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ABSTRACT

Background

The former Transkei region of the Eastern Cape (EC) is a deep rural area characterised by a
high prevalence of poverty and underdevelopment. Subsistence farming is a major source of
food and maize consumption is part of a culturally distinct dietary pattern and ethnic tradition. It
has furthermore been well-documented that the home-grown maize in these rural areas are
extremely high in mycotoxins. Mycotoxins are low-molecular-weight metabolites that are
produced by fungi that grow on the maize. Aflatoxins (AF), deoxynivalenol (DON), zearalenone
(ZEA) and fumonisin (FB) are some of the major mycotoxins that influence human health. The
mycotoxins are associated amongst other thing with hepatitis, liver cancer, stunting and immune
suppression, gastro-intestinal disorders, anorexia, nausea, emesis, headache, chills, giddiness
and convulsions, precocious pubertal changes in children, early menarche and possibly
infertility and an increased risk of oesophageal and liver cancer, neural tube defects and

stunting.

Very little is known about the association of maternal exposure and anthropometric measures of
infants at birth. Although there is some evidence that AF affects human foetal growth, none or
very little, human research has been done on the association of other mycotoxins such as DON,
ZEA and FB. Therefore, the aim of this study is to determine the association between maternal
multi-mycotoxin exposure and anthropometric outcomes at birth of mothers and their infants in

rural areas of the EC, South Africa.
Methods

This sub-study was part of a larger prospective study (PhilaSana). The PhilaSana study was a
longitudinal study focussing on the factors affecting infant and young child feeding and their
growth patterns during the first 1 000 days. The study used systematic and snowball sampling
to recruit pregnant women at various villages within the pre-selected area. Women were
included if they were pregnant and lived in the area. Ethical approval was obtained from the
Health Research Ethics Committee (HREC) at North-West University. Informed consent was
obtained in the participants’ first language, isiXhosa. Data were collected from mothers and
children and included socio-demographic information, maternal and child general health (self-
reported), maternal and infant dietary intake, anthropometric measures and maize samples. To
determine mycotoxin concentration on maize, 1 kg home-grown maize samples were collected

per household. The maize was analysed by LC-MS/MS for DON, ZEA and FB concentrations.



Mycotoxin (DON, ZEA and FB) exposures were measured, expressed as probable daily intake
(PDI) in pgkg™ body weight (bw) day™ (the deterministic approach).

Based on the mycotoxin concentrations found on the maize (determined from another sub-
study), and the mean raw maize intake, mycotoxin exposure was calculated. Furthermore, infant
birth anthropometric measurements including weight, length, head circumference (HC) and
gestational age (GA) were recorded based on the information in the Road to Health Booklet
(RtHB). Lastly, the association between maternal mycotoxin exposure and infant birth

anthropometric measurements and GA were determined.

Pregnant women (n=92), and infants at birth were included. Only women consuming home-
grown maize were included. Amount of cooked maize consumed in a day was determined by
the portion size (in grams) multiplied by the number of portions consumed in a day. Monthly
intake was determined by consumption frequency per week or per month multiplied by intake at
a time. Monthly intake was divided by 28 days to give a mean daily intake of cooked maize
meal. Mean daily intake of cooked maize was then converted to raw maize according to recipes

obtained during the development of the questionnaire and portion size photographs.

Mycotoxin exposures of pregnant women were determined according to maize contamination
levels. The mean total FB (FB; + FB, +FB3), DON and ZEA levels were obtained from the
analysis of home-grown maize collected from the same households. Mean contamination levels
were found to be 24.5 pgkg™ for DON, 31.0 pgkg™ for ZEA and 1 035.0 pgkg™ for FB.

Data were captured and cleaned in Excel. Statistical analyses were conducted with SPSS
version 25. Data were tested for normality using the Shapiro-Wilk Test and was not normally
distributed. Median, and IQR were reported for the mycotoxin exposures (DON, ZEA and FB),
as well as for infant weight, length, HC and GA. Maternal age, weight and total raw maize intake

was also reported as median and inter quartile range (IQR).

Birth weight, length, HC and GA were divided into tertiles (tertile 1 = lower third, tertile 2 = the
middle third and tertile 3 = the upper third). The Krusskal-Wallis test were used to compare the
tertiles against mycotoxin exposure levels. Generalized linear regressions were performed to
determine the impact of maternal age, weight and maize intake (as confounders). Significant
levels were set at p < 0.05. Data from alcohol consumption, tobacco use, HIV and TB were not

included due to large numbers of missing values.



Results and discussion

Maternal exposure levels for DON and ZEA were lower than that of FB. Although the median of
the DON exposure was under the probable maximum tolerance daily intake (PMTDI), the IQR
indicated that there were participants with levels above the expected safety levels. The median
and IQR for ZEA was below PMTDI levels, as opposed to the median for FB, that was much
higher than the estimated PMTDI. The IQR indicated exposure levels as high as 52 ugkg™ bw
day™ compared to the PMTDI of < 2 pgkg™ bw day™.

Results indicated that DON exposure might be associated with infant birth weight, with higher
DON exposure in the upper tertile, while FB exposures were associated with lower birth weight
of the infants. For both DON and FB higher exposures were associated with a smaller HC.
There were indications for all three mycotoxins that higher exposures resulted in infants with a
lower GA, although no significant associations were found. However, generalized linear
regressions indicated that although DON and FB were both associated with infant weight,
maternal weight might have influenced the results. The same was found for the association of
DON and FB with HC, which might have been influenced by maternal age. After adjustment for

confounders no association between ZEA and any of the anthropometric measures were found.

Thus, although data indicate that DON exposure was associated with greater infant birth weight
and FB with smaller infant birth weight and that both DON and FB exposures were associated
with smaller HCs, associations could have been influenced by confounding factors such as
maternal weight and age. More research is required to better understand the associations
between DON, ZEA and FB and infant anthropometric measures at birth. Furthermore, more
research is needed to determine additional factors that might influence maternal health and the

anthropometric measures of infants at birth.

KEYWORDS: Mpycotoxins, deoxynivalenol (DON), zearalenone (ZEA), fumonisins (FB),
anthropometry at birth, gestational age (GA)
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CHAPTER 1: INTRODUCTION

1.1 Introduction

Food contaminated by mycotoxins is considered to be a global public health priority and pose a
threat to humans and animals, as well as world economies regarding industry and international
maize exports (Bryden, 2007; Miller, 1998). In this regard, mycotoxins have the capacity to
cause numerous adverse health effects. Of the 300-400 known mycotoxins, aflatoxins (AF),
deoxynivalenol (DON), zearalenone (ZEA) and fumonisin (FB) are considered the most
important regarding their effect on human health (Bennet & Klich, 2003; Marasas et al., 2008;
Maresca & Fantini, 2010). These mycotoxins are produced by food-borne fungi and include
Aspergillus spp. (AF), Penicillium spp. and Fusarium spp. (DON, ZEA and FB) (Miller, 2002).

The name mycotoxin is a combination of the Greek word for fungus ‘mykes’ and the Latin word
‘toxicum’ meaning poison. The term ‘mycotoxin’ is usually reserved for the relatively small, toxic
chemical products formed as secondary metabolites by a few fungi that readily colonise crops in
the field, after harvest or during storage (Turner et al., 2009). Among the thousands of species
of fungi, approximately 100 belongs to genera Aspergillus, Penicillium and Fusarium which are
known to produce mycotoxins (Wagacha & Muthomi, 2008). Due to their various toxic effects
and thermal stability, the presence of these mycotoxins on food and feeds are potentially
hazardous to the health of both humans and animals (Miller, 2002). There is furthermore ample
evidence that the inhabitants of sub-Sahara Africa are experiencing chronic high dietary

exposure to these mycotoxins (Wagacha & Muthomi, 2008).

Mycotoxin management methods used in commercial farming cannot realistically be used in
subsistence farming. This is mostly because of the characteristics of the food systems and the
technological infrastructure resulting in uncontrolled mycotoxin levels. The threat is worsened by
the fact that staple diets in many African households are grain crops such as maize. The maize

is highly susceptible to mycotoxin contamination (Wagacha & Muthomi, 2008).

Subsistence farming is a major source of food security where the daily intake of maize is part of
a culturally distinct dietary pattern and ethnic tradition. Outbreaks of the related mycotoxicoses
are clustered and related to specific geographical areas (Marasas et al., 2008). Vulnerable
populations with a daily staple diet such as rural maize producing subsistence-farming
populations (with poor agricultural practices) are often susceptible to chronic high exposure
levels (Marasas et al., 2008). Chronic exposure of mycotoxins (even at low levels), in an
unvaried diet, may incur adverse health outcomes or possibly worsen other existing disease

conditions (Bryden, 2007). Furthermore, the co-occurrence of mycotoxins, their possible
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synergistic and/or additive effect is currently poorly understood (Eaton & Klaassen, 2001,
Scudamore & Patel, 2009; Waskiewicz et al., 2012).

Unfortunately, very little is known about the measurement, risk assessment, exposure levels
and health effects of these mycotoxins (Gelderblom et al, 2008; Marasas et al., 2008). The
determination of mycotoxin exposure forms a vital part of human risk assessment and the
processes used. However, a lack of monitoring mycotoxin levels in South African maize used for
human consumption further contributes to the uncertainty when determining risks (Gelderblom
et al, 2008; Marasas et al., 2008).

Chronic exposure in animals, such as pigs and mice, changes the immune system, affecting
susceptibility to infections, and possibly cause growth faltering (Kumi et al., 2014). The
mechanism of growth faltering remains unclear. Higher doses used in some animal models may
reflect DON-induced food rejection; though at more moderate exposures, it may reflect poor
uptake and retention of nutrients due to DON-induced damage and inflammation of the
intestinal mucosa (Kumi et al., 2014). Deoxynivalenol has been shown to transfer to the foetus
of pregnant sows (Tiemann et al., 2008), and exposure during preghancy in sows has been
linked to restrictions in both growth (Tiemann et al., 2008) and immune function. Deoxynivalenol
was also present in the liver and kidneys of the foetus after exposure of the sow (Tiemann et al.,
2008). Deoxynivalenol further restricts the growth of mice at doses lower than what will restrict
appetite, and is associated with changes in growth hormone levels controlled by insulin-like
growth factors (IGFs) (Voss, 2010).

Aflatoxins are not present in South African commercial and home-grown maize, and were thus
excluded from the present study (Burger et al., 2013). Various studies on the fungal and
mycotoxin contamination of home-grown maize in the Amathole District Municipality in rural
Eastern Cape (EC), have established a consistent pattern of Fusarium verticillioides infection
and FB contamination (Rheeder et al., 1992; Shephard et al., 2007; Van der Westhuizen et al.,
2008; Van der Westhuizen et al., 2010). These studies have shown that large variations in
contamination levels of individual maize samples collected in different years can occur. The
presence of FB in maize grains has been associated with the risk of oesophageal cancer in
inhabitants of rural EC, China and north-eastern Italy (Peraica et al., 1999). Recently high levels
of two other mycotoxins, DON and ZEA were also observed in urine of adults living in high-FB

exposure areas in the EC (Shephard et al., 2013) (Figure 1-1).



Figure 1-1: Maize samples from the rural Eastern Cape

The former Transkei region (currently part of the Amatole District Municipality) of the EC (Figure

1.2) is a deep rural area characterised by a high prevalence of poverty and underdevelopment.

Figure 1-2: An example of a subsistence farm in rural Eastern Cape

A limited number of studies have been conducted to determine the association of these
mycotoxins on infant growth (Smith et al., 2012). Furthermore, very little is known about the
association of high levels of maternal exposure, and the growth and general health of the foetus
or infants (Lombard et al., 2014). There is some evidence that AF affects foetal growth, but no
research has been done on the association of other mycotoxins such as DON, ZEA and FB
(Lombard, 2014).



The data presented in this mini-dissertation was a sub-study of the larger PhilaSana study. The
aim of the PhilaSana study was to conduct an in-depth investigation into the association
between multiple mycotoxin exposures, and other factors associated with infant and young child
growth during the first 1 000 days of life. The PhilaSana study was a longitudinal study including
pregnant women and their infants. The women and their infants were visited every six months to

collect data.

The PhilaSana large study included the following objectives:

1. To develop and validate culturally specific (to the area) infant and young child (0-24

months) dietary assessment tools with the use of food photograph series;

2. To assess and describe a variety of known factors, [including socioeconomic, household
food security, demographic, health (mother and infant), diet (mother and infant) and infant

feeding practices], contributing to childhood stunting during the first 1 000 days of life;

3. To monitor infant growth-related health indicators and nutritional / dietary factors during
the first 1 000 days of life;

4.  To estimate multi-mycotoxin [DON, ZEA and total FB (FB; + FB, + FB3)] exposure as
probable daily intakes among children during the first 1 000 days;

5.  To determine the possible relationship between infant growth, and multi-mycotoxin

exposure during the first 1 000 days of life.
1.2 Problem statement

Home-grown maize from areas in Amathole District Municipality in rural EC are known to be
contaminated with high levels FB, and to a lesser extent by DON and ZEA (Shephard et
al.,2013). This might pose an important health risk to those exposed (Shephard et al., 2013).
Commercial maize also consumed in some areas, generally contains far lower levels of
mycotoxins, but could still pose a risk as it is consumed daily in large quantities (Burger et al.,
2013; Lombard et al., 2014). There is a possible association between AF and impaired growth
in children (Gong et al., 2003; Smith et al., 2012) and therefore the role of other mycotoxins on
infant growth and development are also of importance (Smith et al., 2012). However, very little
is known about this (Lombard, 2014).

In low- and middle-income countries, many individuals are not only malnourished, but are also
chronically exposed to high levels of toxic fungal metabolites in their diet. The heterogeneous

distribution of mycotoxins within a given food commodity hinders accurate exposure

4



measurement and hence associations between exposure and human health have been difficult
to establish (Gong et al., 2003). Mycotoxin exposure due to maize consumption of the mother
during pregnancy and anthropometry of infants at birth are both important in this respect.

The association of multi-mycotoxin exposure during pregnancy and foetal growth is unknown
due to limited research available. As reported by Turner and colleagues (2003), growth faltering
in Ghanaian children have been associated with dietary exposure to AF, especially during the
weaning period. However, with animal studies, exposure to low levels of AF had growth faltering
outcomes in utero. This study also showed a strong correlation between maternal AF exposure

during pregnancy and infant growth.

Very little is known concerning DON, ZEA and FB in maternal exposure and anthropometry of

infants at birth in Africa, due to the lack of effective risk assessment methods (Lombard, 2014).

This sub-study therefore focuses on prenatal maternal mycotoxin exposure assessment and the
association between the exposure and infant anthropometric growth at birth and gestational

age.
1.3 Aim of the sub-study

The aim of this sub-study was to determine the association between mycotoxin exposure of

pregnant women and anthropometric measures of infants at birth and gestational age.
1.4 Objectives of this sub-study

The following specific objectives have been identified to reach the aim of the sub-study and are
based on objectives 2, 3, 4 and 5 of the PhilaSana study:

e To estimate multi-mycotoxin (DON, ZEA and FB) exposure levels of pregnant women;
e To obtain anthropometric measures of infants at birth and their gestational age;

e To determine the association between maternal multi-mycotoxin exposure and

anthropometric measures of infants at birth and their gestational age.

Data used from the larger PhilaSana study to reach each objective were obtained during the

first (during pregnancy) and second visit of the large study.
1.5 Layout of the mini-dissertation

Chapter 1 of the mini-dissertation is an introduction of the large study, as well as the sub-study.

It provides a short summary of mycotoxins and the population the study is conducted in. The
5



problem statement is included in this chapter and discussed. The chapter further discusses the
aims and objectives of the larger PhilaSana research project, as well as the aims and objectives
of this sub-study that forms part of the large project.

Chapter 2 includes the detailed literature review of the topic, covering the background of the
topic, studies that have been done previously and a conclusion on the studies to summarise
current literature. For easier reading and a better understanding of the known mechanisms of
the different mycotoxins, a flow chart and summary boxes were designed. This was also created
to visually show the possible affected pathways, leading to foetus growth faltering, after

mycotoxin exposure in the maternal diet.

In Chapter 3 the article is presented. The article will be submitted to Food and Chemical
Toxicology. It is written according to the author guidelines of this international peer reviewed
journal. The article will include an introduction and methodology, results with a detailed

discussion and a summarized conclusion and key messages.

Chapter 4 consists of a discussion regarding the overall findings of the study, as well as the
conclusion and recommendations for further studies. Chapter 5 provides all the annexures of

the mini-dissertation:

Annexures added

1. Health Research Ethics Committee approval
2. Questionnaires:
* General health questionnaire
+ Validated food frequency questionnaire designed for this population
* Anthropometric measurements form
+ Consent forms
Food and chemical toxicology requirements

4. Mycotoxin analyses procedures
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

Mycotoxins are toxic chemical products produced (Abu-Saad & Fraser, 2010) as secondary
metabolites by fungi growing on crops in the field or after harvest (Turner et al., 2009). Fusarium
verticilliodies and F. proliferatum fungi, frequently contaminate maize and other cereal grains
(Marasas et al., 2001; Marin et al., 2004), growing best at high temperatures in humid climates
(Marin et al., 1995). It can also occur during processing and storage and thus it affects quality
and food safety levels (Sforza et al., 2006).

