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Abstract

α- amylase catalyzes the hydrolysis of internal glycosidic bonds in starch and related polysaccharides into monosaccharides, 
and very important for human digestion. In this study, the inhibitory activity of phytic acid on salivary α-amylase was studied 
in various physiological conditions. Phytic acid is complex compound with six phosphate groups and found to be a potential 
inhibitor of human salivaryα-amylase. It completely inhibited the activity of particular enzyme at the concentration of 40 mM 
in neutral pH and 0.4% of substrate concentration. The type of inhibition through which phytic acid kinetically inhibit the 
human salivary α-amylase activity was mixed non-competitive and pH dependent. Phytic acid showed maximum inhibition 
of enzyme activity after 40 minutes of pre-incubation time. 
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Introduction

 Starch is a  polymer of repeating  units  of glucose 
with two major components amylose and amylopectin. Am-
ylose builds upto 15–35% of the granules in most plants is a 
primarily linear polysaccharide with α-(1–4)-linkedD-glu-
cose units. Amylopectin is a highly branched molecule with 
α-(1–4)-linked D-glucose backbones and exhibits about 5% of 
α-(1–6)-linked branches, which have a profound effect on the 
physical and biological properties of starch [1,2]. It is the main 
source of carbohydrate in the human diet. The α-amylase (α-1, 
4-glucon-4-gluconohydrolase, EC 3.2.1.1) catalyzes the hydro-
lysis of internal glycosidic bonds in starch and related poly as 
well as oligosaccharides and widespread in all three domains 
of life (Archaea, Bacteria and Eucarya). Human α-amylase is 
present in both salivary and pancreatic secretions and plays a 
key role in the hydrolysis of starch in human food. Human sal-
ivary α-amylase is present in the oral cavity, provides the ini-
tial partial cleavage of starch into shorter oligomers, which are 
then further hydrolyzed by the pancreatic enzymes [3,4]. Metal 
ions usually act as cofactors for enzyme and are very important 
for enzymatic activities of enzymes. The chelating molecules 
usually inhibit the activities of many enzymes by binding with 
cofactor and block their availability for enzyme activity. This 
means of inhibiting enzyme activity serves as a major control 
mechanism in biological systems [5,6].

 Phytic acid (Myo-Inositol Hexaphosphate) is a com-
plex carbohydrate which has chelating property to bind the 
minerals [7-12]. Myo-inositol hexaphosphate is the major stor-
age form of phosphorus in cereals, legumes and oil seeds with 
six phosphate groups extending from the central inositol ring 
and serves as an excellent chelator of minerals [13,14]. It has 
been reported that myo-inositol hexaphosphate strongly inhib-
it α-amylases of different origins  [15,16]. The effect of bran 
phytic acid on the activity of wheat amylase was investigated 
and it was report that the it signficantlty effect the activity of 
wheat α-amylase [16].The phytic acid also effect the activity of 
human salivary α-amylase and it was reported that starch di-
gestion has been reduced upto 78% [17].

 However, the effect of phytic acid on  human salivary 
α-amylase under different physiological conditions were not 
thoroughly study yet. In present study, the effect of phytic acid 
on human salivary amylase activity at different physiological 
conditions and to interpret the possible mechanism of inhibition 
by this compound. Since, phytic acid is a common item of diet, 

especially of vegetarians, discovering of its inhibition of α-amy-
lase would be a significant finding.

Materials and Methods

Extraction of Human salivary α-amylase  
 
 About 8-10 ml of mixed saliva was obtained from a 
healthy person after 2 hours of the breakfast and mouth washed 
with deionized water. The saliva was centrifuged for 15 minutes 
at 3000 rpm. The clear supernatant of saliva was separated and 
stored at –20oC until analyzed [18].

Enzyme assay

 The α-amylase activity was estimated by measuring the 
decrease of absorbance of un-hydrolyzed starch (1.0 mg/ml pre-
pared in phostphate buffer pH 7.0) by colorimetric determina-
tion with I2/KI reagent at 620nm using spectrophotometer [19]. 
5. 0 ml of substrate was mixed with 0.1ml of 100 fold diluted 
enzyme and incubated at 37 °C for 10 minutes. After 10 minutes, 
reaction was stopped by adding 1 ml of 1N HCl.

Effect of substrate concentration

 The effect of substrate concentration on the activity 
of human salivary α-amylase was determined by using various 
substrate concentrations in enzyme assay. Two ranges of starch 
concentration were selected for substrate maxima, the low con-
centration ranges (1mg-6mg/ml) and high concentration ranges 
(10 mg-60mg/ml).

