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ABSTRACT

Mycotoxins are ubiq@idus compounds found in the natural life cycl
food- producing plants. They have a range of diverse atsnanc
physical properties and toxicological effects onnmand anima
Mycotoxins are considered the most important comants of the foa
chaindue to their chronic adverse effects on health thedeconom)
Mycotoxins are known as the 2tentury “Great Masquerader” due
its complex natural history involving different gises and resembli
different diseases at each stage in its evolutibycotoxins can induc
a variety of clinical symptoms including epistaxispnjunctivitis
coughing, apnea, wheezing, vomiting and nausea.eSmycotoxin

halal strategies

induce acute pulmonary hemorrhage, bone marrowuréilan
pneumonia. Knowledge about these symptonables the clinician
ask questions for possible exposure to the masseof mycotoxins
protect children from sources of such exposure.s&hsources mi
include food, clothes, furniture and indoor aithame. Early childhoc
exposure to mycotoxgn may be critical determinants of later he
effects. Exposure in utero and through early infamay additionallybe
important. Several weknown diseases such as neural tube de
liver and esophageal cancers are associated wétlcahsumption «
mycotoxin-contaminated food. Knowledge of previaisrt or long
term exposure to mycotoxins may help paediatricians tore
accurately diagnose and provide treatment optianshildren an
their families. The current review discusses thebfams associac
with the occurrence of different common mycotoximghildren’s fool
and the possible halal strategies to counterastetheoblems.

This is an open access article under@ie-BY-SAlicense.

1. Introduction

Recently, there has been much interest in paedats to understand the link between exposure to
fungi and health problems in children and infafiise most at- risk and important target group in
this focus are children who suffer from immune dieficy and those living in developing countries
in Asia and Africa. Several studies on immunodeficly disease in children in industrialized
countries including the USA have identified allergymptoms from exposure to fungi and/or their
toxic metabolites. Primary care paediatricians amaware of the toxic properties of fungi and
many find themselves confused and somewhat puimletie often contradictory information in
the literature.
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Mycotoxins comprise a structurally diverse famifynaturally occurring, fungal-elaborated toxins,
many of which have been strongly implicated as ébahprecursors for toxicity in humans and
animals (Pereira et al. 2014; Sun et al. 2017).slifpaificance of mycotoxin- induced health effects
derives from the natural occurrence of mycotoxiascantaminants of crops and food, and the
possibility of exposure across all ages. Consumptd foods heavily contaminated with
mycotoxins has resulted in acute intoxication egésoin many human populations. Chronic health
conditions from exposure to minute amounts of myxiois are varied and principally include
cancer. Human exposure to mycotoxins is diffi¢altavoid because fungal growth in foods is
difficult to prevent (CAST, 2003).

From a system perspective, mycotoxins can be aslelen three interacting subsystems:
metabolism and toxicology; health and productiviiyid wealth. These subsystems significantly
interact. After exposure to mycotoxins by inhalaticngestion or skin contact, metabolism of the
mycotoxins leads to several sequential events dedérmine toxicity. These events include
administration, absorption, transformation, pharokétetics, molecular interaction, distribution,
and excretion of these toxins and their metabolitédais, mycotoxin toxicity affects human and
animal health, which affects the production of weaélated to human endeavour, agriculture and
livestock production (FAO, 2001). The Food and Agliure Organization (FAO) of the United
Nations estimated in 1996 that 25% of the world'airy supply would be contaminated with
mycotoxins (FAO, 1996). However, the exact econoroist of mycotoxins on crops and livestock
is impossible to accurately determine becausesldtk of sufficient data (CAST, 2003).

Exposure to mycotoxins is mostly via ingestion, beer; other routes such as inhalation, contact
and passive exposure resulting from mycotic inéectdy toxigenic fungi, have been recognized
(CAST, 2003). Humans can be exposed to mycotoxiestty via consumption of contaminated
commodities or indirectly via the consumption ofraal products (milk, meat, eggs) derived from
animals that have consumed contaminated feeds.d&lwstudied example is the carry-over of
aflatoxins from feed into milk and milk productshere they appear mainly as aflatoxin bf
other secondary contaminated animal products (FA0D;; Marin et al., 2013). Mycotoxins also
are relatively stable to heat; therefore, food prapion processes and procedures using heat such
as cooking cannot be expected to remove mycotedfedy (Bullerman, 2002; Hisako et al., 2013;
Kaushik, 2015).

Animal studies, observational and epidemiologicaldence indicate involvement of fungal

metabolites in human disease as toxic or carciriogetiological agents (IRAC, 1993a,b,c,d,e;
Marin et al., 2013). Human disease caused by myowanay be a larger public health problem
than anticipated because a long period is elapséored the illness is recognized unless large
amounts of mycotoxins are consumed, resulting iteasymptomology (Alshannaq and Yu, 2017).
With advances in research, the significance of nopdns to human health is increasingly being
recognized (CAST, 2003; Fung and Clark, 2004; \afilis et al, 2004). Still, as with pesticides,
lifelong consequences of exposure to chemicalsaity dife are just beginning to be observed
(Forrest and Riley 2004; NAS, 2004).

The impact of hazardous mycotoxin exposure on humeatth can take numerous shapes, levels of
severity and clinical significance. Generally, ttegree of toxicity of different chemicals tested on
laboratory animals is affected by differences iecsps, age (foetus, young or old), and sex. In
humans, mycotoxins can cause important health @nablevidenced by occasional outbreaks of
acute human mycotoxicoses (CDCP, 2004; Zain, 20Cajcinogenicity is the most recognized
late-onset disease from exposure to mycotoxinsumams. In exposed populations in Asia and
West Africa, hepatitis B virus infection (and alBepatitis C virus infection) may confound the
relationship between aflatoxin ingestion and lieancer (Wogan, 1999; Magnuson et al., 2013).
There have been some cases of infant death limkpcesence of mold in living conditions (CDCP,
2000; Jarvis, 2002).

