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Abstract: Phytase production was studied by using two isolates of thermophilic Bacillus species 
S1 & S2 isolated from Yeshwant Mahavidyalaya ground soil sample. The Bacillus species S1 & 
S2 were screened for phytase activity using Sodium Phytate medium. The Bacillus species S1 & 
S2 failed to grow at 10°C and tolerated temperatures up to 50°C. The isolate S1 exhibited growth 
and caused phytase production at pH 8 and at 5% NaCl concentration, while S2 grown best at pH 
9 and at 5% NaCl concentration. Phytase production (29.4 U/ml) and activity was found to be 
maximum by Bacillus species S1 on fourth day of fermentation. Observation of influence of 
temperature indicated the production of 22.5 U/ml at 40°C, then it reduced by every 10°C 
increase in temperature as the yield was 20 U/ml at 50°C and 18 U/ml at 60°C. 
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Introduction 
Phytase (EC 3.1.3.8) a specific group of phosphatases (1,2,3) that catalyse the de-esterification of 
phytic acid [myo-inositol hexakisphosphate] to myo-inositol and free ortho-phosphoric acid. The 
phytic acid and its salts, the phytates, contain the major part (up to 90 %) of the total phosphorus 
in the seeds of many plants (cereals, leguminous, oil producing) (4-8). This form of phosphorus 
however is not easily assimilated by monogastric animals  such as swine, poultry, fish and human 
as they are not capable of metabolizing phytate phosphorus owing to the lack of digestive 
enzymes hydrolyzing the substrate and therefore inorganic phosphate is added to their diet to meet 
the phosphorus requirement. In addition, the undigested phytate phosphorus is excreted in manure 
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and poses serious phosphorus pollution problem, contributing to the eutrophication of surface 
water in areas of intensive livestock production (2,9,10, 11, 12). These undesirable effects have 
stimulated research into find out appropriate ways for its dephosphorylation. Upto now, phytases 
have been mainly if not solely, used as animal feed additive in diets largely for swine and poultry 
and to some extent for fish. The first commercial phytase products were launched in market in 
1991. Numerous animal studies have shown the effectiveness of supplement with microbial 
phytase in improving the utilization of phosphate from phytate. Therefore, including adequate 
amounts of phytase in the diets for simple- stomached animals reduces the need for 
orthophosphate supplementation of the feed. As a result, the environment is protected from 
pollution with excessive manure phosphorus runoffs as the faecal phosphate excretion of the 
animals is reduced by upto 50% (11,13, 14). 

Phytic acid acts as an antinutritional agent in monogastric animals by chelating various metal ions 
needed by the animal such as calcium, copper and zinc. Therefore, the enzymatic hydrolysis of 
phytic acid into less- phosphorylated myoinositol derivatives in the intestine of monogastric 
animals is desirable. Many attempts to enzymatically hydrolyze phytic acid have been made to 
improve the nutritional value of feed and to decrease the amount of phosphorus excreted by 
animals (10). 

Phytases are reported to be present in plants, microorganism and in some animals tissues. Phytase 
has been detected in various gram positive and gram negative bacteria e.g. Pseudomonas sp., 
Aerobacter aerogenes, Bacillus subtilis, Klebsiella sp., Enterobacter sp., and Serratia marcescens 
(10,15,16). The objective of the present study is to isolate, characterize phytase producing 
bacteria and to produce of extracellular phytase using submerged fermentation. 

Materials and methods 

Sample collection & isolation of bacteria 
Soil samples (four) was collected from Yeshwant Mahavidyalaya, Nanded campus and serially 
diluted upto 10-8 dilution. The diluted samples were plated on a sterile nutrient agar medium 
(Himedia) and incubated at 30oC for 24 h. 

Screening of phytase producing organisms 
The bacterial strains were screened for the production of extracellular phytase using phytase 
screening medium (Galactose 2%, Threonine –L 0.5%, Calcium chloride 20mM, Magnesium 
Chloride 20mM, Sodium phytate 20mM, trace elements 0.1%, Agar 2%, pH6.5). The pure 
cultures of isolates were streaked over the phytase screening medium plates and incubated at 30oC 
for 48 h. After incubation, the plates were observed to note the formation of clear zone around the 
bacterial growth. 
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Characterization of phytase producing bacteria 
Phytase producing bacteria isolated in the present study were characterized by referring Bergey’s 
Manual of Systematic Bacteriology (Vol.3,2009) .The characteristics studied were morphology of 
cells, nitrate reduction test, IMViC test, Carbohydrate utilization test, hydrolysis of urea, casein, 
starch, gelatin and oxidase, catalase tests, growth at temperatures of 10oC, 50oC and NaCl 
requirements (2%, 5%). Growths at different pH (5-9) were also recorded. 

Production of Bacterial Phytase 
The enzyme production was carried out by shake flask fermentation using production broth (Rice 
bran extract 5%, (NH4)2 SO4-0.04g; MgSO4.7H2O 0.02g; Casein 1g, KH2PO4 0.05g; K2HPO4 
0.04g; pH 6; Distilled water 100ml), 0.2 ml calcium chloride from a sterile 2% stock solution was 
added to the production medium (2,15). Five percent inoculum was inoculated in production 
medium. Fermentation was carried out on an orbital shaking incubator (200 rpm) at 300C for 5-6 
days. 