Although there are thousands of mycotoxin species, approximately 100 belongs to genera
Aspergillus, Penicillium and Fusarium (Wagacha & Muthomi, 2008). Of the 300 - 400 known
mycotoxins, the most important mycotoxins affecting human health, include deoxynivalenol
(DON), zearalenone (ZEA), fumonisin (FB) and aflatoxins (AF) (Wagacha & Muthomi, 2008).
Deoxynivalenol, ZEA, and FB are produced by fungi of the genera Fusarium (Wagacha &
Muthomi, 2008). A systematic review by Lombard (2014) indicates that various studies have
been conducted regarding the exposure of AF and FB, however, very little is known about DON
and ZEA (Lombard, 2014).

2.2 Mycotoxin exposure

There is ample evidence that the inhabitants of sub-Saharan Africa are experiencing dietary
exposure to food-borne mycotoxins, particularly AF and FB (Wagacha & Muthomi, 2008). As
presented in various studies (Burger et al., 2013; Gelderblom et al., 1988; Lombard et al., 2014;
Reeder et al., 1992; Shephard et al., 2007; Van der Westhuizen et al., 2008) people from rural

areas in the Eastern Cape (EC) are known to be exposed to multiple mycotoxins.

This study area is known to be underdeveloped with a high prevalence of poverty. The majority
of food sources come from subsistence farming, with maize consumption as part of the
culturally distinct dietary pattern and ethnic tradition in this area (Lombard et al., 2013; Lombard
et al., 2014).

Various studies on mycotoxin contamination of home-grown maize in the Amathole District
Municipality have established a consistent pattern of Fusarium verticillioides infection and FB
contaminations (Rheeder et al., 1992; Shephard et al., 2007; Van der Westhuizen et al., 2008;
Van der Westhuizen et al., 2010). These studies have shown that large variations in

contamination levels of individual maize samples collected in different years can occur.
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Individual samples of maize intended for human consumption in this area have been shown to

be contaminated with various types of FB (Shephard et al., 2013).

Commercial maize, that is rarely consumed in the studied area, generally contains far lower
levels of mycotoxins, but could still pose a risk as it is consumed in large quantities (Burger et
al., 2010; Burger et al., 2013; Lombard et al., 2014,). In general, it would appear that the high
consumption of maize in this region increased the risk of the population to be exposed to a
mixture of mycotoxins such as DON, ZEA and FB (Shephard et al., 2013).

Unfortunately, very little is known about the potential impact of multi-mycotoxin exposure (DON,
ZEA and FB) on pregnancy. A conceptual framework has been developed to indicate what is
currently known, and includes both human and animal studies. From here on summary boxes
will provide a link / explanation to various relevant topics and how it fits into the conceptual
framework (Figure 2-1). No information on ZEA could be included as too little information is

available on the topic.
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2.2.1 Deoxynivalenol

Deoxynivalenol is primarily a pre-harvest problem, as reported by Pestka and Smolinski in 2005,
however, it can also occur during storage in areas where moisture content is less strictly
controlled. Mycotoxin exposure from grain handling has been suggested (Garon et al., 2006;
Hopton et al., 2010), whereby an association between grain farming and perinatal health in
Norwegian farmers was reported (Kristensen et al., 1997); with the highest risk in seasons with
poor quality harvest.

Although, less toxic than other trichothecenes, DON is more common in the seeds of safflower,
barley, rye, and wheat and in feed mixtures (Miller et al., 2001). When ingested in high doses by
animals, it causes nausea, vomiting and diarrhoea, while in small doses, it can cause weight
loss and food refusal (Miller et al., 2001). Due to the symptoms induced by DON, it is known as
vomitoxin (Miller et al., 2001). Deoxynivalenol has also been reported as the causative agent of
gastrointestinal poisonings (Luo, 1994) and as a suspected etiologic agent of gastroenteritis in
children (CDC, 1999). Summary box 1 provides the basic information on the association with

maternal diet and infant growth faltering.

Summary box 1

With maternal exposure to DON, there are two main pathways that directs in to nausea,
vomiting and / or diarrhoea, causing loss of appetite refusal of food intake, leading to

involuntary weight loss:

1. DON exposure leads to an increase release of systemic cytokines, causing protein
synthesis to be inhibited, resulting in intestinal proliferation to be inhibited and / or the tight
junctions in the gut epithelial to be impaired (crypt hyperplasia). Crypt hyperplasia causes
the epithelial barrier to degrade and the density of the small intestine to decrease, resulting

in bacterial translocation and a decrease in gut mobility (impaired gastric emptying)

2. Inflammatory diarrhoea, nausea and vomiting are the result of impaired gastric emptying.
Nausea and vomiting may result in altered food intake or complete food refusal, leading to
weight loss. Diarrhoea and vomiting leads to dehydration (due to high volumes of fluid

losses), causing lethargy and loss of appetite, decreased food intake and weight loss.

Trichothecenes (such as DON) cause protein synthesis inhibition (McLaughlin et al., 1977) and
are known to cause neurotoxicity, immunosuppression and renal toxicity (Richard, 2007).

Deoxynivalenol, is nhon-classifiable as carcinogenic to humans (WHO/IARC, 1993), however, it
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can cause harmful health effects like anorexia, weight loss, malnutrition, endocrine dysfunction

and immune alterations (Pestka, 2010).

The estimated daily intake of DON ranges from 0.77 to 2.4 ug/kg body weight/day (FAO/WHO,
2001). Because of its effects in humans along with its resistance to food processing, DON has
driven the attention of food security efforts to control its presence in food (Amuzie & Pestka,
2010).

In animal studies, DON induces a spectrum of effects in farm and laboratory animals including
emesis, immunotoxic effects, and suppression of appetite and growth (Voss, 2010).
Understanding the biochemical mechanisms for DON’s growth effects is of paramount
importance for accurately assessing risks of this common mycotoxin as well as establishing
appropriate management and regulatory strategies (Amuzie & Pestka, 2010). Following oral
exposure, DON is rapidly absorbed into the tissues of monogastric animals and can reach peak
plasma concentrations within 15 - 30 min after dosing (Amuzie et al., 2008; Prelusky et al.,
1988).

Deoxynivalenol is detoxified by deep oxidation via gut microflora (He et al., 1992; Swanson et
al.,, 1988) and by glucuronidation in the liver (Obol'skii et al., 1998). Upregulation of
proinflammatory cytokines such as interleukin 6 (IL-6), tumour necrosis alpha, and interleukin 1
(IL-1) is a central outcome of DON exposure to macrophages in vitro and in spleen, liver, and
lung in vivo (Amuzie et al., 2008; Azcona-Olivera et al., 1995; Dong et al., 1994; Zhou et al.,
1997).

In other studies, done by Rotter et al. (1996), as well as by Pestka and Smolinski (2005),
chronic exposure in animals modulated the immune system (affecting susceptibility to
infections), and also caused growth faltering. Deoxynivalenol has been shown to transfer to the
foetus of pregnant sows (Tiemann et al., 2008), and exposure during pregnancy in sows has
been linked to restrictions in both growth (Tiemann et al., 2008) and immune function.
Deoxynivalenol was subsequently observed in the liver and kidney of the foetus following
exposure (Tiemann et al., 2008). Deoxynivalenol further restricts the growth of mice at doses
lower than those restricting appetite, an effect associated with changes in growth hormone

levels controlled by insulin-like growth factors (IGFs) (Voss, 2010).

In addition, Fusarium toxins from grains have been proposed to induce labour at an early stage
of pregnancy (reviewed by Pestka & Smolinski, 2005). Given that DON can cross the placenta
of animals (Goyarts et al., 2007; Tiemann et al., 2008) it is likely that in-utero exposure to DON

will occur in humans. The detoxification capacity of the foetus will not be fully developed, at a
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time of rapid growth and cell turnover (Myllynen et al., 2009); thus, pregnancy may represent a
critical window for DON exposure.

Growth faltering was highlighted as a likely consequence of DON exposure (Pestka &
Smolinski,

2005), and thus exposure during pregnancy may be of particular importance.

The possible health effects of DON in humans are still being investigated and this description of
intake in a population that may be particularly vulnerable provides considerable motivation to
conduct epidemiological studies (Hepworth et al., 2012).

All animals are highly sensitive to DON, and evidence has been reported by Pestka and
Smolinski (2005) that exposure to DON in animals leads to systematic absorption in plasma,

tissue and body fluids (including blood, milk, urine and faeces).

2.2.2 Zearalenone

Among the cereals and grains in which zearalenone (ZEA) occurs, maize has been shown to
have the highest contamination levels. The growth of ZEA-producing fungi mainly occurs in
temperate conditions and high levels of ZEA in cereals are mainly associated with wet mild
weather and improper storage in high moisture environments (Gareis, 2003; Goertz et al., 2010;
Marques et al., 2008).

Exposure to this mycotoxin has been linked to some cases of precocious puberty in girls
(Massart et al., 2008). Besides estrogenic effects, ZEA can also cause toxicity by production of
reactive oxygen species (El GolliBennour et al., 2009). Although this mycotoxin is also classified
as non-carcinogenic to humans (WHO/IARC, 1993) it is still of interest due to estrogenic activity

along with its anabolic effects.

The association between the consumption of mouldy grains and hyperestrogenism in pigs has
been observed since 1920. High concentrations of ZEA in pig feed may cause disturbances
related to conception, absorption and other problems. Reproductive problems have also been

observed in cows and other species (EI-Nezami et al., 2002).

Zearalenone is unfortunately the most understudied mycotoxin, with very limited human studies
in growth faltering available to date and thus very little can be discussed about it. It does

however emphasize the importance of more research regarding ZEA and its health effects.
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2.2.3 Fumonisin

Three groups of FBs exist, including FB;, FB, and FB;. Due to favourable fungal growth
conditions, FB often co-occur with AF, especially in maize (Kpodo et al., 2000; Kimanya et al.,
2008; Sun et al., 2011). Fumonisin contamination has been associated with the growing of
maize but not so much during harvesting and storage (Kimanya et al., 2008; Sun et al., 2011).

The determination of FB exposure with validating biomarkers is very important in the human risk
assessment process. However, a lack of mycotoxin surveillance in rural subsistence farming
areas in South African further contributes to the uncertainty when determining risk (Gelderblom
et al., 2008; Marasas et al., 2008).

Neural tube defects (NTDs) are embryonic defects of the brain and spinal cord resulting from
failure of the neural tube to close. Spina bifida and anencephaly (failure of anterior tube closure)
are the most common forms of NTD (Voss et al., 2009). Fumonisins have been implicated as a
risk factor for NTDs (Gelineau-van Waes et al., 2009; Missmer et al., 2006; Suarez et al., 2012).
Hendricks (1999) proposed that FB were involved in a cluster of NTDs that affected babies born
to Mexican-American women living in the Texas counties bordering Mexico in 1990 - 1991
(Missemir et al., 2006; Voss et al., 2009).

Multiple observations suggested that the NTDs outbreak and the epizootics shared a common
etiology. Maize meal samples collected in the USA during the NTDs outbreak had relatively high
average FB levels (Hendricks, 1999). Other regions with high maize-based food consumption
and documented FB contamination (Dombrink - Kurtzman & Dvorak 1999; Yoshizawa et al.,
1994) also had high prevalence of NTDs (Mutchinick et al., 1999). The findings by Missemir et
al. (2006) suggest that FB exposure increases the risk of NTDs, proportionate to dose, up to a

threshold level, at which point foetal death may be more likely to occur.

The association between FB with NTDs became of interest as these mycotoxins disrupt the
folate receptor in cells. The role of sphingolipids and cholesterol, major constituents of lipid rafts
associated with the folate receptor, is critical for the early embryonic development. The

induction of NTDs was only partly prevented by folate supplementation (Missemir et al., 2006).

Recent in vitro and animal studies provide further support for the hypothesis that NTDs occur
with exposure to FBs (Flynn et al., 1997; Gelineau-van Waes et al., 2009; Sadler & Tam, 2002;
Stevens & Tang 1997; Wang & Herron, 1991). Fumonisins disrupt sphingolipid metabolism in
the gastrointestinal tract of mice (Enongene et al., 2000), damages intestine permeability (Lalles
et al., 2009), and has been associated with decreased food consumption, growth retardation
and body weight in piglets (Dilkin et al., 2003). Summary box 2 summarizes the mechanism.
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Summary box 2

Maternal FB exposure inhibits the enzyme ceramide synthase leading to inhibition of

sphingolipid biosynthesis, resulting in 2 pathways that can get interrupted:

1. Altered sphingolipid metabolism causes an increase in free sphingoid bases that disturbs
the signalling cascade involved in embryonic morphogenesis by functioning as ligands for
S1P receptors leading to the deregulation in cell proliferation, cell differentiation and cell

migration.

2. Inhibited sphingolipid metabolism causes a depletion of downstream glycosphingolipids
which impair the expression and function of GP1-anchored folate receptors causing blocking
in absorption of folate follows resulting in folate deficiency in the pregnant woman, increasing

the risk and prevalence of NTDs at birth of the infant.

In India, a foodborne disease outbreak in 1995 characterized by diarrhoea and abdominal pain
was reported to be associated with consumption of maize and sorghum (Bhat et al., 1997).
Samples collected from patients’ households were all positive for FB and contained higher
levels of FB; than those of non-patients. FB; was therefore considered to contribute to the
outbreak. These findings have raised concern that FB may induce intestinal enteropathy, a
subclinical condition of the small intestine, characterized by reduced absorptive capacity and
increased intestinal permeability, therefore mediating stunting (Smith et al., 2012). Summary

box 3 links these findings to the mechanisms in the conceptual framework.

Summary box 3

FB exposure will affect the intestinal porcine epithelial cells leading to an increase in the
epithelial permeability and a decreased density of the small intestine, flattening villi and crypt

hyperplasia will follow.

Exposure to FB during pregnancy interrupts the sphingolipid metabolism leading to intestinal
epithelial permeability and translocation of gut bacteria; resulting in altered gut mobility and
gastric emptying that will have inflammatory diarrhoea and even vomiting as a result leading
to dehydration and loss of appetite, causing reduction or complete refusal of food. Weight

loss follows, that increases the risk of and development of growth faltering or IUGR.




Fumonisin B;, the most predominant and well-studied isoform, is nephrotoxic and hepatotoxic in
several species, and a possible human carcinogen (WHO/IARC, 2002; JECFA, 2012). FB,, has
further been associated with liver and oesophageal cancers in high-exposure populations
(Alizadeh et al., 2012; Chu & Li, 1994; Persson et al., 2012; Rheeder et al., 1992). The
presence of FB in maize has been associated with cases of oesophageal cancer in inhabitants
of the rural areas in the Eastern Cape (South Africa), in China and in north-eastern Italy
(Peraica et al., 1999).

The mechanism of action of FB; induced NTDs is the inhibition of uptake and metabolism of
folic acid (Stevens & Tang, 1997) while its carcinogenic effects are related to the overall
disruption of lipid metabolism, membrane structure and cellular signal pathways (WHO/IARC,
2002; JECFA, 2012). The carcinogenic character of FB does not seem to involve interaction
with DNA (Coulombe, 1993).

2.3 Subsistence farming

In most low- and middle-income countries, farming remains important for rural households as
their primary food source. According to the latest Food and Agriculture Organization (FAO)
estimates, 805 million are exposed to food insecurity or hunger, with 50% of the global
population exposed to hunger living in smallholder subsistence farming communities (Shisana
et al., 2014).

Many of these countries are politically unstable and due to poor socio-economic status,
underdeveloped agricultural practices and weather changes, control of mycotoxins is difficult or
in some cases totally absent (Gbashi et al., 2018). The interaction of politics, economy and
technology eventually determine the impact on health, which will differ between countries.
Specific and simple measures should therefore be devised and introduced to reduce the levels

of mycotoxin exposure in maize, by targeting populations at risk (Gbashi et al., 2018).

Household food security is defined as year-round access to adequate, nutritious and safe food
to meet the nutritional needs of all household members. Although South Africa produce an
adequate food supply at national level, it does not necessarily translate into food security at

household level (Shisana et al., 2014). The recent statistics show that 28.3% households are at
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risk of hunger and another 26% are actually food insecure (Shisana et al., 2014). It is also
expected that child- or female-headed households, in rural areas, are most at risk (Govender et
al., 2016).

Subsistence farming is usually an important way to improve food security and nutrition.
Unfortunately, even if agricultural interventions can improve economic growth and reduce
poverty, there is little evidence that this positively affects nutrition security (Sibhatu & Qaim,
2017). Despite various interventions to reduce food insecurity and global hunger, food
insecurity and undernutrition remain highly prevalent in many countries. It is currently estimated
that approximately 11% of the world’s population is chronically undernourished, indicating a
deficiency of total calories (Sibhatu & Qaim, 2017).

Furthermore, one-third of the global population suffers from micronutrient malnutrition,
especially in countries in Asia and Africa, with an increase in incidence in sub-Saharan Africa.
The people living here are usually more negatively affected by food insecurity (Sibhatu & Qaim,
2017).

In low- and middle-income countries, many individuals are not only malnourished but also
chronically exposed to high levels of mycotoxins via their diet. The heterogeneous distribution of
mycotoxins within a given food commodity, hinders accurate exposure measurement and hence
associations between exposure, acute or chronic, and human health have been difficult to
establish (Gong et al., 2003).

