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By MILAN HRUBY*

DESPITE the nearly ubiquitous use of 
exogenous phytases in poultry diets 
and increasing inclusion in swine ra-

tions, there remains a lack of clarity about 
how to achieve optimum benefi ts from 
this enzyme.

Many of these questions concern how 
to choose the best phytase and what phy-
tase dose will achieve optimum value. In 
this article, I try to separate the fact from 
the fi ction regarding the value that can be 
achieved through high dosing of phytase.

• All phytase products work economi-
cally at a high dose.

Many different factors affect phytase ef-
fi cacy, not the least of which is the phy-
tase source, which also affects the value 
of the dose chosen.

Some products have changed little since 
their introduction in the early 1990s, when 
the industry standard dose of 500 phytase 
units (FTU) per kilogram was set for poul-
try and pigs. A lot has changed since then: 
Inorganic phosphorus now costs more, 
phytase costs less and more is known 
about the anti-nutrient phytate and the 
potential of phytase to create “extra phos-
phoric” value (Figures 1 and 2), particu-
larly at doses higher than the industry-
recommended inclusion rate (Selle and 
Ravindran, 2007; Plumstead et al., 2008; 
Romero and Plumstead, 2013; Barnard et 
al., 2014; Dersjant-Li et al., 2015).

The latest generation of phytase prod-
ucts released in the last few years, such 
as the Buttiauxella-based phytase fi rst 
launched in early 2013, have been shown 
to offer high effi cacy in dealing with phy-
tate and phytate-protein complexes (Fig-
ure 3; Yu et al., 2014).

They also work at increasingly lower 
pH levels to ensure speedier and more 
complete degradation of phytate earlier 

in digestion and are resistant to the hy-
drolytic action of endogenous proteases. 
Whereas phytase released 0.10% available 
phosphorus at 500 FTU/kg of feed in the 
1990s, this new generation of products of-
fer available phosphorus release values 
that are 50% higher at the same analyzed 
phytase inclusion level. In other words, 
one would need to dramatically increase 
the dose of older phytases to match the 
response of the newer ones.

Phytases should be designed to take 
into account species-specifi c matrix val-
ues beyond the industry standard, where-
as some phytases on the market use pig 
and poultry values interchangeably (unac-
ceptable given the anatomical and physi-
ological differences in their digestive sys-
tems) and do not provide evidence-based 
support for matrix values above 500 FTU/
kg.

• It’s important to choose a phytase that 
degrades phytate rapidly and more effi -
ciently at a low pH.

The high-dose value discussion typical-
ly extends beyond releasing more phos-
phorus and calcium to poultry and pigs. 
This is because phytate — not only in the 
form of IP6 but also as its lower esters IP5, 
IP4 and, to a lesser extent, IP3 — acts as a 
strong chelator that can bind with many 
key nutrients, including amino acids, fatty 
acids and minerals (Yu et al., 2012; Der-
sjant-Li et al., 2015b).

In addition, it can contribute to an in-
crease in endogenous losses with a drain-
ing effect on maintenance energy, amino 
acids, sodium (and other nutrients). Some 
recent research further suggests that phy-
tate and phytase can infl uence not only 
the digestion of nutrients but also the 
absorption of amino acids and glucose 
(Truong et al., 2014). Thus, to eliminate 
the anti-nutritional effects of phytate, it is 
important to degrade phytate as quickly 
as possible and as completely as possible 
in the upper gastrointestinal tract of the 
animals.
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A phytase product that can hydrolyze 
phytate quickly and effectively in the 
stomach at a very low pH — and that can 
deal with already-formed phytate-protein 
complexes effi ciently — will, besides re-
leasing greater amounts of phosphorus, 
help improve the effi ciency of other nu-
trients, including a more effi cient use of 
energy. This is something the new-genera-
tion phytase can achieve more easily than 
other commercial phytases.

Figure 1 shows that in poultry, the new-
generation Buttiauxella phytase has an 
optimal pH that better matches the level 
found in the proventriculus and gizzard of 
a broiler, where pH can be as low as 2.5 
and feed has a residency time of 40-60 
minutes. In pigs, where the residency time 
of feed in the stomach is longer, research 
has shown that it perfectly matches the 
need for a broad pH activity profi le rang-
ing from about pH 2.0 to pH 5.5.

• Feed type must be taken into account 
when selecting a phytase dose.

There is also strong evidence that feed 
type and the effi ciency of a high phytase 
dose are tied together. An industry stan-
dard dose of 500 FTU/kg of most com-
mercial phytases tackles only between 
30% and 46% of an average level of phy-
tate in feed, leaving signifi cant amounts of 
undigested phytate to exert anti-nutrient 
effects. Evidence also shows that a latest-
generation phytase more than doubles the 
rate of phytate degradation in a diet with 
average phytate levels. This effect is am-
plifi ed in diets with higher phytate levels.

In many cases, high-phytate ingredients 
also contain high levels of various fi bers. 
Research has shown that phytase not only 
improves the digestibility of phosphorus 
and other nutrients, but it can also sig-
nifi cantly affect fi ber hydrolysis. It is ex-
pected that phytate and fi ber are not pres-
ent as separate entities in pig and poultry 
feeds but, rather, together in a matrix. 
This means that any impact on either phy-
tate or fi ber can have an effect, through 
relaxing this matrix, on hydrolyses of both 
substrates.

Such an action can result in perfor-
mance improvements that were seen in 
some studies when a high level of phytase 
is added into diets with increased levels of 
phytate and/or fi ber. Furthermore, the re-
sponse to a high phytase dose could be in-
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fl uenced by the presence of other feed en-
zymes and their impact on anti-nutrients.

