg, after the
removal of shoes and any heavy clothing, in a private setting by a trained fieldworker
in anthropometry (Burger et al., 2010; Lombard et al., 2012; 2013).

To develop the MYCORAM-II, various dry maize intake per body weight categories in
g kg™' body weight day' were created using the secondary data which includes the
individual dry maize intake per day and body weight (kg), transferred to a new
database. The dry maize intake categories were created by dividing the dry maize
intake per person per day by the body weight, similar to those developed for the first
MYCORAM (Burger et al., 2014). In each of these dry maize intake categories, the

number of individuals was calculated and expressed as a percentage (%).

2.3.2 Phases 3 and 4: Mycotoxin levels and the development of the MYCORAM-
I

Various mycotoxin levels (in ug kg™') for FB, DON, and ZEA were selected specificially
so that, if multiplied by the lower limit of a dietary maize category, it will equal the
respective PMTDI of the mycotoxin. For this model, the total FB was used which
includes combining the individual levels of the three most predominant FB analogues
(FB1, FB2, and FB3) known to be present in home-grown maize (Marasas, 2001; Burger
et al., 2014). The respective PMTDIs were 2.0 ug kg™' body weight day! for FB; 1.0
ug kg! body weight day' for DON and 0.5 ug kg™' body weight day' for ZEA (JECFA,
2000; 2001; 2012). Finally, the percentage of individuals within a dietary maize
category was plotted on a line graph with the maize intake per body weight category,
reflecting those above the PMTDI of a specific mycotoxin on the y-axis, and the
selected mycotoxin levels for FB, DON, and ZEA respectively on the x-axis. The graph,
therefore, provides a way of estimating those at risk of exposure to harmful mycotoxins

if the level of mycotoxin is known.
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2.3.3 Phases 5 and 6: Evaluation of the MYCORAM-II

To evaluate the MYCORAM-II, individual mean mycotoxin levels in home-grown maize
from Centane, obtained from published data across 20 years, was used. This data
originated from studies conducted by the Mycotoxicology Unit, Cape Peninsula
University of Technology (former PROMEC Unit, South African Medical Research
Council). These included six studies conducted during 2000, 2003, 2011, 2013, 2015,
2016 and are summarised in Table 1. The 2000 and 2003 studies provided data on
FB whereas from 2011 and onwards DON and ZEA were included using multi-
mycotoxin analyses. Fumonisin B remained the most prominent mycotoxin with
consistently high levels in all collected maize samples. Similarly, the maximum safety
level for FB1and FB2(combined) as well as DON in dry maize, maize meal, and maize
flour, adopted by the South African National Department of Health in 2016, was
applied to the MYCORAM-II for their appropriateness to protect people consuming

home-grown maize as a daily staple.
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Table 1: Mycotoxin level used to evaluate the MYCORAM-II

Period

2000

2003

2011

Description of maize collected and mycotoxin

analysis

Visibly healthy home-grown maize was collected
during July and August, 4-6 weeks postharvest from
four areas within Centane. Random samples of either

2 kg grain or 10-12 cob were collected and analysed.

Mycotoxin levels were log-transformed and the mean
with the minimum and maximum for the whole area

(Centane) was used.

Thirty-seven of the forty samples tested positive for

the presence of FB.

Collection and expression of mycotoxin levels are

similar to that presented above.
Of the 24 samples collected, 23 were positive for FB.

Random 1 kg visibly healthy maze samples were
collected from four areas within Centane during July
2011. Mean, medians and ranges were provided for

two analytical methods.

Mycotoxin

analysis

Liquid
Chromatography

(LC)

LC

LC-Mass
Spectrometry (MS)
/MS

40

24

Mycotoxin

FBr

FBr

FBT

DON

Level in ug kg?

973 (nd-7965)

2150 (nd-8385)

4006 (32-26113)*

4.7 (2.2-14)

Reference

Rheeder et al.,
2016

Rheeder et al.,
2016

Shephard et al.,
2013a
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Period Description of maize collected and mycotoxin

analysis

Only the means of the dilute and shoot method is
presented here since it includes FB1, FB2, and FB3
as well as DON and ZEA.

Samples were 93%, 100%, and 39% positive for all
the FB analogous, DON, and ZEA respectively.

2013 Home-grown maize was collected postharvest and
during the storage period in 2013, 2014, and 2015.
Samples were analysed and a combined mean was

2015 calculated.

Samples were 100% positive for total FB, 18% for
DON, and 14% for ZEA.

2016 Maximum safety level in dry maize.

Mycotoxin

analysis

LC-MS/MS

Adopted from the
Codex Alimentarius
Committee (CAC)

52

Mycotoxin

ZEA

FBr

DON

ZEA

FB1+ FB2 in dry maize

DON in dry maize

Level in ug kg?

44 (0.6-329)

1035 (1.-15590)**

25 (4-403)™*

31 (1-1523)*

4000

2000

n: sample sizes, Total FB (FBt)= FB1+FB2+FBs; n/d: not detected, FB: Fumonisins B; DON: deoxynivalenol; ZEA or ZON: zearalone.

*Mean total FB calculated from adding FB+, FB2 and FBs values.

** Values rounded to nearest 1.

***file:///E:/Laptop%20Jan%202021/MPH%20for%20ethics/No-987-Sept-05-2016-Foodstuffs-Cosmetic-and-Disinfectants-Act-54-1972.pdf

Reference

Tshabile et al.,
2020

CAC, 2014

Department of
Health, 2016***
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To investigate the usefulness of the MYCORAM-II, mycotoxin levels from home-grown
maize were applied. These levels were obtained from published studies conducted in
African countries known for maize-subsistence farming and mycotoxin contamination.
For this purpose published data was used where FB levels in home-grown maize (ug
kg') were available, as well as risk assessment expressed as a probably daily intake
(PDI: ug kg' body weight day') using relevant mean dietary maize intakes (g per
person per day) and body weight (kg).The assumption is that the MYCORAM-II will
reflect the percentage of home-grown maize consumers from these African studies

that are above the PMTDI for FB and consequently at risk.

2.4 Statistical analysis

STRATA®14, Statistics/Data Analysis, Copyright 1985-2015, StataCorp LP, United
States was used to test for normality as well as to determine the numerical means,
+ standard deviation, and the median with the minimum and maximum ranges for
quantitative data such as age, raw maize intake, and body weight. Microsoft Excel
(Microsoft Office, 2016) was used for the development and evaluation of the
MYCORAM-II.

2.5 Ethical considerations

Ethical approval for this study was obtained from the Human Research Ethics
Committee (HREC), University of Cape Town (HREC reference: 060/2021, Appendix
2), and the Faculty of Applied Science Research Ethics Committee, Cape Peninsula
University of Technology (Reference no. BRGHES001/03/2021, Appendix 3) and
CPUT site permission dated: 29 March 2021, Appendix 4).
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3 Results

3.1 Dry maize intake per body weight categories

Four hundred and ninety-five adult men and women home-grown maize consumers'
maize intake (g day') and body weight (kg) data were used to develop the various
dietary maize categories for the MYCORAM-II (Table 2). Since the data for maize
intake and body weight data were not normally distributed, the median, minimum, and
maximum were also provided. The mean age + standard deviation (median, minimum
and maximum) of the total study population (N = 495) was 40 + 15 years (39, 18-82),
whereas the means for dry maize intake and body weight for the total population were
515 + 467 g day' (414, 0-3785) and 72 + 18 kg (69, 41-150), respectively.

Table 2: Dietary dry maize per body weight categories for the MYCORAM-II (N = 495)

Dry maize intake categories in Percentage (%) individuals
g kg* body weight day ! " per dietary maize category

20 and above 29 5.9

10 to 19.9’ 109 22

4109.9’ 129 38.8

2to0 3.9’ 69 13.9

1to0 1.9’ 33 6.7

Up to 0.9 63 12.7

Total 495 100

n: sample size, number of individuals within a dietary maize category.

In each of the maize categories, the percentage of individuals was calculated similarly
to the original MYCORAM (Burger et al., 2013).
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3.2 The constructed maize-subsistence MYCORAM-II

The minimum level of each maize intake category was used to identify a specific
mycotoxin level that will provide a probable daily intake above the respective PMTDI
for each mycotoxin. To construct the MYCORAM, the specific level for each mycotoxin
was plotted on the x-axis whereas the percentage of individuals above or equal to the
PMTDI (Table 3) was plotted on the y-axis (Figure 3). The completed MYCORAM-II
provides the percentage of individuals equal to or above the respective PMTDI

depending on the mycotoxin level applied to the model.

