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Abstract: Malbranchea sulfurea and Aspergillus niveus were selected as potent phytase producers during

a previous study. The first is a true thermophile, while the second is thermotolerant. Under solid

substrate culture conditions; M. sulfurea and A. niveus were screened for phytase production on

agricultural by-products (wheat bran, corn bran, soybean meal and cotton-seed meal).The results showed

that wheat bran added  to  fermentation  medium  in  the  ratio  of (1:1, w/v) was the best substrate

for cultivation of M. sulfurea  and  corn  bran  added to fermentation medium in the same ratio was

the best substrate for  cultivation  of  A. niveus. The inoculum of 2.6 ×10  CFU/ml and 4.4×10  CFU/ml5 5

were the best for M. sulfurea and A. niveus, respectively. Six days was the best incubation period for

maximal production of phytase by the two experimental fungi. Using of yeast extract, malt extract, corn

steep liquor, cane molass, beet molass, crude whey and whey permeate increase the production of phytase

by both M. sulfurea and A. niveus.Maximum phytase production (2.84 U/g substrate and 3.4 U/g

substrate for M. sulfurea and A. niveus respectively) was obtained in a cheap natural medium containing

3treated cane molass and optimized basal solution (OBS) in the ratio (1:3 v/v): (sucrose, 3.0%; NaNO ,

4 2 4 20.4%; yeast extract, 0.25%; MgSO .7H O, 0.05%; KCl, 0.05% and FeSO .7H O, 0.001) in case of M.

sulfurea. Whey permeate and OBS in the ratio (3:1 v/v) (glucose, 3.0%; peptone, 0.3%; malt extract,

4 2 4 20.1%, MgSO .7H O, 0.05%; KCl, 0.05% and FeSO .7H O, 0.001%) for A. niveus. The crude enzyme

was precipitated by ammonium sulphate (60%) for both M. sulfurea and A. niveus. The enzyme was

partially purified by ion exchange chromatography on bentonite (2.5%).The temperature and pH optima

of partially purified phytase from M. sulfurea and A. niveus were 70 ºC and 5.6, respectively.

Thermostability over a wide range of temperature (40-75 ºC) and pH stability over a wide range of pH

(4.6-5.6). Zn , Fe  and Fe  enhanced the phytase activity of M. sulfurea while Na , Li , Mg , Hg ,2+ 2+ 3+ + + 2+ 2+

Mn and Cd   inhibited its activity , Fe  enhanced the phytase activity of A. niveus while Mg , Mn ,2+ 2+ 3+ 2+ 2+

Hg , Cd , Zn   and Fe  inhibited its activity. The enzyme was stored at 0, 4, 30, 45 ºC and the2+ 2+ 2+ 2+

activity was assayed after 5, 10, 15, 20, 25, 30 days. The enzyme was stable when stored at 4 ºC for

30 days for the two experimental fungi.
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– Some Properties.

INTRODUCTION

Phytase (myo-inositolhexakisphosphate posphohy-

drolase, Ec 3, 1, 3, 8) catalyze the hydrolysis of

phosphate moieties from phytic acid (myo-inositol

hexakis dihydrogen phosphate) . Two thirds of the[59,19]

phosphorus presents in cereal grains, legumes and oil

seeds are in the form of phytate but it has poor

availability for fishes and monogastrics including

poultry and humans due to the lack of phytases .[40]

The unhydrolyzed phytate is passed into excreta, which

is then hydrolyzed by soil and water-borne

microorganisms . The influx of phosphorus in fresh[4,53]

water bodies can lead to eutrophication resulting in

cyanobacterial blooms, hypoxia, death of fish and

aquatic animals and production of nitrous oxide, a

potent green house gas. The projected growth of

livestock industry is expected to accelerate such

environmental prob lems on a  global scale .

Supplementation of animal feeds with phytase reduces

the amount of phosphorus excreted . Addition of[10]

phytase will diminish the antinutritional effects of food 
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having high phytate content . Phytate forms insoluble[62]

complexes with iron, zinc, magnesium and calcium and

also binds to protein, thereby decreasing their

bioavailability . Iron supplementation and food[36]

fortification has not been successful in the developing

countries and iron deficiency is still the most

important deficiency related to malnutrition . Phytate[29]

is an inhibitor  of iron absorption that can be removed

before the intestinal site of absorption by microbial

phytase  of  high  activity at stomach pH

conditions . Inoculation of soil containing mainly[42]

plant unavailable phosphorus 68% phytin and only 1%

available  phosphorus)  with  chaetomium globosum

(a phosphatase and phytase producing fungus) resulted

in phosphorus mobilization and enhance the production

of wheat and pearl millet crops . The U.S. Food and[51]

Drug Administration (FDA) have approved a

generally–regards–as–safe (GRAS) petition for use of

phytase in food. Phytase has been marketed as a feed

additive in the U.S. since 1996 . [65]

Production of phytase has been reported in the

three domains among which are fungi e.g: Aspergillus

niger ; Aspergillus tubingensis ;[50,25,9,37,6,7,5,57,68,56] [56]

Aspergillus oryzae ; Aspergillus usamii ;[17,26] [21]

Aspergilus fumigatus ; Aspergillus ficuum ;[66] [15,67]

Aspergillus carbonarius ; Aspergillus flavipes ;[37,5] [69]

Aspergillus awamori ; Macrophomina phaseolina ;[31] [18]

Rhizopus oligosporus ; Rhizopus sp. ; Penicillium[7] [39]

caseicolum ; Peniophora lycii  and Agaricus[64] [22]

bisporus . Recently, a great attention has been[11]

devoted to phytase production by thermophilous fungi:

e.g. Taloromyces thermophilous ; Myceliophthora[38]

th erm o p h i la ;  T h e rm o m y c e s  la n u g in o su s ;[ 33 ] [3]

Themoascus aurantiacus ; Rhizomucor pusillus  and[35] [8]

Sporotrichum thermophile . Production of phytase[45,46,47]

from thermotolerant Aspergilli, also received a

considerable attention: e.g. Aspergillus fumigatus[55,54]

and Aspergillus niger . Phytase production in[30]

thermophilous fungi has not been explored adequately

like their mesophilic counterparts.

