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ABSTRACT. Phytase (myo-inositol hexakisphosphate phosphohydrolase) 
can hydrolyze phosphomonoester and release inorganic phosphate from 
phytate. The aim of the present study was to isolate and identify phytase 
producing bacteria from carp farming sediment habitat and to optimize the 
conditions for bacterial growth, enzyme production and enzyme activity. For 
this purpose, phytase producing bacteria were isolated from carp farming 
sediment based on screening in PSM agar and PSM broth followed by 
qualitative and quantitative enzyme assays. The best enzyme producer was 
selected and its growth and enzyme production conditions were optimized. 
The pH and temperature stability of the produced phytase were also 
investigated. This isolate was identified through conventional and molecular 
diagnostic tools. Based on the obtained results in this study, Klebsiella 
oxytoca Fish 12 was the most potent phytase producer and selected for 
further analysis. Optimized conditions for bacterial growth were 37 ˚C and 
pH 7 and the best conditions for phytase production were obtained at 37 ˚C, 
pH 7, 0.25 % phytic acid and 48 h incubation. Phytase enzyme of this isolate 
had the best activity at 55 ˚C and pH 8.5 with enzyme unit and molecular 
weight equal to 27.5 U/ml and 40 kDa, respectively. Finally based on these 
results it can be concluded that this isolate is potent phytase producer that 
can be applied for treatment of high phytate content food in fish and poultry 
industry as well as for large scale enzyme production. 
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INTRODUCTION 
 
Phytic acid or phytate (myo-inositol 1,2,3,4,5,6 hexakis phosphate, IP6) is 
an organic phosphorus source in plant tissues especially in seeds as it is 
found at 1-3% of weight of  cereals and oil seeds and is accounting for 60-
90% of total phosphorus (Afinah et al. 2010). This molecule is highly 
negative charged with 6 phosphate groups extended from central 
myoinositol ring, that can strongly bind with cations such as Mg2+, Fe2+ and 
Zn2+, hence it is an anti-nutritive factor for humans and animals 
(Raghavendra & Halami 2009). It also forms insoluble complexes in 
alimentary tract with proteins, starch and other nutrients which reduces 
their bioavailability (Huang et al. 2008). Phytate-protein complexes are less 
targeted by proteolytic enzymes and even phytate can inhibit enzymes like 
as pepsin, amylase and amylopsin(Cao et al. 2007). As a result, it is not 
absorbed by monogastrics such as humans, poultries, pigs and fish, due to 
the lack of sufficient hydrolysis of phytate in their gastro-intestinal tract 
(Esakiraj et al. 2010). Phytate has also negative effects on growth and food 
conversion ratio  in the majority of fish species such as carps, salmons, 
tilapias and trout (Cao et al. 2007).So, the majority of phosphorus content 
of phytate is directly secreted in to animal husbandry environment that can 
lead to environmental pollutions (Huang et al. 2008).  

Physical and chemical methods are expensive for phytate hydrolysis and 
diminish the nutritional value of food. So, alternative methods are needed 
(Mukesh et al. 2004). Phytase (myo-inositol 1,2,3,4,5,6 hexakisphosphate 
phosphohydrolase , (EC 3.1.3.8, EC 3.1.3.26) can hydrolyze phytate and 
releasing inorganic phosphate from it. Food enrichment with this enzyme 
not also improves bioavailability of inorganic materials but also reduces the 
phosphorus excretion as much as 50% that is of great importance for 
environmental protection (Huang et al. 2008). Hence this, phytase is 
commonly used as food additive in meals of pigs, poultries and fish. This 
enzyme can be prepared from different resources such as plants and 
animals, but microorganisms i.e. bacteria, fungi and yeasts are the most 
important sources (Esakkiraj et al. 2010). Although, industrial production of 
phytase has been focused on Aspergillus spp., studies have suggested that 
bacterial phytases are good alternatives due to their substrate specification, 
resistance to proteolysis and higher catalytic activity (Jorquera et al. 2008). 
The aim of the present study was to isolate and identify phytase producing 
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bacteria from carp farming sediment habitat and to optimize the conditions 
of bacterial growth, enzyme production and enzyme activity. 

