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Abstract

Variety of food contaminants, toxicants and adulterants have been found to be responsible for certain health
challenges such as poor utilization of nutrients upon consuming contaminated foods which ultimately results in
the deficiency of essential nutrients required by the body. Sequel to this, several food borne disease outbreaks
and problems of ill health in humans and animals have gained wide international recognition. Majority of food
contamination occurs through naturally occurring toxins and environmental pollutants or during processing,
packaging, preparing, storage, and transportation of food. At normal levels of food consumption, there is little
potential for toxicity from natural food toxins. Nevertheless, there is always the possibility of an idiosyncratic
response of undetected contamination. As technology advances, the detection of such contaminants becomes
easier. However, there are several contaminants that are still unknown. This review provides current insight on
the effects elicited by food contaminants on the body’s ability to utilize nutrients upon consuming contaminated
foods.
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1. INTRODUCTION

Food is classified as a very crucial contributor to well-being and health where it contain compounds known as
nutrients, which are essential to life and health, providing us with energy, the building blocks for repair and
growth and substances necessary to regulate chemical processes [1]. Generally, nutrients are classified as either
macro or micronutrients, based on the amounts we require from the diet [2]. Some nutrients can be stored (e.g.,
glucose as glycogen in the liver, fat-soluble vitamins in fat reserves) while others are required more or less
continuously [3]. In recent decades, our need for a broad spectrum of non-nutrients, phytochemicals, has also
been recognized [3]. These non-nutrients (bioactives) are not essential for life in ways that macro or
micronutrients are, but nonetheless have putative health benefits and, whether acting directly or indirectly, diets
rich in these compounds significantly reduce our risk of chronic disease, including cancer and cardiovascular
disease. We also require dietary fiber, non-digestible materials, such as cellulose, to support gut function
(mechanical) and a healthy microbial population (prebiotics) [4].

Intricate biochemical processes extract the energy and other useful components from food that enable us to
grow and function, and many compounds that were seemingly unimportant in the past are now accepted as being
fundamental for health [5]. There are three macronutrients — carbohydrates, fats, and proteins [2]. They provide
‘structural materials’ (e.g., amino acids, lipids) and energy (joules or kilocalories). When necessary, or as a result
of disease, proteins can be broken down to generate energy, but carbohydrates and fats are used preferentially for
energy [3]. Virtually all nutrients from the diet are absorbed into blood across the highly polarized epithelial cell
layer forming the small and large intestinal mucosa before they metabolized [4].

Food contamination has become as a serious challenge in our society today as it has been associated with
numerous diseases that lay threat to human health. Majority of the food contamination occurs through naturally
occurring toxins and environmental pollutants or during the processing, packaging, preparing, storage, and
transportation of food [4]. Food preparation undergoes a long chain of processing, where each stage is a potential
source of chemical contaminants invasion of the food [5]. Transportation of food can also lay the foundation for
contamination of food, specifically under poor sanitary conditions [6]. Likewise, some chemicals are mixed
deliberately during the food preparation process to improve the shelf life of a food product. The contaminants
may include food impurities that come in contact with foods when cooked in the kitchen; nevertheless, the
transmission is mainly dependent on the effectiveness of the kitchen hygiene though [7]. Contaminants enter the
food chain naturally as well with pathogens that are present in the environment and show high bacterial numbers
on some key raw foods such as poultry meat [8]. Packaging materials can lead to chemical contamination due to
the migration of some harmful substances into foods. Furthermore, use of unapproved or erronecous additives
may result in food contamination [5].

2. FOOD CONTAMINANTS

Food contaminants include environmental contaminants, food processing contaminants, unapproved adulterants
and food additives, and migrants from packaging materials [9]. Environmental contaminants are impurities that
are either introduced by human or occurring naturally in water, air or soil. Food processing contaminants include
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those undesirable compounds, which are formed in the food during baking, roasting, canning, heating,
fermentation, or hydrolysis [10]. With several agents like viruses, bacteria, toxins, parasites, metals, and other
chemicals causing food contamination [11], the symptoms of the food borne illness due to food contamination
range from mild gastroenteritis to fatal cases of hepatic, renal, and neurological syndromes. The classes of food
contaminants are as follows:

2.1 Heavy Metals

Heavy metals are chemical pollutants that may have harmful effects on human health [12]. These pollutants are
stable and are not decomposed by biological processes. They can find their way into the human body through
inhalation, oral, and dermal routes [13]. Their multiple industrial, domestic, agricultural, medicinal and
technological applications have led to their wide distribution in the environment; raising concerns over their
potential effects on human health and environment [14]. Below are some examples heavy metals that pose threat
to human health:

