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Abstract
Nowadays, consumption of whole-grain bread is gaining popularity across the world due to its many health promoting effects.
Despite that whole grains contain 20–70% of the daily requirements of the minerals, their absorption in human gut are very low due
to antinutritional phytate. To increase the bioavailability of minerals, enzymatic degradation of phytate is needed. The aim of this
study was to isolate and identify phytase active yeasts from sourdoughs. The use of selected microorganisms with high phytase
activity could find use as starter cultures to improve mineral bioavailability in whole-grain bread fermented in a short time as
alternative to sourdough bread. In addition, purification and characterization of phytase produced by Saccharomyces cerevisiae was
done. The screening of phytase-positive strains was carried out at temperature of 30 °C and pH 5.5, conditions optimal for leavening
of bread dough. To investigate whether the yeasts produce phytases selective defined minimal medium was developed. Phytase
activity was determined colorimetrically by measuring the inorganic phosphate released by enzyme. Specific extracellular phytase
activities of yeasts were at least 20-fold higher than the intracellular activities. The highest activities were observed in two
Saccharomyces cerevisiae isolates, i.e. L1.12 (10.6 U (1010 CFU)-1) and L6.06 (8.2 U (1010 CFU)-1). The purified phytase produced
by S. cerevisiae was most active at pH 4.0 and 35°C. This phytase is quite stable at pH range from 3.5 to 5.5 and temperature range
from 25 °C to 40 °C.
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Introduction
Major epidemiological studies have shown that
consumption of whole-grain foods is protective against
the development of several chronic diseases. Wholegrains have been found to help regulation of blood
glucose and protect against type 2 diabetes (de Munter
et al., 2007) as well as reduce the risk of obesity (van
de Vijver et al., 2009). The importance of whole-grain
foods intake on blood glucose and weight regulation is
considered as a result of the content of dietary fibre and
magnesium in whole grains. Other studies concern the
contribution of dietary fibre, folate and, to a certain
extent, vitamin B6 and magnesium from whole-grain
foods as protective components against cardiovascular
diseases and certain type of cancer (Slavin, 2004).
Besides dietary fibre, the whole-grain foods are also
important source of minerals. It was shown that 100 g
of whole grains contain 20–70% of the daily
requirements of the minerals, such as iron, zinc,
magnesium, potassium, phosphorus and manganese
(Cordain, 1999). However, most of the minerals in
cereals are complexly bound to phytic acid as phytate,
consequently reducing their bioavailability (Kumar et
al., 2010).
Iron deficiency is the most common nutrient
deficiency, widespread both in western and developing
countries (WHO, 2002). Zinc represents the other
nutritionally significant mineral that has been
associated with phytate inhibition effect.
To increase the bioavailability of minerals from a given
food, enzymatic degradation of phytate and its
dephosphorylated isomer IP5 (inositol pentaphosphate)
is needed (Sandberg et al., 1999). Efficient reduction of
phytate can be achieved by enzymatic degradation
during food processing, either by increasing the
activity of endogenous phytase, or by addition of
phytase-active yeast, lactic acid bacteria, or other
microorganisms.

