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The majority of pig and poultry diets
are composed of about 70% maize
or wheat, 20% soybean meal or
other similar protein sources, and
10% micro-ingredients. Although
this is a simplification, it illustrates
the point that the majority of pork,
poultry, and eggs are produced
using a limited range of ingredi-
ents.

In addition, it is important to note
that feed cost is about 60-70% of
overall production cost. And, as
feedstuff prices continue to be pro-
hibitively high, with detrimental ef-
fects on producer profitability and
consumer prices, even the slightest
saving in feed cost (without sacrific-
ing animal performance, of course)
brings significant changes in pro-
duction profitability – in a sector
where net profit is usually below
5%.

The first action after feed is con-
sumed is that of digestion. The ani-
mal’s stomach and small intestine
secrete a wide range of enzymes
that break down starch (major
source of energy), protein (amino
acids), fats (lipids) and salts (min-
erals) into their simple compo-
nents, which are subsequently
absorbed. What remains undi-
gested passes on to the hind gut
where it is used by the microflora
for their growth, whereas everything
in there is later excreted in the envi-
ronment.

Digestion efficiency can be as low
as 30% in the case of phytate (veg-
etable) phosphorus or as high as
90% in dairy products (used in
piglet diets). Of course, crude fibre
is virtually non-digestible, and this
is a clear waste of an energy source
for non-ruminants.

As animals derive nutrients from
feed by the process of digestion,
through secretion of enzymes, im-
proving digestibility of these nutri-
ents is the most obvious, and
easiest, way to improve the ‘net
benefit’ animals obtain from their
feed. 

The best way to achieve this goal
has been the use of enzymes that
can be added in their feed. Indeed,
this has been proven beneficial in
most cases bringing about 5% im-
provement in feed efficiency, and
thus approximately 5% reduction in
feed cost.

Commercial enzymes exist today
that enhance digestibility of energy,

protein, and phosphorus – the
three most expensive components
of any animal’s feed. 

For energy, exogenous carbohy-
drases (unlike those secreted by
the animal) help break down indi-
gestible fibre. In addition, amylase
(which is secreted by the animal) is
also used in very young animals
that do not produce enough of this
enzyme to handle the large concen-
tration of starch in their feed early
in life. In a very interesting note, re-
cent studies have demonstrated an
even stronger amylase effect in the
grower/finisher period, and as such
amylase appears to be required in
all high energy diets. 

For proteins, exogenous pro-
teases mimic the action of endoge-
nous proteases, enhancing thus
protein digestibility. In the case of
phosphorus, phytases help release
phytate phosphorus, reducing thus
phosphorus excretion in the envi-
ronment by 30% or more.

Apart from improved nutrient di-
gestibility, enzymes confer side
benefits: 
l They reduce the amount of nutri-
ents available to gut microflora, re-
stricting the growth of potentially
pathogenic bacteria.
l Reduce gut viscosity enhancing
nutrient absorption and reducing
bacterial proliferation.
l Reduce ammonia build up inside
facilities due to less nitrogen being
excreted.

These have indirect but marked
beneficial effects on animal health
that improve animal health. Today,
there is no doubt pigs and poultry
benefit from enzymes in their feed,
especially as feed ingredient prices
soar and when ingredient quality
tends to be below average. 

The addition of enzymes improves
feed quality, reduces feed cost,
safeguards animal health, protects
the environment, and above all
brings about higher profitability
from farming!
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How to select the
right phytase

The study of phosphorus digestion
has occupied the scientific commu-
nity for the better part of the last
twenty years, especially after the in-
troduction of the first successful
commercial phosphorus enzymes
(phytases). 

Today, it is widely  accepted that
adding a proper  phytase in a poul-
try or pig diet will degrade a consid-
erable amount of phytate (plant
origin) phosphorus.

Phytate is a form of non-di-
gestible phosphorus, which is ex-
creted in the environment without
the use of an exogenous phytase
(animals do not secrete this en-
zyme).