Some very interesting recent discus-
sions have focused on phytase response 
when different levels of calcium are pres-
ent or different calcium-to-phosphorus 
ratios are used. In their research, Plum-
stead et al. (2014) observed a reduc-
tion in phosphorus digestibility due to 
phytase addition when increasing the 
calcium:phosphorus ratio. It was suggest-
ed that the negative impact on phytase 
action was caused by greater amounts of 
calcium ions having a greater opportunity 
to chelate with phytate, thereby hindering 
phytase’s access to it.

Furthermore, it is likely that a higher 
phytase dose could overcome the nega-
tive effect of a high calcium:phosphorus 
ratio by hydrolyzing phytate molecules 
before they bind with calcium and become 
less soluble. Interestingly, the use of the 
latest, more effi cacious phytases was un-
affected by changes in calcium level (An-
gel et al., 2013).

To further show the potential impact of 
various compounds on phytase action, 
a study conducted by Augspurger et al. 
(2004) using high levels of zinc in piglet 
feeds showed a 30% reduction in phos-
phorus release in diets containing phytase 
compared to a diet without zinc addition. 
The researchers needed to double the 
phytase dose in order to obtain the same 
phosphorus release as with a single dose 
of phytase used in feeds without zinc.

From these couple of examples, it could 
be summarized that in certain situations, 
whether in a commercial or a research set-
ting, a higher phytase dose could show a 
benefi cial response compared to a basal 
or traditional phytase dose. Such a benefi -
cial response could lead to a conclusion 
that a high phytase dose improves perfor-
mance all the time.

In reality, the positive response to a 
higher phytase dose actually resulted 
from feeding specifi c diets and nutrients 
and their levels either with or without a 
nutritionist’s full understanding of the 
effect on the phytase enzyme response. 
From a practical standpoint, however, a 
high phytase dose can bring a strong eco-
nomic benefi t to contribute to uniform 
performance response — and depending 
on factors such as species type, gender, 
animal age and diet.

• High doses work well in all ages of ani-
mals.

It is also important to take into account 
other factors such as the age of the animal 
when choosing a phytase dose. Research 
shows that performance improvements 
using a high phytase dose are more con-
sistently seen in young animals than in 
older animals and poultry, where more 

1. Impact of phytase dose on amino acid digestibility (two phytase sources)
Amino acid digestibility improvement (% of control, days 5-21)

*Values are significantly different from the NC diet.
Source: University of Queensland.

2. Impact of phytase dose on feed conversion ratio (two phytase sources)
Feed conversion ratio, days 1-42

 PC NC Buttiauxella Buttiauxella E. coli E. coli
  phytase, phytase, phytase, phytase,
  500 FTU 1,000 FTU 500 FTU 1,000 FTU

a,bValues without a common superscript are significantly different (P < 0.05).
Source: Massey University, New Zealand.

3. Phytase source effect on breakdown of
protein-phytate complex at pH 3.0

*All values expressed relative to release of iP by Buttiauxella phytase on sodium phytate substrate.
Source: DuPont Laboratory.
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traditional phytase inclusions seem to be 
suffi cient. Typically, digestibility studies 
are conducted with younger animals, but 
performance results are relevant from a 
market perspective when observed all the 

way to marketing age.
It is possible that the benefi ts of a high 

phytase dose are infl uenced by an ani-
mal’s age, gut physiology and differences 
in available diets/ingredients. In young 
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animals, higher dietary phytic acid levels 
are typically seen — e.g., due to the inclu-
sion of high-protein meal such as soybean 
meal — where a quick removal of phytate 
can result in a strong performance benefi t. 
Furthermore, differences in gut physiol-
ogy, including pH and digesta transit time, 
between young and older animals can also 
explain some dissimilar responses to a 
phytase dose, with the high phytase dose 
being potentially more advantageous in 
younger animals and poultry.

• Phytase at a high dose increases myo-
inositol levels, with a positive impact on 
performance.

Some research studies have shown that 
phytase can have an effect on myoinosi-
tol levels in the blood and can affect other 
parameters such as serum glucose and se-
rum lipids in poultry. Conclusive evidence 
for the complete dephosphorylation of 

phytate by feed phytase does not exist, so 
this mechanism is theoretical (Zyla et al., 
2013).

However, the same research has shown 
the positive effect of a high phytase 
dose on performance, correlating it to 
the increase in blood myoinositol levels. 
Typically, however, these performance 
responses were more evident in younger 
animals.

Conclusion
The high-dose value debate is likely to 
continue. However, in my opinion, the 
question is not necessarily whether phy-
tase is benefi cial at a higher dose; rather, 
it is when a dose-specifi c recommendation 
can bring the highest value.
IN general, older phytase products should 
be applied at higher levels in almost all 
situations to provide the optimal perfor-
mance response and the highest econom-
ic benefi t. On the other hand, new phy-
tases on the market may be strategically 

applied at levels appropriate for deliver-
ing the greatest benefi t to poultry and pig 
producers dealing with particular dietary 
or other conditions.

More specifi cally, young birds and pigs 
can benefi t greatly from a high dose of 
new phytase products due to typically 
higher phytate levels in their feeds and 
their early stage of gastrointestinal devel-
opment. Older animals could potentially 
benefi t from a high phytase dose as well 
if specifi c ingredients (e.g., high phytate 
and high fi ber levels) or nutrients (zinc 
or a high calcium level) are incorporated 
into those feeds. Phytase stability during 
storage and feed production should also 
be taken into account when evaluating the 
benefi ts of a high phytase dose.
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