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Abstract: This paper is aimed to review the updated scientific information regarding effects on mineral obsorption associated 

with major ant nutritional factors found in plant foods. Some anti nutrients may exert beneficial health effects at low 

concentrations. When they are used at low levels, phytate, lectins, tannins, amylase inhibitors and saponins have also been shown 

to reduce the blood glucose and insulin responses to starchy foods and/or the plasma cholesterol and triglycerides. In addition, 

phytates, tannins, saponins, protease inhibitors, goetrogens and oxalates have been related to reduce cancer risks. This implies 

that anti-nutrients might not always harmful even though lack of nutritive value. However, most antinutrients in plant foods are 

responsible for deleterious effects related to the absorption of nutrients and micronutrients. For example, phytic acid, lectins, 

tannins, saponins, amylase inhibitors and protease inhibitors have been shown to reduce the availability of nutrients and cause 

growth inhibition. Despite of this, the balance between beneficial and hazardous effects of plant bioactives and anti-nutrients rely 

on their concentration, chemical structure, time of exposure and interaction with other dietary components. Due to this, they can 

be considered as anti-nutritional factors with negative effects or non-nutritive compounds with positive effects on health. 
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1. Introduction 

Anti-nutrients are natural or synthetic compounds that 

interfere with the absorption of nutrients. Nutrition studies 

focus on those anti-nutrients commonly found in food sources 

and beverages. Anti-nutritional factors (ANFs) are 

compounds which reduce the nutrient utilization and/or food 

intake of plants or plant products used as human foods or 

animal feeds and they play a vital role in determining the use 

of plants for humans and animals [1]. Apart from cyanogenic 

glycosides, food poisoning arising from anti-nutritional 

factors, otherwise known as plants’ secondary metabolites has 

not been properly addressed in most parts of the developing 

world. People have died out of ignorance, poverty and 

inadequate nutrition information and education, especially 

within the African societies. 

There are reports from time to time of deaths after 

consumption of some type of beans despite cooking. Also, 

cases of renal and liver diseases are increasing and these calls 

for a need to properly address the issue of thorough and 

adequate processing of foods/feeds before consumption. Since 

legumes are often consumed together with cereals, proper 

processing of cereal-leguminous mixtures could be capable of 

eliminating these anti nutrients before consumption [2]. 

Relatively little is known about the fate of anti-nutrients and 

toxicants in traditional fermented foods. Toxicants in foods 

can arise from intrinsic and extrinsic sources. The intrinsic 

toxicants are those that are components of foods by synthesis 

or degradation and as such are referred to as naturally 

occurring food toxicants. An example of some of these 

toxicants is phytate, cyanogenic glycosides and tannins. 

Probably all intrinsic toxic substances function as 

anti-nutrients in foods or their complexes [3]. 

Chemical substances present in food sample and which 

have been reported with some level of toxicity in mankind 

include aflatoxin [4], hemagglutinin [5] and cyanogenic 

glycosides [6]. Toxicity is the result of interaction between 

three factors namely the type of organism, concentration of 

toxin and time of duration [2]. Most plant materials contain 
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some form of toxic compounds but whether it is toxic or not to 

animal will depend on the potency of the toxic factor, dosage, 

the frequency of intake and the natural species in unity to that 

particular toxic substance [7]. There has been over the past 

few years a systematic attempt by scientists to elucidate the 

chemical nature of various naturally occurring toxicants in 

common and less known foods with a view to developing 

simpler detoxification procedure for them [8]. For example, in 

some of the foods which contain intrinsic principles, 

processing techniques have been developed which make them 

safe for human consumption. Therefore, this paper is aimed at 

to review anti-nutritional factors and their effect on mineral 

absorption. 

2. Methods 

For this systematic review, many sources of information 

were assessed and retrieved in Google search engine using 

terms like antinutional factors, phytic acid, lectins, tannins, 

saponins, amylase inhibitors and protease inhibitors, 

controlling mechanisms of anti-nutritional factors, and using 

time periods such as 2019, 2018 and 2017. The sources are 

from published article journals, review, newsletters, 

magazines, reports, books and dictionaries. 