Thus,  phytases not only improve
phosphorus digestibility (above
10%) but they can also safeguard
the environment by reducing phos-
phorus excretion by about 30%. In
 addition, phytases are known to im-
prove  calcium digestibility alike
phosphorus and also, research has
demonstrated that they improve as
well digestibility of even more nutri-
ents, also bound to phytate, such
as  protein and trace minerals.

The net result, of course, being a
savings in inorganic phosphorus
sources, such as mono- and dical-
cium phosphate that are commonly
added in most animal diets, en-
hanced environmental sustainabil-
ity, and definitely considerably
lower feed cost, without sacrificing
animal performance!

New standards

Today, several modern phytases are
setting new and higher standards,
with a level of background science
and state-of-the-art product devel-
opment that they are far in advance
of the products of 20 years ago.

Nevertheless, there is such a
plethora of commercial phytase
products and  related published in-
formation that selecting the right
product is puzzling quite often not
only to producers, but also to quali-
fied nutritionists. 

Below is a short list of questions
that will enable the selection of the
right product for the right purpose.

l What is the product's in-vivo
 efficacy in terms of phosphorus re-
lease from phytate substrates?

l What should be expected from a
double dosage, in terms of phos-
phorus and other nutrients?

l What are the matrix values pro-
vided to allow for application in
least-cost-formulation? How were
these values generated and what is
the background  science?

l What are the product’s physical
characteristics? This relates to dust
levels and granulation, mixability,
flowability, particle size and num-
ber?

l What is the product’s stability
under a variety of feed processing
and storage conditions? What
reaches the animal is the result
after all challenges throughout feed
processing and storage.

l Can assistance (or services) be
provided in measuring phytase con-
tent in feed (and premixes or con-
centrates) with an approved ISO
method?

l Is the product safe for feed mill
workers during handling?

l What is the cost of targeted phos-
phorus release expected from the
use of this phytase?

It is important to remember that
cost per unit of weight of any prod-
uct is only the ‘face value’.

Behind each product, there is a
number of characteristics and
 services that are often assumed but
not provided, resulting thus in a
false perception of a ‘low cost’
 product. 

Buying the best possible phytase
is a difficult task, but not so much
when the above points are taken
into consideration!

Jean-Paul Ruckebusch
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What is the difference
between a 3- and 
a 6-phytase?

In the phytase market today, there
are several criteria (origin, ideal pH,
attacked group, units, etc) that
 attempt to differentiate existing
products, but not all such  criteria
are fully valid. This is of particular
importance when we try to differen-
tiate phytase products in terms of
efficacy in releasing phosphorus for
production  purposes under com-
 mercial  conditions.

One of the most common charac-
 teri s tics that ‘distinguishes’ the nu-
merous commercial phytase
products is the classification as a 3-
or a 6-phytase. Yet, little attention
has been paid into explaining the
validity of these numbers or to what
these numbers actually mean or
where they come from.

A 3-phytase is simply a phytase
that initiates the dephosphoryla-
tion of phytic acid at position 3 on
the in ositol ring (see diagram). In
analogy, a 6-phytase initiates the
dephosphorylation at position 6.

Based on this trait, the Interna-
tional Com mittee of Biochemical
Nomenclature has classified
 phytases in two groups: group-3
and group-6.  

Current commercially available 3-
phytase products  originate from
 Aspergillus niger, whereas commer-
cial products belonging to the 6-
phytase group are currently derived
from Escherichia coli or Peniophora
lycii.

These two distinct classes of
 enzymes hydrolyze phytic acid in a
stepwise manner, yielding products
that in turn become substrates for
further hydrolysis until phosphorus
is released. 

A 3-phytase may not  always com-
pletely dephosphorylate a phytic
acid molecule, whereas under per-
fect laboratory conditions (for ex-
ample pH, temperature, purity,
time) with the presence of phytic
acid and a phytase only a 6-phytase

can  dephosphyrylate it completely.
However, there is disagreement
around and this is just the theory
under  perfect laboratory conditions.
Under commercial conditions,
 results have not been so clear-cut
when comparing the two types of
phytase. 

