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Abstract — Cereals are one of the staple food that is being consumed all over the world and are grown in large
guantities than any other types of crops. Cereals have good nutritional value and provide most of vital nutrient that is
required by the body. Phytic acid is one of the major anti-nutritional component that is found within the cereal.
Phytic acid is also called inositol hexakisphosphate and is one of the major storage form of phosphorous in cereals.
Phytase is the enzyme which is responsible for the reduction of phytic acid. There are some factors that affect the
phytase activity and phytic acid content, germination and temperature are one of those factors. Many studies has
shown that Germination and temperature have direct effect on phytase activity and phytic acid content of cereals.
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l. INTRODUCTION

Cereals are seeds or grains of Gramineae family. Cereals are the prevailing crops in the agricultural world,
with a total harvesting of 2500 million tonnes globally in 2011, consisting of 723 million tonnes of rice, 704
million tonnes of wheat, 883 million tonnes of maize and other minor cereal in lesser amount [1]. There has
been long history of cereals being used by humans for food [2]. Evolution of a numerous crops of cereals have
showed that there is primarily the similar evolving pattern of all cereals crops from wild grasses to cultivated
plants [3]. Cereals have advantage over many crops due to its ease of cultivation, growth, storage and transport.
This ease of production and handling facility which is provided by cereals crop is the reason behind for being
the staple for humans civilization for over 10,000 years [4]. Cereal as a whole grain is rich source of essential
nutrients like carbohydrate, fats, oils, protein, vitamins and minerals [5]. Cereals like Rice, wheat, sorghum,
barley and maize are grown in approximately 700 million hectares globally and together they constitute almost
40% of the energy and protein part of the human diet. Cereals contribute a vital role in the food security both at
present and at future level [6]. One of the influential characteristic for the propagation of plant species is
germination and development of new seedling. Germination is thought to be the most crucial phase in the life
cycle of any plant because at the time of germination seeds are at high susceptibility to being getting damage,
disease, and water or environmental problems [7]. The process of germination compromises of events beginning
with the uptake of water by the dry mature seed and ending with the projection of the radicle through the seed
envelopes [8]. During the period of germination the materials which are reserved gets degraded which are
commonly utilized for respiration and synthesis of new cells preceding to developing embryo. Germination
process affects the seed by increasing its nutritional contents [9]. There are several factors that affect the
germination process, Temperature and moisture are one of those important factor which affect the germination
process and the rate of germination of non-dormant seeds. For the germination of seed plant have base or

minimum, optimum and ceiling temperatures. The lowest temperature at which germination occur is base or
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minimum temperature. The optimum temperature is that temperature in which germination rate are at highest
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and the maximum or ceiling temperature is that temperature above which no germination of seeds take place
[10].

Phytic acid (myoinositol 1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate) also known as Inositol-6-phosphate or
phytate in its salt form is found at concentrations of 1-3% dry matter in most legumes and cereals. Phytic acid is
also found in some vegetables and fruits [11], [12]. Phytic acid is a storage form of phosphate in plant seed and
it often get accumulated in the vacuole of plant seeds after biosynthesis. Phytic acid provides phosphorus and
myo-inositol upon the early growth of seedlings and during the germination of seed. In monogastric animals and
by humans phytic acid is less digestible [13]. Due to high amount of phytic acid there is decrease in the
absorption of nutrients and their bioavailability. Phytic acid is not digestible in the human gastrointestinal tract
but it can be digested by dietary plant enzyme phytases and by phytases which are originating from enteric
microorganisms [14]. In monogastric animal and in human phytate have anti-nutritional activities because of its
strong chelation of Iron and Zinc which forms insoluble complexes that cannot be absorbed and this lead to Zinc
and Iron deficiency [15]. Phytate problem is particularly with a cereal grains but mineral absorption from these
foods can improve by pre-processing. There has been some concern that due to high phytate content in food,
there could be high levels of toxic heavy metals due to natural accumulation in such foods [16]. Phytase is
enzyme distributed expansively among various living forms. The greatest potential sources of phytase are
microorganisms and then plant. Generally, there are four potential sources of phytase which are microbial
phytase, plant phytase and phytase which is generated by the small intestinal mucosa, and the phytases which
are associated with gut micro floral [17]. Phytase enzyme is responsible for the degradation of phytate or phytic
acid. The phytase activity increases potentially during germination and consequently leads to degradation of
phytates. It has been seen that there was decrease in the phytate content from 0.35% in native seeds to 0.11%
during germination in oat seeds and this reduction in phytate content was believed due to increase in activity of
enzyme phytase during germination [18]. Temperature also plays one of the major roles in germination, in
phytase activity and in phytic acid content. Higher phytase activity and degradation of phytic acid in cereal
occur at particular temperature. It has been reported that for hydrolysis of phytic acid in wheat meal dough, the
optimum temperature was 55°C, after 2 hour 80% of phytic acid was hydrolyzed and after 4 hour more than
95% was hydrolyzed. The hydrolysis was significantly lower at temperatures higher than 55°C possibly because
of inactivation of phytase enzyme [19]. We did comparative study on effect of germination and temperature on

phytic acid content of cereals.
I1. GERMINATION

Germination is the process which begins with imbibition (uptake of water by seed) and end with embryonic
axis (radicle) coming out of the seed. A mature and dry seed is called quiescent. The quiescent seed are the
inactive organs with very low moisture content (5-15%) and with low metabolic activity to almost negligible
level and at this stage seed can survive for several years. For the germination to initiate most of the quiescent
seed needs to be only hydrated under such environment that support metabolic activity for the germination [20].
A set of stage must be completed before a seed can germinate which also include availability of food. Such
stored food consist of protein, starch, lipid and other nutrients, and these stored food become accessible to the

seed embryo via activity of particular pathways and enzymes [21]. There are many factors such as
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environmental and developmental which regulate the germination process. There are many plant hormones
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which are involved in the regulation of germination process and abscisic acid is one of them [22].
I11. GERMINATION PROCESS