 
 

MATERIALS AND METHODS 
 
Screening and enrichment 
Samples were collected from two carp farming sediment in Sheyban, Khuzestan, 
southwest of Iran (27° 23' 25" N, 60° 48' 38" E) and immediately transported to 
laboratory and stored at 4°C till experiments. One gram of soil sample was 
inoculated into 25 ml of culture medium containing only 2 % wheat bran and 
incubated at 30°C, 150 rpm for 3 days. 100 μl of broth culture was then cultured on 
PSM agar (glucose (1.5 %), sodium phytate (0.15 %), NH4NO3 (0.2 %), KCl (0.05 
%), MgSO4.7H2O (0.05 %), MnSO4 (0.03 %), FeSO4.7H2O (0.03 %), agar (2 %), 
pH 7.5) and incubated at 30°C. Those colonies with halo zone were subcultured on 
PSM agar to obtain pure colony and each colony was then cultured on Nutrient 
agar (Merck, Germany) and stored at 4°C (Mittal et al. 2011). 
 
Selection of the most potent phytase producer 
The selected isolates were cultured in 25 ml PSM broth and incubated (30°C, 150 
rpm) for 3 days. After centrifugation (6000 rpm, 15 min), the supernatant was 
subjected to quantitative enzyme assay as follow (Mittal et al. 2011). Substrate 
solution was prepared by dissolving 0.84 g sodium phytate in 90 ml acetate buffer 
and adjusting the pH on 5.5 using pure acetic acid up to final 100 ml. Acetate 
buffer was composed of 0.18 g acetic acid, 3 g NaCH3COO.3H2O and 0.15 g 
CaCl2.2H2O in 90 ml distilled water and through adding acetic acid, the pH was 
adjusted at 5.5. Then the volume adjusted to 100 ml. Color reagent was made by 
mixing 25 ml ammonium molybdate solution ((NH4)6Mo7O24.4H2O (10 g) and 1 ml 
of 25 % NH4 solution in final 100 ml volume) with 25 ml ammonium vanadate 
solution (0.235 g of NH4VO3 dissolved in 40 ml distilled water at 60°C and 2 ml of 
nitric acid was added at 100 ml final volume) and stirring while slowly adding 16.5 
ml of nitric acid (65%). Then the mixture cooled to room temperature and adjusted 
to 100 ml. Enzyme assay reaction was consisted of 2 ml of supernatant and 4 ml of 
substrate solution that incubated at 37 °C for 65 min and then 4 ml of fresh color 
reagent was added. The optical density (OD) was measured at 415 nm. In control 
tube, the color reagent was added before enzyme solution. One unit of enzyme 
was defined as the amount of enzyme that can release 1 μmol of inorganic 
phosphate during 1 min (Popanich et al. 2003). 
 
Optimization of growth condition in PSM broth 
Changing one factor in each experiment was used to optimize growth conditions of  
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the most potent isolate. So, the 0.5 McFarland concentration of each isolate was 
cultured in PSM broth (1%) and incubated at 30, 37 and 45 °C and 150 rpm. The 
OD was measured at 580 nm and bacterial growth curve was obtained during 60h. 
This experiment was done as triplicates and the OD was double-checked. 
Following determination of best temperature, bacterial growth was monitored at pH 
5.5, 7 and 8.5 and growth curve was drawn as previously mentioned. 
 
Optimization of phytase production 
The effect of different parameters on maximum phytase production by selected 
isolate was investigated to find optimum condition , . These experiments was 
designed based on changing one factor in each experiment and completed as 
triplicates. For this purpose, bacterial culture was performed as previously 
mentioned at different temperatures (30, 37 and 45 °C), pH (5.5, 7 and 8.5) and 
phytic acid concentrations (0.15, 0.25 and 0.35 %) and enzyme activity was 
measured at 12, 24, 48, 72 and 96h of incubation (Selvamohan et al. 2012, Dahiya 
et al. 2009). Furthermore, enzyme activity was also investigated in the presence of 
1% of each of wheat bran, rice bran and rice straw without phytic acid and 
FeSO4.7H2O (Selvamohan et al. 2012 & Sreedevi and Reddy 2012). 
 