Numerous scientific  reports have
shown that this group characterisa-
tion does not represent any mean-

ingful difference in terms of efficacy
in releasing phosphorus. As such,
for all practical purposes, there is
no real value in differentiating a
commercial  phytase product based
on its  classification as belonging to
group-3 or group-6. After all, this is
a biochemical classification based
on mode of action, not on efficacy.

When it comes to feeding pigs,
there are more relevant factors that
can differen tiate the commercial
performance of two phytase prod-
ucts, other than their 3- or 6-phy-
tase classification.
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Are all 
carbohydrases 
the same?
Feed is undoubtedly the major cost
of animal production and energy is
its most expensive component.
Carbohydrates in cereals and de-
fatted protein sources are the main
source of energy in all livestock
diets. 

The extent by which carbohydrates
are digested determines not only
the efficiency by which energy is
utilised, but also the impact of 
livestock production on the 
environment. In other words, in-
creasing carbohydrate 
digestibility improves profitability
and environmental sustainability at
the same time.

Carbohydrates in common feed in-
gredients fall into two categories:

l Storage carbohydrates such as
starch and simple sugars. These
are relatively easy to digest, but
as they make up to 75% of dry
matter in cereals, any small
improvement in digestibility can
lead to substantial benefits.

l Structural carbohydrates that
include dietary fibres commonly
referred to as non-starch poly-
saccharides (NSP). These are
primarily located in the wall that
surrounds every cell in the plant
and are largely undigested by
monogastric animals. Here,
there is great potential of
marked improvement in terms
of digestive efficiency.

To access and utilise the starch
inside the cells, the cell wall must
be broken down. The composition
of the cell wall varies from cereal
to cereal; meaning that different
carbohydrases are required to start
the process of nutrient release. For
example, in cereals (maize, wheat,
barley, rye) the cell wall is made up
mostly of arabinoxylans and be-
taglucans.

The precise percentage of each will
vary from plant species to species
and is also influenced by local
growing conditions. To successfully
break down these cell walls the 
animal requires enzymes called xy-
lanases and beta-glucanases
– these must be provided with the
feed as the animal does not secrete
them. 

On the other hand, in plants such
as the main protein crops 
(soybeans, sunflower, rape, canola)
the cell wall is composed of xyloglu-
cans and pectin. These are more
difficult to break down and thus,
other enzymes (glucanases and
pectinases) are required.

Even with fine grinding, some cell
walls will only be partly degraded,
while others will remain intact,
which means the nutrients inside
the cell remain largely inaccessible
to the animal. 

This is why adding exogenous car-
bohydrases to the diet increases
the extent of cell wall breakdown
and improves nutrient digestibility.
Even an exogenous amylase can im-
prove the utilisation of released
starch in cereal diets, which is
highly digestible but still not 100%.

It is thus quite obvious that not all
carbohydrases are the same, and
as such, commercial products
cannot be classed as ‘all being the
same’. A diet rich in barley (that
contains primarily beta-glucans)
will require a beta-glucanase to
fully take advantages of the 
benefits of an exogenous 
carbohydrase. In contrast, a diet
rich in wheat (that contains 
primarily arabinoxylans) requires a
xylanase.

Certainly, a diet based on more
than one cereal will require a
cocktail of enzymes, ideally in
proportion to each cereal’s 
inclusion rate, to maximise energy
release for the animal.

Thus, in short, not all 
carbohydrases are the same, 
simply because not all non-starch
polysaccharides (their targets) are
the same. Depending on the raw
material being used the 
appropriate carbohydrase should
be selected for maximum efficiency!

Inge Knap
Global Category Manager

Feed Enzymes, DSM
inge.knap@dsm.com
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Are enzymes safe
products?
Enzymes are natural proteins
found in all  living organisms. 
They perform a myriad of func-
tions sustaining life as we know it.