2.1.1 Selenium

Selenium (Se) enters the food chain via plant and microorganism conversion of inorganic selenium to
organically bound forms [15]. Selenium toxicity (i.e., selenosis), caused by excessive selenium intake, has
occurred on a large scale in seleniferous regions in China as the result of increased consumption of selenium-
containing foods (approximate daily intake of 3—6.5 mg Se/day) [14]. The most common symptoms of selenosis
are loss of hair, deformity, and loss of nails. Other reported symptoms include increased blood selenium levels,
diarrhea, fatigue, a garlic-like odor of the breath and bodily secretions, irritability, peripheral neuropathy, and
skin lesions [15]. Selenium intake levels that cause selenosis have not yet been well defined. Studies in China
suggest that approximately 3—5mg/day (0.05—0.08 mg/kg/day) will cause selenosis.

2.1.2 Methyl Mercury

Exposure to elemental mercury is relatively rare, although was once an occupational disease of hat
manufacturers as elemental mercury was used for the curing of animal pelts. Inhalation of the mercury fumes led
to mental deterioration and subsequently named —mad hatter syndrome [13]. Of interest to food toxicology, is
the methyl derivative, methyl mercury, formed by bacterial action in an aquatic environment from anthropogenic
and natural sources of elemental mercury. Anthropogenic sources include burning of coal (which contains
mercury), chloralkali process and other sources of elemental mercury into aquatic environments. Methyl mercury
exposure may cause neurological paresthesias, ataxia, dysarthria, hearing defects and death [16].

2.1.3 Lead

Lead (Pb) since the phasing out of leaded gasoline, major sources of high Pb exposure are Pb and drinking water
contaminated from Pb pipes or brass fixtures, which may contain up to 8% of this metal. However, lead also
persists in the environment, including soils that food crops are grown on, and food appears to be the major
source of Pb exposure. Local Pb contamination of pastures can result in considerable contamination of meat and
milk, and fish generally also contain high Pb concentrations [17]. The extent of gastrointestinal Pb absorption
depends on nutritional status, with iron deficiency resulting in increased and calcium supplementation in
decreased Pb absorption. Age is another factor that influences Pb absorption. The primary target of lead toxicity
is the central and peripheral nervous system [18]. In adults, this most commonly manifests as peripheral
neuropathy involving extensor muscles, but not sensory nerves. The developing brain is much more susceptible
to the neurotoxic effects of Pb than the adult brain [19].

2.2 Naturally Formed Substances

2.2.1 p-Thujone

Thujone, a monoterpene ketone, is the primary constituent of essential oils derived from a variety of plants,
including sage (Salvia officinalis), clary (Salvia sclarea), tansy (Tanacetumvulgare), wormwood (Artemisia spp.
and white cedar (ThujaoccidentalisL.) [20]. Essential oils from these plants are used in herbal medicines, as
flavorings in alcoholic drinks and fragrances throughout the world. Thujone is potentially toxic and the presence
of alpha- or beta-thujone in food and beverages. Both alpha- and beta-thujone act as noncompetitive blockers of
the gamma-aminobutyric acid (GABA)-gated chloride channel [21]. Thujone is believed to be the toxic agent in
absinthism, a syndrome produced by the chronic use of absinthe, made from the essence of wormwood. The
syndrome is characterized by addiction, hyperexcitability and hallucinations [21].

2.2.2 Erucic Acid in Rape

Rape (Brassica napusL. or Brassica campestris L.) is an annual herb of the mustard family native to Europe and
is grown in the United States because it produces oil-rich seeds for cooking oil [22]. Rapeseed oil had been used
for hundreds of years as oil for lamps and more recently as machine oil lubricant. Widespread use of rapeseed oil
as a food ingredient was not considered until the late 1940s and 50s. However, early studies found that feeding
high levels of rapeseed oil to rats significantly increased cholesterol levels in the adrenal glands and lipidosis in
the cardiac tissue [22]. Erucic acid is a long-chain fatty acid with one unsaturated carbon-carbon bond (C22:1).
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High levels of erucic acid have been liked to fatty deposit formation in heart muscle in animals [23]. Erucic acid
is poorly oxidized by the mitochondrial B-oxidation system, especially by the myocardial cells, which results in
an accumulation of erucic acid, producing myocardial lipidosis which has been reported to reduce the contractile
force of the heart [23].

