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Background: Cereals, legumes, and oilseed crops are very important crops as nutrition for human and animals. Phytate (myo inositol
hexa kis phosphate) is the main storage form of phosphorus in these crops. These crops are major source of nutrients for humans and
animals including fish, poultry and pig. Phytic acid is the nutritional constituent of animal diet but it is not digested by monogastric
animals because they do not contain phytase enzyme in their intestines to break the phytic acid and due to this, phytic acid acts as an anti-
nutritional chelating agent for various metal ions like Ca, Mg, Fe, Zn, and etc., so that reduced the nutritive quality of food.

Objectives: Phytase isan important enzyme in the food/feed industry; therefore, isolation of phytase producing bacteria and optimization
of phytase production on different parameters were performed in this study.

Materials and Methods: The present study was conducted in Biotechnology laboratory, Motilal Nehru National Institute of Technology,
Allahabad, Uttar Pradesh, India. To isolate phytase producing bacteria from different soil samples like cattle shed, pulse crop field, poultry
farms, and etc. 0.1 gr of the soil samples were streaked on phytase screening medium. The qualitative screening of the isolates was
performed on phytase screening medium plate with 1.5% agar, and phytase activity was determined by using shaking flask method. The
best phytase producer was optimized using different parameters of phytase production.

Results: We isolated 32 phytase producing bacteria on phytase screening media. Upon screening of these strains, one of the best strain
(DR6) which showed a 39 mm clear zone on phytase specific medium (PSM) was identified as Bacillus subtilis. So this strain was selected for
further enzymatic assay and optimization. This strain showed 378U/mL enzymatic activity upon enzymatic assay, the result of optimization
of this best strain was performed at different parameters, and this strain showed best results at pH 5.5, Temp 50°Cwith Glucose + Sucrose
as Carbon source and Yeast extract as Nitrogen source.

Conclusions: The present study suggests that the enzyme obtained from strain B. subtilis can be used as feed supplement in animal diet
also for reduction of phosphorus pollution problem in areas of livestock production.
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1. Background soil of crop plants (10, 11). Monogastric animals like fish,
poultry, pig, human,and etc., do not have sufficient levels
of phytate-degrading enzymes in their digestive tracts
to digest phytic acid, due to this phosphorus is not avail-
able to them (12). So feed is supplemented with inorganic
phosphorus to meet phosphorous requirement. Hence
Phytic acid acts as antinutrient constituent in plant-de-
rived food and feed, because it forms complexes with pro-
teins, amino acids, and various metal ions (13).

This is the main reason of human nutritional deficien-
cies of different metals like copper, zinc, iron, and etc.,
where plant food is staple food (14). The undigested phy-
tate is excreted in excretions and poses a serious phos-
phorus pollution problem and this contributes to the
eutrophication of water in areas of intensive livestock
production. Due to this scenario phytase enzyme is re-

Phytic acid (myo-inositol 1, 2, 3, 4, 5, 6-hexa kis dihydro-
gen phosphate) is the storage form of phosphate in na-
ture, and phytic acid is mostly present in cereals, nuts,
legumes, and oil seeds (1-4). Most foods of plant origin
contain 50% to 80% of their total phosphorus as phytate
(5). Phytic acid reduced the availability of various metal
ions such as Fe, Zn, Mg, Ca, and etc., thus reducing the nu-
tritive quality of food (6, 7). Due to this, phytase enzyme is
required to hydrolyze phytic acid. Phytases (myo-inositol
hexa kis phosphate phosphohydrolase) also known as
phytate hydrolyzing enzymes. It hydrolyses phytate and
releases inorganic phosphate (3, 7-9).

Phytase enzyme is widely produced in nature by bac-
teria, fungi, yeast, plants, and animals. Phytase produc-
ing microorganisms are mostly present in rhizospheric

Implication for health policy/practice/research/medical education:
Isolation and identification of phytase producing bacteria and optimization of enzyme production would be helpful in enhancing bioavailable micronu-
trients in food grains and reducing phosphorus pollution.
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quired to overcome aforementioned problems as food
and feed additive. The first commercial phytase product,
which was available 10 years ago, offered animal nutri-
tionists the tool to drastically reduce phosphorus excre-
tion of monogastric animals (15).