Then, why would anyone question
their safety? Enzyme preparations
may cause a negative reaction,
not to animals consuming them,
but to human operators not only
during feed manufacturing but es-
pecially when maintenance and
check of the machines is done.
Like all  naturally occurring
 proteins,  enzymes may cause in-
ha lation  allergy, same as pollen or
cat dander affect a small  segment
of the human population. The
symptoms may be experien ced by
workers when exposed to dusty
enzyme products during the
 mixing of nutritional products. The
root of the issue is that the very
first enzyme pre parations were in
the form of a 
fine (dusty) powder. As would be
 expected, working with such
 products,  outside a well-venti-
lated hood or without wearing a
suitable mask, is an invitation to
trouble as dust is bound to be
raised and  inhaled by human
workers. Of course, not all hu-
mans are affected. Only those few
unfortunate individuals suscepti-
ble to an  allergic reaction are af-
fected.

Thus, modern enzyme manufac-
 turers have invested in technolo-
gies to reduce and then virtually
eliminate the problem of enzyme
product dust, with its potential
 allergic negative effects on human
operators. The first effort resulted
in products that were simple
 granules. This made a vast differ-
ence in the flowing characteristics
of the enzyme products and also
reduced dramatically the dust
 associated with their handling
and mixing. Nevertheless,
the problem was not re-
solved completely and fur-
ther steps were taken to
ensure a higher degree of
safety.

To ensure a virtually dust free
 pro duct, Novozymes has in-
vested –  already in the early
1990s – in developing a process

that creates coated thermo stable
products. This technology has
 resulted in the commercial forms
of RONOZYME enzymes being mar-
keted with the name extension CT,
M or most  recently GT granules. 
As seen in the photograph below,
the CT granule formulation is a
product devoid of dust at the man-
ufac turing point. Never theless, it
should be emphasised that during
handling, any spills should be
 removed promptly as crashing of
the granules can  release dust.

As a final note, it should be  re -
 minded that the issue of 
allergy to enzymes is solely an 
occupational hazard for human
operators exposed to enzyme dust
or aerosols. The cause may be 
application of non-granulated
products or by incorrect handling.
No negative effects on animals
and farm personnel have ever
been reported for almost 

40 years of use. 

Arne Korsbak
Market Development Manager,

Feed Enzymes, EMEA, DSM
arne.korsbak@dsm.com
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How much 
phosphorous can 
a phytase release?
This must be the most frequent
question asked. We all know the
traditional values of 0.1% available
phosphorus and 0.1% calcium usu-
ally assigned to most phytase
products; these values are fre-
quently used as reference when
doing price comparisons between
different phytases. They are well
established figures that have faith-
fully served the industry for many
years, corresponding to the mini-
mal dosage of phytase products as
recommended by their manufactur-
ers. But, it is a bit like the com-
puter industry. Nobody would
compare today two computers
based only on their memory capac-
ity of 1 MB. That’s an old trick from
over 20 years ago.

The high cost of inorganic phos-
phate salts, such as monocalcium
and dicalcium phosphates, has re-
newed efforts to replace even more
dietary phosphorus with higher
levels of phytase, as a means of
controlling overall feed cost. For ex-
ample, in a typical corn-
soybean meal-based
diet for broilers there is
about 0.22% phytate
phosphorus; thus, sub-
stantial room exists to
remove some more
phosphorus beyond the
traditional 0.1% target.
Indeed, earlier research
work in Brazil (Vieira et
al., 2009) and the US
(Waldroup et al., 2008)
has shown that higher
phytase levels can re-
place increased amounts of dietary
phosphate. More recently the pos-
sibility was shown to take out all
dicalcium phosphate from the
broiler feed after 21 days of age
(Maiorka et al., 2012). In fact, it has
been known in the industry for
quite some time that with a mega
dose of phytase, phytate hydroly-
sis can be nearly complete. Never-
theless, in the past, such levels
were clearly neither not practical
nor economical.

