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The main purpose of this research was to identify the effect of carbon and nitrogen sources to the 
production of phytase from different potential phytase-producing bacterial strains isolated from different 
hot springs in Malaysia; which were in Labis, Johor (L3), Dusun Tua, Selangor (RT), Ulu Legong, Kedah 
(A), and Ranau, Sabah (B9). Nutrient Agar (NA) and modified Phytase Screening Medium (PSM) liquid 
media were used for enrichment and batch culture optimisation, respectively. Bacteria strains were 
screened according to their ability to grow and produce clear halo zones in solid PSM media 
supplemented with sodium phytate as the substrate which indicates positive phytase activity. 
Optimisation of growth media was studied in batch culture using shake-flask scale in laboratory. Strains 
growth and enzyme activity were quantitatively measured, involving supplemental parameters of carbon 
sources (glucose and lactose) and nitrogen sources (yeast extract and peptone). pH of the culture was 
also measured, where lower pH was indicated as the result of organic acids accumulation due to the 
process of phytic acid degradation by phytase in producing inorganic phosphate (Pi). Enzyme activity 
was determined according to the reaction of the phytase with its substrate (sodium phytate) and was 
expressed in phytase activity units (U/ mL). As for the overall, strain L3 (from Labis, Johor) showed 
promising rate of inorganic phosphate released in the media with glucose and yeast extract, with 
optimum phytase activity values of 0.220 U/mL and 0.216 U/mL, respectively. Moreover, L3 strain 
produced the lowest pH reading (pH 2.9) compared to other bacterial strains when supplemented with 
glucose and yeast extract. Due to the fact that these bacterial strains were originally taken from several 
hot springs, further analysis of temperature optimization and addition of other source of nutrients should 
be carried out. In addition, for the future plan, biochemical research and molecular identification may 
also be investigated to identify molecular identity of the strains. 
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INTRODUCTION 

Chemically, phytate or phytic acid is known as 
myo-inositol hexakis-dihydrogen-phosphate (IP6), 
which catalyse the hydrolysis removal of 
phosphates from phytic acid or its salt phytate to 
less phosphorylated myo-inositol intermediates 
and inorganic phosphate (Pi) (Rocky-Salimi et al. 

2016). This phytate-degrading enzyme could be 
recovered in numerous sources such as plants, 
microorganisms, yeast and certain animal tissues 
(Gibson and Ullah, 1988). Four classes of 
phytases have been recently characterized in 
terrestrial organisms. The class of histidine acid 
phosphatases (HAPs) is the first and most broadly 
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studied group of phytases. The other groups of 
phytase are categorised as b-propeller 
phosphatase (BPPhy), purple acid phosphatase 
(PAP) and protein tyrosine phosphatase (PTP 
(Chu et al. 2004). 

The harmful effects of phytate on the 
availability of phosphates and other nutrients have 
long been detected. Phytate in the digestive tract 
of monogastric animals mainly like fish, poultry, 
and pig is barely available to metabolize phytic 
acid due to insufficient levels of phytate-degrading 
enzymes (Singh et al. 2016). Phytase and 
phosphatase are the enzymes that facilitate the 
mineralization of phosphate. Phytase produced by 
the microbes reduce the phosphorus 
concentration in the water sources that caused 
the death of aquatic animals (Kusale and Attar, 
2017). 

Microbial phytases represent a crucial 
technical enzyme in the feed industry as for their 
importance in human and animal nutrition (Lei et 
al. 2013). In recent years, effectiveness of 
phytase in efficacy trials showed a positive result 
when tested in food additive of human (Troesch et 
al. 2011). Using wheat phytase in improving infant 
formulas from soybean milk and adding 
Aspergillus niger phytase helps in improving 
bread iron availability as well as escalating iron 
absorption in human (Sandberg et al. 1996).  
Moreover, Pagano et al. (2007) stated that 
osteoporosis can be treated or prevented when 
phytase being used alone or in combination with 
other reagents. Because this phytase are well 
known, it gives a great potential for industrial 
applications of large-scale productions such as 
food processing. 