Determining the optimum conditions for enzyme activity 
The activity and stability of supernatant containing phytase was surveyed during 65 
min at different temperatures including 30, 37, 45, 55, 65 and 75 °C, different pH 
including 5.5, 7 and 8.5 ( 65 min, at 55°C)  and in the presence of proteases (65 
min). In last one, 0.1 mg/ml of pepsin (Merck, Germany) and trypsin (Sigma, USA) 
was separately added to the supernatant and incubated at 37°C for 60 min. Then 
enzyme assay was performed and the results were compared with blank (without 
protease) (Roy et al. 2012). All experiments were conducted as triplicates. 
 
Nitrogen fixation assay 
The potential of nitrogen fixation of the selected isolate was investigated according 
to the method of Dobereiner et al. (1972). 
 
Partial enzyme purification 
The protein content in the supernatant of the isolate was measured based on 
Bradford (1976). Bovine serum albumin solution (1 mg/ml) (Merck, Germany) was 
used as standard (Bradford 1976). For enzyme purification, the PSM broth was 
centrifuged at 14000 rpm, 30 min and its protein content was precipitated by 
addition of saturated (85 %) NH4SO4. Following incubation at 4 °C with continuous  
agitation for 4h, the obtained pellet (14000 rpm, 30 min) was dissolved in 20 mM 
Tris buffer (pH 8) and overnight dialyzed (Sigma, USA, 12kDa) against same 
buffer. All experiments were completed at 4°C (Zhang et al. 2001). 
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The molecular weight of enzyme was determined by SDS-PAGE analysis (10 
%) according to Laemmli et al. (1970). 
 
Bacterial identification 
The isolate was identified based on both morphological and biochemical analysis 
with reference to Bergey’s manual of systematic bacteriology (Garrity et al. 2005) 
and 16S rRNA sequencing. FD1 (5'-
CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG-3') and RP1 (5'-
CCCGGGATCCAAGCTTACGGTTACCTTGTTACGACTT-3') primers were used to 
amplify this target in a reaction mixture containing 1X PCR buffer, 0.7 ρmol of each 
primer, 0.2 mM dNTPs, 3 mM MgCl2 and 2 μl of extracted genome (Cinnagen, 
Iran). Thermal cycling program was as initial denaturation (94°C, 5 min), 30 cycles 
each consist of denaturation (94°C, 60 s), annealing (58.1°C, 40 s) and elongation 
(72°C, 150 s) and a final elongation (72°C, 20 min) (Weisberg et al. 1991). 
 
 

RESULTS 
 
As a screening of carp farming sediment habitats, 7 isolates were formed 
halo zone that from them, 4 isolates had more ability in phosphate 
releasing following 3 days incubation in PSM broth. These isolates were 
cultured again in PSM broth and the results of enzyme assay at the end of 
3rd day of incubation have been presented in Table 1. 
 

Table 1. Results of enzyme assay of four isolates. 
 

Fish12 Fish22 Fish21 Fish11 Isolates 

22.38 13.54 18.54 15.92 Enzyme Yield (U/ml) 

 
 

Based on the phenotypic identification and 16S rRNA sequencing, the 
fish12 strain was identified as Klebsiella oxytoca (with 99 % homology) that 
has been documented at Gene bank with KF870479 accession number. 
This isolate was able to fix nitrogen and hence this was regarded as 
nitrogen fixator species.  

Based on the results of Table 1, K. oxytoca Fish 12 was the most potent 
phytase producer and selected for further analysis. Figure 1 and 2 presents 
the growth curve of this species at different temperatures and pH. As it can 
be found, K. oxytoca Fish 12 has weak growth at 45°C while the best 
growth was happened at 37°C in such a manner that after 18 h this was  
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Figure 1. Growth curve of K. oxytoca Fish 12 at different temperatures. 
 
 

 
 

Figure 2. Growth curve of K. oxytoca Fish 12 at different pH. 
 
 

gained to the end of log phase. So this temperature was used in other 
experiments. Alkaline pH provided suitable growth condition for fish12. 
However, it can grow in acidic or neutral pH.   

Maximum phytase yield from K. oxytoca Fish 12 was obtained at 37 °C 
and 48 h incubation with 27.5 U/ml enzyme activity (Figure 3). As the same 
manner, 48 h incubation and pH 7 were led to maximum phytase 
production at different pH (Figure 4). 

