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ABSTRACT 

 

Plants naturally co-exist with their predators and 

have therefore developed certain defense 

mechanisms against them. These include 

production of secondary metabolites, which are 

not directly involved in their growth processes 

(as opposed to primary metabolites), but act as 

deterrents to their predators. Some of these 

metabolites, known as anti-nutritional factors, 

affect the nutritive value of forages and 

feedstuffs, and hence animals (including 

humans) that feed on them. Although they are 

generally not lethal, their effects may be 

contrary to optimum nutrition, making them 

undesirable for human and animal nutrition as 

they may interfere with feed utilization, health 

and productivity of animals. Their wide 

distribution in plants is determined by age, 

cultivar, geographic distribution, and storage 

condition after harvesting. Certain 

characteristics which they possess, together with 

other reasons make them to be found at some 

levels in almost all plants and plant products 

used as animal feedstuffs. The major classes of 

anti-nutritional factors include glycosides, 

alkaloids, protease inhibitors, amylase 

inhibitors, phenolic compounds, phytohaema-

gglutinins, phytates, terpenes/ triterpenes, non-

protein amino acids, oxalates, and 

glucosinolates. The varied chemical structure 

and composition of these metabolites which are 

diverse in their abundance in different plants 

and their products, result in an array of direct 

and indirect effects which impinge on animal 

productivity and health. They occur in various 

quantities in plants, with alkaloids as the most 

abundant in higher plants. Alkaloids are among 

the most important drugs used by human beings 

and have also been adjudged to be the most 

useful and most dangerous products of nature. 

The effects of these anti-nutrients may be 

physical such as alopecia or physiological such 

as disruption of metabolic reactions and 

synthesis of important biochemical components 

of tissues. Their structures, occurrence, effects, 

and other related issues are reviewed herein. 

 

Keywords: Secondary metabolites, Anti-

nutritional factors, Animal Feedstuffs, 

Molecular and Cellular Targets, Phytoanticipins 

and Phytoalexins. 

  

INTRODUCTION 

Plants have developed defense mechanisms 

for their survival due to their co-evolution 

with their predators (insects, fungi, and 

grazing animals), including production of 

secondary metabolites, (SM) which are not 

directly involved in their growth processes, 

but act as deterrents to attack by their 

predators [1]. These compounds, commonly 

referred to as anti-nutritional factors, 

(ANFs) also affect animals (including 

humans) and the nutritive value of forages 

and feedstuffs. They are natural components 

or chemical compounds of plants, which 

present biological activity but no nutritional 

properties, and in fact, some of them may be 

undesirable for human and animal nutrition 

[2]. Staessen [3] stated that the anti-

nutritional activity of a compound is not an 

intrinsic characteristic of the compound, 

rather it is determined by the digestive 

process of the animal by which it is 

ingested. This had been confirmed by [4], 
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who noted that trypsin inhibitors are 

degraded in the rumen of ruminant animals, 

whereas they are regarded as ANFs in 

monogastric animals. 

According to [5] anti-nutritional factors are 

those substances generated in natural 

feedstuffs by the normal metabolism of 

species and by different mechanisms, e.g. 

inactivation of some nutrients, diminution of 

digestive process or metabolic utilization of 

feed, which exert effects contrary to 

optimum nutrition. The ANFs may 

therefore, be regarded as a class of 

compounds, which are generally not lethal 

but reduce animal productivity and may 

cause toxicity during periods of scarcity or 

confinement when feed rich in these 

substances are consumed by animals in 

large quantities [6]. They also noted that 

they are substances, which by themselves or 

through their metabolic products, may 

interfere with feed utilization and affect the 

health and productivity of animals. 

Consequently, as opposed to primary 

metabolites, they do not have any direct role 

in functions related to growth and 

development such as photosynthesis, 

respiration, solute transport, translocation, 

protein synthesis, nutrient assimilation, 

differentiation, or the formation of 

carbohydrates, proteins, and lipids [7]. He 

also noted that they differ from primary 

metabolites (amino acids, nucleotides, 

sugars) in having a restricted distribution in 

the plant kingdom whereas primary 

metabolites are found throughout the plant 

kingdom. 

Anti-nutritional factors are widely 

distributed in most plants [8]. Yang and Lin 

[9] reported that the age, cultivar, 

geographic locality of a plant or the storage 

condition after harvest could significantly 

affect its anti-nutritional content. Usually, 

varying concentrations and combinations of 

these toxic principles and anti-nutritional 

factors are present in animal feedstuffs. 

Generally, anti-nutrients can be natural or 

synthetic compounds that interfere with the 

digestion, absorption, metabolism and 

assimilation of nutrients by animals, with a 

concomitant reduction in feed intake and/or 

feed conversion. 

 

Characteristics of plant secondary 

metabolites 

Plant secondary metabolites are natural 

products that are synthesized by secondary 

metabolism. Basically, they are substances 

manufactured by plants to make them 

competitive in their own environment [10]. 

However, their general characteristics 

include the following:  

They are: 

i.) products of secondary metabolism,  

ii.) found in virtually all plants to some 

degree,  

iii.) common in tropical forages, and 

iv.) play defensive roles to plants  

It is for these and other reasons that anti-

nutrients are found at some level in almost 

all plants and plant products used as animal 

feedstuffs. 