According to Liu et al. (1998), phytase also 
has been speculated to be important in the pulp 
and paper industry. During the pulp and paper 
processing, a thermostable phytase could 
potentially degrade phytic acid as highly toxic by-
products may not produce through this 
degradation. 

Bhavsar and Khire (2014) in their research 
stated that phytase has its application in 
agricultural, animal and human nutrition as they 
improve the availability of phosphate needed by 
organisms. However, there was no phytase 
relevant for human food application. There was 
potential of using bacterial and fungal producing 
phytase in improvement of phosphorus utilisation 
in the feed industry. 

Optimisation of the culture conditions such as 
carbon source, nitrogen source, temperature, pH 
and agitation can influence the high production of 

phytase. Carbon and nitrogen sources give 
significant effects to the growth of bacteria and 
their phytase production (Sreedevi and Reddy, 
2012). Glucose is commonly utilised by 
microorganisms due to simplest carbon source 
which enhanced biomass along with high 
production of phytase (Das and Ghosh, 2014) as 
it is providing faster growth rate compared to other 
sugars. Glucose is a major contributor of energy 
to the cells as it is directly induced into glycolysis 
in the form of glucose 6-phosphate and degraded 
through the tricarboxylic acid (TCA) cycle. In this 
study, we used glucose and lactose as the carbon 
source for optimisation. Previous study showed 
that lactose is a poor carbon source for enzyme 
production since it was not inducing phytase 
activity compared to glucose (Khianngam et al. 
2017). 

Meanwhile, yeast extract and peptone are 
used as nitrogen sources for optimisation because 
nitrogen source is significant in phytase 
production which can affect the enzyme 
productivity. The growth and production of 
phytase will be greatly affected with the absent of 
nitrogen source in growth medium. Generally, 
organic nitrogen source such as biopeptone 
supported the production of cell mass compared 
to inorganic nitrogen source (Banerjee, 2002). 
Nitrogen source is important in the growth of 
organism and the production as the nitrogen 
source is the secondary energy sources for the 
organisms. The concentration and nature of the 
compound being used may stimulate or down 
modulate the enzyme production (Kumar et al. 
2013). For industrial fermentation medium, the 
choice of appropriate nitrogen sources is crucially 
important as it act as the utmost precursor for 
protein synthesis (Kote et al. 2009); which can 
affect the pH of the medium (Jia et al. 2015), while 
also affecting the enzyme activity and stability 
(Bajaj et al. 2014). In this study, yeast extract and 
peptone being used to identify the effect of 
nitrogen sources on different strains of phytase 
producing bacteria isolated from Malaysia’s hot 
spring. There were some reports stating that 1 % 
of yeast extract resulting in maximum phytase 
production (Sasirekha, 2012). 
 
MATERIALS AND METHODS 

Screening of Phytase-Producing Bacteria 
The bacterial strains used in this study were 

originally isolated from several hot springs in 
Malaysia; which were L3 (from Labis, Johor), RT 
(Ranau, Sabah), A (Ulu Legong, Kedah) and B9 
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(Dusun Tua, Selangor). All of these samples were 
previously collected by Mohamad et al. (2012) to 
screen for the phytase positive strains. 

Each bacterial strain from the glycerol stocks 
were grown on Nutrient Agar (NA) plates and 
incubated for 24 h at 37°C. Under an aseptic 
condition, inoculation loop was used to pick up a 
single colony from the streaked plates and 
inoculate into sterile tube containing Luria Bertani 
(LB) broth. The mixtures were then incubated at 
37°C for at least 18 h in an incubator shaker (200 
rpm). All selected single strong colonies were 
maintained as slant cultures. 

Screening for phytase production was 
accomplished by using phytase screening media 
(PSM). Samples were taken out after 72 h of 
incubation and the analysis of phytase activity 
was performed by detecting the inorganic 
phosphate released. The bacteria strain that 
produced the highest phytase activity was 
selected for subsequent characterization and 
phytase production. 