Among the many responses attributed to mycotoxposure is disturbed growth development in
children, several types of cancer, reduced fertditd stillbirths (Barrett, 2000; Gong et al., 2D16

Immuno-modulation caused by chronic exposure toatoyins is likely an important aspect of
|
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their adverse health effects. In animal studiesisamption of sufficient amounts of mycotoxins
leads to immuno-suppression involving specific sd&s of immunoglobulins or antibodies.
However, the major effects appear to involve caluimmune phenomena and non-specific
humoral factors associated with immunity. Immunpgsassion is a likely major health effect of
mycotoxins (CAST, 2003).

Mycotoxins affect diverse cellular processes andeha wide spectrum of toxicological effects.
This complexity is reflected in the diversity osponses in different animal species. This is likely
to translate into differences in human responsem#ipg on race and even in individuals of the
same race. These toxins may affect the reprodusirséem, immune system, hormonal activity,
target organs and the nervous system. Developmdafatts including birth defects are another
possible adverse effect following exposure to mgkinis. In addition to these diverse organ or
site-specific actions, mycotoxins may affect thestgantestinal system, have haematological
effects and reduce growth (Weidenborner, 2001; &u{oodman, 2004).

Worldwide, large numbers of vulnerable children angposed to food contaminated with
mycotoxins. In communities exposed to mycotoxilge hazardous impact of mycotoxins can
affect pregnancy, lactation and child growth (Véiflis et al, 2004; Smith et al., 2017). Children are
a nutritionally vulnerable group and they are bédrally (naughty, defiant and impulsive from
time to time, oppositional defiant disorder, cortddisorder and attention deficit hyperactivity
disorder) and physiologically different from adultdeir susceptibility to the adverse health effect
of mycotoxins is also likely different from adulf&/HO; 1986, 2006). The disproportionate impact
of exposure to toxic substances on children contpredults has led to much- deserved research
efforts. Exposure to chemical agents such as jpdssiat the child developmental stage produces
effects that differ qualitatively and quantitatiydlom those in adult exposure, and represents a
major empirical and conceptual foundation for ctihlth risk assessment (NAS, 1993). Because
their organ systems are growing and developingy thay be more susceptible to toxins and
respond differently to environmental challenges \arious stages of development. The
manifestations of developmental toxicity will vadgepending on the time of exposure and the
underlying developmental processes at that groteties(Scheuplein et al, 2002; Tamburlini et al.
2002; Thompson, 2004).

The risks associated with mycotoxin exposure itdobin depend on the degree of exposure and the
degree of toxicity of the mycotoxin. It has beenrfd, consistently, that naturally contaminated
grains are more toxic than known pure mycotoxirigsTs due presumably to the presence of and
interaction with other identified or as yet unidéat mycotoxins or metabolites. These additional
substances need to be considered in the overalsarp assessment for children, and in hazard and
risk assessments for children (Kuiper-Goodman, L9@fants and children are more susceptible
to different toxins compared to adults becauseheirtiower body weight, higher metabolic rate,
lower detox capabilities, and on-going developrargssential organs and tissues, such as in the
central nervous system.

The Acceptable Daily Intake of any chemical (A¥)defined as the amount of chemicals that can
be ingested daily over a lifetime without appretgatealth risk. However, there has been ongoing
debate on the question of whether the limits affmatection to all sectors of the human population
(Bellisle and Rolland-Cachera, 2000). Focus has pegticularly centred on whether infants (from
birth to 12 months) and children (1 to 12 yearsag€) are adequately protected by the ADI,
because of hypothetical concerns that:

* Infants and children may differ in their capacitydetoxify and eliminate chemicals from
the body (toxicokinetics).

* Infants and children may be more sensitive to foxitoxicodynamics)

In addition, different dietary requirements and iteamay result in intake of chemicals exceeding
the ADI. Although derivation from the ADI allows f@ssessment of possible effects on neonatal
animals, the values are considered inappropria@ppdy in infants below the age of 12 weeks.

Mosaad A. Abdel-Wahhab et.al (Mycotoxins in Childsd=ood: Problem and Halal Management)
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There are two reasons for thi@) Insufficient data is available with respect to #igects of
chemicals on very young infants. It is known thatyame levels responsible for biotransformation
are generally much lower in the newborn, partidulén the pre-term infant. Lower levels of
enzyme activity can potentially lead to impairedoddication or to decreased formation of toxin
metabolites. There are also some types of toxeceffto which the neonate is more sensitive, as a
result of its rapidly changing physiology. Thesetéas increase the uncertainty in establishing safe
intake levels for the infant in the first few weedlife. (2) Exposure to suckling animals via the
mother’s milk mimics the situation of the breast-fimfant, but routine studies do not simulate
direct exposure to additives in infant milk form@Benford, 2001).

The available scientific data supports suggestibasolder infants and children are at greater risk
from toxin than adults. As already noted, a largmber of biochemical and physiological changes
occur in the early stages of life. These may infhee the rates of absorption, distribution,
metabolism and excretion from the body (Worm et 2000). In particular, the various enzymes
involved in metabolism of toxic compounds develomlifferent rates in the first few weeks after
birth. However, although large differences are @néén enzyme levels and physiological functions
between infants and adults, these differences tdsa®m to have major implications for the fate of
the toxic compounds ingested into the body. Studiea wide range of drugs have shown that the
rate of elimination in infants was similar to, ardsome cases higher than that in adults (Sohm, et a
2000). This means that variation between infant$ adults is covered under the “toxicokinetic
safety factor”.