  

Roles of plant secondary metabolites 

Heterotrophic animals and most micro-

organisms depend on autotrophic plant 

materials for energy, since only such plants 

are photosynthetic. In order to survive, 

plants have had to develop defence 

strategies against these organisms, as well 

as other plants that compete for light, space 

and nutrients. They do so by producing 

secondary metabolites and several 

macromolecules, which apart from their 

function in physiology or structural 

maintenance, serve for defence against 

microbes and herbivorous animals. These 

compounds, also called allelochemicals, 

exhibit both defence and signal functions 

[11-13].  Experimental, toxicological and 

circumstantial evidence clearly indicate that 

secondary metabolites and other 

allelochemicals are toxic or deterrent to 

insects and vertebrates, as well as have 

functions that are vital for the fitness of the 

plants producing them [14]. Therefore, their 

structures have been shaped during 

evolution to closely interact with molecular 

targets in cells and tissues or other 

physiological features in animals or 
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microorganisms. These metabolites are 

known to specifically modulate 

corresponding molecular and cellular 

targets, which could be neurotransmitter 

receptors and transmembrane transporters, 

enzymes which degrade neurotransmitters, 

hormone receptors, ion channels, ion 

pumps, or elements of the cytoskeleton, in 

animals or humans [12, 15-17]. Their 

structures may resemble endogenous 

substrates, hormones or neurotransmitters 

and can thus mimic a response at the 

corresponding molecular targets. 

Consequently, there is hardly a target in 

animals or microorganisms for which a 

natural product does not exist, since plants 

provide a wide array of bioactive substances 

[18]. It is on this premise that so many 

natural products can be used in diverse ways 

in biotechnology, pharmacy, medicine and 

agriculture. 

Secondary metabolites are always produced 

as mixtures of several substances, usually 

from different classes, e.g. polyphenolics 

are often accompanied by terpenoids, 

indicating that their activities could be 

additive or synergistic [19]. Therefore, they 

perform many functions that enable most 

plants to withstand various threats from 

herbivores, microbes and the physical 

environment. According to [7, 19], they 

may be constitutive or stored in inactive 

forms in plant parts (phytoanticipins) or 

induced against or in response to microbial 

or insect attacks (phytoalexins). Their main 

roles as highlighted by [17, 20, 21] include 

the following: 

i.) defence against herbivores (insects and 

vertebrates), 

ii.) defence against fungi and bacteria, 

iii.) defence against viruses, 

iv.) defence against other plants competing 

for light, water and nutrients, 

v.) protection against the damaging effect 

of U-V light, 

vi.) signal compounds to attract pollinating 

and seed-dispersing animals, 

vii.) signals for communication between 

plants and symbiotic microorganisms, 

and 

viii.) ix) they may play nutritional roles 

during germination of seeds. 

The increased interest in phytochemicals in 

animal diets has been prompted by the ban 

on ‘in feed’ antibiotics, the removal of 

animal proteins from animal diets and thus 

the increased variety and inclusion levels of 

vegetable protein sources [17]. Extensive 

studies have been conducted on them 

because of the adverse effects that they have 

when ingested by animals, although they 

also have some beneficial effects in animals 

and human beings [22-25). 

 

Classes of anti-nutritional factors 

The anti-nutritional factors in plants may be 

classified on the basis of their chemical 

structure, the specific actions they bring 

about or their biosynthetic origin [4]. This 

classification does not encompass all the 

known groups of anti-nutritional factors, but 

it presents the classes of those frequently 

found in human foods and animal 

feedstuffs. According to [26], anti-

nutritional factors found in animal 

feedstuffs may be classified based of their 

effects on the nutritional value of feedstuffs, 

and on the biological response to them in 

the animal into the following categories: 

i.) Factors with a depressive effect on 

protein digestion and on the utilization 

of protein, such as protease inhibitors, 

phenolic compounds such as tannins, 

and glycosides such as saponins;  

ii.) Factors that affect mineral utilization, 

which include phytates;  

iii.) Factors that stimulate the immune 

system and may cause a damaging 

hypersensitivity reaction, such as 

antigenic proteins;  

iv.) Factors with a negative effect on the 

digestion of carbohydrates, such as 

amylase inhibitors, phenolic compounds 

and flatulence factors.  

However, the major classes of anti-

nutritional factors found in animal 

feedstuffs include glycosides (primarily 

cyanogenic and cardiac glycosides), 

alkaloids, protease inhibitors, amylase 

inhibitors, phenolic compounds, 
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phytohaemagglutinins, phytates, 

terpenes/triterpenes, glucosinolates, 

oxalates, and non-protein amino acids [5, 

27-29]. 

  

Glycosides: Glycosides have been 

recognized as organic compounds of plant 

origin or a heteromolecule made up of one 

or more sugars in combination with a non-

sugar moiety such as an alcohol, a phenol, 

or a complex molecule such as a steroid 

nucleus [30-32]. Many plants store them in 

inactive forms which become activated by 

hydrolyzing enzymes [33]. In general, they 

perform many important functions in living 

things but are also used as medications. The 

two groups which are of particular 

physiological importance to animals are: 

cyanogenic glycosides and cardiac 

glycosides, because of the potential risks 

they pose to humans and animals that 

consume them [34]. 