2.3 Industrial Chemicals

2.3.1 Polycyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are known carcinogens that are formed from the incomplete
combustion of fossil fuels such as wood, coal and oil. PAHs can enter the food chain from environmental
contamination or from food processing. Foods containing the highest concentrations of PAHs include cooked or
smoked meat or fish, smoked or cured cheese, tea and roasted coffee. Grilling or broiling of meat, fish or other
foods over intense heat or direct contact with flames promotes production of PAHs. In general, concentrations of
PAHs in meat are highest after charcoal grilling, followed by smoking, roasting and steaming. Concentrations of
PAHs in smoked foods are influenced by temperature, type of wood, oxygen concentration and type of smoker.
Concentrations of PAHs in tea dried over burning wood, oil or coal are generally higher than in tea dried over air,
and coffee beans that are roasted over a direct fire contain higher concentrations than beans that do not come in
contact with flames [24].

2.3.2 Heterocyclic Aromatic Amines

There are two major classes of heterocyclic aromatic amines (HAAs). Pyrolytic HAAs are formed from the
pyrolysis of amino acids or proteins at high temperature and aminoimidazoarenes (AlIAs) are formed from
creatine, free amino acids and monosaccharides, via the Maillard reaction. HAAs are present in many protein-
rich foods of animal origin including cooked meat, fish, poultry and gravies and sauces derived from pan
residues and scrapings of cooked meats. The formation and yield of HAAs are dependent on cooking
temperature and time (concentrations increase with higher temperatures and longer cooking times), cooking
technique and equipment (concentrations of HAAs in meat are generally higher after grilling and panfrying than
broiling or roasting), and the ability of HAA precursors to migrate to the surface [25]. Several HAAs are
carcinogenic in rodents after long-term dietary administration. The doses required to induce tumors at a 50% rate
(TD50) vary for each HAA, and range from 0.1 to 64.6 mg/kg bw/day [25]. Due to the fact that exposure to
HAAs in cooked meats is highly variable (concentrations in cooked meat may range from <1 to 500 ng/g), it has
been estimated that the risk of developing cancer from exposure to HAAs in food is anywhere from 50 in one
million to one in a thousand [25].

2.4 Pesticides

Pesticides are a numerous and diverse group of chemical compounds, which are used to eliminate pests in crop
yields and households [18]. They are significantly used as an input in modern agriculture and are used for
management of controlling the pests that are noxious, destructive or troublesome organisms. The Application of
these pesticides to crops may leave residues in or on food, and those specified derivatives are considered to be of
toxicological significance [19]. This has been a matter of serious concern as the presence of pesticides residues
in fruits are consumed fresh. These bioaccumulative or Persistent chemicals can be magnified through the food
chain and have been detected in products ranging from meat, poultry, and fish, to vegetable oils, nuts, and
various fruits and vegetables [16]. Exposure of the general population to these residues most commonly occurs
through consumption of treated food sources, or being in close contact to areas treated with pesticides such as
farms or lawns around houses [26]. This exposure is strongly associated with acute and chronic health effects in
humans. However, total elimination of the use of pesticides is not possible even though it would be preferable.
Based on chemical classification, pesticides are classified into four main groups namely; organochlorines,
organophosphorus, carbamates and synthetic pyrethriods [27].

2.5 Pharmaceuticals and Personal Care Products

The term pharmaceuticals and personal care products (PPCPs) includes a wide range of substances that may
enter the environment and thence food or water sources. Antimicrobials and other drugs may originate from use
in both humans and animals. For example, swine waste containing antimicrobials may contaminate both water
and food [29]. Aside from the very real threat of increased antimicrobial resistance through exposure to
extraneous sources of these chemicals, it has also been shown that many drugs have other side effects including
endocrine disruption [30]. In some circumstances, the medicinal products themselves may be contaminated, for
example, in many herbal products [31].

2.6 Electronic Waste

Modern society has become encumbered with many electrical devices, and electronic waste (or e-waste) has
become a major problem. Inappropriate processing, for example, incomplete combustion, of such products
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releases a variety of pollutants covered above, including PBDEs, dioxins/furans (PCDD/Fs), PAHs, PCBs, and
metals/metalloids [32]. In addition, contamination from such devices can enter drinking water and food.

2.7 Plastics

In recent times, we rely more and more on packaging materials—in particular plastics—to transport and help
preserve food. These materials are not inert and may themselves contaminate food and drinks as multiple
chemicals are released into foods and beverages from food contact materials. These are termed “migrants” and
include such chemicals as phthalate plasticizers which have been detected in bottled water [33]. Factors such as
higher storage temperatures and prolonged contact time with the packaging were linked to higher levels of
contamination, but a health risk assessment showed that the risk for consumers was low [33].