2. Mycotoxins
2.1.  Mycotoxins in breast milk

2.1.1. Aflatoxins

Aflatoxins are highly toxic secondary fungal meti#les produced byAspergillus flavus and A.
parasiticus When lactating women ingest an aflatoxin-contat@d diet, a major aflatoxin
metabolite, aflatoxin M(AFM,) is secreted into the milk (Polychronaki et aQQ&; Prandini et al.,
2009). AFM has been reported as carcinogenic (Luongo et2@ll4) and mutagenic (IARC,
2015). Young infants are more sensitive to Allmpared to adults. The symptoms are identical
to that of Reye’s syndrome and Kwashiorkor, bothvbich have been conjecturally associated
with aflatoxins (Shank, 1997; WHO, 1999).

2.1.2. Ochratoxin (OA)

Humans are exposed to OA via consumption of fodrkctlly contaminated with fungus growth
and food by-products derived from exposed anin@ks.is reported as nephrotoxic, carcinogenic,
teratogenic and immunosuppressive (Abdel-Wahkatal, 2005, Ringot and Chango, 2010,
Heussner and Bingle 2015). In human milk samples,highest concentrations of OA have been
found in Sierra Leone (Table 1), where 35% of tia@es contained OA at levels from 200 to 337
ng/ml (Miraglia et al., 1995; Jonsyn et al., 1999A in breast-milk was reported to affect kidney
function and led to the development of urinary tunsan infants and young children (Skaug et al.,
1998).

2.2.  Mycotoxins in bottle-fed infants:

Contaminated water supply, poor bottle cleaningcedares, poor storage facilities, and having
only one bottle, teat and funnel for the preparatad bottled milk make the preparation of
uncontaminated, bacteriologically safe milk extrgmdifficult, if not impossible, in real-life
circumstances faced in tropical homes. This was ¢nen when attempted by trained health staff
for trial purposes (Gursky, 2000). Johnston and td¢&000) summarized the situation as follows:
Bottle-fed infants are particularly prone to diarah diseases, which are almost unavoidable under
the poor hygiene conditions of households of modesime. A vicious circle sets in diarrheal
disease, reduced intake (due to semi-starvatiostanwvation diet), early malnutrition, reduced
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appetite, reduced resistance, and further diarrfBaskaran et al., 1999). Cow’s milk-based infant
formulas may be contaminated by different contaminmasidues i.e. mycotoxins (Skaug, 1999),
especially AFM (Galal-Gorchev, 1993; Oliveira, et al., 1997). Tdhhesntaminant residues induce
health hazards in small children who consume lgrtgmtities of milk.

2.3.  Mycotoxins in children’s food:

As mentioned above, mycotoxins comprise a strutyudiverse family of naturally occurring,
fungal-elaborated toxins, many of which have beeongly implicated as chemical precursors of
toxicity in humans and animals. Exposure to mycm®xs difficult to avoid because fungal growth
in foods is not easy to prevent (Bellisle and Rulla2000). Consumption of foods heavily
contaminated with mycotoxins has resulted in adotiexication episodes in children. Table (1)
summarizes selected mycotoxin-producing fungi fvance to children’s health.

Table 1 Selected mycotoxin-producing fungi of relevarzehildren’s health.

Fungus Mycotoxins Associated health effects

Aspergillus flavus, A. Parasiticus Aflatoxins Vomiting, hepatitis, Liver cancer

Fusarium verticillioides Fumonisins Vomiting, Neural tube defects, Esophagencer
Fusarium culmorum Deoxynivalenol ~ Vomiting

Fusarium sporotrichiodes T-2 toxin Alimentary toxic aleukia, Vomiting, hemibage
Aspergillus ochraceus, A. niger  Ochratoxins Balkan nephropathy, Renal cancer
Penicillium expansum Patulin Vomiting, cancer (suspect)

Fusarium graminearum Zearalenone Estrogenic effects, cervical caneepct)
Claviceps purpurea Ergot alkaloids Ergotism

Generally, the degree of toxicity of different chieah compounds on laboratory animals is found
to be affected by differences in species, age,s@axd In humans, children are considered to be
more susceptible than adults. The mycotoxins thethaghly toxic to children are described as the
following:

2.3.1. Aflatoxin

Aflatoxin refers to a group of potent toxins thae dound in a wide range of agricultural crops
especially grains and nuts which are commonly dsethe preparation of children’s food (Kensler
et al.,, 2011; Bhatnagar-Mathur et al., 2015; Veckeeet al., 2016). Up to now, several aflatoxins
have been discovered and the most important, digtacurring are B, B,, G;, and G. Aflatoxins
have continued to receive attention as the mostircagenic and toxic mycotoxin (IRAC, 1993a,
CAST, 2003; Ostry et al. 2017; EI-Nekeety et ab1?) with mutagenic and teratogenic properties
when tested in laboratory animals (Abdel-Wahhahlgt2010, 2015, 2016; Mdevi¢ et al. 2016;
Kumar 2017). For this reason, they may be hazarttwhamans and especially children and infants.
In many species, the major target for acute andretitoxicity due to aflatoxin exposure is the five

The human gastrointestinal tract rapidly absorbat@fins after consumption of contaminated
food, and the circulatory system transports thatafins to the liver (Fung and Clark, 2004). 1 to
3% of ingested aflatoxins irreversibly bind to mios and DNA bases to form adducts such as
aflatoxin B-lysine in albumin (Skipper and Tannenbaum, 19®ycause aflatoxin Blysine
adducts are not repaired, their half-life in hunserum is approximately 20-60 days (Azziz-
Baumgartner et al., 20p5in 1993, the International Agency for ResearchCamcer determined
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that aflatoxin B (the most potent of the aflatoxins) was a humanicagen (IARC, 1993a; Ostry
et al. 2017). Epidemiologic studies clearly docutrtbat ingestion of aflatoxin Bis a risk factor
for hepatocellular carcinoma in humans (Liu and \2@4.0). Figure (1) shows that hepatocellular
cancer follows many years after the acute symptofraflatoxin ingestion (vomiting, abdominal
pain, hemetemesis, fever, diarrhea, dizzinesssaizdires) have occurred.

