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Abstract 
The effects of nutrients and physical conditions on phytase production were 
investigated with a recently isolated strain of Aspergillus tubingensis SKA 
under solid state fermentation on wheat bran. The nutrient factors investi-
gated included carbon source, nitrogen source, phosphate source and concen-
tration, metal ions (salts) and the physical parameters investigated included 
inoculum size, pH, temperature and fermentation duration. Our investiga-
tions revealed that optimal productivity of phytase was achieved using wheat 
bran supplemented with: 1.5% glucose. 0.5% (NH4)2SO4, 0.1% sodium phy-
tate. Additionally, optimal physical conditions were 1 × 105 spore/g substrate, 
initial pH of 5.0, temperature of fermentation 30˚C and fermentation duration 
of 96 h. Overall, a 34% improvement in phytase activity was achieved by using 
the optimal conditions. 
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1. Introduction 

Phytic acid (C6H18O24P6) (myo-inositol hexakisphosphate (IP6), or myo-inositol 
polyphosphate), also known as phytate when in salt form, is the principle storage 
form of phosphorus in most plant tissues, and has been found to be a nearly 
ubiquitous component in cereals, legumes and oilseeds crops, constituting 1% - 
5% of their weight [1] [2]. These crops are good sources of essential nutrients; 
however they contain high levels of phytic acid which may be considered an an-
tinutritional factor. Phytic acid binds cations (Ca2+, Fe2+, Zn2+) forming insoluble 
complexes in the intestinal tract which leads to mineral malabsorption. Moreo-
ver, phytic acid forms complexes with proteins causing a decrease in their solu-
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bility and digestibility, therefore reducing their nutritive value. In addition phyt-
ic acid chelates vitamin B3 causing Pellagra, a vitamin deficiency disease [3]. 

Phytases (myo-inositol hexakisphosphate phosphohydrolases) are a group of 
phosphatases which catalyze the hydrolysis of phytate to less phosphorylated 
myo-inositol derivatives and in some cases to free myo-inositol and inorganic 
phosphate (Pi) [4]. Phytases have a potential role in the food industry by reduc-
ing the phytic acid content leading to free phosphate. Phytases are widespread in 
nature and they are found in plants, animals and microorganisms. There has 
been an increase in research related to the production of industrial enzymes 
from filamentous fungi. Over 200 fungal isolates belonging to the genera Mucor, 
Penicillium, Rhizopus and Aspergillus have been identified as active producers 
of phytases, and the most remarkable one and a commercial source for phytase 
is Aspergillus niger [5]. Fungi are known for their ability to produce extracellu-
lar enzymes compared to intracellular enzymes produced by yeast and bacteria, 
and this makes fungi attractive for large scale production of enzymes [6]. 

Production of enzymes including phytase by solid-state fermentation (SSF) 
has advanced, due to the advantages of this method of fermentation with respect 
to economic and practical perspectives. These included: better product recovery, 
low-technology cultivation equipment, high product concentration and lower 
plant operation cost [7] [8] [9] [10]. SSFs take place in the absence or near ab-
sence of free water through employing natural substrates as solid supports [11]. 
They are not modern techniques, since they have been used for thousands of 
years and were used by ancient Egyptians for bread making and for the pro- 
cessing of Asian products such as soy sauce and koji [2]. 

Improving the production of microbial phytases is achieved either by opti-
mizing nutritional and environmental conditions, or by genetic improvements 
of the producing isolate [12] [13] [14] [15]. The objective of this study was to 
optimize the culture conditions of Aspergillus tubingensis SKA, a new isolate of 
Aspergillus, for the production of phytase via SSF on wheat bran. 

2. Materials and Methods 
2.1. Instruments and Chemicals 

Equipment sources were: pH meter (Sartorius, USA), water bath and spectro-
photometer (Thermo Fisher Scientific, USA), incubator (Memmert, Germany), 
and shaking incubator (Eppendorf, Germany). Materials sources were: wheat 
bran (Bob’s Red Mill, USA), beef extract, yeast extract, and Whatman No. 4 filter 
paper (Fisher Scientific), carbohydrates (Sigma-Aldrich, USA), cornstarch (pur-
chases locally), all other materials and salts were purchased from Sigma-Aldrich 
(USA), Fisher Scientific (USA) and Bio-Rad (USA). 

2.2. Microorganism 

Isolate Aspergillus tubingensis SKA was isolated according to Qasim et al., 2016. 
Thereafter, a phenotypic/morphologic and molecular characterization of the 
isolate was conducted by (Fungus Testing Laboratory/University of Texas- 
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Health Science Center, USA) to accurately classify this organism as a new strain 
of Aspergillus tubingensis. 