Table 3: Mycotoxin level relevant to their PMTDI

Dietary maize PMTDI
FBt levels DON levels ZEA levels
intake , ko bod
in <1ho
. in pg kg™ in pg kg™ in pg kg™ ug. ) Y
minimum weight day*
level in
FBr DON ZEA
g kgt body
weight-day
20 100 50 25
10 200 100 50
4 500 250 125 2 1 0.5
2 1000 500 250
1 2000 1000 500

FBt = Total Fumonisin B = FB1 + FB2 + FB3; DON: Deoxynivalenol, ZEA: Zearalenone;

PMTDI: Provisional Maximum Tolerable Daily Intake
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Figure 3: The constructed MYCORAM-II showing a specific level for each
mycotoxin plotted against the percentage of individuals above or equal to
the PMTDI

3.3 Evaluation of the MYCORAM-II

Applying the various mycotoxin levels to the MYCORAM-II indicated that 80- 90% of
individuals consuming FB-contaminated home-grown maize are above the relevant
PMTDI.

Table 4 Evaluation of the MYCORAM-II using various mycotoxin levels in home-grown
maize from Centane

) _ ) Percentage (%) of individuals
Period Mycotoxin Level in ug kg™ )
above the respective PMTDI

2000 FBr 973 80
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Percentage (%) of individuals

Period Mycotoxin Level in pg kg™ )
above the respective PMTDI

2003 FBr 2150 88
4006 90
2011 DON 4.7 1
ZEA 44 23
2013 FBr 1035 82
- DON 25 3
2015 ZEA 31 11

FBr = Total Fumonisin B = FB1 + FB2 + FB3; DON: Deoxynivalenol, ZEA: Zearalenone; PMTDI:
Provisional Maximum Tolerable Daily Intake. See Table 3 for how the mycotoxin levels were obtained
and/or determined.

The safety levels set by the South African Department of Health showed that almost
90% of individuals from maize-subsistence farming areas in Centane will be at risk for
both FB and DON mycotoxins (Table 5).

Table 5 Evaluation of the South African National maximum safety levels in dry maize
using the MYCORAM:-II

Percentage (%) of individuals

Period Mycotoxin Level in pug kg* )
above the respective PMTDI
FB1 + FB2* 4000 90
2016
DON* 2000 89

FBt = Total Fumonisin B = FB1 + FB2 + FB3; DON: Deoxynivalenol, ZEA: Zearalenone; PMTDI:
Provisional Maximum Tolerable Daily Intake. * Safety levels in dry maize according to the Department
of Health (2016).
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Only four African countries were identified that adhered to the inclusion criteria of
having data on FB levels in home-grown maize and mycotoxin exposure (Table 6).
For Nigeria, only three districts were included and the levels from the Derived Savanna
and Humid Forest districts were excluded since their levels were quite similar (2154
and 2414 ug kg™, respectively) and within range of what was observed in maize from
the Southern Guinea Savanna (2675 ug kg'). Using FB levels in maize grain obtained
from selective maize-subsistence areas in Africa and applying these levels to the
MYCORAM-II indicated the role of the amount of maize consumed in respect to the
level of mycotoxins. It was noted that the percentage of positive samples as observed
in Tanzania was much lower in comparison to Zimbabwe and Algeria. Regarding
reported PDls, Kimanya et al (2009) showed a PDI of 2.9 ug kg™! body weight day-!
(range 0.1-10.4) among 4 (6%, n = 67) subsistence households consuming stored
maize in the Rombo district, Tanzania. Specific selective agro-ecological zones in
Nigeria including Sudan Savanna, Northern Guinea Savanna, and Southern Guinea
Savanna indicated PDls of 0.7, 2.8, and 2.5 ug kg body weight day, respectively
(Adetuniji et al., 2014). The PDIs from two districts in Zimbabwe: Shamva (n = 166
households) and Makoni (n = 222 households) expressed as ranges, were 0.1-5.8 and
0.2-8.1 ug kg™ body weight day!, respectively (Murashiki et al., 2017). In Algeria, a
collective PDI from the sum of FB1+FB2in maze purchased from various markets, 12.9

ug kg' body weight day' was observed by Mahdjoubi et al (2020).
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Table 6 MYCORAM-II health risk scenarios in maize-subsistence farming areas in Africa

relevant to Fumonisin B exposure

Mean maize intake | MYCORAM-II

@)
. % positive | Mean level % of
Country N Mycotoxin samples (Mg kg?) Mean body weight individuals Reference
(kg) above the
PMTDI
(MYCORAM-II
maize category) A
356
Kimanya
Tanzania 55 FBr 15 4858 60 65
et al., 2009
(410 9.9)
Nigeria
57
6948 72 Adetuniji
SS 70 FBr No data 60
29 8008 100 etal., 2014
NGS (1t01.9)
26758 88
SGS
Zimbabwe
800
Murashiki et
FB1 60
14 100 265¢ 36 el 2T
Shamva
Ve (10 to 19.9)
axon 61 100 383C 49
44
Mahdjoubi
Algeria 30 FB+ 97 14 812P 60 100
et al., 2020
(Up t0 0.9)

N = number of maize samples collected for analysis.

% = percentage; PMTDI = Provisional Maximum Tolerable Daily Intake.

Nigerian sampling sites: SS = Sudan Savanna, NGS = Northern Guinea Savanna, SGS = Southern Guinea
Savanna.

FBt = Total Fumonisin B = FB1 + FB2 + FBs. A in g kg™' body weight day' B level in stored maize samples;
€ Median levels in maize grain from two districts in Zimbabwe; P maize collected from random markets in three

areas of Western Algeria: Aint Temouchent, Oran, and Tiaret.
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4 Discussion

Maize-subsistence farmers living in Centane, EC are known to be exposed to harmful
mycotoxins produced by food-borne fungi that infect home-grown maize daily. From a
public health perspective, the consumption of unsafe food is a major concern and
therefore requires adequate tools or models to assist with decision-making and the

development of appropriate responses and strategies to reduce exposure.

The daily consumption of monotonous staple foods such as maize, has been
associated with food insecurity, less dietary diversity, and nutrient deficiencies (Burger
et al., 2014; Shisana et al., 2013). Maize contaminated with mycotoxins further
exacerbates food insecurity with the loss of crops due to visible plant diseases and
mould, while during periods food scarcity, contaminated maize is often consumed
(Alberts et al., 2019; Burger et al., 2010; Misihairabgwi et al., 2019; Shephard et al.,
2008a; Udomkun et al., 2017). Chronic dietary exposure to multiple mycotoxins, which
are mostly unavoidable and persistent, may have antagonistic, additive, or synergistic
health impacts based on various factors including individual characteristics,
bioavailability, and contamination levels (Bracarense et al., 2012). Evidence from
mechanistic and animal studies suggested that ingesting both FB and DON, even at
low doses, affects the intestinal tract by altering its barrier function and integrity,
immune response as well as nutrient absorption (Bracarense et al., 2012; Pierron et
al., 2016). Many of these studies have been conducted using in vivo and in vitro
porcine intestinal models known to be anatomically and physiologically similar to that
of humans (Ziegler et al., 2016; Zhang et al., 2013). The dual effects of FB and DON
in addition to FB’s ability to disrupt key lipid parameters have been suggested to
contribute to the association between dietary mycotoxin exposure, and childhood
developmental and growth problems such as stunting (Burger et al., 2018; Lombard
et al., 2014; Smith et al., 2012). This emphasises the importance of considering the
concomitant exposure to multiple mycotoxins such as total FB, DON, and ZEA when

assessing risk and the potential health impacts.

In this study, the MYCORAM-II, structured similarly to the original MYCORAM (Burger
et al., 2014) showed a higher percentage of consumers in the upper dietary dry maize
intake categories as a result of a daily diet consisting of home-grown maize. In

comparison, in the original MYCORAM stratified by Province, EC presented more
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consumers in the lower categories (Burger et al., 2014). The original MYCORAM was
based on the dietary intake of commercial maize consumers that are expected to have
more diverse diets and access to a variety of other foods. This is also reflected in the
total mean dry maize intake of 153 g day™! (range 16-1037, n = 384) for the EC study
population (Burger et al., 2014) compared to the current study and that of 515 g day"
(range 0-3785, n = 495). Interestingly, the total mean body weights were quite
comparable, with 75 kg (range 36-170) and 72 kg (range 41-150) for the EC and
Centane study populations, respectively. These parameters are critical for assessing
the risk of exposure to harmful mycotoxins. The various dietary dry maize intake
categories applied to the MYCORAM-II can be accepted as reliable data since it was
estimated using field-friendly, validated, standardised, and culturally appropriate
assessment methods (Lombard et al., 2012; 2013).

Applying actual mycotoxin levels from home-grown maize collected in Centane across
different sampling periods to the new MYCORAM-II highlighted the association
between the concentration levels of FBt and the percentage of the consumer at risk.
Comparability of the percentage of consumers at risk using mycotoxin levels from four
different studies was strengthened by their similar sampling strategies such as the
selection of visible good or healthy maize during the harvest and storage stage,
between June and August, and the use of liquid chromatography techniques for
analysis (Rheeder et al., 2016; Shephard et al., 2013; Tshabile et al., 2020). The
MYCORAM-II, similar to the original is, therefore, a useful model to assess risk

especially among maize-subsistence farming populations.