Growth Conditions 
All bacteria strains which have the ability to 

produce phytase were grew in modified PSM 
media. The substrate used was soybean meal 
extract. The cultures were grown at 37°C on a 
200-rpm rotary shaker in 500 mL flasks containing 
100 mL medium (Alias et al. 2017). The liquid 
modified PSM was prepared to contain (g.L-1) 
glucose, 1.0; KCl, 0.5; MgSO4.7H2O, 0.5; 
NH4NO3, 5.0; MnSO4.H2O, 0.1; CaCl2.2H2O, 5.0; 
FeSO4.H2O, 0.1; yeast extract, 1.0 and with 0.1% 
Tween-80 and 0.1% citric acid in 10% soybean 
meal extract solution. The pH of 5.5 was adjusted 
by using NaOH 1 M, and were autoclaved (121ºC 
for 15 min at 15 psi). Oxoid bacteriological agar 
(15 g.L-1) was added prior to autoclaving. Lactose 
and peptone were used for the purpose of carbon 
and nitrogen sources optimisation. 

The soybean extract was prepared by soaking 
100 g soybean in 1 L distilled water for 8 h. The 
suspension was boiled for 6 min, cooled to room 
temperature, filtered through filter cloth and 
adjusted to the volume of 1 L. These boiled 
extracts were used as stocks for complex medium 
preparation (Dharmsthiti et al. 2005). 

Screening for Phytate-Degrading Strains 
The screening for phytate-degrading strains 

was carried out according to Alias et al. (2017). A 
single colony of different bacterial strains from NA 
plates were taken and streaked on PSM agar. The 
plates were incubated at 37°C for 72 h. Then, the 

formation of clear zone around the bacterial 
growth were measured. The formation of clear 
zones around the microbial colonies exhibited 
positive strains (Zulkifly et al. 2010), which 
indicate phytase activity occurred (Fredrikson at 
al. 2002) as the colonies capable of hydrolysing 
Na-phytate showed against an opaque colour of 
non-hydrolysed medium. 

Growth Analysis 
A volume of 1.0 mL samples was pipetted out 

periodically at every hour intervals for the first 8 h 
and further 24-, 48- and 72-hours period for 
bacteria growth determined by measuring turbidity 
(Optical Density, OD) on a Shimadzu UVmini-
1240 UV-Vis Spectrophotometer at 600 nm 
wavelength. The cultivability of the cells was 
determined by serially diluted 100 μL of the cell 
cultures in 900 μL sterile PBS up to 107 dilutions, 
plated onto non-selective NA plates, incubated at 
30°C for 24 h and measured as CFU (Colony 
Forming Unit). 

Analytical Methods 
A volume of 5.0 mL samples was pipetted out 

aseptically from conical flasks in the incubator 
shaker after 72 h incubation of the batch culture.  
Then, the sample was transferred into a falcon 
tube and spinned at 12,000 rpm (4°C) for 20 min.  
The supernatant was subsequently used for 
phytase assay.  

 Phytase Assay 
Activity of the enzyme was determined by 

quantitatively measuring the released amount of 
inorganic phosphate during enzymatic reaction of 
phytase. Each assay was carried out in 
duplicates, by incubating the reaction mixture 
consisted of 400 μL of 1.5 mM sodium phytate in 
100 mM Tris–HCl buffer (pH 7.0) and 100 μL of 
crude enzyme at 55°C for 30 min. The reaction 
was terminated by adding 400 μL of colour 
reagent solution (1.5:1.5:1) ratio of 0.24% 
ammonium vanadate, 10% ammonium molybdate 
and 65% nitric acid. Then, the samples were 
centrifuged at 12,000 rpm (room temperature) for 
10 min (Rocky-Salimi et al. 2016). 