2.3. Media and Growth Conditions 

A. tubingensis SKA was cultivated in malt extract media slants for 5 days at 30˚C 
and all the slants were stored at 4˚C for further use. For SSF, A. tubingensis SKA 
was cultivated in 250 ml Erlenmeyer flasks containing 10 g of wheat bran as the 
fermentation substrate (support). After the flasks were autoclaved at 121˚C for 
15 min, they were cooled before supplementation with (1:1) (w/v) sterilized 
modified phytase screening broth (PSB) containing 15.0 g/L D-glucose, 3.0 g/L 
sodium phytate, 5.0 g/L NH4NO3, 0.5 g/L MgSO4∙7H2O, 0.5 g/L KCl, 0.01 g/L 
FeSO4∙7H2O, 0.01 g/L MnSO4∙4H2O and adjusted to pH 5.5. Flasks were inocu-
lated with the pre-prepared fungal spores at a density of 1 × 106 spore/g and then 
incubated at 30˚C for 5 days (120 hrs). In order to reach the optimal conditions 
for the production of the extracellular phytase from the isolate A. tubingensis 
SKA, the variables that affect the production/growth; carbon, nitrogen, phos-
phate and metal sources were studied. The physical conditions including pH, 
temperature, size of inoculum and duration of fermentations were also investi-
gated. In all the conducted experiments, conditions of fermentation were re-
tained as they mentioned above (growth in PSB) at 30˚C for 5 days, except for 
the studied factor, which varied, according to requirements of the experiment. 
All experiments were replicated 3 times and analyzed in triplicate. T-tests were 
performed to test for statistical significance (a = 0.05) using SAS 9.4. 

2.4. Effect of Nutrients 

Fermentation was carried out with different carbon sources including, sucrose, 
maltose, fructose, galactose, cornstarch and lactose at a concentration of 1.5%, 
replacing the glucose in the PSB. Fermentation was carried out with different ni-
trogen sources including, (NH4)2SO4, (AmSu) NaNO3, NH4Cl, peptone (Pep), 
yeast extract (YE) and beef extract (BE) at concentrations of 0.5% replacing the 
NH4NO3, (AmNi) in the PSB. Fermentation was carried out with different 
phosphate sources including, KH2PO4, Na2HPO4 replacing the sodium phytate in 
the PSB. All these sources were used at concentrations of 0.3%, and a control 
sample with the absence of any source of phosphate was conducted. Fermenta-
tion was carried out with different concentrations of sodium phytate (0.05, 0.1, 
0.3, 0.5 and 1.0 %). In order to study the effect of metal salts one of these salts 
(MgSO4∙7H2O, KCl, FeSO4∙7H2O or MnSO4∙4H2O) was eliminated at time while 
the others were used at the concentrations stated above in PSB. The control was 
all 4 salts as stated in the PSB. 

2.5. Effect of Physical Conditions 

Fermentation was carried out with different sizes of inoculum, (1 × 102, 1 × 103, 
1 × 104, 1 × 105, 1 × 106, and 2 × 106) spore/g substrate with 1 × 106 as the con-
trol. Fermentation was carried out at different periods of incubation, (48, 72, 96, 
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120, 144, 168, and 192 h) with 120 hrs as the control. PSB was prepared at dif-
ferent pH values (2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 8.0), using HCl or NaOH 
with pH 5.5 as the control. Fermentation was carried out at different tempera-
tures, (25˚C, 30˚C, 35˚C, 40˚C, 45˚C) with 30˚C as the control. 

2.6. Production of Phytase under Optimum Conditions 

Phytase was produced under the optimum conditions: 1.5% glucose, 0.5% 
(NH4)2SO4, 0.1% sodium phytate, 0.5% MgSO4∙7H2O, 0.5% KCl, 0.1% 
MnSO4∙4H2O, with an incubation temperature of 30˚C, at pH 5.0, with an in-
oculum size of 1 × 105 spore/g substrate and an incubation time of 96 h (4 days). 
These conditions were compared with the fermentation conditions using PSB as 
described above for 120 hrs (5 days) at pH 5.5, at 30˚C with 1 × 106 spore/g sub-
strate. 

2.7. Phytase Assay 

Crude enzyme (phytase) was collected at the end of incubation period by the ad-
dition of 50 ml acetate buffer (0.2 M, pH 5.5) to the samples in the 250 ml Er-
lenmeyer flasks. The flasks were shaken in a rotary shaker at 200 rpm for 1 h at 
room temperature. The mixture was separated from solid biomass by filtration 
through filter paper (Whatman No. 4), then the filtrate was centrifuged at 10,000 
rpm for 10 min at 4˚C. The supernatant was used as the source of crude enzyme 
for phytase assay. 

Phytase activity was assayed by determining by measuring the amount of li-
berated inorganic phosphate as described by Awad et al. [13]. The enzyme assay 
contained 0.9 ml of acetate buffer (0.2 M, pH 5.5), 1 mM phytate and 0.1 ml of 
the crude enzyme supernatant. After a 30 min incubation at 37˚C, 1 ml of 10% 
trichloroacetic acid was added to stop the reaction. The liberated inorganic 
phosphate was determined according to the method of Fiske and Subbarow [16]. 
One unit of phytase is defined as the amount of the enzyme that releases one µg 
inorganic phosphate per ml per min under the assay conditions. 