The seed of the most plant are dispersed in a dry and mature state and if these seed are non-dormant and they
have favorable environment they will germinate to become a plant [23]. The process of germination is majorly
done in three steps, (1) uptake of water by seed, (2) beginning of metabolic process and (3) growth of embryo or
emerging of radical from the seed tissue [20]. So the germination is activated when the metabolic process of a
seed overlap between the environmental conditions that is being experienced by the seed and those genetically
requirements of the seed which is involved in breaking dormancy and initiating germination [24]. The thing
which are associated with the completion of germination are biophysical, biochemical and molecular changes in
the embryo and the surrounding tissues, and their interactions [8]. Imbibition or uptake of water exhibit three
phase. In phase one swelling of seed and change in shape is caused by initial rapid water uptake by seed. In this
phase recommencement of respiratory activities such as oxidative pentose phosphate and glycolytic respiratory
pathways and synthesis of protein from existing mMRNA, Repair of existing mitochondria and also repair of
DNA. The second phase is initiated by slow down of water uptake by seed and during this phase repair of
existing DNA and mitochondria is continued, and synthesis of proteins from newly synthesized gene transcripts,
synthesis of new mitochondria, embryo expansion initiated and the seed covering layers starts getting weaken
during this phase. The third phase is initiated when there is emergence of radicle through seed coat. During this
phase movement of storage reserves which is deposited in storage organs like the endosperm in case of cereals,
this also stimulate further increment in water uptake which leads to growth. Division of cell, synthesis of DNA

and elongation of radicle cell also take place during the third phase [25].
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IV. PHYTIC ACID IN CEREAL GRAINS
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Fig. 1. Seed germination.

Myoinositol 1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate also known as Phytic acid (C6H18024P6). One of
the major storage form of phosphorous consisting of 1-5 % by weight in cereals, legumes, oil seeds and nuts is
phytic acid. 50-85 % of total phosphorous in plants is represented by phytic acid [26]. Phytic acid has been
widely utilized in antioxidant, anticancer agent, biosensor, cation exchange resin, nano-material and other fields
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due to its environmentally friendly, biocompatible, nontoxic and easily accessible organic acid and its special
inositol hexaphosphate structure [27]. In monocotyledons seed like wheat, rice, millet, barley, e.t.c the
accumulation site for the phytic acid is aleurone layer specially the aleurone grain. In terms of phytic acid
deposition corn differ from other cereal because in germ more than 80% of phytic acid is found. The content of
phytic acid of cereal varies from 0.5% to 2% [28]. The reason behind different products of milling contain
different levels of phytates is because most of the phytic acid is found in the kernel’s outer part. There is high
amount of phytic acid which is found in the bran of cereals. White flours which have been low extracted is low
in phytic acid content. The quantities of phytic acid in protein concentrates or isolates which are made from
cereals or other raw materials depends on the raw material and method of processing, so method of processing
also play a crucial role in the content of phytic acid in final product [29]. There is a strong ability of phytic acid
to form chelate with multivalent metal ions, particularly zinc, calcium, iron and the residue of protein. The
binding may end in very insoluble salts with poor bioavailability of minerals [30]. The relation of phytate with
proteins begins in seeds during ripening, when phytate increase within the protein-rich aleurone layer of cereals.
However, phytate-phosphorus may be a smaller amount nutritionally available since the phytate isn't
quantitatively hydrolysable in human gut [28]. There are many methods which are available for the
determination of phytic acid but however researcher has concluded that for the measurement of phytic acid for
unprocessed product such as raw cereal or grains precipitation methods is useful and for processed foods HPLC,
synchronous fluorescence, or other modern methods to determine the phytic acid content are useful [31]. Phytic
acid is an anti-nutritional factor because it forms complexes which are insoluble with mineral such as Iron, Zinc,

Magnesium and Calcium and making mineral unavailable for absorption by the body [28].

Phytate

Phytates (inositol hexaphosphate) are compound which occurs naturally in many cereals and legumes.
Phytates constitute the foremost storage form of phosphorous in cereals, legumes, nuts and seeds [32]. Phytate
as phosphorus bound to inositol constitute of 60-80% of total phosphorus which is present in oilseeds, cereals,
legumes and nuts. In fruits, root and berries lower concentration of phytate are found. In the germ of cereal
phytate is concentrated in the aleurone layer and the scutellum while in endosperm phytates are not found.
Phytates are accumulated within the globoids of the protein bodies in cereal and grains [33]. In human phytate
act as antinutritional component in human diet because of its strong chelation of calcium, Iron and zinc which
forms insoluble complexes that are not absorbed by the human digestive system and can lead to deficiency of
minerals like iron and zinc [15]. This insoluble complex which is formed is the reason of poor bioavailability of
the minerals. In most of the studies it has been shown that there is inverse relationship between the availability
of mineral and phytate content. Many study has shown that iron absorption has strongly inhibited by the action
of phytate. Overall phytate decreases the bioavailability of minerals. Both at acidic and alkaline pH, phytates are
known to form complexes with proteins and this interaction may decrease protein solubility, proteolytic
digestibility and enzymatic activity because of changes in protein structure. As the number of phosphate
residues per myo-inositol molecule and the myoinositol phosphate concentration increases the inhibitory effect
also increases [41]. There is reduction in the activity of different digestive enzymes such as pepsin, trypsin, acid
phosphorylase and amylase due to interaction of phytates with these enzymes and this ultimately can reduce the
nutrient utilization. Calcium salt of phytate can prevent the energy utilization from the lipid sources when it

