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Introduction 
 

Phytic acid (myo-inositol 1, 2, 3, 4, 5, 6 

hexakis dihydrogen phosphate) widely occurs 

in plant foods, such as cereals, legumes, fruits 

and vegetables. It represents 50–85% of the 

total phosphorus in plant seeds (Pallauf and 

Rimbach, 1997). At neutral pH, phytic acid in 

foods is negatively charged and has capacity 

to bind proteins and cations including Ca
2+

, 

Fe
2+

, Zn
2+

, Mg
2+

, resulting in low 

bioavailability of bound components (Liang et 

al., 2008). Phytic acid can be degraded by 

phytase, both occurring as endogenous 

enzyme in seeds and accumulated during 

germination, or as exogenous microbial 

enzyme (Duhan et al., 2001). Endogenous 

phytase in grains plays an important role in the 
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Phytase (myo-inositol hexakisphosphate phosphohydrolase)enzyme was 

isolated from wheat varieties to do kinetic study of phytate degradation. 

The four wheat varieties selected on the basis of their higher phytase 

activity for investigation were DBW-17, HD-2894, HUW-234 and LOK-1 

wheat variety. Among the four selected wheat varieties, LOK -1 variety 

reported the maximum phytase activity during enzyme kinetics study. 

Partially purified phytase had pH optima at pH 5.0 with temperature optima 

at 60ºC, which showed maximal phytate degrading activity. The enzyme 

was found to have good substrate specificity for sodium phytate at 3mM 

and calcium phytate at 2mM concentration. Wheat phytase can be used in 

hydrolysis of phytate in food industries for releasing micronutrients and 

enhance increasing their bioavailability to chemical industry as well. 
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utilization of nutrients by the embryo during 

germination of seeds and growth of plants 

(Reddy et al., 1978; Mulimani et al., 2003). 

Phytase will be activated and accumulates 

during seed germination, and acts on phytic 

acid (Murugkar and Jha, 2009). It releases 

inorganic phosphate, which is then utilized for 

plant growth, and serves as a natural buffer in 

grains as well. 

 

Germination of seeds or pollen leads to a rapid 

disappearance of phytin inclusions 

accompanied by a large increase in activity of 

the enzyme responsible for phytin 

degradation, phytase (Gibson and Ullah, 

1990). Seeds contain both constitutive phytase 

activity and phytases that are synthesized de 

novo during germination (Nayini and 

Markakis, 1986). Most seed phytases which 

have been studied to date belong to a special 

class of non-specific acid phosphatases with 

optimal activity between pH 4.0 and 5.6.  

 

In addition to phytic acid hydrolysis, these 

enzymes are able to hydrolyze a variety of 

natural and synthetic phosphate esters. In 

terms of the rate of hydrolysis, phytic acid has 

occasionally been shown to be one of the 

poorer substrates for seed phytase (Lolas and 

Markakis, 1977; Mandal et al., 1972). 

 

Materials and Methods  

 

Four locally available wheat varieties were 

purchased from Alopibagh market, Prayagraj, 

India to carried out the work, which are 

namely DBW-17, HD-2894, HUW-234 and 

LOK-1. 

 

Phytase assay 

 

0.5g fresh samples of all wheat varieties were 

separately homogenized in 10ml of sodium 

acetate buffer (0.1M, pH 5.0). The 

homogenized samples were centrifuged at 

12000g for 5min and supernatants were used 

for enzyme assay (Senna et al., 2006). The 

assay mixture consisted of 350µl of sodium 

acetate buffer (0.1M, pH 5.0) and 100µl of 

sodium phytate (2mM). This mixture was 

preincubated for 10min at 40
o
C and the 

enzymatic reactions were started by adding 

100µl of the crude enzyme to preincubated 

assay mixture.  

 

After incubation at 40
o
C for 30min, the 

liberated phosphate was measured by using 

the ammonium molybdate. For this, to the 

assay mixture, 1.5ml of a freshly prepared 

solution of acetone/5N H2SO4/10mM 

ammonium molybdate (2:1:1 v/v/w) and 

100µl of 1.0M citric acid were added. Any 

cloudiness was removed by centrifugation to 

measurement of the absorbance at 355nm 

against blank as ammonium molybdate 

solution (Heinonen and Lahti, 1981). 

 

Kinetics Study of phytase enzyme 

 

Selected four wheat varieties were checked for 

phytase activity at different pH (3, 5, 7, 9 and 

11) in sodium acetate buffer (0.1 M) to 

optimize the pH. The temperature profile of 

the purified phytase was determined at 

different temperatures (20, 40, 60, 80 and 

100°C) using the standard phytase assay.  

