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Phytases (EC 3.1.3.8) refer to group of enzymes that hydrolyze biochemical degradation of myo-inositol 
hexakis phosphate (phytic acid) liberating myo-inositol, inorganic orthophosphates or free phosphorous. 
Phytase, being the pre-dominant enzyme in animal feed increases the bioavailability of phosphorous. 
Following research was concerned with the optimized production, partial purification and 
characterization of bacterial phytases. Bacterial strains (Enterococcus PhyI, Enterococcus PhyII, 
Enterococcus PhyIII, and Streptococcus PhyIV), isolated form soil and fecal samples were exploited for 
phytase production under submerged fermentation. Optimized production of phytase was achieved at 
temperature of 30°C, pH 7.0 and incubation period of 72-96 hours using M9 medium. Phytase from 
potential bacterial strains showed optimum activity within a pH range 6.0-7.0 and temperature 50°C. 
Mn+2 and Mg+2 ions stimulated phytase while Zn+2 and Cu+2 ions posed inhibitory effect. Tween 80 
modulated phytase activity. Temperature and pH stability profile of bacterial phytase was examined. 
Phytase remained fairly stable upto 70°C and tolerated a wide pH range upto pH 8.0 after which a 
decline trend in enzyme stability was observed.   
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INTRODUCTION 

Phosphorous, a macro-nutrient plays 
essential role in several metabolic processes 
including protein synthesis, formation of cell 
membranes and enzyme regulation. In plants, the 
major storage form of phosphorous is phytic acid, 
accounts 60-90% of the total phosphorous (Vats, 
P., & Banerjee, 2005). Legumes, grains, oilseeds, 
nuts and cereals comprise of significant proportion 
of phytate content (Cosgrove,1966 & Reddy et al. 
1982). Phytic acid exhibits anti-nutritional activity 
by chelating essential metal ions such as Mn2+, 
Mg2+and Ca2+. Human and monogastric animals 
cannot utilize phosphorous locked in complex 
structure of phytic acid and release an 

appreciable amount of phosphorous in undigested 
form (Kumar, 2015). Enzymatic dephytinisation of 
phytate component is a potent mechanism to 
reduce phytate content from seeds and cereals 
(Bohn et al. 2008). 

Phytases (EC 3.1.3.8) hydrolyze plant’s 
organic phosphate transforming it into 
comparatively simple and usable elemental 
phosphorous in a sequential manner. Phytases 
can be employed to improve the nutritional value 
of feed and to alleviate phosphorous 
contamination. Phytase derived from bacterial 
strains offer the advantage of efficient release of 
phosphorous and resistance towards proteases. 
Moreover, phytate degrading enzymes from 
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Gram-positive bacteria are extracellular (Greiner, 
1993).  

The present investigation was focused on 
production of phytase enzyme from potential 
bacterial strains under optimized submerged 
fermentation conditions. Enzyme’s optimal pH and 
temperature was estimated and its stability under 
different conditions was examined. 
  
MATERIALS AND METHODS 

2.1. Production of Phytase 
Production of phytase was operated under 

submerged fermentation using M9 medium. M9 
medium contained 250ml of 5X M9 salts 
Na2HPO4.7H2O (16g), KH2PO4 (3.75g) NaCl 
(0.625g), NH4CL (1.25g), 2ml of 1M MgSO4, 20ml 
of 20 % glucose, and 1M CaCl2 per liter of distilled 
water, supplemented with 0.1 % phytic acid as 
inducer. Inoculum was transferred to the flask 
containing sterilized M9 medium. Flasks were 
incubated at 30°C in shaking incubator for a 
period of 72 hours. After 72 hours, media was 
centrifuged at 6000 rpm for 15 minutes. Enzyme 
filtrate was separated from cell debris. 

2.2. Preparation of phosphate standard curve 
KH2PO4 was used to prepare the phosphate 

standard curve. 1 mM solution of KH2PO4 was 
used as a stock solution to prepare 20 dilutions of 
varying concentrations of KH2PO4 in micromoles 
(50uM–1000uM). All test tubes were incubated at 
room temperature for 5 minutes for the 
development of color. Absorbance was measured 
spectrophotometrically at 660nm and standard 
curve was plotted between KH2PO4 concentration 
on x-axis and absorbance at y-axis. 

2.3. Phytase assay 
 Culture filtrate was subjected to phytase 

assay (Harland, 1980). Phytase activity was 
determined using colorimetric analysis by 
estimating the amount of inorganic phosphate 
released as a result of phytic acid hydrolysis. 
Enzyme units were calculated under different 
assay conditions and kinetics were evaluated. “1 
unit of phytase is defined as amount of enzyme 
required to release µ moles of inorganic 
phosphate under standard assay conditions (pH 
of 5.15 at 55°C)”. 