combine with lipid to form metallic soap in the digestive gut [17]. Germination progressively decreases the
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content of phytate. During germination there is potential for the increment of phytase activity and this
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subsequently is the reason for the degradation of phytates. During germination the content of phytate decreased
from 0.35% to 0.11% in oat seed [18]. Milling, heat treatment, soaking, fermentation, and germination are the
food processing and preparation methods that may remove or degrade phytates to a varying level [42]. The best
possible way of reducing the phytate content is by hydroysis of phytate by the enzyme phytase and wet
processing method such as soaking, fermentation and germination increases the phytase activity and thus

eventually leads to degradation of phytate.

Table 1. Phytic acid content of different cereals.

Cereals Phytic Acid Content (g/100 g) Reference
Indian pearl millet 0.71-0.72 [34]
Wheat germ 1.1-39 [35]
Wheat bran 2.0-5.3 [35]
Brown rice 0.13-0.27 [36]
barley 0.38-1.16 [35]
sorghum 0.87-2.2 [37]
Dry maize 0.71-0.76 [38]
Oat 0.42-1.16 [39]
Rye 0.54-1.46 [40]

V. METHOD TO REDUCE PHYTIC ACID IN CEREAL

There are some methods by which phytic acid content of a product can be reduced and these method should
be utilized for the processing or development of any food product. Those methods or techniques that reduces the
antinutritional factor of food product has always been a interest of study. Nutrient availability in foods are likely
to improve by methods like Mechanical, thermal or biological processes. But here we will emphasize on wet
processing method. There is reduction in phytic acid content in wet processing method which include soaking,
germination and fermentation and this wet process increases the solubility of minerals in foods and this can
improve the cereals or legumes in terms of bioavailability of minerals [43]. In wet processing method there is

more nutrient retention when compared to any other method.
V1. GERMINATION OR SPROUTING

Germination or sprouting is the process which is said to be done when the radicle come out of the seed.
During the germination or sprouting many biochemical changes take place in the seed which ultimately
enhances its nutritional properties (Lemmens et al. 2018). Germination play one of the important role in
increasing phytase activity and reduction of phytic acid content of seed (Thompson et al. 1985). During
germination phytase activity increases which is responsible for the reduction of phytic acid in plant seeds. For
the initiation of germination or sprouting first step is soaking the dried seed so that it reaches to optimum
moisture level which favors the respiratory, metabolic activities and movement of primary or secondary

metabolites which ultimately triggers the germination [28]. During germination phytate is hydrolyzed in a
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sequential manner by enzyme phytase or jointly action of enzymes like phosphotase and phytase which do not
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allow the nutritional need of the plant by acceptance of phytate as substrate without an accretion of less
phosphorylated myo-inositol intermediates [26].

Grain or Cereal

¥

Soakingin
water (37°C, 7h)

Germination
(30°C, 24h)

Fig. 2. Flow chart for production of germinated cereals or grains [28], [46].

Soaking

Soaking is one of the essential procedure in the process of germination or fermentation [28]. It has been
reported that when sorghum flour is soaked in water for 24 hour at room temperature leads to reduction in the
level of phytic acid by 16-21 %. Grains and beans also shows reduction in phytic acid when they are soaked and
this result in bioavailability of minerals [26]. Soaking helps in the reduction of phytic acid because phytate is
soluble in water and a there are major reduction in phytate which is seen by removal of the soaked water. It has
been also reported that on enzymatic phytate hydrolysis during soaking temperature and pH play a significant
role [47], [48]. Plant have intrinsic enzyme phytase which enzymatically hydrolyze the phytate. There is a
significant amount of phytate (26-100 %) which was enzymatically hydrolysed if the soaking process is done at
near to the optimal conditions (temperatures, 45-65°C & pH, 5.0-6.0) for phytate dephosphorylation by enzyme
phytase [48], [49].

Fermentation

Due to health benefits of fermented food products it play a crucial role in a human diet. For food preservation,
fermentation is one the economical and oldest technique that has been known to prevailed. As indicated by some
of the earliest record that human has been taking soured milk as early as 2000 years ago [50]. Fermentation play
an effective role in the reduction of phytic acid. In brown rice fermentation was most effective in the reduction
of phytic acid by 53% to 95% [51]. Favorable pH condition is being provided by natural fermentation for
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enzymatic degradation of phytic acid [28]. When germinated pearl millet sprouts were fermented by using S.
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cerevisiae Saccharomyces diasticus, Lacto-bacillus brevis and L. fermentum at 30°C for 72 hour then 88.3% was
observed in the reduction of phytate [52]. These kind of phytic acid degradation can enhance the quantity of
soluble minerals like zinc, calcium and iron. It has been accounted that when fermentation of millet is done for
12-24 hour could reduce the phytic acid content. Large reduction in phytic acid in rice flour can be achieved by
natural fermentation by the enzymatic action of grain and microbial phytases. Hexa form of phytic acid (IP6) is
reduced into lower form of phytic acid such as IP5, 1P4, IP3, IP2, IP1 and myo-inositol by enzyme phytase and
the lower forms of phytic acid have lower binding affinity with the minerals like zinc and iron [26].