 

Thermal stability of the purified enzyme was 

assayed. The effects of substrates on enzyme 

activity were investigated by pre-incubating 

the compounds with the purified phytase for 

15 min at 37°C before the standard phytase 

assay was performed. The substrates (sodium 

phytate and calcium phytate) were used in 

concentrations of 1, 2, 3, 4 and 5 mM for 

phytase kinetics. 

 

Statistical analysis 

 

The data were analyzed by SPSS ver. 20.0, 

two-way analysis of variance (ANOVA) at 5% 

level of significance.  
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Results and Discussion 

 

Enzyme kinetics of phytase 

 

Under this, effect of pH, temperature and 

different substrates concentration (sodium 

phytate and calcium phytate) were checked on 

phytase activity of four selected wheat 

varieties. 

 

Effect of pH on Phytase Activity 

 

Effect of pH on phytase activity was studied at 

3, 5, 7, 9 and 11 pH in four wheat varieties 

from Fig.-1, but maximum phytase activity 

was observed in LOK-1 wheat variety in all 

different pH (pH 3 - 138.21±0.17; pH 5 - 

447.17±0.42; pH 7 - 356.42±0.21; pH 9 - 

215.17±0.09; pH 11 - 121.18±0.10 nM/min/g) 

followed by DBW-17, HD-2894 and HUW-

234 wheat varieties, respectively. Wheat 

phytase showed optimal activity at pH 5.0 

(Nakano et al., 1999). Phytase enzyme from 

various origin have different optimal pH and 

temperature for example, an optimum pH 5.5 

at 55°C has been reported for wheat phytase 

(Leenhardt et al., 2005) whereas, optimum 

temperature and pH for rye phytase is 6.0 and 

45°C, respectively (Greiner et al., 1998). 

Shoot and root phytase of maize addressed as 

acid phytases because of their optimal activity 

at pH 5.0 (Laboure et al., 1993). The pH 

optima of plant seed phytases range from 4.0 

to 7.5, but most fall between 4.0 and 5.6. Two 

alkaline plant phytases having pH optima 

around 8.0 have been described from legume 

seeds (Scott, 1991) and lily pollen (Hara et al., 

1985); acidic phytases with a pH optimum 

around 5.0, and alkaline phytases with an 

optimum around 8.0. The first group includes 

the soybean seed phytase (Gibson and Ullah, 

1988), the Fl phytase of wheat bran (Lim and 

Tate, 1971 and 1973), the pH 5.0 phytases of 

Lilium longiflorum pollen (Baldi et al., 1988) 

and of Petunia hybrida pollen (Jackson and 

Linskens, 1982). Acidic phytases exhibit a 

broad affinity for various phosphorylated 

substrates (Gibson and Ullah, 1990), and the 

wheat bran pH 5.0 phytase catalyses the 

hydrolysis of virtually all intermediate forms 

of myo-inositol phosphate from phytic acid to 

myo-inositol 2-phosphate (Lim and Tate, 

1971). 

 

Effect of temperature on phytase activity 

 

Effect of temperature on phytase activity was 

studied at 20
o
C, 40

o
C, 60

o
C, 80

o
C and 100

o
C 

for four selected wheat varieties from Fig. 2. 

But maximum phytase activity was observed 

in LOK-1 wheat variety in all different 

temperature (20
o
C - 246.23±0.44; 40

o
C - 

343.18±0.11; 60
o
C - 364.05±0.03; 80

o
C - 

137.03±0.35 and 100
o
C - 71.33±0.71 

nM/min/g) followed by DBW-17, HD-2894 

and HUW-234 wheat varieties, respectively. 

Optimal temperatures of most phytases vary 

from 37 to 77
o
C (Hara et al., 1985). In 

contrast, wheat phytase maintained more than 

50% of its highest activity relatively at 30 to 

80°C with an optimum of 50°C (Inkyung and 

Jaiesoon, 2012). Although enzymes obtained 

from microorganisms inhabiting cold 

environments such as polar regions and deep 

sea show higher catalytic efficiency at low 

temperatures than their mesophilic 

counterparts (Gerday et al., 1997). Phytase, 

sensitive to high temperature and pressure, is 

not heat stable and should be applied by 

avoiding excess heat during extrusion, which 

may destroy the phytase effect. Similarly high 

temperatures (>70◦C) caused partial or total 

inactivation of native phytase. Most phytases 

have an optimal pH in the range of 4.5–6.0 

and a temperature range of 45–60
◦
C. Outside 

the optimal range of pH and temperatures the 

action of phytase is reduced (Lei and Stahl, 

2000). 
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  Fig. 1 Effect of pH on phytase activity                Fig. 2 Effect of temperature on phytase activity 
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     Fig. 3 Effect of sodium phytate on phytase activity      Fig. 4 Effect of calcium phytate on phytase activity 
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Effect of sodium phytate on phytase activity 