3. Literature Reviews 

3.1. Anti-nutritional Factors in Many Foods 

Anti-nutritional factors are substances that when present in 

animal feed or water reduce the availability of one or more 

nutrients. It is important to have knowledge of anti-nutritional 

factors because they can adversely affect the health of human 

health. Plants contain starch polysaccharides and non starch 

polysaccharides (NSPs) [9]. A polysaccharide is a chain of 

sugar molecules (also known as mono saccharides) linked 

together. Polysaccharides are identified based on the carbon 

atoms of each sugar involved in the bond and the orientation 

of the hemiacetal oxygen atom (alpha/α or beta/ß). Some 

polysaccharides are anti-nutritional factors. Starch is made up 

of glucose molecules connected together in what is referred to 

as α-glycosides link. 

The different orientation of the ß-links (compared to α-links) 

makes them resistant to digestion by endogenous digestive 

enzymes of animals. NSPs are part of plant cell walls and are 

closely associated with other polysaccharides or non 

carbohydrate materials such as protein and lignin. These 

associations affect the behaviour of the NSPs, especially with 

regard to solubility. NSPs generally are categorized as 

water-soluble or insoluble. Plants generally contain a mixture 

of both water-soluble and insoluble NSPs; the ratio of the two 

types changes with type and stage of maturity of the plant. 

Cellulose is insoluble in water and is considered fibre. 

Arabinoxylans and beta-glucans, two other NSPs, are partially 

soluble in water. Most NSPs adversely affect digestion in 

animals consuming them. Soluble NSPs affect the viscosity of 

the material in the digestive tract. This action, in turn, affects 

the ability of the digestive enzymes to reach their target. 

Absorption of any released nutrients is also reduced. This 

reduction in nutrient absorption results in reduced feed 

efficiency. The sticky nature of the digestive material also can 

result in collection of sticky material around the vent of a 

chicken) [10]. 

3.1.1. Phytic Acid 

Phytic acid is present in many plant systems, constituting 

about 1 to 5% by weight ofmany cereals and legumes. 

Concerns about its presence in food arises from evidence that 

it decreases the bioavailability of many essential minerals by 

interacting with multivalent cations and/or proteins to form 

complexes that may be insoluble or otherwise unavailable 

under physiologic conditions [11]. Phytic acid content can be 

reduced through soaking or other forms of processing [12]. 

3.1.2. Tannins 

Polyphenols (tannins) are usually located in the pericarp 

and/or testa, especially on pigment cultivars of legumes and 

millets. Tannin concentration is reported to be higher in 

coloured seed coats with a range of 38-43mg/g and low in 

white coated beans (1.3mg/g). However, values ranged from 

3.8-5.9mg/g in the cotyledons [13]. 

3.1.3. Saponins 

Saponins are glycosides composed of a lipid-soluble 

aglycone that consists of either asterol or more commonly, a 

triterpenoid structure attached to water-soluble sugar residues 

that differ in their type and amount. The major sources of 

dietary saponins are legumes, and many types of saponins can 

be present in the same bean [14]. Saponins are very poorly 

absorbed. They can kill or inhibit cancer cells without killing 

normal cells [15]. Most saponins form insoluble complexes 

with 3-ß-hydroxy steroids and are known to interact with and 

form large, mixed micelles with bile acids and cholesterol 

[16]. 

3.1.4. Trysin Inhibitors 

Trypsins inhibitors when ingested by man in large quantity 

disturb the digestive process and may lead to undesirable 

physiological reactions [17]. They co-exist with anti 

α-amylases and are located mostly in the outer layer of the 

cotyledon of legumes. Trypsins inhibitors from beans interfere 

with protein digestion and in some species of animals do cause 

pancreatic enlargement and enhance chemically induced 

pancreatic tumors [18]. However, heat-treating dry beans 

generally reduces the trypsin inhibitor content by 80–90% 

[19]. Other processing methods like soaking in water through 

leaching, fermentation and germination has been shown to 

also reduce trypsin inhibitors [20]. 