VI1Il. EFFECT OF GERMINATION ON PHYTIC ACID CONTENT OF CEREAL

Germination is the process which begins with the uptake of water by dry mature seed, various metabolic
process set up and ends with emergence of radicle from the seed. It is a mechanism in which activation of the
embryo take place by morphological and physiological changes in seed. Before the commencement of
germination, seed absorbs water which results in the expansion and elongation of seed embryo and when the
radicle emerges out of the covering of seed layers then the process of germination is completed [21]. During
germination many biochemical changes take place. The chief storage form of phosphorus in plant tissues is
Phytic acid or phytate when it is in the form of salt [53]. Phytic acid or phytate is formed when the maturation of
the plant seed take place and it represents 60-90% of total phosphate in dormant seeds. Germination affects the
content phytic acid in seed. Germination reduces the content of phytic acid up to 40% [54]. As reported by [9]
when phytic acid content was compared for germinated soya bean and non-germinated soy bean the content of
phytic acid was considerably decreased (21.74%) after germination and when phytic acid content was compared
for germinated peanut and non-germinated peatnut, the content of phytic acid was also decreased for 38.11%
after the completion of germination [55]. Also reported by Embaby et.al 2002 that there was reduction in phytic
acid content of cowpeas after germination. They reported that there was reduction in phytic acid content from
17.4 to 22.9% when germination time increased from 24 hour to 48 hour [56]. Azeke [57], reported that all the
cereal grain which was screened showed significant reduction in phytate content after the 10 days of
germination [57]. During germination phytate is hydrolysed in a stepwise manner by the enzymes phytases or a
joint action of phosphatases and phytases [58]. The reason for the reduction in phytic acid content during
germination in cereal is that germination leads to increase in phytase activity and this lead to hydrolysis of
phytate which ultimately degrade the phyctic acid and reduces its content in the germinated cereal [57]. As
germination leads to increase in phytase (myo-inositol hexakisphosphate phosphohydrolase) activity and this
eventually leads to degradation of phytic acid and liberates phosphate which results in lower inositol phosphates
or inositol and this lower inositol phosphates have less binding ability and have low effect on iron and zinc
bioavailability in humans [59]. In the normal or non-germinated cereal phytase activity is comparatively low
when compared to the germinated cereals. The factor that affect the activity of phytase enzyme are type of
cereal, the time, and conditions for germination. The phytate content in bran part is high. There is increase in the
activity of enzyme phytases which degrades the phytate when time & temperature condition provides in range of
4-5 days at 15-25°C in few cereals. This increase in the activity if enzyme is calculated to be three to ten folds in
case of wheat, rice, barley, sorghum [57], [60]. Similar observation on effect of germination on phytic acid has
been also reported by Ayet [61] which states that germination to the decrease in phytic acid which is due to

hydrolysis of phytate phosphorus down to inositol monophosphate by enzyme phytase and the liberated
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phosphorous is more likely been transported to the embryo for the additional synthesis of organic phosphates.
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Hence in the rise in the activity of enzyme phytase during the germination of seed may be due to activation of
the pre-existing enzyme or may be due to synthesis of phytase from the beginning of germination process [61].

VI1Il. ROLE OF TEMPERATURE IN GERMINATION

The optimum condition such as oxygen, moisture and temperature is required for the germination of cereals
and these conditions are specific for different types of cereal crops. When the temperature range reaches 30°C to
35°C there is increase in the rate of germination. The temperature at which germination of cereals grains takes
place at short period of time that temperature is called optimum germination temperature [62]. So temperature
plays an important role in seed germination. One of the most critical factors that affect the germination of the
seed is temperature. The effect of temperature on germination of seed have been well depicted for many
agricultural and vegetable species clarifying the critical lower temperature and upper temperatures for seed
germination, and the temperature at the highest rate of germination and its germinative capacity [63].
Temperature is one of the major factor that affect verities of plant activities which also include seed dormancy
and germination. Germination in some plant seeds take place at a wide range of temperatures while other
germinate at a narrow range of temperature. Seed responses to temperature act as one of the key factor for
timing of germination, and it is often considered most important environmental factor in the germination of
plant seed [64]. Germination of seed occur between a (Tmin) and a ceiling (Tmax) threshold temperature, below
and above this temperature range germination do not take place. The highest rate of germination occurs at
optimum temperature (Topt). Different plant species have different base temperature (Th) and this temperature
is most likely near to the minimum temperature required for germination [65]. As different approach adopted by
the species of different plant as a result of the heterogeneity of habitats, climatic seasons and the surrounding
there is wide range of diversity found in the influences of temperature on the process of germination [66]. One
of the main environmental factors which influences the initiation of seed dormancy during seed development
and expression of seed dormancy during germination of seed is temperature. For the most species of crop as the
temperature rises seed germination increases but some species of crop also shows higher percentage of
germination at low temperature [67]. There is reduction in the rate of germination and also there is reduction in
the dry mass of cereals due to prolong exposure to high temperature [68]. So temperature play one of the

important role in the process of germination. Temperature has direct impact on the efficiency and rate of

germination.
Table 2. Germination temperature for different cereals.
Temperature (°C)

Cereal Germination May Occur Between Optimum Germination Range Reference
Wheat 4-37 12-25 FAO 2002
Maize 21-30 21-27 Greaves et al. 1996

Rice 10-42 25-35 Li etal. 2020

Rye 20-35 20-30 Lin etal. 2018
Barley 3-40 19-27 FAO 2002
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IX. EFFECT OF TEMPERATURE ON THE PHYTIC ACID CONTENT OF CEREAL