Effect of phytic acid on the activity of human salivary 
α-amylase

 The effect of phytic acid on the activity of α-amylase 
was determined by pre-incubation of various concentration of 
phytic acid ranging from 5 to 40 mM with enzyme prior the ad-
dition of substrate for 30 minutes. After that defined amount of 
enzyme inhibitor mixture was taken for the estimation of enzy-
matic activity.

Effect of pre-incubation time on the inhibition of α-am-
ylase by phytic acid

 The impact of pre-incubation time on inhibition of 
human salivary α-amylase activity by phytic acid was analyzed 
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through pre-incubation of enzyme with inhibitor for various 
time intervals ranging from 1-110 minutes. 

Effect of reaction pH on the inhibition of human sali-
vary α-amylase by phytic acid

 The effect of pH on the inhibition of α-amylase activ-
ity by phytic acid in the presence of substrate was determined 
through the estimation of  enzyme activity at different pH levels 
ranging from (4.0 to 8.0) with the addition of phytic acid with the 
comparison of absence of phytic acid. 

Effect of phytic acid on the kinetic parameters of human 
salivary α-amylase

 The effect of phytic acid on the kinetic parameters (Km 

and Vmax values) of α-amylase was determined by estimation of 
enzymatic activity using various concentration of substrate with 
constant phytic acid concentration.   

Statistical analysis

 The experimental data was subjected to Graph Pad 
Prism Software (Version 5.00, 2007) in order to get the values of 
Km, Vmax and other required statistics. All the experiments were 
performed in triplicate to get the reliable data.

Results and discussion

Effect of substrate concentration on the activity of α-am-
ylase

 The activities of enzymes are affected by various pa-
rameters and the concentration of substrate is a very import-
ant parameter to be analyzed for the maximum performance of 
enzymes. The optimum substrate concentration for maximum 
catalytic activity of human salivary α-amylase was determined 
by performing the α-amylase assay in different concentration 
of starch. The enzymatic activity of α- amylase was increased 
by increasing the substrate concentration and got at maximum 
when the starch was reached to 2.0 % (Figure 1). Further in-
creased of starch concentration beyond 2.0 % didn’t influence 
the enzymatic activity of α-amylase and the enzyme activity re-
mained constant from 2.0 to 2.5 %. The activity of enzyme was 
reduced by further increased of starch concentration afar 1.0 
mg ml-1 and α-amylase lost more than 50 % of its activity at the 
concentration of 1.5 mg ml-1 of starch. The reduction of enzy-
matic activity at higher concentration of substrate might be due 
to formation of greater amount of product and product inhibi-
tion of enzyme activity is one of the main regulatory features in 
metabolism to regulate the enzyme activity through feedback 
inhibition.

Figure 1: Effect of substrate concentration on the activity of human salivary α-amylase (means± S.E., n = 6)
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Effect of phytic acid on the activity of α-amylase

 The influence of phytic acid on the activity of human 
salivary α-amylase was determined and it was observed that the 
phytic acid significantly affect the activity of amylase (Figure 
2). The percent inhibition of amylase activity was increased by 
increasing the myo-inositol hexaphosphate concentration and 
human salivary α-amylase lost its complete activity at 40 mM 
of myo-inositol hexaphosphate. The myo-inositol hexaphosphate 
is highly negative charged complex carbohydrate with six phos-
phate groups and strongly binds to the positive charged polar 
amino acids such as lysine and arginine of protein to modify 
their structural conformation. This characteristic of myo-inosi-
tal hexaphosphate might be responsible for the inhibition of the 
physiological function of human salivary α-amylase. Similar ob-
servation was previously found in case of polyglacturonase inhi-
bition by phytic acid [20]. 

Effect of pH on the inhibitory activity of phytic acid to 
human salivary α-amylase

 The interaction of phytic acid to other molecules is high-
ly pH-dependent; therefore, the pH-dependent activity of phytic 
acid on the human salivary α-amylase was analyzed by measuring 

