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Grain based animal feeds contain sig-
nificant quantities of phytate (inositol
hexaphosphate), a potential source

of phosphorus (P).
However, this phytate-P is poorly digested
by monogastric animals and is excreted in
the manure, leading potentially to pollution
of freshwater and other ecosystems.
Further, phytate can bind other minerals,
particularly calcium, reducing their availabil-
ity to the animal.
As shown in Fig. 1, this binding happens at
pH values greater than 4.0-4.5, and results
in the precipitation of the phytate out of
solution. When this precipitation happens,
the phytate molecule and the bound miner-
als become unavailable.

Releasing phosphorus

To overcome this, one solution is to
degrade the phytate using a phytase (inositol
hexaphosphate phosphohydrolase) enzyme,
to release the bound P. This degradation
happens faster and more completely when
the phytate is in the soluble form; i.e. at pH
values below 4.5, as found in the upper
parts of the animal’s gastrointestinal tract.
Phytase enzymes have been used com-
mercially in poultry feeds for almost two
decades to improve the digestibility of previ-

ously unavailable phytate-P in the animal’s
gastrointestinal tract.
This helps reduce the P content of
manure, thus reducing the risk of environ-
mental pollution.
However, in these days of increased costs,
the main reason to use phytases is to lower
feed costs, achieved by reducing the need
for adding inorganic phosphates and cal-
cium, as well as making appropriate
allowances for the energy and amino acids
spared by phytase addition.
Initially, commercial phytases were fungal
in origin, primarily from Aspergillus species.
However, these first generation phytases
have two main weaknesses; they are not
thermotolerant and thus can be destroyed
during feed processing, and they are primar-
ily active at neutral pH.
Attempts to enhance thermostability
through coating have been of limited suc-
cess, as applying sufficient coating to allow
the phytase to be subjected to the tempera-
tures found in average feed mills rendered

the enzyme inaccessible and thus reduced
efficacy in the gut.
More recently, research has focused on
microbial phytases and, in particular, on
those sourced from Escherichia coli.
Initial interest in these second generation
phytases was stimulated by their high spe-
cific activity and substrate affinity.
In other words, their activity per gram of
enzyme protein is much higher than that
of the aspergillus phytases, suggesting that
they should be more effective in the ani-
mal.
It was also noted that these microbial
phytases were more active at the acidic
pH range found in the animal’s foregut,
where phytate is soluble and thus more
susceptible to enzyme degradation.
Thus, these second generation microbial
phytases solved the problem of not being
active at acidic pH, but are still not stable
through pelleting temperatures.

Increasing thermotolerance

In order to increase thermotolerance, the
effect of varying all 411 of the amino acids in
the wild type E. coli gene was examined,
testing 19 different amino acids at each site.
From this, 14 single amino acid substitu-
tions were identified as improving thermo-
tolerance, and these were then investigated
in all possible combinations for greater heat
stability.
From this, eight amino acid changes were
identified that in combination were optimal
for thermotolerance but had no effect on
the enzyme specific activity or pH profile
(Fig. 2).
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The next generation
phytase
has arrived!

Fig. 1. Solubility of phytate at pH 2.0-7.0 in the presence of calcium at concentra-
tions similar to those in the animal’s gastrointestinal tract. Note that the phytate:
calcium complex starts to precipitate out of solution at pH >4.0.

Fig. 2. Improvements made to progress from a wild type E. coli phytase to a third
generation more thermotolerant and stable enzyme.
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In addition to these changes in the phytase
primary structure, it was also discovered
that post-transcriptional glycosylation by
expression in fungal systems also improved
thermotolerance (Table 1). 
The enhanced thermotolerance of this
third generation phytase (Quantum, AB
Enzymes, Germany) was further shown in a
trial where the residual activity was deter-
mined after holding at 70˚C. 
While the Quantum Phytase retained
approximately 90% of its activity after 30
minutes, that of the wild type enzyme
dropped to close to 20% (Fig. 3).
One unexpected advantage of the thermo-
tolerance enhanced phytase was an increase
in stability under simulated gastric condi-
tions. 
Enzymes are proteins and thus can be sus-
ceptible to degradation by the proteases in
the animal’s gastrointestinal tract. 
Enzymes are also sensitive to extreme pH,
i.e. unfolding in acidic conditions, resulting in
the inability to bind to and degrade their
substrate and making them more suscepti-
ble to protease degradation. 
Thus, exogenous enzymes are very sus-
ceptible to the acidic and proteolytic condi-

tions found in the gastric region of the ani-
mal’s gut. 
This gastric tolerance was tested in vitro at
pH 2.5, in the presence of pepsin.
While the half-life (time taken for 50%
activity loss) of the wild type phytase
expressed in E. coli was 2.7 minutes, that of
the enhanced enzyme was found to be 8.4
minutes.

Changing the expression of the enhanced
enzyme to a fungal system, thus increasing
surface glycosylation, improved this even
more to 10.4 minutes (Table 1). 
This enhanced acid tolerance was further
demonstrated in a trial where the ability to
release free phosphates from phytate was
tested at pH 3.5.
In this trial, the Quantum Phytase released

phosphorus at around twice the rate of the
wild type enzyme (Fig. 4). The efficacy of the
enhanced phytase relative to the wild type
was tested in a broiler trial involving 960
day-old birds (10m pen replicates of 16
birds per diet) up to 28 days of age. 
The birds were fed either a positive con-
trol or a negative control (0.13% avP, 0.09%
Ca and 45kcal/kg less compared to the pos-

itive control) with 0 U/kg, 250 U/kg or 500
U/kg of the two phytases. Both feed intake
and liveweight at 28 days were reduced by
200g (-9% and -13%, respectively) with the
negative control, with bone ash also
reduced by 9% (Fig. 5).
Adding either phytase at both inclusion

rates improved performance and bone ash,
but the enhanced Quantum Phytase was
consistently 2-3 percentage points better
than the wild type in all parameters. 
This enhanced performance was attributed
to the greater stability of Quantum Phytase
in the gastrointestinal tract, particularly
against acid and proteases.

Conclusion

Phytases have been successfully and widely
used in monogastric feeds for close to 20
years, with over 50% of commercial poultry
feeds presently being supplemented.
The first generation fungal derived prod-
ucts have been superseded by the second
generation bacterial phytases, primarily from
E. coli.
However, a new third generation phytase

with enhanced thermo and gastric tolerance
has been developed that is more stable
through feed manufacturing as well as more
efficacious in the animal.                             �
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Expression Gastric stability Thermal tolerance
host (half-life in mins when (residual activity % 

held in pepsin/HCl following five mins  
at pH 2.5) at 95˚C)

Bacterial 8.4 10
Fungal 10.4 30

Table 1. Expression of the enhanced E. coli phytase in fungal systems improves both
thermotolerance and gastric stability.

Fig. 5. Quantum Phytase is more effective than the wild type enzyme in improving
performance in 28 day old broilers.
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Fig. 3. Improved thermo-stability of the enhanced E. coli phy-
tase relative to the wild type enzyme (pre-incubation at
70ºC).

Fig. 4. The enhanced phytase is more effective than the wild
type enzyme at releasing phytase at acid pH due to the
greater acid tolerance (P release at pH 3.5).
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