 

Cyanogenic Glycosides (CGs): They are a 

group of natural nitrile containing plant 

secondary metabolites that release hydrogen 

cyanide (cyanogenesis) due to enzymatic 

breakdown [34, 35]. These compounds 

abound in 100 families and at least 2000 

species of plants [29, 34], many of which 

are used as food. Many economically 

important plants are highly cyanogenic such 

as apples, plums, cherries, almonds, cashew, 

cassava, cocoyam, rubber, sorghum), barley, 

white clover, etc. [35-38]. There are about 

25 identified cyanogenic glycosides out of 

which amygdalin is the most common in 

fruits [34]. 

Cyanogenic glycosides are not toxic on their 

own but are hydrolyzed when plant cell 

structures are disrupted such as chewing by 

herbivores, grinding, pounding and grating, 

presence of water during soaking and 

fermentation, thereby bringing cyanogens in 

contact with hydrolyzing enzymes [39-40]. 

Cyanogenesis is the ability of some plants to 

synthesise cyanogenic glycosides, which 

when enzymatically hydrolyzed, release 

cyanohydric acid or hydrocyanic acid 

(HCN) also known as prussic acid [41]. In 

cassava two types of cyanogenic glycosides 

are produced - linamarin (93%) and 

lotaustralin (7%) [42]. The variation in 

concentration of cyanogenic glycosides in 

plants is determined by age, variety, genetic 

factors, location, soil types and 

environmental conditions [43]. 

The main biological function of CGs is to 

defend plants against distinct animals 

(attacks by insects and herbivores) [44]. 

However, cyanogenic glycosides have been 

implicated in the etiology of several chronic 

diseases, debilitating irreversible 

neurological conditions, and death [34, 45]. 

Therefore, its control, reduction and 

possible elimination in such plants are 

paramount in animal feeding and in food 

safety [45]. 

 

Cardiac glycosides: Cardiac glycosides are 

a unique group of plant secondary 

metabolites comprising the most drug-like 

molecules, which are divided into two main 

classes in plants - cardenolides and 

bufadienolides, with the latter being 

confined to the angiosperms [46]. They 

occur in small amounts in the seeds, 

vacuoles, stems, roots and bark of flowering 

and non-flowering plants. According to 

[47], the most commercially important 

sources of cardiac glycosides are Digitalis 

purpurea, D. lanata, Strophanthus gratus, 

and S. Kombe. Cardiac glycosides are C23 

and C24 steroids with the ability to exert 

specific powerful action on the cardiac 

muscles, but are also responsible for the 

poisoning of livestock [46]. 

  

Alkaloids: Alkaloids are traditionally 

defined as basic (alkali-like) nitrogen-

containing organic constituents that occur 

mainly in plants [48]. They can also be 

defined as a group of biologically active and 

heterocyclic chemical compounds 

containing nitrogen and may have some 

pharmacological activity, and in many 

cases, medicinal or ecological use [49]. 

They were initially considered to be 

exclusive to plants, but many types have 

been isolated from amphibians [50].  Over 
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10,000 alkaloids are known with narcotine 

as the first one to be discovered [29]. 

Alkaloids are common in the Angiosperms 

or are most abundant in 25% of higher 

plants (mono- and dicotyledons), but rare in 

lower plants, although there are exceptions 

[27, 29]. The highest alkaloid 

concentrations are believed to occur in the 

ovules, seeds, and immature fruits of plants 

[51]. Hegnauer [52] defined alkaloid plants 

as those species which contain more than 

0.01% of alkaloids. Alkaloids can be 

classified in terms of their, biological and 

ecological activity, chemical structures, and 

biosynthetic pathway [27, 29]. Structurally, 

they are divided according to their shapes 

and origins into true alkaloids, 

protoalkaloids, and pseudoalkaloids. 

According to [29] alkaloids are historically 

and contemporaneously the only molecules 

of natural origin with highly important 

benefits and diagnostic uses. He further 

noted that they are the most useful and also 

the most dangerous products of nature. They 

are among the most important drugs in 

human history [53]. 

 Biologically, the most important points 

about them are that they are active at 

different cellular levels of organisms, and 

they are involved in the biological processes 

of plants, animals and micro-organisms 

[27]. In nature, it is difficult to generalize 

the effects of alkaloids present in feeds but 

they are considered to play very important 

roles in plant–animal interactions. 

Pollinators and grazing animals are exposed 

to a wide range of alkaloids since they 

subsist on plants, and they act as both 

attractants and deterrents to herbivorous 

animals, being more toxic to vertebrates 

than invertebrates [54]. The main role of 

alkaloids in plants revolves around defense 

against herbivores and predators by toxicity, 

anti-nutritive, and repellent substances [53]. 

