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ABSTRACT: The present study deals with optimization of culture conditions for phytase production 

by indigenous strain of Aspergillus flavus PHY168 isolated from soil of livestock farms in Lahore 

district of Punjab, Pakistan. Best phytase producing isolate was selected based on size of zone of 

hydrolysis on plate of phytase screening medium agar and identified as A. flavus PHY168 by 

morphological methods. Culture conditions were optimized for maximum phytase production by A. 

flavus using one variable approach. Effect of temperature, pH, substrate type and concentration was 

studied using submerged fermentation. Results indicated that maximum phytase production was noted 

at temperature 35
0
C, pH 5 and 5% rice bran as substrate.  Agricultural bye-products such as rice bran 

can be used for cost effective phytase production under optimized conditions. Thus, indigenous A. 

flavus PHY168 can be used for large scale phytase production to meet its requirements in food and 

feed industries. 
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INTRODUCTION 

 Phosphorus is an important mineral which is 

required for animal growth and production. The common 

feed ingredients in animal feeds are cereals and legumes. 

Phosphorus in feed ingredients is mainly stored in the 

form of compound called phytic acid ( phytate) which 

represents 50-80 % of total phosphorus  (Dersjant‐Li et 

al., 2015). Nonruiminants such as poultry, swine and fish 

cannot secrete phytase to digest phytate. The phytate has 

anti-nutritional properties as it chelates important divalent 

cations / metals and proteins. The monogastric animals 

excrete phosphorus in feces which causes phosphorus 

pollution and eutrophication of water bodies in areas of 

intensive animal production (Azeem et al., 2015; Vats et 

al., 2005). 

 The phytate related issues are solved by phytase 

supplementation in of monogastric animal are poultry 

feed. The phytase attacks phytate to release inorganic 

phosphorus and lipids, magnesium, calcium and protein 

becomes available to the animal. It is naturally present in 

plants, animals and microrganisms (Humer et al, 2014). 

Microbial Phytase (myo-inositol hexakisphosphate 

phosphohydrolase) is used in monogastric animal feeds to 

hydrolyse phytate and release inorganic phosphate 

(Konietzny and Greiner, 2002). Microbial phytase 

supplementation in feed helps to reduce the phosphorus 

pollution and nutritional harms due to phytate (Kumar et 

al., 2016). Thus, phytase improves the nutritional status 

of feed stuffs and digestibility of phytate for environment 

friendly poultry production (Nissar et al. 2017). Many 

species of fungi have potential of phytase production via 

fermentation of easily available cheap substrates (Arora 

et al., 2017; Maurya et al., 2017; Makolomakwa et al., 

2017; Shah et al., 2017;  karthik et al., 2018; Dailin et al., 

2019). The present study was carried out to find and 

optimize culture conditions for maximum phytase 

production using native strain of A. flavus. 

MATERIALS AND METHODS 

Isolation and Identification of fungi: Phytase producing 

fungi were isolated after qualitative screening of soil 

samples on phytase screening medium (PSM) agar using 

the method described by Howson and Davis, (1983). The 

best phytase producer isolate was selected on the basis of 

size of zone of hydrolysis and identified as A. flavus 

PHY168 using morphological method described by 
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Tsuneo, (2010). It was maintained on slants of 

Sabouraud's Dextrose Agar at 4
o
C. 

Optimization of culture conditions for phytase 

production: Culture conditions for maximum enzyme 

production by A. flavus PHY168 were optimized via 

submerged fermentation of phytase screening medium 

(PSM) broth using technique described by Singh and 

Satyanarayana, (2012). The PSM broth contained g/L: 15 

g glucose, 5 g ammonium nitrate, 2 g calcium chloride, 

0.5 g potassium chloride, 0.5 g magnasium sulphate, 0.01 

g ferrous sulphate, 0.01 g manganese sulphate, 2 g 

sodium phytate and 1000 ml distilled water.  

Inoculum preparation: Spores of pure A. flavus 

PHY168 were mixed in 10 ml sterilized normal saline 

and counted using neubar chamber.  One ml spore 

suspension (1 x 10
7
 spores) was used as inoculum to 

optimize culture conditions for phytase production. 