2.4 Maternal health

Women of child-bearing age (especially pregnant and lactating women), infants and young
children are amongst the most nutritionally vulnerable population groups for malnutrition (Adu-
Afarwuah et al., 2017). The primary causes include factors such as inadequate food intake,
poor nutritional quality of diets, frequent infections and short inter-pregnancy intervals (Adu-
Afarwuah et al., 2017). In Africa for instance, 20% of women have a low body mass index (BMI)
because of chronic hunger, especially seen in areas with a high prevalence of human immuno-
deficiency virus (HIV). Anaemia, vitamin A and zinc deficiencies are highly prevalent.
Unfortunately, the results of the above factors are often reflected in low pregnancy weight gain
and high infant and maternal morbidity and mortality (Adu-Afarwuah et al., 2017). In maternal
pregnancy dietary intake, mycotoxin exposure may occur in-utero and through breastfeeding,
predisposing children to the risk of chronic exposure from a very early stage of life (Sherif et al.,
2009). Unfortunately, validated exposure biomarkers for mycotoxin exposure are limited and are

avital part of the risk assessment process.
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2.4.1 Pregnancy weight gain and birth outcomes

According to Morrison and colleagues (2016), maternal malnutrition primarily results from a diet
with inadequate calorie intake. This then results in undernutrition. However, maternal
malnutrition can also follow from a diet with reduced micronutrient intake due to for instance
poor diversity. Either way, these occurrences will have an impact on the pregnancy as well as
infant anthropometric outcomes at birth (Morrison & Regnault, 2016).

Unfortunately, very little data is available on the link between habitual diet and neonatal
anthropometric measurements and gestational age at birth. Previous studies mostly focussed
on investigating specific nutrients or food items, and the effect of overall diet was often
overlooked. To date, dietary patterns have mostly been associated with complex conditions or

diseases such as cardiovascular diseases (CVD) (Cetin et al., 2010).

A study conducted by Budree et al. (2017) indicated that a high-quality diet during pregnancy,
was positively associated with a greater birth weight and birth length, especially during the first
trimester. There is a wide range of nutrient interactions and because of this it is crucial that
maternal dietary patterns should be investigated in more depth, to determine the association
between maternal nutrition and foetal growth (Budree et al., 2017). Unfortunately, cultural,
geographical, and regional influences in areas, affect the maternal dietary patterns, and thus
different anthropometric health outcomes among infants should be expected at birth (Budree et
al., 2017).

2.4.2 Maternal diet and its effect on intra-uterine growth

Intrauterine growth restriction (IUGR) refers to poor growth of a foetus while in the mother's
womb during pregnancy (Budree et al, 2017). Outcomes at birth are measured by
anthropometry. Anthropometric measurements usually include body weight, length and head
circumference (HC) of new-borns. It is also seen as the primary determinants of impaired foetal

growth, intrauterine environment, and maternal nutrition (Budree et al., 2017).

Intrauterine growth restriction affects annually up to 30 million new-borns in developed
countries. Unfortunately, this figure can increase up to six times in low- and middle-income
countries (Black et al., 2013) with the highest prevalence mostly in South East Asia, Africa and
Latin America (Ashworth, 1998; Imdad & Bhutta, 2011). It is strongly associated with the
prevalence of perinatal mortality and morbidities, such as premature births, hypoglycaemia and
hypothermia. These conditions have a cascading effect on the infant. It could further impact on
the infant in later life, in the form of poor cognitive development leading eventually to neurologic

impairment in adulthood, as well as an increased risk of cardiac, renal and pulmonary diseases,
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(Imdad & Bhutta, 2011) obesity, diabetes mellitus (DM), endothelial dysfunction, non-alcoholic
fatty liver diseases (NAFLD) and kidney disease (Budree et al., 2017).

Furthermore, impaired foetal growth, especially HC, is also associated with non-optimal neuro-
developmental outcome (Budree et al., 2017). Summary box 4 link DON and FB exposure to
possible IUGR.

Summary box 4

DON exposure causes endothelial cell dysfunction, resulting in the inhibition of protein
synthesis. Inhibited protein synthesis will cause altered intestinal structures, thus a decrease
in nutrient absorption and utilization. Micronutrient deficiencies will occur due to the

decreased absorption and utilization of nutrients.

FB exposure leads to the inhibition of ceramide synthase and the inhibition of the
sphingolipid metabolism. Inhibitions will increase intestinal permeability and cause epithelial
barrier degradation resulting in impaired nutrient absorption and utilization, as well as

micronutrient deficiencies; focusing on iron and folate.

Intrauterine growth restriction at birth is amongst other things because of poor maternal
nutritional status before conception, during conception and during pregnancy (Ferro-Luzzi et al.,
1998; Imdad & Bhutta, 2011; Martorell et al., 1998). The primary focus of preventing IUGR
during pregnancy is to focus on maternal and foetal nutrition. Ideally energy and macronutrient
intake as well as micronutrient intake should be optimal in relation to their respective needs
(Ferro-Luzzi et al.,, 1998; Imdad & Bhutta, 2011; Martorell et al., 1998). Maternal nutrition
includes every aspect in the supply of the infant, thus maternal food consumption, circulating
concentrations, uteroplacental blood flow, and nutrient transfer across the placenta
(Stephenson & Symonds, 2002).

Low birth weight (LBW) is officially defined as a birth weight less than 2 500 g (NIH, 2013). It
most often results from premature delivery, intrauterine growth failure (IUGF) or disruption, or a
combination thereof (Abu-Saad & Fraser, 2010). Small for gestational age (SGA) does not
necessarily indicate IUGF (Black et al., 2013). Even with birth weight in normal ranges, it may
hide low birth weight that is below the genetic expectations. This could also be due to poor

maternal and thus foetal nutrition (Stephenson & Symonds, 2002).
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Low birth weight is one of the most important secondary factors for neonatal deaths. This is
especially true in low- and middle-income countries (Abu-Saad & Fraser, 2010). However,
regardless of the above, LBW is strongly associated with perinatal morbidity and increased risk
of long-term disability (Abu-Saad & Fraser, 2010). Low birth weight infants are also at greater
risk of developing iron deficiency anaemia. This could lead to impaired development and
eventually influence neurodevelopment (Abu-Saad & Fraser, 2010).

Preterm birth, defined as gestational age less than 37 weeks (NIH, 2013), contributes
substantially to the incidence of low birth weight. It is also the leading underlying cause of infant
mortality (Abu-Saad & Fraser, 2010). Infants with birth weights below the 10th percentile for
their gestational age (GA) are classified as SGA, and even if born to term, they are at an

increased risk of neonatal mortality (Abu-Saad & Fraser, 2010; Black et al., 2013).

Western dietary patterns with primarily unhealthy food choices are not able to provide the
increased requirements for the pregnant mother and the infant (Hajianfar et al., 2018). The
Mediterranean diet also proved to have a positive outcome during pregnancy, with decreased
risk of IUGR. Another dietary pattern result indicated that women that consume more wheat and

cereal related dietary patterns, had an increased risk of IUGR (Hajianfar et al., 2018).

It is clearly stated that there is an association between dietary intake, either restricted
(availability and variety) or sufficient (wide variety and availability) and infant anthropometric
outcomes at birth (Hajianfar et al., 2018). In contrast, high maternal intake of CHO was
negatively associated with infant length and abdominal circumference (Hajianfar et al., 2018). In
a study done by Northstone and Emmett (2008), it was shown that the women with prior
problematic pregnancies or higher socioeconomic status or education level were more prone to
have a healthy dietary pattern. This study also showed that “health conscious” dietary patterns
were negatively associated with decreasing educational level, age, and socioeconomic status.
Thus, risk factors of IUGR are poor educational level and socioeconomic status as well as age
(Hajianfar et al., 2018). So much so that it was suggested by researchers that women with low
socioeconomic status needs to be provided specific dietary intervention programs to improve

their nutritional intake to be sufficient for the demands of pregnancy (Hajianfar et al., 2018).

Macronutrient deficiencies later in the pregnancy is less severe than in the early pregnancy,
since catch-up growth still occurs. However, the earlier in the pregnhancy undernutrition occurs,
the bigger the chances that it will be permanent (Stephenson & Symonds, 2002). In this regard

mycotoxins also play a role (Summary box 5).
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Micronutrient imbalances before and during pregnancy can have a negative influence on mother
and the foetus (Abu-Saad & Fraser, 2010; Morrison & Regnault, 2016). This can lead to
significantly high reproductive risks, ranging from infertility to foetal structural defects, abnormal
foetal development and growth, and long-term diseases (Morrison & Regnault, 2016).

Micronutrients supplementation during the peri-conceptional period are related to improved birth
outcomes (Abu-Saad & Fraser, 2010). This may be due to alterations in maternal and foetal
metabolism (Morrison & Regnault, 2016). In addition to maternal nutrient supply, the
effectiveness of the placenta in transporting nutrients and oxygen to the foetus is important in
determining foetal growth (Morrison & Regnault, 2016). Undernourished women, especially
those in developing countries (and often subsistence farmers) are at particular risk of
micronutrient deficiency (Berti et al., 2012; Catov et al., 2011; Cetin et al., 2010).

Summary box 5

There is a direct link between nutrient absorption and mycotoxin exposure to both DON and
FB:

Maternal DON exposure will inhibit protein synthesis that will lead to the inhibition of
intestinal proliferation and crypt hyperplasia causing villi to flatten, as well as the degradation
of the epithelial barrier. Inhibition of protein synthesis and flattened villi is will result in the
translocation of gut bacteria and impaired gut mobility and delayed gastric emptying that will
increase the prevalence of inflammatory diarrhoea. Diarrhoea contributes to impaired nutrient
availability, decreased absorption and utilization of nutrients due to the altered intestinal
architecture. Micronutrient deficiencies (especially iron, zinc and copper) will be the end

result of poor nutrient availability, absorption and utilization.

DON exposure during pregnancy will also modulate the activity of SGLT-1, fructose transport
GLUT5 and L-serine transport, thus resulting in altered carbohydrate metabolism, as well as

altered fatty acid and phospholipid synthesis.

FB exposure will inhibit ceramide synthase which interrupts the sphingolipid metabolism and
an increased in intestinal permeability. This leads to inflammatory diarrhoea that causes a

decrease in nutrient uptake and utilization, leading to either weight loss or weight gain.

2.5 Diseases and conditions associated with maternal malnutrition

Exposure to diseases or pre-existing co-morbidities and conditions, such as substance abuse
(Cogswell et al., 2003), HIV, diarrheal diseases or infections, malaria (Landis et al., 2009) and
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tuberculosis (TB) reduce the mother’s ability to sufficiently consume and absorb the required
macro- and micronutrients to meet the increased needs of the foetus for optimal development
(Goldenberg et al., 2009). With maternal HIV for instance, the resting energy expenditure (REE)
increases, dietary intake may decrease due to loss of appetite, side-effects from treatment or
advanced symptoms of the disease, and thus results in lower nutrient absorption due to
impaired and altered gastro-intestinal complications. This finally ends up in increased
progression of HIV and a worse outcome for the infant (Morrison & Regnault, 2016;
Ramachandran, 2002; Ramlal et al., 2015).

According to Cetin and Laoreti (2015), the risk for foetal and maternal complications decrease
with a birth weight between 3 100 g and 3 600 g of the infant.

Currently, there is not a consensus on which anthropometric measurement should be used to
identify malnutrition or acute malnutrition during pregnancy, nor which cut-off value should be
used. Some programs use the normal BMI cut-off value of 18.5 kg/m2 for adult women,
assuming it is applicable for pregnant women. Because of the interaction between pre-
pregnancy BMI and gestational weight gain (GWG) on pregnancy and infant outcomes, the
Institute of Medicine (IOM) in 1990 recommended different ranges of GWG for women with low,
normal and high BMI (IOM, 1990).

According to a systematic review by Siega-Riz and colleagues (2009), gestational weight gain is
negatively associated with adverse pregnancy and foetal outcomes. This is so even in women
with a normal pre-pregnancy BMI. The evidence further indicates a negative association
between excessive GWG and increased birth weight, caesarean delivery rate and postpartum
weight retention (IOM, 1990; O’Tierney-Ginn et al., 2014; Siega-Riz et al., 2009). Foetal
development is also influenced by physiological factors such as i) maternal body composition, ii)
maternal nutrition status, iii) poor maternal health, iv) metabolism, v) placental nutrient supply,
vi) socioeconomic and demographic as well as vii) environmental factors (Budree et al., 2017;
Cetin & Laoreti, 2015; Dean et al., 2014; Stephenson & Symonds, 2002; , ,).

Furthermore, according to Cetin and Laoreti (2015) and Siega-Riz et al. (2009), various studies
indicated a linear, direct relationship between lower GWG and a decreased birth weight. The
data is particularly evident for risks regarding GWG and SGA amongst women with lower pre-
pregnancy weight. Based on basic human and animal research, DON and FB might be
associated with a smaller GA (IOM, 1990).

Maternal malnutrition in late gestation is also associated with reduced placental and foetal

weights according to Stephenson & Symonds (2002). They concluded that these findings were
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evident in both human and animal studies. Furthermore, animal experiments indicate that
maternal environment predominantly influences later foetal growth (Stephenson & Symonds,

2002). Once again, high FB and DON exposures might be exacerbating the process.

The study done by Cetin and Laoreti (2015), reported that in male infants, maternal height, BMI
and weight gain during pregnancy were significant predictors of both lean and fat mass. This
suggest that maternal body composition and maternal inflammatory environment might
modulate metabolic fithess of male neonates, as predicted by fat and lean mass. Furthermore, it
seems that maternal weight gain and pre-pregnancy body composition were equally predictive
of male foetal growth when placental weight and GA were accounted for (Cetin & Laoreti, 2015).
In terms of female infants, the only measured maternal factors predicting female body
composition were inflammation markers including plasma C-reactive protein and IL-6. Maternal
weight gain and pre-pregnancy anthropometrics were equally predictive of male foetal growth
when placental weight and GA were accounted for (Cetin & Laoreti, 2015, O’'Tierney-Ginn et al.,

2014). Summary box 6 indicates the possible role of DON and FB in this process.

Summary box 6

DON exposure during pregnancy will have an interference with the carbohydrate
metabolism, and fatty acid and phospholipid synthesis that will contribute to excessive

weight gain and obesity. Obesity causes stimulation of systemic inflammatory response.

Maternal DON and FB exposure during pregnancy will increase some systemic cytokines
releases, leading to the stimulation of systemic inflammatory immune response and altered

immune function.

2.6 Problem statement

Chronic exposure to mycotoxins, even at low levels in an unvaried diet, may incur adverse
health outcomes or possibly exacerbate other existing disease conditions (Bryden, 2007).
Because of this it has been speculated that mycotoxins might have a negative impact on infant
growth and development (Smith et al., 2012). However, very little is known about this topic
(Lombard et al., 2014). Home-grown maize from subsistence farming in the Amatole District
Municipality is known to be contaminated with DON, ZEA and FB, and can thus pose important
health risks to the exposed population (Shephard et al., 2013), especially regarding the more

vulnerable part of the population (pregnant mothers, infants and young children).
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Various factors influence infant anthropometric measures at birth, including maternal health,
age, weight, health and lifestyle factors such as smoking tobacco and alcohol consumption.
Unfortunately, mycotoxin exposure can not only exacerbate the impact of these factors, it could
add additional health related factors which can worsen infant anthropometric measures at birth.
From the little research done (human studies, animal studies and basic research) it is clear that
mycotoxins exposure may also decrease maternal appetite (and thus nutrient intake), diarrhoea
and vomiting (and thus decrease nutrient uptake), lower gastrointestinal function (and thus
lower nutrient absorption) and increased inflammatory reactions. It is however unclear which of

these are directly or indirectly associated with infant birth anthropometry.

Therefore, the aim of this study was to determine the association between mycotoxin exposure
of pregnant women and infant birth anthropometric measures and GA at birth. The objectives of
this study were to estimate multi-mycotoxin exposure levels of pregnant women and to
determine the anthropometric measures of pregnant women and their infants at birth, as well as
the association between maternal multi-mycotoxin exposure and infant birth anthropometric

measures and GA at birth.
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CHAPTER 3: ARTICLE

Chapter 3 provides the article written for publication in Food and Chemical Toxicology. The
paper has not yet been submitted but is already written in the style specified in the author

guidelines.
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3.1 Abstract

Background: In rural areas of the Eastern Cape (EC), South Africa, the majority of people are
maize-subsistence farmers. However, it is well-documented that this maize has high mycotoxin
concentrations of fumonisin (FB), deoxynivalenol (DON) and zearalenone (ZEA) (secondary
metabolites produced by fungi growing on the maize).

Aim: To determine the association of maternal pregnancy exposure of three mycotoxins (DON,
ZEA and FB) with anthropometric measures and gestational age (GA) of infants at birth.

Methods: It was part of a larger prospective study conducted in the Amatole District, in the EC of
South Africa with a longitudinal analysis of data collected during pregnancy of the mother and
infant birth anthropometric measures and GA (two visits). Systematic and snowball sampling
was used because random sampling was impossible due to poor infrastructure. Pregnant
women staying permanently in the area and consuming only home-grown maize were included.
To determine mycotoxin concentration, 1 kg maize samples were collected from participating
household. Maize was analysed by LC-MS/MS for DON, ZEA and FB concentrations. Maternal
maize consumption was determined with a validated culturally specific quantitative food
frequency questionnaire (QFFQ) and portion size photographs. Exposure were calculated
based on maize mycotoxin levels, raw maize consumption and maternal weight. Anthropometric
outcomes of infants at birth included: weight (kg), length (cm), head circumference (HC) (cm)
and gestational age (GA) (weeks). Generalized linear regression modelling were conducted to
determine associations of mycotoxin exposure with anthropometric outcomes in crude models

and with adjustment for specific confounders (maternal weight, age, and maize intake).