3. Results and Discussion 
3.1. Effect of Nutrients 

A. tubingensis SKA was isolated as described by Qasim et al. [17]. Results of the 
phenotypical and morphological identification of the isolate, which was con-
ducted at the Fungus Testing Laboratory, University of Texas- Health Science 
Center (San Ontonio, TX, USA) confirmed that this isolate belongs to genus and 
species of Aspergillus tubingensis (Figure 1) and labeled as SKA. 

A series of experiments were conducted to examine the best nutrient sources 
for the production of phytase from A. tubingensis SKA under SSF. Wheat bran 
was chosen as a substrate for the production since it has a high nutritional value 
(a rich source of carbon, protein and other nutrients) and low cost. For such 
characteristics, wheat bran has aroused the attention of researchers over years as  
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Figure 1. Isolate Aspergillus tubingensis SKA. 

 
an acceptable nutrient source for use in the production of microbial enzymes via 
SSF [18] [19] [20]. 

Optimum conditions for the production of phytase from A. tubingensis SKA 
were studied and for the effect of carbon sources, six carbon sources were added 
at concentrations of 1.5% to the fermentation medium (Figure 2(a)). Among 
the six carbon sources investigated, the highest phytase yield (42.00 unit/ml) 
from isolate A. tubingensis SKA was gained by addition of glucose to the fer-
mentation medium which was significantly higher than the other 5 carbon 
sources. The use of sucrose resulted in 29.23 unit/ml which was significantly 
higher than the use of cornstarch, galactose, fructose and lactose. There were no 
significant differences in phytase yield with the use of cornstarch, galactose or 
fructose with lactose yielding significantly less phytase. 

Glucose is considered a simple carbon source commonly utilized by microor-
ganisms, leading to an increase in the fungal biomass with a high yield of phy-
tase [14]. This observation comes in agreement with Awad et al. [13] whose 
findings showed that glucose was a favorable source of carbon for phytase pro-
duction by Penicillium purpurogenum. Regarding the increase in phytase pro-
duction when cornstarch is used in SSF medium, Roopesh et al. [21] obtained 
high yields of phytase from the fungus Mucor racemosus; such finding is related 
to the ability of some genera of fungi e.g. Aspergillus, Mucor and Rhizopus sp. to 
produce accessory enzymes as well as phytase in SSF. The accessory enzymes may 
have resulted in hydrolysis of starch, which improved phytase production via an 
increase in glucose and maltose which are simple carbohydrate nutrient sources. 

For the optimum source of nitrogen, 0.5% of various sources of nitrogen were 
used in the fermentation medium (Figure 2(b)). The highest phytase yield 
(55.26 unit/ml) was achieved using (NH4)2SO4 (ammonium sulfate). The use of 
NH4NO3 (ammonium nitrate) beef extract and NaNO3 (sodium nitrate) resulted 
in the second highest phytase activity. The use of peptone and yeast extract  
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Figure 2. Effect of nutrients on the production of phytase from Aspergillus tubingensis 
SKA. (A) Carbon sources: glucose, sucrose, cornstarch, galactose, fructose, lactose; (b) 
Nitrogen sources: Ammonium nitrate (AmNi), Ammonium sulfate (AmSu), beef extract 
(BE), sodium nitrate (NaNO3), peptone (Pep), yeast extract (YE), ammonium chloride 
(NH4Cl); (c) Phosphate source: sodium phytate (Na-phytate), monopotassium phosphate 
(KH2PO4), sodium phosphate dibasic (Na2HPO4), no phosphate added; (d) sodium phy-
tate concentration; (e) Metal salts: Control (all metal salts), minus FeSO4 (ferrous sulfate), 
minus MnSO4 (manganese sulfate), minus potassium chloride (KCl), minus MgSO4 
(magnesium sulfate). All experiments were conducted in PSB, pH 55 at 30˚C for 5 days 
(120 hrs) with 1 × 106 spores/g. Error bars indicate standard deviation and values with no 
common letter are significantly different at α = 0.05. 
 
yielded significantly higher phytase activity than the use of NH4Cl (ammonium 
chloride). The phytase activity with (NH4)2SO4 is similar to the findings of San-
tos [2] who found that the addition of 1.8% of (NH4)2SO4 led to a 7% increase in 
the yield of phytase produced by Aspergillus niger under SSF. Kumari et al. [22] 
also found that (NH4)2SO4 was the optimal source of nitrogen for the production 
of fungal phytase by SSF. Bala et al. [23] demonstrated that (NH4)2SO4 was the 
best among various nitrogen sources in the production of phytase form the fun-
gus Humicola nigerescens with SSF. A simple inorganic nitrogen source may be 
more convenient for the production of extracellular enzymes compared to or-
ganic sources, which have a role in stimulating growth. Organic nitrogen sources 
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in the fermentation medium may stimulate the production of proteases which 
have a negative effect on the overall yield of enzymes [13]. 