The drivers of fungal infection and consequential mycotoxin production in home-grown
maize in Centane are complex and related to numerous biophysical and
socioeconomic indicators. Environmental factors including i) non-living stressors for
example low rainfall, and high average daily maximum temperatures or prolonged
drought; ii) living stressors such as an increase in insect pests (e.g. stalk borers); and
i) the availability and access to resources for instance inadequate maize storage
facilities, are known to affect fungal infection and mycotoxin production favourably
(Alberts et al., 2019; Rheeder et al., 2016). The interaction of socioeconomic drivers,
that of financial, human, natural, social, and physical capital, may impact agricultural
pre- and postharvest practices and in return maize safety (Alberts et al., 2019;
Adegoko and Letuma, 2013; Fernandez et al., 2017, Burger et al., 2010, Jolly et al.,
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2009; Kumar and Popet, 2010; Misihairabgwi et al., 2017; Rheeder et al., 2016;
Shephard, 2008b). The Eastern Cape Province is known to have the highest
Multidimensional Poverty Index in South Africa (Statistics South Africa, 2019). This
index consists of various measurables such as i) poverty, ii) health (nutrition and
childhood mortality), iii) education (number of school years and school attendance),
iv) living conditions (type of fuel used for cooking, lighting, and heating, sanitation,
water access, type of dwelling and assets), and v) economic activity (adult
unemployment levels) (Statistic South Africa, 2019). These multiple factors may
impact negatively on maize-subsistence agricultural practices and in return affect

maize fungal infections and mycotoxin production.

Using the MYCORAM-II to investigate the feasibility of the South African national
maximum safety levels for FB and DON to protect home-grown maize consumers
living in subsistence areas indicated a high percentage (90-89% respectively) of maize
consumers at risk. Even from a national perspective, when applying the FB safety level
to the original MYCORAM indicated that 74-92% of South African commercial maize
consumers are above the PMTDI and at-risk (Burger et al., 2014; Shephard et al.,
2019). Within the context of South Africa, with maize being critical not just for
consumption and food security but also to the economy, a food safety approach using
internationally-based safety levels is not sufficient to protect local maize consumers
(Shephard et al., 2019). Therefore, a more prioritised, refined, and evidence-based
approach to mycotoxin regulations is critical. In this regard, the MYCORAM-II provides
substantiated evidence for the need to urgently address maize food safety among

subsistence farmers in the EC.

In the current study, the MYCORAM-II was used to investigate different FB scenarios
in Africa using the relevant data from published human FB exposure studies. Although
FB is considered as one of the “big five mycotoxins” relevant to agriculture, such
studies are limited and challenged by economics, infrastructure, resources, and
politics (Collins et al., 2021). Only four such studies were identified and showed an
overall high percentage of consumers above the PMTDI (range from 36-100%)
depending on the mycotoxin level, percentage of positive samples, dietary intake, and
body weight. Notably, the production of traditional staple crops, agricultural practices,
dietary patterns, and environmental and climatic factors differ vastly across Africa, and
therefore so does the susceptibility to various types of fungal species, mycotoxin
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production, and health risks. The reliability of the MYCORAM-II results was impacted
by the overall relatively small number of maize samples that were analysed, the
analytical methodology used, sources and assessment methods of dietary maize
intake estimations, and body weight assumptions. However, applying these
parameters to the MYCORAM-II showed different risk outcomes than that of the
reported PDIs. The relevance of the MYCORAM-II, although based on data from
maize consumers in Centane, South Africa, lies in its using broad-ranged dietary
maize intake categories. This, in addition to maize being the main staple crop
produced and consumed in Tanzania, Nigeria, and Zimbabwe, also adds to the
potential applicability and reliability of the MYCORAM-II when applying the relevant
parameters (Babajide et al., 2021; Luzi-Kihupi et al., 2015; Ranum et al., 2014).
However, in contrast, in Algeria, being mainly a wheat-producing and consuming
country where maize is mostly imported, the risk may have been overestimated when
using the MYCORAM-II (Mahdjoubi et al., 2020). However, those consuming maize
with contamination levels of 14 812 ug kg' (range 289-42 143), even at a low mean
dietary intake of 44 g day' will be 100% at risk (Mahdjoubi et al., 2020). A possible
limitation to using the data from these studies is that they did not distinguish between
cooked or dry maize dietary intake, which is important to estimate and describe the

risk more accurately when using the MYCORAM-II.

The public health application of the MYCORAM-II in regards to maize-subsistence
populations for risk assessment and ultimately risk analysis, could be of value to all
stakeholders involved in mycotoxin regulation, food safety, and public health. In
addition to its usefulness in monitoring human mycotoxin-reduction strategies where
biomonitoring is not available or unaffordable, the MYCORAM-II could be used to
estimate evidence-based safety levels. The MYCORAM-II can also be utilised in future
studies in Centane involving community-participatory interventions aimed at
increasing the awareness of maize plant disease, mycotoxins, good agricultural
practices, and safe maize processing practices. The findings from this study showed
that mycotoxin levels in home-grown maize, before and after the community-based
interventions, can be applied to assess and describe mycotoxin reduction and the

levels of success of the various strategies.
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4.1 Limitation of the MYCORAM-II

The current MYCORAM-II, just like the original risk model, is based on data obtained
from epidemiological observation studies. Observational descriptive studies using
cross-sectional designs, although relatively easy and cost-effective, are not without
weaknesses. More so are the challenges of obtaining a representative sample size
that is large enough when working in areas such as maize-substance areas that are
underdeveloped and infrastructure poor. Centane, EC is known for areas that consist
of gravel roads with farmsteads spread far apart, across a mountainous landscape,
and that are often unreachable. Most farms have no formal address and are not
officially listed anywhere to ensure an adequate sampling strategy. Often during field
trips, a central functional road is selected and surrounding farming households are
selected based on accessibility as well as where people are available and have
consented to participate (Burger et al., 2010). This may result in selection bias and
affect the external validity as well as the precision of the findings. In addition, although
various dietary assessment tools are available, each type has its own unique
methodological and analytical challenges that can lead to specific biases and errors,
inevitably impacting the reproducibility and accuracy of the dietary intake data (Gibson
etal., 2017). The MYCORAM-II is based on dietary data obtained from a special maize
quantitative FFQ that was developed and validated among home-grown maize
consumers from Centane to increase the validity and reproducibility of the intakes
(Lombard et al., 2012; 2013). However, measurement errors such as recall bias

remain a challenge (Lombard et al., 2012, 2013).

The most important limitation of the MYCORAM-II is the unavoidable effects of
urbanisation and acculturation, known for changes in diet, lifestyle, demographics, and
socio-economics (the so-called nutritional transition), including traditional agricultural
practices (Nnyepi, et al., 2015). In this regard, the lack of governmental agricultural
support, access to, and availability of social grants and other foods will inevitably affect
the validity and reproducibility of the MYCORAM-II practices (Hendriks et al., 2020;
Misselhorn and Hendriks, 2017). Moreover, climate and weather considerations, the
aging population in EC where the younger generation is becoming more indifferent to
agriculture, and other traditional practices may also play a role (Hendriks et al., 2020;
Misselhorn and Hendriks, 2017).
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5 Conclusions

To adequately understand and manage mycotoxin exposure among maize-
subsistence farmers consuming their own grown maize, a unique risk-based approach
is required. Therefore, the current study was aimed at developing a unique maize-
subsistence farming health risk assessment model and to validate the model using
relevant mycotoxin levels in home-grown maize and applied to different mycotoxin
scenarios across Africa. The MYCORAM-II a simple, inexpensive, and interactive
model was able to quantify and describe maize mycotoxin health risks among at-risk
populations. More importantly, this model assists with developing population-specific
safety levels, promotes evidence-based decision-making during risk management
strategy and policy development, and aids in the evaluation of appropriate public
health interventions aimed at reducing mycotoxin exposure. Despite its limitations and
challenges, the MYCORAM-II model may also be useful in other African countries
where maize is still consumed as a staple. This model can also be used during
community-based collaborative information sessions to explain the impact and scope

of exposure to harmful toxins.

6 Conflict of interest

The authors declare that there is no conflict of interest.

7 Funding

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

63|Page



8 Acknowledgments

The authors of this manuscript would like to thank retired Professors Wentzel
Gelderblom (Blom) and Gordon Shephard for their valuable assistance and review of
this work. To all the people from Centane who have participated in the various studies
described or used in this manuscript, we would like to thank you for your time,
patience, and contributions. The warmth and friendliness in which we were welcomed

into your home, we will never forget.