In view of ever increasing demand of phytases,

there is ongoing interest in isolating new microbial

strains producing efficient phytases. The bio-efficacy

of microbial phytases was 1.5 folds, of plant

phytases . [70]

In  this  investigation the ability, of selectively

and locally isolated thermophilous and thermotolerant

fungi, to produce extracellular phytase under solid

state  fermentation (SSF) was optimized. It was

essential to produce phytase on cost effective media.

Some properties of a partially purified phytase were

studied. 

MATERIALS AND METHODS

Fungi: Malbranchea sulfurea and Aspergillus niveus

were isolated from a composite soil sample collected

from agricultural soil (Kaliobiah and Zagazig

governorates Egypt). They were selectively isolated by

direct soil plate method  from soil amended with[63]

1.0% calcium phytate at 50% moisture content and

identified according to Moubasher .[34]

Culture Medium and Conditions: From a previous,

study  an optimized basal solution (OBS) for[1]

production of phytase by M. sulfurea was: Sucrose,

3 4 23.0%; NaNO , 0.4%; MgSO .7H O, 0.05%; KCl,

20.05% and FeSO4. 7H O, 0.001%;( pH 5.8, 50 mM

C-P buffer). Incubation at 45 ºC for 5 days. In case

of A. niveus the, the carbon source 3.0% glucose and

nitrogen source was 0.4% peptone.

Extraction of Phytase: the content of each flask was

gathered up and thoroughly mixed with 20 ml cooled

sterilized distilled water, squeezed through muslin,

filtered and completed each filtrate to constant volume

(20 ml) with cooled sterilized distilled water, then

phytase activity and protein content of the culture

filtrate were determined.

Phytate Substrates: Four substrates were used, these

are: wheat bran (WB), Corn bran (CB), soybean meal

and cotton seed meal.

Industrial Byproducts: By-products from different

industries were tried to enhance phytase production by

investigated fungi. These are whey (dairy industry),

cane and beet molasses (sugar industry) and corn steep

liquor (corn industry). Whey was collected from the

rural area of Kaliobiah, Egypt. Cane (CM) and beet

(BM) molasses were obtained from Hawamdiah and

Kafr-El-Sheikh sugar factories, respectively.

Treatment of Cane and Beet Molasses: 200 ml of

either cane or beet molasses was completed to 1liter

by tap water, autoclaved at 121 ºC for 20 min. under

1.5 atmospheric pressure and cooled to room

temperature, then the molasses were filtered to get rid

of the precipitated mud. The filtrate was stored in

dark bottles at refrigerator till use.

Treatment of Whey: Whey used as additive in two

forms; crude whey (CW) and whey permeate (WP).

The last was prepared as follows: Crude whey

autoclaved at 121 ºC for 20 min. under 1.5
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atmospheric pressure, cooled to room temperature and

then filtered. The filtrate (WP) was stored in dark

bottles at refrigerator till use.

The previous by-products (molasses and whey)

were kindly analyzed for nitrogen content (NC);

carbohydrates content (CC) and mineral content (MC)

by the authorities of Desert Research Center, Cairo,

Egypt; Results are shown in Table (I).

Phytase Activity: phytase activity was determined as

described by Fiske and Subbarow  as adopted by[16]

Koening and Johnson . One phytase unit is the[24]

activity of phytase that generates 1 micromole of

inorganic phosphorus per minute from sodium phytate

at pH 5.5 and 37º C. 

Protein Estimation: The method used was described

by Lowry et al., , using bovine serum albumin as a[28]

standard.

RESULTS AND DISCUSSION

Results:

Effect of Initial Moisture Content (MC %) on the

Phytase Production: Production of phytase by

Malbranchea sulfurea and Aspergillus niveus ,under

solid –state cultivation was screened on four different

substrates namely: wheat bran, corn bran, soybean

meal and cotton seed meal. Each one of the different

substrates was mixed with optimized basal solution

(OBS) in the ratio of (1:1, 1:2, 1:3, 1:4 and 1:5, w/v)

for both M. sulfurea and A. niveus. The initial

moisture content for each substrate was determined .[5]

Incubation period lasted for 10 days at 45ºC for M.

sulfurea and at 40 ºC for A. niveus. The crude culture

filtrate was assayed for phytase activity and protein

content. It was found that M. sulfurea produced

highest phytase activity (3.7 U/g), when grown on

wheat bran (WB) at the ratio of (1:1, w/v and 60%

MC) as a phytate substrate. While in the case of A.

niveus showed highest phytase activity (2.96 U/g),

when grown on corn bran (CB) at the ratio of (1:1,

w/v and 61% MC) as a phytate substrate. Results are

presented (Tables 2 and 3).

Effect of Substrate Loadage on Phytase Production

by the Experimental Fungi: The effect of substrate

loadage on phytase production by the two experimental

fungi was studied. Generally all treatments were in the

ratio (1:1, WB or CB=OBS) for M. sulfurea and A.

niveus, respectively which was the best ratio; 

incubation period lasted for 10 days at 45 ºC  for  M.

sufurea and 40 ºC for A. niveus. In each treatment

phytase  activity was assayed and protein content. The

results obtained were graphically illustrated in (Fig. 1

a& b). In the case of M. sulfurea. They  show that

when we use  (5.0 g/flask) of wheat bran, was the

best weight for the production of phytase where the 

activity (2.5 U/g ), while the  increases of substrate

loadage up by (25.0 g /flask) of wheat bran , led to

a decrease  in phytase  activity to   (0.8 U/g). While

in the case of A. niveus when (5.0 g/flask) of corn

bran was used, it produced high phytase activity (1.95

U/g), while the increase of substrate loadage up to

(25.0 g/flask) of corn bran led to decrease of phytase

activity (0.53 U/g). 