Effect of temperature, pH and substrate on phytase 

production:  To study effect of temperature on phytase 

production, 6 glass flasks (each having 50 ml sterilized 

PSM Broth with pH 5.5 inoculated with 1 mL 

standardized inoculum having 1x10
7
 spores) were 

incubated at 6 temperatures ranging from of 20
0
C to 45

0
C 

in shaking incubator for 5 days.  

 4 Glass flasks containing sterilized PSM broth 

with pH 3, 4, 5 and 6 respectively inoculated with one 

mL standardized inoculum (1 x 10
7
 spores) and incubated 

in shaking incubator (150 rpm) for 5 days at temperature 

optimized in above mentioned step.  

 Effect of 1-5 % concentrations of each 

individual substrate such as rice bran, wheat bran and oat 

bran on phytase production was evaluated by incubation 

of inoculated sterilized PSM broth (at temperature and 

pH optimized in steps 1 & 2) in shaking incubator (150 

rpm) for 5 days.  

Filtration: Fungal growth of each parameter was filtered 

using Whatman filter paper No. 1. The filtrate was 

centrifuged to obtain supernatant. 

Phytase Assay: The phytase assay was performed 

according to the colorimetric method of Fiske and 

Subarrow (1925) to determine the amount of phytase. 

Both sample and control tubes were centrifuged at 4000 g 

for 10 minutes and kept at room temperature for 10 

minutes. The spectrophotometer was blanked with the 

control (distilled H2O) and respective absorbance (OD) 

values were taken at 660nm wavelength. The OD values 

were converted to phosphorus produced with the help of 

standard curve to determine phytase units. Standard curve 

was prepared using KH2PO4. One Phytase unit (U) was 

defined as the amount of enzyme that released 1 umol of 

inorganic phosphorous per minute per mL of supernatant 

under the assay conditions.  

Determination of Biomass (g/L): The Fungal biomass 

for each parameter was determined after drying the filter 

paper containing filtered mycelium at 60
0
C in hot air 

oven for 6 hours and its dry weight expressed as g / L 

medium as described by Lata et al. (2013). 

Statistical Analysis: Mean values of phtase and fungal 

biomass were compared by One-way Analysis of 

Variance (ANOVA) and Post- Hoc Multiple comparison 

test (Duncan) using SPSS (version 20.0). Significance 

was declared at p < 0.05. 

RESULTS AND DISCUSSION 

 In the present study, efforts were made to 

optimize physical and chemical conditions to increase 

enzyme production by Aspergillus flavus PHY168 

through submerged fermentation. The effect of 

incubation temperature ranging from 20
0
C - 45

0
C on 

phytase production and fungal growth was investigated 

using one variable approach. Present results revealed that 

A. flavus PHY168 produced maximum phytase (3.54 U) 

and biomass (13.27 g/L) in PSM broth at 35
0
C (Table 1). 

Like our results, Jafari-Tapeh et al., 2012 described 

maximum phyase production at optimum temperature of 

35
0
C. It was noted that enzyme yield is growth associated 

and affected significantly by performing fermentation 

above or below the optimum temperature of incubation. 

Various culture conditions affect production of phytase 

by fungi (Qasim et al., 2017; Neira-Vielma et al., 2018).  

Microbial species produce phytase within a broad range 

of optimal physical conditions (pH and temperature). For 

digestion of feed in simple stomach animals, enzyme 

must be thermo-tolerant so that it can withstand high 

temperature during feed production (Mittal et al, 2012). 

 A. flavus PHY168 produced maximum phytase 

(3.61 U) and biomass (14.28 g/L) at optimum pH of 5 

(Table 2). The PSM broth with pH ranging from 3-6 was 

used to produce enzyme and fungal biomass under 

submerged fermentation by incubation at optimized 

temperature. Our results indicated A. flavus PHY168 

showed maximum phytase production at optimum PH of 

5. Similar to our results, previous studies showed 

maximum phytase production at pH 5 (Singh and 

Satyanarayana., 2008; Sandhya et al., 2015 ; Qasim et al., 

2017). The production of phytase is mostly reported in 

acidic to neutral pH range. Optimum pH ranges from 3.0 

- 5.5 and 7.0-8.0 for acidic phytase & alkaline phytase 

respectively (Yin et al., 2007; Vijayaraghavan et al., 

2013). 