9 Article Reference
Adegoke, G.O. and Letuma, P. (2013). Strategies for the prevention and reduction of

mycotoxins in developing countries. In: Makun HA, editor. Mycotoxin and food safety
in developing countries. Rijeka, Croatia: InTech; pp. 123-36.
http://dx.doi.org/10.5772/52542

Adetuniji, M.C., Atanda, O.0., Ezekiel, C.N., Dipeolu, A.O., Uzochukwu, S.V.A.,
Oyedepo, J. and Chilaka, C.A. (2014). Distribution of mycotoxins and risk assessment
of maize consumers in five agro-ecological zones of Nigeria. European Food
Research and Technology, 239, 287-296, https://doi.org/10.1007/s00217-014-2221-0

Alberts, J., Rheeder, J., Gelderblom, W., Shephard, G. and Burger, H. M. (2019). Rural
Subsistence Maize Farming in South Africa: Risk Assessment and Intervention models
for Reduction of Exposure to Fumonisin Mycotoxins. Toxins, 11, 334.
https://doi.org/10.3390/toxins11060334

Asci, A., Durmaz, E., Erkekoglu, P., Pasli, D., Bircan, I. and Kocer-Gumuse, B. (2014).
Urinary zearalenone levels in girls with premature thelarche and idiopathic central
precocious puberty. Minerva Pediatrics, 66, 571-578, PMID: 25336100.

Babajide, S., Kosemani, A. and Bamgboye, |. (2021). Modelling energy use pattern for
maize (Zea mays L.) production in Nigeria, Cleaner Engineering and Technology, 2,
100051, ISSN 2666-7908, https://doi.org/10.1016/j.clet.2021.100051.

64|Page


http://dx.doi.org/10.5772/52542
https://doi.org/10.1007/s00217-014-2221-0
https://doi.org/10.3390/toxins11060334
https://doi.org/10.1016/j.clet.2021.100051

Bracarense, A., Lucioli, J., Grenier, B., Drociunas Pacheco, G., Moll, W., Schatzmayr,
G. and Oswald, . (2012). Chronic ingestion of deoxynivalenol and fumonisin, alone or
in interaction, induces morphological and immunological changes in the intestine of
piglets. British Journal of Nutrition, 107, 1776-1786.d0i:10.1017/S0007114511004946

Burger, H-M., Lombard, M.J., Shephard, G.S., Rheeder, J.R., van der Westhuizen, L.
and Gelderblom, W.C.A. (2010). Dietary fumonisin exposure in a rural population of
South Africa. Food and Chemical Toxicology, 48, 2103-2108.

Burger, H-M., Shephard, G.S., Louw, W., Rheeder, J.P. and Gelderblom, W.C.A.
(2013). The mycotoxin distribution in maize milling fractions under experimental

conditions. International Journal of Food Microbiology, 165, 57-64.

Burger H-M., Lombard, M.J., Shephard, G.S., Danster-Christians, N. and W.C.A.
Gelderblom. (2014). Development and evaluation of a sensitive mycotoxin risk
assessment model (MYCORAM). Toxicological Sciences, 141, 387-397.

CAC (Codex Alimentarius Commission). (2014). Report of the eighth session of
the Codex Committee on Contaminants in Foods (CCCF), Considered by the 37th
Session of the Codex Alimentarius Commission (CAC) (REP14/CF, para 72 &

appendix IV) (Geneva, Switzerland).

Collins, S., Walsh, J., Renaud, J., McMillan, A., Rulisa, S., Miller, J. Reid, G., and
Sumarah, M. (2020). Improved methods for biomarker analysis of the big five
mycotoxins enables reliable exposure characterization in a population of childbearing
age women in Rwanda. Food and Chemical Toxicology. 147.
10.1016/j.fct.2020.111854.

Department of Health. (2016). South Africa Foodstuffs, Cosmetics and Disinfectants
Act (54/1972): Regulations Governing Tolerances for fungus-produced toxins in
Foodstuffs: Amendment. In Government Gazette; 5 September 2016; No 40250,
Government Notice number 987.
https://www.gov.za/sites/default/files/gcis_document/201609/40250gon987 .pdf

65|Page


http://refhub.elsevier.com/S0956-7135(18)30505-X/sref7
http://refhub.elsevier.com/S0956-7135(18)30505-X/sref7
http://refhub.elsevier.com/S0956-7135(18)30505-X/sref7
http://refhub.elsevier.com/S0956-7135(18)30505-X/sref7
http://refhub.elsevier.com/S0956-7135(18)30505-X/sref7

Etzel, R. A. (2014). Reducing malnutrition: Time to consider potential links between

stunting and mycotoxin exposure? Pediatrics, 134, 4-6.

FAO (Food and Agriculture Organization) and WHO (World Health Organization).
(2009). Environmental Health Criteria 240, Principles and Methods for the Risk
Assessment of Chemicals in Food; FAO, WHO: Geneva, Switzerland, 2009; ISBN
9789241572408.

Fernandes, T.H., Ferrao, J., Bell, V. and Chabite, I.T. (2017). Mycotoxins, Food and
Health. Journal of Nutrition, Health and Food Sciences, 5, 1-10
DOI: 10.15226/jnhfs.2017.001118

Gibson, R.S., Charrondiere, U.R. and Bell, W. (2017). Measurement Errors in Dietary
Assessment Using Self-Reported 24-Hour Recalls in Low-Income Countries and
Strategies for  Their Prevention, Advances in Nutrition, 8, 980-
991, https://doi.org/10.3945/an.117.016980

Hendriks, S.L., Viljoen, A., Marais, D. Wenhold, F. A. M., Mcintyre, A. M., Ngidi, M. S.,
Annandale, J. G., Kalaba, M. and Stewart, D. (2020). Considerations for the design of
nutrition-sensitive production programmes in rural South Africa. BMC Public
Health, 20, 1383. https://doi.org/10.1186/s12889-020-09445-3

IARC (International Agency for Research on Cancer), World Health Organization
(WHO). (2002). “Fumonisin B1,” in IARC monographs on the evaluation of
carcinogenic risks to humans, some traditional herbal medicines, some mycotoxins,
naphthalene and styrene Vol 82, (IARC Press: Lyon, France), 301-366.

JECFA (Joint FAO/WHO Expert Committee on Food Additives) (2012). Joint
FAO/WHO expert meeting on dietary exposure assessment methodologies for
residues of veterinary drugs: final report including a report of stakeholder meeting.
Rome, Italy November

2011.http://www.fao.org/fileadmin/user upload/agns/pdf/jecfa/Dietary Exposure Ass

essment Methodologies for Residues of Veterinary Drugs.pdf

66| Page


http://dx.doi.org/10.15226/jnhfs.2017.001118
https://doi.org/10.3945/an.117.016980
https://doi.org/10.1186/s12889-020-09445-3
http://www.fao.org/fileadmin/user_upload/agns/pdf/jecfa/Dietary_Exposure_Assessment_Methodologies_for_Residues_of_Veterinary_Drugs.pdf
http://www.fao.org/fileadmin/user_upload/agns/pdf/jecfa/Dietary_Exposure_Assessment_Methodologies_for_Residues_of_Veterinary_Drugs.pdf

Jolly, C.M., Bayard, B., Awuah, R.T., Fialor, S.C. and Williams, J.T. (2009). Examining
the structure of awareness and perceptions of groundnut aflatoxin among Ghanaian
health and agricultural professionals and its influence on their actions. Journal of
Socio-Economics, 38, 280-http://dx.doi.org/10.1016/j.socec.2008.05.013

Kimanya, M., Meulenaer, B., Tiisekwa, B., Ugullum, C., Devlieghere, F., Camp, J.,
Samapundo, S., and Kolsteren, P. (2009). Fumonisins exposure from freshly
harvested and stored maize and its relationship with traditional agronomic practices in
Rombo district, Tanzania. Food Additives & Contaminants: Part A. 26. 1199-1208.
10.1080/02652030902922784.

Kumar, G.D.S. and Popat, M.N. (2010). Farmers’ perceptions, knowledge and
management of aflatoxins in groundnuts (Arachis hypogaea L.) in India. Crop
Protection, 29, 1534-1541. http://dx.doi.org/10.1016/j.cropro.2010.08.019

Labadarios, D., Steyn, N.P. and Nel, J. (2011). How diverse is the diet of adult
South Africans? Nutrition Journal, 10(33).

http://www.nutritionj.com/content/10/1/33

Lahiff, E. (2003). Land reform and sustainable livelihoods in South Africa’s Eastern
Cape Province. Sustainable Livelihoods in Southern Africa Research Paper 9.

Institute of Development Studies, Brighton.

Locke, A., Wiggins, S., Henley, G. and Keats, S. (2013). Diverting grain from animal
feed and biofuels: can it protect the poor from high food. Overseas Development
Institute, 203 Blackfriars Road, London, SE1 8NJ,

https://odi.org/en/publications/diverting-grain-from-animal-feed-and-biofuels-can-it-

protect-the-poor-from-high-food-prices/

Lombard, M.J., Steyn, N., Burger, H-M., Charlton, K., Senekal, M. and Gelderblom,
W.C.A. (2012). A proposed method to determine fumonisin exposure from maize
consumption in a rural South African population using a culturally appropriate food

frequency questionnaire. Public Health Nutrition, 17, 131-138.