Results: Median maternal daily raw maize intake (n = 92) was 785.0 g/day (x 513.8 g). Median
maternal exposure levels for DON were 0.276 pgkg™ bw day™, ZEA 0.003 ugkg™ bw day™* and
for FB 9.676 ugkg™ bw day™. For DON and ZEA these levels were lower than the relevant
provisional maximum total daily intake (PMTDI) of 1.0 and 0.5 pgkg™ bw day™ respectively. For
FB these medians were much higher than the recommended PMTDI of 2 ugkg™ bw day™.

Unadjusted data of infant’s anthropometric measures divided into tertiles indicated that infants
with a higher birth weight (third tertile) were significantly exposed to higher DON exposures (p =
0.047) while those with a lower birth weight (lower tertile) were significantly exposed to higher
FB exposures (p = 0.05). Infants in the lower tertile of HC (smallest HC) were significantly
associated with higher exposure of DON and FB (p = 0.01 for both). Lastly, infants in the lower
tertiles of GA were also significantly associated with higher exposures of DON (p = 0.030), ZEA
(p = 0.045) and FB (p = 0.040). When data was distributed according to exposure levels and
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adjusted for confounders (maternal age, weight and raw maize intake) it indicated only
significant associations for DON and FB exposures with birth weight (p = 0.047 and p = 0.05
respectively). Borderline associations were found for DON and FB when adjusted for maternal
weight (p = 0.06 for both). However, all differences were found in the middle tertile indicating a
no dose-response association but rather a U-shaped association. Adjusted data of head
circumferences associated with exposures indicated that maternal age might influence outcome,
especially for exposures of DON and FB (p = 0.01 and p = 0.03 respectively). However, the
differences were once again indicated a U-shaped association and thus not a dose-response

association.

Conclusion: A positive association was found between DON exposure and infant birth weight
and an inverse association between FB with infant birth weight. DON and FB exposure levels
were also associated with smaller HC. DON, ZEA and FB were associated with smaller GA.
However, results could have been due to confounding factors such as maternal weight and age.
More research is needed to understand the association between mycotoxin exposure and

anthropometric measures of infants at birth as well as the role of additional confounding factors.

Key words: Mycotoxins, pregnant women, birth anthropometry, deoxynivalenol (DON),

zearalenone (ZEA), fumonisin (FB).
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3.2 Introduction

The term ‘mycotoxin’ is reserved for small, toxic chemical products formed by secondary
metabolites by fungi that readily colonise crops in the field or after harvest (Turner et al., 2009).
Mycotoxins frequently contaminate maize and other grains (Marasas et al., 2001; Marin et al.,
2004), growing optimally at high temperatures in humid areas (Marin et al., 1995). It can also
occur during processing and storage when done incorrectly, affecting food quality and safety
levels (Sforza et al., 2006). It is well studied that the inhabitants of sub-Sahara Africa are
experiencing high amounts of dietary exposure to food-borne mycotoxins, including
deoxynivalenol (DON), zearalenone (ZEA) and fumonisin (FB) due to subsistence farming
(Wagacha & Muthomi, 2008).

In most low- and middle-income countries (LMIC), farming remains the primary food source.
Subsistence farming is an important part of improving food security and nutrition. Unfortunately,
there is little evidence that this practice can positively affect nutrition security (Sibhatu & Qaim,
2017). Further-more, it is well-documented that the maize produced by subsistence farmers
contains high levels of mycotoxins. In LMIC settings, many individuals chronically exposed to
mycotoxins are also malnourished (Gong et al., 2003). High maternal mycotoxin exposure may
affect infants in-utero and through breastfeeding, predisposing infants to the risk of chronic

exposure from a very early stage of life (Sherif et al., 2009).

Women of child-bearing age, especially pregnant and lactating women, infants and young
children are amongst the most nutritionally-vulnerable population groups for malnutrition (Adu-
Afarwuah et al., 2017). Maternal health can be compromised by diseases or conditions such as
substance abuse (Cogswell et al., 2003), human immunodeficiency virus (HIV), diarrheal
diseases or infections, malaria (Landis et al., 2009) and tuberculosis (TB). This reduces the
mother’s ability to sufficiently consume and absorb the required macro- and micronutrients to

meet the increased demands of the foetus (Goldenberg et al., 2009).

Micronutrient imbalances before and during pregnancy can have a negative influence on mother
and the foetus (Abu-Saad & Fraser, 2010; Morrison & Regnault, 2016). This can lead to
significantly high reproductive risks, ranging from infertility to foetal structural defects, abnormal

foetal development, growth and long-term diseases (Morrison % Regnault, 2016).

When ingested in high doses by animals, DON causes nausea, vomiting and diarrhoea, while in
small doses, it can cause weight loss and decreased food intake (Miller et al., 2001).
Deoxynivalenol has also been reported as the causative agent of gastrointestinal poisonings

(Luo, 1994) and as a suspected etiologic agent of gastroenteritis in children (CDC, 1999).
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Deoxynivalenol causes protein synthesis inhibition (McLaughlin et al., 1977, Smith et al., 2012)
and are known to cause neurotoxicity, immunosuppression and renal toxicity (Richard, 2007),
as well as anorexia, weight loss, malnutrition, endocrine dysfunction and immune alterations
(Pestka, 2010). With maternal high exposure rates or lower chronic exposure rates, DON may
also cause infant growth faltering (Pestka & Smolinski 2005).

On the other hand, exposure to ZEA has been linked to some cases of early puberty in girls
(Massart et al., 2008). Besides estrogenic effects, ZEA can also cause toxicity by production of
reactive oxygen species (ROS) (El GolliBennour et al., 2009). Zearalenone is unfortunately the
most understudied mycotoxin, with very limited human studies on growth faltering available to

date.

Lastly, FB have been implicated as a risk factor for neural tube defects (Gelineau-van Waes et
al., 2009; Missmer et al.,, 2006; Suarez et al.,, 2012). Fumonisins disrupt sphingolipid
metabolism in the gastrointestinal tract (Enongene et al., 2000), affect intestinal permeability
(Lalles et al., 2009), and is associated with a loss of appetite and anorexia, growth faltering and

loss of body weight in piglets (Dilkin et al., 2003).

The rural Eastern Cape (EC) is known to have poor infrastructure, with a high prevalence of
poverty. Majority of food sources come from subsistence farming, with maize consumption as
part of the culturally distinct dietary pattern and ethnic tradition in this area (Lombard et al.,
2013, Lombard et al., 2014). Home-grown maize coming from this area, is known to be
contaminated by multiple mycotoxins (Burger et al., 2010). Through high consumption of maize
in this region, the population has an increased risk of high and / or chronic multi-mycotoxins
exposure to DON, ZEA and FB (Burger et al., 2013).

Thus, this study aims to determine the association between maternal DON, ZEA and FB

exposure during pregnancy and infant anthropometric measures at birth.
3.3 Methods

The study was part of a prospective study (PhilaSana) with a longitudinal analysis (two visits).
Data were collected during pregnancy of the mother and infant anthropometric measures at
birth. Systematic and snowball sampling was used to recruit participants. The area included
villages within a deep rural section of Centane, in the Amathole District Municipality, EC in
South Africa. The areas are characterised by almost no infrastructure (poor roads, no electricity,

formal addressing system or community areas) causing poor accessibility to households.
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Pregnant women (n=92), age 16-45 were recruited. Women were excluded if they were born or
raised outside the area, visiting the area, not consuming only home-grown maize and / or not

permanently residing in the area.

3.4 Study procedures

Before the onset of the study, goodwill permission was obtained from the local community
leaders such as the chiefs and headmen. They were informed of the study and were provided
with information such as the inclusion and exclusion criteria as well as the study procedures and
risks and benefits of the study. Once the local leaders provided goodwill permission, various
little boys were sent to households in the area that may have potential participants. The
following day a community meeting was held at a pre-determined area, usually the home of a
key woman (the host) in the community (depending on the chief or headman). On this day
potential participants were informed of the study. They were given one day to consider
participation and were asked to inform other pregnant women about the study. On the third day
informed consent was signed in the participants’ first language, isiXhosa. Assessment were

conducted in various little huts as provided by the host.

Recruitment and the first visit were conducted during pregnancy to determine the mother’s
current health status and dietary patterns. The second visit was conducted after birth. The
anthropometric measures at birth were obtained from the Road to Health booklet (RtHB) (clinic

card). Data was collected in the form of questionnaires and anthropometric measurements.

To determine mycotoxin concentration on maize, 1 kg home-grown maize samples were
collected per participating household. The maize was analysed by LC-MS/MS for DON, ZEA
and FB concentrations (Cawood et al., 1991; Gelderblom et al., 1993).

Dietary information was obtained from the mother of each infant. Food intake was assessed
with a validated and culturally specific dietary assessment tool (Lombard et al., 2013, Lombard
et al., 2014). The Ratio and Portion Size Photo (RAPP) tool was previously developed and
validated among the study population. The validated questionnaire was based on adult habitual
diet in the form of a quantitative food frequency questionnaire (QFFQ) and portion size
photographs (four portion size photographs for each dish represented in the QFFQ) (Lombard
et al., 2014).

To determine raw home-grown maize intake, amount of daily cooked maize consumed (grams)

was multiplied by the number of portions consumed. Monthly cooked maize consumption was
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determined by multiplying the weekly consumption by four to provide a monthly intake. Monthly
cooked maize consumption was then used to determined mean daily intake by dividing by 28
days. Raw maize consumption was calculated from the mean daily cooked maize consumed
using a predetermined formula obtained during the development of the food portion size
photographs (Lombard et al., 2014).

Once raw maize intake was calculated, a deterministic analysis method was used to determine
the mycotoxin exposure. Mycotoxin exposure was measured in probable daily intake (PDI).
Probable daily intake (PDI) (ugkg™ body weight day™) was calculated by multiplying mean total
daily raw maize intake (g/day) with mycotoxin concentration (ug/kg) divided by body weight (kg).
The mycotoxin concentration was calculated as the amount of mycotoxin on 1 kg of raw home-
grown maize from the area. Concentrations were as follow: DON (24.5 pg/kg), ZEA (31 ug/kg),
and total FB = FB; + FB, +FB3 (1035 ug/kg). The provisional maximum tolerable daily intakes
(PMTDIs) for each DON (1.0 ugkg™ bw day™), ZEA (0.5 ugkg™ bw day™) and FB (2.0 pgkg™ bw
day™) was used as cut-off values to indicate high exposure (JECFA, 2002; JECFA, 2012).

The study was conducted according to the Helsinki declaration and the ICH & MRC
guidelines. The protocol was approved by the Health Research Ethics Committee of the
Faculty of Health Sciences, North-West University (NWU-00207-14-S1). Study information and
consent was communicated to participants in their home language; each participant received a
participation number, remaining anonymous during processing of data and results
interpretation. Pregnant women younger than 18 years of age were provided with information
and an assent form. Upon signing the form her mother signed consent while she herself signed
assent. If, for any reason, the pregnant potential participant refuse assent (regardless of

obtaining consent from the mother), she was not included in the study.

Data were captured and cleaned in Excel. Statistical analyses were conducted with SPSS
version 25. Data were tested for normality using the Shapiro-Wilk Test. The mycotoxin data
were not normally distributed. Median, and IQR were reported for the mycotoxins (DON, ZEA
and FB), as well as for infant weight, length, HC and GA. Maternal age, weight and total raw

maize intake was also reported as median and IQR.

Birth weight, length, HC and GA were divided into tertiles (tertile 1 = lower third, tertile 2 = the
middle third and tertile 3 = the upper third). The Krusskal-Wallis test was used to compare the
mycotoxin exposure levels across tertiles of anthropometric measures. Generalized linear
regressions were performed to determine the impact of maternal age, maternal weight and
maternal maize intake (as confounders) on infant birth anthropometry (continuous variables) on

the mycotoxin exposures (tertiles). Regressions were conducted for each individual confounder
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against the growth parameters to determine their association with infant anthropometry as well
as in combination with the mycotoxins. Significant levels were set at p < 0.05. None of the
participants’ smoked or consumed any alcohol and data was thus not adjusted for these. Lastly,

data was also not adjusted for HIV or TB as most mothers declined to answer those questions.
3.5 Results

The mean age of the participants were 31.4 years (+ 11), with a mean raw maize intake of 785.0
g/day (SD 514.0). A total of 92 pregnant mothers were included. At least 64% (n = 59) of the
included mothers / caregivers had no, or very limited education (< Grade 6) and none of the
included mothers / caregivers were employed. Sixty-seven percent (n = 62) received a child
grant or old age grant. In terms of water and sanitation 44% (n = 41) make use of the river / dam
while the rest have water tanks. Lastly, 66% (n = 63) used pit toilets while the rest used the
bush.

Participants were exposed to all three mycotoxins, however, the exposure levels for DON and
ZEA were lower than FB (Table 3.1). Although the median of the DON exposure was under the
PMTDI, the IQR indicates that there were participants with levels above the expected safety
levels. The median and the IQR for ZEA was below the PMTDI levels. However, the median for

FB was much higher than the estimated PMTDI, up to a maximum of 52 pgkg™ bw day™.

Table 3-1 Mycotoxin exposures of pregnant mothers (n = 92)

Mycotoxin exposure (PDI) PMTDI Median IQR

DON (ugkg™ bw day™) >1.000 0.276 0.11-0.329
ZEA (ugkg™ bw day™) > 0.500 0.003 0.002 - 0.005
Total FB (ugkg™ bw day™) >2.000 9.676 6.800 - 13.900

PDI = Probable daily intake

PMTDI = Provisional maximum tolerable daily intake
IQR = Interquartile range

DON = deoxynivalenol

ZEA = zearalenone

FB = fumonisin

Table 3.2 reports the basic descriptive information of the participants (infants and pregnant
mothers). The median and IQR of birth outcomes were mostly within acceptable ranges,
although based on the minimum values there are a number of infants either born with low birth

weight / length, small head circumference and small gestational age.
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Table 3-2 Basic descriptive information of the participants (infants and pregnant mothers) (n = 92)

Median IQR

Birth weight (kg) 3.28 2.92 - 3.59
Birth length (cm) 49.00 48.00 - 51.00
Head circumference (cm) 34.00 34.00 - 35.00
Gestational age (weeks) 40.00 38.00 - 40.00
Maternal age (years) 29.00 23.00 - 35.75
Maternal weight (kg) 72.60 61.00 - 79.35
Maternal maize intake (g) 700.86 466.59 - 934.23

IQR = Inter quartile range

Unadjusted data of infants’ anthropometric measures were divided into tertiles and compared
against the mycotoxin exposures (as continuous data) (Table 3.3). Results indicated that infants
with a higher birth weight (third tertile) were significantly exposed to higher DON exposures (p =
0.047) while those with a lower birth weight (lower tertile) were significantly exposed to higher
FB exposures (p = 0.05). Infants in the lower tertile of HC (smallest HC) were significantly
associated with higher exposure of DON and FB (p = 0.01 for both). Lastly, infants in the lower
tertiles of GA were also significantly associated with higher exposures of DON (p = 0.030), ZEA
(p = 0.045) and FB (p = 0.040). No significant associations were found between length and any

of the mycotoxin exposures.