the enzyme assay in presence of constant concentration of phyt-
ic acid (20 mM) at various pH levels with reference to absence 
of phytic acid. The enzymatic activity of α-amylase significantly 
changed with pH in the presence of phytic acid (Figure 3). The 
phytic acid showed positive effect on the activity of human salivary 
α-amylase in acidic conditions. It enhanced 91%, 34%, 26%, 21%, 
19% and 3.0% activity of human α-amylase at pH 4.0, 4.5, 5.0. 5.5, 
6.0 and 6.5 as compared to the activity of enzyme on the particu-
lar pH in absence of phytic acid, respectively. But, when the acid-
ic range has been ended, the phytic acid turned its behavior and 
initiated the inhibition of human salivary α-amylase. The phytic 
acid reduced 52% activity of α-amylase when the pH of the reac-
tion was adjusted to pH-7.0 and 99 % activity of α-amylase was 
reduced at pH-8.0. The correct protonation state of amino acids 
on the active site of enzyme is necessary for their catalysis activity. 
Thus, the pH of the reaction depends on the net pKa value of every 
amino acids of the enzyme and the alkaline or acidic nature of the 
substrate. The interaction of phytic acid with amino acids depends 
on the net charge of amino acids presence on the enzymes, there-
fore significant changed was observed ons behavior of phytic acids 
and enzymes with relation of reaction pH. At low pH level, the 
phytic acid may bind to basic amino acids present in enyme and 
enforce a comformational change of enzyme structure to increase 
its catalytic activity. As the pH increased, the intraction behavior 

Figure 2: Effect of phytic acid concentration on the activity of human salivary α-amylase (means± S.E., n = 6)
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Figure 3: Effect of pH on the inhibition activity of phytic acid to human salivary α-amylase (means± S.E., n = 6)

of phytic acid towards the amino acids were changed and enforced 
a negative impact on the conformational structure of enzyme, and 
reduce its activity as we observed in this study.

Effect of pre-incubation period of enzyme and phytic 
acid on the activity of human salivary α-amylase

 The pre-incubation time of enzyme with various con-
centration of phytic acid significantly affected the activity of 
α-amylase (Figure 4A). The activity of enzyme reduced with the 
increased of pre-incubation time and phytic acid concentration, 
and maximum inhibition was observed at the period of 90 min-
utes with 25 mM of phytic acid concentration. An appropriate 
method for the kinetic analysis of mechanism-based inactiva-
tion has been described by Kitz and Wilson [21]. This method 
is based on the comparative activities of functional enzyme with 
time following pre-incubation in the presence and absence of 
inhibitor. The linearity of plot in a declined manner indicates 
pseudo-first-order inactivation (Figure 4B). The apparent inac-
tivation rate constant (kapp) is described by the slope obtained. In 
this method, it is assumed that [I] > [El, that EI (the reversible 
enzyme-inhibitor complex) is at all times in equilibrium with en-

zyme and inhibitor, and that many reversible enzyme-inhibitor 
complexes form before one molecule of enzyme is inactivated. 

Effect of phytic acid on the kinetic parameters of human 
salivary α-amylase

 The effect of phytic acid on the Km and Vmax values of 
α-amylase was determined with Lineweaver-Burk plot using 
GraphPad Prism Software [22]. According to this model, the Km 
value shows the affinity of enzyme towards its substrate, low Km 
value means high affinity of enzyme to its substrate and high Km 
value indicates the low affinity. The experimental value of Km has 
been increased from 3.945 to 4.945 mM after inhibition, while an 
apparent decreased in Vmax from 45027 to 28738 U ml-1min-1 has 
been observed. This could be due to the binding of inhibitor I to 
both E and ES but unequally that may leads to decreased Vmax and 
increased Km,app. The resulting plot (Figure 5) shows that inhibi-
tion may be mixed non-competitive type because it is effecting 
both the slope and the y-intercept of Lineweaver-Burk plot. On 
the basis of the results, the phytic acid can non-competitively in-
hibit the amylase in different concentration of substrate either at 
high or low concentration [23-25].   
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Figure4: Kitz and Wilson plot of inactivation of human salivary α-amylase during pre-incubation with phytic acid at pH 7.0, 370C. (A)α-amy-
lase activity vs. pre-incubation time(means± S.E., n = 6).(B) Apparent rate of inactivation (Kapp) vs. inhibitor concentration (means± S.E., n = 6)
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Figure 5: Effect of phyticacid on the Km and Vmax of human salivary α-amylase (means± S.E., n = 6)
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Conclusion

 This study is based on the inhibition kinetics of human 
salivary α-amylase by phytic acid. Phytic acid taken in human 
diet in an average of 2000-2600mg /day, is a potent inhibitor for 
the amylases. In the form of sodium phytate salt, complete in-
hibition of α-amylase occurs at the concentration 40 mM. The 
inhibition mechanism of phytic acid to human salivary α-amy-
lase was determined through Lineweaver –Burk plot and it was 
found mixed inhibition. The process is highly pH dependent and 
a pre-incubation time of 40 minutes favors maximum inhibition 
at 37 ºC. 
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