67|Page


http://dx.doi.org/10.1016/j.socec.2008.05.013
http://dx.doi.org/10.1016/j.socec.2008.05.013
http://dx.doi.org/10.1016/j.cropro.2010.08.019
http://dx.doi.org/10.1016/j.cropro.2010.08.019
http://www.nutritionj.com/content/10/1/33
https://odi.org/en/publications/diverting-grain-from-animal-feed-and-biofuels-can-it-protect-the-poor-from-high-food-prices/
https://odi.org/en/publications/diverting-grain-from-animal-feed-and-biofuels-can-it-protect-the-poor-from-high-food-prices/

Lombard, M.J., Steyn, N., Burger, H-M., Charlton, K. and Senekal, M. (2013). A food
photograph series for identifying portion sizes of culturally specific dishes in rural areas

with a high incidence of oesophageal cancer, Nutrients, 5, 3118-3130.

Lombard, M., Steyn, N., Burger, H-M., Charlton, K. and Gelderblom, W.C.A., 2014. A
proposed method to determine fumonisin exposure from maize consumption in a rural
South African population using a culturally appropriate FFQ. Public Health Nutrition,
17, 31-138.

Luzi-Kihupi, A., Kashenge-Killenga, S. and Bons, C. (2015). A Review of Maize, Rice,
Tomato and Banana Research in Tanzania. Tanzania Journal of Agricultural Sciences,
14, 1-20. file:///C:/Users/burgerh/Downloads/153331-Article%20Text-401453-1-10-
20170317%20(1).pdf

Mahdjoubi, C.K., Arroyo-Manzanares, N., Hamini-Kadar, N.” Garcia-Campanfa, A.M.,
Mebrouk, K. and Gamiz-Gracia, L. (2020). Multi-Mycotoxin Occurrence and Exposure
Assessment  Approach in Foodstuffs from Algeria. Toxins, 12, 194.
https://doi.org/10.3390/toxins12030194

Marasas, W. F. (1996). Fumonisins: history, world-wide occurrence and impact.

In Fumonisins in Food (pp. 1-17). Springer, Boston, MA.

Massart, F., V. Meucci, V., Saggese, G. and Soldani, G. (2008). High growth rate of
girls with precocious puberty exposed to oestrogenic mycotoxins. Journal
of Pediatrics, 152, 690-695

Misihairabgwi, J.M., Ezekiel, C.N., Sulyok, M., Shephard, G.S. and Krska R. (2019).
Mycotoxin contamination of foods in Southern Africa: A 10-year review (2007-2016),
Critical Reviews in Food Science and Nutrition, 59, 43-58. doi:
10.1080/10408398.2017.1357003. Epub 2017 Sep 25. PMID: 28799776.

Mismer, S.A., Suarez, L., Felkener, M., Wang, E., Merrill, A.H., Rothman, K.J. and

Hendricks, K.A. (2006). Exposure to fumonisins and the occurrence of neural tube

68|Page


file:///C:/Users/burgerh/Downloads/153331-Article%20Text-401453-1-10-20170317%20(1).pdf
file:///C:/Users/burgerh/Downloads/153331-Article%20Text-401453-1-10-20170317%20(1).pdf
https://doi.org/10.3390/toxins12030194

defects along the Texas-Mexico border. Environmental Health Perspectives, 114, 237-
241.

Misselhorn, A. and Hendriks, S.L. (2017). A systematic review of sub-national food
insecurity research in South Africa: missed opportunities for policy insights. PL0S
One.12(8):e0182399. https://doi.org/10.1371/journal.pone.0182399.

Mkhonto, L.P. and Musundire, A. (2019). Agricultural Production Inputs Support
Programme as a Socioeconomic Development Strategy. South African Journal of
Agricultural Extension, 47, 46-58. http://dx.doi.org/10.17159/2413-
3221/2019/v47n4a525.

Mnquma Local Municipality Website. (2021). http://www.mngquma.gov.za/

Mnquma Local Municipality Socio-Economic Review and Outlook 2017. (2017).
Eastern Cape Socio-economic Consultative Council (ECSECC).
https://www.ecsecc.org/documentrepository/informationcentre/mnquma-local-
municipality 58842.pdf

Municipalities of South Africa, (2021). Mnquma Local Municipality (EC122),

https://municipalities.co.za/demographic/1007/mnguma-local-municipality

Murashiki, T.C., Chidewe, C., Benhura, M.A., Maringe, D.T., Dembedza, M.P.,
Manema, L.R., Mvumi, B.M. and Nyanga, L.K. (2017). Levels and daily intake
estimates of aflatoxin B1 and fumonisin B1 in maize consumed by rural households in
Shamva and Makoni districts of Zimbabwe, Food Control, 72, 105-109,
https://doi.org/10.1016/j.foodcont.2016.07.040.

Ngumbela, X., Khalema, E. and Nzimakwe, T. (2020). Local worlds: Vulnerability and
food insecurity in the Eastern Cape province of South Africa. Journal of Disaster Risk
Studies, 12, 10 pages. doi:https://doi.org/10.4102/jamba.v12i1.830

69|Page


https://doi.org/10.1371/journal.pone.0182399
http://dx.doi.org/10.17159/2413-3221/2019/v47n4a525
http://dx.doi.org/10.17159/2413-3221/2019/v47n4a525
http://www.mnquma.gov.za/
https://www.ecsecc.org/documentrepository/informationcentre/mnquma-local-municipality_58842.pdf
https://www.ecsecc.org/documentrepository/informationcentre/mnquma-local-municipality_58842.pdf
https://municipalities.co.za/demographic/1007/mnquma-local-municipality
https://doi.org/10.4102/jamba.v12i1.830

Nnyepi, M.S., Gwisai, N., Lekgoa, M. and Seru, T. (2015). Evidence of nutrition
transition in Southern Africa. Proceedings of the Nutrition Society, 74, 478-486. doi:
10.1017/S0029665115000051. Epub 2015 Feb 17. PMID: 25686639.

Ntsebeza, L. (2005). Democracy Compromised: Chiefs and the Politics of the Land in
South Africa. Brill, Leiden.

Payros, D., Alassane-Kpembi, |., Pierron, A., Loiseau, N., Pinton, P. and Oswald, |.P.
(2016). Toxicology of deoxynivalenol and its acetylated and modified forms. Archives
in Toxicology. 90(12):2931-2957. doi: 10.1007/s00204-016-1826-4. Epub 2016 Sep
23. PMID: 27663890.

Pierron, A., Alassane-Kpembi, |. and Oswald, |.P. (2016). Impact of two mycotoxins
deoxynivalenol and fumonisin on pig intestinal health. Porcine Health
Management, 2, 21. hitps://doi.org/10.1186/s40813-016-0041-2

Pinton, P. and Oswald, |I. (2014). Effect of deoxynivalenol and other type B

trichothecenes on the intestine: A review. Toxins, 6, 1615-1643.

Ranum, P., Pefa-Rosas, J.P. and Garcia-Casal, M.N. (2014), Global maize
production, utilization, and consumption. Annals of the New York Academy of Science,
1312, 105-112. https://doi.org/10.1111/nyas.12396

Rheeder, J.R., Marasas, W.F.O., Vismer, H.F. (2002). Production of fumonisin
Analogues by Fusarium Species. Applied and Environmental Microbiology, 68, 2101-
2105.

Rheeder, J. P., Van der Westhuizen, L., Imrie, G. and Shephard, G. S. (2016).
Fusarium species and fumonisins in subsistence maize in the former Transkei region,
South Africa: a multi-year study in rural villages. Food Additives and Contaminants.
Part B, Surveillance, 9, 176-184. https://doi.org/10.1080/19393210.2016.1154612

Shephard, G.S. (2008b). Impact of mycotoxins on human health in developing

countries. Food Additives and Contaminants, 25, 146-151.

70|Page


https://doi.org/10.1186/s40813-016-0041-2
https://doi.org/10.1111/nyas.12396
https://doi.org/10.1080/19393210.2016.1154612

Shephard, G. S. (2008a). Risk assessment of aflatoxins in food in Africa. Food
Additives and Contaminants, 25, 1246-1256.

Shephard, G.S., Burger, H-M., Gambacorta, L., Krska, R., Powers, S.P., Rheeder,
J.P., Solfrizzo, M., Sulyok, M., Visconti, A., Warth, B. and Van der Westhuizen, L.,
(2013). Mycological analysis and multi-mycotoxins in maize from rural subsistence
farmers in the former Transkei, South Africa. Journal of Agricultural and Food
Chemistry, 61, 8232-8240.

Shephard, G.S., Burger H-M., Rheeder, J.P., Alberts, J.F. and Gelderblom, W.C.A.
(2019). The effectiveness of regulatory maximum levels for fumonisin mycotoxins in

commercial and subsistence maize crops in South Africa. Food Control, 97, 77-80.