 2.4. Optimization of Cultural and Physical 
parameters for phytase production 

The cultural and physical parameters of 
submerged fermentation such as temperature, pH 

and time were optimized in order to enhance the 
production of phytase from selected phytase 
producing bacterial strains. Maximum phytase 
units were produced using M9 medium, pH 7-8, 
temperature 30°C, incubation period 72-96 hours. 

2.5.  BSA Standard Curve 
Concentration of protein in sample enzyme 

was estimated according to Bradford method 
(Bradford, 1976).  For total protein estimation, 
BSA (Bovine serum albumin) was used as 
standard. BSA stock solution having concentration 
of (1mg/ml) was used to prepare dilutions having 
different BSA concentrations ranging from 0.1 to 
1mg/ml. In each dilution, 5ml of Bradford reagent 
was added, given a stay time of 10 minutes their 
absorbance was measured at 595 nm. A graph 
was plotted between absorbance on y-axis and 
BSA concentration on the x-axis to prepare a 
standard curve. 

2.6. Partial purification of Phytase by 
ammonium sulfate precipitation 

To remove unwanted proteins from crude 
extract, enzyme filtrate was subjected to 
ammonium sulfate precipitation. To determine 
precipitation range of phytase from phytate-
degrading strains, following fractions were 
prepared: 0-20%, 20-30%, 30-40%, 40-50%, 50-
60%, 60-70% and 70-80%. Specific activity was 
calculated using protein concentration derived by 
BSA standard curve. Ammonium sulfate salt was 
removed by dialysis. 

2.7. Characterization of phytase 

2.7.1 Effect of pH on phytase activity 
For determination of optimum pH of phytase, 

buffers with 10Mm concentrations were prepared 
having different pH. Glycine-HCL buffer (pH 1 and 
2), Sodium acetate buffer (pH 3,4,5), Phosphate 
buffer (pH 6,7) Tris-Cl buffer (pH,8,9), Glycine- 
NaOH (pH 10) and enzyme activity was measured 
spectrophotometrically using sodium phytate as 
substrate. Enzyme activity assay was optimized 
by incubating the reaction mixture at different pH 
values. 

2.7.2. Effect of temperature on Phytase activity 
Different temperatures were analyzed for 

determination of optimum temperature for phytase 
activity. The reaction mixture for phytase assay 
was incubated at several temperatures: 10°C - 
100°C with every 10°C interval. 
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2.7.3. Effect of metal ions on phytase activity 
The effect of metal ions on enzyme activity 

was studied. Metal salt solutions were prepared in 
substrate in 5mM concentration and incubated 
with the reaction mixture for 15 minutes. The 
metal ions used in the study were K+, Cu2+, Co2+, 
Mn2+, Mg2+, Cd2+, Ca2+, and Zn2+. A metal free 
solution served as control and its residual activity 
was considered to be 100%. 

2.7.4. Effect of surfactants on Phytase activity 
Activity of bacterial phytase was observed in 

the presence of some surfactants such as Tween 
80, Triton X and SDS. The effect of surfactants on 
phytase activity was studied using 1% stock 
solution of these surfactants. A control was 
prepared without surfactant supplementation.  

2.7.5. Effect of temperature on Phytase 
stability 

To analyze phytase stability under various 
temperatures, standard phytase assay was 
performed at different temperatures. For attaining 
required temperatures, thermostatically controlled 
water bath was used. The stability profile of 
phytases was examined within temperature range 
of (30 - 100oC) for 1 hour. 

2.7.6. Effect of pH on phytase stability 
PH stability of phytase was determined by 

incubating enzyme in buffers having different 
adjusted pH and residual activity measurements 
were carried out for 1 hour after equal time 
intervals. Assessment of phytase activity was 
conducted at different pH range (2.0 - 10.0). 

2.8. Study of kinetic parameters of phytase 
1mM stock of phytic acid (substrate) was 

prepared in sodium acetate buffer having pH of 
5.5. Optimum substrate concentration for the 
enzyme activity was calculated using substrate 
concentration range of 10 -100uM. 
 
RESULTS  

3.1. Partial Purification of Bacterial Phytase   
The purification process of phytase is 

presented in Table 1. The phytase was 
precipitated between 60–80% fractions of 
ammonium sulfate. 

3.2. Characterization of phytase: 

3.2.1 Effect of pH on phytase activity: 
It was found that neutral pH of 7.0 yielded 

maximum activity (12.38 U/ml/min) for 

Enterococcus PhyI phytase, Streptococcus PhyIV 
(13.20U/ml/min) and Enterococcus PhyII (13.09 
U/ml/min) when incubated for 15minutes at 55°C. 
Enterococcus PhyIII phytase exhibited best 
enzyme activity at pH 6.0 (11.98 U/ml/min). The 
phytase activity considerably declined at pH 9 - 
10. Minimum enzyme activity was observed at pH 
10. The activity of bacterial phytases increased 
periodically in a pH range of 6.0 - 8.0 and was 
concluded to be optimum for phytase activity. 