Effect of Incubation Period on the Phytase

Production by the Experimental Fungi: This

experiment was carried out at pH 5.8 for both M.

sulfurea and A. niveus. Incubation temperature was 45

ºC and 40 ºC for M. sulfurea and A. niveus 

respectively. Phytase activity and protein content was

determined in the culture filtrate after 3, 4, 5, 6, 7, 8,

9 and 10 days. The results (Fig. 2) showed that in the

case of  M. sulfurea low activity( 0.24 U/g) was

obtained after 3 days incubation. While the incubation

period of 6 days was the best incubation period for

the production of phytase (3.0 U/g), then phytase

activity decreased to (1.5 U/g) after 10 days of

incubation. While in the case of A. niveus the results

show that after 3 days incubation, the activity was

(0.36 U/g). While the incubation period of 6 days was

the optimum incubation  period  for  the production

of phytase (2.76 U/g), at the end of incubation period

(10 days) activity decreased (1.14 U/g).

Effect of Inoculum Density on Phytase Production

of Experimental Fungi: The effect of inoculum

density on the production of phytase by the two

experimental fungi was investigated. Inoculums were

prepared from 5 days old cultures (1.3×10 -6.5×105 5

CFU/ml) for M. sulfurea and (2.2×10 -1.1×105 6

CFU/ml) for A. niveus. Incubation period lasted for 10

days at 45 ºC for M. sulfurea and 40 ºC for A. niveus

after which phytase was assayed.  In the case of M.

sulfurea  the results (Fig. 3a) show that when (1.3×105

CFU/ml) was used as inoculum,  it produced low

activity (0.32U/g), while the increase of inoculum

density up to (2.6×10  CFU/ml)  the activity of5

phytase increased to (3.66 U/g), but when (6.5×105

CFU/ml)  was used a decrease of phytase activity to

(0.24 U/g) was noted. While in A. niveus the results

(Fig. 3 b) showed that when (2.2 ×10  CFU/ml) was5

used as inoculum, the activity was 
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Table 1: Nitrogen content (NC); carbohydrates content (CC) and minerals content (MC) of molasses and whey.

By-product NC (mg %) CC (mg %) MC (mg %)

Cane molass (CM) 10.9 17.982 Na (61.0), K (650.0),   Ca (248.35), Mg (57.35),
Fe (6.45), Mn (0.503) and   Zn (0.333).

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Beet molass (BM) 22.7 12.873 Na (328.5), K (700.0), Ca (17.76), Mg (3.734),

Fe (1.099), Mn (0.065) and Zn (0.248).
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude whey (CW) 1.5 2.104 Na (41.0), K (70.0), Ca (133.70), Mg (16.47),

Fe (0.50), Mn (0.015) and   Zn (0.428).
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Whey permeate (WP) 0.500 0.701 Na (41.0), K (95.0),   Ca (85.05), Mg (15.04),

Fe (0.18), Mn (0.008) and   Zn (0.118).

Fig. 1a: Effect of wheat bran loadage on the production of phytase by Malbranchea sulfurea

Fig. 1b: Effect of corn bran loadage on the production of phytase by Aspergillus niveus
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Fig. 2: Effect of inoculum density on the production of phytase by Malbranchea sulfurea.

Fig. 2b: Effect of inoculum density on the production of phytase by Aspergillus niveus.

Fig. 3: Effect of Incubation period on phytase production by the experimental fungi under SSC.
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Fig. 4a: Effect of cane molasses (CM) on phytase production by the experimental fungi under SSC

. 

Fig. 4b: Effect of beet molasses (BM) on phytase production by the experimental fungi under SSC

(0.36 U/g), while the increase of inoculum density up

to (4.4×10  CFU/ml) of spore the phytase activity5

increased to (2.30 U/g), but when used (1.1×106

CFU/ml) was used as inoculum a decrease of phytase

activity to (0.34 U/g) was noted.

Effect of Agro-industrial and Some Additives on

the Phytase Production by the Experimental Fungi:

Effect of Yeast Extract: In this experiment; the OBS

was fortified by different concentrations (0.1, 0.2, 0.3,

0.4 and 0.5%) of yeast extract. The results (Fig. 4)

show that phytase production by M. sulfurea was

higher when OBS was fortified by (0.25%) yeast

extract, where the activity was (3.75 U/g). While

addition of yeast extract (0.10%) to OBS increased the

phytase production by A. niveus where the activity was

(3.0 U/g).

Effect of Malt Extract: In this experiment, the OBS

was fortified by different concentrations (0.05, 0.1,

0.15, 0.20 and 0.25%) of malt extract. Results (Fig. 5)

show that addition of malt extract (0.25%) to OBS

increased the production of phytase by M. sulfurea

(3.12 U/g), while in the case of A. niveus, at the

concentration of malt extract (0.10%) the activity was

reached to (3.48 U/g).

Effect of Corn Steep Liquor (CSL): The effect of

addition of corn steep liquor (CSL), which is a cheap

by-product of corn industry on the phytase production

by the experimental fungi was investigated. In this

experiment; corn steep liquor (CSL) was added to

optimized basal solution (OBS) in the ratio of (1:3,

1:1, 3:1 V/V), respectively. Also corn steep liquor was

used as the basal solution with the phosphorus source
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(wheat bran) for M. sulfurea and (corn bran) for A.

niveus. From the results obtained (Fig. 6); it is very

clear  that the increase of corn steep liquor to

optimized medium affected phytase production. In the

case of M. sulfurea the increase in corn steep liquor

up to (100%, V/V) where used as the solution where

the activity was (2.89 U/g). On the other hand  A.

niveus results showed that increases in corn steep

liquor (3:1, V/V) resulted phytase activity (2.21 U/g).

Effect of cane molasses (CM): The effect of addition

of sugar cane molasses (CM), as a cheap by-product

of sugar cane industry, on the production of phytase

by the two experimental fungi was studied. In this

experiment; treated cane molasses (CM) were added to

OBS at the ratio of (1:3, 1:1, 3:1, V/V), respectively.

Also cane molasses was used as the basal solution

with the phosphorus source (wheat bran) for M.

sulfurea  and (corn bran) for A. niveus. 