Shisana, O., Labadarios, D., Rehle, T., Simbayi, L., Zuma, K., Dhansay, A., Reddy,
P., Parker, W., Hoosain, E., Naidoo, P., Hongoro, C., Mchiza, Z., Steyn, N.P., Dwane,
N., Makoae, M., Maluleke, T., Ramlagan, S., Zungu, N., Evans, M.G., Jacobs, L.,
Faber, M. and SANHANES-1 Team. (2013). South African National Health and
Nutrition Examination Survey (SANHANES-1). Cape Town: HSRC Press.

Smith, L.E., Stoltzfus, R.J. and Prendergast, A., (2012). Food chain mycotoxin
exposure, gut health, and impaired growth: a conceptual framework. Advances in
Nutrition, 3, 526-531.

Statistics South Africa, (2018). Provincial Profile: Eastern Cape Community Survey,
2016, Pretoria: Statistics South Africa, Report number 03-01-08, 155pp, ISBN: 978-0-
621-44980-8.

Statistics South Africa. (2019). Stats SA Library Cataloguing-in-Publication (CIP) Data
Towards measuring the extent of food security in South Africa: An examination of
hunger and food adequacy/ Statistics South Africa. Pretoria: Statistics South Africa,
2019 Report no. 03-00-14 34 pp ISBN 978-0-621-47243-1

Sun, G., Wang, S., Hu, X, Jianjia Su, J., Huang, T., Yu, J., Tang, I., Gao, W.
and Wang, J-S. (2007). Fumonisin B1 contamination of home-grown corn in high-risk

71|Page


https://www.tandfonline.com/author/Sun%2C+Guiju
https://www.tandfonline.com/author/Wang%2C+Shaokang
https://www.tandfonline.com/author/Hu%2C+Xu
https://www.tandfonline.com/author/Su%2C+Jianjia
https://www.tandfonline.com/author/Huang%2C+Tianren
https://www.tandfonline.com/author/Yu%2C+Jiahua
https://www.tandfonline.com/author/Tang%2C+Lili
https://www.tandfonline.com/author/Gao%2C+Weimin
https://www.tandfonline.com/author/Wang%2C+Jia-Sheng

areas for oesophageal and liver cancer in China. Food Additives and
Contaminants, 24, 181-185.

Tshalibe, R., Rheeder, J. P., Alberts, J.F., Taljaard-Krugell, C., Gelderblom, W.C.A.,
Shephard, G., Lombard, M.J. and Burger, H-M. (2020). Multi-mycotoxin exposure of

children (0-24 months) in rural maize-subsistence farming areas of the Eastern Cape
Province, South Africa. World Mycotoxin Journal, 13. 1-10. 10.3920/WMJ2019.2439.

Udomkun, P., Wiredu, A.N., Nagle, M., Bandyopadhyay, R., Muller, J. and Vanlauwe,
B. (2017). Mycotoxins in Sub-Saharan Africa: Present situation, socio-economic

impact, awareness, and outlook. Food Control. 72:110-22

UN (United Nations), (2015). https://sdgs.un.org/goals

Warth, B., Sulyok, M., Berthiller, F., Schuhmacher, R. and Krska, R. (2013). New
insights into the human metabolism of the Fusarium mycotoxins deoxynivalenol and

zearalenone. Toxicology Letters, 220, 88-94.

Waskiewicz, A., Beszterda, M., Kostecki, M., Zielonka, t., Golinski, P., and Gajecki,
M. (2014). Deoxynivalenol in the gastrointestinal tract of immature gilts under per os

toxin application. Toxins, 6, 973-987.

Wu, F., Groopman, J.D. and Pestka, J.J. (2014). Public health impacts of foodborne
mycotoxins. Annual Review of Food Science and Technology, 5, 351-372.
DOI:10.1146/annurev-food-030713-0924 31

Wu, F. and Guclu, H. (2012). Aflatoxin Regulations in a Network of Global Maize
Trade. PLOS ONE, 7: e45151. https://doi.org/10.1371/journal.pone.0045151

Zhang, Q., Widmer, G., and Tzipori, S. (2013). A pig model of the human
gastrointestinal tract. Gut microbes, 4, 193-200. https://doi.org/10.4161/gmic.23867

72|Page


https://www.tandfonline.com/toc/tfac19/current
https://www.tandfonline.com/toc/tfac19/current
https://sdgs.un.org/goals
https://doi.org/10.1371/journal.pone.0045151
https://doi.org/10.4161/gmic.23867

Ziegler, A., Gonzalez, L. and Blikslager, A. (2016). Large Animal Models: The Key to
Translational Discovery in Digestive Disease Research, Cellular and Molecular
Gastroenterology and Hepatology, 2, 716-724,
https://doi.org/10.1016/j.jcmgh.2016.09.003

73|Page


https://doi.org/10.1016/j.jcmgh.2016.09.003

Part C: Appendixes

74|Page



- " FOOD CONTROL
Y _ An official scientific journal of the European Federation of Food Science and Technology
"~ (EFFoST) and the International Union of Food Science and Technology (IUFoST).

TABLE OF CONTENTS % =~ CONTROL

CONTROL
° Description p-1 bl
o Audience p-2 EHH:}EH{‘
° Impact Factor p.2 CONTROL
° Abstracting and Indexing p.2 CONTROL
° Editorial Board p-2 CONTROL
° Guide for Authors p-4 - CONTROL

ISSN: 0956-7135

DESCRIPTION

Food Control is an international journal that provides essential information for those involved in food
safety and process control.

Food Control covers the below areas that relate to food process control or to food safety of human
foods:

¢ Microbial food safety and antimicrobial systems

e Mycotoxins

e Hazard analysis, HACCP and food safety objectives

e Risk assessment, including microbial and chemical hazards

¢ Quality assurance

e Good manufacturing practices

e Food process systems design and control

e Food Packaging technology and materials in contact with foods
e Rapid methods of analysis and detection, including sensor technology
e Codes of practice, legislation and international harmonization
e Consumer issues

e Education, training and research needs.

The scope of Food Control is comprehensive and includes original research papers, authoritative
reviews, short communications, comment articles that report on new developments in food control,
and position papers.

The work described should be innovative either in the approach or in the methods used. The
significance of the results either for the science community or for the food industry must also be
specified. Contributions that do not fulfil these requirements will not be considered for review and
publication.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services .

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center

AUTHOR INFORMATION PACK 10 Dec 2021 www.elsevier.com/locate/foodcont 1


http://www.effost.org/
https://www.elsevier.com/authors/author-services
https://www.elsevier.com/journals/food-control/0956-7135/guide-for-authors
https://service.elsevier.com/app/home/supporthub/publishing/

AUDIENCE

All managers, scientists, technologists, and legislators working in the food industry today.

IMPACT FACTOR

2020: 5.548 © Clarivate Analytics Journal Citation Reports 2021

ABSTRACTING AND INDEXING

EMBiology

Web of Science

Research Alert

Current Contents

FSTA (Food Science and Technology Abstracts)
Bulletin of the International Institute of Refrigeration
Food Safety Microfile

Scopus

CAB International

CAB Health

Science Citation Index

EDITORIAL BOARD

Co-Editor in Chief

Geoffrey Campbell-Platt, University of Reading, Reading, United Kingdom
Ralf Greiner, Max Rubner-Institute Federal Research Institute of Nutrition and Food, Karlsruhe, Germany

Editors

Andrea Armani, University of Pisa, Department of Veterinary Sciences, Lungarno Antonio Pacinotti, Pisa, Italy
Seafood traceability, Species identification based on DNA methods, Seafood inspection, seafood
zoonotic parasites, Food legislation, toxic fish speciess

Li Bai, Jilin University, Changchun, Jilin, China

Consumer behavior, Food safety, Food handling behavior, Risk communication, Intervention and
behavior change

Fernando Camara-Martos, University of Cordoba, Department of Food Science and Technology, Cérdoba, Spain
Trace elements, heavy metals, bioaccessibility, spectroscopy

Lihan Huang, USDA-ARS Residue Chemistry and Predictive Microbiology Research, Wyndmoor, Pennsylvania,
United States of America

Qinchun Rao, Florida State University College of Human Sciences Nutrition, Food & Exercise Sciences,
Tallahassee, Florida, United States of America

Food Science; Food Chemistry; Food Quality; Food Safety

Hyun-Gyun Yuk, Korea National University of Transportation Division of Food Science and Biotechnology,
Jeungpyeong-gun, South Korea

bacterial stress response, nonthermal technology, rapid detection

Weibiao Zhou, National University of Singapore, Department of Food Science and Technology, Singapore,
Singapore

Functional food processing, Food systems engineering, Emerging food processing technology, Oral
processing and in vitro digestion, Baking

Consulting Editor
Joseph Jen, California Polytechnic State University, San Luis Obispo, California, United States of America

Editorial Board Members

Doug Archer, University of Florida, Gainesville, Florida, United States of America

Debabrata Biswas, University of Maryland at College Park, College Park, Maryland, United States of America
Foodborne bacterial Infections; Salmonella, Campylobacter, Probiotics, and Prebiotics

Alan Candlish, Glasgow Caledonian University, Glasgow, United Kingdom

Wei Chen, Jiangnan University School of Food Science and Technology, Wuxi, China

Zhao Chen, University of Maryland at College Park, College Park, Maryland, United States of America