3.1.5. Oxalates 

Oxalate occurs widely in the plant kingdom; examples of 

foods containing oxalates are black pepper, parsley, poppy 

seed, amaranth, spinach, chard, beets, cocoa, chocolate, most 

nuts, most berries, fish tail palms, New Zealand spinach 

(Tetragonia tetragonioides) and beans. Excess consumption of 

oxalates may result in kidney disease or even death due to 
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oxalate poisoning [21]. Oxalic acid can induce toxic as well as 

anti nutritive effects. To humans, it can be acutely toxic. 

However, it would require massive doses of 4 to 5 g to induce 

any toxic effect [15]. 

The oxalic acid levels usually found in food, however, are 

no cause for concern. Like phytic acid, oxalic acid reduces the 

availability of essential bivalent cations. Oxalic acid is a 

strong acid and, with alkaline earth metal ions and other 

divalent metal ions, it forms salts that are hardly soluble in 

water. Calcium oxalate is insoluble in water at neutral or 

alkaline pH, and dissolves easily in an acid medium. Oxalates 

produce irritation in the mouth and thereby preventing the 

absorption of calcium and iron infoods [22]. 

3.1.6. Occurrence 

Ant nutrients are found at some level in almost all foods for 

a variety of reasons. However, their levels are reduced in 

modern crops, probably as an outcome of the process of 

domestication [17]. The possibility now exists to eliminate 

anti-nutrients entirely using genetic engineering; but, since 

these compounds may also have beneficial effects, such 

genetic modifications could make the foods more nutritious 

but not improve people's health [23]. 

3.2. Classification of the Anti-nutritional Factors 

The anti-nutritional factors may be divided into two major 

categories. They are: (1). Proteins (such as lectins and 

protease inhibitors) which are sensitive to normal processing 

temperatures. (2). Other substances which are stable or 

resistant to these temperatures and which include, among 

many others, polyphenolic compounds (mainly condensed 

tannins), non-protein amino acids and galactomannan gums 

[24]. More often than not, a single plant may contain two or 

more toxic compounds, generally drawn from the two 

categories, which add to the difficulties of detoxification. 

3.3. Methods for Quantification of the Anti-nutritional 

Factors in Plants 

Several methods are used for the quantitative determination 

of anti-nutritional factors in foods based on reports by 

different authors. These are: trypsin inhibitor activities are 

determined according to these studies [6, 15, 17, 25-28]. 

3.4. Biochemical Effects of the Anti-nutritional Factors 

The biochemical and toxicological/adverse effects of 

plant’s secondary metabolites (anti-nutritional factors) have 

been reviewed by several authors [13]. However, their adverse 

effects will be briefly highlighted. Anti-nutritional factors 

diminish animal productivity but may also cause toxicity 

during periods of scarcity or confinement when the feed rich 

in these substances is consumed by animals in large quantities 

[29]. Cyanogenic glucoside on hydrolysis yields toxic 

hydrocyanic acid (HCN). The cyanide ions inhibit several 

enzyme systems; depress growth through interference with 

certain essential amino acids and utilization of associated 

nutrients. They also cause acute toxicity, neuropathy and death 

[30]. Tannins because decreased feed consumption in animals, 

bind dietary protein and digestive enzymes to form complexes 

that are not readily digestible [31]. They also cause decreased 

palatability and reduced growth rate [3]. 

Saponins cause hypercholesterolemia by binding 

cholesterol, making it unavailable for absorption. They also 

cause haemolysis of red blood cells and are toxic to rats [32]. 

Saponins from Bulbostermmapaniculatum and Pentapamax 

leschenaultii have alsobeen demonstrated to have anti-spermal 

effects on human spermatozoa [33]. They significantly 

inhibited acrosine activity of human sperms and the 

spermicidal effect was attributed to strong damage of the 

spermal plasma membrane [34]. Trypsins (protese inhibitor) 

causes pancreatic enlargement and growth depression [25]. 