The results (Fig. 7) revealed that addition of cane

molass to OBS at the ratio of (1:3, V/V) caused high

increase in phytase production (3.84 U/g). While in

the case A. niveus  revealed that addition of cane

molass to OBS at the ratio of (1:3, V/V) caused high

increase in phytase production (2.29 U/g).

Effect of Beet Molasses (BM): The effect of beet

molasses (BM) as a cheap by-product of sugar

industry on the production of phytase by the two

experimental fungi was studied. In this experiment;

treated beet molasses (BM) was added to OBS in the

ratio of (1:3, 1:1, 3:1, V/V), respectively. Also beet

molasses was used as the basal solution with the WB

or CB. The results (Fig. 8) for M. sulfurea show that 

Fig. 5a: Effect of yeast extract on phytase production by the experimental fungi under SSC. 

Fig. 5b: Effect of malt extract on phytase production by the experimental fungi under SSC
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Fig. 6a: Effect of corn steep liquor (CSL) on phytase production by the experimental fungi under SSC

Fig. 6b: Effect of whey permeate (WP) on phytase production by the experimental fungi under SSC

Fig. 7a: Effect of temperature on the activity of partially purified  phytase of M. sulfurea and A. niveus.
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Fig. 7b: Effect of thermal stability on the activity of partially purified phytase of M. sulfurea and A. niveus.

Fig. 8a: Effect of pH value on the activity of partially purified phytase of M. sulfurea and A. niveus.

Fig. 8b: Effect of pH value on the stability of partially purified phytase of M. sulfurea and A. niveus .
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Fig. 9: Effect of crude whey (CW) on phytase production by the experimental fungi. 

Fig. 10: Effect of whey permeate (WP) on phytase production by the experimental fungi. 

the addition of beet molasses to OBS in the ratio of

(1:3, V/V) resulted in phytase production (3.5 U/g).

While in the case of A. niveus, when treated beet

molasses was added to OBS in the ratio (1:1, V/V)

the activity reached to (2.0 U/g). 

Effect of Crude Whey (CW): This experiment was

carried out for production of phytase by using crude

whey  (natural by-product from cheese industry). In

this experiment; crude whey (CW) was added to the

OBS at the ratio of (1:3, 1:1, 3:1, V/V), respectively.

Also crude whey (100%) was used as the basal

solution with the phosphorus source (wheat bran) for

M. sulfurea and (corn bran) for  A. niveus. The results

(Fig. 9) showed that adding of crude whey to OBS for

M. sulfurea at the ratio of (1:1, V/V) increase the

activity to (3.34 U/g). Crude whey at the ratio of

(100%) decreases the production of phytase (1.82

U/g). In the case of A. niveus addition of crude whey

to OBS at the ratio of (1:3, V/V) increase the

production of phytase (2.04 U/g), crude whey (100%)

decrease phytase activity (1.22 U/g).

Effect of Whey Permeate (WP): The addition of

whey permeate (WP) as a natural by-products from

cheese industry  was tested as affecting phytase

production by  the  experimental  fungi.  In  this 

experiment; whey permeate (WP) was added to OBS
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at the ratio of (1:3, 1:1, 3:1, V/V), respectively. Also

whey permeate was used as the basal solution with the

phosphorus sources (wheat bran) for M. sulfurea and

(corn bran) A. niveus. The results obtained revealed

that addition of whey permeate to the OBS increased

phytase production by the two experimental fungi. The

results (Fig.  10) show that in the case of M. sulfurea

 addition of whey permeate to the OBS at the ratio of

(1:3, V/V) caused an increase  in phytase production

to (2.84 U/g) when WP was used as a basal solution

a decrease in phytase production to (1.44 U/g) was

noted.  While  in  case  of   A. niveus the results

show that addition of whey permeate to OBS at the

ratio of  (3:1, V/V) caused an increase in phytase

production (3.4 U/g). 

Purification of Phytase Produced by  the

Experimental Fungi: M. sulfurea was grown in

3treated cane molasses and OBS NaNO , 0.4%; yeast

4 2extract, 0.25%; MgSO .7H O, 0.05%; KCl, 0.05% and

4 2FeSO .7H O, 0.001%) in the ratio of 1:3 at pH 5.8

(50 mM C-P buffer). Aliquots of 5 ml of the previous

solution were dispensed in 250 ml Erlenmeyer flasks

charged with 5.0 g wheat bran. After autoclaved

sterilization (121 ºC for 30 min.), the medium was

allowed to cool (MC, 60.0%) and inoculated with

2.6×10  CFU/ml and incubated at 45 ºC for 6 days.5

Cell free filtrates were prepared as previously

described. In case of A. niveus whey permeate and

O B S  (p ep to ne , 0 .3 % ; malt  ex trac t ,  0 .1 % ;

4 2 4 2MgSO .7H O, 0.05%; KCl, 0.05% and FeSO 7H O,

0.001%) in the ratio of 3:1. Aliquots of 5 ml of the

previous solution were dispensed in 250 ml

Erlenmeyer flasks charged with 5.0 g corn bran. After

sterilization, cooling drown (MC, 61.0%) inoculation

with 4.4×10  CFU/ml and incubation at 40 ºC for 65

days; cell free filtrate was prepared. Cell free filtrates

(crude enzyme) was subjected to sequential steps to

obtain partially purified phytase.

Dialysis: Several dialyses against 50 mM C-P buffer

were done at 4 ºC. Cell free dialysate (CFD) was

collected. 

Ammonium Sulphate Precipitation: Cell free

dialysate was  precipitated  with  ammonium  sulfate 

(60%). The  precipitate  was  harvested by

centrifugation (8000 g) for 20 min and dissolved in 50

mM acetate buffer (pH 5.0). After several dialyses

against the same buffer. Ammonium sulfate free

dialysate (ASFD) was obtained. 