There is reduction in the phytic acid content of cereal and legumes during processing. It has also been
reported that during the process of baking of leavened and unleavened Iranian flat breads and during making of
bread there is reduction in phytic acid content [69]. There is a report which states that thermal decomposition of
phytic acid took place when it was heated to 150°C for one hour [70]. Change in temperature shows the
difference in phytase activity. It was seen increase in the phytase activity of A. oryzae as the temperature
increased upto 40°C and then the activity became inactive at 50°C. Similar observation was found in the phytase
activity of A. niger, which showed increase in the phytase activity upto 45°C and then became inactive at 60 °C
[71] So increase in phytase activity at specific temperature of different seed exhibit that there must increase in
the reduction of phytic acid because phytase enzyme leads to degradation of phytic acid content in the seeds. As
reported by vats & Banerjee that at temperature range between 45°C to 60°C there is usually high activity of
phytase has been observed [72]. There is great reduction in phytic acid content in brown Bengal as compared to
white Bengal gram when they are boiled or roasted [69]. In the study carried out by the Seye and his co-authors
reported the result on effect of parboiling on the concentration of phytate of two millet verities. In their result
they found that in both the verities of millet heat treatment like parboiling, hot soaking, steaming and drying
before milling resulted in the content of phytate in the two verities of millets. It was also reported that for
significant reduction in the concentration of phytate soaking at temperature 80 °C would be the best one and
heat treatment like parboiling would be one of the effective method in the reduction of phyate content in millet
grains [73]. Effect of temperature on phytic acid has also been reported by Dhanker & chauhan that there was
significant decrease in the phytic acid content of Rabadi (a fermented pearl millet food) at temperature 35°C,
45°C and 50°C [74]. There was decrease in the phytic acid content of Sorghum cereal flour when it was
evaluated after storage at 4°C, which also indicated that storage of cereal flour also contributed in the reduction
of phytic acid [75]. In one of the study it has also been reported that upon heat treatment like boiling, baking,
roasting in sand bath there is significant loss in phytic acid content of maize. There is also reduction in the
phytic acid content during baking of maize chapati [38]. So it has been seen that temperature play essential role

in the phytase activity and phytic acid content.
X. CONCLUSION

Cereals are one of the most important crop that is being cultivated at large scale than any other crops. Cereals
have been staple food from long time ago. The reason for the successful incorporation of cereals in the field of
agriculture is due to their easy cultivation, handling, storage and transportation. Cereal meets out daily
nutritional intake in the diet. Cereals are good in nutritional value. Germination is one of the important processes
where growth of embryo or seedling takes place. Proper environmental condition must be attained for efficient
germination process and germination rate. Temperature plays one of the important roles in the germination
process. There is high germination rate is observed when there is optimum temperature for the germination.
Phytic acid is one of the anti-nutrients that is found in most of the cereal. The content of phytic acid in different
cereal varies according to species and the environment where they have been grown and stored. Phytic acid is
one of the major storage form of phosphorous in cereal. Phytic acid are considered anti-nutrient because it
makes mineral unavailable for absorption by the body. There are many factor that affects the content of phytic

acid in cereal. Germination, temperature and phytase activity are one of those factor that affect the content of p-

Copyright © 2021 IJRAS, All right reserved
32



T | International Journal of Research in Agricultural Sciences
i ,’; Volume 8, Issue 1, ISSN (Online): 2348 — 3997
A
S

-hytic acid in cereals.

[1]
[2]
[3]
[4]
[5]

[6]
[71

(8]
[9]

[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[18]
[19]
[20]
[21]
[22]

[23]
[24]

[25]
[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]
[38]

[39]

REFERENCES

Lafiandra, D., Riccardi, G. & Shewry, P.R. “Improving cereal grain carbohydrates for diet and health.” Journal of Cereal Science,
vol.59, 2014, pp.312-326.

McKevith, B. “Nutritional aspects of cereals.” Nutrition Bulletin, vol. 29, 2004, pp. 111-142.

Harlan, J.R., de Wet, J.M.J., & Price, E.G. “Comparative Evolution of Cereals.” Evolution, vol.27, 1973, pp. 311-325.

Shahbaz, M. & Ashraf, M. “Improving Salinity Tolerance in Cereals.” Critical Reviews in Plant Sciences, vol.32, 2013, pp.237—249.
Sarwar, H., Sarwar, M.F., Sarwar, M., Moghal, S. “The importance of cereals (Poaceae: Gramineae) nutrition in human health: A
review.” Journal of Cereals and Oilseeds, vol.4, 2013, pp. 32-35.

Dunwell, J.M. “Transgenic cereals: Current status and future prospects.” Journal of Cereal Science, vol.59, 2014, pp.419-434.

Rajjou, L., Duval, M., Gallardo, K., Catusse, J., Bally, J., Job, C., & Job, D. “Seed Germination and Vigor.” Annual Review of Plant
Biology, vol.63, 2012, pp.507-533.

Nonogaki, H., Bassel, G.W., & Bewley, J.D. “Germination—Still a mystery.” Plant Science, vol.179, 2010, pp.574-581.

Megat, RM.R. & Azrina, A. “Effect of germination on total phenolic, tannin and phytic acid contents in soy bean and peanut,”
International Food Research Journal, vol.19, 2012, pp.673-677.

Heidari Z, Kamkar B, Sinaki J.M. “Influence of temperature on seed germination response of fennel.” Advances in Plants &
Agriculture Research, vol. 1,2014,s pp.207-213.