Cereals exhibit high phytase activities with values
ranging from approx. 900 to 2900 U kg-1 dry matter in
wheat grain, and from 4100 to 6100 U kg-1 dry matter
in rye grain (Eeckhout, Depaepe, 1994; Greiner, Egli,
2003). However, the activities in wheat were
considered insufficient to notably improve the mineral
bioavailability in whole-grain wheat bread (Türk,
Sandberg, 1992). Several studies were carried out on
phytase activity from baker’s yeast (Andlid et al.,
2004; Türk, Sandberg, 1992). They showed that only
marginal amount of phytate was degraded during 3 h
fermentation.
From an industrial point of view, the extracellular
phytase activity would be more important for bread
making than the intracellular phytase activity, because
cells of the yeast should be intact in dough in order to
ensure a good fermentation. In this case, the
intracellular phytase will not have access to phytate in
the dough. So far, no high phytase-active yeasts were
identified for bread industry in order to increase
mineral bioavailability.
The aim of this study was therefore to isolate and
identify yeasts from different commercial sourdoughs
and to study their phytase activity under conditions
optimal for leavening of wheat bread dough (30 °C and
pH 5.5) in order to identify species and/or strains with
high phytase activities that might be used in baking
industry. Further, purification and characterization of
high-active extracellular phytase produced by generally
recognized as safe (GRAS) yeast Saccharomyces
cerevisiae was done.
Materials and Methods
Microorganisms. Yeasts tested for phytase activity
were isolated from seven Lithuanian sourdoughs,
further purified and identified (Nuobariene et al.,
2012). Saccharomyces cerevisiae L1.12 isolated from
rye sourdough and identified as a phytase-positive
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yeast strain was used for further phytase production
and purification.
Growth test for phytase-active yeasts. To check the
ability of yeasts to synthesize phytase, yeast strains
were cultivated on Defined Minimal Medium (Delft)
plates supplemented with phytic acid dipotassium salt
(P5681, Sigma-Aldrich, Broendby, Denmark) as the
only phosphorus source (Delft+Phy). As control, yeast
strains were cultivated on phosphate-containing
(Delft+P, positive control) and phosphate-free (Delft-P,
negative control) medium (Nuobariene et al., 2012).
Growth tests were performed both on solid and in
liquid medium.
Phytase assay. Extracellular phytase extracts were
prepared according to Nuobariene et al. (2011).
Phytase activities were determined as described
previously (Nuobariene et al., 2012). Briefly, 10 µl of
enzyme extract was added into pre-incubated 40 µl
3 mM phytic acid dipotassium salt solution, gently
mixed by inverting tube and incubated at 30 °C.
Samples were taken every 15 min (0, 15, 30, and
45 min) during assaying. The reaction was stopped by
adding 50 µl 10% TCA (trichloroacetic acid solution).
A separate enzyme blank was prepared from sodium
acetate/HCl buffer mixed with enzyme extract and
TCA. Substrate blank was prepared from substrate
solution mixed with TCA. To determinate the content
of liberated inorganic phosphate during phytase
activity freshly prepared acid molybdate solution was
used in colorimetric analysis.
One unit of phytase activity was defined as the amount
of phytase that liberates 1 µmol inorganic phosphate
per minute from 3 mM phytic acid dipotassium salt at
pH 5.5 and at 30 °C.
Phytase purification. The extracellular phytase
produced by S. cerevisiae L1.12 was purified using
ultrafiltration and affinity chromatography. All
purification steps were performed at 4 °C.
After cultivation, the yeast cells from the fermented
broth were removed by centrifugation (5000 g for
10 min, 4 °C); culture supernatant with extracellular
protein fractions was collected and filtered (0.2 µm
