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ABSTRACT

Phytic acid (myo-inositol hexakisphosphate or IP6) is a biochemical compound found abundantly
in seeds, grains, and legumes. It plays multiple important role in plants such as in metabolism, defense,
tolerance towards stress, including its crucial importance in phosphorus storage and germination of seed.
Inspite of its significant potential in plants, phytic acid is not considered as favourable for animal and
human nutrition due to its chelating interaction with minerals. This review intend to explore the biological
importance of phytic acid in plants and environment as well associated challenges.
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1. Introduction

Phytic acid (myo-inositol hexaphosphoric acid) was first identified by Pfeffer in 1872 (Oberleas ,
1972). It is the primary storage form of Phosphorus in plant seeds. About 80% of the total phosphorus in
mature grains and legumes exists as phytic acid (Lott et al., 2000). It accounts for 1% to 5% of the total
weight of edible legumes, cereals, oil seeds, and nuts etc. (Reddy et al., 1982). In small grained cereals,
90% of the seed phytic acid is present in the aleurone and the remaining 10% in the scutellum. In maize
crop the localization is in contrast i.e 90 % in scutellum and 10% in the aleurone.

Phytic acid is biosynthesized primarily from glucose-6-phosphate after a series of steps of
phosphorylation. It is mainly stored in protein storage vacuoles in the form of phytate salts (Raboy, 2003).
The synthesis and deposition mainly occur during seed maturation. The various plant products that are
rich sources of phytic acid are oil seeds, whole grains, and legumes etc. The yearly global production of
phytic acid is estimated to be greater than 51 million metric tonnes which equals almost 65% of the
elemental phosphorus sold worldwide for use in mineral fertilizers. (Lott, 2000).

In phytate form, Phosphorus has a low bioavailability in monogastric animals including human.
This is due to little or no activity of an enzyme called as phytase which bearkdown phytate by hydrolyzing
it. (Sandberg and Andersson, 1988).

Phytate-Mineral Interaction:

Phytate has a tendency to form complexes with divalent and trivalent cations, affecting their
availability for absorption in the digestive tract (bioavailablity). Hence it has a negative impact on
bioavailabilty of important macro and micronutrients such as zinc, iron, calcium, copper, manganese, and
magnesium etc. Phytic acid actually forms a mixed salt of potassium, calcium, magnesium or zinc and
referred to as phytin and is deposited as globoid particles in single membrane vesicles together with
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protein (Lott, 1984). The bioavailabilty of certain elements are essential to humans which if found in
deficient quantity may create serious ailments in body. Zinc is a very important micronutrient playing vital
role in DNA synthesis and formation of new cells by participating in cell devision. It is required as a
cofactor in over 300 enzymatic reactions including metabolism, digestion, nerve function etc. It is crucial
for cognitive function learning abilities in children serves as antioxidant protecting cells from oxidative
stress. Its role in modulating the immune system and reducing inflammation is further highlighted
(Gammoh and Rink 2017)

Iron is essentially required for transport of oxygen by being an irreplaceable component of
haemoglobin. It also plays a crucial role in development of brain, in synthesis of chemical messengers
such as dopamine, serotonin etc. which are important for mood and cognitive functions. The role of Iron
in cellular energy metabolism has also been reviewed (Teh et. al. 2024 )

Calcium is vital for bone and dental health, contraction of muscles, clotting of blood, and nerve
transmission. It also influences enzyme activity and hormonal secretion. Its important role in signalling
pathways and metabolic health is also suggested (Humbert et al. 2023)

Magnesium is involved in over 300 enzymatic processes including energy production, DNA
synthesis and muscle and nerve function and bone development. The role of magnesium in cardiovascular
has also been suggested (Song and Liu 2012). Manganese supports enzyme functions, bone development
and wound healing. It also plays roles in nutrient absorption, thyroid function and metabolism of fats,
carbohydrates, and glucose. Its importance in neurological function and its potential protective effects
against oxidative stress has also been suggested (Aschner 2000)

Phytate-Protein Interaction:

Phytate also interacts with proteins, affecting their digestibility and enzymatic activity. Phytate
interactions with proteins are pH-dependent and can form complexes with protein at both acidic and
alkaline pH (Cheryan, 1980). Phytate's interaction with proteins can affect changes in protein structure,
decreasing enzymatic activity, protein solubility, and proteolytic digestibility. The inhibitory effect
increases with the number of phosphate residues per myo-inositol molecule and the myo-inositol
phosphate concentration. This inhibition may be due to the non-specific nature of phytate-protein
interactions, the chelation of calcium ions essential for the activity of trypsin and a-amylase, or the
interaction with the substrates of these enzymes.