2.8 Nanoparticles

Another recent development is that of nanoparticles. These have one dimension less than 1 x 10—7m, and
engineered nanoparticles have been used in a wide range of products, such as paints, cosmetics, and pesticides
[34]. Pathways and effects of these in biota are as yet unclear, but they have been shown to travel in the food
chain [35]. Nanosized materials have been detected in foods such as wheat-based products [36].

2.9 Radioactive Elements

Most radioactive elements did not exist naturally, and soil contamination with such material has only become a
problem since nuclear weapons and reactor shave been developed (Walker and Don, 2013). After tsunami
damage affected the Fukushima nuclear plant in Japan in 2011, monitoring of food and water samples detected
contamination above provisional regulation values and restrictions were put in place [37]. Radionucleotides have
also been detected in seafood in India, various foods in the Balkans, and food and drinking water in Switzerland
[38]. Risk assessments are conducted to ensure that levels remain within acceptable limits. Furthermore,
experimental models are undertaken to assess safety in ingestion pathways, considering several different food
intakes [39]. In the US, there is an FDA rule pertaining to uranium, radium, alpha particle, beta particle, and
photon radioactivity in bottled water [40].

3.0 BIOCHEMICAL MECHANISMS WHICH CERTAIN FOOD CONTAMINANTS AFFECT
NUTRIENT UTILIZATION BY THE BODY

The physico-chemical properties and structures of food contaminants determine their interactions with
biomolecular targets. Partitioning into non-aqueous phases, e.g., membranes, occurs with almost any chemical in
all organisms and it is the predominant process causing non-specifictoxicity. Additional interactions with
specific targets, e.g., enzymes, may produce increased toxicity. Mode of action is, however, not a constant
property of a compound but it varies between species and may change with concentration and duration of
exposure. Chemicals may act by the same mode in some organisms but by dissimilar modes in others, depending
on the abundance of specific targets and the particular end point measured by experiment.

3.1 Lectins

Lectins are a group of glycoproteins that are present in high levels in legumes (e.g., black beans, soybeans, lima
beans, kidney beans and lentils) and grain products (Fig 2) [43]. Lectins can reversibly bind to carbohydrates
without altering their covalent structure (Fig 1) [43]. The ability of lectins to bind and agglutinate red blood cells
is well known and used for blood typing hence, the lectins are commonly called hemagglutinins. Lectins also can
bind avidly to mucosal cells and interfere with nutrient absorption from the intestine [41].

Because the ability of the lectins to cause intestinal malabsorption is dependent on the presence of enteric
bacteria, it has been hypothesized that lectins may also produce toxicity by facilitating bacterial growth in the GI
tract [43]. Lectins isolated from black beans can produce growth retardation when fed to rats at 0.5% of the diet,
and lectin from kidney beans causes death within two weeks when fed to rats at 0.5% of the diet. Soybean lectin
produces growth retardation when fed to rats at 1% of the diet. The castor bean lectin ricin (one of the most toxic
natural substances known) is notorious for causing deaths of children, and has been used as an instrument of
bioterrorism (Fig 2) [41].

Phytohaemagglutinin (PHA) is a lectin found in significant quantities (as much as 2.4-5% of total protein)
in legumes such as red or white kidney beans, green beans and fava beans (Fig 2). PHA has a number of
different properties, including the ability to induce mitosis, affect membrane transport and permeability to
proteins, and agglutinate red blood cells. Rats fed a diet containing 6% PHA exhibit weight loss, associated with
malabsorption of lipid, nitrogen and vitamin B12 [42]. PHA from red kidney beans inhibits sodium and chloride
absorption in the rabbit ileum, indicating that PHA can affect electrolyte transport in the gut [42]. Symptoms of
toxicity to PHA in humans such as nausea, vomiting, or diarrhea occur within three hours of ingestion. Recovery
generally occurs within four or five hours of onset [40].
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3.2 Rhubarb and Oxalic Acid