According to Kornegay (16), phosphorus excretion can
be reduced between 25% and 50% depending on diet, spe-
cies and level of phytase supplementation. Nowadays
there is no single phytase that is able to meet the diverse
needs for all commercial and environmental applica-
tions. Therefore, there is an ongoing interest in screening
microorganisms, including bacteria for novel phytases
and also phytases play significant role in improving the
nutritive quality of food and feed that contain phytic acid
(17,18). Hence phytase has a great industrial significance,
and there is an ongoing interest in isolation of new mi-
crobial strain producing phytase and optimization of
this enzyme (19).

2. Objectives

The principal goal of this study is to isolate the bacteria
from different soil samples and optimize the production
parameter to get the best bacterial strain.

3. Materials and Methods

3.1.Isolation of Phytate Degrading Bacteria

Bacterial strains were isolated from the soil samples
collected from pulse fields, poultry farms, cattle shade,
andetc., approximately 0.1 g of these samples were sus-
pended in 5 ml of 0.8% saline solution, and 0.1 ml of
this suspension was streaked on to phytase specific me-
dium containing 1.5% glucose, 0.5% (NH4)2504, 0.01%
Nacl, 0.05% KCl, 0.001% FeSO4, 0.01% MgS04.7H20, 0.01%
CaCl2.2H20, 0.001% MnSO4, pH 6.5 with 0.5% calcium phy-
tate. 32 microbial colonies capable to hydrolyze calcium
phytate which can be recognized by their surrounding
clear halo were obtained by replating single colonies on
phytase specific medium agar plate (4).

3.2. Screening for Phytate Degrading Strains

3.2.1. Qualitative Screening of Phytase Producing Bacte-
rial Strains

Bacterial strains were assayed for qualitative screening
by plate assay using phytase specific medium with 1.5%
agar in petri plates. The halo zone and colony diameters
were measured from 3 to 14 days of incubation at 28°C
(20).

3.2.2. Quantitative Screening of Phytase Producing Mi-
croorganisms

The isolated strains were inoculated in 50 ml of phytase

specific medium, and were cultured in a rotary shaker
(200 rpm) at 30°C for 3 days. Supernatant from 1 ml of
culture after centrifugation at 10000 g for 10 min at 4°C,
the clear supernatant was used as the source of extracel-
lular phytases and used for the phytase activity assay.
Calcium phytate was used as substrate for phytase ac-
tivity assay. Phytase activity was determined by measur-
ing the amount of liberated inorganic phosphate. The
reaction mixture consisted of 0.5% calcium phytate pre-
pared in sodium acetate buffer (0.1 M, pH 5.5), and 0.1 ml
of supernatant. After incubation at 45°C for 30 min, the
reaction was stopped by adding 5% trichloroacetic acid.
The liberated phosphate ions were quantified by 500ul
of 10N H2S04, 10% ammonium molybdate and 5% FeSO4
(4). After 30 min of incubation at 45°C, absorbance was
measured at 660 nm. One enzyme unit (IU) was defined
as the amount of enzyme liberating 1 umol of inorganic
phosphate in 1min under the assay conditions.

3.3. Optimization of Culture Condition

For determination of the optimum growth condition
and phytase production, the best strain was inoculated
into 50 ml of liquid broth and incubated on shaker at
30°C for 5 days. Different carbon sources were tested such
as 1.5% glucose, maltose, sucrose, fructose, lactose, and
0.75% glucose + 0.75% sucrose. Nitrogen sources were 0.5%
yeast extract, ammonium sulphate, sodium nitrate, urea
and ammonium acetate. pH gradient ranged from 3.5 to
8.5, and temperature from 20°C to 70°C (19, 21).

3.3.1. Effect of Incubation Temperature

To study optimal incubation temperature for maxi-
mum phytase production, the flask containing produc-
tion medium was incubated at 20°C, 30°C, 40°C, 50°C,
60°C, and 70°C for 5 days keeping all other conditions at
their optimum level.

3.3.2. Effect of pH

To optimize the initial pH of production medium the
pHwas3.5.4.5,5.5,6.5,7.5 and 8.5 with HCl or NaOH.