They are naturally non-toxic in plant 

vacuoles where they are stored but become 

toxic when they are discharged and undergo 

changes in their chemical configurations 

and biological activities on the basis of 

changes in PH in different cells and tissues 

[27]. Some of their main effects according 

to [44, 53, 55-57] include the following: 

i.) Reduced palatability and act as feeding 

deterrents by bitterness e.g. quinine, 

ii.) Disruption of protein function following 

ingestion and metabolism, and nervous 

system alteration, 

iii.) Alkaloid toxicity involves neurotoxicity 

or cell signaling disruption, thereby 

affecting different metabolic systems in 

animals using different toxic 

mechanisms, 

iv.) Significant financial losses are usually 

experienced in livestock production due 

to alkaloid toxicity, 

v.) v) Musculo-skeletal deformities, muscle 

weakness, frequent urination and 

defecation, ataxia, collapse and death by 

respiratory failure in livestock, and 

vi.) Multiple congenital deformities in pigs, 

goats, cattle and sheep. 

 

Protease Inhibitors: Generally, enzyme 

inhibitors are substances that reduce the rate 

of an enzyme catalyzed reaction [4]. 

Proteases are a group of enzymes 

responsible for protein digestion, whose 

actions can be inhibited by protease 

inhibitors. Fan and Guo-Jiang [58] classified 

digestive proteases into four major groups: 

serine proteases, cysteine proteases, 

metaloproteases and acid proteases. It has 

been well noted that they occur in 

abundance in leguminous species [59, 60]. 

Protease inhibitors act via the formation of a 

proteinaceous or non-proteinaceous 

enzyme– inhibitory molecule complex [60]. 

They are known to bind an enzyme through 

a reactive or inhibitory site, thereby 

preventing the enzyme from binding to the 

substrate [61-63]. These result in inability of 

the enzyme-inhibitor complex to ensure 

substrate hydrolysis due to decreased 

catalytic potential [60]. Profound 

interference with several physiological and 

biological processes ensue, such as 

inflammation, blood clotting, apoptosis, 

hormonal actions, etc. [64]. Serine proteases 

are trypsin and chymotrypsin, which are 

involved in protein digestion in humans and 
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animals. Trypsin and chymotrypsin 

inhibitors impair protein digestion with a 

resultant anti-nutritional effect and a 

concomitant deleterious effect on growth 

[60]. These, including pancreatic 

hyptertrophy, have been observed by [65]. 

 

Amylase Inhibitors: Another group of 

enzyme inhibitors found in plants are those 

that slow down the rate of carbohydrate 

digestion, known as amylase inhibitors. The 

two major amylases in monogastric animals 

are α-glucosidase and α-amylase. They are 

found in the brush boarder of the small 

intestine where they act on oligosaccharides 

and disaccharides, to form absorbance 

monosaccharides[66,67]. Other compounds, 

such as phenolic compounds e.g. flavonoids 

and tannins, and terpenoids exhibit α-

amylase inhibitory tendencies [28]. Studies 

have revealed the existence of a large 

number of plant α-amylase inhibitors [68, 

69], such as in Cajanus cajan, camelina, 

amaranthus, bougainvillea, guava, etc. [70-

72]. Amylase inhibitors delay carbohydrate 

digestion with a consequent reduction in 

glucose absorption and are therefore anti-

hyperglycaemic [67, 73, 74]. According to 

[28] such compounds have demonstrated 

activities consistent with their possible use 

as antidiabetic drugs. However, they can 

have a growth inhibitory effect in animals 

by reducing energy for metabolic processes 

e.g. arcabose [28, 67]. 

  

Phenolic Compounds: These are a class of 

naturally occurring plant secondary 

metabolites broadly divided into phenolic 

acids and polyphenols [75]. They are 

common in fruits, vegetables, cereals, and 

beverages [76]. Scalbert et al. [77] 

identified the main classes as phenolic 

acids, flavonoids, stillbenes and lignans. 

Pandey and Rizvi [76] also noted that 

polyphenols and other food phenolics have 

become the subject of increasing scientific 

interest owing to their possible beneficial 

effects on human and animal health. In their 

opinion, flavonoids are the most studied 

class of polyphenolics out of the over 8000 

polyphenolic compounds identified in 

plants. The major types of phenolic 

compounds identified in herbs include 

phenolic acids, flavonoids, tannins, 

coumarins, lignans, quinones, stilbenes, and 

curcuminoids [78].  However, the most 

important dietary phenolic compounds are 

phenolic acids, flavonoids, and tannins [79]. 

Phenolic compounds possess antioxidant 

potentials which are attributed to their 

capacity to scavenge free radicals, donate 

hydrogen atoms and electrons, or chelate 

metal cations [80-82]. In general, they are 

involved in defense against ultraviolet rays 

of the sun or aggression by pathogens [83]. 

However, they may be implicated in 

bitterness, odour, flavour, astringency, and 

oxidative stability of foods [76]. The 

presence of tannins is believed to be 

responsible for the astringent taste of some 

leaves and fruits [84]. They also noted that 

hydrolysable tannins can affect 

monogastrics by reducing growth rates, 

protein utilization and causing damage to 

the mucosa of the digestive tract, thereby 

increasing the excretion of protein and 

amino acids. 