The effect of three levels of phytic acid concentrations on phytase 
production revealed that this isolate can after 48 h of incubation produce 
maximum enzyme in the medium containing 0.25 % phytic acid (Figure 5). 

From different agricultural wastes that have been used as a source of 
phytic acid, it was found that wheat bran has resulted to maximum phytase 
production at 24 h of incubation (Figure 6). In this stage, in addition of 
phytic acid, FeSO4 was also deleted because these substrates contain Fe  
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Figure 3. Phytase yield of K. oxytoca Fish 12 at different temperatures. 
 

 
 

Figure 4. The effect of pH on phytase production by K. oxytoca Fish 12. 
 

 
 

Figure 5. Effect of phytic acid (PA) concentration on phytase production by K. 
oxytoca Fish 12. 
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Figure 6. Phytase production by K. oxytoca Fish 12 in culture medium 
containing, a)Rice bran, b)Wheat bran and c)Rice straw. 
 
 

and addition of FeSO4 causes its darkness. 
The heat stability analysis of the K. oxytoca Fish 12 enzyme (Figure 7) 

has revealed that 55°C is the optimum temperature for enzyme activity. 
While this enzyme was active at pH 5.5-8.5, the best activity was happened 
at alkaline (pH 8.5) (Figure 8). This enzyme was sensitive to proteases in 
such a manner that it approximately deactivated following trypsin treatment, 
while in pepsin treatment half of its activity was remained (Figure 9). 

 

 
 

Figure 7. Heat stability of the phytase produced by K. oxytoca Fish 12. 
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Figure 8. Effect of pH on phytase activity obtained from  
K. oxytoca Fish 12. 

 
 

 
 

Figure 9. Protease treatment of K. oxytoca Fish 12 phytase with 
0.1 mg/ml of pepsin or trypsin and 60 min incubation at 37 °C. 

 
 

Figure 10 that is the SDS-PAGE analysis of secreted proteins of 
Klebsiella oxytoca  Fish 12 suggests that the 40 kDa phytase was produced 
by this isolate. The protein concentration at optimized condition was 0.095 
mg/ml. 

As it can be found in the presence of KH2PO4 (high phosphate condition) 
the enzyme production was low. High phosphorus content inhibits synthesis 
of phytase and its limitation induces enzyme production. This can be 
confirmed by finding of Figure 10. 
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Figure 10. SDS-PAGE analysis of 
phytase product by K. oxytoca 
Fish 12. m) molecular weight, 
a)phytase production in phytic 
acid containing medium, b) low 
phytase production in the 
presence of KH2PO4. 

 
 

DISCUSSION 
 
Enrichment of food with phytase in order to obtaining higher digestibility has 
been increased in last two decades. Furthermore, phytase enzymes are 
also used in different other fields such as environment protection, 
aquaculture and agricultural processing (Jorquera et al. 2008, Chen et al. 
2008). 

In this study phytase producing bacteria have been isolated from carp 
farming sediment. Sinnce the carps are phytophagous and the phytic acid 
cannot be digested by fish, so phytase producing bacteria would be 
enriched and colonized in this habitat. Khan et al. (2011), have also 
isolated phytase producing bacteria from alimentary tract of four carp 
species (Khan et al. 2011). Esakkiraj et al. (2010), introduced phytase 
producing bacteria from Etroplus suretensis (Esakkiraj et al. 2010). In 
present study, 7 bacterial strains were isolated in primary screening that 
four of them were hydrolyzed phytic acid in PSM broth. Phytase producers 
are commonly screened on agar containing calcium or sodium phytate that 
positive ones are identified based on clear zone formation. False positive 
results may be due to acid production by bacterial isolate. So, secondary 
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screening through PSM broth has been considered to identify potent 
phytase producing bacteria. Tseng et al. (1994) have been reported that 
some strains that had been identified as phytase producer were negative in 
PSM broth (Tseng et al. 1994). 

