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1.1 Historic Use of Feed Enzymes

Commercial feed enzymes were first intro-
duced in 1984 in Finland by Suomen Rehu 
and had the aim of significantly improving 
the nutritional quality of barley-based ra-
tions (Bedford and Partridge, 2001). The en-
zymes used were originally developed for 
the brewing industry and then leveraged 
into animal nutrition. Through their mode 
of action in targeting specific antinutrients 
present in key raw materials in the feed, en-
zymes help reduce antinutritional effects 
and improve feed efficiency by allowing the 
animals to extract more nutritional value 
from the feed ingredients. Their use has en-
abled producers to see direct and immediate 
economic returns through the ability to alter 
their feed formulations, reducing the use 
of expensive ingredients (e.g. fat, synthetic 
amino acids and inorganic phosphorus) 
while still meeting the animal’s nutritional 
requirements. The use of enzymes in the 
feed also allows producers to have more 
flexibility in their feed formulations through 
inclusion of lower-quality raw  materials or 
by-products in the diet when prices of the 
main grains are high, helping them to better 
manage feed cost volatility in their systems. 

These immediate returns on investment for 
users helped adoption of feed enzymes as a 
new technology and has driven the growth 
of the market.

There are also additional benefits to the 
use of feed enzymes. The fact that the ani-
mal is able to extract more nutrients from 
the feed has the benefit of reducing the 
wastage from animal production systems; 
this is especially important in markets 
where land mass is an issue for disposal of 
waste or where there is strong environmen-
tal legislation. Through improved feed effi-
ciency producers are also able to get animals 
to market weight quicker, using less feed. 
As feed is the greatest contributor to pro-
duction costs (approximately 70%), any ac-
tion that can bring down the price per tonne 
and the feed cost per animal in the system is 
of benefit for the profitability of the produ-
cer (Barletta, 2010).

1.2 Why Have Feed Enzymes  
Traditionally Been Used?

Historically, the use of feed enzymes has 
been with a nutritional focus in mind. The 
market to date has been dominated by 
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 enzyme activities targeting the main poten-
tial antinutrients found in livestock diets 
such as fibre, proteinaceous compounds 
(e.g. lectins, trypsin inhibitors) and phytate. 
Starch digestion can also be compromised 
and can potentially benefit from exogenous 
amylase addition.

1.2.1 Fibre-degrading enzymes

The first feed enzymes to be introduced 
were β-glucanases in the early 1980s for 
barley-based diets followed by xylanases in 
the late 1980s (Bedford and Partridge, 2001). 
These enzymes target β-glucans and arabi-
noxylans, which are soluble fibre fractions 
found in cereals and other raw materials 
present in the feed. Soluble fibre, if not 
dealt with, can lead to issues with viscosity, 
especially in poultry. Increasing levels of 
viscosity have a direct negative correlation 
with feed conversion and metabolizable en-
ergy. This is due to the viscous conditions 
in the gut hindering digestion of key nutri-
ents and thereby decreasing bird growth. 
With the initial introduction of fibre- 
degrading enzymes, the visual effects of the 
enzyme could be seen within the produc-
tion systems with reductions in sticky drop-
pings, wet litter, dirty eggs and carcass 
downgrading issues such as breast blisters 
or carcass contamination.

While viscosity issues mainly affect 
poultry, other negative effects of fibre can 
affect performance of both poultry and 
swine. For example, in piglets the ability of 
fibre to increase the bulkiness of feed can 
negatively impact feed intakes during this 
critical phase and have detrimental effects 
on lifelong performance as a result. Clear 
benefits can also therefore be seen with use 
of xylanase for young pigs.

Initially these enzymes were targeted to 
those markets that were using viscous grains 
in their diets such as wheat, barley and rye. 
The nutritive value of these grains can be 
highly variable, introducing variability into 
the production system that can impact flock 
or herd uniformity, which is a big issue 
when animals are being grown to target 
weights for the market. Today most poultry 

diets containing wheat, barley or other vis-
cous grains would contain a xylanase and/
or β-glucanase. Use of feed enzymes in pig-
let diets containing these grains is also high 
and adoption in grower-finisher diets is 
 increasing.