 

Haemagglutinins: Haemagglutinins, also 

known as lectins, are natural proteins 

present in both plant and animal tissues 

possessing the ability to agglutinate 

erythrocytes [85]. They also lyse 

erythrocytes via their lectin activity [86]. 

They are also called phytohaemagglutinins 

because they were originally found in plant 

extracts, which gave rise to the conception 

that they are almost exclusively plant 

proteins [85, 87]. Lectins and 

hemagglutinins are proteins/glycoproteins, 

which have at least one non-catalytic 

domain that exhibits reversible binding to 

specific monosaccharides or 

oligosaccharides [88]. They are known to 

bind carbohydrates and the name 

haemagglutinin is actually used when the 

sugar specificity is unknown. Initially lectin 

refers to the ability of some carbohydrate–

binding proteins to selectively agglutininate 

erythrocytes of a particular human blood 
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group [89]. Therefore, they opined that 

agglutinins may be more correct because the 

term lectin was widely applied to all 

proteins with more general agglutination 

behaviour and hence the ability of the 

carbohydrate-binding proteins to agglutinate 

erythrocytes or other cells. They are 

ubiquitous in nature, found in various 

families of plants, and hence are consumed 

in appreciable amounts daily by both 

animals and human beings [90]. 

According to [89] there are three major 

classes of lectins based on their overall 

structure namely, merolectins, hololectins, 

and chimerolectins. They may be natural 

purified or recombinant lectins. Three major 

groups of natural lectins are plant, animal, 

and mushroom lectins [88]. Ramteke et al. 

[91] identified the following features of 

lectins amongst others. They are: 

i.) present in legumes, 

ii.) found in both plant and animal tissues, 

iii.) toxic and combine with glycoprotein 

components of red blood cells to cause 

their agglutination, 

iv.) resistant to digestion by pancreatic 

enzymes, and 

v.) resistant to dry heat but are moist-heat 

(steam) labile. 

Lectins are present in the seeds of a number 

of legume species consumed by humans and 

animals. Hill [92] recognized kidney bean 

(Phaseolus vulgaris) as the main legume 

species high in lectins, which are also found 

in P. coceineus and P. acuitifolius. Some 

legumes exhibit zero lectin activity, namely, 

Soya bean, Cowpea, Mung bean, Garden 

pea, Pigeon pea, Chick pea, etc. 

Lectins are involved in establishing the 

symbiotic relationship between legumes and 

nitrogen-fixing bacteria (Rhizobium 

leguminosarum) [85, 89]. According to [85], 

two proposals were made in the 1970s on 

the roles of plant lectins in protection and 

symbiosis, namely, 

i.) They are involved in the association 

between leguminous plants and their 

symbiotic nitrogen fixing bacteria [93, 

94], and 

ii.) Lectins protect plants against 

phytopathogenic micro-organisms, 

insects and predatory animals [95, 96]. 

Although lectins are toxic, they do not 

completely protect plant parts or their seeds 

from consumption, and the reaction of 

avoidance by the animal may be beneficial 

for the survival of the species [89]. In a 

review of anti-nutritional properties of 

lectins, [90] opined that they survive 

digestion in the gastrointestinal tract, and 

cause series of harmful local and systemic 

interactions, which present them as anti-

nutritive and/or toxic substances. According 

to them, locally, they can affect the turnover 

and loss of gut epithelial cells and damage 

luminal epithelial membranes, interfere with 

digestion and absorption of nutrients, 

stimulate shifts in the bacterial flora and 

modulate the immune state of the digestive 

tract, as well as intestinal and systemic 

metabolism. The main effect of lectins on 

humans and animals occurs through their 

interference with digestion in the small 

intestine. They cause rapid body weight loss 

in animals while the weight of the small 

intestine increased [92]. He therefore, 

proposed that lectin-containing seeds should 

be processed by heat treatment before being 

fed to monogastric animals. 

   

Phytate: According to [97, 98], phytate, 

which is widely distributed in all seeds and 

possibly all plant cells, is the salt of phytic 

acid consisting of an inositol ring and at 

least one phosphate group. The biosynthesis 

of phytate is initiated just after flowering 

and continuous accumulation occurs from 

development to seed maturity and 

desiccation [98]. They are abundant mainly 

in the protein-aleurone layer in cereals, 

except in maize in which it is abundant in 

the embryo [99, 100]. As much as 80% of 

total seed phosphorus is in the form of 

phytic acid, making it a primary storage 

compound of phosphate as energy source 

and antioxidant for the geminating seeds 

[101, 102]. 

Phytate is sometimes considered as an anti-

nutritional factor because it is implicated in 
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the impaired absorption of minerals [2]. The 

presence of phytate in diets is of major 

concern due to its negative effect on mineral 

uptake which makes bone mineral 

deficient. It capable of chelating metal 

cations, primarily iron, zinc, calcium, as 

well as proteins and digestive enzymes, 

such as pepsin, amylase, and trypsin [101]. 