3.2.2. Effect of temperature on phytase activity 
Phytase activity at initial temperatures was 

observed to be rising with highest activity 
observed at 50°C. It was found that a temperature 
of 50°C produced highest activity- 11.45Uml/min, 
18.17U/ml/min, 12.46U/ml/min for Enterococcus 
PhyI, Enterococcus PhyII, Streptococcus PhyIV 
phytase, respectively and 30°C for Enterococcus 
PhyIII- 17.49 U/ml/min. Phytase activity 
subsequently decreased at higher temperatures 
particularly at 80°C to 100°C. 

3.2.3. Effect of metal ions on phytase activity: 
Amongst the ions assessed, Mg2+ and Mn2+ 

and Ca2+ showed the greatest enhancement in 
Enterococcus PhyI phytase activity (142%) and 
Streptococcus PhyIV phytase activity (158%) 
respectively. Mg2+ ion significantly enhanced the 
activity of PhyII phytase while the activity of PhyIII 
phytase was most stimulated in the presence of 
Mn2+ exhibiting 109% and 85% of residual activity, 
respectively. Cu2+ and Zn2+ had the most adverse 
effect on phytase residual activity. 

3.2.4. Effect of surfactants on Phytase activity 
The activity of enzyme was inhibited in the 

presence of surfactants. Among the surfactants 
used, least residual activity of 13% for 
Enterococcus PhyI phytase was attained by SDS. 
Triton X had almost no effect on Streptococcus 
PhyIV phytase. The addition of Tween 80 had a 
positive effect on phytate hydrolysis thus, served 
to enhance the phytase activity of both PhyII and 
PhyIII phytase. However, EDTA had a negative 
effect on phytase activity. Triton X-100 decreased 
the residual activity for all phytases except for 
PhyIV phytase, which was rather stimulated by it. 

3.2.5. Effect of temperature on Phytase 
stability 

The stability profile of phytases ws examined 
within temperature range of (30oC to 100oC) for 1 
hour. Phytase remained fairly stable up to 70oC. 
At higher temperatures, residual activity started to 
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decline gradually reaching value of 17.2% for PhyI 
phytase after 60min at 80oC. Decrease in stability 
was more vigorous at 90oC and 100oC with 
minimum residual activities of 4.17% and 2.01% 
for Enterococcus PhyI phytase. PhyIV remained 
stable within temperature range of 50-70oC, a 
significant decline trend in stability was observed 
at 90oC and 100oC with residual activity of 2.01% 
and 1.01% respectively.  Phytase activity at 
initial temperatures was observed to be rising with 
the highest activity observed at 50°C and 30°C for 
the phytases derived from Enterococcus PhyII 
and PhyIII. The phytase activity subsequently 
decreased at higher temperatures particularly at 
80 to 100°C.  For the PhyII phytase, the reduced 
activities at 90°C and 100°C were recorded to be 
4.57% and 2.18%. The residual activities 
for PhyIII phytase were 2.05% and 1.09% at 90°C 
and 100°C respectively. 

3.2.6. Effect of pH on Phytase stability 
Phytase activity started to decline above pH 

7.0 for PhyI and PhyIV. Residual activity of PhyI 
and PhyIV phytases after 60 min of incubation in 
tris-glycine buffer (pH 8.0) was estimated to be 
11.03% and 22.32% respectively. The phytase 
from Enterococcus PhyII was comparatively more 
pH stable than the PhyIII phytase exhibiting 25% 
and 18.21% residual activity at pH 9 and 10 while 
PhyIII phytase retained 13.21% and 6.06% 
residual activity at these pH values after 60 
minutes. PH stability window for PhyII and PhyIII 
phytase was found to be pH 4.0 - 8.0 and 3.0-7.0 
respectively. 

3.8. Study of kinetic parameters of phytase 
Km value for bacterial phytases was derived 

to be: 66.6µM, 70.9µM, 76.73µM and 58.82 µM 
respectively. Similarly, the maximum rate of 
reaction (Vmax) for PhyI, Phy II, PhyIII and PhyIV 
was calculated as 2.757µmol/min, 454.54 
µmol/min, 2.757 µmol/min and 454.54 µmol/min 
respectively. 