els

Fig 1. Time course of adverse events preceding hepattmetlarcinoma

Vomiting

Aflatoxin
Exposure

Hematemesis
Diarrhea
Abdominal Pain
Fever Dizziness

Seizure

A disease of children in Thailand with symptomsnitiieal to that of Reye’s syndrome was
conjecturally associated with aflatoxicosis (VamBeurg, 1977). This disease was characterized
by vomiting, convulsions, coma, and death with beakoedema and fatty involvement of the liver,
kidney, and heart (Bourgeois et al., 1971; Lucastllal., 2000). Shank (1997) found significant
levels of aflatoxins (1-4 pug/kg) in livers of 23 dikchildren who had died of Reye's syndrome. In
New Zealand and Czechoslovakia, aflatoxins wer@don the liver of children who died due to
Reye's syndrome at autopsy. Kwashiorkor, a disedisehildren in Northern Africa and in
undernourished populations, is usually attributedutritional deficiencies and may also be related
to aflatoxin intake (Etzel, 2014). The liver damdgduced by aflatoxins prevented the children
from coping with high protein diets which are u$patecommended for the treatment of
Kwashiorkor (Newell, 1983; Afsah-Hejri et al., 2013

In many species, the major target for acute andnitirtoxicity due to aflatoxin exposure is the
liver; however, limited information is availablesagiating this risk with outbreaks of aflatoxin
toxicity. In addition, only a few animal studiesvieameasured aflatoxin concentrations because
unbound aflatoxins remain in the blood for a vemgrs period of time after exposure (i.e., 13-120
min) (Wong and Hsiech, 1978; Zain 2011; Alshannad &u 2017). In all species and tissues
tested to date, the mutagenicity, carcinogeniaitg BNA-binding activity of aflatoxin Bappear

to result from its activation by cytochrome P45Gysnes to produce aflatoxin,8,9-epoxide
(WHO, 2002; Josse et al. 2012 ). Microsomial mikedction oxygenase (MFOs) form ARM
AFQ,, AFP, and AFB-8, 9-oxide Moreover, in the liver cells, AFBis altered by cytoplasmic
reductase to form aflatoxicdMonson et al., 2015). The 8,9-epoxide binds couiteto DNA,
forming mutagenic adducts; there is a positive elation between risk of tumor formation and
levels of AFB-DNA adducts in the liver in animal models (Jossalg2012). Mutations of p53 are

a relevant marker in the molecular epidemiologylieér cancer, as some 20% of cases show
mutations of this oncogene. Moreover, a mutatiothatthird base of codon 249 (a GC to TA
transversion leading to a change from arginine eéone) has been described in geographical
correlation studies of aflatoxin;Bitake (WHO, 2001 Josse et al., 2012). The questiomhether
aflatoxin is a human carcinogen or not has bedicdlif to resolve due to the presence of several
confounding factors, including hepatitis B virudeiction. However, results of epidemiological
studies have shown that aflatoxin exposure is gormant determinant of the variations in human
liver cancer incidence (IARC, 1987; Sohn et alQ@0Mokhles et al., 2007).

Aflatoxins are now believed to increase neonatattatity and still-births, increase susceptibility t
neonatal jaundice (Galal et al., 2006), play a molthe pathogenesis of Kwashiorkor, and increase
child susceptibility to infection and malignanteise. Early and repeated exposure to aflatoxins in-
utero and throughout childhood might predisposecthitd to liver cancer later in life. Immuno-
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suppression due to aflatoxin consumption is anotioertributing factor (Williams et al., 2004;
Gong et al., 2016).

Aflatoxins have been reported to adversely affeetdutcome of lower respiratory tract infections
in children (Denning et al., 1995). In one study@ambian children, evidence of a reduced level
of salivary immunoglobulin A (IgA) was found in iiMiduals exposed to aflatoxins. No effect on
antibody titer to pneumococcal and rabies vaccivas noted. In Africa, the aggressive nature of
HIV infection might be partially attributed to aftxin-induced immune-suppression. Aflatoxins
may also contribute to failure of protective imnurations (Gong et al., 2016).

2.3.2. Ochratoxin A

Ochratoxin (OA) is a secondary fungal metabolitesome toxigenic species éfspergillusand
Penicillium growing on cereal grains (barley, oats, rye, cemmd wheat) and other food items
including coffee, milk powder, wine, and beer (Ngbbet al., 2010, Reddy and Bhoola, 2010;
Cremer et al., 2011). OA is reported to be hepatotmephrotoxic, teratogenic (Abdel-Wahhab et
al., 2005, 2008,2016; Costa et al., 2016), andimagenic to single-stomached animals (Kuiper-
Goodman and Scott, 1989). Of greatest concern timahs is its implicated role in an irreversible
and fetal kidney disease referred to as Balkan mErddlephropathy (BEN) (Pavlovic et al., 1999,
Ringot et al., 2006; Pfohl-Leszkowicz et al., 2Q0W)creased incidence of renal disease is
accompanied by a high risk of urinary tract tumdmsaddition to OA, very low selenium levels of
the population could also be a risk factor for B&MN urinary tract tumors (Miraglia et al., 1995,
Miletic-Medved et al., 2005; Ringot et al., 2006). OA &ahstable. EI-Banna and Scott (1984)
report that cooking Fava beans and polished wheiaed with OA at 125 ng/g resulted in
destruction of only 16-20% and 6% of OA, respedyivEhis indicates that complete destruction of
OA via heat processing is not possible. Generaltychildren aged 4-14 years were affected by
endemic nephropathy (Akkmeteli, 1977; Breilholtakt 1993). Because of the long-term effects, a
direct relationship is difficult to establish. Tab{2) summarizes a comparison of mean dietary
intake estimates for an average person calculabed éccurrence and consumption data in human
blood plasma.