Therefore, dietary phytate has received 

much attention as an antinutrient, since the 

chelating effects of phosphate groups cause 

phytic acid to bind to mineral cations, 

especially Zn2+ and Cu2+ [98]. Mineral 

deficiencies in bones and malnutrition are 

known consequences of a homogenous and 

high dietary phytate or phytic acid acting as 

antimetabolites [102, 103]. Bohn et al. [98] 

reported that the capability of phytic acid to 

bind minerals makes it an anti-nutritional 

factor because the solubility of the phytic 

acid:metal complexes are low at the PH of 

the major part of the small intestine. They 

also reported that in monogastric animals, 

phosphorus in the form of phytic acid is 

largely unavailable as a nutritional factor 

because insufficient degradation capabilities 

in the gastrointestinal tract prevent the 

bioavailability of phosphorus. Therefore, 

pig and poultry feeds are traditionally 

supplemented with inorganic phosphate to 

meet their optimal requirements for growth. 

Different processing strategies have been 

tried with the use of phytic acid hydrolyzing 

enzymes adjudged to be most beneficial. 

Such phytases have been used as feed 

additives with multiple benefits such as 

increasing mineral, phosphorus and energy 

uptake. In pigs, yeast phytase were found to 

be resistant to denaturation in a grain-based 

diet mixed with rice leaves [104]. 

Consequently, degradation of phytic acid 

and the release of phosphorus and minerals 

have been of great interest to human and 

animal nutritionists as well as ecologists 

[98]. 

 

Terpenes/Terpenoids: Terpenes are a 

collection of organic compounds primarily 

synthesized by plants as their secondary 

metabolites, usually with strong aroma, and 

produced in part for defense or to help them 

deter insects and parasitic micro-organisms 

[105-107]. They are also produced by 

animals, microbes, insects, plant pathogens, 

endophytes and marine organisms [108], 

and are present as miscellaneous lipids in all 

living organisms and natural products [109-

110]. 

They occur in all plants and represent the 

largest class of and most structurally diverse 

plant natural products or secondary 

metabolites - over 55,000 isolated members, 

with wide applications [111, 112]. The 

structures of terpenes are built from five 

carbon isoprene or isopentane units 

assembled in thousands of combinations 

[108, 111]. Each isoprene unit has the 

molecular formular C5H8. According to 

[108], the classes of terpenes based on the 

number of isoprene units are:  

i.) Hemiterpenes: one (1) isoprene unit 

or five (5) carbon atoms, which is not 

usually considered to be a terpene, but may 

form oxygen-containing derivatives such as 

prenol and isovaleric acid [113].  

ii.) Monoterpenes:  two (2) isoprene 

units or ten (10) carbon atoms.  

iii.) Sesquiterpenes: three (3) isoprene 

units or fifteen (15) carbon atoms. 

iv.) Diterpenes: four (4) isoprene units or 

twenty (20) carbon atoms.  

v.) Sesterpenes: five (5) isoprene units 

or twenty five (25) carbon atoms.  

vi.) Triterpenes: usually contain six (6) 

isoprene units or thirty (30) carbon atoms.  

vii.) Sesquarterpenes: contain seven (7) 

isoprene units or thirty five (35) carbon 

atoms.  

viii.) Tetraterpenes: contain eight (8) 

isoprene units or fourty (40) carbon atoms.  

ix.) Polyterpenes: contain ten (10) or 

more isoprene units or fifty (50) or more 

carbon atoms. (However, [114] identified 

terpenes with greater than 8 isoprene units 

as polyterpenes, with the general formular 

(C5H8)n.  

Terpenes are more commonly found in 

corniferous species but they are also found 

in other plant phyla such as angiosperms 

[115]. Generally, the plant surface structures 
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such as stem, bark, leaves, and fruits are the 

main sources of terpenes [116]. Terpenoids 

is a broader term covering modified 

terpenes either by oxidation, reduction or 

rearrangement of the carbon frame [108], 

and is synonymous with terpenes [117]. 

They are synthesized by plants in response 

to herbivory and stress, and are also emitted 

by flowers to attract pollinating insects 

[101]. Furthermore, attack by herbivorous 

insects induce the release of terpenes which 

serve as attractants of predatory species or 

parasites and facilitate the location of the 

attacked plants [118-122]. Terpenes are 

known to inhibit the growth of rumen 

microorganisms, which are important for the 

breakdown of cellulose [14]. Terpenes also 

influence ungulate herbivory on other plants 

and may serve as a basis for balancing the 

diets of ruminants. Sheep are known to 

tolerate terpenes if they consume more 

grains [123]. They are also believed to play 

anti-feedant roles [124]. In general, they 

have diverse biological, pharmacological, 

and therapeutic effects. 

  

Glucosinolates: These constitute a group of 

secondary metabolites of plants of the 

family brassicaceae (cruciferae) within the 

order brassicales (previously known as 

capparales), which embrace the mustard and 

cabbage family [125-127]. They are a 

family of more than 120 plant compounds 

consisting of sulphur and nitrogen 

containing phytochemicals (thioglycosides) 

derived from several amino acids and 

occurring naturally as potassium or sulphate 

salts [128]. Glucosinolates and their 

miscellaneous breakdown products are 

generally known as mustard oil glucosides 

or thioglucosides [129]. The most common 

glucosinolates in dietary crucifers are 

glucobrassicin, glucoraphanin, or progoitrin. 