Table 3.4 present the Wald chi-square test conducted to test the model effects of the
generalized linear modelling. This was to determine the impact of different possible confounding
factors on the association found between the maternal DON, FB and ZEA exposure (each
subdivided into tertiles) and the infants’ birth anthropometry (as continuous data). Data were
adjusted for maternal age, maternal weight and maternal maize consumption to determine the
impact each have an association between anthropometry and exposure levels. No data was

available to add HIV and TB as confounders.
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Table 3-3 Comparison of unadjusted mycotoxin exposure levels divided into three tertiles against anthropometric measurements at birth (n = 92)

DON ZEA Total FB
Tertiles of Lower third Middlethird Upperthird | Lowerthird Middlethird Upper third | Lower third Middle third Upper third
birth
outcomes Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Weight(kg) 0.1 0.2 0.3*%** 0.1 0.1 0.1 11.7%** 9.7288 0.2

(0.2) (0.2) (0.2) (0.2) (0.2) (0.2) 9.7) (4.6) (9.3)
Length(cm) 0.3 0.3 0.3 0.1 0.1 0.1 114 111 125

(0.2) (0.2) (0.2) (0.2) (0.2) (0.2) (7.3) (9.0 (9.2)
Head 0.4* 0.001 0.3 0.1 0.001 0.1 16.3* 0.001 10.5
Circumference  (0.3) (0.1) (0.2) (0.1) (0.01) (0.1) (11.9) (0.1) (7.0)
(cm)
Gestational age  0.7*** 0.3 0.3 0.1* 0.1 0.1 20.7** 11.4 10.9
(weeks) (0.4) (0.2) (0.3) (0.2) (0.2) (0.2) (17.3) (6.9) (10.4)

DON = deoxynivalenol
ZEA = zearalenone

FB = fumonisin

*p< 0.05, ** p< 0.01, *** p< 0.001
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Table 3-4 Association between mycotoxin exposure and birth outcomes using generalized linear models

DON exposure

ZEA exposure

FB exposure

Wald Chi- P Wald Chi- P Wald Chi- P

square test | value | squaretest | value | squaretest | value
Birth weight
Unadjusted birth weight 5.61 0.047 0.63 0.73 5.66 0.05
Adjusted Maternal Age 1.84 0.18 1.23 0.27 1.84 1.18
Adjusted Maternal weight 3.43 0.06 2.59 0.11 3.43 0.06
Adjusted Maternal raw maize 1.32 0.25 0.93 0.34 1.32 0.25
intake
Birth Length
Unadjusted birth length 151 0.47 1.08 0.58 151 0.47
Adjusted maternal Age 1.35 0.25 1.30 0.25 1.35 0.25
Adjusted maternal weight 0.35 0.56 0.53 0.77 1.10 0.58
Adjusted maternal raw maize 0.21 0.89 0.04 0.85 0.02 0.89
intake
Birth Head circumference
Unadjusted birth HC 9.23 0.01 2.09 0.35 9.30 0.01
Adjusted Maternal Age 491 0.01 3.23 0.07 491 0.03
Adjusted Maternal weight 0.40 0.53 0.91 0.34 0.40 0.53
Adjusted Maternal raw maize 0.73 0.39 1.33 0.25 0.73 0.39
intake
Birth Gestational age
Unadjusted birth GA 2.10 0.35 0.53 0.77 2.10 0.35
Adjusted Maternal Age 2.60 0.11 2.23 0.14 2.57 0.11
Adjusted Maternal weight 0.15 0.70 0.008 0.93 0.15 0.70
Adjusted Maternal raw maize 0.21 0.65 0.07 0.80 0.21 0.65

intake

Wald Chi-Square test results were reported.

When data was distributed according to exposure levels and adjusted for confounders (maternal

age, weight and raw maize intake) it indicated only significant associations for DON and FB

exposures with birth weight (p = 0.047 and p = 0.05 respectively) (Table 3.4). Borderline

associations were found for DON and FB when adjusted for maternal weight (p = 0.06 for both).

Table 3.5 provides more detailed information based on results from Table 3.4. Mycotoxin levels

were divided into tertiles and the estimated marginal means of the tertiles were determined. In

both cases of birth weight and HC it is clear that the significant differences indicated in Table 4

were mostly at the middle tertile. This indicates a no dose-response association but rather a U-
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shaped association (Table 3.5). Adjusted data of head circumferences associated with
exposures indicated that maternal age might influence outcome, especially for exposures of
DON and FB (p = 0.01 and p = 0.03 respectively). However, the differences were once again
indicated a U-shaped association and thus not a dose-response association.

Discussion and conclusion

The population included in this study is subsistence maize farmers with an extremely
homogenous diet (Lombard et al., 2014). The high levels of mycotoxins (DON, ZEA and FB) has
been described numerous times in the literature (Burger et al., 2010; Marasas et al., 2001;
Shephard et al.,, 2013; Turner et al., 2009). Furthermore, previous research indicates that
chronic high exposure to these mycotoxins may have a negative effect on health (Smith et al.,
2012). Aflatoxins for example are found in the umbilical cord and thus expose infants in utero.
However, very little is known about the association between maternal exposure of DON, ZEA
and FB during pregnancy and how it affects the anthropometric measures of infants at birth
(Lombard, 2014).

Since the diet diversity is extremely low in this community, the high consumption of maize
increased the risk of exposure to a mixture of mycotoxins such as DON, ZEA and FB (Shephard
et al., 2013). The aim of this study was thus to determine association between maternal
exposure levels for DON, ZEA and FB and the exposure in relation to infants’ birth

anthropometry.

Raw maize intake levels were high, with a median of 700 g. This is mostly due to the low dietary
diversity, cultural preferences and availability. Similar intake levels were reported for adults in
2010 (Burger et al., 2010). The maize consumed in the area are not commercial maize and thus
not fortified with micronutrients. Undernourished women, especially those in LMIC are often
subsistence farmers, with a particular risk of micronutrient deficiency due to the low diversity
(Berti et al., 2012; Catov et al., 2011, Cetin et al., 2010).
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Table 3-5 Tertile distribution of adjusted mycotoxin exposures and birth outcomes

DON exposure

ZEA exposure

FB exposure

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
Mean Mean Mean Mean Mean Mean Mean Mean Mean
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Birth weight
Adjusted Maternal Age 3.33 3.06 3.33 3.28 3.18 3.26 3.33 3.07 3.33
(3.16-3.51) (2.89-3.24) (3.15-3.51) (3.10-3.46) (3.00-3.36) (3.08-3.45) (3.16-3.51) (2.89-3.24) (3.15-3.51)
Adjusted Maternal weight | 3.30 3.06 3.36 3.34 3.19 3.24 3.30 3.06 3.36
(3.13-3.48) (2.89-3.24) (3.18-3.55) (3.12-3.49) (3.00-3.36) (3.05-3.37) (3.12-3.48) (2.90-3.24) (3.18-3.55)
Adjusted Maternal raw 3.40 3.08 3.24 3.29 3.18 3.26 3.40 3.09 3.24
maize intake (3.19-3.60) (2.91-3.26) (3.02-3.46) (3.11-3.47) (2.99-3.36) (3.07-3.44) (3.19-3.60) (2.91-3.26) (3.03-3.46)
Birth length
Adjusted Maternal Age 49.52 48.50 49.63 48.83 49.02 49.85 49.52 48.50 49.63

(48.11-50.92)

(47.10-49.91)

(48.23-51.04)

(47.42-50.25)

(47.65-50.40)

(48.39-51.31)

(48.11-50.92)

(47.10-49.91)

(48.23-51.04)

Adjusted Maternal weight

49.40
(47.95-50.85)

48.68
(47.33-50.03)

49.66
(48.29-51.04)

48.95
(47.56-50.34)

49.12
(47.77-50.47)

49.65
(48.27-51.04)

49.39
(47.95-50.85)

48.68
(47.33-50.03)

49.66
(48.29-51.04)

Adjusted Maternal raw

49.45

48.65

49.63

48.90

49.12

49.71

49.45

48.65

49.64

maize intake (47.76-51.13) | (47.30-50.00) | (48.07-51.21) | (47.53-50.27) | (47.76-50.47) | (48.33-51.09) | (47.80-51.13) | (47.30-50.0) | (48.07-51.21)

Birth head circumference

Adjusted Maternal Age 34.45 33.44 34.88 34.09 34.64 33.97 34.45 33.44 34.88
(33.79-35.10) | (32.79-34.10) | (34.20-35.60) | (33.40-34.79) | (33.96-35.32) | (33.28-34.67) | (33.79-35.10) | (32.8-34.1) (34.20-35.56)

Adjusted Maternal weight | 34.50 33.52 34.75 34.09 34.64 33.98 34.50 33.52 34.74

(33.81-35.18)

(32.84-34.19)

(34.02-35.47)

(33.34-34.79)

(33.95-35.33)

(33.28-34.69)

(33.81-35.18)

(32.84-35.50)

(34.02-35.47)

Adjusted Maternal raw
maize intake

34.60
(33.76-35.44)

3352
(32.85-34.19)

34.62
(33.85-35.40)

34.17
(33.46-34.87)

34.61
(33.92-35.30)

33.93
(33.23-34.63)

34.62
(33.85-35.40)

3352
(32.85-34.19)

34.60
(33.76-35.44)

Gestational age

Adjusted Maternal Age

38.58

38.34

39.08

38.45

38.74

38.80

38.58

38.34

39.08
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DON exposure

ZEA exposure

FB exposure

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
Mean Mean Mean Mean Mean Mean Mean Mean Mean
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

(37.86-39.29)

(37.63-39.06)

(38.36-39.81)

(37.73-39.17)

(38.02-39.46)

(38.07-39.53)

(37.86-39.29)

(37.63-39.06)

(38.36-39.81)

Adjusted Maternal weight

38.55
(37.82-39.29)

38.38
(37.65-39.10)

39.07
(38.31-39.83)

38.48
(37.43-39.21)

38.74
(38.01-39.47)

38.77
(38.02-39.52)

38.55
(37.82-39.29)

38.38
(37.65-39.10)

39.07
(38.31-39.84)

Adjusted Maternal raw
maize intake

38.48
(37.64-39.32)

38.37
(37.65-39.10)

39.15
(38.26-40.04)

38.49
(37.76-39.22)

38.74
(38.01-39.46)

38.77
(38.03-39.22)

38.48
(37.63-39.32)

38.37
(37.65-39.10)

39.15
(38.26-40.04)

54




Furthermore, maternal mycotoxin exposure levels of DON and ZEA were in general below the
relevant PMTDI. Total FB exposure levels on the other hand was much higher than the PMTDI.
Similar results for the maize in this area were reported by Shephard et al. (2013) and Burger et
al. (2010). It is however important to mention the fact that the exposure levels were determined
with a deterministic method and not with biomarkers. Biomarkers for DON, ZEA and FB are still
in the validation process and could thus not be used in this study. Maternal dietary exposure
was conducted with a quantitative food frequency questionnaire (QFFQ) that was specifically
designed for this population (Lombard et al., 2014). Food frequency questionnaires tend to lead
to over-reporting of intakes and should thus be acknowledge when interpreting raw maize intake

and mycotoxin exposure.

Regardless of the possible micronutrient deficiencies, the basic descriptive information of the
infants and pregnant mothers reported anthropometric measures at birth within acceptable
ranges, however, this information should also be interpreted with caution (especially length)

since data was collected from the RTH booklet and quality control was thus not possible.

Maternal DON exposure was significantly associated with infant birth weight and HC. However,
since this is mostly those in the middle tertile of exposures. The majority of participants had
exposures below the PMTDI and thus it can be concluded that the association found is although
statistically significant, not clinically significant (since exposures are below the PMTDI). It is
thus possible that the association found were more associated with maternal weight than with
DON exposure. Similarly, maternal FB exposures were associated with birth weight and HC.
However, unlike the DON levels, the FB levels of the whole group were above the PMTDI. Thus,
even if the association is at the middle exposure tertile it might indicate an association that even
out at extreme high levels. Yet, data still indicates that maternal weight is significantly

associated and might thus contribute to this association.

The same pattern can be seen for the HC. Although significant associations were found
between a smaller HC and higher exposures (above PMTDI) it is possible that maternal age
influence the results. Once again, the middle tertile were significantly different from the lower

and higher tertiles indicating that the difference is probably more due to maternal age.

In general, maternal DON exposure inhibits protein synthesis in pregnant women, leading to
impairment of the intestinal membranes and causing the inhibition of intestinal proliferation. This
results in impaired gut mobility, causing inflammatory diarrhoea, dehydration and loss of
appetite (Smith et al., 2012). However, although it is known that aflatoxins cross the placenta of
humans, and DON cross the placenta of animals (Goyarts et al., 2007; Tiemann et al., 2008)

results from this study indicate that it is more likely that the lower birth weight was due to
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maternal weight rather than DON exposure. More research needs to be conducted on this to
officially determine the role of DON in birth weight.

Very little is known about ZEA and maternal exposure. Results from this study however
indicated very low exposure levels and thus it was not possible to really conclude anything
regarding the role of ZEA in maternal exposure and infant anthropometric measures at birth.

Extremely high levels of maternal FB were identified. Maternal FB exposure had a significant
direct association with anthropometric measures at birth regarding weight and HC. However, it

remains unclear to what extent maternal age influenced the results.

No other studies in the past measured maternal intake and the association of DON, ZEA and FB
with anthropometric measures of infants at birth. It is thus not possible to compare the results
against any other human studies. Although significant findings were observed in this study, the
data should be interpreted with caution. Due to logistical problems confounding factors such as
maternal health (especially HIV, TB and infectious diarrhoea), total energy and protein intake
and commercial maize consumption could not be measured. It is entirely possible that these
confounders could influence the results reported in this study. Furthermore, the sample size was
very small and a deterministic approach was used rather than biomarkers. Most available
studies in this specific field were animal studies, with limited available data on humans; thus can
this also be seen as a limitation. Furthermore, the quality of measuring and reporting
anthropometric measures of infants at birth was not clear as this was not conducted by the

research team and thus not standardised.
Key messages

e The population in the rural EC area have a chronic, high FB (> PMTDI) exposures and
low DON and ZEA (< PMTDI) exposures.

e Although results from both DON and FB exposure during preghancy had a significant
association with birth weight and HC, no linear association were found, thus the
association did not increase with increased exposure.

e The results could have been influenced by confounders such as maternal weight and
age.

e Further research and investigation is needed to conclude on maternal exposure and
foetal growth faltering.

o |t is essential to follow these infants to determine the long-term association of chronic
mycotoxin exposure and infants and young children feeding practices and growth

monitoring.
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¢ Nutrition education and other interventions are needed to reduce mycotoxin exposure
and improve infant and young child feeding.

e Prenatal diet education is very imported in this specific studied area.
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Recommendations
The following recommendations can be made to improve the researched field.

e The impact of education and practical methods to lower mycotoxin exposure in diet.

e Prenatal dietary intake, weight and general health.

e Studies to determine if DON, ZEA and FB if transferred to the foetus via the placenta,
and through breast milk after birth.

¢ Infant and young child chronic exposure levels of DON, ZEA and FB and thus feeding

practices (breastfeeding, weaning and complimentary feeding) and the long-term
association with growth.

58



References

Abu-Saad, K. & Fraser, D. 2010. Maternal nutrition and birth outcomes. Epidemiologic reviews,
32(1):5-25.

Adu-Afarwuah, S., Lartey, A. & Dewey, K.G. 2017. Meeting nutritional needs in the first 1000
days: a place for small-quantity lipid-based nutrient supplements. Annals of the New York

academy of sciences, 1392(1):18-29.

Berti, C., Fekete, K., Dullemeijer, C., Trovato, M., Souverein, O.W., Cavelaars, A., Dhonukshe-
Rutten, R., Massari, M., Decsi, T., van't Veer, P. & Cetin, |. 2012. Folate intake and markers of
folate status in women of reproductive age, pregnant and lactating women: a meta-analysis.
Journal of nutrition and metabolism. http://dx.doi.org/10.1155/2012/470656.pdf Date of access:
23 Sep. 2018.

Burger, H-M., Lombard, M.J., Shephard, G.S., Rheeder, J.R., Van der Westhuizen, L. &
Gelderblom, W.C.A. 2010. Dietary fumonisin exposure in a rural population of South Africa.
Food and chemical toxicology, 48(8-9):2103-2108.

Burger, H-M., Shephard, G.S., Louw, W., Rheeder, J.P. & Gelderblom, W.C.A. 2013. The
mycotoxin distribution in maize milling fractions under experimental conditions. International
journal of food microbiology, 165(1):57-64.

Catov, J.M., Bodnar, L.M., Olsen, J., Olsen, S. & Nohr, E.A. 2011. Periconceptional multivitamin
use and risk of preterm or small-for-gestational-age births in the Danish National Birth Cohort.
The American journal of clinical nutrition, 94(3):906-912.

Cawood, M.E., Gelderblom, W.C.A., Vleggar, R., Behrend, Y., Thiel, P.G. and Marasas W.F.O.
1991. Isolation of the fumonisin mycotoxins: A quantitative approach. Journal of agricultural and
food chemistry, 39: 1958-1962.

Centers for Disease Control and Prevention (CDC). 1999. Chronic diseases and their risk
factors: The nation's leading causes of death.

www.who.int/chp/chronic_disease_report/media/Factsheetl.pdf Date of access: 10 Aug. 2018.

Cetin, I., Berti, C. & Calabrese, S. 2010. Role of micronutrients in the peri-conceptional period.

Human reproduction update, 16(1):80-95.

59



Cogswell, M.E., Weisberg, P. & Spong, C. 2003. Cigarette smoking, alcohol use and adverse
pregnancy outcomes: implications for micronutrient supplementation. The journal of nutrition,
133(5):1722-1731.

Dilkin, P., Zorzete, P., Mallmann, C.A., Gomes, J.D.F., Utiyama, C.E., Oetting, L.L. & Corréa, B.
2003. Toxicological effects of chronic low doses of aflatoxin B1 and fumonisin B1-containing
Fusarium moniliforme culture material in weaned piglets. Food and chemical toxicology,
41(10):1345-1353.

El Golli Bennour, E.E., Rodriguez-Enfedaque, A., Bouaziz, C., Ladjimi, M., Renaud, F. & Bacha,
H. 2009. Toxicities induced in cultured human hepatocarcinoma cells exposed to ochratoxin A:
oxidative stress and apoptosis status. Journal of biochemical and molecular toxicology,
23(2):87-96.

Enongene, E.N., Sharma, R.P., Bhandari, N., Voss, K.A. & Riley, R.T. 2000. Disruption of
sphingolipid metabolism in small intestines, liver and kidney of mice dosed subcutaneously with
fumonisin B1. Food and chemical toxicology, 38(9):793-799.

Gelderblom, W.C.A., Cawood, M.E., Snyman, R., Vleggaar, R. and Marasas, W.F.O., 1993.
Structure-activity relationships of fumonisins in short term carcinogenis and cytotoxicity assays.