In present study, K. oxytoca Fish 12, showed optimum growth at 37°C 
and alkaline pH with maximum (27.5 U/ml) enzyme yield after 48 h of 
incubation. Jareonkitmongkol et al. (1997) firstly reported phytase 
production by K. oxytoca. This strain was isolated from compost and 
named as K. oxytoca MO-3. The optimum pH and temperature for activity 
of the phytase produced by this isolate was in the range of 5-6 and 55°C, 
respectively. As can be found the optimum temperature for activity of K. 
oxytoca MO-3 phytase is similar to the isolate of present study but it spite of 
our result, it has best activity in acidic to neutral pH. This suggests that the 
phytase of K. oxytoca Fish 12 in present study has an advantage that can 
act at alkaline pH which makes it suitable for alkaline treatments. In 
Selvamohan et al. (2012) study, 72 h incubation at 37°C was reported as 
optimum for phytase production by Pseudomonas sp. (Selvamohan et al. 
2012) while Hosseinkhani et al. (2009) have been found 28°C as optimum 
temperature for phytase production by Pseudomonas sp. (Hosseinkhani et 
al. 2009). The 27.5 U/ml phytase was produced at 0.25 % phytic acid by K. 
oxytoca Fish 12 as the optimum concentration of phytic acid. In the report 
of Sasirekha et al. (2012), Pseudomonas aeruginosa P6 had 60.25 U/ml 
enzyme activity in 1.5 % optimum phytic acid concentration (Sasirekha et 
al. 2012). In comparison, our isolate has higher yield per consumed 
substrate that is more economical. 

Wheat bran was the best substrate for K. oxytoca Fish 12 than other 
tested substrates. In optimization of phytase production by Pseudomonas 
sp., an isolate from poultry feces in Selvamohan et al. (2012) study, 
maximum enzyme production was happened in the presence of ragi bran in 
comparison to other phytic acid sources (rice bran, green bran, wheat bran 
and corn bran) (Selvamohan et al. 2012). The results of Papagianni et al. 
(1999) revealed that when wheat bran is used in a semisynthetic medium 
containing starch, glucose and peptone, the biomass and phytase 
production of Aspergillus niger was increased. They interpreted that this 
may be due to low amount of released phosphorus from wheat bran or due 
to its induction potential for phytase production (Papagianni et al. 1999). 
Bacillus sp. C43 also produced maximum phytase in the presence of wheat 
bran (Sreedevi & Reddy 2012). Wheat bran is a common substrate that is 



M. Ebrahimian & H. Motamedi 
 

40 

used for large scale microbial enzyme production. It is a suitable phytate 
substrate with 10.9 g/Kg of total phosphorus that 8.3 g/Kg of it is phytate (76.3 
%) (Salmon et al. 2012). 

Phytate form complexes in soil and so its bioavailability is weak. For this 
reason and also its indigestibility by animals, inorganic phosphorus is 
added as fertilizer to soil and as food additive to animal’s meal (Roy et al. 
2012). With regard to this fact that K. oxytoca Fish 12 has both phytase 
production and nitrogen fixation abilities, it can be used as potent soil 
fertilizer in crop production. However, the produced phytase in the present 
study was stable at 30–75°C, but its maximum activity was achieved at 55 
°C and alkaline pH. Similarity, phytase of Bacillus subtilis US417 had the 
best activity at 55°C and pH 7.5 (Farhat et al. 2008). 55°C was reported as 
optimum temperature for phytase obtained from Yersinia rohdei, but its 
optimum pH was 4.5 (Huang et al. 2008). In Mittal et al. (2011) research, 
Klebsiella sp. isolated from the soil of poultry farm, noticeable phytase 
production with maximum activity was reported at 55°C and pH 3.5-5.5 
(Mittal et al. 2011). Phytase production by this isolate was reduced after 3 
days of incubation that may be as a result of nutrient depletion or enzyme 
denaturation by proteases. 

Phytase of K. oxytoca Fish 12 was completely inactivated following 
trypsin treatment but half of its activity remained in pepsin treatment while 
the phytase obtained from Shigella sp. CD2 was resistant to both pepsin 
and trypsin (Roy et al. 2012). So, the phytase of present study can't be 
used as food additive and only can be used for pretreatment of high phytic 
acid containing substrates. 