Valencia-Chamorro, S.A. “QUINOA.” Encyclopedia of Food Sciences and Nutrition, 2003, pp. 4895-4902.

Higuchi, M. “Antioxidant Properties of Wheat Bran against Oxidative Stress.” Wheat and Rice in Disease Prevention and Health,
2014, pp. 181-199.

Shitan, N., & Yazaki, K. “New Insights into the Transport Mechanisms in Plant Vacuoles.” International Review of Cell and
Molecular Biology, 2013, pp. 383-433.

Decker, E. A., & Clarkson, P. M. “Dietary sources and bioavailability of essential and nonessential antioxidants.” Handbook of
Oxidants and Antioxidants in Exercise, 2000, pp.323-358.

Stone, B. & Morell, M.K. “Carbohydrates, Wheat (Fourth Edition),” American Associate of Cereal Chemists International, 2009, pp.
299-362.

Rosa, E.A.S., Bennett, R.N., & Aires, A. “Levels and potential health impacts of nutritionally relevant phytochemicals in organic and
conventional food production systems.” Handbook of Organic Food Safety and Quality, 2007, pp. 297-329.

Kumar, V., & Sinha, A.K. “General aspects of phytases.” Enzymes in Human and Animal Nutrition, 2018, pp. 53-72.

Tsopmo, A. “Processing Oats and Bioactive Components.” Processing and impact on active components in food, 2015, pp. 361-368.
Retzdorff, B.; Brummer, J.M. “Reduction of phytic acid during bread making of whole-meal breads,” American association of cereal,
vol.69, 1992, pp.266-270.

Bewley J.D., Bradford K.J., Hilhorst H.-W.M., Nonogaki H. Seed, “Physiology of Development,” Germination and Dormancy,
Springer Science & Business Media, Third Edition, 2012.

Miransari, M., & Smith, D. L. “Plant hormones and seed germination.” Environmental and Experimental Botany, vol. 99, 2014, pp.
110-121.

Nambara, E., Okamoto, M., Tatematsu, K., Yano, R., Seo, M., & Kamiya, Y. “Abscisic acid and the control of seed dormancy and
germination.” Seed Science Research, vol.20, 2010. pp. 55-67.

Weitbrecht, K., Muller, K., & Leubner-Metzger, G. “First off the mark: early seed germination.” Journal of Experimental Botany, vol.
62, 2011, pp. 3289-3309.

Bell, D.T. “The Process of Germination in Australian Species. Australian Journal of Botany”, vol. 47, 1999, pp. 475-517.

Tuan, P.A., Sun, M., Nguyen, T.-N., Park, S., & Ayele, B.T. “Molecular mechanisms of seed germination. Sprouted Grains.” 2019,
pp.1-24.

Gupta, R.K., Gangoliya, S.S., & Singh, N.K. “Reduction of phytic acid and enhancement of bio available micronutrients in food
grains.” Journal of Food Science and Technology vol. 52,2013, pp. 676-84.

Cheng, X.-W., Guan, J.-P., Tang, R.-C., & Liu, K.-Q. “Phytic acid as a bio-based phosphorus flame retardant for poly (lactic acid)
nonwoven fabric.” Journal of Cleaner Production, vol.124, 2016, pp. 114-119.

Coulibaly, A., Kouakou, B. & Chen, J. “Phytic acid in cereal grains: Structure, Healthy or Harmful ways to reduce phytic acid in
cereal grains and their effects on nutritional quality.” American Journal of Plant Nutrition and Fertilization Technology, vol. 1, 2011,
pp. 1-22.

Mate Hidvegi and Radomir Lasztity, “Phytic Acid Content of Cereals and Legumes and Interaction with Proteins,” Periodica
Polytechnica Chemical Engineering, vol.46, 2002, pp.59-64.

Zhou, J.R., & Erdman, J.W. “Phytic acid in health and disease.” Critical Reviews in Food Science and Nutrition, vol. 35, 1995, pp.
495-508.

Wu, P., Tian, J.-C., Walker, C.E. (Chuck), & Wang, F.-C. “Determination of phytic acid in cereals - a brief review.” International
Journal of Food Science & Technology, vol. 44, 2009, pp. 1671-1676.

Thrane, M., Paulsen, P.V., Orcutt, M.W., & Krieger, T.M. “Soy Protein. Sustainable Protein Sources,” 2017, pp. 23-45.

Skoglund, E., Carlsson, N.-G., & Sandberg, A.-S. “Phytate.” Health grain Methods, 2009, pp. 129-139.

Chowdhury, S., & Punia, D. “Nutrient and antinutrient composition of pearl millet grains as affected by milling and baking. Food /
Nahrung.” Vol. 41, 1997, pp.105-107.

Kasim, A. B., & Edwards, H. M. “The analysis for inositol phosphate forms in feed ingredients.” Journal of the Science of Food and
Agriculture, vol. 76, 1998, pp.1-9.

Albarracin, M., Gonzalez, R. J., & Drago, S. R. “Effect of soaking process on nutrient bio-accessibility and phytic acid content of
brown rice cultivar.” LWT - Food Science and Technology, vol.53, 2013, PP.76-80.

Makokha, A.O., Oniang’o, R.K., Njoroge, S. M., & Kamar, O.K. “Effect of Traditional Fermentation and Malting on Phytic Acid and
Mineral Availability from Sorghum (Sorghum Bicolor) and Finger Millet (Eleusine Coracana) Grain Varieties Grown in Kenya.” Food
and Nutrition Bulletin, vol.23, 2002, pp.241-245.