They are also found in at least 500 species 

of non-cruciferous plants [128]. 

In the producing plants, glucosinolates 

constitute part of an innate defense system 

[126, 129]. They are widely distributed in 

plant tissues/parts (seeds, leaves, root, 

stems, bark), with the highest concentration 

in seeds [128] and youngest tissues [130]. 

Glocosinolate-containing plants have 

always made major contribution in human 

and farm animals’ diets, such as cabbage, 

swede/turnip, raddish, brocole, roped/ 

cangla, and crops and crop residues used as 

animal feedstuffs such as canola/rapeseed 

and its cake, kale, turnip, etc. [131]. The 

plant content of glucosinolates depends on a 

variety of conditions such as a soil fertility, 

environmental factors, pathogenic 

challenge, and plant growth regulators [128, 

132]. 

On their own, they are relatively 

biologically inactive but upon tissue 

disruption they are hydrolyzed to produce 

many structurally diverse products with 

different biological activities [131]. When 

plant tissues are damaged by herbivory, 

contact between glucosinolates and the 

myrosinase (sequestered in different 

compartments) is established resulting in 

hydrolysis and the formation of 

thiocyanates, nitrites and elemental sulphur 

[128, 129]. These compounds are toxic to 

humans and farm animals, and impair iodine 

uptake and synthesis of thyroid hormones, 

resulting in hypothyroidism and 

enlargement of the thyroid gland (goitre) 

[133]. In swine and poultry goiterous 

swelling of the neck is not apparent [134]. 

Bischoff [135, 136] highlighted some of 

their beneficial effects as regulatory 

functions in inflammation, stress response, 

phase 1 metabolism, and antioxidant 

activities, as well as direct antimicrobial 

properties. He also noted that high levels of 

glucosinolates in livestock rations may 

result in reduced feed intake and 

growth, gastrointestinal 

irritation, goiter, anemia, and hepatic 

and renal lesions. Adverse effects in 

monogastric animals include; reduced egg 

production and plasma urate levels in layers 

[137]; decreased feed intake and significant 

reduction in weight gain in broiler chicks 

[138], reduction in litter size, delayed sexual 

maturity, impaired conception rates, 

decrease in litter weight and hypothyroidism 

in pigs and piglets [139], etc. However, 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/gastrointestinal-irritation
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/gastrointestinal-irritation
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/goiter
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/anemia
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/kidney-injury
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[140] highlighted reduced palatability, 

decreased growth and production as the 

major deleterious effects of glucosinolates 

ingestion in animals. 

 

Oxalates: Chemically, oxalates are salts of 

oxalic acid, an organic acid occurring in 

both plants and animals, and generally 

accumulates as a metabolic end product in 

the form of a free acid [141]. They occur 

naturally in relatively small amounts in 

many plants where they are synthesized by 

incomplete oxidation of carbohydrates 

[142]. The highest levels of oxalates are 

found in amaranth, cocoyam, spinach, sorrel 

(oxalis), rhubarb and purslaine [143]. 

According to him, they are also present in 

high levels in cocoa, potatoes, almonds, 

cashews, peanuts, beans, sweet potato, 

beetroot, and raw carrots, with differences 

in levels among plants being probably due 

to differences in growth conditions, 

cultivars, and plant part used. The 

distribution within plants is also uneven as 

[144] observed that it is highest in the leaves 

followed by the seeds and stems. This had 

also been confirmed for amaranth, spinach 

and beetroot [145, 146]. High levels have 

also been observed in cocoyam, yam, and 

sweet potato [147, 148]. 

High levels of oxalates in some tropical 

plants have generated some concern. 

Oxalates are readily absorbed after ingestion 

but cannot be metabolized in mammals and 

are primarily eliminated through renal 

excretion. Bioavailability of oxalates in 

foods and feeds exert a negative effect on 

calcium and iron absorption [149]. The 

adverse effects of oxalates should therefore 

be considered in terms of oxalate:calcium 

ratio, with 9:4 as the optimal limit [143]. 

Oxalates can have harmful effects on human 

and animal health by reducing calcium 

absorption and aiding the formation of 

kidney stones [150]. 

  

Non-Protein Amino Acids (NPAAs): 

Amino acids are the building blocks of 

proteins and there are thousands of them in 

nature, out of which only twenty are directly 

involved in protein structure [151]. All other 

amino acids other than the twenty 

incorporated in proteins are known as non-

protein amino acids [151, 152]. Over 900 

NPAAs have been reported in a variety of 

plants, which they are mainly found in the 

seeds of legumes [153], although they also 

occur in their leaves. 

At least 20 non-protein amino acids are 

known to be toxic to humans and livestock 

[154]. This has been confirmed by Bell 

[155], who reported that an NPAA, 

indospicine, is hepatotoxic to sheep, cows 

and rabbits, and has caused abortions in 

pregnant animals. Another one – mimosine, 

is associated with alopecia on the tail, ear, 

face and umbilical sheath in cattle and sheep 

fed large amounts of Leucanea, which is 

known to be rich in mimosine [156]. In 

pregnant gilts it is linked with high 

incidence of resorption of foetuses and limb 

deformities in others. In monogastric 

animals, they can cause productive 

abnormalities and limb deformities (pigs), 

and residual effects in tissues (chickens). 