Food chemistry and toxicology, 31: 407-414.

Gelineau-van Waes, J., Voss, K.A., Stevens, V.L., Speer, M.C. & Riley, R.T. 2009. Maternal
fumonisin exposure as a risk factor for neural tube defects. Advances in food and nutrition
research, 56:145-181.

Goldenberg, R.L., McClure, E.M. & Belizan, J.M. 2009. Commentary: reducing the world's
stillbirths. BMC pregnancy and childbirth, 9(S1):1-4.

Gong, Y., Egal, S., Hounsa, A., Turner, P.C., Hall, AJ., Cardwell, K.F. & Wild, C.P. 2003.
Determinants of aflatoxin exposure in young children from Benin and Togo, West Africa: the

critical role of weaning. International journal of epidemiology, 32(4):556-562.

Goyarts, T., Danicke, S., Brissow, K.P., Valenta, H., Ueberschér, K.H. & Tiemann, U. 2007. On
the transfer of the Fusarium toxins deoxynivalenol (DON) and zearalenone (ZON) from sows to

their fetuses during days 35 - 70 of gestation. Toxicology letters, 171(1-2):38-49.

Joint FAO/WHO Expert Committee on Food Additives (JECFA). 2002. Safety evaluation of
certain mycotoxins in food. WHO food additives series 47. http://www.fao.org/3/a-bc528e.pdf
Date of access: 15 Feb. 2017.

60



Joint FAO/WHO Expert Committee on Food Additives (JECFA). 2012. Safety evaluation of
certain food additives and contaminants. WHO food additives series 65.
http://www.inchem.org/documents/jecfa/jecmono/v65je01.pdf Date of access: 8 Feb. 2018.

Lalles, J.P., Bosi, P., Janczyk, P., Koopmans, S.J. & Torrallardona, D. 2009. Impact of bioactive
substances on the gastrointestinal tract and performance of weaned piglets: a review. Animal,
3(12):1625-1643.

Landis, S.H., Lokomba, V., Ananth, C.V., Atibu, J., Ryder, R.W., Hartmann, K.E., Thorp, J.M.,
Tshefu, A. & Meshnick, S.R. 2009. Impact of maternal malaria and under-nutrition on
intrauterine growth restriction: a prospective ultrasound study in Democratic Republic of Congo.
Epidemiology & infection, 137(2):294-304.

Lombard, M.J. 2014. Mycotoxin exposure and infant and young child growth in Africa: what do

we know? Annals of nutrition and metabolism, 64(S2):42-52.

Lombard, M., Steyn, N., Burger, H-M., Charlton, K. & Gelderblom, W. 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(1):131-138.

Lombard, M., Steyn, N., Burger, H-M., Charlton, K. & Senekal, M. 2013. A food photograph
series for identifying portion sizes of culturally specific dishes in rural areas with high incidence

of oesophageal cancer. Nutrients, 5(8):3118-3130.

Luo, X. 1994. Food poisoning caused by Fusarium toxins. In Proceedings of the Second Asian
Conference on Food Safety. http://www.afsahome.org/journals/journal/2nd-conference/ pdf Date
of access: 13 Jan. 2018.

Marasas, W.F., Miller, J.D., Riley, R.T. & Visconti, A. 2001. Fumonisins-occurrence, toxicology,
metabolism and risk assessment. In Fursarium: Paul E. Nelson Memorial Symposium. APS
Press, St Paul, Minnesota. p. 332-359.

Marin, S., Sanchis, V., Vinas, |., Canela, R. & Magan, N. 1995. Effect of water activity and
temperature on growth and fumonisin B1 and B2 production by Fusarium proliferatum and F.

moniliforme on maize grain. Letters in applied microbiology, 21(5):298-301.

Marin, S., Velluti, A., Ramos, A.J. & Sanchis, V. 2004. Effect of essential oils on zearalenone
and deoxynivalenol production by Fusarium graminearum in non-sterilized maize grain. Food
microbiology, 21(3):313-318.

61


http://www.inchem.org/documents/jecfa/jecmono/v65je01.pdf

Massart, F., Meucci, V., Saggese, G. & Soldani, G. 2008. High growth rate of girls with
precocious puberty exposed to estrogenic mycotoxins. The journal of paediatrics, 152(5):690-
695.

McLaughlin, C.S., Vaughan, M.H., Campbell, I.M., Wei, C.M., Stafford, M.E. & Hansen, B.S.
1977. Inhibition of protein synthesis by trichothecenes. (In: Rodricks, J.V., Hesseltine, CW. &
Mehlman, M.A. eds. Mycotoxins in human and animal health. Park Forest South: Pathotox. p.
263-273).

Miller, J.D., ApSimon, J.W., Blackwell, B.A., Greenhalgh, R. & Taylor, A. 2001. Deoxynivalenol:
a 25-year perspective on a trichothecene of agricultural importance. (In Fusarium: Paul E.

Nelson Memorial Symposium, Minnesota: APS Press p. 310-320).

Missmer, S.A., Spiegelman, D., Bertone-Johnson, E.R., Barbieri, R.L., Pollak, M.N. &
Hankinson, S.E. 2006. Reproducibility of plasma steroid hormones, prolactin, and insulin-like
growth factor levels among premenopausal women over a 2-to 3-year period. Cancer

epidemiology and prevention biomarkers, 15(5):972-978.

Morrison, J.L. & Regnault, T.R. 2016. Nutrition in pregnancy: optimising maternal diet and fetal

adaptations to altered nutrient supply. Nutrients, 8:342-347.

Pestka, J.J. 2010. Deoxynivalenol: mechanisms of action, human exposure, and toxicological

relevance. Archives of toxicology, 84(9):663-679.

Pestka, J.J. & Smolinski, A.T. 2005. Deoxynivalenol: toxicology and potential effects on

humans. Journal of toxicology and environmental health, part B, 8(1):39-69.

Richard, J.L. 2007. Some major mycotoxins and their mycotoxicoses - An overview.

International journal of food microbiology, 119(1-2):3-10.

Sforza, S., Dall'Asta, C. & Marchelli, R. 2006. Recent advances in mycotoxin determination in
food and feed by hyphenated chromatographic techniques/mass spectrometry. Mass

Spectrometry reviews, 25(1):54-76.

Shephard, G.S., Burger, H-M., Gambacorta, L. 2013. Mycological analysis and multimycotoxins
in maize from rural subsistence farmers in the former Transkei, South Africa. Journal of
agricultural and food chemistry, 61(34):8232-8240.

62



Sherif, S.0., Salama, E.E. & Abdel-Wahhab, M.A. 2009. Mycotoxins and child health: The need
for health risk assessment. International journal of hygiene and environmental health,
212(4):347-368.

Sibhatu, K.T. & Qaim, M. 2017. Rural food security, subsistence agriculture, and seasonality.
PloS one, 12(10):e0186406.

Smith, L.E., Stoltzfus, R.J. & Prendergast, A. 2012. Food chain mycotoxin exposure, gut health,
and impaired growth: a conceptual framework. Advances in nutrition, 3(4):526-531.

Suarez, L., Felkner, M., Brender, J.D., Canfield, M., Zhu, H. & Hendricks, K.A. 2012. Neural
tube defects on the Texas-Mexico border: What we've learned in the 20 years since the
Brownsville cluster. Birth defects research part A: clinical and molecular teratology, 94(11):882-
892.

Tiemann, U., Brissow, K.P., Dannenberger, D., Jonas, L., Péhland, R., Jager, K., Danicke, S. &
Hagemann, E. 2008. The effect of feeding a diet naturally contaminated with deoxynivalenol
(DON) and zearalenone (ZON) on the spleen and liver of sow and fetus from day 35 to 70 of
gestation. Toxicology letters, 179(3):113-117.Turner, N.W., Subrahmanyam, S. & Piletsky, S.A.
2009. Analytical methods for determination of mycotoxins: a review. Analytica chimica acta,
632(2):168-180.

Wagacha, J.M. & Muthomi, J.W. 2008. Mycotoxin problem in Africa: current status, implications
to food safety and health and possible management strategies. International journal of food
microbiology, 124(1):1-12.

63



CHAPTER 4: DISCUSSION AND CONCLUSION

4.1 Discussion

In South Africa, at least 58% of rural population resides in economically unstable areas which

limit their access to nutrient dense foods (Govender et al., 2016).

Subsistence farming can improve food security and nutrition in these rural, underdeveloped
areas. Unfortunately, even if farming interventions may improve economic growth and reduce
poverty, there is little evidence that nutrition security can be positively affected (Sibhatu and
Qaim, 2017). It is currently estimated that approximately 11% of the world’s population is
chronically undernourished, indicating a deficiency of total calories (Sibhatu and Qaim, 2017).
The association between mycotoxin exposure and intra-uterine and infant growth are very
limited and understudied (Smith et al., 2012), but is now known that DON, ZEA and FB
exposure are occurring during pregnancy, and it has an association with growth of the foetus

intra-uterine as well as on anthropometric measures at birth.

The area studied is very rural, underdeveloped, with a high prevalence of poverty. Subsistence
farming delivers the majority of food. Due to the studied population’s distinct cultural and
traditional diet, the consumption of maize is very high (Lombard et al., 2013, Lombard et al.,
2014). It is well known that multi-mycotoxin occurrence is present in the studied area (Burger et
al., 2010, Shephard et al., 2013).

The aim of the study was to determine the association between mycotoxin exposure of pregnant

women and anthropometric measures of infants at birth and gestational age.
4.2 Objectives of this sub-study

The following specific objectives have been identified to reach the aim in the sub-study and are

based on objectives 2, 3, 4 and 5 of the PhilaSana study:

e To estimate multi-mycotoxin (DON, ZEA and FB) exposure levels of pregnant women;
e To obtain anthropometric measures of infants at birth and their gestational age;

e To determine the association between maternal multi-mycotoxin exposure and

anthropometric measures of infants at birth and their gestational age.
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All the pregnant women in the study were exposed to all three mycotoxins. Home-grown maize
coming from this area, is known to be very high in multi-mycotoxins (Burger et al., 2010), and
therefore poses a high health risk (Shephard et al., 2013). Multi-mycotoxin exposure increases
the health risks of the population in this area (Shephard et al., 2013). Commercial maize is also
consumed in some areas, and even though it generally contains far lower levels of mycotoxins,
intake could still pose a risk to the population, as it is consumed in large quantities (Lombard et
al., 2014, Burger et al., 2013).

The mean raw maize intake of the pregnant women was 785.0 g/day. Because of the
population's limited, monotonous diet, maternal dietary exposure was conducted with a
culturally specific, validated quantitative food frequency questionnaire (QFFQ). Mean exposure
levels of mycotoxins in the pregnant women were 0.276ug/kg for DON which is below the
PMTDI, for ZEA 0.004ug/kg, also below the PMTDI. Fumonisin exposure levels were high,
exceeded the PMTDI more than 5-fold.

There was a significant difference seen in birth weight and head circumference (HC), as well as
gestational age (GA). These significant results for maternal DON exposure and the association
with birth weight, head circumference (HC) and gestational age (GA) can be explained by the
conceptual framework pathways. However, adjusted data may indicate that maternal age and

weight might also be influencing the results.

For the unadjusted ZEA data, a significant outcome was seen on smaller GA. Even though a
significant association was found, the overall exposure levels were very small and thus it is
possible that this association found were rather associated with a confounder such as maternal
age / weight. Therefore, more studies need to be done to explain this evident mechanism as

there is currently no data available to conclude this result outcome.

With maternal FB exposure, there was a significant association on birth weight, birth HC, as well
as GA. It is clear that maternal FB exposure has a significant association with anthropometric
measures at birth, and can be explained by the conceptual framework. However, further

research needs to be done to explore the role of confounding factors.
4.3 Recommendations

e Education and practical methods to lower mycotoxin intake and exposure in diet, with
correct harvesting, sorting, sorting and preparation of maize.
e Prenatal education on diet — emphasizing dietary diversity, variation, increase

micronutrient intake, amount of macronutrient distribution with meals.
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e More research to determine if mycotoxins (DON, ZEA and FB) are transferred to the
foetus intra-uterine via the placenta, as evidence is available that aflatoxins has
placental transfer to the foetus

e Breast feeding practices — exclusive breastfeeding awareness. More studies are also
needed to determine if breast milk transfers mycotoxins to the infant when feeding.

e Chronic exposure of mycotoxins when weaning and complementary feeding are
introduced after breastfeeding period in infants needs to be investigated.

¢ Investigation of infant and young child feeding practices — mycotoxin exposure from 0 —
24 months, how exposure of multi-mycotoxins affects growth and development
(according to the conceptual framework of exposure to DON and FB, it is clear that
infants are already effected in—utero, increasing the risks for intra-uterine growth
restrictions, poor anthropometric measures at birth, altered development and growth
faltering tremendously).

e Studies are needed to investigate the consumption of animal products (meat, eggs and
milk) that are exposed to mycotoxins, and if consumption of exposed products will
increase the overall mycotoxin exposure of humans.

¢ If infection markers are present in blood due to mycotoxin exposure, as both DON and
FB affect the immune system, increase the duration of existing infections, increase
systemic cytokines and decrease the expression of local proinflammatory cytokines.

e Investigation on sphingolipid enzymes, to determine if these enzymes are presenting in
blood due to mycotoxin exposure; as it is known that both DON and FB interrupt the
sphingolipid metabolism. Also, what can be done to reduce the disruption of this

metabolism if enzymes are affected?

To conclude the results of the study done, it is evident that when pregnant women are exposed
to DON, ZEA and FB during pregnancy, the mycotoxins, together with the adjusted confounding
factors, will certainly affect the infant’'s anthropometric measures at birth, as well as gestational

age.
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ANNEXURE 1: Health Research Ethics Committee approval
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ANNEXURE 2: Questionnaires

MEDICAL QUESTIONNAIRE

Participant No. Date of interview

Interviewer. Date of birth

Age

Do you have home-grown maize at the moment? Yes No
Do you prepare food from your own home-grown maize at the | Yes No
moment?

Do you use home-grown maize to prepare weaning food? Yes No
Are you using any medication at the moment? Yes No
If yes what for:

Do you suffer from any chronic disease? (TB, HIV etc) Yes No
Do you have any pain or burning when you pass urine? Yes No
Do you suffer from high blood sugar? Yes No
Have you been ill? Yes No
Last two weeks:

Past month:

If Yes, what was the illness:

Did you see a doctor or visited the clinic? Yes No
Have you had any operations? Yes No
If yes what operation:

Are you pregnant at the moment? Yes No
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If Yes, how many months?

Have lost any noticeable weight? Yes No
Past month:

Past three months:

Have you gained weight recently? Yes No
Past month:

Past three month:

Do you have any problems with swallowing food? Yes No
Do you experience any stomach discomfort or pain when eating? Yes No
Have you suffered from vomiting? Yes No
At the moment:

Past two weeks:

Past month:

Have you had any diarrhoea? Yes No

At the moment:

Past two weeks:

Past month:
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Food frequency questionnaire

Study No. Date of interview
Interviewer Date of birth
Type of food Yes /No | Home (H) | Portion Portions | Less Amount Amount Amount Total per | Total per
BREAD / bought | size at atime |than a | per per week | per day month day
(B) month month
White bread
Brown bread
Baked bread
Steamed bread
Dumplings
Vetkoek
Other
Type of food | Yes/No | Home (H) | Portion size | Portion | Less Amount | Amount | Amount | Total per | Total per
CEREALS /' bought s at a|than a | per per week | per day month day
(B) time month month
Corn on the Small
Cob Medium
Large
Whole Kernels
Soft porridge Mini 250g
Small 360g
Medium 557¢g
Large 630g
Stiff pap Mini 200g
Small 3089
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Medium 478g
Large 640g
Crumbly pap Mini 300g
Small 4629
Medium 592¢g
Large 794g
Samp Mini 150g
Small 2079
Medium 414g
Large 6229
Other
Type of food: | Yes /No | Home Ratio | Portion size | Portion | Less Amount | Amount | Amount | Total Total
MIXED (H) / s at a|than a| per per per day | per per day
DISHES bought time month month week month
(B)
Maize meal + 1:1:1 | Mini 300g
Imifino 1:2:2 | Small 4269
1:5:5 | Medium 512¢g
2:1:1 | Large 622g
Maize meal + 11 Mini 250g
Spinach 1:2 Small 328g
1.5 Medium 426g
2:1 Large 530g
Maize meal + 1:2 Mini 300g
Pumpkin 1:3 Small 4269
2:1 Medium 592¢g
3:1 Large 7949
Maize meal + 1:2 Mini 300g
Beans 1:3 Small 445¢g
2:1 Medium 544g
3:1 Large 7659

75




Samp + 1:2 Mini 3509
beans 2:1 Small 592¢g
3:1 Medium 7449
5:1 Large 8969
Soup (Kernels 1:1 Mini 300g
+ beans) 1:2 Small 4629
2:1 Medium 592¢g
3:1 Large 7949
Type of food: | Yes/No | Home Rati | Portion size | Portion | Less Amount | Amount | Amount | Total Total
MIXED (H) /o at a|than a | per per per day | per per day
DISHES bought time month month week month
(B)
Mealie rice + 1:2:2 | Mini 300g
Imifino 1:3:3 | Small 466g
2:1:1 | Medium
3:1:1 | 5929
Large 7949
Mealie rice + 1:2 Mini 300g
Spinach 1:3 Small 462g
2:1 Medium
31 5929
Large 7949
Mealie rice + 1:2 Mini 300g
Pumpkin 1:3 Small 462¢g
2:1 Medium
3:1 592¢g
Large 7949
Other
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Type of food | Yes/No | Home (H) | Portion Portions | Less Amount Amount Amount Total per | Total per
MEAT / bought | size atatime |than a | per per week | per day month day
(B) month month

Chicken
Eggs
Other
Type of food | Yes/No | Home (H) | Portion Portion at | Less than | Amount Amount Amount Total per | Total per
CONDIMENT / bought | size atime a month per per week | per day month day
S (B) month
Sugar
Type of | Yes/No | Home (H) | Portion Portion at | Less than | Amount Amount Amount Total per | Total per
food: / bought | size atime a month per per week | per day month day
BEVERAGE (B) month
S
Tea Cup

Mug
Coffee Cup

Mug
Amagewu Cup

Mug
Amasi Cup

Mug
Other foods
consumed
Fruit
Vegetables

(not included
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above)

Sweets

Cold drink
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Study No. Date of interview Interviewer
MOTHER/ HEIGHT 1 HEIGHT 2 WEIGHT 1 WEIGHT 2 WAIST WAIST COMMENTS
CAREGIVER CIRCUMFERENCE 1 | CIRCUMFERENCE 2
MEASURE
CHILD HEIGHT 1* HEIGHT 2* WEIGHT 1 WEIGHT 2 MID UPPER ARM | MID UPPER ARM | HEAD HEAD
CIRCUMFERENCE 1 | CIRCUMFERENCE 2 | CIRCUMFERENC CIRCUMFERENC
LENGTH 1* LENGTH 2* E1 E2
Boy HEIGHT 1* HEIGHT 2*
Girl LENGTH 1* LENGTH 2*

* Standing height is about 0.7 cm less than recumbent length (don’t subtract this amount, just indicate measured height / length)
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ANNEXURE 3: Food and chemical toxicology requirements
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6 DESCRIPTION

Food and Chemical Toxicology (FCT), an internationally renowned journal, that publishes original
research articles and reviews on toxic effects, in animals and humans, of natural or synthetic
chemicals occurring in the human environment with particular emphasis on food, drugs, and
chemicals,includingagriculturalandindustrialsafety,andconsumerproductsafety.Areas
suchassafetyevaluationofnovelfoodsandingredients,biotechnologically-derivedproducts, and
nanomaterials are included in the scope of the journal. FCT also encourages submission of papers
on inter-relationships between nutrition and toxicology and on in vitro techniques, particularly
those fostering the 3Rs.