 
Table 1: Partial purification of phytase from bacterial isolates 

 

Bacterial strain 
Purification 

 step 
Total Protein 

(mg/ml) 
Total Activity 

(U/ml) 
Specific Activity  

(U/mg) 
Yield  
(%) 

Purification  
fold 

 
Enterococcus 

PhyII 

Crude  
enzyme 

1.59 54.63 29.79 
 

  63.3 
 

1.72 (NH4)2SO4  
saturation 

0.711 34.61 51.52 

 
Enterococcus 

PhyIII 

Crude 
 enzyme 

1.53 58.33 34.79 
 

70.8 
 

1.59 (NH4)2SO4    
  saturation 

0.61 41.32 55.22 

 
    Enterococcus 

PhyI 

Crude 
 enzyme 

1.69 66.54 39.37 
 

67.0 
 

1.61 (NH4)2SO4   
  saturation 

0.718 45.61 63.52 

 
Streptococcus 

PhyIV 

Crude  
enzyme 

1.48 53.68 36.27 
 

64.1 
 

1.49 
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Figure 1: KH2PO4 standard curve 
 

 
 

 Figure 2: BSA standard curve for protein estimation 
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Figure 3:  Effect of pH on phytase activity 
 

 
Figure 4:  Effect of temperature on phytase activity 

 

 
 

Figure 5: Effect of metal ions on phytase activity 
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Figure 6:  Effect of surfactants on phytase activity 
 

      
 

       
 

Figure7: Effect of temperature on stability of phytase 
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Figure 8: Effect of pH on stability of phytase 
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Figure 9: Line weaver-Burk Double Reciprocal Plot to calculate the Km and Vmax of Phytase 
 

 
DISCUSSION 

A lot of research had been focused on the 
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microorganisms. Phytases show optimum activity 
in pH and temperature range of 6.0-8.0 and 50°C 
and 37°C, respectively. An optimum pH of 6 is 
exhibited by the phytase from Lactobacillus 
plantarum (Saribuga et al. 2014). Similarly, The 
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(Sasirekha et al. 2012) as well as the Glucose-
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phytase activity in the presence of Ca2+, Mg2+ and 
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Mn 2+ stimulate the activity of a few phytases yet 
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phytases from Bacillus subtilus, Enterobacter 
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spp., and Selemonas rumanitarium are inhibited 
by Cu 2+ and Zn2+ (Shimizu, 1998; Yoon et 
al.1996; Yanke et al. 1999). Similarly, the 
presence of Cu2+ and Zn2+ strongly inhibited while 
Mn2+ and Ca2+ slightly stimulated the phytase from 
Mitsuokella jalaludini (Lan et al. 2002). 

Different results have been reported on the 
effect of surfactants on phytase activity. Tween- 
80 positively increases phytase activity while 
EDTA, Triton X-100 and SDS decrease the 
activity of phytases. Phytase derived from 
Aspergillus ficuum showed enhanced activity in 
the presence of Tween-80 and was inhibited by 
Triton X-100 (Ebune et al. 1995). The activity of 
Aspergillus oryzae phytase was reinforced by 
Tween 80 and Triton X-100 (Sapna and Singh, 
2017). Pseudomonas aeruginosa p6 was inhibited 
by EDTA (Sasirekha et al. 2012). Both Triton X-
100 and EDTA caused 50% decrease in the 
activity of phytase from A. niger CFR 335 

(Gunashree and Venkateswaran, 2008).   

Phytases are thermally stable within a range 
of 30 to 70°C and are inactivated at higher 
temperatures (Wang et al. 2004). The acid 
phosphatase derived from Vigna radiata also had 
a stability range of 0-50°C with activity decreasing 
rapidly above 60°C (Nadir et al. 2012). Similarly, 
Enterobacter phytase exhibited thermal stability 
from 10°C-60°C for 1 hour and decline in activity 
above 60°C (Yoon et al. 1996). The phytase from 
whole wheat was observed to be thermally 
inactivated between 80 to 100°C (Peers, 1953).  

pH profiling for bacterial phytases indicated a 
stability within the range of 3.0 -8.0 and thus, a 
wide range for activity. Above this range, a decline 
in trend was observed in enzyme’s pH stability. 
Phytases produced by Bacillus subtilis MJA were 
stable within a pH of 3.0-7.0 (El-Toukhy et al. 
2013). Similarly, phytase from Amycolatopsis 
vancoresmycina S-12, was stable at pH 8.0 for an 
hour (Bandyopadhyay et al. 2016). Likewise, the 
phytase derived from Serratia (PSB-15) species 
and Enterobacter cloacea (PSB-45) showed good 
stability in the pH range of 3.0–8.0 (Kalsi et al. 
2018). 

CONCLUSION 
The results indicated that bacterial strains 

PhyI, PhyII, PhyIII and PhyIV were potent phytase 
producers. The effect of various parameters on 
phytase was monitored. Physical parameters such 
as temperature, pH, presence of metal ions and 
surfactants strongly influenced phytase activity. 
Temperature and pH profile of phytase from 
locally isolated strains was investigated. Phytases 

exhibited thermostability and tolerated wide pH 
range. Owing to these features, phytases derived 
from bacterial strains under discussion can serve 
as interesting candidate for feed application 
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