Phytates bind minerals like calcium, iron, magnesium and 

zinc and make them unavailable [35]. Oxalates, like phytates, 

bind minerals like calcium andmagnesium and interfere with 

their metabolism. They also cause muscular weakness and 

paralysis. Oxalates also cause gastrointestinal tract irritation, 

blockage of the renal tubules by calcium oxalate crystals, 

development ofurinary calculi and hypocalcaemia [31] 

reported that oxalates cause nephrotic lesions in the kidney. 

Oxalate, phytate and tannins are anti-nutrients, which could 

betoxic when consumed in an unprocessed food [16]. 

The bioavailability of the essential nutrients in plant foods 

could be reduced by the presence in these plants of some 

anti-nutritional factors such as oxalates and cyanogenic 

glycosides [28]. Too much of soluble oxalate in the body 

prevents the absorption of soluble calcium ions as the oxalate 

binds the calcium ions to form insoluble calcium oxalate 

complexes. As a result of this, people with the tendency to 

form kidney stones are advised to avoidoxalate-rich foods [15]. 

Gossypols are reported to cause animal and human toxicity 

and high incidence of irreversible testicular damage. Dietary 

gossypol can also bring about increased requirement, not only 

for lysine, but also for iron which it can chelate [36]. At the 

Plant oestrogens also cause toxicity in animals. For example, 

it has long been recognized that sheep grazingsubterranean 

clover (Trifolium subterraneum) are prone to poor 

reproductive performance [37]. There are some 

anti-nutritional factors in some plants, especially leguminous 

plants, whose mode of action is poorly understood. These are 

anti-vitamin factors. 

Rawkidney beans are believed to contain an antagonist to 

vitamin E as evidenced by liver necrosis in rats and muscular 

dystrophy and low concentration of plasma tocopherol in 

chicks [37]. Anti-vitamin E has also been noted in isolated 

soya protein, which is suspected to be _-tocopherol oxidase. 

Unheated soyabean flour has been found to be deficient not 

only in Vitamin B12, but it also contains a heat-labile factor 

that increases the requirement for vitamin B12 [38]. Alkaloids 

are also reported to cause alteration of normal 

foetaldevelopments resulting in foetal malformation in ewes. 

These are caused by teratogenic alkaloids [39]. 

Glycoalkaloids are reported to cause haemolysis and toxicity 

to humans [6]. 
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3.5. Varietals Differences and Effects of Methods of 

Domestic Processing and Cooking 

The losses in B-vitamins and minerals in chickpeas cooked 

by microwaving were smaller than in those cooked by boiling 

and auto claving. Germination resulted in greater retention of 

all minerals and B-vitamins compared to cooking treatments. 

In vitro protein digestibility, protein efficiency ratio and 

essential amino acid index were improved by all treatments. 

The chemical score and limiting amino acid of chickpeas 

subjected to the various treatments varied considerably, 

depending on the type of treatment. Based on these results, 

microwave cooking appears to be thebest alternative for 

legume preparation in households and restaurants. Patel [12] 

reported the effect of blanching on the content of 

anti-nutritional factors in selected vegetables. Levels of both 

tannic acid and phytic acid were significantly (p<0.05) 

reduced by conventional and microwave blanching methods 

while oxalic acid levelswere not significantly (p>0.05) 

reduced in most of the treatments by either of the blanching 

methods. In general, they recommended blanching as an 

effective method for reducing the anti-nutritional factors in 

green vegetables; however, further investigation on the 

heatingtimes for both conventional and microwave blanching 

methods has been suggested. Nkhata [20] reported the effects 

of extrusion and traditional processing methods on ant 

nutrients and in vitro digestibility of protein and starch in faba 

and kidney beans. De-hulling significantly increased protein 

content and greatly reduced condensed tannin andpolyphenol 

levels in both legumes. Extrusion was the best method to 

abolish trypsin, chymotrypsin, -amylase inhibitors and 

haemagglutinating activity without modifying protein content. 