Khan, N., Zaman, R., & Elahi, M. “Effect of heat treatments on the phytic acid content of maize products.” Journal of the Science of
Food and Agriculture, vol.54, 1991, pp. 153-156.

Harland BF, Oberleas D. “Anion-exchange method for determination of phytate in foods: collaborative study.” J. Assoc Off Anal
Chem, vol. 69, 1986, pp. 667-70.

Nielsen, M.M., Damstrup, M.L., Thomsen, A.D., Rasmussen, S.K., & Hansen, A. “Phytase activity and degradation of phytic acid
during rye bread making.” European Food Research and Technology, vol. 225, 2006, pp. 173-181.

Copyright © 2021 IJRAS, All right reserved
33



-

b

International Journal of Research in Agricultural Sciences
Volume 8, Issue 1, ISSN (Online): 2348 — 3997

Lt

[40]
[41]

[42]

[43]

[44]
[45]
[46]
[47]
[48]

[49]

[50]
[51]
[52]

[53]

[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]

[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]

[74]

Nisar, J., Ahad, T., Naik, H.R. & Hussain S.Z. “A review phytic acid: As antinutrient or nutraceutical,” Journal of Pharmacognosy and
Phytochemistry, vol.6, 2017, pp.1554-1560.

Mascitelli, Luca, Mark R. Goldstein, and Leo R. Zacharski, “Chapter 24 - The Mediterranean Diet and Body Iron Stores,In The
Mediterranean Diet”, 2015, pp. 259-69.

Afify, Abd EI-Moneim & EI- Beltagi, Hossam & EL- Salam, Samiha & Omran, Azza, “Effect of Soaking, Cooking, Germination and
Fermentation Processing on Proximate Analysis and Mineral Content of Three White Sorghum Varieties (Sorghum bicolor L.
Moench)”, Notulae Botanicae Horti Agrobotanici Cluj-Napoc, vol. 40, 2012, pp. 92-98.

Lemmens, E., Moroni, A.V., Pagand, J., Heirbaut, P., Ritala, A., Karlen, Y., Le, K.A., Broeck, H.C.V.d., Brouns, F.J.P.H., Delcour,
J.A. “Impact of Cereal Seed Sprouting on its nutritional and technological properties: A Critical Review.” Comprehensive Reviews in
Food Science and Food Safety, vol. 18, 2018, pp. 305-328.

Thompson, L. U., & Serraino, M. R. “Effect of Germination on Phytic Acid, Protein and Fat Content of Rapeseed.” Journal of Food
Science, vil. 50, 1985, pp. 1200-1200.

Puranik, V., Mishra, V., Singh, N. & Rai, G.K. “Studies in Development of Protein Rich Germinated Green Gram Pickle and its
Preservation by using Class One Preservatives,” American journal of Food Technology, vol. 6, 2011, pp. 742-752.

Greiner, R., & Konietzny,U. “Endogenous Phytate-Degrading Enzymes are Responsible for Phytate Reduction while Preparing Beans
(Phaseolus Vulgaris).” Journal of Food Processing and Preservation, vol. 22, 1998, pp. 321-331.

Fredlund, K., Asp, N.-G., Larsson, M., Marklinder, I., & Sandberg, A.-S. “Phytate Reduction in Whole Grains of Wheat, Rye, Barley
and Oats after Hydrothermal Treatment.” Journal of Cereal Science, vol. 25, 1997, pp. 83-91.

Greiner, R., & Konietzny, U. “Improving Enzymatic Reduction of Myo-Inositol Phosphates with Inhibitory Effects on Mineral
Absorption in Black Beans (Phaseolus Vulgaris Var. Preto).” Journal of Food Processing and Preservation, vol. 23, 1999, pp. 249-261.
Altay, F., Karbancioglu-Giiler, F., Daskaya-Dikmen, C., & Heperkan, D. “A review on traditional Turkish fermented non-alcoholic
beverages: Microbiota, fermentation process and quality characteristics.” International Journal of Food Microbiology, vol. 167, 2013,
pp. 44-56.

Liang, J., Han, B.-Z., Nout, M.J.R., & Hamer, R.J. “Effects of soaking, germination and fermentation on phytic acid, total and in vitro
soluble zinc in brown rice.” Food Chemistry, vol.110, 2008, pp. 821 828.

Kaur, K. D., Jha, A., Sabikhi, L., & Singh, A. K. “Significance of coarse cereals in health and nutrition: a review.” Journal of Food
Science and Technology, vol.51, 2012, pp.1429-1441.

Kumar, V., Sinha, A.K., Makkar, H.P.S., & Becker, K. “Dietary roles of phytate and phytase in human nutrition: A review.” Food
Chemistry, vol. 120, 2010, pp. 945-959.

Masud, T., Mahmood, T., Latif, A., Sammi, S., & Hameed, T. “Influence of PRocessing and Cooking Methodologies for Reduction of
Phytic Acid Content in Wheat (Triticum Aestivum) Varieties.” Journal of Food Processing and Preservation, vol.31, 2007, pp.583—
594.

Rusydi, MM.R. & Azrina, A. “Effect of germination on total phenolic, tannin and phytic acid contents in soy bean and peanut,”
International Food Research Journal, vol. 19, 2012, pp. 673-677.

lbrahim, S.S., Habiba, R.A., Shatta, A.A., & Embaby, H.E. “Effect of soaking, germination, cooking and fermentation on
antinutritional factors in cowpeas.” Nahrung/Food, vol. 46, 2002, pp. 92-95.