A feasible alternative to mega
dosages has been the evolution of
a phytase with a much higher effi-
ciency for releasing phosphorus,
without the need for over-supple-

mentation. Such is the product
marketed by DSM under the com-
mercial name of Ronozyme HiPhos.

From Fig. 1, it is apparent that a tra-
ditional phytase (P5000) or an im-
proved phytase (NP) can reduce
the need for inorganic phosphorus
additions by as much as two thirds,
by releasing 0.1 and 0.12% phytate
phosphorus, respectively.
Ronozyme HiPhos, can virtually
eliminate the need for any phos-
phate addition, by releasing as
much as 0.15% phytate phospho-
rus (and even more at a higher
dose), which is at least 50% more
than that released by a traditional
phytase.
This increased phytate releasing ef-

ficiency translates to greater sav-
ings in feed cost. Thus, when in the
case of a traditional phytase we
saw savings of 4.62€/MT, this in-
creases to 5.72€/MT when the
newest phytase is used. This is a
reduction in feed cost of 1.1 €/MT
or almost 24% more. Feed savings
will of course be greater when the
price for phosphates increases dur-
ing market spike periods (and less
when prices drop).

In conclusion, we can safely say
that practice is focusing more and
more on modern high-efficiency
phytases that can greatly reduce
and in some cases eliminate the
need for phosphates offering sub-
stantial feed cost savings!           

Dr Jose-Otavio Berti Sorbara
Regional Category Manager, Feed

Enzymes, Latin America, DSM
jose-otavio.sorbara@dsm.com
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Phytase unit myth!

Today, there are many commercial
enzyme products in the market,
each with a seemingly ambiguous
system of units and dosing recom-
mendations. The plethora of
measuring unit systems is be-
cause the analytical method of
quantifying each enzyme activity
is specific to this unique product.
Each unit system is often devel-
oped by the enzyme producer and
the overriding purpose is to con-
trol and document enzyme activity
in the enzyme product and fin-
ished feed or premix. In addition,
as each enzyme product is derived
from a distinct manufacturing
process (enzyme source, activity
strength, and formulation) that
determines its efficacy, different
products can have different rec-
ommended dosages. Obviously,
this situation makes it extremely
difficult to compare the efficacy of
two enzyme products, and as
such, enzyme units are not a suit-
able tool for this purpose.

In the case of phytases, the major
manufacturers have worked to-
gether in standardising the analyt-
ical procedure for measuring the
activity in enzyme products and
feed samples. This was done
under the auspices of FEFANA (EU
association of feed additives and
premixture operators). The stan-
dard method was evaluated in an
inter-laboratory study in coopera-
tion with the European Commiss-
ion's Community Reference Lab-
oratory (CRL). Finally, the method
became an ISO (International Or-
ganization for Standardization)
standard. In brief, one phytase
unit (U) is the amount of enzyme
that releases 1 micromole of inor-
ganic phosphate per minute
under specified laboratory condi-
tions: ie. from a 5 millimolar solu-
tion of purified sodium phytate at
pH 5.5 and 37°C.

Here it should be noted that activ-
ity and concentration are two dif-
ferent things. As such, units
describing activity (such as those
provided for labeling purposes)
have absolutely no value in com-
paring two different products.
Moreover, it is important to stress
that enzyme activity refers to the
ability to perform a certain action
under the specific assay condi-
tions. And, as the assay condi-

tions are quite different from the
conditions inside the animals, it is
clear that the ability to perform
under assay conditions is not the
ideal way to predict which of two
different phytase products will be
most efficient in the animals. 

So, what is the best way of 
comparing two phytase products?