Furthermore, this thermal treatment was most effective in 

improving protein and starch digestibility when compared 

with dehulling, soaking and germination. 

Eder [35] reported the methods and devices for reducing the 

amount of anti-nutritional factors in a mixture of raw material 

for animal feed. The invention relates to a method for reducing 

the amount of ant nutritional factors in a raw material mixture 

for producing an ingredient for animal feed such as cattle 

fodder or domestic animal feed, which raw material mixture 

contains at least rape seed in a quantity between 1 and100%, 

by subjecting the raw material mixture to a steam treatment for 

a predetermined time at a predetermined temperature. Due to 

the steam treatment, the ant nutritional factors are at least 

partially broken down and determined constituents such as 

fats also become better accessible, whereby the nutritional 

value of the final animal feed increases. Plant phytochemicals 

exhibit diverse pharmacological and biochemical actions 

when ingested by animals and man [30]. The trypsin inhibitor 

values were significantly reduced (P<0.05) by the different 

treatment methods, with cookingbeing the most effective. 

3.6. Effect of Anti-nutritional Factors on Mineral 

Absorption 

3.6.1. Phytic Acid 

Phytic acid has a strong binding affinity to minerals such as 

calcium, magnesium, iron, copper, and zinc. This could result 

in precipitation, making the minerals unavailable for 

absorption in the intestines [22]. Phytic acids are common in 

the hulls of nuts, seeds and grains. It is primarily present as a 

salt of the mono- and divalent cat ions K+, Mg2+, and Ca2+ 

and accumulates in the seeds during the ripening period. 

Phytate is regarded as the primary storage form of both 

phosphate and inositol in plant seeds and grains. In addition, 

phytate has been suggested to serve as a store of cat ions, of 

high energy phosphoryl groups, and, by chelating free iron, as 

a potent natural anti-oxidant [37]. 

3.6.2. Oxalic Acid and Oxalates 

These are present in many plants, particularly in members 

of the spinach family. Oxalates bind to calcium and prevent its 

absorption in the human body. Oxalate is an anti-nutrient 

which under normal conditions is confined to separate 

compartments. However, when it is processed and/or digested, 

it comes into contact with the nutrients in the gastrointestinal 

tract when released, oxalic acid binds with nutrients, rendering 

them inaccessible to the body [40]. 

3.6.3. Glucosinolates 

Prevent the uptake of iodine, affecting the function of the 

thyroid and thus are considered goitrogens [25]. They are 

found in broccoli, Brussels’ sprouts, cabbage and cauliflower. 

A number of plant species produce hydrogen cyanide (HCN) 

from cyanogenic glycosides when they are consumed. These 

cyanogens are glycosides of a sugar, often glucose, which is 

combined with cyanide containing a glycone. Cyanogenic 

glycosides are classified as phytoanticipins. Their general 

function in plants is dependent on activation by b-glycosidase 

to release toxic volatile HCN as well as a ketones or aldehydes 

to fend off herbivore and pathogen attack [28]. Excessive 

intake of required nutrients can also result in them having an 

anti-nutrient action. Excessive intake of fibre can reduce the 

transit time through the intestines to such a degree that other 

nutrients cannot be absorbed. 

4. Conclusion 

In general, anti-nutrients and toxicants are natural or 

synthetic compounds that interfere with the absorption of 

nutrients. They are commonly found in food sources and 

beverages. Because of ignorance, poverty and inadequate 

nutrition information and education the knowledge of 

anti-nutritional factors people have died in African 

countries. Consumption of some type of beans without 

cooking also reported as a cause of death due to 

anti-nutritional factors. There are two sources of toxicants, 

intrinsic and extrinsic or external. The intrinsic toxicants 

are naturally occurring food toxicants while other toxicants 

are chemicals such as, aflatoxin, hemagglutinin and 

cyanogenic glycosides. Also many domestic processing and 

cooking such as germination, fermentation, dehulling, and 

blanching and cooking are reported to reduce the toxicants 

and anti-nutritional factors. 
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