3.4. Identification of Phytase Producing Bacteria

Identification of best phytase producer bacterium was
performed by both phenotypic and genotypic methods.
Phenotypic method includes morphology and gram
staining of bacteria. Genotypic identification of bacte-
rium was performed by 16S rDNA. Amplification of the
16SrDNA region was performed using primers designed
in the conserved region; the primers used were FD1 and
RP2. Sequencing of the ~1.5kb region was performed
using internal sequencing primers. Sequencing was
performed with 5 different primers designed in the
conserved regions on 16SrDNA, primers were as follows;
16SEQ2R, INS16SREV, 16SEQ3F, 16SEQ4F, and 16SEQ 4R.
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Figure 1. Strains Forming Peripheral Halo Zone Around Isolated Bacterial
Colony on Phytase Specific Medium With Agar.

4.Results

4.1.Isolation of Phytase Producing Bacteria

The phytase producing Bacterial strains were isolated
from phytase screening medium containing calcium

phytate. 32 bacterial strains were isolated on the basis of
clear halo zone on phytase specific agar medium around
colonies. Strain DR6 was found to be the best strain and
could produce about 39 mm clear halo zone around the

colony (Figure 1).
mSucrose
E = Fructose
B = Glucose
g = Maltose
g i | | mLactose
E = Glucose+Sucrose
E* |“ ‘ = Glucose+Maltose
= Glucose+Lactose
m1% Glucose
Days

Figure 2. Optimization of Carbon Source for Phytase Production From
Best Strain Showed That the Best Carbon Source Was Glucose + Sucrose
Which Produced 381 U/mL Phytase Activity.

These isolated strains were subjected to quantitative
screening by phytase assay. Strain DR6 showed maximum
phytaseactivity of 378 U/mL on the third day of incubation
(Table1).

Table 1. Qualitative and Quantitative Screening of Different Phytase Producing Isolated Strains

Enzyme activity U/mL
Carbon, Days 1 2 3 4 5
1% glucose 169 £ 0.87 286 2.4 347+16 302+1.6 254114
Sucrose 162+ 1.6 279+2 340123 286£17 258+1.4
Fructose 129116 194 %13 246 %1 18415 132£2.6
Glucose 214+1.6 299+£2 374+£15 316 +1.8 267+21
Maltose 153£13 239+17 2871 243+2.6 173+2.8
Lactose 148+2 194 +2 249+2 208+£16 163+2.4
Glucose + Sucrose 176 £1.7 269+£1.7 381%1.8 329+13 267+£2.2
Glucose + Maltose 164£2.2 236+2 329+21 268 %11 207+2.4
Glucose + Lactose 153£1.6 219+2.5 28215 234+1.2 159£2.2
4.2. Optimization of Culture Condition
The parameters used for optimization of culture condi-
= =pH35 tions were Carbon source, Nitrogen source, pH, and tem-
% =pH45 perature. Carbon sources like glucose, maltose, lactose,
g =pH55 sucrose, fructose, and 0.75 % glucose + 0.75 % of different
g I mpH 6.5 disaccharides were used for optimization. Strain showed
é I * ‘ ‘ =pH75 optimum phytase activity of 381 U/mL on 0.75 % glucose
£ I mpH385 + 0.75 % sucrose (Figure 2). pH gradient was taken from
3.5 to 8.5 in different flasks. On pH 5.5 this strain showed
Days enzyme activity of 362 U/mL (Figure 3). Nitrogen sources

Figure 3. Optimization of pH Parameter for Phytase Production From
Best Strain Showed That at pH 5.5 of Medium, P activity Was 362 U/mL.
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used were 0.5% yeast extract, sodium nitrate, ammonium
sulphate, urea and ammonium acetate. On yeast extract
phytase activity was 398 U/mL (Figure 4). Temperature
parameter was tested by using temperature range from
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20°C to 70°C. At 50°C, strain showed enzyme activity of
387 U/ml phytase activity.

4.3. Effect of Carbon Sources on Phytase Produc-
tion: Carbon Isa Major Component of Cell

The influence of different carbon sources on phytase
production was shown in Table 2. Among different car-
bon sources studied, the highest yield of phytase was ob-
tained with Glucose + Sucrose (381 U/mL).

4.4. Effect of Nitrogen Sources on Phytase Produc-
tion
Among various organic and inorganic nitrogen sources

better phytase production (398 U/mL) exhibited by yeast
extract (Table 3).

4.5. Effect of pH on Phytase Production

It was found that maximum phytase production (362 U/
mL)was obtained at pH 6 (Table 4). As the metabolic activ-
ities of microorganisms are sensitive to pH changes, phy-
tase production was affected if the pH level was higher or

lower compared to the optimum value.