Fungi need a phosphorus source for their growth and production of metabo-
lites. Inorganic sources include phosphate salts while an organic source is phy-
tate. Among the various phosphate sources used in this study (Figure 2(c)), 
highest phytase activity (52.96 unit/ml) was gained by adding sodium phytate to 
the medium. There were no significant differences in phytase activity using ei-
ther KH2PO4 or N2HPO4, while the lease phytase activity was observed with no 
phosphorus addition. 

Phosphorus acts as a regulator for phytase production, therefore the type and 
concentration of the phosphate in the medium is one of the important factors in 
the production of microbial phytases [24]. In this regard, Lata et al. [12] found 
that calcium phytate was the best phosphate source for the production of phy-
tase from Aspergillus heteromorphus MTCC 10685, and similar result were 
found by Das and Ghosh [14] but with the use of Aspergillus niger NCIM 612 
for phytase production. While Selvamohan et al. [14] showed that the optimal 
source of phosphorus was tricalcium phosphate in the production of phytase 
from Pseudomonas sp., they added that inorganic phosphate is an essential 
mineral in phytase production medium, since it plays an important role in the 
regulation of the enzyme production. Since sodium phytate showed significantly 
higher phytase production than the other sources, we explored the use of differ-
ent phytate concentrations on phytase activity (Figure 2(d)). Results showed 
that concentrations of 0.05 to 0.1% of sodium phytate resulted in significantly 
higher phytase activity compared with higher concentrations, which showed ad-
verse effect on phytase activity. 

The above results are similar to those of Lata et al. [12] who found that the 
maximum phytase activity produced from Aspergillus heteromorphus MTCC 
was achieved when 0.1% of calcium phytate was used, but sharp decreases in the 
activity were recorded at higher concentrations, especially that of 0.6%. Tungala 
et al. [26] found that high concentrations of potassium phosphate (KH2PO4) in a 
medium containing wheat bran caused a decrease in bacterial phytase activity. 
This may be referred to the phenomenon of phosphate repression expressed on 
phytase production, which was observed clearly in fungal phytase as well as 
phytase produced from yeasts [27] [28]. As stated by Selvamohan et al. [25], 
phosphates can act as both repressors and inducers of phytase production in 
different microorganisms. Here we showed that at phytate concentrations great-
er than 0.3%, phytate elicits a repressor activity in A. tubingensis SKA. Das and 
Gosh [14] observed a sharp decrease in phytase production from Aspergillus 
niger NCIM 612 associated with high concentrations of inorganic phosphates in 
growth medium. High concentrations of phosphate in fermentation medium 
may lead to the formation of non-reversible bonds with surface proteins of the 
microorganism and impair microbial growth [29]. 

For the effect of metal salts, four metal salts were added to the fermentation 
medium and given as the control in Figure 2(e). For the treatments, only three 
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of the salts were included while the fourth one was eliminated from the medium. 
Results show that there were no significant differences in phytase activity among 
the treatments and control. Results reported by Soni et al. [28] found that pres-
ence of Fe2+ in the fermentation medium of Aspergillus niger NCIM 563 lead to 
a decreased phytase activity. In addition, Sreedevi and Reddy [30] found that the 
presence of Mg+2, Mn+2 and K+1 in bacterial phytase production medium in-
creased enzyme activity significantly. Minerals are generally included in micro-
bial growth medium since they can be included in the composition of enzymes 
and aid in maintaining ionic balance. The activation or inhibition of phytase ac-
tivity by metal ions is attributed to their effect on the growth of fungi itself [30] 
[31]. 

3.2. Effects of Physical Conditions 

Physical parameters for the production of phytase were investigated. For the ef-
fect of inoculum size (Figure 3(a)), there was significantly higher phytase pro-
duction with 1 × 105 and 1 × 106 spores/g. Significantly lower phytase activity 
was observed with an inoculum of 2 × 106 spores/g with the lowest phytase ac-
tivity observed with 1 × 102 spores/g. There was a gradual increase in phytase ac-
tivity with an increase in the inoculum size until 1 × 105. Increasing the size of 
inoculum greater than 1 × 106 caused an obvious decrease in phytase activity. 
This is similar to other studies that reported a 1 × 105 spores/g inoculum was the 
optimum for the production of phytase from Aspergillus niveus and thermo-
philic fungi [18] [32]. The interpretation of these results is due the inhibitory ef-
fect of higher levels of inoculum; where at a higher level of inoculum, enzyme 
 

 
Figure 3. Effect of physical conditions on phytase from Aspergillus tubingensis SKA. A. 
Inoculum size. B. Fermentation time. C. Medium pH. D. Fermentation temperature. All 
experiments were conducted in PSB, pH 55 at 30˚C for 5 days (120 hrs) with 1 × 106 
spores/g unless denoted on the x-axis. Error bars indicate standard deviation and values 
with no common letter are significantly different at a = 0.05. 
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production is reduced due to the competition among the fungal population for 
the nutrients in the growth medium, such as carbon and nitrogen sources, which 
lead to exhaustion of nutrients resulting in a decrease in enzyme activity. On the 
other hand, low levels of the inoculum resulted in low phytase activity due to the 
small number of fungal cells [33]. 