Extraction of crude phytase  
The fermentation broth from the production media was centrifuged (10000g for 15 min.) (2). The 
culture supernatant was collected as crude enzyme extract. To the culture supernatant three 
volumes of 95% cold ethanol was added and the mixture was maintained in ice for 1 h with 
agitation. The precipitated crude extract was harvested by centrifugation and dissolved in 0.1M 
Tris HCl buffer of pH 7.0 (15). The extract thus obtained was used for phytase activity 
determination. 

Estimation of phytase activity 
Phytase activity was determined by measuring the amount of liberated inorganic phosphate. 
Estimation was  carried out using extracted enzyme. In an assay mixture 1ml of the extract was 
diluted 1:4 in acetate buffer (pH 5) and incubated at 30oC for 10 min, with 1ml of 1.5mM sodium 
phytate in citrate buffer pH 3. The reaction was stopped by adding 1ml of 10% trichloroacetic 
acid solution (TCA). A blank sample was prepared by mixing 1ml of sodium phytate solution, 1 
ml of TCA solution. Thereafter, 1ml of distilled water and 5ml Taussky-Shorr (TS) reagent. 
(Ferrous sulphate / ammonium molybdate) were added to the blank sample and to the enzymatic 
mixture. After 10 min at room temperature the absorbance at 660 nm was read (17-19). One unit 
(U) of phytase activity was defined as the amount of enzyme that liberates one μ mol of inorganic 
phosphate per minute under assay conditions. 

Determination of Enzyme stability 
The extract was pre-incubated at 40oC, 50oC, and 60oC for 10, 20, 30, 40, 50, and 60 min. After 
the pre-incubation periods, the samples were cooled on ice for 30 min. Then they were re-
incubated at 30oC and the residual activities of the enzymes were determined (11,20,21). 
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Results and Discussion 
Two strains that caused solubilize sodium phytate & form peripheral clear zone on Phytase 
screening agar medium around colonies were isolated from soil  and designated as S1 & S2. Both 
isolates were identified on the basis of Bergey’s Manual of Systematic Bacteriology (Vol.3, 2009) 
and were belonged to the genus Bacillus (Table 1). 

Table 1. Characteristics of phytase producing Bacillus species 

Characteristics Bacillus species (S1) Bacillus species (S2) 
Gram’s Nature Gram positive Rods Gram positive Rods 
Motility Motile Motile 
Indole test - - 
Methyl red test - - 
Voges- proskauer test + + 
Citrate utilization test - + 
Nitrate reduction test + + 
Carbohydrate utilization test 
Lactose 
Maltose 
Mannitol 
Sucrose 
Xylose 

 
+ 
+ 
+ 
+ 
- 

 
- 
+ 
+ 
+ 
+ 

Hydrolysis of  
Urea 
Casein 
Starch 
Gelatin 

 
+ 
+ 
+ 
+ 

 
+ 
+ 
+ 
+ 

Catalase test + + 
Oxidase test + + 
Growth at 
100C 
500C 

 
- 
+ 

 
- 
+ 

Growth at pH 
5 
6 
7 
8 
9 

 
+ 
+ 
+ 
+ 
- 

 
+ 
+ 
+ 
+ 
+ 

Growth on NaCl (%) 
2% 
5% 

 
+ 
+ 

 
+ 
+ 
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The genus Bacillus contains a phylogenetically and phenotypically heterogenous group of species. 
Due to their ubiquity and capability to survive under extreme conditions (thermophilic, 
alkaliphilic & halophilic) heterotrophic Bacillus species are considered to be species of certain 
habitats (10). Aerobic endospore forming bacilli are generally found in soil. Therefore most 
Bacillus species can effectively degrade a series of biopolymers. Both the Bacillus species 
isolated in the present study possessed ideal physiological and biochemical features. Both species 
were gram positive rods and motile. The bacterial isolates were found to utilize a range of organic 
compounds, were halo tolerant and alkali tolerant which may reflect their growth in different 
environmental conditions (salt concentration, pH). None of the other species grew at 10oC, while 
both the isolates tolerated temperature up to 50oC. Bacillus species S1 was able to tolerate pH up 
to 8, while other species (S2) tolerated pH up to 9. Both the isolates of Bacillus species tolerated 
NaCl up to 5% (Table 1). 

By plate screening Bacillus species S1 was found to be superior strain and could produce clear 
zone around colony (2). Rice bran extract was used as substrate for the production of phytase 
(using Bacillus species S1) under submerged fermentation conditions (1). Bacillus species S1 
produced maximum amount of phytase on the 4th day (29.4 U/ml). The production of phytase was 
considerably low before and after 4th day of production (Fig. 1). The initial period was considered 
as the adjustment period, therefore initially the production of phytase was low. Maximum 
production was achieved during log phase because cells in this phase grow at high rate with time 
.After this phase production was low due to unbalanced growth (15). 

 

Fig. 1 Influence of incubation period on phytase activity 

For the purpose of testing the thermo stability, the activity of the phytase was measured after 
incubation at 40oC, 50oC, & 60oC for various time periods (Fig. 2-4). From the results, it was 
clear that the enzyme loses its activity as the incubation time increases with increasing 
temperature. The temperature of 50oC was recorded as optimum temperature for the enzyme. 
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Similar results of the thermo stability of the enzyme preparation were recorded by earlier 
researchers (11,20,21). The higher temperature stability of the phytase enzyme suggests that it 
may be a potentially better candidate in commercial and environmental applications. 

 

Fig. 2. Activity of phytase enzyme at 40oC 

 

 

Fig. 3. Activity of phytase enzyme at 500C 
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Fig. 4. Activity of phytase enzyme at 60oC 
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