Table 2. Comparison of estimates of mean dietary intak@Affor an average person calculated from
occurrence and consumption data and from mean hbioad plasma levels (SCOOP, 1996)

Estimated daily intake  Estimated daily intake
calculated from blood  based on occurrence data

Country Average concentration  piasma concentration  and consumption data
in blood plasma (ng/ml) (ng/kg bw) (ng/kg bw)

Denmark 1.8 2.4 2.0
France 0.4 0.5 1.5
Germany 0.45 0.6 0.9

Italy 0.53 0.7 4.6
Netherlands 2.0
Spain 0.7
Sweden 0.18 0.24 15
United Kingdom 1.4

2.3.3. Fumonisins
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Fumonisins are structurally related mycotoxins pe@tl by Fusarium moniliform and F.
proliferatum which are found worldwide in corn and corn-basemnan foods (Rodrigues and
Naehrer, 2012). Fumonisins have been associatdd witnan esophageal cancer in regions in
South Africa, Northeastern lItaly, Northern Chinad @®outheastern United States (Chu and Li,
1994; Doko and Viscinti, 1994; Hopmans and Murph§93; Rheeder et al., 1992; Sydenham et
al., 1991). In these regions corn is a dietarylstamd preliminary data indicate that corn anaheor
based food products from these and other regiong Ipea significantly contaminated with
fumonisins.

Thiel et al. (1992) analyzed samples of commercialailable corn or corn-based products
obtained from retail stores in the USA, South Adri€gypt and Peru for fumonisin content (Table
3). Fumonisin levels detected in samples from Sdética and Peru were relatively low, while
samples obtained from Egypt and the USA contairigd kevels of fumonisin. Analyses of corn-
based children’s food products collected from défe areas indicated the presence of fumonisins
in all samples (Table 4).

Table 3. Fumonisin levels in commercial corn products foman consumptidn

Source No. of samples Fumonisins (ng/g)
FB, FB.
South Africa 68 0 - 457 0-120
(105) (21)
Egypt 2 1780 - 2980 410 - 780
(2380) (595)
USA 29 0-2790 0-1070
(711) (190)
Peru 4 0- 660 0-135
(165) (34)

aValues in parenthesesmeans

Table 4. Total fumonisins content in corn-based childrendfpooducts determined by ELISA and HPLC

Food product Total no. of samples  Fumonisin (ng/gfdood)

Total by ELISA Total by HPLC
Cornflakes 2 ND - 400 ND
Corn pops cereal 1 200 ND
Corn starch 1 500 <75
Infant cereal 1 200 ND
Infant cream corn 1 200 ND

ND, none detected
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2.3.4. Patulin

Patulin is a mycotoxin produced by sevdtahcilliumandAspergillus, Byssochlamgpecies, with
Pencillium expansurbeing the most commonly encountered species. flihigus is the principal
cause of apple rot (Davis and Diener, 1987, Steinetal., 1989 Boussabbeh et al., 2016). Patulin
was found in commercial apple juice and apple fotafschildren at concentrations ranging
between 10 and 170 ppb (Prieta et al., 1994; Battit al., 2008). Sharma (1993) stated that the
toxicity of patulin may directly affect cellular \ghthione levels, mitochondrial function and
integrity of the plasma membrane. Patulin alsodrasnmunosuppressive effect and inhibits DNA
synthesis (Glaser and Stopper, 2012). WHO (199@ewed the acute toxicity of patulin and
reported that the toxic signs include agitationnwdsion, dyspnea, pulmonary congestion and
edema, ulceration, hyperemia, and distension ofgdwrointestinal tract. WHO recommended a
maximum concentration of 50 ppb for patulin in &pplice and apple products, whereas, some
countries state a limit of 10 ppb in baby-foodo(&t et al., 1991; FAO, 2005).

2.3.5. Zearalenone

Zearalenone is a mycotoxin producedHRwsariumspecies growing on corn, wheat, barley, oats,
sorghum, sesame, and hay and has estrogenic apadliargctivity. When livestock was fed moldy
feeds containing zearalenone, the milk and milkdpots produced from the animals contained
estrogenic substances (Frizzell et al., 2011).0gstnic agents can increase the plasma levels of
cholesterol and triglycerides in females. An assimn between oral-estrogen use and myocardial
infection and stroke has been described (Wallaed ,et977). Zearalenone also causes cytogenetic
effects and chromosomal aberrations (Ben Salah-@\léal., 2010; Ismaiel et al., 2015). The
major effects of zearalenone in children are on teproductive system, leading to
hyperestrogenism and affecting reproductive orgarcsire and function (Kuiper-Goodman, 1991
Sherif et al., 2009; Zheng et al., 2016).

2.3.6. Ergot

Ergot alkaloids are produced Bfaviceps purpureand are known to be more of a problem on
cereal grains (Coufal-Majewski et al., 2016). Thare three main modes of action of Ergot
alkaloids: peripheral, neurohormonal, and adrerdslgickage (Cordell, 1981). The most important
peripheral effect is smooth-muscle contractionftgdi by vasoconstriction and uterotonic effects.
The neurohormonal effects of ergot are observedsarotonin and adrenaline antagonism.
Adrenergic blocking agents prevent the stimulatoddnsympathetic nerves by antagonizing the
effects of other drugs such as epinephrine.