Minisart filters; Bie & Berntsen, Herlev, Denmark).
100 mL of prepared extracellular protein extract, as
described above, was desalted and concentrated to
40 mL using Centriprep 3K centrifugal filter device
with Ultracel YM membrane (the nominal molecular
weight limit 3000).
The present of glycan on the yeast phytase protein
(Segueilha et al., 1992) facilitated further purification
of the desalted extract. Concanavalin A (Con A)
sepharose, a lectin-conjugate resin that binds high
glucose and mannose groups, was used for affinity
chromatography. The sample was loaded at flow rate of
0.1 mL min-1 onto Con A sepharose column (20 mm
diameter×30 mm) equilibrated with buffer A (0.02 M
Tris-HCl and 0.5 M NaCl, pH 7.2) and, afterwards,
washed extensively (3 column volumes) to remove
unbound
proteins.
Bound
glycoproteins
were competitively eluted with 0.25 M methyl-ɑ-D-
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mannopyranoside solubilized in buffer A. Aliquots of
eluent (1 mL) were applied to the column at interval of
30 min. Collected fractions (1 mL each) which show
phytase activities were combined as a single fraction
and assayed for phytase activity.
Protein quantification. Protein concentration was
determined by measuring the absorbance of enzyme
extract at 600 nm using the Bio-Rad Colorimetric
Protein assay, Kit II (Bio-Rad Laboratories Inc). BSA
(bovine serum albumin) was used as protein
concentration standard.
Effects of pH and temperature on phytase activity and
stability. The effect of pH on the phytase activity was
determined by incubating the enzyme in phytic acid
dipotassium solution at various pH (pH 3.0 to 7.0)
using the standard assay conditions. The buffers
used for reaction were 0.2 M sodium acetate / HCL
(pH 3.0–6.0) or 0.2 M Tris-HCl (pH 6.0–7.0). The
maximum activity was taken as 100% and percentage
relative activity plotted against different pH values.
The effect of pH on phytase stability was studied by
incubating the purified enzyme at 30°C for 1, 2 and 4 h
at various pH values ranging from 3.0 to 7.0 followed
by measuring the residual activity under standard assay
conditions.
The phytase assays for determination of temperature
optimum were performed as earlier outlined, except for
the variation of the incubation temperature. For this
purpose, phytase activity was assayed over a
temperature range of 25 °C to 60 °C at 5 °C intervals.
The maximum activity was taken as 100% and
percentage relative activity were plotted against
different temperatures.
Thermostability of the phytase was tested by
incubating enzyme extract without substrate addition at
a temperature range of 25 °C to 65 °C for 2 h and
samples were taken every 10 min. Residual activities
where then measured as indicated above, at a fixed
temperature of 30 °C and pH 5.5.
Results and Discussion
Phytase-active yeasts from sourdough. The number of
yeasts in all tested sourdoughs was about the same and
ranged from 6.7 to 7.9 log CFU (colony forming
units) g-1 sample. In total, 140 yeast colonies were
isolated, purified and subjected to the rep-PCR
analysis. Based on results from cluster analysis,
isolates were grouped according to their fingerprint
pattern (Nuobariene et al., 2012). For a representative
number of isolates within each group; i.e. 11 isolates in
total, the identification to species level were further
done by sequencing of the D1/D2-region of the 26S
rRNA gene. Based on results from sequencing, two
yeast species isolated from seven different sourdoughs
were identified, i.e. S. cerevisiae and Pichia
kudriavzevii (formerly named as Issatchenkia
orientalis, anamorph Candida krusei). A pure culture
of S. cerevisiae was found in five out of seven tested
sourdoughs with fermentation temperature of
30–35 °C, while P. kudriavzevii was the dominant
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P. kudriavzevii L3.04
P. kudriavzevii L3.15
P. kudriavzevii L4.12