The resulting yellow colour developed by 
phytase activity were measured 
spectrophotometrically at 415 nm wavelength 
(Boyce et al. 2004) and compared by using the 

standard curve prepared from KH₂PO4. For 
phytase activity based on Pi release, one unit (U) 
of phytase activity is defined as the amount of 
enzyme liberating 1 μmol of inorganic phosphate 
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per minute under appropriate conditions (Qvirist et 
al. 2015). 
 
RESULTS  

Optimisation of Carbon Sources 
In this study, we used glucose and lactose as 

the carbon source for optimisation. Bacterial 
strains were grown in PSM media supplemented 
with lactose have a higher ODs compared to the 
bacterial cultures grown in glucose as each point 
of hour showing different values in the ODs. Out 
of all bacteria strains, strain A (with OD600 9.56) 
and strain B9 (6.68) are found to be the better 
strains that grow in the media supplemented with 
lactose. Between these two carbon sources, all 
strains showed more favourable growth condition 
in lactose compared to glucose (Figure 1). 

A study was conducted by Cheng et al. (2015) 
for Streptococcus suis fermentation process 
where the carbon sources used into the 
fermentation medium were glucose, sucrose, 
lactose and galactose. The result indicated that 
when glucose was added, the cell density (0.884) 
and viable count (1.42×109 CFU.mL-1) were the 
lowest. Meanwhile, in the presence of lactose, the 
growth yielded an increase in cell density (1.023) 
and viable count (1.72×109 CFU.mL-1). 

In contrast for this observation, some of the 
CFU counts were surprisingly inconsistent with 
the observed ODs when the bacterial strains were 
grown in the medium containing lactose. Strains 
L3, B9 and RT had a lower count of the CFU 
compared to strain A (2.0×109 CFU.mL-1), where it 
presented the highest value from all strains at two 
time points (5 and 24 hours). Strains incubated 
with glucose had the consistency between CFU 
counts and the observed ODs, where the CFU 
count of strain A (1.27×109 CFU.mL-1) were the 
highest while strain RT (1.2×109 CFU.mL-1) were 
the lowest. 

The phytase activity was assayed according 
to Rocky-Salimi et al. (2016). After three days of 
incubation at 37°C, the cultures were harvested to 
obtain the supernatants which containing 
inorganic phosphate (Figure 2). Phytase activity 
was determined by measuring the amount of 
phosphate released from sodium phytate during 
enzymatic reaction. The absorbance used to 
measure the concentration of phosphate was at 
415 nm. The phytase activity was expressed in 
phytase units (U). 

 
Figure 1:   Correlation of all strains growth for the 
study of carbon sources optimisation for phytase 
production, evaluated by (a) OD600 measurement, 
and (b) CFU.mL-1 counting. 
All potential phytase-producing bacterial strains were grown at 
37°C (pH 5.5) and supplemented with two different carbon 
sources; glucose and lactose. The OD600 was measured at 
intervals as shown in Figure 1(a). Serial dilution of culture 
samples at 0 h, 5 h and 24 h post-inoculation was plated onto 
NA agar for indication of cell viability as shown in Figure 1(b). 
All data shown are mean values from replica flasks with error 
bars are ±1 standard deviation. 

 
 

 
Figure 2: Effect of carbon sources on growth and 
phytase production by all potential bacterial strains. 
Each flask was inoculated with 1% inoculum 
(overnight culture) and incubated at 37°C for 72 h.  
[Blue] Optimisation results of glucose as carbon source. [Red] 
Optimisation results of lactose as carbon source. Samples 
were taken for bacterial growth measurement and phytase 
activity. Results are means of two duplicate samples. Bar 
corresponds to standard deviation. 
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One unit of phytase activity is defined as the 
amount of enzyme that releases 1 micromole of 
inorganic phosphate per mL per minute under the 
assay condition.  