Bentonite Adsorption: A 2.5% (W/V) suspension of

bentonite in 50 mM acetate buffer (pH 5.0) was

prepared. Bentonite was dispersed for about 30

minutes by means of small spatula and simultaneously

stirred. Fifty ml of ASFD were added to fifty ml of

this suspension and stirred for about 2 hr at 4 ºC. The

enzyme was eluted from bentonite by 0.1 M NaCl in

the same buffer.

Soluble  protein  and  enzyme activity were

assayed as previously described. Specific enzyme

activity,  %  recovery  and  purification  fold were

also  determined.  Results  are  shown in (Tables 4

and 5).  

In case of M. sulfurea 1.5% of the total activity

was obtained with purification fold 5.05. While in the

case of  A. niveus  5.8% of the total phytase activity

was obtained with 14.44 purification folds.

Some Properties of Phytase Enzyme Produced by

the Experimental Fungi: The effect of temperature,

pH, modulators, and effect of prolonged storage on the

activity of partially purified phytase by M. sulfurea

and A. niveus were studied.  

Table 2: Effect of initial moisture content (MC) on the production of phytase by Malbranchea sulfurea.

Substrate Weight of substrate: Volume of OBS (W:V)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1:1 1:2 1:3 1:4 1:5
---------------------------------- -------------------------------- --------------------------------- --------------------------------- --------------------------------------
MC Specific Phytase MC Specific Phytase MC Specific Phytase MC Specific Phytase MC Specific Phytase
(%) activity activity (%) activity activity (%) activity activity (%) activity activity (%) activity activity

U/mg U/g U/mg U/g U/mg U/g U/mg U/g U/mg U/g
protein Sub- Protein Sub- Protein Sub- Protein Sub- Protein Sub-

strate strate strate strate strate

Wheat bran 60.0 0.96 3.70 72.5 0.050 0.50 79.0 0.145 1.84 83.0 0.360 6.16 86.0 0.05 0.96
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Corn bran 61.0 0.65 1.36 73.0 0.003 0.02 79.5 0.230 2.60 83.5 0.120 1.50 86. 0 0.04 0.58
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soybean meal 57.0 0.034 0.15 70.6 0.187 2.02 77.5 0.038 0.55 82.0 0.008 0.20 85.0 0.15 2.04
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cotton seed meal 57.0 0.13 0.57 70.6 0.060 0.51 77.5 0.070 0.74 82.0 0.118 2.68 85.0 0.06 1.88
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Table 3: Effect of initial moisture content (MC) on the production of phytase by Aspergillus niveus.

Substrate Weight of substrate: Volume of OBS (W:V)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1:1 1:2 1:3 1:4 1:5
---------------------------------- -------------------------------- --------------------------------- --------------------------------- -------------------------------------
MC Specific Phytase MC Specific Phytase MC Specific Phytase MC Specific Phytase MC Specific Phytase
(%) activity activity (%) activity activity (%) activity activity (%) activity activity (%) activity activity

U/mg U/g U/mg U/g U/mg U/g U/mg U/g U/mg U/g
protein Sub- Protein Sub- Protein Sub- Protein Sub- Protein Sub-

strate strate strate strate strate

Wheat bran 60.0 0.30 0.45 72.5 0.06 0.36 79.0 0.13 1.4 83.0 0.17 2.3 83.0 0.008 0.12
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Corn bran 61.0 0.71 2.96 73.0 0.03 0.12 79.5 0.003 0.01 83.5 0.06 0.58 83.5 0.02 0.30
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soybean meal 57.0 0.01 0.02 70.6 0.01 0.20 77.5 0.05 0.92 82.0 0.07 1.84 82.0 0.07 2.48
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cotton seed meal 57.0 0.11 0.67 70.6 0.15 1.60 77.5 0.07 1.12 82.0 0.08 0.472 82.0 0.03 0.84

Table 4: Summary of partial purification steps of phytase from Malbranchea sulfurea.
Purification Volume Total Protein Total activity Specific activity Recovery Purification
Step  (ml)   (mg/ml)     (U/ml) (U/mg protein)   (%)    Fold
CFF* 500 1805 830 0.459 100.0 1.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CFD** 620 2015 961 0.477 11.58 1.04

4 2 4(NH ) SO
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(60%) 170 340 167.96 0.499 20.24 1.09
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ASFD*** 190 188.1 153.52 0.816 18.50 1.78
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bentonite 59 5.37 12.45 2.31 1.5 5.05
(2.5% followed by 0.1 M NaCl)
* Cell Free Filtrate. **  Cell Free Dialysate. *** Ammonium sulphate Free Dialysate.

Table 5: Summary of partial purification steps of phytase from Aspergillus niveus.
Purification Volume Total Protein Total activity Specific activity Recovery Purification
step  (ml)   (mg/ml)     (U/ml) (U/mg protein)   (%)    Fold
CFF* 500 710.0 90.0 0.126 100.0 1.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CFD** 540 648.0 86.4 0.133 96.0 1.05

4 2 4(NH ) SO
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(60%) 180 126.0 17.8 0.141 19.8 1.12
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ASFD*** 210 84.0 18.9 0.225 21.0 1.78
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bentonite 65 2.8 5.2 1.820 5.8 14.44
(2.5% followed by 0.1 M NaCl)
* Cell Free Filtrate. ** Cell Free Dialysate. *** Ammonium sulphate Free Dialysate.

Fig. 11: Effect of temperature on the activity of partially purified  phytase of M. sulfurea and A. niveus.
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Fig. 12: Effect of thermal stability on the activity of partially purified phytase of M. sulfurea and A. niveus.

Fig. 13: Effect of pH value on the activity of partiallypurified phytase of M. sulfurea and A. niveus.

Table 6: Effect of some metal ions and enzyme inhibitors  on the activity of partiallypurified phytase of M. sulfurea and A. niveus.