Azeke, M.A., Egielewa, S.J., Eigbogbo, M.U., & lhimire, I.G. “Effect of germination on the phytase activity, phytate and total
phosphorus contents of rice (Oryza sativa), maize (Zea mays), millet (Panicum miliaceum), sorghum (Sorghum bicolor) and wheat
(Triticum aestivum).” Journal of Food Science and Technology, vol.48, 2010, pp. 724-729.

Ralf Greiner and Ursula Konietzny, “Phytase for Food Application,” Food Technol. Biotechnol, vol.44, 2006, pp.125-140.

Egli, 1., Davidsson, L., Juillerat, M. A., Barclay, D., & Hurrell, R.F. “The Influence of Soaking and Germination on the Phytase
Activity and Phytic Acid Content of Grains and Seeds Potentially Useful for Complementary Feeding.” Journal of Food Science, vol.
67,2002, pp.3484-3488.

Bartnik, M., & Szafranska, I. “Changes in phytate content and phytase activity during the germination of some cereals.” Journal of
Cereal Science, vol. 5, 1987, pp. 23-28.

Ayet, G., Burbano, C., Cuadrado, C., Pedrosa, M.M., Robredo, L.M., Muzquiz, M., Osagie, A. “Effect of Germination, under Different
Environmental Conditions, on Saponins, Phytic Acid and Tannins in Lentils (Lens culinaris).” Journal of the Science of Food and
Agriculture, vol.74, 1997, pp.273-279.

Bewley, J.D. “Seed Germination and Dormancy.” The plant Cell Online, vol. 9, 1997, pp. 1055-1066.

Kumar, B., Verma, S.K., & Singh, H.P. “Effect of temperature on seed germination parameters in Kalmegh (Andrographis paniculata
Wall. ex Nees.).” Industrial Crops and Products, vol. 34, 2011, pp.1241-1244.

Barpete, S., Oguz, M. C., Ozcan, S.F. ,Anayol, E., Ahmed, H.A., Khalid Mahmood Khawar and Sebahattin Ozcan, “Effect of
Temperature on Germination, Seed Vigor Index and Seedling Growth of Five Turkish Cotton (Gossypium hirsutum L.) Cultivars”,
vol. 24, 2015, pp. 2561-2566.

Durr, C., Dickie, J.B., Yang, X.-Y., & Pritchard, H.W. “Ranges of critical temperature and water potential values for the germination
of species worldwide: Contribution to a seed trait database.” Agricultural and Forest Meteorology, vol. 200, 2015, pp. 222-232.
Shaban, M. “Effect of water and temperature on seed germination and emergence as a seed hydrothermal time model,” International
journal of Advanced Biological and Biomedical Research, vol. 1, 2013, pp. 1686-1691.

Nyachiro, J.M., Clarke, F.R., DePauw, R.M., Knox, R.E., & Armstrong, K.C. “Temperature effects on seed germination and
expression of seed dormancy in wheat, Euphytica”, vol. 126, 2002, pp. 123-127.

Odabas, M.S. & Mut, Z. “Modeling the Effect of Temperature on Percentage and Duration of Seed Germination in Grain Legumes and
Cereals.” American journal of plant physiology, vol. 2, 2007, pp. 303-310.

Khan, N., Zaman, R., & Elahi, M. “Effect of processing on the phytic acid content of wheat products.” Journal of Agricultural and
Food Chemistry, vol. 34, 1986, pp. 1010-1012.

Daneluti, A.L.M., & Matos, J. do R. “Study of thermal behavior of phytic acid.” Brazilian Journal of Pharmaceutical Sciences, vol. 49,
2013, pp-275-283.

Naves, L. de P., Correa, A., Bertechini, A., Gomide, E., & Santos, C. dos, “Effect of ph and temperature on the activity of phytase
products used in broiler nutrition,” Brazilian Journal of Poultry Science, vol. 14, 2012, pp. 181-185.

Vats, P., Banerjee U.C. “Production studies and catalytic properties of phytases (myo-inositolhexakisphosphate phosphohydrolases):
an overview.” Enzyme and Microbial Technology, vol. 35, 2004. pp. 3—-14.

Sene S, Momar TG, Fallou S, et al. “Parboiling Effect on Phytate Contains of two Senegalese Pearl Millet Varieties Page 6 of 6
(pennisetum glaucum [L.] R. Br.) GB 87-35 and ICRITABI”, J. Nutrition Health Food Sci, vol. 6, 2018, pp.1-6.

Dhankher, N., & Chauhan, B. M. “Effect of Temperature and Fermentation Time on Phytic Acid and Polyphenol Content of Rabadi- A
Fermented Pearl Millet Food.” Journal of Food Science, vol.52, 1987, pp. 828—829.

Ahmed,0.E.O. “Reducing Phytic Acid from Sudanese Sorghum Bicolor (F.G) using Simple Technique Methods,” International Journ-

Copyright © 2021 IJRAS, All right reserved
34



- International Journal of Research in Agricultural Sciences
t" Volume 8, Issue 1, ISSN (Online): 2348 — 3997

Lt

-al of Research Studies in Agricultural Sciences,vol.3, 2017, pp. 1-7.

AUTHOR’S PROFILE

First Author
Satish Kumar, Food Technology and Nutrition, School of Agriculture, Lovely Professional University, Phagwara, Punjab-144411, India.

Second Author

Raushan Anand, Research scholar, Food Technology and Nutrition, School of Agriculture, Lovely Professional University, Phagwara,
Punjab-144411, India.

Copyright © 2021 IJRAS, All right reserved
35