Phytate can be a huge problem in if the staple food crops are grown in mineral deficient soil as it
will depress the bioavailabilty of even the limited amount of mineral present in the grains or seeds of such
crops. Phytic acid has attracted attention due to its dualistic nature—being both advantageous for plants
and disadvantageous for human nutrition.

3. Benefits of Phytic Acid in Plants

Phytic acid serves as a major phosphorus reservoir in seeds. During germination, phytase enzymes
degrade Phytic acid, supplying phosphorus for cellular metabolism and seedling growth (Lott et al.,
2000). It is considered to possess strong antioxidant activity by chelating transition metals such as Fe?*
and Cu?', thereby preventing oxidative damage to DNA and cell membranes (Graf and Eaton, 1990).
This function is particularly important under environmental stress conditions. It also facilitates to remove
from free radicals in human body in similar way. If left unobserved free radicals can contribute to the
development of certain diseases and cancer.

By forming insoluble complexes with toxic metals like lead and cadmium, Phytic acid helps
mitigate metal toxicity in plants grown in contaminated soils. This chelation mechanism can be
advantageous in phytoremediation strategies. (Guayjarernpanishk and Sampanpanish ,2024)

Phytic acid contributes to plant defense by modulating signaling pathways associated with
pathogen response. It also plays roles in drought and salt stress tolerance by influencing osmotic balance
and ion homeostasis.
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Phytic acid indirectly contributes to osmoregulation under drought or salinity stress by influencing
ion balance and water retention. Inositol (a product of PA metabolism) is a known osmoprotectant. Phytic
acid also helps stabilize protein complexes and membranes under heat and desiccation stress. The
antioxidant nature of phytic acid helps protect stored seeds from oxidative rancidity, thus improving seed
longevity and viability during storage. This is critical for seed banks, grain storage, and agriculture in arid
regions.

4. Role of Phytic acid as Neutraceutical

Phytate plays an important role in preventing development of kidney stones by abstaining the
formation of calcium oxalate and calcium phosphate crystals (Grases et al., 2004). Few studies found it
having anti-diabetic properties (Omoruyi et al., 2013). It has also been found beneficial against coronary
heart disease (Jariwalla et al., 1990). It has also been found to have anticarcinogenic against various
kinds of cancers.

5. Phytic acid as an Antinutrient

Phytic acid is labelled an anti-nutrient due to its strong chelation of essential dietary minerals like iron,
zinc, calcium, and magnesium, reducing their bioavailability (Sandberg, 2002). This is particularly
concerning in populations relying heavily on cereal-based diets.

Monogastric animals (e.g., poultry, pigs, and humans) lack endogenous phytase enzymes to break down
PA, leading to poor phosphorus utilization. As a result, PA-rich feed contributes to phosphorus excretion
and environmental pollution (Eeckhout & De Paepe, 1994)

Since phytic phosphorus is not readily bioavailable, a significant portion of dietary phosphorus is wasted
unless supplemented with exogenous phytases or low-phytate crops (Raboy, 2009). This inefficiency adds
cost and complexity to food and feed industries.

6. Efforts to mitigate the nutritional drawbacks of Phytic acid

Various preparation methods such as milling, soaking, germinating, fermenting, and incorporating
vitamin C are discussed as ways to reduce phytic acid content in foods and improve mineral absorption.
Breeding low-phytate cultivars with reduced phytic acid concentration and opting for Transgenic
approaches to suppress key enzymes in the PA biosynthesis pathway could be another great alternative to
prevent phytic acid in the crop itself.

Application of microbial phytases in food processing and animal feeds to improve mineral
bioavailability has also been suggested (Pedersen, 2013).

7. Conclusion

Phytic acid is an essential molecule in plant biology, contributing to nutrient storage, stress
tolerance, and detoxification. However, its negative implications in human and animal nutrition warrant
biotechnological interventions. Future research should balance the ecological and physiological roles of
Phytic acid in plants with the need for improved mineral nutrition in consumers.
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