Relative activity (%)*
Metal ion Conc. (mM) ----------------------------------------------------------------------------------------

M. sulfurea A. niveus

Control 0 100.0 100.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Li 1 70.0 95.0+

5 80.2 100.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Na 1 20.0 22.0+

5 95.0 102.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg 1 95.0 58.52+

5 62.4 23.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mn 1 65.0 62.32+

5 10.5 10.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hg 1 37.7 49.02+

5 10.5 20.5
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Table 6: Discortinue

Cd 1 10.5 10.52+

5 4.5 5.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn 1 108.7 62.382+

5 70.4 64.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca 1 95.0 139.32+

5 130.0 120.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe 1 100.37 74.322+

5 97.7 94.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe 1 112.5 114.73+

5 89.52 65.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EDTA** 1 10.5 7.5

5 7.5 3.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PCMB*** 1 95.0 97.0

5 90.5 90.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PMSF**** 1 85.6 75.5

5 88.7 76.5

*Time  of  pre-incubation:  30 min. Molarity and type of buffer: (0.2M) citrate-phosphate buffer. Temperature of incubation: 70 ºC 
** Ethylenediaminetetraacetic acid. 
***  Parachloromercuriobenzoate. 
**** Phenylmethylsulfonyfluoride.

Effect of Incubation Temperature on the Phytase

Activity: This was studied by incubation of the

partially purified phytase with the standard reaction

mixture in water bath set at different temperatures

ranging from 40 to 85 ºC for 30  minutes, then the

phytase activity was determined as previously

described. The results (Fig. 11) for M. sulfurea and A.

niveus  show that the activity of partially purified

phytase increased with temperature increase and

reached its maximum activity at 70 ºC, where the 

activity was 3.2 and 2.46 U/ml, respectively followed

by gradual decrease with increase of temperature.

Thermal Stability of the Partially Purified Phytase:

In this experiment; the enzyme solution was pre-

incubated at different temperatures ranging from 40 to

100 ºC for 2h, (0.2M) C-P buffer) after that phytase

assays were proceeded  as  previously  described. 

The results (Fig. 12) show that the partially purified

phytase was stable over a wide range of temperature;

the relative activity reached 106.56% for M. sulfurea

107.14% for  A. niveus was stable at 75 ºC for 2hr.

The lost activity reveals that these enzymes are

thermostable.

Effect of pH Value on the Activity of Partially

Purified Phytase: In this experiment; citrate-phosphate

buffer (0.2 M) with different pH values ranging

between 4.8 and  6.2  was  used at standard

conditions of assay of  enzyme  activity. The results

(Fig. 13) show that the best pH value was 5.6, where

the activity was 2.4 and 1.53 U/ml for  M. sulfurea

and A. niveus, respectively followed by gradual

decrease with increase of pH value.  

Effect of pH Value on the Stability of   Partially

Purified Phytase: The effect of pH value on the

enzyme stability could be distinguished experimentally

by pre-incubating the enzyme at  different pH values

(4.8-6.2)  for 24 h , after which the enzyme substrate

was added and incubation for 30 minutes, the other

steps  for  determination  of phytase activity

completed and the relative activity after that was

estimated .The results (Fig. 14)  show that the enzyme

was stable over a wide range of pH. The lost activity

reveals that this enzyme is pH stable. The relative

activity reached 130.5 % at pH 5.6 for A. niveus and

136.4% at pH 5.6 for M. sulfurea.

Effect of Some Metal Ions on the Activity of  

Partially Purified Phytase: In this experiment; the

influence of ten different metal ions and three enzyme

inhibitors; EDTA, p-CMB and PMSF were individually

investigated upon the partially purified phytase of M.

sulfurea and A. niveus. The enzyme was incubated for

30 minutes with various modulators at final

concentrations 1.0 & 5.0 mM, and then assayed for

enzyme activity.The results (Table 6) show that the
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activity of partially purified phytase of M. sulfurea and

A. niveus. In the case of M. sulfurea was inhibited by

Na , Li , Mg , Hg , Mn and Cd at the two+ + 2+ 2+ 2+ 2+

investigated levels. Zn , Fe and Fe  slightly enhanced2+ 2+ 3+

the enzyme activity at low concentration while at the

h igh conce n tra t io n  caused  inh ib i t io n .  H igh

concentration of Ca  slightly enhanced the enzyme2+

activity and low concentration decreased it. In case of

A. niveus, the activity of partially purified phytase was

inhibited by Mg  , Mn , Hg , Cd , Zn and Fe  at2+ 2+ 2+ 2+ 2+ 2+

the two investigated levels. Fe  slightly enhanced the3+

enzyme activity at low concentration while at the high

concentration caused inhibition. High concentration of

Na , Li . Ca  slightly enhanced the enzyme activity at+ + 2+

the two investigated levels. The inhibition caused by

enzyme inhibitors ranged between 7.5 and 95.0 %  for

M. sulfurea while ranged between 3.4 and 97.0 %  for 

A. niveus. (EDTA), (PMSF) and  (p-CMB) the most

effective inhibitors.

Effect of Prolonged Storage on the Activity of

Partially Purified Phytase: In this experiment; the

partially purified phytase was stored at different

conditions; were it was stored at 0, 4, 30, 45 ºC. The

phytase activity was assayed after 5, 10, 15, 20, 25,

30 days. The results (Fig. 15) show that; in case of

M. sulfurea; the enzyme retained about 67% of its

activity after prolonged storage for 10 days at 0 ºC

and retained 59.6% of its activity after 30 days at 4

ºC and retained 56.3% and 60.5% of its activity after

30 days and at 45, 30 ºC, respectively. The partially

purified phytase of A. niveus retained about 72% of its

activity after storage for 5 days at 0 ºC and retained

65.2% and 61.2% of its activity after 25 days at 4

and 30 ºC, respectively.

The enzyme retained 50.8% of its activity after storage

for 25 days at 45 ºC. Generally, the   partially 

purified  phytase was stable when stored at 4 ºC for

30 days.

Discussion: In a view of ever increasing demand of

phytases, there is ongoing interest in isolating new

microbial strains producing efficient phytases. The bio-

efficacy of microbial phytases was 1.5 folds, of plant

phytases . In this investigation the ability, of[70]

selectively  and  locally  isolated  thermophilous  and

thermotolerant fungi, to produce extracellular phytase

under solid state cultivation (SSC)  was optimized. It

was essential to produce phytase on cost effective

media. Some properties of a partially purified phytase

were studied.