4.6. Effect of Temperature on Phytase Production

The effect of incubation temperature was studied on
phytase production (Table 5) and 50°C (387 U/mL) was
found to be optimum temperature.

sl

Days

m Urea
mNaNO3
= Yeast Extract

u (NH4)2504

Phytase Activity (U/ml)

u CH3COON
H4

Figure 4. Optimization of Nitrogen Source for Phytase Production From
Best Strain Showed That in Medium With Yeast Extract as N2 Source, Phy-
tase Production Was 398 U/mL
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Figure 5. Identification by Genotypic Method (Molecular Characterization) 16S rDNA Sequence of Sample-DR 6
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Table 2. Effect of Carbon Sources on Phytase Production

Enzyme Activity, U/mL

Carbon, Days 1 2 3 4 5
1% glucose 169 + 0.87 286 2.4 347+1.6 302£1.6 254114
Sucrose 162£1.6 279+2 340£23 286 +1.7 258+1.4
Fructose 129+1.6 194 £13 246 +1 18415 132+2.6
Glucose 214£16 2992 374%15 316+1.8 267+21
Maltose 153£13 239+17 2871 243126 173+2.8
Lactose 14842 194 £2 2492 208+£16 163+2.4
Glucose +Sucrose 176 1.7 269 +1.7 381+1.8 329+13 267+2.2
Glucose + Maltose 164 +2.2 236+2 329+21 268+1.1 207+2.4
Glucose +Lactose  153+1.6 219125 282%15 234+£1.2 159£2.2
Table 3. Effect of Nitrogen Sources on Phytase Production
Enzyme activity U/ml
N2Source, Days Urea NaNO3 Yeast Extract (NH4)2504 CH3COONH4
1 192 +1.7 63113 179 £1.7 18610.6 163 +1.2
2 284 £33 91£1.2 287117 269+1.2 247%13
3 376 +1.2 137£13 398+0.3 354+1.5 359+£19
4 335+3.2 96 1.5 329+13 289+£1.3 274 %1
5 2592 52+1.5 249%+0.9 197413 183£1.5
Table 4. Effect of pH on Phytase Production
Enzyme activity U/mL
PH, Days 3.5 45 5.5 6.5 7.5 8.5
1 47+13 76 £1.3 156 £1.3 86+t1.6 52t1.5 39+1.4
2 84 %15 113+1.6 248+2 139+23 98+13 72£21
3 136+1.4 217+1.4 362+1.4 249+25 15315 96 £1.6
4 103+1.3 159 £2 27415 164 £1.6 104 £2 68+1.4
5 71£1.4 89+2.4 187+1.7 97%13 67+1.4 34+14
Table 5. Effect of Temperature on Phytase Production ) i o
@ Bacilles subHlis sebisp. swbfilis strain 56 3175 165 ribosomal R...
Temperature,’C Activity, U/mL @ Baills subliz sabisp. inamosorm gune for 155 rRNA, parfial
& @ Bacilles subtlis gere for 165 FRiA, partinl sequence, sen: LB

20 69 £1.7
30 127+1.4
40 264+23
50 387+%2
60 219+2.2
70 83t1.4
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Figure 6. Phylogenetic Dendrogrami6S rDNA Sequence of B. subtilis DR6
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4.7. Identification by Phenotypic Method
(Morpho-logical Characterization) and Genotyp-
ic (Molecular Characterization)

Bacillus subtilis DR6 is a Gram positive and rod shaped
bacterium. The isolated strain DR6 has been character-
ized by 16STDNA sequence. The DR6 was showed nearest
relationship with Bacillus sp. on the basis of phylogenet-
ic analysis (Figure 5 and 6)

5. Discussion

In the present study, we isolated 32 bacterial strains on
the basis of formation of zone around bacterial colony.
One of the best strains showing highest phytase activity
was selected for optimization of phytase production. On
the basis of results of optimization on different param-
eters, this strain can be used for phytase production on
industrial scale. The optimum productivity of phytase
by our best bacterial isolate (B. subtilis DR6) was achieved
with optimized process parameter such as Glucose + Su-
crose as carbon source, yeast extract as nitrogen source,
incubation temperature of 500°C, initial pH of 5.5, and
incubation period of 3 days. As well as phytase produced
by this strain can be used as feed supplement in animal
diet, also for reduction of phosphorus pollution problem
in areas of livestock production.
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