First of all, products should be
compared based on the cost of
application or saving potential (or
‘cost of treatment’) and not on the
cost per unit of phytase or cost per
kg of product. The only valuable
method to compare enzyme prod-
ucts is the performance of the rec-
ommended dosage in carefully
planned and conducted efficacy
trials with the relevant animal
species. The real value of a given
enzyme product is therefore the
value obtained in the animals
(better performance or reduced
feed costs) relative to the applica-
tion cost. Naturally, other quality
parameters such as stability under
storage and processing, mixability
and safety should also to be taken
into consideration.

In conclusion, two phytase prod-
ucts can be compared only on
their in-vivo efficacy, net feed
costs savings and other benefits.
The units must be reserved for an-
alytical purposes such as quality
control and product documenta-
tion.

Maria Visiel Vasquez
Regional Category Manager, 

Feed Enzymes, Asia Pacific, DSM
maria-visiel.vasquez@dsm.com
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What are enzymes
and how do 
they work?
Enzymes are natural proteins!
They are secreted by all animals
as part of the process of feed di-
gestion. The stomach, small intes-
tine, and pancreas all secrete a
wide range of enzymes to digest
carbohydrates (major source of
energy), lipids (also a good source
of energy), proteins (amino acids),
and mineral complexes. Enzymes
literally chop down large com-
pounds (such as starch, for exam-
ple) into smaller pieces (such as
maltose and dextrin) and eventu-
ally into component building
blocks or units (in the case of
starch, being glucose – a simple
sugar). These simple compounds
are then absorbed to be used by
the animal for maintenance and
production purposes.

Without the digestion process
provided by enzymes virtually no
nutrient can be absorbed. To
work, enzymes need two condi-
tions. First, they need the suitable
substrate. Thus, a protease can
not break down a carbohydrate,
nor a phytase can work on a pro-
tein. So, there must be a match
between each enzyme and its
substrate. The enzyme recognises
and attaches itself on the sub-
strate in a mechanism that resem-
bles the likeness of a key-and-
lock analogy. Second, they need
the proper environment in terms
of acidity or alkalinity. For exam-
ple, enzymes secreted in the
stomach work best under low pH
(acidic) as this is the natural envi-
ronment of the stomach. In con-
trast, enzymes secreted in the
small intestine work best in a
higher pH environment, for the
same reason. Enzymes secreted
by the animal are called endoge-
nous. Those added in the animal’s
feed are called exogenous. 

Commercial enzymes (exoge-
nous) are used to enhance the
natural process of digestion. Ex-
amples include amylase (starch)
and protease (protein). Other en-
zymes are used to provide for the
digestion of substrates that are
not digested by the animal. This
includes phytase (phytate phos-
phorus) and xylanase-glucanase

(fibre components). The majority
of the commercial enzymes have
been that of the latter form, al-
though amylases and proteases
are being used with increasing fre-
quency and success. Exogenous
enzymes are also natural proteins,
produced by controlled microbial
fermentation, and they work
under the same principles as en-
dogenous enzymes. Like their en-
dogenous counterparts, they too
require the proper substrate and
correct pH conditions to exert
their full effect. In addition, there
are a few other requirements for
exogenous enzymes: they must be
stable under diverse feed process-
ing and storage conditions, they
must be safe for human operators,
and of course, their use must im-
prove profitability for the animal
producer! Today, we can easily ex-
pect a 10% improvement in phos-
phorus digestibility by a modern
phytase. Likewise, a glucanase or
xylanase enzyme can improve
metabolisable energy in feed by
about 50kcal/kg, or even more
(up to 150kcal/kg is not unreason-
able for low quality cereals). Fi-
nally, a protease improves protein
digestibility around 2-5% depend-
ing on the type of ingredients
used. In the animal industry
where profit margins are thin,
such improvements as those con-
ferred by exogenous enzymes are
indeed substantial.

In conclusion, enzymes are nat-
ural, safe, and important for the
animal. Supplementation in feed
enhances the process of diges-
tion, and reduces the amount of
feed being excreted. This, in turn,
improves animal performance,
profitability, and reduces environ-
mental pollution.
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