The molecular weight of phytase was 40 kDa that is in agreement with 
the Klebsiella pneumoniae subsp. pneumoniae XY-5 with 41.7 kDa (Wang 
et al. 2004). It also is similar to the phytase of Klebsiella terrigena with 40 
kDa molecular weight (Greiner et al. 1997). 

 
 

CONCLUSION 
 
Based on the results of this study, fish farming sediment is one of the 
potent habitats for screening of phytase producing bacteria because 
undigested phytate supports selective growth of these bacteria. So, 
screening of such habitats is suggested. Furthermore, it is suggested that 
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wheat bran can be used for maximum phytase production that is also 
reasonable for industrial purposes. 
 
 
 
ACKNOWLEDGMENT. The authors wish to thank vice chancellor of research of 
Shahid Chamran University of Ahvaz for providing research grant (Grant No. 
874095) and also MSc. thesis grant. 
 
 
 
References 
 
Afinah, S., Yazid, A.M., Anis shobirin, M.H., Shuhaimi, M. (2010): Phytase: application in 

food industry. International Food Research Journal 17: 13-21. 
Bradford, M.M. (1976): A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry 
72: 248-254. 

Cao, L., Wang, W., Yang, C., Yang, Y., Diana, J., Yakupitiyage, A., Luo, Z., Li, D. (2007): 
Application of microbial phytase in fish feed. Enzyme and Microbial Technology. 40: 497-
507. 

Chen, R., Xue, G., Chen, P., Yao, B., Yang, W., Ma, Q., Fan, Y., Zhao, Z., Tarezynski, M.C., 
Shi, J. (2008): Transgenic maize plants expressing a fungal phytase gene. Transgenic 
Research 17: 633-643. 

Dahiya, S., Singh, N., Rana, J.S. (2009): Optimization of growth parameters of phytase 
producing fungus using RSM. Journal of Scientific & Industrial Research 68: 955-959. 

Dobereiner, J., Day, J.M., Dart, P.J. (1972): Nitrogenase activity and oxygen sensitivity of 
the Paspalum notatum-Azobacter paspali association. Journal of General Microbiology 
71: 103-116. 

Esakkiraj, P., Sandoval, G., Sankaralingam, S., Immanuel, G., Palavesam, A. (2010): 
Preliminary optimization of solid-state phytase production by moderately halophilic 
Pseudomonas AP-MSU 2 isolated from fish intestine. Annals of Microbiology 60: 461-
468. 

Farhat, A., Chouayekh, H., Farhat, M.B., Bouchaala, K., Bejar, S. (2008): Gene Cloning and 
Characterization of a Thermostable Phytase from Bacillus subtilis US417 and 
Assessment of its Potential as a Feed Additive in Comparison with a Commercial 
Enzyme. Molecular Biotechnology 40: 127-135. 

Garrity, G.M., Brenner, D.J., Krieg, N.R., Staley, J.T. (2005): Bergey’s manual of systematic 
bacteriology. 2rd edition. Springer. Vol 2, part B, pp.587-849. 

Greiner, R., Haller, E., Konietzny, U., Jany, K.D. (1997): Purification and characterization of 
a phytase from Klebsiella terrigena. Archives of Biochemistry and Biophysics 341: 201-
206.  

Hosseinkhani, B., Emtiazi, G., Nahvi, I. (2009): Analysis of phytase producing bacteria 
(Pseudomonas sp.) from poultry faeces and optimization of this enzyme production. 
African Journal of Biotechnology 8: 4229-4232. 



M. Ebrahimian & H. Motamedi 
 

42 

Huang, H., Luo, H., Wang, Y., Fu, D., Shao, N., Wang, G., Yang, P., Yao. B. (2008): A novel 
phytase from Yersinia rohdei with high phytate hydrolysis activity under low pH and 
strong pepsin conditions. Applied Microbiology and Biotechnology 80: 417-426. 

Jareonkitmongkol, S., Ohya, M., Watanabe, R., Takagi, H., Nakamori, S. (1997. Partial 
purification of phytase from a soil isolate bacterium, Klebsiella oxytoca MO-3. Journal of 
Fermentation and Bioengineering 83(4): 393-394. 

Jorquera, M., Martinez, O., Maruyama, F., Marschner, P., Mora, M.L. (2008): Current and 
future biotechnological applications of bacterial phytases and phytase-producing 
bacteria. Microbes and Environments 23: 182-191. 