Submerged cultivation (SmC) was excluded

because it is more expensive process , solid substrate[35]

cultivation (SSC) has been reported to be less

expensive production method than the SmC because it

requires lower capital investment and has a lower

operating cost  cultivation conditions used mimic to[32]

some extent the natural habitat of the enzyme –

producing fungi .[12]

Wheat bran (WB) is a popular substrate currently

used in the production of microbial enzymes at a

commercial scale. Corn bran (CB), also occasionally

used as a substrate in this process. In connection of

phytase production WB and CB are suitable phytate

substrates. WB contain 10.96 (g/k) of total phosphates

of which 8.36 (g/kg) are phytate-phosphosphorus

(76.3%), while CB contain 0.262 (g/kg) of total

phosphates of which (0.188 g/kg) phytate phosphorus

(71.76%).

Table 7: Effect of storage period on the activity of partially purified phytase of M. sulfurea and A. niveus.

Storage Temp. (ºC) Storage period (Days) Remaining activity (%)

-------------------------------------------------------------------------------------
M. sulfurea A. niveus

0  5       79.4         72.0

------------------------------------------------------------------------------------------------------------------------------
10       67.0         47.0

------------------------------------------------------------------------------------------------------------------------------
15       43.9         22.7

------------------------------------------------------------------------------------------------------------------------------
20       29.0         13.2

------------------------------------------------------------------------------------------------------------------------------
25       28.0         8.12

------------------------------------------------------------------------------------------------------------------------------
30       22.0         6.47
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4  5       92.5         90.2

------------------------------------------------------------------------------------------------------------------------------
10       87.9         85.4
------------------------------------------------------------------------------------------------------------------------------
15       83.7         70.6
------------------------------------------------------------------------------------------------------------------------------
20       74.7         67.5
------------------------------------------------------------------------------------------------------------------------------
25       70.6         65.2
------------------------------------------------------------------------------------------------------------------------------
30       59.6         43.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30    5       97.4         95.3

------------------------------------------------------------------------------------------------------------------------------
10       96.1         94.2
------------------------------------------------------------------------------------------------------------------------------
15       87.3         88.0
------------------------------------------------------------------------------------------------------------------------------
20       69.7         76.4
------------------------------------------------------------------------------------------------------------------------------
25       56.3         61.2
------------------------------------------------------------------------------------------------------------------------------
30       46.9         45.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
45     5       96.5         97.3

------------------------------------------------------------------------------------------------------------------------------
10       84.4         87.5
------------------------------------------------------------------------------------------------------------------------------
15       81.2         75.6
------------------------------------------------------------------------------------------------------------------------------
20       75.0         69.7
------------------------------------------------------------------------------------------------------------------------------
25       71.4          50.1
------------------------------------------------------------------------------------------------------------------------------
30        60.5         30.2

M. sulfurea was grown on a mixture of treated

cane molasses (CM) and optimized basal solution

3(OBS; Sucrose, 3.0%; NaNO , 0.4%; yeast extract,

4 20.25%;  MgSO .7H O,  0.05%;  KCl,  0.05%  and

4 2FeSO .  7H O,  0.001%)  in  the  ratio of 1:3; pH
5.8 (50 mM Citrate – Phosphate buffer). Aliquots of

5 ml mixture were dispensed in 250 ml Erlenmeyer

flask, each contain 5.0 g WB. After autoclaved

sterilization (121º for 30 min.); the medium was 

allowed to cool (Moisture  content; MC, 60.0%) and

inoculated with 2.6  x 10   CFU/ml  and  incubated 5

at 45 ºC for 6 days. The phytase titre was 3.2 U/g

substrate with specific activity 0.97 U/mg. Khan et

al.,  reported that  Aspergillus  niger  grown on a[23]

combination of 2.5 mg ammonium phosphate / 100 g

of defatted rice bran  in  SSF  (MC 30 – 35%), 

produced  the maximum amount of phytase by 10 –

17 days old cultures. Carter et al  investigated the [5]

Fig. 14: Effect of pH value on the stability of partially purified phytase of M. sulfurea and A. niveus.

57



Res. J. Agric. & Biol. Sci., 5(1): 42-62, 2009

effect of temperature and initial moisture content (50,

55 and 60 %) on phytase production by A. niger

grown on wheat bran and soybean meal as substrates.

They found that temperature affected phytase activity

production, but substrate initial moisture content did

not. The highest phytase activity was found at 30 ºC,

50 – 60 % initial moisture content after 72 h

fermentation. Singh and Satyanarayana  studied[44]

phytase production by Sporotrichum thermophile on

sesame oil cake. Experiments were performed in 250

ml Erlenmeyer flasks with 10 g substrate moistened

with 25 ml nutrition solution (3.0% glucose and 0.5 %

4 2 4(NH ) SO . Inoculum density was 10  CFU/ ml.8

Incubation lasted 5 days at 45 ºC and 70 % relative

humidity.

The moisture content is known to affect hydrolytic

enzyme production in solid substrate cultivation .[2]

Lower moisture level leads to suboptimal growth, a

low degree of substrate swelling and high surface

tension; whereas high moisture level decreases

porosity, changes the bran particle structure resulting

in their stickness which cause lower oxygen transfer .[27]

Adequate inoculum can initiate fast enzyme

production . The higher medium loadage reduce heat[61]

transfer although water holding capacity of medium is

better. Contrarily, lower loadage makes heat dissipation

easy. Thus it is necessary to maintain an appropriate

ratio of media weight to fermenter volume .[61]

Yeast-, malt- and beef extracts are routinely used

in formulation of different culture media for growth

and enzyme production of fungi. Addition of 0.25%

yeast extract and 0.1% malt extract increased phytase

activity production in case of M. sulfurea and A.

niveus, respectively. This may be attributed to the

presence of amino acids, vitamins and minerals in

these extracts. Beef extract (0.1%) enhanced phytase

production by Pichia anomala . Singh and[58]

Satyanarayana  reported that addition of 0.25% yeast[44]

extract to the optimized medium, enhanced phytase

production by Sporotrichum thermophile.