2.3.7. Sterigmatocystin

Sterigmatocystin (Stg) is a mycotoxin produceddspergillusgenera and causes mammalian liver
cancers (Adamson, 1989; Versilovskis and De SaétfHr)). Stg was found in foods including
peanuts, corn, tree nuts, cheese, milk, and maanébDet al., 1987; Northolt et al., 1980, Almeida
et al., 2012)and has genotoxic effects in non-mammalian spdéibdel-Wahhab et al., 200%hb
Stg is a major secondary metaboliteAdpergillus versicoloand A. nidulans(Sivakumar et al.,
2001), is closely related to aflatoxins and is acprsor in aflatoxin biosynthesis (Barnes et al.,
1994). However, the chronic or acute toxicitiesSify are considerably lower than aflatoxin
(Scudamore et al., 1997). Stg is one of the predamicontaminating mycotoxins in food and
grains in high-incidence malignant tumor areashim@& (Huang et al., 2002). Stg is carcinogenic in
mice (pulmonary adenocarcinomas) and rats (hephitzce carcinomas) following oral
administration (IARC, 1976, 1987) and is classifiagl an IARC Group-2B carcinogen (i.e.,
possibly carcinogenic to humans). The toxicity ¢d 8 mainly confined to the hepatic and renal
tissues. However, lung tumors were also observechawborn mice injected by a single
subcutaneous dose of 5 mg/kg bw of Stg (Guijii et1876).
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2.3.8. Vomitoxin (VT)

Vomitoxin, one of the most common mycotoxins cagsuomiting among children, frequently
contaminates wheat and corn. The estimated tokeidily intake of vomitoxin is 1.5 pg/kg body
weight and 3.0 pg/kg body weight for infants andle respectively (Kuiper-Goodman, 2004).
Multiple outbreaks of vomiting illness between 19611985 in China were linked to consumption
of foods made with grains contaminated with voniitoft.uo, 1988). In 1987, nearly 100 persons
in India became ill after they consumed wheat pectglurom which vomitoxin and other
trichothecene mycotoxins were recovered (Luo et1888). In 1997 and 1998, approximately
1700 school children in the United States develogaditing, nausea, headache, and abdominal
cramps after eating burritos (CDCP, 1999). Vomitowias identified as a contaminant in the
burritos and might have caused the outbreaks, whidisided within 24 hours of onset (CDCP,
1999).

2.4.  Mycotoxin Legislation

Limits for contaminants such as mycotoxins in foads set in EC Regulation 466/2001 setting
maximum limits for certain contaminants in food$sudnd its amendments. Further amendments to
this legislation are currently being implementedntdude infant foods as described below.

EC Regulation 1425/2003 set a limit of 10 pg/kgpafulin for the following categories of foods:

* Apple juice or apple products prepared for younigdoen and infants.
* Other non-cereal based baby food

This limit applies directly in the UK although piisions for the enforcement of the limit are
currently being implemented into UK law. The limagply to the product “as sold”.

EC Regulation 683/2004 sets the following limitsiethcame into force on 1 November 2004 and
are set on a dry-matter basis:

* 0.5 pg/kg for aflatoxin Bfor baby foods and processed cereal-based foodsfémts and
young children, and dietary foods for special maldjurposes intended specifically for
infants;

* 0.025 pg/kg for aflatoxin Mfor infant formulae and follow-on formulae, inclad infant
milk and follow-on milk and dietary foods for spekimedical purposes intended
specifically for infants; and

* 0.5 pg/kg for ochratoxin A for baby foods and pised cereal-based foods for infants
and young children, and dietary foods for speciaital purposes intended specifically
for infants.

2.5. Halal strategies for the prevention of mycotoxin cotamination

The prevention of fungal contamination and mycotoproduction in agricultural commodities
generally may be divided into three levels:

2.5.1. Primary prevention

Primary prevention is the most effective methodetduce the growth of fungi and production of
mycotoxins. Several methods are recommended t@ptréavourable conditions for the growth of
fungi, including:

» Development of halal crop varieties resistant agjdimgal infection;
» Control of plant infection in the field using hafahgicides;
» Development of a suitable pre- and post-harvestcide;
* Reducing moisture content in seeds of plants pastdst or during storage;
e Storing commodities at low temperatures whenevesipe;
» Using halal fungicides and preservatives againgjdligrowth during storage;
-
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» Control of insect infestation in stored bulk grairssng approved insecticides.

2.5.2. Secondary prevention

This level of prevention is required when early shéungal invasion has started in commaodities.
The occurrence of toxigenic fungi should be reduaetheir growth stopped in order to prevent
further decay and contamination with mycotoxins/esal measures are suggested as follows:

* Growth of the infested fungi should be stoppeddsdiying the products;

» Contaminated seeds should be removed,;

* Mycotoxin contamination should be inactivated aioséied;

» Stored products should be protected from any faalgarconditions which enhance the
growth of fungi.

2.5.3. Tertiary prevention

If the commodities are heavily infested with toXiengi, neither the primary nor secondary
preventions are feasible. None of the primary opsdary prevention measures would be effective
to stop the growth of toxic fungi and the formatimfrtheir toxins. However, several measures have
to be carried out to avoid the transfer of toxinduand mycotoxins to food or the environment;
these include detoxification or destruction of thygcotoxins to a minimal level.

2.6. Halal decontamination strategies

The mycotoxin-contaminated food and feed shouldrdraoved, detoxified or inactivated by

chemical, physical and biological means followihg 1slamic view. Each treatment may have its
own limitations because the treated products shoeldchalal, safe and not affect the essential
nutritive value of the product. The suggested nashtor effective decontamination of some

mycotoxins can be summarized as the following:

2.6.1. Physical strategies

Density segregation, mechanical separation, cotmiting and screening bulk grain and nut
shipments significantly reduced possible mycotaantamination of grains. Washing using water
or sodium carbonate solution reduces the presdri€B;and ZEN in grains. Gamma irradiation is
used successfully to control ochratoxin levels éref al., 1996).

2.6.2. Chemical strategies

Several chemicals have been found to be effectiee different extents) against different
mycotoxins. These chemicals fall into the followitegegories: acids, bases (e.g. ammonia, sodium
hydroxide), oxidising reagents (e.g. hydrogen pel®xozone), reducing agents (e.g. bisulphite,
sugars), chlorinating agents (e.g. chlorine), salid miscellaneous reagents such as formaldehyde
(Table 5).