All bacterial strains have shown their ability to 
produce phytase enzyme. Among two carbon 
sources investigated, the maximum phytase 
activity was recorded for all strains in the 
presence of glucose; L3 (0.220 U.mL-1), RT (0.185 
U.mL-1), B9 (0.196 U.mL-1), and A (0.140 U.mL-1). 
This result has supported the statement regarding 
strain L3 is the best phytase producer when using 
glucose as the carbon source by Alias et al. 
(2017). Meanwhile, the minimum phytase activity 
was recorded in presence of lactose for most 
observed strains, where strain A (0.120 U.mL-1) 
and B9 (0.127 U.mL-1) gives out the lowest value. 
This indicated that the strains were preferred to 
produce high phytase in presence of glucose 
compared to lactose.  

At the end of incubation hours, the result of 
estimated change of pH for the four strains 
supplemented with glucose showed that all could 
produce organic acid that leads to decrease in the 
pH of the medium (Hosseinkhani et al., 2010). 
The pH of media at first was set at 5.5 and 
gradually decreased to A (3.62), B9 (2.92), L3 
(2.9) and RT (2.91). Meanwhile for the culture 
medium with lactose, one of the strains obtained 
an alkaline pH which is A (7.28) while for others, 
B9 (3.77), L3 (6.06) and RT (5.33) produced an 
acidic condition after fermentation for three days. 
Therefore, lower pH indicates higher phytase 
activity. This was proved by strain A of both 
carbon sources which had highest pH and 
resulting in lowest phytase activity. 

Optimisation of Nitrogen Sources 
The result for batch culture using peptone and 

yeast extract as the nitrogen sources are shown in 
Figure 3 below. Based on Figure 3, strain L3 
using yeast extract shows the highest phytase 
production with 0.216 U.mL-1 followed by strain B9 
with 0.196 U.mL-1, strain RT (0.185 U.mL-1) and 
the lowest is strain A (0.140 U.mL-1). While in 
fermentation using peptone as the nitrogen source 
resulting that strain RT shows the highest phytase 
production of 0.125 U.mL-1, followed by L3 (0.111 
U.mL-1), strain A (0.106 U.mL-1) and the lowest is 
strain B9 with 0.0257 U.mL-1. Generally, Figure 3 
proved that yeast extract acts as a good nitrogen 
source compared to peptone in producing phytase 
enzyme during the fermentation. 

 
Figure 3: Effect of nitrogen source on growth and 
production of phytase by all potential bacterial 
strains. Each flask was inoculated with 1% 
inoculum (overnight culture) and incubated at 37°C 
for 72 h. 

[Blue] Optimisation result of yeast extract as 
nitrogen source. [Red] Optimisation result of 
peptone as nitrogen source. Samples were taken 
for bacterial growth measurement and phytase 
activity. Results are means of two duplicate 
samples. Bar corresponds to standard deviation. 

Figure 4 shown effect of nitrogen sources on 
phytase-producing bacteria growth. Strain A 
grown in culture media that using yeast extract as 
nitrogen source showed the highest OD compared 
to three other strains. However, in batch culture 
fermentation using peptone as nitrogen source 
showed that strain RT has the highest OD 
compared to the three other strains. Strain A 
showed the best growth among the other strains 
when fermented with yeast extract meanwhile 
opposite result obtained from fermentation using 
peptone in which strain A had the lowest growth 
compared to other strains. 

On the other hand, Figure 3 showed that the 
growth of cells not directly influenced the phytase 
activity. This was proven when strain A which had 
the highest growth among other strains fermented 
with yeast extract produced the lowest phytase 
production (0.140 U.mL-1). And also, strain A had 
the lowest growth among other strains fermented 
with peptone and produced the third lowest 
phytase production (0.106 U.mL-1). 

The growth of the phytase producing bacteria 
observed during 5 h after incubation. The highest 
CFU indicated that the OD value at 5 h has the 
greatest number of viable bacteria, where rapid 
growth shown. All bacterial strains using yeast 
extract as nitrogen source had higher growth than 
strains in fermentation using peptone as shown in  
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Figure 4:   Correlation of all strains growth for the 
study of nitrogen source optimisation for 
production of phytase, evaluated by (a) OD600 

measurement, and (b) CFU.mL-1 counting. 