In order to determine the optimum incubation period for the maximal phy-
tase production by SSF, isolate A. tubingensis SKA was incubated at various 
times (Figure 3(b)). Results showed that times of 3 and 4 days (72 and 96 hrs) 
resulted in significantly high phytase activity. Phytase activity was initially de-
tected at 24 h and progressively increased with incubation time until 4 days. 
However, phytase production dropped significantly at 5 days and longer. Such 
observations are similar to other studies, which reported that the optimal period 
for the production of phytase from Mucor racemosus [24], Rhizopus oryzae 
[34], Aspergillus sp. [35], Aspergillus heteromorphus MTCC 10685 [12] and 
Aspergillus oryzae [36], was after incubation for 96 h. The pyhtase activity was 
decreased on prolonged cultivation which could be due to the reduction in the 
nutrient level of medium after 120 h of incubation, or may be related to the au-
tolysis of fungal mycelium which is accompanied by the release of intracellular 
enzymes that have a dramatic impact in reducing phytase production [2]. 

The effect of different pH values of the SSF on phytase activity is shown 
(Figure 3(c)). Significantly high values of phytase activity were obtained in SSF 
within a pH range of 4.5 - 5.5. The maximum activity 60.89 unit/ml was reached 
at a pH of 5.0, while the minimum production of phytase, 5.81 unit/ml, was at 
pH 8.0. Earlier related studies reported that pH values ranging from 4.5 - 6.0 
were optimal for production of phytase by filamentous fungi [37] [38]. Singh 
[36] found that the optimal pH of fermentation medium for Aspergillus oryzae 
was at pH 5.0 for phytase activity. While Hassouni et al. [39] reported that the 
optimum pH for phytase activity from the fungus Myceliophthora thermophilia 
in SSF was 5.5. The results of this study showed that the production of phytase 
was achieved at acidic conditions, and this is consistent with the fact that acidic 
environment allows germination of fungi spores, in general, and even promotes 
their growth [40]. The pH has a direct impact on the activity of extracellular en-
zymes and metabolism of the microorganisms. It affects the ionization of the 
materials involved the growth medium of the microorganism and influence en-
zyme production [41]. 

A specific trend can be seen for the influence of incubation temperature on 
phytase activity (Figure 3(d)). Incubation of fungal isolate A. tubingensis SKA 
at 30˚C resulted in significantly higher phytase activity (61.31 unit/ml) than at 
lower or higher temperatures. Lata et al. [12] found that the optimal temperature 
for phytase production from Aspergillus heteromorphus MTCC 10685 was 
30˚C, higher temperatures reduced the enzyme production, and the maximum 
reduction occurred at 40˚C. Shivanna and Venkateswaran [42] also found that 
maximum production of phytase by Aspergillus ficuum SGA 01 was at 30˚C. 
Each type of fungi has an optimal temperature for growth, which varies. For 
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example, the optimal growth for most species belonging to the genus Aspergillus 
is at 30˚C, for that, this genus is widely distributed in moderate environments. 
Furthermore, enzymes are produced during the exponential growth phase which 
is why temperatures outside the optimal can lead to deficient growth and con-
sequently reduced enzyme production [34]. 

We then compared phytase activity from A. tubingensis SKA under optimal 
conditions. The changes to the PSB buffer were the use of ammonium sulfate in 
place of ammonium nitrate and the use of sodium phytate at 0.3%. The physical 
parameter changes included using 1 × 105 spores/gram substrate and an incuba-
tion time of 4 days (96 hrs). Overall, a 34% improvement in phytase activity was 
achieved by using the optimal conditions, with an enzymatic activity value that 
reached 60.42 unit/ml, compared to 45.02 unit/ml activity under original condi-
tions. 

Optimizing the conditions which affected phytase production has been the 
goal of many studies. Rani et al. [43] found that optimizing parameters affecting 
phytase production from Rhizopus oryzae resulted in increasing enzymatic ac-
tivity of about 7.95 fold compared to enzymatic activity prior optimization. 
Thyagarajan et al. [44] was able to increase phytase activity produced from the 
fungus Hypocrea lixii SURT01 to 17.5-fold compared to phytase activity under 
non optimized production. 

The ultimate aim for optimization is to create an idealistic condition for the 
production of an enzyme by using straightforward procedures and cost-effective 
materials that would be feasible to implement on a large scale. To improve any 
bioprocess it is very important to optimize all the parameters that affect the 
production of any bio products. Here we showed that we could increase the 
phytase activity from A. tubingensis SKA by 34% by determining the optimum 
nutrient and physical conditions. 

Acknowledgements 

This project was partially supported by the Utah State University Utah Agricul-
tural Experiment Station and approved as journal paper number 9015. 