Table 5 Chemical treatments used in the removal of mydotofrom contaminated commodities

a- Acetic acid (GHsOH). b- Ammonia gas (Ng or NH,OH or ammonium salts, 3-
5%.
c- Acetic acid (GHsOH). d- Calcium hydroxide (Ca (OH))
e- Formaldehyde. f- Hydrogen peroxide (}0,).
g- Methylamine (CH-NH,). h- Ozone gas (€.
i- Phosphoric acid (}P0,). j- Phosphine gas (RH very highly toxic!
|
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k-Sodium bicarbonate (NaHGP |- Sodium bisulfite (NaHSE).
m- Sodium bisulfite (NaOH). n- Sodium hypochlorite (NaOCI).

2.6.3. Physicochemical strategies

Phyllosilicate clay is reportedly able to chemisanycotoxins from aqueous solutions (Phillips et
al., 2008; Abdel-Wahhab et al., 2015). Tihevitro binding of aluminosilicate to AFBs reported

to form complexes at varying strengths. Hydrateditsa calcium aluminosilicate (HSCAS) binds
to AFB,; and forms a more stable complex compared to ddsted compounds (Phillips et al.,
2008). The HSCASs bentonite and montmorilloniteenf@iund to protect laboratory animals from
toxic and teratogenic effects of aflatoxins (AbWé¢khhab et al., 1999b, 2002b, 2015).
Montmorillonite (MTT) is the active ingredient irebtonites for AF binding (Marroquin-Cardona
2009). These clays have been effectively used daces the negative effects of AF exposure in
dairy cows (Kutz et al., 2009), goats (Smith et H94), and several other animal species (Leduox
et al., 1999; Phillips et al., 1999). MTT has thodlity to chemisorb AFB and FB from aqueous
solutions to varying degrees and form complexegaoying strengths (Zhang et al., 2010, 2011).
The ability of MMT to adsorb these mycotoxins isiniadue to its high surface area. MMT is able
to adsorb organic substances on external surfawdsalso in the internal structures in laminar
spaces via interaction with or substitution of exulpe cations present in their spaces (Aly et al.,
2004).

2.6.4. Chemoprotection

Chemoprotection against aflatoxins has been denated with the use of a number of halal

compounds that either increase an animal’s detatitin process or prevents the production of the
epoxide that leads to chromosomal damage (Kenslak,e1993). One technical solution is drug

therapy, because several compounds such as ol@m@zchlorophyll, are able to decrease the
biologically effective dose of aflatoxins (Wang aBten, 1999). Long-term therapy is expensive
and may result in side effects. This would not basfble in most developing countries. Yeast
extracts and esterified glucomanoses were suggestemvel approaches to chemoprotection for
aflatoxin detoxification (Kensler et al., 1993).

2.6.5. Enterosorption

Enterosorption is a detoxification mechanism sstgge for the adsorption of clay minerals to
aflatoxins to prevent its absorption in the gastestinal tract (Phillips et al., 2008). Adsorption
agents have different efficiencies when it comegravention of aflatoxicosis (Phillips et al., 1993
The risk with enterosorption is non- specificitynterosoption is feared to also act against
micronutrient uptake from food (Mayura et al., 1p98owever,in vitro tests of hydrated sodium
calcium aluminosilicates (HSCAS) suggest that thetdtle adsorption of micronutrients (Chung et
al., 1990). The use of HSCAS as additives in coirtated feeds is reported to be effective in
preventing aflatoxin toxicity in turkeys, chickerlambs, cattle, pigs, goats, rats, and mice (CAST,
2003; Abdel-Wahhab et al., 1998; 2002b, 2005d) ZB&R (Abbés et al., 2006). Bentonite and
montmorillonite were also effective in removing AF8nd FB from aqueous solution (Aly et al.,
2004). Recently Abdel-Wahhab et al. (2015a) repotteat the modification of montmorillonite
surfactants with long-chain organic cations suchCasgyltrimethyl ammoniumbromide increased
hydrophobicity of the mineral surface and resuite@xcellent adsorption capability of AFs, ZEN
and FBas well as ZEN and OTA (Abdel-Wahhab et al., 2Qiblyvitro andin vivo (EI-Nekeetyet

al., 2017).
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Fig. 2. Photograph showing livers of rats treated witlatafkin alone and in combination with HSCAS or
EM. Left: control (normal colour of the liver), Mille: aflatoxin treated (pale yellow liver typicaf o
aflatoxicosis), Right: HSCAS or EM plus aflatoxinofmal comparable to the control liver) (Abdel-
Wahhab et al., 2005c)

2.6.6. Biological

Biological detoxification can be defined as the yanatic degradation or biotransformation of
mycotoxins by either the whole cell or an enzymstesy (Bata and Lasztity, 1999). For example,
the mycotoxin AFB is degraded by enzymes Havobacterium aurantiacun{Smiley and
Draughon, 2000). Other microorganisms includiRfizopus sp., Corynebacterium rubrum,
Candida lipolytica, Aspergillus niger, Trichodernv&ride, Mucor ambiguous, Neurospospp.,
Armillariella tabescensand lactic acid bacteria have been testeith mitro systems with varying
results (Jebali et al., 2018; Karlovsky, 1999). e8als microorganisms were screened for their
ability to degrade OTA and convert OTA to the léssic form, ochratoxin. Aspergillus niger
was reportedly able to degrade ochrataxito another unknown compound. Two species of black
yeast fungugExophiala spinifera, Rhi-nocladiella atrovirenghd a Gram-negative bacterium
(Caulobacterspp.) isolated from mouldy corn kernels have beemd to extensively metabolise
fumonisins to CQin liquid media (Blackwell et al., 1999; DuvickQ@1). Several microorganisms
including yeasts, fungi and bacteria are able toved ZEN toa - andp -zearalenol. However, this
transformation cannot be regarded as detoxificagione the oestrogenic activity of the resulting
metabolites is similar to that of zearalenone (Eitest al., 1987).