Oxalic acid (oxalate) is generally found in rhubarb (0.2-1.3%), tea (0.3-2.0%), spinach (0.3—1.3%), parsley
(1.7%) and purslane (1.3%), but may also be found in asparagus, broccoli, Brussels sprouts, collards, lettuce,
celery, cabbage, cauliflower, turnips, beets, peas, coffee, cocoa, beans, potatoes, berries, and carrots [42]. Oxalic
acid is an organic acid that can bind calcium and other minerals, making them insoluble and decreasing their
bioavailability. Ingestion of foods containing high concentrations of oxalates may cause decreased bone growth,
kidney stones, renal toxicity, vomiting, diarrhea, convulsions, coma and impaired blood clotting [43]. Because
cooking does not remove oxalate, and mineral complexes with oxalate are insoluble in water, oxalates are
somewhat difficult to remove from foods. Therefore, diets rich in oxalate-containing foods should be
supplemented with minerals such as calcium or potassium to prevent deficiencies. Limits on oxalic acid have
been cited in ferric ammonium ferrocyanide and ferric ferrocyanide when used as color additives (21 CFR
73.1298 and 21 CFR 73.1299) with oxalic acid or its salts at not more than 0.1% of the colorant [44].

3.3 Phytates and Phytic Acid

Phytic acid (also referred to as phytate) is found in bran and germ of many plant seeds and in grains, legumes
and nuts. Phytic acid is a simple sugar (myo-inositol) containing six phosphate side chains, and as such, is a
dietary source of phosphorus and an effective chelator of divalent cations such as zinc, copper, iron, magnesium
and calcium [45]. Studies indicate that phytate-mineral complexes are insoluble in the intestinal tract, reducing
mineral bioavailability [43]. Phytate also has been shown to inhibit digestive enzymes such as trypsin, pepsin, o-
amylase and B-glucosidase. Therefore, ingestion of foods containing high amounts of phytate could theoretically
cause mineral deficiencies or decreased protein and starch digestibility [45]. Vegetarians that consume large
amounts of tofu and bean curd are particularly at risk of mineral deficiencies due to phytate consumption.
Because phytate-rich foods are digested at a slower rate and produce lower blood glucose responses than foods
that do not contain phytate, it has been hypothesized that phytate could have a therapeutic role in management of
diabetes [42]. It also may have utility as an antioxidant [46]. However, because the beneficial effects of phytate
are outweighed by its ability to cause essential mineral deficiencies, consumption of a diet containing high
amounts of phytate is not recommended (Fig 1). Food manufacturers are developing methods to reduce phytate
in foods, such as addition of the microbial phytase, which releases phosphates from the inositol backbone of
phytate [47].

3.4 Hypoglycin in Ackee

Ackee is the national fruit of Jamaica and is also found in other Caribbean nations, Central America, South
American and southern Florida [48]. Consumers of the unripe fruit sometimes suffer from Jamaican vomiting
sickness syndrome allegedly caused by the alkaloids hypoglycin A (HGA) and B. Levels of HGA in the opened,
ripe fruit are undetectable, making opened fruit safe for consumption [49]. The hypoglycin toxin (L-
methylenecyclopropylalanine) inactivates several flavoprotein acyl-CoA dehydrogenases, causing disturbances
of the oxidation of fatty acids and amino acids [40]. This leads to a secondary inhibition of gluconeogenesis
which can precipitate an extreme, dangerous drop in blood-glucose levels (hypoglycemia) that can be fatal.
Symptoms of poisoning from unripe ackee fruit occur within 6 to 48 hours of ingestion and include drowsiness,
repeated vomiting, thirst, delirium, fever or loose bowels. Exhaustion of the muscular and nervous systems,
collapse, coma, and death may ensue [50].

3.5 a-Amylase Inhibitors

Naturally occurring inhibitors of a-amylase are found in aqueous extracts of wheat, rye and kidney beans. The
physiological role of a-amylase inhibitors in plants is not well understood, but may protect them against insect
infestation. In mammals, some amylase inhibitors have been shown to attenuate the normal increase in blood
glucose that occurs after ingestion of starch. However, since a-amylase inhibitors have been shown to be
inactivated by gastric acid, pepsin or pancreatic proteinases, their potential as starch blockers is limited (Fig 3)
[42]. a-amylase inhibitors were once added to foods as —starch blockers to limit carbohydrate absorption for the
purpose of weight loss; however, the FDA later determined that at least this use of a-amylase inhibitors was as
drug, and they were consequently taken off the market [51].

4. CONCLUSION

Food contaminants have been found to be associated with inefficient absorption of nutrient molecules by the
body system especially naturally formed food contaminants. They do so via different biochemical mechanisms,
preventing the efficient absorption of nutrient molecules like mineral elements, vitamins, lipids, amino acids and
carbohydrates by targeting and inhibiting certain digestive enzymes and/or altering some basic biochemical
pathways ultimately leading to numerous health challenges. Much is yet to be uncovered regarding the
mechanisms by which many food contaminants alter nutrient utilization by the body system as research in this
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area is still ongoing.
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