Increase in phytase activity during the exponential
growth phase was very slow.
12
Phytase activity, U (1010 CFU)-1

species in other two sourdoughs with fermentation
temperature of 24–26 °C.
To check the ability of identified 11 yeast strains to
produce phytase they were cultivated on/in solid/liquid
minimal Delft medium supplemented with phytic acid
dipotassium salt as the only phosphor source. All tested
strains grew very well on/in Delft+Phy medium which
indicates that tested strains produce phytase (Figure 1).

10
8
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4
2
0

S. cerevisiae L8.09
S. cerevisiae L6.01
S. cerevisiae L6.06
S. cerevisiae L9.05
S. cerevisiae L6.10
S. cerevisiae L1.12

Figure 2. Specific extracellular phytase activity
from yeast strains of S. cerevisiae and
P. kudriavzevii

S. cerevisiae L6.14
S. cerevisiae L7.19
S. cerevisiae L7.20

1.0

2.0

OD₆₀₀

Figure 1. Optical density values of yeast cell
growth at 30 °C in experimental media after
48 h incubation
Black bars-Delft-P medium, white bars – Delft+P medium,
grey bars – Delft+Phy medium

However, from growth test, based on monitoring of
cell growth in phytate rich environment, it is
impossible to predict which yeast strains will have
higher or lower activities (Nuobariene et al., 2011).
Therefore, it is essential also to perform phytase
activity assay on each strain.
The highest specific extracellular activity of all isolates
was observed in S. cerevisiae L1.12 with a value of
10.6 U (1010 CFU)-1, followed by S. cerevisiae L 6.06
with a value of 8.2 U (1010 CFU)-1 (Figure 2).
Extracellular specific activities among other
S. cerevisiae strains differed dramatically and ranged
from 0.9 to 7.3 U (1010 CFU)-1. The specific
extracellular phytase activity values within three
P. kudriavzevii strains varied between 1.1 and 4.6 U
(1010 CFU)-1.
Cultivation of S. cerevisiae L1.12 for phytase
production. The activity of phytase in response to
phytic acid dipotassium salt and the growth of
S. cerevisiae L1.12 during 72 h of cultivation are
shown in Figure 3. The yeast cells reached their
stationary growth phase after 42 h of cultivation.

7.5

0.2

7.0

0.16

6.5

0.12

6.0

0.08

5.5

0.04

5.0

Phytase activity, U mL-1
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However, rapid increase in phytase activity was
observed in the late exponential growth phase (36–42 h
of cultivation) and was continuously increasing during
early stationary growth phase. It can be seen from
Figure 3 that the maximum extracellular volumetric
phytase activity (0.062±0.005 U mL-1) was obtained
when yeast cells reached the stationary phase and
remained almost constant for the next 12 h of
cultivation. Afterwards, slight decrease in phytase
activity was observed in late stationary growth phase.
This finding is in agreement with Quan et al. (2001)
findings which showed that phytase production by
Candida krusei occurred in the late stage of
exponential growth phase and that phytase activity
increased gradually with increasing incubation time.

ln (CFU mL-1)

S. cerevisiae L6.03

0
0

20

40

60

80

Incubation time, h

Figure 3. Phytase activity and yeast growth at
different time points
Circles – phytase activity, U mL-1; triangles – yeast growth,
ln (CFU mL-1)
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Purification
steps

Total
activity

Total
protein

Specific
activity

Yield

U

mg

U mg-1

%

Culture
supernatant

24.6

4.62

5.3

100

Ultrafiltration

24.5

4.12

6.0

99.7

Con-A
Sepharose

0.9

0.02

42.9

3.7

The results of phytase produced by S. cerevisiae L1.12
purification are summarized in table 1. The first
purification step, ultrafiltration, leads to an increase in
purity of only 1.1-fold but recover nearly all the protein
from the original extract. Second purification step, a
Con-A affinity chromatography, took advantage of the
presence of high glucose and mannose side chains in
phytase. This resulted in separation of phytase from
major non-glycosylated proteins. The phytase was
purified 8.1-fold, with a yield of 3.7% to a maximum
specific activity of 42.9 U mg-1.
Effect of pH and temperature on phytase activity.
Figure 4 demonstrate the effect of pH variation on
phytase activity produced by S. cerevisiae L1.12 at
30 °C (relative activities).

The optimum pH at 4.0 for purified phytase is in
agreement with Vohra and Satyanarayana (2001). In et
al. (2009) reported that yeast phytase had sharp decline
in activity as the pH value moved towards the neutral
range 0.5-units from optimum. In contrast, we
observed less than 15% decrease in relative phytase
activity when the pH value was moved 0.5-units from
optimum towards the neutral or acidic range. This can
be explained by the fact that the pH of rye dough is
about 4.3–4.6, except for the sourdough where pH is
around 3.7 (Nielsen et al., 2007) and that phytase
purified from rye sourdough yeast is well adapted for
current conditions. However, in the whole wheat
sourdough where pH varies between 5.3 and 5.5
the activity of yeast phytase seems to be only about
50–70% of optimum activity.
The effect of pH on the enzyme stability indicates that
the extracellular phytase produced by S. cerevisiae
isolated from rye sourdough is active in the pH range
3.5–5.5, with more than 80% of the initial activity
remaining. However, sharp decline in activity was
observed when the enzyme was incubated at pH 6.0 as
well as in more neutral pH.
Figure 5 shows the effect of temperature variation on
purified phytase activity at pH 5.5 (relative activities).
Maximum purified extracellular phytase activity was
exhibited at 35 °C with 98% and 78% of residual
activity at temperature of 30 °C and 40°C, respectively.
The residual activity at 55 °C was found to be only 7%.
Comparison of the optimal temperature of phytase
suggested that the phytase produced by S. cerevisiae
L1.12 isolated from rye sourdough had slightly lower
optimal temperature than those of S. cerevisiae isolated
from the mash of traditional Korean yakju (40 °C) (In
et al., 2009).
Relative activity, %