The principal aim of the journal is to publish high impact, scholarly work and to serve as a
multidisciplinary forum for research in toxicology. Papers submitted will be judged on the basis of
scientificoriginalityandcontributiontothefield,qualityandsubjectmatter.Studiesshouldaddress
atleastoneofthefollowing:Adversephysiological/biochemical,orpathologicalchangesinduced
byspecificdefinedsubstancesNewtechniquesforassessingpotentialtoxicity,includingmolecular biology
Mechanisms underlying toxic phenomena Toxicological examinations of specific chemicals or
consumer products, both those showing adverse effects and those demonstrating safety, that meet
current standards of scientificacceptability

Authorsmustclearlyandbrieflyidentifywhatnoveltoxiceffect(s)ortoxicmechanism(s)of
thechemicalarebeingreportedandwhattheirsignificanceisintheabstract.Furthermore,sufficient doses
should be included in order to provide information on NOAEL/LOAELvalues.

Manuscripts describing research involving the following areas will not be considered:
materials/substancesofonlylocalinterestmaterials/substancesforwhichthechemicalcompositionis
notclearlydefinedonlypharmacologicalproperties,orpotentiallybeneficialeffectsusinginvitroorin
vivosystemschemicalanalysesoftoxinsinfoodswithoutaddressingthetoxicimplicationtohumans
[riskassessmentshouldbeincluded]unrealistichumandoses,inappropriaterouteofexposure,orin vitro
experiments that do not reflect serum levels inhumans

FCT is committed to the highest standards. Only papers that have not been previously published,
that fit in the above mentioned scope, and that have been reviewed by experts in the field prior to
publicationwillbeaccepted.Coverlettersmuststatethatthemanuscriptisnewandoriginalandnot
underconsiderationforpublicationelsewhere.Co-authorsshouldbeindividualswhohavecontributed
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11 GUIDE FOR AUTHORS

12

Wenowdifferentiatebetweentherequirementsfornewandrevisedsubmissions.Youmaychooseto
submityourmanuscriptasasingleWordorPDFfiletobeusedintherefereeingprocess.Onlywhen your paper
is at the revision stage, will you be requested to put your paper in to a 'correct format' for
acceptance and provide the items required for the publication of yourarticle.

To find out more, please visit the Preparation section below.

INTRODUCTION

Food and Chemical Toxicology (FCT), an internationally renowned journal, aspires to publish original
researcharticlesandreviewsontoxiceffects,inanimalsorhumans,ofnaturalorsyntheticchemicals
occurring in the human environment with particular emphasis on food, drugs, and chemicals,
including agricultural and industrial safety, and consumer product safety. Areas such as
safety evaluation of novel foods and ingredients, biotechnologically-derived products, and
nanomaterials are included in the scope of the journal. FCT also encourages submission of papers
oninter-relationshipsbetweennutritionandtoxicologyandoninvitrotechniques,particularly those
fostering the 3Rs.

The principal aim of the journal is to publish high impact, scholarly work and to serve as a
multidisciplinary forum for research in toxicology. Papers submitted will be judged on the basis of
scientific originality and contribution to the field, quality and subject matter. Studies should address
at least one of the following: Physiological, biochemical, or pathological changes induced by specific
substances Techniques for assessing potential toxicity, including molecular biology Mechanisms
underlying toxic phenomena Toxicological examinations of specific chemicals or consumer products,
both those showing adverse effects and those demonstrating safety, that meet current standards of
scientific acceptability

Manuscriptsconcerningmaterials/substancesofonlylocalinterestforwhichthechemicalcomposition
ofthematerial/substanceisnotclearlydefinedwillnotbeconsidered.Manuscriptsaddressingonly
pharmacological properties, or only potentially beneficial effects using in in vitro or in vivo systems,
are not within the scope of thejournal.

FCT is committed to the highest standards. Only papers that have not been previously published,
that fit in the above mentioned scope, and that have been reviewed by experts in the field prior to
publicationwillbeaccepted.Coverlettersmuststatethatthepaperisnewandoriginalandnotunder
considerationforpublicationelsewhere.Paperspendinginotherjournalswillnotbeconsidered.Co-
authorsshouldbeindividualswhohavecontributedsubstantiallytothecontentofthepapers.

13

Thelournal'smainpurposeisthepublicationofpapersreportingandinterpretingoriginalunpublished
toxicologicalresearch,particularlystudiespromotinganunderstandingofthemechanismsunderlying toxic
effects or improvements in methods for predicting adverse effects. Papers reporting the toxicological
examination of specific foods, chemicals or consumer products will be published, irrespective of the
positive or negative nature of the results, provided the tests and reporting meet current standards
of acceptability. In addition, Short Communications will also be considered, as
willconciseinterpretativeReviewsoftoxicologicaltopicsofcontemporarysignificance.Letterstothe  Editor
will be limited to comments on contributions already published in the journal; if a letter is accepted,
a response (for simultaneous publication) will be invited from the authors of the original
contribution. All Letters to the Editor should be submitted to the Editor in Chief, Jose L. Domingo
through the online submission system of theJournal.

14
Youcanusethislisttocarryoutafinalcheckofyoursubmissionbeforeyousendittothejournalfor review.
Please check the relevant section in this Guide for Authors for moredetails.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mailaddress
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¢ Full postaladdress

All necessary files have been uploaded:
Manuscript:
¢ Includekeywords
¢ All figures (include relevantcaptions)
¢ All tables (including titles, description,footnotes)
e Ensure all figure and table citations in the text match the filesprovided
e Indicateclearlyifcolorshouldbeusedforanyfiguresinprint
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (whereapplicable)

Further considerations

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

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

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 beenreviewed

e Referee suggestions and contact details provided, based on journalrequirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

15
PleaseseeourinformationpagesonEthicsinpublishingandEthicalguidelinesforjournalpublication.

16

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical
Association(DeclarationofHelsinki)forexperimentsinvolvinghumans.Themanuscriptshouldbeinlinewitht
he Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in
Medicallournals and aim for the inclusion of representative human populations (sex, age and
ethnicity) as per those recommendations. The terms sex and gender should be usedcorrectly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentationwithhumansubjects.Theprivacyrightsofhumansubjectsmustalwaysbeobserved.

All animal experiments should comply with the ARRIVE guidelinesand should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines,
EUDirective 2010/63/EU for animal experiments, or the National Institutes of Health guide for the
care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors
should clearly indicate in the manuscript that such guidelines have been followed. The sex of
animals must
beindicated,andwhereappropriate,theinfluence(orassociation)ofsexontheresultsofthestudy.

17

All authors must disclose any financial and personal relationships with other people or organizations
thatcouldinappropriatelyinfluence(bias)theirwork.Examplesofpotentialconflictsofinterestinclude
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors should complete the declaration of interest
statementusingthistemplateanduploadtothesubmissionsystemattheAttach/UploadFilesstep. If there
are no interests to declare, please choose: 'Declarations of interest: none' in the template. This
statement will be published within the article if accepted. Moreinformation.

18

Submissionofanarticleimpliesthattheworkdescribedhasnotbeenpublishedpreviously(exceptin
theformofanabstract,apublishedlectureoracademicthesis,see'Multiple,redundantorconcurrentpublicati
on' for more information), that it is not under consideration for publication elsewhere, that
itspublicationisapprovedbyallauthorsandtacitlyorexplicitlybytheresponsibleauthoritieswhere
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theworkwascarriedout,andthat,ifaccepted,itwillnotbepublishedelsewhereinthesameform,in
Englishorinanyotherlanguage,includingelectronicallywithoutthewrittenconsentofthecopyright- holder.

19

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see https://www.elsevier.com/postingpolicy), that it is not under consideration
forpublicationelsewhere,thatitspublicationisapprovedbyallauthorsandtacitlyorexplicitlybythe
responsibleauthoritieswheretheworkwascarriedout,andthat,ifaccepted,itwillnotbepublished 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 CrossCheckhttps://www.elsevier.com/editors/plagdetect.

Each manuscript must also be accompanied by a cover letter outlining the basic findings of the
paper and their significance. Furthermore, it is understood that with submission of this article the
authors have complied with the institutional policies governing the humane and ethical treatment of
the experimental subjects (i.e. animals and human subjects), and that they are willing to share the
original data and materials if so requested.

Preprints

Pleasenotethatpreprintscanbesharedanywhereatanytime,inlinewithElsevier'ssharingpolicy. Sharing
your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,redundant or
concurrent publication' for moreinformation).

20

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitmentsofanyreader,shouldcontainnothingwhichmightimplythatoneindividualissuperior to
another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of'stewardess').

21

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
beforethemanuscripthasbeenacceptedandonlyifapprovedbythejournalEditor.Torequestsuch 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 orremoved.
OnlyinexceptionalcircumstanceswilltheEditorconsidertheaddition,deletionorrearrangementof
authorsafterthemanuscripthasbeenaccepted.WhiletheEditorconsiderstherequest,publication
ofthemanuscriptwillbesuspended.Ifthemanuscripthasalreadybeenpublishedinanonlineissue, any
requests approved by the Editor will result in acorrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
moresuitableinoneofourotherparticipatingjournals,thenyoumaybeaskedtoconsidertransferring
thearticletooneofthose.Ifyouagree,yourarticlewillbetransferredautomaticallyonyourbehalf  with  no
need to reformat. Please note that your article will be reviewed again by the new journal.
Moreinformation.

22

Uponacceptanceofanarticle,authorswillbeaskedtocompletea'JournalPublishingAgreement'(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
thisagreement.
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Subscribersmayreproducetablesofcontentsorpreparelistsofarticlesincludingabstractsforinternal
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 thesecases.

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

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

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

24
You are required to identify who provided financial support for the conduct of the research and/or
preparationofthearticleandtobrieflydescribetheroleofthesponsor(s),ifany,instudydesign;in
thecollection,analysisandinterpretationofdata;inthewritingofthereport;andinthedecisionto submit the
article for publication. If the funding source(s) had no such involvement then this should be stated.
Please seehttps://www.elsevier.com/funding.

Funding body agreements and policies
Elsevierhasestablishedanumberofagreementswithfundingbodieswhichallowauthorstocomply with their
funder's open access policies. Some funding bodies will reimburse the author for the gold open
access publication fee. Details of existing agreements are availableonline.

25
This journal offers authors a choice in publishing their research:

26 Subscription

¢ Articlesaremadeavailabletosubscribersaswellasdevelopingcountriesandpatientgroupsthrough our
universal accessprograms.

¢ No open access publication fee payable byauthors.

e TheAuthorisentitledtoposttheacceptedmanuscriptintheirinstitution'srepositoryandmakethis
publicafteranembargoperiod(knownasgreenOpenAccess).Thepublishedjournalarticlecannotbe
sharedpublicly,forexampleonResearchGateorAcademia.edu,toensurethesustainabilityofpeer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold openaccess

e Articles are freely available to both subscribers and the wider public with permittedreuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder orinstitution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following
CreativeCommons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
astheycredittheauthor(s),donotrepresenttheauthorasendorsingtheiradaptationofthearticle, and do
not modify the article in such a way as to damage the author's honor orreputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
Fornon-commercialpurposes,letsothersdistributeandcopythearticle,andtoincludeinacollective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify thearticle.

AUTHOR INFORMATION PACK 12 May www.elsevier.com/locate/foodchemtox 9


http://www.elsevier.com/locate/foodchemtox
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
http://www.elsevier.com/funding
http://www.elsevier.com/funding
https://www.elsevier.com/about/open-science/open-access/agreements
https://www.elsevier.com/about/open-science/science-and-society
https://www.elsevier.com/about/policies/sharing/accepted-manuscript
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/open-access-licenses

ThegoldopenaccesspublicationfeeforthisjournalisUSD2950,excludingtaxes.Learnmoreabout Elsevier's
pricing policy:https://www.elsevier.com/openaccesspricing.

Green open access
AuthorscansharetheirresearchinavarietyofdifferentwaysandElsevierhasanumberofgreenopen  access
options available. We recommend authors see our open access page for further information. Authors
can also self-archive their manuscripts immediately and enable public access from their institution's
repository after an embargo period. This is the version that has been accepted for publication and
which typically includes author-incorporated changes suggested during submission, peer review and
in editor-author communications. Embargo period: For subscription articles, an appropriate amount
of time is needed for journals to deliver value to subscribing customers before an article becomes
freely available to the public. This is the embargo period and it begins from the date the article is
formally published online in its final and fully citable form. Find outmore.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academyis a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offersseveralinteractivemodules,webinars,downloadableguidesandresourcestoguideyouthrough
theprocessofwritingforresearchandgoingthroughpeerreview.Feelfreetousethesefreeresources to
improve your submission and navigate the publication process withease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these).AuthorswhofeeltheirEnglishlanguagemanuscriptmayrequireeditingtoeliminatepossible
grammaticalorspellingerrorsandtoconformtocorrectscientificEnglishmaywishtousetheEnglishLanguage
Editing service available from Elsevier'sWebShop.
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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.

28

TheEditorsrequiresubmissionsbytheauthorsofthenamesandaddressesof4potentialreviewersfor
thissubmission.Theinstitutionaladdressande-mailaddressarerequired.Atleast2ofthereferees should be
from a different country to the corresponding author's. The Editors reserve the right to use these or
otherreviewers.
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Submissiontothisjournalproceedstotallyonlineandyouwillbeguidedstepwisethroughthecreation and
uploading of your files. The system automatically converts your files to a single PDF file, which is
used in the peer-reviewprocess.
AspartoftheYourPaperYourWayservice,youmaychoosetosubmityourmanuscriptasasinglefile
tobeusedintherefereeingprocess.ThiscanbeaPDFfileoraWorddocument,inanyformatorlay-
outthatcanbeusedbyrefereestoevaluateyourmanuscript.Itshouldcontainhighenoughquality figures for
refereeing. If you prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
styleorformataslongasthestyleisconsistent.Whereapplicable,author(s)name(s),journaltitle/
booktitle,chaptertitle/articletitle,yearofpublication,volumenumber/bookchapterandthearticle
numberorpaginationmustbepresent.UseofDOIlishighlyencouraged.Thereferencestyleusedby the
journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author tocorrect.
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Formatting requirements
Therearenostrictformattingrequirementsbutallmanuscriptsmustcontaintheessentialelements needed
to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods,
Results, Conclusions, Artwork and Tables withCaptions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced- this is an essential peer review requirement.

Figures and tables embedded in text
Pleaseensurethefiguresandthetablesincludedinthesinglefileareplacednexttotherelevanttext
inthemanuscript,ratherthanatthebottomorthetopofthefile.Thecorrespondingcaptionshould be placed
directly below the figure ortable.