 Results for phytase production and fungal 

biomass by growth of A. flavus PHY168 in PSM broth 

supplemented with 1 %, 2 %, 3 %, 4 % and 5 % 

concentration of rice bran, wheat bran and oat bran are 

presented in Table 3. A. flavus PHY168 produced 

maximum phytase (7.14 U) and biomass (28.49 g/L) 
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using optimum concentration of 5% rice bran. It 

produced maximum phytase (5.76 U) and highest 

biomass (22.69 g/L) with 4 % wheat bran in PSM broth. 

Our results revealed maximum amount of phytase (5.44 

U) and biomass (21.68 g/L) using 5 % oat bran in PSM. 

In the present study, 3 substrates were tested for 

production of phytase using submerged fermentation. 

Order of substrate choice for highest phytase production 

is rice bran > wheat bran > oat bran. It is concluded that 

fermentation medium containing 5 % rice bran showed 

maximum enzyme yield and fungal biomass growth as 

compared to wheat bran and oat bran. Present results are 

in accordance with previous studies showing maximum 

enzyme production using rice bran as substrate (Bhavsar 

et al., 2008; Suresh and Radha, 2015; Gunashree and 

Venkateswaran, 2008).  

 A variety of agricultural by-products and 

residues as substrate for enzyme production by various 

species of fungi were used in several studies (Huang et 

al., 2018; Shahryari et al., 2018; Pires et al., 2019; 

Jatuwong et al., 2020).These are available in large 

quantities at low price in Pakistan and can be used to 

produce enzymes on industrial level via fermentation. 

Thus our study suggests use of rice bran as substrate to 

produce phytase for applications in food and feed 

industries.  

 It was found that selected fungal isolate 

produced maximum enzyme and biomass at optimized 

physical and chemical parameters.  Several studies have 

been conducted to optimize culture condition for phytase 

production by different species of fungi through 

fermentation (Lata et al, 2013; Sabu et al., 2002; Krishna 

et al., 2001). 

Table 1: Effect of temperature on phytase production. 

 

Temperature 20
o
C 25

o
C 30

o
C 35

o
C 40

o
C 45

o
C 

Enzyme  0.86 ±0.04
f 

1.54 ±0.05
e 

2.25 ±0.06
c 

3.54 ±0.03
a
 2.62 ±0.05

b 
1.93 ±0.04

d 

Biomass 3.44±0.11
f
 4.52±0.05

e
 8.44±0.08

c
 13.27±0.06

a
 9.78±0.07

b
 7.25±0.04

d
 

Means with different superscripts indicate that values are statistically significant (P<0.05). 

 

Table 2: Effect of pH on phytase production. 

 

pH 3 4 5 6 

Enzyme 1.62±0.02
d
 2.41 ±0.03

b
 3.61 ±0.03

a
 2.33 ±0.04

c
 

Biomass 6.49±0.06
d
 9.69±0.07

b
 14.28±0.11

a
 9.31±0.08

c
 

Means with different superscripts indicate that values differ significantly (P<0.05) 

 

Table 3: Effect of Substrates on phytase production and biomass (g/L). 

 

Substrate Concentration 1% 2% 3% 4% 5% 

Rice Bran  Enzyme 4.38±0.05
e
 5.84 ±0.06

d
 6.81±0.05

c
 6.93±0.04

b
 7.15±0.04

a
 

Biomass 17.46 ±0.10
e
 23.43 ±0.07

d
 27.32 ±0.08

c
 27.70 ±0.09

b
 28.49 ±0.06

a
 

Wheat Bran Enzyme 3.51±0.02
e
 4.63 ±0.02

d
 5.26 ±0.04

b
 5.76 ±0.03

a
 4.95 ±0.03

c
 

Biomass 14.06 ±0.10
e
 18.51±0.04

d
 21.08±0.05

b
 22.69±0.11

a
 19.75±0.09

c
 

Oat Bran Enzyme 2.96±0.03
e
 3.41 ±0.02

d
 3.85 ±0.03

c
 4.77 ±0.06

b
 5.44 ±0.04

a
 

Biomass 11.82±0.05
e
 13.55 ±0.07

d
 14.34 ±0.06

c
 19.10±0.06

b
 21.68±0.09

a
 

Means with different superscripts indicate that values differ significantly (P<0.05). 

 

Conclusion: Present study suggests that indigenous A. 

flavus PHY168 strain can be cultured at temperature 

35
0
C, 5 pH 5 and 5 % rice bran for phytase production in 

less cost on industrial scale. 
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