Zhixia (Grace) Chen, NHS (New Zealand) Pharmaceutical Limited, Auckland, New Zealand

AUTHOR INFORMATION PACK 10 Dec 2021 www.elsevier.com/locate/foodcont 2



Functional food development, Food legislation/standards/codes of practice, Food quality assurance,
Analytical method validation, HPLC

Daniele Conficoni, University of Padua Department of Animal Medicine Production and Health, Legnaro, Italy
Food safety, Listeria monocytogenes, heavy metals, antimicrobial resistance

Maria B. Coronel, National Scientific and Technical Research Council, Buenos Aires, Argentina

Mycotoxins, Exposure assessment, Method validation, Non-thermal technologies for food
preservation, Fungal inactivation

Daniel Cozzolino, University of Queensland, Brisbane, Queensland, Australia

NIR, chemometrics, infrared, multivariate analysis, electronic noses, food, agriculture, animal
nutrition, biochemistry

Diogo da Cunha, State University of Campinas School of Applied Sciences, Limeira, Brazil

Food services, food safety behavior, consumer's study, risk perception, food safety practices

Tian Ding, Zhejiang University Library, Hangzhou, China

Emerging technology, nonthermal technology, foodborne pathogens, microbiological risk assessment
Carlos Manuel Franco, University of Santiago de Compostela, Department. of Analytical Chemistry, Nutrition
and Food Science, Food Inspection and Control Hygiene Laboratory, Lugo, Spain

Salmonella, Residues, PCR, Transcriptomics, Biofilm

Joseph Frank, University of Georgia, Athens, Georgia, United States of America

Listeria monocytogenes, biofilms, bacterial attachment, Salmonella in low water activity foods,
pathogen control in food processing environments

Elzbieta Gorska-Horczyczak, University of Warsaw, Warsaw, Poland

Chromatography, NIR, Volatile Compounds, Food Control, Quality Control

Chi-Tang Ho, Rutgers University Department of Food Science, New Brunswick, New Jersey, United States of
America

Chemistry of natural product

Ravi Jadeja, Oklahoma State University, Stillwater, Oklahoma, United States of America

Yanhong Liu, US Department of Agriculture Molecular Characterization of Foodborne Pathogens Research Unit,
Wyndmoor, Pennsylvania, United States of America

Foodborne pathogen detection (real-time PCR and LAMP), Functional genomics (microarrays and RNA-
Seq), E. coli O antigens, L. monocytogenes, and Bacterial stress responses

Friedrich-Karl Liicke, Fulda University of Applied Sciences, Fulda, Germany

Federico Marini, University of Rome La Sapienza Department of Chemistry, Roma, Italy

Marios Mataragas, Institute of Technology of Agricultural Products, Athens, Greece

Food Microbiology, Predictive Microbiology, Molecular Microbiology, Bioinformatics, Statistical Quality
Control

Gerald Moy, Food Safety Consultants International, Genéve, Switserland

Souheib Oueslati, University of Tunis, Tunis, Tunisia

Food Quality, Food Safety, Mycotoxins, Mass Spectrometry, Microbiology

Predrag Putnik, University North, Department of Food Technology, Koprivnica, Croatia

Food Processing Advanced Technologies, Phytochemistry and Extraction Technologies, Statistics and
Research Methodology, Chemometrics and Data Analysis, Sustainability

Delia Rodriguez Amaya, Cidade Universitaria, Campinas, Brazil

Xian-Ming Shi, Shanghai Jiao Tong University, Shanghai, China

Keith Warriner, University of Guelph Department of Food Science, Guelph, Ontario, Canada

Food Safety, Food Microbiology, Fresh Produce, UV-C, STEC

Aibo Wu, Institute for Nutritional Sciences Shanghai Institutes for Biological Sciences Chinese Academy of
Sciences, Shanghai, China

Malgorzata Ziarno, Warsaw University of Life Sciences, Warszawa, Poland

Milk technology, food microbiology, functional food, probiotics and prebiotics, food production hygiene

AUTHOR INFORMATION PACK 10 Dec 2021 www.elsevier.com/locate/foodcont 3



GUIDE FOR AUTHORS

INTRODUCTION

Food Control is an international journal that provides essential information for those involved in food
safety and process control.

Food Control covers:

Microbial food safety and antimicrobial systemsMycotoxins Hazard analysis, HACCP and food safety
objectivesRisk assessment, including microbial risk assessmentQuality assurance and controlGood
manufacturing practicesFood process systems design and controlFood Packaging Rapid methods
of analysis and detection, including sensor technology Environmental control and safetyCodes of
practice, legislation and international harmonizationConsumer issuesEducation, training and research
needs.

The scope of Food Control is comprehensive and includes original research papers, authoritative
reviews, short communications, comment articles that report on new developments in food control,
and position papers.

The work described should be innovative either in the approach or in the methods used. The
significance of the results either for the science community or for the food industry must also be
specified. Contributions that do not fulfil these requirements will not be considered for review and
publication.

Word limits for each article type do not include references. Original high-quality research papers
(preferably no more than 7000 words, including tables and illustrations). Major review articles, up
to 10,000 words Short communications of up to 3000 words (not including references), describing
work that may be of a preliminary nature but which merits immediate publication. Short reviews
on topical subjects, up to 6000 words. Comment articles not exceeding 2000 words. Authoritative
position papers from expert groups are also welcome.

Food Control also publishes book reviews, Letters to the Editor, conference reports and a calendar
of forthcoming events.

The Editor-in-Chief has the right to decline formal review of a manuscript when it is deemed that the
manuscriptis 1) on a topic outside the scope of the Journal; 2) lacking technical merit; 3) of insufficient
novelty for a wide international readership; 4) fragmentary and providing marginally incremental
results; or 5) is poorly written.

All contributions deemed suitable for review are read by two or more referees to ensure both accuracy
and relevance, and revisions to the script may thus be required. On acceptance, contributions are
subject to editorial amendment to suit house style. When a manuscript is returned for revision prior
to final acceptance, the revised version must be submitted as soon as possible after the author's
receipt of the referees' reports. Revised manuscripts returned after four months will be considered
as new submissions subject to full re-review.

Submission to this journal proceeds totally online. Use the following guidelines to prepare your article.
Via the homepage of this journal https://www.editorialmanager.com/foodcont/default.aspx you will
be guided stepwise through the creation and uploading of the various files.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:

e E-mail address
e Full postal address
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All necessary files have been uploaded:

Manuscript:

¢ Include keywords

e All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
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to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.
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Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in Editorial Manager, or a department.

Suggesting reviewers
Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with
you during the last three years. Editors do not invite reviewers who have potential competing interests
with the authors. Further, in order to provide a broad and balanced assessment of the work, and ensure
scientific rigor, please suggest diverse candidate reviewers who are located in different countries/
regions from the author group. Also consider other diversity attributes e.g. gender, race and ethnicity,
career stage, etc. Finally, you should not include existing members of the journal's editorial team,
of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
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To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Request you to kindly submit your manuscript with continuous line nhumbers.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Materials and Methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Key Resources Table

To enable reproducibility of the research, we encourage authors to submit a Key Resources Table,
which helps make the resources clear to readers. The Key Resources Table highlights the genetically
modified organisms and strains, cell lines, reagents and other resources essential to reproduce the
results presented in a paper. More information is available here https://www.elsevier.com/authors/
author-resources/key-resources-table

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Matematical and technical settings

Use the appropriate number of significant figures to express your data - they should be justifiable
and reflect the necessary level of accuracy of the method. A normal maximum should be 3 - e.g.
37.1, 2.53). Detailed mathematical discussion should be placed in an appendix. Equations and
formulae should be typewritten. Equations should be numbered consecutively with Arabic numerals in
parentheses on the right hand side of the page. Special symbols should be identified in the margin, and
the meaning of all symbols should be explained in the text where they first occur. If you use several
symbols, a list of definitions (not necessarily for publication) will help the editor. Type mathematical
equations exactly as they should appear in print. Journal style for letter symbols is as follows: italic
(indicated by underlining); constants, roman type; matrices and vectors, bold type (indicated by
wavy underlining).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
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in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 978-1-4338-3215-4, copies of which may be ordered online.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:
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Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.sc.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, Article e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman (Chapter 4).
Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). E-Publishing Inc.
Reference to a website:

Powertech  Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved
from http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-analysis/.
Accessed January 6, 2016

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., & Nakashizuka, T. (2015). Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F,, & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.
(2020, March 25). Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://
doi.org/10.5281/zenodo.3727209.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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UNIVERSITY OF CAPE TOWN k?J

Faculty of Health Sciences

Human Research Ethics Committee

Room G50- Old Main Building

Groote Schuur Hospital

Observatory 7925

Telephone [021] 406 6492

Email: hrec-enquiries@uct.ac.za

Website: www.health.uct.ac.za/fhs/research/humanethics/forms

03 March 2021

HREC REF: 060/2021

Prof H Rother

Division of Environmental Health

School of Public Health & Family Medicine
FHS

Email: Andrea.rother@uct.ac.za

Student: burgerh@cput.ac.za

Dear Prof Rother

PROJECT TITLE: MYCOTOXIN HEALTH RISK ASSESSMENT MODELLING AMONG MAIZE-
SUBSISTENCE FARMERS LIVING IN CENTANE, EASTERN CAPE PROVINCE, SOUTH AFRICA.
(MASTER’S DEGREE - DR H-M BURGER)

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee (HREC) for review.