Khan, A., Mandal, S., Samanta, D., Chatterjee, S., Ghosh, K. (2011): Phytase-producing 
Rhodococcus sp. (MTCC 9508) from fish gut: A preliminary study. Proceedings of the 
Zoological Society 64: 29-34. 

Laemmli, U.K. (1970): Cleavage of structural protein during the assembly of the lead of 
bacteriophage T4. Nature. 227: 680-685. 

Mittal, A., Singh, G., Goyal, V., Yadav, A., Aneja, K.R., Gautam, S.K., Aggarwal, N.K. 
(2011): Isolation and biochemical characterization of acido-thermophilic extracellular 
phytase producing bacterial strain for potential application in poultry feed. Jundishapur 
Journal of Microbiology 4: 273-282. 

Mukesh, P., Suma, S., Singaracharya, M.A., Lakshmipathi, V. (2004): Isolation of phytate-
hydrolysing microbial strains from traditional waste water of rice fermentation and liquid 
cattle feeds. World Journal of Microbiology & Biotechnology. 20: 531-534. 

Papagianni, M., Nokes, S.E., Filer, K. (1999): Production of phytase by Aspergillus niger in 
submerged and solid-state fermentation. Process Biochemistry. 35: 397-402. 

Popanich, S., Klomsiri, C., Dharmsthiti, S. (2003): Thermo-acido-tolerant phytase production 
from a soil bacterium in a medium containing rice bran and soybean meal extract. 
Bioresource Technology 87: 295-298. 

Raghavendra, P., Halami, P.M. (2009): Screening, selection and characterization of phytic 
acid degrading lactic acid bacteria from chicken intestine. International Journal of Food 
Microbiology 133: 129-134. 

Roy, M.P., Poddar, M., Singh, K.K., Ghosh, S. (2012): Purification, characterization and 
properties of phytase from Shigella sp. CD2. Indian Journal of Biochemistry & Biophysics 
49: 266-271. 

Salmon, D.N.X., Piva, L.C., Binati, R.L., Rodrigues, C., Vandenberghe, L.P.S., Soccol, C.R., 
Spier, M.R. (2012): A bioprocess for the production of phytase from Schizophyllum 
commune: studies of its optimization, profile of fermentation parameters, characterization 
and stability. Bioprocess and Biosystem Engineering 35: 1067-1079. 

Sasirekha, B., Bedashree, T., Champa, K.L. (2012): Optimization and partial purification of 
extracellular phytase from Pseudomonas aeruginosa P6. European Journal of 
Experimental Biolog. 2: 95-104. 

Selvamohan, T., Ramadas, V., Rejibeula, M. (2012): Optimization of phytase production by 
Pseudomonas sp. Isolated from poultry faces. International Journal of Modern 
Engineering Research 2: 1326-1330. 

Sreedevi, S., Reddy, B.N. (2012): Isolation, Screening and Optimization of phytase 
production from newly isolated Bacillus sp. C43. International Journal of Pharmacy and 
Biological Science 2: 218-231.  



Phytase production by Klebsiella oxytoca Fish 12 
 

43 

Tseng, Y.H., Fang, T.J., Tseng, S.M. (1994): Isolation and characterization of novel phytase 
from Penicillium simplicissimum. Folia Microbiology 45: 121–127. 

Wang, X., Upatham, S., Panbangred, W., Isarangkul, D., Summpunn, P., Wiyakrutta, S., 
Meevootisom, V. (2004): Purification, Characterization, Gene Cloning and Sequence 
Analysis of a Phytase from Klebsiella pneumoniae subsp. pneumoniae XY-5. Science 
Asia 30: 383-390. 

Weisberg, W.G., Borns, S.M., Pelltier, D.A., Lane, D.J. (1991): 16S Ribosomal DNA 
amplification for phylogenetic study. Journal of Bacteriology. 173: 697-703. 

Zhang, Z., Yuen, G., Sarath, G., Penheiter, A.R. (2001): Chitinases from the plant disease 
biocontrol agent, Stentrophomonas maltophilia C3. Phytopathology 91: 204-211. 

 
 
 
 