Phytase purification. Up to now, there have been only
few reports on the yeast extracellular phytases
purification and enzymatic properties. During the last
decade, extracellular phytases from yeast, including the
wild strain of Schwanniomyces castellii (Segueilha et
al., 1992), marine yeast Kodamaea ohmeri (Li et al.,
2008), and S. cerevisiae isolated from the mash of
traditional Korean wine (In et al., 2009) have been
purified to homogeneity.
However, phytase produced by yeast species,
mentioned above mostly are attributed as potential for
commercial application in the feed industry. Therefore,
purification and characterization of S. cerevisiae L1.12
isolated from sourdough which may be an ideal
candidate for improving mineral bioavailability in
whole grain is of importance.
Table 1
Purification of the extracellular phytase from
S. cerevisiae L1.12

100
80
60
40
20
0
25

35

45

55

65

Relative activity, %

Temperature, °C
100

Figure 5. Effect of temperature on the
relative activity of extracellular phytase from
S. cerevisiae L1.12

80
60
40
20
0
3

4

5

6

7

pH

Figure 4. Effect of pH on the relative activity (solid
line) and stability (dashed lines) of extracellular
phytase from S. cerevisiae L1.12
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Effect of temperature on the stability of purified
phytase during different incubation time is summarized
in table 2. During an incubation period of 2 h, no loss
of phytase activity was observed at temperature below
40 °C, while about 8% of the activity was maintained
after 15 min incubation at 55 °C. No phytase activity
was detected when enzyme was incubated at 65 °C
(Table 2). Although phytase produced by S. castellii
and Pichia anomala have been reported to be
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thermostable at temperature above 70 °C (Segueilhaet
al., 1992; Vohra, Satyanarayana, 2001), our findings
are in agreement with those of Quan et al. (2002). They
observed that phytase produced by C. krusei is easily
inactivated at temperature above 50 °C. Further, our
tested phytase at 45 °C displays an increasing trend in
activity after 2 h of incubation. Even though the
phytase of S. cerevisiae L1.12 has a low activity at
45 °C, seems that it is very stable at this temperature.
Table 2
Effect of temperature on the stability of
extracellular phytase from S. cerevisiae L1.12
Temp.,
°C

15

30

45

Time in minutes
60

75

90

105

120

25

96

100

115

136

133

129

115

98

30

100

98

96

124

131

112

101

105

35

99

97

100

98

115

100

99

103

40

82

87

96

112

110

98

103

99

45

34

31

37

61

66

57

58

58

55

10

9

9

8

12

7

7

6

65
nd* nd
*nd – not detected

nd

nd

nd

nd

nd

nd

5.

6.

7.

8.

Conclusions
The highest extracellular phytase activities were
observed in two S. cerevisiae strains; i.e. L1.12 and
L6.06 and therefore they may be the best candidates for
improving bioavailability in whole-grain bread.
Concanavalin A chromatography process was
successfully implemented to purify phytase from
S. cerevisiae L1.12 which resulted in 8.1-fold
purification with a yield of 3.6% to a maximum
activity of 42.9 U mg-1. The optimum pH and
temperature values for purified phytase were found to
be 4.0 and 35 °C, respectively.
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