2.6.7. Antioxidant strategies

Since some mycotoxins (i.e. AEB-B,;, OTA, and zearalenone) are known to cause cellbreme
damage through increased lipid peroxidation (Gawteal., 2001; Abdel-Wahhab et al., 2004a,
2005c, 2006), the protective properties of antiaridsubstances against mycotoxin damage were
extensively reviewed by Galvano et al. (2001). Siel®m, vitamins A, C and E and their precursors
showed potential antioxidant effects and acted avengers for superoxide anion. Moreover,
several natural (provitamins, carotenoids, chloytipdnd its derivatives and phenolics) as well as
synthetic compounds (butylated hydroxyanisole amglated hydroxyl toluene) showed effective
antioxidant properties.

2.6.8. Diet and nutrients that support detoxification

Nutrition plays a significant role in the suppoftdetoxification. Dietary interventions intended to
reduce toxicity after mycotoxins have been absarlzed an effective detoxification strategy.
Dietary interventions include intake of choline, thenine, vitamins, protein, dietary fat,
antioxidants and inducers of metabolizing enzynidgs can be added to animal feeds to lower
toxicity caused by mycotoxins in maize (Abdel-Walhled al., 1999a).

2.6.9. Antioxidant and natural constituent defense againsimycotoxins toxicity

Feed additives such as antioxidants, sulphur-coing@iamino acids, vitamins, and trace elements
can be useful mycotoxin detoxicants (Huwig et 2001; Abdel-Wahhab et al., 2004a, 2005a,

Mosaad A. Abdel-Wahhab et.al (Mycotoxins in Chitdsd=ood: Problem and Halal Management)



ISSN 2721-7868 International Journal of Halal Resear 29

Vol. 1, No. 1, December 2019, pp. 16-38
_—

2006; Abdel-Wahhab and Aly 2003, 2005, El-Nekeetyak 2014). Several reports are now
available that suggest that antioxidants are ablgrotect against chemical carcinogenesis if
administered prior to/ or concomitantly with thesecinogens.

2.7.  Future strategies for mycotoxin management

In spite of the large progress achieved in undadhg the factors affecting mycotoxin production,
detection and diagnosis in the past years, mycasoxemain a food safety threat. The biggest
challenges to develop and perfect strategies tintdogies to guarantee food safety and ensure a
healthy environment are changes in agriculturaldpetion and storage practices and food
processing. This should be carried out parallehtanges in public and environmental policy

The areas of public policy and research requineghsure safe food and feed supply in the twenty-
first century are listed below:

2.7.1. Critical Needs
For sustained management of mycotoxins along tloel fchain, the following
procedures are recommended:

Public Policy

1. Develop uniform standards and regulations for myxiot contamination.

2. Support joint international cooperation (FAO/ WHOIBP) to adopt standardized
regulations.

3. Develop a safe food supply for local populations.

Mycotoxin Detection

1. Develop new technologies for mycotoxin analysigjuding multiple-toxin analysis, and
improve detection of specific mycotoxins in premghfeods.
2. Develop biomarkers for human and animal exposunaytootoxins, including multipanel

arrays that can detect exposure to multiple toxins.

Human and Animal Interactions

1. Assess mycotoxins as virulence factors.
2. Research the effect of mycotoxins as immunosuppress
3. Evaluate toxicological interactions of toxins witte host (activation and detoxification of

mycotoxins by host metabolism).

Examine population variation for sensitivity to noyoxins

Assess interactions between mycotoxins and drugfs,ahd nutrition.

Assess the role of fumonisins on humans and thealvement in esophageal cancer.
Assess the risks of ochratoxin exposure due todtaurrence in a variety of foods and
environmental locations.

No ok

Plant and Fungus Interactions

1. Establish a better understanding of the factorsctifig mycotoxin formation in the field
and in storage.

Improve understanding of the ecology and epidergiplaf mycotoxin-producing fungi.
Develop sound agronomic-management practices tease mycotoxin contamination.
Develop host-plant resistance to mycotoxin-prodgi¢umgi and to mycotoxin occurrence.
Develop models to better forecast the potentimhpéotoxin contamination.

Research genetic regulation and biosynthesis obtoyins by the producing organisms.

ok wn

Indoor Air Quality

1. Determine mycotoxins responsible for indoor airlgugroblems.
2. Develop sound sampling protocols for assessingdungpulations.
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3. Establish limits for respiratory exposure to myonts.
Defence against Mycotoxins
1- The first line of defence against mycotoxins isitoid eating mouldy and rotten food.

2- The second line of defence is a properly functigriver, the major organ that detoxifies
harmful chemicals. Liver function can be improvedtaking liver supplements such as herbs and
by detoxifying the body with hyperthermia.

3- Plants and foods with high Brix readings will detatg before spoiling (getting mouldy).
Therefore, high Brix readings are the third line défence against mould and aflatoxin
consumption.

4- The intake of antioxidant-rich foods that suppdr¢ tiver by helping to remove toxic
chemicals from the body.

5- The intake of chlorophyll found in all green leafggetables.

6- Consumption of certain foods that are reported navide defence against mycotoxins,

such as coffee, strawberries, tea, pepper, grayreseric, fava beans, garlic, cabbage, and onions
as well as chemosorbent materigibdel-Wahhab, 2000; Abdel-Wahhab and Aly, 2003 abd/ahhab
et al., 1998, 1999a, 2005b, 2015b)

7- The use of electro-medicine that neutralizes myansoin the blood.

2.7.2. Recommendations

1. Setup and coordinate research and monitoring pnogess on different types of
mycotoxins.

2. Standardize sampling, sample handling and analysis.

3. Test economic viability and acceptability of exigtidrying technologies.

4. Develop a field kit for analysis.

5. Improve on-farm storage facilities.

6. Improve coordination and streamlining of programgirican-Asian countries.
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