References 
[1] Vats, P. and Banerjee, U.C. (2004) Production Studies and Catalytic Properties of 

Phytases (myo-Inositol Hexakisphosphate Phosphohydrolases): An Overview. En-
zyme and Microbial Technology, 35, 3-14.  
https://doi.org/10.1016/j.enzmictec.2004.03.010 

[2] Santos, M.M., de Rosa, A.S., Dal’boit, S., Mitchell, D.A. and Kriger, N. (2004) 
Thermal Denaturation: Is Solid-State Fermentation Really a Good Technology for 
the Production of Enzymes. Bioresource Technology, 99, 261-268. 
https://doi.org/10.1016/j.biortech.2003.11.007 

[3] Rostami, H. and Giri, A. (2013) An Overview on Microbial Phytases and Its Bio-
technological Application. International Journal of Advanced Biotechnology and 
Research, 4, 62-71. 

[4] Soni, S.K., Magdum, A. and Khire, J.M. (2010) Purification and Characterization of 

https://doi.org/10.1016/j.enzmictec.2004.03.010
https://doi.org/10.1016/j.biortech.2003.11.007


S. S. Qasim et al. 
 

743 

Two Distinct Acidic Phytases with Broad pH Stability from Aspergillus niger NCIM 
563. World Journal of Microbiology and Biotechnology, 26, 2009-2010. 
https://doi.org/10.1007/s11274-010-0385-8 

[5] Liu, N., Ru, Y., Wang, J. and Xu, T. (2010) Effect of Dietary Sodium Phytate and 
Microbial Phytase on the Lipase Activity and Lipid Metabolism of Broiler Chickens. 
British Journal of Nutrition, 103, 862-868.  
https://doi.org/10.1017/S0007114509992558 

[6] Subramaniyam, R. and Vimala, R. (2012) Solid State and Submerged Fermentation 
for the Production of Bioactive Substances: A Comparative Study. International 
Journal of Science and Nature, 3, 480-486. 

[7] Muniswaran, P.K.A., Selvakumar, P. and Charyulu, N.C.L.N. (1994) Production of 
Cellulases from Coconut Coir Pith in Solid-State Fermentation. A Comparative 
Study. Journal of Chemical Technology and Biotechnology, 60, 147-151. 
https://doi.org/10.1002/jctb.280600206 

[8] Zhu, Y., Smit, J.P., Knol, W. and Bol, J. (1994) A Novel Solid-State Fermentation 
System Using Polyurethane Foam as Inter Carrier. Biotechnology Letters, 16, 643- 
648. https://doi.org/10.1007/BF00128615 

[9] Becerra, M. and Gonzalez Siso, M.I. (1996) Yeast β-Galactosidase in Solid-State 
Fermentation. Enzyme and Microbial Technology, 19, 39-44. 
https://doi.org/10.1016/0141-0229(95)00180-8 

[10] El-Batal, A.I. and Abdel Karem, H. (2001) Phytase Production and Phytic Acid Re-
duction in Rapeseed Meal by Aspergillus niger during Solid-State Fermentation. 
Food Research International, 34, 715-720.  
https://doi.org/10.1016/S0963-9969(01)00093-X 

[11] Bhavsar, K. Shah, P., Soni, S.K. and Khire, J.M. (2008) Influence of Pretreatment of 
Agriculture Residues on Phytases Production by Aspergillus niger NCIM 563 under 
Submerged Fermentation Conditions. African Journal of Biotechnology, 7, 1101- 
1106. 

[12] Lata, S., Rostogi, S., Kapoor, A. and Imran, M. (2013) Optimization of Culture 
Conditions for the Production of Phytase from Aspergillus heteromorphous MTCC 
10685. International Journal of Advanced Biotechnology and Research, 4, 224-235. 

[13] Awad, G.E.A., Helal, M.M.I., Danial, E.N. and Esawy, M.A. (2014) Optimization of 
Phytase Production by Penicillium purpurogenum GE1 under Solid-State Fermen-
tation by Using Box-Behnken Design. Saudi Journal of Biological Sciences, 21, 81- 
88. 

[14] Das, S. and Ghosh, U. (2014) Effect of Nutritional Supplementation of Solid-State 
Fermentation Medium on Biosynthesis of Phytase from Aspergillus niger NCIM 
612. Journal of Scientific and Industrial Research, 73, 593-597. 

[15] Gaind, S. and Singh, S. (2015) Production, Purification and Characterization of 
Neutral Phytase from Thermotolerant Aspergillus flavus ITCC 6720. International 
Bioremediation and Biodegradation, 99, 15-22. 

[16] Fiske, C.H. and Subbarow, Y. (1925) The Colorimetric Determination of Phospho-
rus. The Journal of Biological Chemistry, 2, 375-400. 

[17] Qasim, S.S., Shakir, K.A. and Al-Shaibani, A.B. (2016) Isolation, Screening and 
Production of Phytate Degrading Enzyme (Phytase) from Local Fungal Isolate. The 
Iraqi Journal of Agricultural Sciences, 47, 121-128. 