All potential phytase-producing bacterial strains 
were grown at 37 °C (pH 5.5) and supplemented 
with two different nitrogen sources; yeast extract 
and peptone. The OD600 was measured at 
intervals as shown in Figure 4(a). Serial dilution of 
culture samples at 0 h, 5 h and 24 h post-
inoculation was plated onto NA agar for indication 
of cell viability as shown in Figure 4(b). All data 
shown are mean values from replica flasks with 
error bars are ±1 of standard deviation. 

Figure 4. However, the contrast occurred as 
all bacterial strains using yeast extract had the 
lower CFU compared to bacterial strains using 
peptone despite of their higher growth. The results 
also showed that the growth of bacterial strain 
observed in OD measurement did not directly 
influenced the viable bacteria obtained in CFU. 

At the end of the fermentation, the 
measurement of pH was carried out to determine 
the culture condition. For media with yeast extract 
used as nitrogen source, the starting culture 
conditions which was pH 5.5 changed to acidic 
medium with strain A (3.62), B9 (2.92), L3 (2.9) 
and RT (2.91). Meanwhile for the culture media 
that used peptone as nitrogen source, the media 
changes slightly into acidic with strain A (4.87), B9 
(3.24), L3 (3.19) and RT (3.24). From the 
degradation of the phytate by phytase enzyme in 
the culture media, there was production of organic 
acid as by-products. The pH of the culture media 

shift to acidic due to the accumulation of organic 
acid (Hosseinkhani and Emtiazi, 2010). 

DISCUSSION 
A study conducted by Qasim et al. (2017) for 

the effect of carbon sources to the phytase 
production by Aspergillus tubingensis SKA 
showed that addition of glucose produced the 
highest phytase yield (42.0 U.mL-1) while lactose 
yielding significantly less phytase. Similar studies 
reported for Penicillium purpurogenum, where 
among different carbon sources; glucose, corn 
starch, sucrose, maltose and lactose, the result 
showed only glucose achieved the maximum 
phytase productivity (Awad et al. 2014). These 
findings had led to the frequently used of glucose 
in the industrial fermentations; as raw material for 
the most effective sources of carbon and energy. 

In culture media incorporated with 0.1 % yeast 
extract, 10 % soybean extract, 0.1 % Tween 80 
and citric acid showed high OD of bacterial cells 
(6.0) and phytase activity (Dharmsthiti et al. 
2005). There were some reports stated that 1% of 
yeast extract results in maximum phytase 
production (Sasirekha, 2012). Yeast extract is the 
best nitrogen source followed by peptone and 
tryptone for production of better phytase (Singh et 
al. 2016). From the research conducted by 
Tungala et al. (2013) they observed that yeast 
extract showed maximum phytase activity. From 
the result of the batch culture conducted with all 
the references stated, yeast extract was 
supported as optimum nitrogen sources for 
phytase.  

CONCLUSION 
In order to select bacteria that produce 

phytase, the major concern will always be high 
specificity activity because it is very crucial for 
feed industrial application. Bacterial phytase have 
established significant attention as they are 
essential to maintain of the ecological balance. In 
addition, it also has been used to determine the 
mechanism of phytate degradation at biochemical 
and molecular stages. This study succeeded in 
identifying the effects of carbon and nitrogen 
sources on each strain of phytase-producing 
bacterial. The results obtained from this study 
show that glucose and yeast extract act as the 
optimum carbon and nitrogen sources which 
contribute to maximum phytase production 
compared to lactose and peptone, as supported 
by previous studies. To date, there have been 
numerous reports on the primary structure and 
function of phytate, but detailed information on 
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phytase is still lacking. This study is also important 
to screen bacteria that fundamentally produce 
phytase at the highest yields in the optimised 
culture medium. All relevant parameter 
measurements were applied in this study. 
Furthermore, this study had also identified several 
bacterial strains that are useful for phytase 
production. 
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