31
This journal operates a single blind 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
twoindependentexpertreviewerstoassessthescientificqualityofthepaper.TheEditorisresponsible
forthefinaldecisionregardingacceptanceorrejectionofarticles. TheEditor'sdecisionisfinal.Moreinformatio

n on types of peerreview.
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Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codeswillberemovedandreplacedonprocessingthearticle.Theelectronictextshouldbeprepared in a way
very similar to that of conventional manuscripts (see also the Guide to Publishing withElsevier). See
also the section on Electronicartwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

33
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.

Material 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
fromapreviouslypublishedmethod,usequotationmarksandalsocitethesource.Anymodifications to
existing methods should also bedescribed.

Results
Results should be clear and concise.

Discussion
Thisshouldexplorethesignificanceoftheresultsofthework,notrepeatthem.AcombinedResults and
Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
ThemainconclusionsofthestudymaybepresentedinashortConclusionssection,whichmaystand alone or
form a subsection of a Discussion or Results and Discussionsection.

34
e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae wherepossible.
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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.

e Correspondingauthor.Clearlyindicatewhowillhandlecorrespondenceatallstagesofrefereeing
andpublication,alsopost-publication.Thisresponsibilityincludesansweringanyfuturequeriesabout
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the correspondingauthor.

e Present/permanentaddress.Ifanauthorhasmovedsincetheworkdescribedinthearticlewas 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
retainedasthemain, affiliationaddress.SuperscriptArabicnumeralsareusedforsuchfootnotes.
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research,theprincipalresultsandmajorconclusions.Anabstractisoftenpresentedseparatelyfrom the
article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential,thencitetheauthor(s)andyear(s).Also,non-standardoruncommonabbreviationsshould be
avoided, but if essential they must be defined at their first mention in the abstractitself.

Graphical abstract
Althoughagraphicalabstractisoptional,itsuseisencouragedasitdrawsmoreattentiontotheonline
article.Thegraphicalabstractshouldsummarizethecontentsofthearticleinaconcise,pictorialform
designedtocapturetheattentionofawidereadership.Graphicalabstractsshouldbesubmittedasa
separatefileintheonlinesubmissionsystem.Imagesize:Pleaseprovideanimagewithaminimum of 531 X
1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm
using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files.
You can view Example Graphical Abstracts on our informationsite.
AuthorscanmakeuseofElsevier'slllustrationServicestoensurethebestpresentationoftheirimages and in
accordance with all technicalrequirements.

36

Pleaseamendyourresearchhighlightssothattheyconsistof3to5briefbulletpointswhichconvey the core
findings of your work. Please ensure EACH bullet point does NOT exceed 125 characters (including
spaces). An example is givenbelow:

RESEARCH HIGHLIGHTS EXAMPLE:

* Research highlights are a mandatory field of a submitted paper & therefore should not exceed 85
characters including spaces.

37

Immediatelyaftertheabstract,provideamaximumofékeywords,usingBritishspellingandavoiding general
and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with
abbreviations:onlyabbreviationsfirmlyestablishedinthefieldmaybeeligible. Thesekeywordswill be used
for indexingpurposes.

38
Abbreviationsshouldbeusedsparingly;theyshouldbedefinedwhenfirstusedinthepaperbutalso listed in
alphabetical order under Abbreviations as a footnote to the title page (seeabove).

Acknowledgements
Collateacknowledgementsinaseparatesectionattheendofthearticlebeforethereferencesanddo
not,therefore,includethemonthetitlepage,asafootnotetothetitleorotherwise.Listherethose individuals
who provided help during the research (e.g., providing language help, writing assistance or proof
reading the article,etc.).
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39
All measurements should be expressed in metric, preferably SI, units. Test chemicals and enzymes
must be clearly identified, IUPAC and CAS names being used, wherever possible with the aid of CAS
Registry and EC numbers. Pesticides should be referred to be their ISO names and human and
veterinary drugs by theirINNs.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your originalartwork.
e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol,Courier.
e Number the illustrations according to their sequence in thetext.
¢ Use a logical naming convention for your artworkfiles.
¢ Indicate per figure if it is a single, 1.5 or 2-column fittingimage.
e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revisionstage.
¢ Pleasenotethatindividualfigurefileslargerthan10MBmustbeprovidedinseparatesourcefiles. A
detailed guide on electronic artwork isavailable.
Youareurgedtovisitthissite;someexcerptsfromthedetailedinformationaregivenhere.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
converttheimagestooneofthefollowingformats(notetheresolutionrequirementsforlinedrawings,
halftones, and line/halftone combinations givenbelow):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
isrequired.
Please do not:
e Supplyfilesthatareoptimizedforscreenuse(e.g.,GIF,BMP,PICT,WPG);theresolutionistoolow.
e Supply files that are too low inresolution.
e Submit graphics that are disproportionately large for thecontent.

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
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
ofelectronic artwork.

Figure captions
Ensurethateachillustrationhasacaption.Acaptionshouldcompriseabrieftitle(notonthefigure
itself)andadescriptionoftheillustration.Keeptextintheillustrationsthemselvestoaminimumbut explain all
symbols and abbreviationsused.

40

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.

41
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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
communicationsarenotrecommendedinthereferencelist,butmaybementionedinthetext.Ifthese
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
'Personalcommunication’.Citationofareferenceas'inpress'impliesthattheitemhasbeenaccepted
forpublication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus,CrossRefandPubMed, pleaseensurethatdataprovidedinthereferencesarecorrect.Please note
that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation.Whencopyingreferences,pleasebecarefulastheymayalreadycontainerrors.Useofthe DOI s
highlyencouraged.

ADOlisguaranteednevertochange,soyoucanuseitasapermanentlinktoanyelectronicarticle. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo
R.M.,JamesD.E., AmbehW.B.,FrankeM.(2003).AseismiccontinuationoftheLesserAntillesslabbeneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Pleasenotetheformatofsuchcitationsshouldbeinthesamestyleasallotherreferencesinthepaper.

Data references
Thisjournalencouragesyoutociteunderlyingorrelevantdatasetsinyourmanuscriptbycitingthem
inyourtextandincludingadatareferenceinyourReferencelist.Datareferencesshouldincludethe 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
identifyitasadatareference.The[dataset]identifierwillnotappearinyourpublishedarticle.

Reference management software
MostElsevierjournalshavetheirreferencetemplateavailableinmanyofthemostpopularreference
management software products. These include all products that support Citation Style
Languagestyles, such as Mendeley. Using citation plug-ins from these products, authors only need to
select theappropriatejournaltemplatewhenpreparingtheirarticle,afterwhichcitationsandbibliographies
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
referencemanagementsoftware.

UsersofMendeleyDesktopcaneasilyinstallthereferencestyleforthisjournalbyclickingthefollowing link:
http://open.mendeley.com/use-citation-style/food-and-chemical-toxicology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
styleorformataslongasthestyleisconsistent.Whereapplicable,author(s)name(s),journaltitle/
booktitle,chaptertitle/articletitle,yearofpublication,volumenumber/bookchapterandthearticle
numberorpaginationmustbepresent.UseofDOIlishighlyencouraged.Thereferencestyleusedby
thejournalwillbeappliedtotheacceptedarticlebyElsevierattheproofstage.Notethatmissingdata will be
highlighted at proof stage for the author to correct. If you do wish to format the references yourself
they should be arranged according to the followingexamples:

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year ofpublication;
3. Three or more authors: first author's name followed by 'et al.' and the year ofpublication.
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Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary.Morethanonereferencefromthesameauthor(s)inthesameyearmustbeidentifiedby the letters
'a', 'b', 'c', etc., placed after the year ofpublication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

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

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. Reference

to a chapter in an edited book:
Mettam,G.R.,Adams,L.B.,2009.Howtoprepareanelectronicversionofyourarticle,in:Jones,B.S., Smith ,
R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp.281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

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/
xwjo98nb39r.1.

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

42

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
relatetothevideofile'scontent..Inordertoensurethatyourvideooranimationmaterialisdirectly 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
theelectronicversionofyourarticleinElsevierWebproducts,includingScienceDirect.Pleasesupply 'stills'
with your files: you can choose any frame from the video or animation or make a separate
image.Thesewillbeusedinsteadofstandardiconsandwillpersonalizethelinktoyourvideodata.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 thiscontent.
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Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions hereto find out about available data
visualization options and how to include them with your article.

44
Supplementary material such as applications, images and sound clips, can be published with your
articletoenhanceit.Submittedsupplementaryitemsarepublishedexactlyastheyarereceived(Excel or

PowerPoint files will appear as such online). Please submit your material together with the article
andsupplyaconcise,descriptivecaptionforeachsupplementaryfile.Ifyouwishtomakechangesto
supplementarymaterialduringanystageoftheprocess, pleasemakesuretoprovideanupdatedfile. 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 publishedversion.
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This journal encourages and enables you to share data that supports your research publication
whereappropriate,andenablesyoutointerlinkthedatawithyourpublishedarticles.Researchdata refers to
the results of observations or experimentation that validate research findings. To facilitate
reproducibilityanddatareuse,thisjournalalsoencouragesyoutoshareyoursoftware,code,models,
algorithms, protocols, methods and other useful materials related to theproject.

Below are a number of ways in which you can associate data with your article or make a statement
abouttheavailabilityofyourdatawhensubmittingyourmanuscript.Ifyouaresharingdatainoneof
theseways,youareencouragedtocitethedatainyourmanuscriptandreferencelist.Pleasereferto
the"References"sectionformoreinformationaboutdatacitation.Formoreinformationondepositing,
sharingandusingresearchdataandotherrelevantresearchmaterials,visitthe researchdatapage.

Data linking
Ifyouhavemadeyourresearchdataavailableinadatarepository,youcanlinkyourarticledirectlyto
thedataset.ElseviercollaborateswithanumberofrepositoriestolinkarticlesonScienceDirectwith
relevantrepositories,givingreadersaccesstounderlyingdatathatgivesthemabetterunderstanding of the
researchdescribed.

There are different ways to link your datasets to your article. When available, you can directly link
yourdatasettoyourarticlebyprovidingtherelevantinformationinthesubmissionsystem.Formore
information, visit the database linkingpage.

Forsupporteddatarepositoriesarepositorybannerwillautomaticallyappearnexttoyourpublished article
onScienceDirect.

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
yourmanuscript,youwillhavetheopportunitytouploadyourrelevantdatasetsdirectlytoMendeley
Data.Thedatasetswillbelistedanddirectlyaccessibletoreadersnexttoyourpublishedarticleonline.

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

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
oneormultipledataarticles,anewkindofarticlethathousesanddescribesyourdata.Dataarticles ensure that
your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all
upon publication. You are encouraged to submit your article for Data in Brief as an additional item
directly alongside the revised version of your manuscript. If your research article is accepted, your
data article will automatically be transferred over to Data in Brief where it will be
editoriallyreviewedandpublishedintheopenaccessdatajournal,DatainBrief.Pleasenoteanopen
accessfeeof500USDispayableforpublicationinDatainBrief.FulldetailscanbefoundontheDatain Brief
website. Please use this template to write your Data inBrief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting,butoftenwithoutgettingcreditforthispartoftheirwork.MethodsX,anopenaccessjournal,
nowpublishesthisinformationinordertomakeitsearchable,peerreviewed,citableandreproducible.
AuthorsareencouragedtosubmittheirMethodsXarticleasanadditionalitemdirectlyalongsidethe  revised
version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the
MethodsXwebsite. Please use this template to prepare your MethodsXarticle.
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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.

46AFTER ACCEPTANCE

47

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.
Ifpreferred,youcanstillchoosetoannotateanduploadyoureditsonthePDFversion.Allinstructions
forproofingwillbegiveninthee-mailwesendtoauthors,includingalternativemethodstotheonline
version andPDF.

We will do everything possible to get your article published quickly and accurately. Please
use this
proofonlyforcheckingthetypesetting,editing,completenessandcorrectnessofthetext,tablesand
figures. Significant changes to the article as accepted for publication will only be
considered at this 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 yourresponsibility.

48

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 Webshop. 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 DOIlink.

49AUTHOR 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 willbepublished.
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ANNEXURE 4: Multi-mycotoxin analysis procedures

Methanol, acetonitrile, formic acid (HPLC grade) and Whatman filter paper were obtained from
Merck (NJ, USA). Water for all experiments was successively purified by reverse osmosis and a
Milli-Q water purification system (Millipore, MA, USA).

Pure analytical standards of FB,;, FB, FBj; (purity >95%) were prepared at the Institute of
Biomedical and Microbial Biotechnology of the Cape Peninsula University of Technology, South
Africa, according to the methods of Cawood et al. (1991) and Gelderblom et al. (1993). ZEA and
DON analytical standards were obtained from Sigma-Aldrich (Merck, Darmstadt, Germany).
Individual stock solutions of the fumonisin standards (0.1 mg/ml) were prepared in acetonitrile-
H,O (1:1) and of zearalenone and deoxynivalenol (0.1 mg/ml) in acetonitrile. Aliquots of the
stock solutions were used to prepare a working solution containing (i) fumonisins and
deoxynivalenol at individual concentrations of 5 pg/ml and (ii) zearalenone (250 ng/ml) in
acetonitrile-H,O (1:1). For compiling matrix-matched calibration curves, at least five working
standard dilutions were prepared with blank maize matrix extract, prepared as described below

using blank control maize.

Fumonisin B, DON and ZEA were extracted from maize according to the method of Sewram et
al. (2003) with minor modifications. Briefly, 100 ml of extraction solvent [methanol: acetonitrile:
water (25:25:50; viviv)] was added to ground maize kernels (10 g) and placed on a shaker (80
rpm) for 20 min. The extracts were subsequently centrifuged at 500 g for 10 min at 4°C. The
supernatant (20 ml) was diluted (1:1) with methanol: water (25:75), filtered (Whatman No 4 filter
paper) and analysed by LC-MS/MS. FAPAS (London, England) quality control reference maize
samples (Cat no T22110QC and T22133QC), containing the mycotoxins in expected

concentration ranges, were included.

Quantification of FB;, FB,, FBs, DON and ZEA in maize extracts was performed at the Mass
Spectrometry Unit of the Central Analytical Facility of Stellenbosch University, South Africa. The
mycotoxins were separated on a reversed-phase BEH Cig column (2.1x100 mm; particle size
1.7 pm; Waters, Milford, MA, USA) and analysed with positive electrospray ionisation (ESI)
(Capillary voltage 3.5 kV; Cone voltages: FB, 50 V; DON, 35 V; ZEA, 20 V) in the multiple
reaction monitoring (MRM) mode in a Waters Acquity Ultra Performance Liquid Chromatograph
(UPLC) coupled to a Waters Xevo TQ tandem quadrupole mass spectrometer. Eluent A was
water and eluent B was acetonitrile, both containing 0.1% formic acid. The elution gradient
consisted of an initial mobile phase composition (2% B) held constant for 0.5 min, followed by a
linear gradient to 40% B within 7 min and to 70% B over 3 min, followed by a 1-minute wash

step at 100% B and finally a 3-minute column re-equilibration back to 2% B for a total run time
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of 15 minutes. The flow rate of the mobile phase was 0.35 ml/min. For each compound, one

precursor and two product ions were monitored, one product ion for quantification and one for

confirmation (Table 1). A calibration curve consisting of five matrix-matched standards for each

mycotoxin was used to compensate for matrix effects in the analysis. The analytical method was

validated for limit of detection (LOD), recovery and repeatability (Table 2).

Table 1 Precursors and products ions eased

Analyte Cone Precursor Quantifier lon Qualifier lon
Voltage lon (Collision Energy) (Collision Energy)
V) V) V)

Fumonisin B; 50 722.3 334.3 (40) 352.3 (38)

Fumonisin B,and B; 50 706.3 318.3 (40) 336.3 (40)

Deoxynivalenol 35 397.1 203.2 (15) 231.2 (12)

Zearalenone 20 319.1 185.0 (23) 187.0 (19)

Table 2 Calibration curves for each mycotoxin to compensate for matrix effects in the

analysis.
Analyte LOD* Spike level Recovery RSDr* (%)
(Hg/kg) (Hg/kg) (%)

Fumonisin B; 0.6 1060 84 2
Fumonisin B, 0.6 925 66 4
Fumonisin Bs 0.6 520 79 1
Deoxynivalenol 3.7 684 78 4
Zearalenone 1.0 232 95 3

! LOD: Limit of detection; > RSDr: Relative standard deviation for repeatability.

2.5. Mycotoxin exposure

Mycotoxin exposures for total fumonisins (FB; + FB, + FB3), DON and ZEA were determined

using mycotoxin concentrations obtained from the analysis. In instances where the mycotoxin

levels observed were below the Lower limit of quantification (LOD), the actual LOD value of the

method was used as an upper bound scenario. Probable daily intake (PDI) (ug/kg bw/day) was

calculated by multiplying individual total daily raw maize intake (g/day) with mean mycotoxin
concentration of total FB, DON and ZEA (ug/kg) divided by bw (kg). The PMTDIs for each

mycotoxin were used to indicate low (< PMTDI) or high (= PMTDI) exposure.
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2.6. Anthropometry

Trained research assistants conducted weight assessments of the children. Measurements
were conducted according to WHO and UNICEF Standards (available at http: //www.
who.int/child growth/training/en). Averages of two measurements were taken, as well as a third
measurement if the two measurements deviated by greater than 0.5 kg. Weight was measured
to the nearest 0.1 kg with a calibrated portable baby scientific scale (Seca 334, United

Kingdom).
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