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.

This approval is subject to strict adherence to the HREC recommendations regarding
research involving human participants during COVID -19, dated 17 March 2020 & 06 July
2020.

Approval is granted for one year until the 30 March 2022.

Please submit a progress form, using the standardised Annual Report Form if the study continues
beyond the approval period. Please submit a Standard Closure form if the study is completed within the
approval period.

(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms)

The HREC acknowledge that the student: Dr H Burger will also be involved in this study.
Please quote the HREC REF 060/2021 in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator.

Please note that for all studies approved by the HREC, the principal investigator must obtain appropriate
institutional approval, where necessary, before the research may occur.

HREC/REF 060/2021sa



Yours sincerely

PROFESSOR M BLOCKMAN

CHAIRPERSON, FACULTY OF HEALTH SCIENCE HUMAN RESEARCH ETHICS COMMITTEE
Federal Wide Assurance Number: FWA00001637. /

Institutional Review Board (!RB) number: IRB00001938

NHREC-registration number: REC-210208-007

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
(ICH GCP), South African Good Clinical Practice Guidelines (DoH 2006), based on the Association of
the British Pharmaceutical Industry Guidelines (ABPI), and Declaration of Helsinki (2013) guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the !CH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.
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‘ Cape Peninsula

University of Technology

The purpose of this self-evaluation and checklist document is to increase ethical awareness and
compliance based on well-established national and international protocols and norms governing the
ethics of research on human and animal subjects, environment and communities.

Surname and Name

Burger, Hester-Mari

Student/Staff no. UCT Student no: BRGHES001 / CPUT staff no: 30092228
Degree Master of Public Health (MPH)

Supervisor Prof Andrea Rother (UCT)

Faculty Environmental Health Division

School of Public Health and Family Medicine
University of Cape Town

/

Unit of Research Integrity

Research Directorate

Cape Peninsula University of Technology

CONFCOM, URF)

Purpose of ethics application (e.g. degree, staff | To obtain CPUT ethical approval and site
research, Research associates, external funding, | permission to use CPUT data for a MPH mini-

thesis, University of Cape Town.

Categories

Description Mark
appropriate
box(s) with
an X

High risk studies:

-These are studies dealing with human subjects,
animal subjects (higher invertebrates and
vertebrates), endangered plant species, and
hazardous materials (poisons, radioactive materials,
infectious agents).

-These studies must obtain ethics approval.

Moderate risk studies:

-These studies are carried out in protected areas,
private land, external institutions, and communal
land.

-Researchers are required to obtain acquisition
letter or access permit from external partners or
relevant regulatory bodies.

-Proposals under this category may be granted ethics
exemption or ethical approval letter.




Low risk studies:

-1t

is believed that these studies will
minimal/negligible or no harm to people, animals
and the environment.

-Proposals in this category may be granted ethics
exemption approval letter.

cause

X

(Study using
secondary
data
already
published)

High risk study

Subjects

Documents needed by FREC or
documents that must be supplied by
the applicant

Mark
appropriate
box(s) with
anX

Human

-Information and informed consent
letter (See guideline).

-When primary school pupils and high
school students are involved, submit
letter from the Department of Basic
Education.

-Questionnaire/interview questions
-The complete research proposal
-Turnitin similarity report of the
proposal (plagiarism check)

vertebrates
higher

Animal
and
invertebrates

-CPUT animal ethics application form
(AE1) must be completed and
submitted to FREC.

-A detailed protocol under research
methodology section of proposal
must be provided.

-Indicate in the proposal why other
alternatives cannot be used
-Research proposal

-Turnitin similarity report (plagiarism
check)

Hazardous materials

-Indicate how these materials will be
acquired, contained and disposed of
in the research methodology section
of proposal.

-Research proposal

-Turnitin similarity report (plagiarism
check)

Endangered plants

-Letter/permit from Cape Nature,
SANParks or  other relevant
regulatory body

-Research proposal

-Turnitin similarity report (plagiarism
check)

Moderate
study

risk

External research partners

Documents needed

Mark
appropriate
box(s) with
an X




Private property/supplier

-Data acquisition letter or
permit to access premises
-Letter from supplier indicating
voluntary donation of research
materials

-Submit research proposal
-Turnitin similarity report

External Research
collaborator/institution

-A letter recognising
partnership or an invitation
letter from external partner.
The letter should indicate that
the external partner has the
requisite resources to handle
the study.

-Submit research proposal
-Turnitin  plagiarism  check
report

Movement or
importation/exportation of
research materials

-Evidence that there is no risk
of respect to exotic and
invasive species.

-Provide detailed information
on how organisms will be
handled.

-Movement of ticks or other
arthropod vectors and may

need approval from the
Department of Agriculture.
-Letter  from quarantine

department may be needed.
-Submit research proposal
-Turnitin ~ similarity  report
(plagiarism check)

Low risk study

Research will be carried out
within CPUT, and will not
include  human, animals,
endangered plants or invasive
organisms. All materials will
be sourced commercially.

Documents needed

-You may be asked to | -N/A

produce evidence that

the materials were
purchased and not
donated.

-Submit Research
proposal.

-Submit Turnitin
similarity report | pe
(plagiarism check) part

MPH

Mark with an X if
appropriate

-Research Proposal
Attached

-The Protocol
submitted

requirement of an
mini-thesis
and for submission




at UCT, a Turnitin
similarity report will
be required. If |
submit this section
of the mini-thesis
then it will show a
100% similarity in
the next Turnitin

submission.
Please confirm that you have checked the | YesX No
appropriate boxes in all sections and have all
required documents.
By my signature below | declare that | am not
aware of any potential conflicts of interest,
other than those declared on this form, which
may influence the ethical conduct of this study.
Applicant’s Surname and Name: Applicant’s Signature: | Date : 10 March 2021
Dr Hester-Mari Burger

Enquiries on Research Ethics should be sent to:
Prof Felix Nchu
Chairperson, Faculty Research Ethics Committee, Faculty of Applied Sciences, CPUT

Email: nchuf@cput.ac.za

Tel: 0219596473

Resources and forms

CPUT Research Ethics Online Resources: http://www.cput.ac.za/research-technology-and-
innovation/ethics

Cape Nature: https://www.capenature.co.za/wp-content/uploads/2014/01/CAPENATURE-research-
Application-Form-2-1-1.pdf

SANParks: https://www.sanparks.org/assets/docs/parks table mountain/groups/permit-
procedures.pdf

FISHERIES RESEARCH PERMITS
https://sancor.nrf.ac.za/SiteAssets/News/DAFF%20and%20DEA%20Information%20for%20Research
%20Permits%20-%202014.pdf

Animal import and Export Permit, South Africa: https://www.daff.gov.za/daffweb3/DAFF-
Services/Imports
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Plant import permit into South Africa: https://www.gov.za/services/export-permits-
import/phytosanitary-permit

Research Permit Cape Town Municipality:
http://resource.capetown.gov.za/documentcentre/Documents/Procedures,%20guidelines%20and%
20regulations/Submit%20 Research Request Guidelines.pdf
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Office of the Deputy Vice Chancellor:

Research, Technology Innovation & Partnerships
Bellville Campus

P O Box 1906

Bellville 7535

. Tel: 021-9596242

Email: dvcresearch@cput.ac.za

29 March 2021

Dr H-M Burger (student/ staff number: BRGHES001 and 30092228)
Master of Public Health (University of Cape Town)

Unit of Research Integrity

Research Directorate

Cape Peninsula University of Technology

Dear Dr Burger

RE: PERMISSION TO CONDUCT RESEARCH AT CPUT

The Institutional Ethics Committee received your application entitled: “Mycotoxin
health risk assessment modelling among maize-subsistence farmers living in

Centane, Eastern Cape Province, South Africa” together with the dossier of
supporting documents.

Faculty Ethics Committee Approval Date: 23 March 2021
Faculty Ethics Committee Approval Reference No: BRGHES001/03/2021

Permission is herewith granted for you to do research at the Cape Peninsula
University of Technology.

Wishing you the best in your study.

Sincerely,

Dr David Phaho

Deputy Vice-Chancellor: Research, Technology, Innovation & Partnerships
Cape Peninsula University of Technology | #/WVeAreCPUT

t: +27 (0) 21 959 6242 | e: dvcresearch@cput.ac.za w: www.cput.ac.za

PO Box 1906 Bellville 7535 | Symphony Way, Bellville, Cape Town, South Africa
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