Agro-industrial by-products that are abundant at

the local level can be exploited microbiologically and

converted to value-added final products. The effect of

incorporation of cane-, beet- molasses, crude whey,

whey permeate and corn steep liquor into the

cultivation media of the experimental fungi was

investigated. Incorporation of cane molass (CM in the

ratio 1:3) and whey permeate (WP, in the ratio 3:1)

to the cultivation media for production of phytase by

M. sulfurea and A. niveus enhanced phytase production

(3.2 U/g and 3.4 U/g, respectively). Zyta and Gogol[71]

reported that cane molasses enhanced phytase

production by Aspergillus niger. Vohra and

Satyanarayana  reported that an overall 86.6%[60]

enhancement  in  phytase yield of Pichia anomala was

obtained in optimized cane molasses (3000 U/L). The

enzyme production in cane molasses medium is cost

effective. Cane molass, a by-product of cane sugar

industry, is one of the cheapest sources of

carbohydrates (17.982 mg%), nitrogenous substances

(10.9, mg%) and minerals (mg%); Na, 61.0; K, 650.0;

Ca, 248.35; Mg, 57.35; Fe, 6.45; Mn, 0.503 and Zn,

0.333. Vitamins such as thiamine, riboflavin,

pyridoxine, Folic acid, biotin and pantothenic acid

were also detected in cane molasses . Whey permeate[20]

contain carbohydrates (0.701 mg%); nitrogenous

substances (0.5 mg%) and minerals (mg%); Na, 41.0;

K, 65.0; Ca, 85.05; Mg, 15.04; Fe, 0.18; Mn, 0.008

and Zn, 0.118). The properties of whey permeate is

similar to glucose syrup. A low cost phytase

production by Hansenula polymorpha was achieved on

glucose syrup medium . To the best of our[54]

knowledge this is the first report on production of

phytase on whey permeate medium.

A simple and inexpensive method was used for

partial purification of phytase from crude culture

filtrate of both M. sulfurea and A. niveus. Salting out

4 2 4with (NH ) SO  (60%) gave a yield of 20.24% and

19.8% with purification fold 1.09 and 1.12 for the two

experimental fungi, respectively. A yield of 1.5% and

5.8% with purification fold 5.05 and 14.44 was

obtained after bentonite (2.5%) treatment in the case

of the two experimental fungi, respectively. Bentonite

is a nontoxic adsorbent behaves essentially as cationic

exchanger, currently used in enzyme purification, in

food industries .[48,49,14,41]

Some properties of the partially purified enzyme

were investigated. The optimum pH was 5.6 and

optimum temperature was 70 ºC for both the

experimental fungi. The two enzymes were stable

between pH 5.0 – 6.0 and temperatures 60 - 80 ºC.

The activity of partially purified phytase in the

presence of certain metal ions and enzyme inhibitors;

p-Chloromercurbenzoate (p-CMB), Phenylmethyl-

s u l f o n y l f l u o r i d e  ( P M S F )  a n d  E t h y l e n e -

diaminetetraacetic acid (EDTA) at 1 and 5 mM, was

investigated. In case of M. sulfurea phytase activity

was inhibited in the presence of Na , Li , Mg ,+ + 2+

Mn , Cd  and Hg   at the two investigated levels.2+ 2+ 2+

Ca , Zn , Fe  and Fe  enhanced the enzyme activity2+ 2+ 2+ 3+

at low concentration and high concentration decreased

it

In case of A. niveus the phytase activity was

inhibited by Mg , Mn , Hg , Cd  , Zn and Fe at2+ 2+ 2+ 2+ 2+ 2+ 

the two investigated levels. Ca  enhanced the enzyme2+

activity. The enzyme activity was realty inhibited in

the presence of EDTA, PMSF and p-CMB showed

little effect on the enzyme activity. This may be

attributed to the presence of –SH group in the phytase

moiety of both the experimental fungi.
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Dvorkova et al.,  reported that extracellular[13]

phytase of A. niger 92 has a pH optimum of 5.0 and
minimum temperature of 55 ºC. The enzyme has a
high pH and temperature stability. The enzyme was
inhibited by Zn , Hg  and Cd  and activated by+2 +2 +2

Ca , Mg  and Mn . Phytase from Thermomyces+2 +2 +2

lanuginosus has pH and temperature optima of 6.0 and
65 ºC. The enzyme was stable up to 75 ºC and pH
5.0 – 7.5 . Mandvinala and Khire  reported that the[3] [30]

crude phytase of a thermotolerant strain of A. niger
NCIM 563 has pH and temperature optima of 5.0 and
50 ºC. Phytase activity (86%) was retained at pH 3.5
for 24 h and 75% phytase activity was retained on
incubation at 55 ºC for 1 h. In presence of 1 mM K+

and Zn , 95%  and  55% of the enzyme retained.+2

Phytase from A.  fumigatus  has high thermostability
up to 80 ºC and broad pH range (pH 4.0 – 7.3) .[43]

Extracellular phytase from A. niger ATTC 9142, has
pH and temperature optima of 5.0 and 65 ºC with
high thermostability at 80 ºC the enzyme was
moderately stimulated in the presence of Mg , Mn ,+2 +2

Cu , Cd , Hg , Zn ; not significantly affected by+2 +2 +2 +2

Fe  and Fe  and moderately inhibited by Ca . The+2 +3 +2[6]

two phytases of the experimental fungi retained more
than 50% of their activity after storing for 10 – 20
days at 0 ºC, 4 ºC, 30 ºC and 45 ºC. Prolonged
storage is advantageous  in  biotechnological 
applications  of the microbial enzymes.

Conclusions: Phytase yield on CM and WP media
reduce the cost of enzyme production. These enzymes
can find application in the animal feed industry for
improving the nutritional status of feed and combating
environmental pollution.    
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