 

Effect of sodium phytate on phytase activity 

was studied at 1, 2, 3, 4 and 5mM in four 

selected wheat varieties Fig. 3. But maximum 

phytase activity was observed in LOK-1 wheat 

variety at different sodium phytate 

concentrations (1mM - 432.45±0.24; 2mM 

459.41±0.30; 3mM - 488.27±0.27; 4mM- 

439.31±0.17 and 5mM- 402.07±0.07 

nM/min/g) followed by DBW-17, HD-2894 

and HUW-234 wheat varieties, respectively. 

A. ficuum and wheat phytase showed broader 

specificity for phytate and various other 

phosphate compounds. Furthermore, A.ficuum 

phytase was 4-fold less active against sodium 

phytate compared to magnesium phytate, 

while wheat phytase equally hydrolyzed these 

two substrates. Interestingly, the wheat 

enzyme hydrolyzed ATP 5.4-fold higher than 

phytate substrates, which supports the fact that 

phytate-degrading enzymes from plants 

generally yield the highest relative rates of 

hydrolysis with substrate specificity for 

phytate (Inkyung and Jaiesoon, 2012). Most 

probably, purification resulted in removing 

some acid phosphatase activity present in 

crude extracts, and consequently less acid 

phosphatase was acting on sodium phytate 

during activity determination. On the other 

hand, both phytase and acid phosphatase were 

active in dephosphorylating plant phytates in 

wheat samples subjected to in vitro digestions. 

Apparently, in the dephosphorylation 

processes the contribution of phytate-

degrading enzymes other than phytase present 

in wheat is more notable in degrading sodium 

phytate than during their action on plant 

phytates (Zyra et al., 1999). 

 

Effect of calcium phytate on phytase 

activity 
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Effect of calcium phytate on phytase activity 

was studied at 1, 2, 3, 4 and 5mM in four 

selected wheat varieties from Fig. 4. But 

maximum phytase activity was observed in 

LOK-1 wheat variety at different calcium 

phytate concentration (1mM - 326.28±0.15; 

2mM - 349.40±0.21; 3mM- 340.93±0.47; 

4mM- 291.11±0.11 and 5mM - 277.23±0.23 

nM/min/g) followed by DBW-17, HD-2894 

and HUW-234 wheat varieties, respectively. 

Alkaline phytase activity with pH 8, was 

recovered from detergent extracts of dormant 

seeds of nine varieties of Phaseolus vulgaris 

L., Pisum sativum L. var. Early Alaska, and 

Medicago sativa L. This alkaline phytase of 

legume seeds was activated by calcium and 

differed from most seed phytases in its relative 

insensitivity to inhibition by fluoride (Scott, 

1991). The essential minerals of concern in 

human nutrition, which may be affected by 

phytate are calcium, copper, iron, and zinc 

(Janghorbani and Ting, 1990). The absorption 

and bioavailability of indispensable minerals 

such as calcium, zinc, magnesium, and iron 

may also be negatively affected by forming 

insoluble chelate complexes with phytate 

(Papatryphon et al., 1999). Phytate can also 

combine protein and vitamin as insoluble 

complexes to reduce their utilization 

efficiency, activity and digestibility (Liu et al., 

1998; Sugiura et al., 2001). In vitro studies 

have shown that phytate–protein complexes 

are less attacked by proteolytic enzymes 

(Ravindran et al., 1995); even some enzymes 

such as pepsin, amylopsin, and amylase would 

be inhibited by phytate. Furthermore, phytate 

may interfere with the digestibility of lipid and 

starch (Cosgrove, 1966). 

 

The data obtained in this study indicate that 

significant differences were observed in 

phytase activity of different wheat varieties in 

enzyme kinetic study. Phytase activity 

significantly increases in LOK-1 wheat variety 

with acidic pH but decreases in basic pH with 

optimum temperature 60
°
C and both substrates 

are good in their substrate specificity with 

phytase enzyme at 3mM of sodium phytate 

and 2mM of calcium phytate, when increases 

the concentration of both substrates then 

significantly decreases phytase activity in all 

wheat varieties were observed. Such noble 

phytase can be study in cosmetic and food 

industry for their several beneficial 

prospectuses.  
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