[18] El-Gindy, A.A., Ibrahim, Z.M., Ali, U.F. and El-Mahdy, O.M. (2009) Extracellular 
Phytase Production by Solid-State Cultures of Malbranchea sulfurea and Aspergillus 
niveus on Cost-Effective Medium. Research Journal of Agriculture and Biological 

https://doi.org/10.1007/s11274-010-0385-8
https://doi.org/10.1017/S0007114509992558
https://doi.org/10.1002/jctb.280600206
https://doi.org/10.1007/BF00128615
https://doi.org/10.1016/0141-0229(95)00180-8
https://doi.org/10.1016/S0963-9969(01)00093-X


S. S. Qasim et al. 
 

744 

Sciences, 5, 42-62. 

[19] Awad, G.E.A., Elnashar, M.M.M. and Danial, E.N. (2011) Optimization of Phytase 
Production by Penicillium funiculosum NRC467 under Solid-State Fermentation by 
Using Full Factorial Design. World Applied Sciences Journal, 15, 1635-1644. 

[20] Jafari-Tapeh, H., Hamidi-Esfahani, Z. and Azizi, M.H. (2012) Culture Condition 
Improvement for Phytase Production in Solid-State Fermentation by Aspergillus 
ficuum Using Statistical Method. ISRN Chemical Engineering, 2012, Article ID: 
479167. https://doi.org/10.5402/2012/479167 

[21] Roopesh, K., Ramachandran, S., Nampoothiri, K.M., Szakacs, G. and Pandey, A. 
(2006) Comparison of Phytases Production on Wheat Bran and Oilcakes in Sol-
id-State Fermentation by Mucor racemosus. Bioresource Technology, 97, 506-511.  

[22] Kumari, M.P., Kumar, M.S. and Rao, G.N. (2011) Isolation of Phytase Producing 
Fungi and Optimization of Production Parameters. Journal of Global Trends in 
Pharmaceutical Sciences, 2, 161-176. 

[23] Bala, A., Sapna, Jain, J., Kumari, A. and Singh, B. (2014) Production of an Extracel-
lular Phytase from a Thermophilic Mould Humicola nigrescens in Solid-State Fer-
mentation and Its Application in Dephytinization. Biocatalysis and Agricultural 
Biotechnology, 3, 259-264.  

[24] Kim, D., Godber, J.S. and Kim, H. (1999) Culture Conditions for New Phytases- 
Producing Fungus. Biotechnology Letters, 21, 1077-1081.  
https://doi.org/10.1023/A:1005696829168 

[25] Selvamohan, T., Ramadas, V. and Rejibeula, M. (2012) Optimization of Phytase 
Production by Pseudomonas sp. Isolated from Poultry Faces. International Journal 
of Modern Engineering Research, 2, 1326-1330. 

[26] Tungala, A., Narayanan, K.A. and Muthraman, M.S. (2013) Isolation of Phytases 
Producing Bacteria from Poultry Feaces and Optimization of Culture Conditions 
for Enhanced Phytase Production. International Journal of Pharmacy and Pharma-
ceutical Sciences, 5, 264-269. 

[27] Nakamura, Y., Fukuhara, H. and Sano, K. (2000) Secreted Phytase Activities of 
Yeast. Bioscience Biotechnology and Biochemistry, 64, 841-844.  
https://doi.org/10.1271/bbb.64.841 

[28] Soni, S.K. and Khire, J.M. (2007) Production and Partial Purification of Two Types 
of Phytase from Aspergillus niger NCIM 563 under Submerged Fermentation Con-
ditions. World Journal of Microbiology and Biotechnology, 23, 1585-1593.  
https://doi.org/10.1007/s11274-007-9404-9 

[29] Mittal, A., Singh, G., Goyal, V., Yadava, A. and Aggarwal, N.K. (2012) Production 
of Phytase by Acido-Thermophilic Strain of Klebsiella sp. DB-3FJ711774.1 Using 
Orange Peel Flour under Submerged Fermentation. Innovative Romanian Food 
Biotechnology, 10, 18-27. 

[30] Sreedevi, S. and Reddy, B.N. (2012) Isolation, Screening and Optimization of Phy-
tases Production from Newly Isolated Bacillus sp.C43. International Journal of 
Pharmacy and Biological Sciences, 2, 218-231. 

[31] Vohra, A. and Satyanarayana, T. (2003) Phytases: Microbial Sources, Production, 
Purification and Potential Biotechnological Applications. Critical Reviews in Bio-
technology, 23, 29-60. https://doi.org/10.1080/713609297 

[32] Singh, B. and Satyanaryana, T. (2012) Production of Phytate-Hydrolyzing Enzymes 
by Theromphiloic Moulds. African Journal of Biotechnology, 11, 12314-12324. 