Basic processes such as protein synthesis, 

urea synthesis and neurotransmission may 

be disrupted [155]. 

 

An overview of modes of action of anti-

nutritional factors in animals 

Plant secondary metabolites, some of which 

act as anti-nutritional factors, are well 

known for their toxic and hallucinogenic 

properties [15, 16]. Wink and Schimmer 

[14] noted that although the structures of 

many of these anti-nutritional factors are 

well known, there is fragmented and 

incomplete knowledge of their molecular 

modes of action. Such knowledge is, 

however, necessary to understand the 

functions of anti-nutritional factors in the 

producing organism, and for the rational 

utilization of their modes of action in 

animals that ingest them. As previously 

noted, several authors have confirmed that 

they specifically modulate corresponding 

molecular and cellular targets. The ability of 

their structures to interact with many 

different molecular and cellular targets, and 
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thus mimic a response at the corresponding 

molecular target is known as “evolutionary 

molecular modelling” [17]. 

The potential targets in animals include 

mercapto or sulfhydryl groups (SH) of 

proteins, amino group (NH2), and amino 

acids of proteins, although they can 

modulate any cellular target [14]. Thus, 

plants produce a wide range of bioactive 

substances, and many of these substances 

are already in widespread use in 

biotechnology, pharmacy, medicine and 

agriculture [17]. Anti-nutritional factors are 

multi-target substances, produced as a 

mixture of different classes, making it more 

difficult for herbivores and microbes to 

resist them [157, 158]. Furthermore, the 

activity of individual metabolites in the 

mixtures may be additive or apparently 

synergistic [159-161]. Anti-nutritional 

factors have a wide range of biological 

activities, from their biochemistry and 

functions, as components of feedstuffs that 

animals eat or can eat. This gives room for 

considerable interactions between ingested 

anti-nutritional factors and tissues, enzymes 

and other compounds within the animal 

[17]. They also noted that the interactions 

during absorption, deposition, metabolism, 

and excretion are highly dependent on the 

physico-chemical attributes of the 

compounds involved and their susceptibility 

to transformation. 

Upon ingestion of plant secondary 

metabolites by humans and animals, the 

following physico-chemical factors exert 

profound influence on them: molecular size 

and architecture; pH of the environment; 

hydrophilicity; lipophilicity; charge and 

polarity; ability to form micelles; solubility. 

[17, 20]. Following the modulation of 

molecular targets, there is a negative 

influence on its communication with other 

components of the cellular network, 

especially proteins (crosstalk between 

proteins), elements of signal transduction, or 

membrane functions. Consequently, the 

metabolism and function of the whole 

organism, starting from cells to tissues, 

organs, and systems, is affected. 

 

CONCLUSION 

The scientific evidences reviewed herein 

reveal certain critical issues about plant 

secondary metabolites that are anti-

nutritional factors in animal feedstuffs. They 

are integral parts of plants and their 

products, occurring naturally in all parts of 

plants as a defense mechanism against their 

natural predators. Primarily, they are 

generated in natural feedstuffs by the 

normal metabolism of species and by 

different mechanisms and exert effects 

contrary to optimum nutrition. Apart from 

their function in physiology or structural 

maintenance, they serve for defence against 

microbes and herbivorous animals, and 

specifically modulate corresponding 

molecular and cellular targets in animals 

and humans. They exist as mixtures of 

diverse metabolites, with additive or 

synergistic activities that may be beneficial 

or harmful to animals and human beings. In 

animal feedstuffs, they may affect protein 

digestion and utilization, and mineral 

utilization, stimulate the immune system 

and may cause a damaging hypersensitivity 

reaction, or exert negative effect on 

carbohydrate digestion. The classes they 

belong to may be: glycosides, alkaloids, 

protease inhibitors, amylase inhibitors, 

phenolic compounds, phytohaema-

gglutinins, phytates, terpenes/triterpenes, 

glucosinolates, oxalates, and non-protein 

amino acids. The wide array of effects they 

exert find diverse uses in in biotechnology, 

pharmacy, medicine and agriculture, since 

there is hardly a target in animals or 

microorganisms for which a natural product 

does not exist. Amongst them, alkaloids 

with highly important beneficial and 

diagnostic uses, are also adjudged to be the 

most useful and the most dangerous 

products of nature. Anti-nutritional factors 

act via their ability to interact with diverse 

molecular and cellular targets, by 

mimicking responses at molecular targets, a 

phenomenon known as “evolutionary 

molecular modelling.” Their potential 

targets are mercapto or sulfhydryl groups 
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(SH) of proteins, amino groups (NH2), and 

amino acids of proteins, although they can 

modulate any cellular target in animals. 

Upon ingestion, their actions depend on 

molecular size and architecture; pH of the 

environment; hydrophilicity; lipophilicity; 

charge and polarity; ability to form micelles; 

solubility. By the concept of crosstalk 

between proteins, they affect the 

metabolism and functioning of the whole 

organism, starting from cells to tissues, 

organs and systems. 
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