[33] Ramachandran, S., Roopesh, K., Namoopthiri, K.M., Sazackas, G. and Pandey, A. 
(2005) Mixed Substrate Fermentation for the Production of Phytases by Rhizopus 

https://doi.org/10.5402/2012/479167
https://doi.org/10.1023/A:1005696829168
https://doi.org/10.1271/bbb.64.841
https://doi.org/10.1007/s11274-007-9404-9
https://doi.org/10.1080/713609297


S. S. Qasim et al. 
 

745 

spp. Using Oilcake as Substrate. Process Biochemistry, 40, 1749-1754. 

[34] Sabu, A., Sarita, S., Pandey, A., Bogar, B., Szakasc, G. and Soccol, C.R. (2002) Sol-
id-State Fermentation for Production of Phytases by Rhizopus oligosporus. Applied 
Biochemistry and Biotechnology, 102, 251-260.  
https://doi.org/10.1385/ABAB:102-103:1-6:251 

[35] Lee, D.-H., Choi, S.-U. and Hwang, Y.-I. (2005) Culture Conditions and Characte-
rizations of a New Phytase-Producing Fungal Isolate, Aspergillus sp. L117. Mycobi-
ology, 33, 223-229. https://doi.org/10.4489/MYCO.2005.33.4.223  

[36] Singh, S.B. (2014) Phytase Production by Aspergillus oryzae in Solid-State Fermen-
tation and Its Application in Dephytinization of Wheat Bran. Applied Biochemistry 
and Biotechnology, 173, 1293-1303. https://doi.org/10.1007/s12010-014-1021-0 

[37] Papagianni, M., Nokes, S.E. and Filer, K. (2001) Submerged and Solid-State Phytase 
Fermentation by Aspergillus niger: Effects of Agitation Medium Viscosity on Phy-
tase Production, Fungal Morphology and Inoculum Performance. Food Technology 
and Biotechnology, 39, 319-326. 

[38] Casey, A. and Walsh, G. (2003) Purification and Characterization of Extracellular 
Phytases from Aspergillus niger ATCC 9142. Bioresource Technology, 86, 183-188.  

[39] Hassouni, H. Ismaili-Alaoui, M. Gaime-Perraud, I. Augur, C. and Roussos, S. 
(2006) Effect of Culture Media and Fermentation Parameters on Phytase Produc-
tion the Thermophilic Fungus Myceliophthora thermophile in Solid-State Fermen-
tation. Micologia Aplicada International, 18, 29-36. 

[40] Badamchi, M., Hamidi-Esfahani, Z. and Abbasi, S. (2013) Comparison of Phytase 
Production by Aspergillus ficuum under Submerged and Soil-State Fermentation 
Conditions. Focusing on Modern Food Industry, 2, 129-137. 

[41] Moreira, K.A., Herculano, P.N., Maciel, M.H.C., Porto, T.S., Spier, M.R., Souza- 
Motta, C.M., Porto, L.F. and Soccoi, C.R. (2014) Optimization of Phytase Produc-
tion by Aspergillus japonicas Saito URM 5633 Using Cassava Bast as Substrate in 
Solid-State Fermentation. African Journal of Microbiology Research, 8, 929-938.  
https://doi.org/10.5897/AJMR2013.6565 

[42] Shivanna, G.B. and Venkateswaran, G. (2014) Phytase Production by Aspergillus 
niger CFR 335 and Aspergillus ficuum SGA 01 through Submerged and Solid-Stat 
Fermentation. The Scientific World Journal, 2014, Article ID: 392615.  
https://doi.org/10.1155/2014/392615 

[43] Rani, R., Arora, S., Kumar, S. and Ghosh, S. (2013) Optimization of Medium Com-
ponents for the Production of Phytase by R. oryzae Using Stastical Approaches. 
Journal of Bioremediation and Biodegradation, S18, 003. 
https://doi.org/10.4172/2155-6199.S18-003 

[44] Thyagarajan, R., Namasivayam, S.K.R. and Kumar, G.N. (2014) Optimization of 
Medium Component for Phytase Production by Hypocrea lixii SURT01 Using Re-
sponse Surface Methodology. Journal of Pure and Applied Microbiology, 8, 2485- 
2490. 

 

https://doi.org/10.1385/ABAB:102-103:1-6:251
https://doi.org/10.4489/MYCO.2005.33.4.223
https://doi.org/10.1007/s12010-014-1021-0
https://doi.org/10.5897/AJMR2013.6565
https://doi.org/10.1155/2014/392615
https://doi.org/10.4172/2155-6199.S18-003


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best 
service for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact fns@scirp.org 

http://papersubmission.scirp.org/
mailto:fns@scirp.org

	Optimization of Culture Conditions to Produce Phytase from Aspergillus tubingensis SKA
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Instruments and Chemicals
	2.2. Microorganism
	2.3. Media and Growth Conditions
	2.4. Effect of Nutrients
	2.5. Effect of Physical Conditions
	2.6. Production of Phytase under Optimum Conditions
	2.7. Phytase Assay

	3. Results and Discussion
	3.1. Effect of Nutrients
	3.2. Effects of Physical Conditions

	Acknowledgements
	References