1.2.2 Protein-degrading enzymes

Introduced soon after xylanase, proteases 
target the storage protein and proteinaceous 
antinutrients found in key feed ingredients 
such as soybean meal and other vegetable 
proteins. Key proteinaceous antinutrients 
present in legumes include trypsin inhibi-
tors, which inhibit digestion by blocking 
the activity of trypsin. Through the use of 
exogenous proteases these inhibitors can be 
broken down and the protease can supple-
ment the action of the endogenous prote-
ases produced by the animal. Use of 
proteases also decreases nitrogen excretion, 
which can reduce ammonia production in 
animal houses and also has positive envir-
onmental impacts.

Protein digestibility of major protein 
sources is not complete, varying from 73.0 to 
79.5% for meat and bone meal and canola 
meal to 91% for soybean meal (Rostagno et al., 
2011). This means there is a large amount of 
undigested substrate to target with an ex-
ogenous protease. There are also potential 
gut health benefits through a reduction in 
undigested protein reaching the caeca of 
birds or hindguts of pigs, meaning less sub-
strate available for potentially pathogenic 
protein-fermenting bacteria such as Clostrid-
ium perfringens.

1.2.3 Starch-degrading enzymes

As is the case with protein, starch digestibil-
ity is also not complete in the animal. For 
example, in poultry starch digestibility  
increases in the animal as endogenous amyl-
ase production increases during the early 
weeks of life, but while amylase production 
continues to scale up in the animal’s gut, the 
overall digestion of starch tends to peak at 
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about 85% (Noy and Sklan, 1995). This in-
dicates that a high amount of substrate is 
still available for an exogenous amylase to 
target and enhance digestibility. Amylases 
are currently used in both monogastrics and 
ruminants, however application into rumin-
ants is still in its infancy.

1.2.4 Phytate-degrading enzymes

Phytases dominate the current feed enzyme 
market and are ubiquitous in most poultry 
and pig feeds globally. They target the an-
tinutrient phytate, which is the main storage 
form of phosphorus in plants. Phosphorus is 
crucial for good growth and bone develop-
ment. Levels of phytate vary between raw 
materials and also between batches of raw 
material. Monogastric animals lack the en-
zyme activities needed to degrade phytate 
and therefore phosphorus in the form of 
phytate is largely unavailable to the animal. 
Prior to commercialization of phytases, in 
order to meet the animal’s requirement for 
phosphorus, it was necessary to include  
inorganic forms of phosphorus in the diet. 
Such a diet would contain excess indigestible 
phosphorus and large amounts of phos-
phorus were excreted in the animal’s manure. 
Environmental concerns due to pollution 
of natural waterways with phosphorus ex-
creted by livestock led to the development 
and initial adoption of phytases in monogas-
tric feeds in the 1990s. Widespread adoption 
followed once feed cost savings were 
achieved through application of phosphorus 
and calcium nutrient matrix values to the 
phytase and also through the reduced costs 
of disposing of the lower-phosphorus waste.

More recent research has demonstrated 
that the phytate molecule, targeted by 
phytases, not only makes phosphorus un-
available but is also a powerful antinutrient, 
impeding the digestion of amino acids and 
minerals, negatively impacting the effective-
ness of the animal’s endogenous protease and 
increasing endogenous losses from animals. 
The result of not dealing with phytate is there-
fore decreased nutrient digestion and feed 
 efficiencies, impairing animal performance.

Since the initial introduction of 
phytase, ongoing investment in animal  
research by phytase suppliers and growing 
competition have led to the development of 
more efficient enzymes with significantly 
higher economic benefits for producers and 
lower costs of inclusion. With a deeper 
understanding of the negative effects of 
phytate and the benefits of phytase, there 
have been two major developments. Doses 
have increased beyond the traditional 
standard dose of 500 FTU/kg feed, espe-
cially in regions such as Asia where feeds 
can contain high levels of phytate-rich rice 
bran or other similar raw materials, the aim 
being to degrade the phytate as quickly as 
possible, reducing the antinutrient effects of 
phytate. Also, additional nutritional value 
is now assigned to the enzyme, with many 
suppliers having now introduced energy 
and amino acid values to the phytase nutri-
ent matrix. This substantially increases the 
potential feed cost savings, leads to a higher 
optimal phytase dose and has therefore 
driven up the use of phytase.

1.2.5 Is more than one enzyme activity 
needed?

Most diets fed globally contain cereals and 
protein sources, with the dominant protein 
source being soybean meal. In cereals there 
is a close association between starch, pro-
tein and fibre-rich cell walls. For example, 
the endosperm of cereal grains is made up 
of a starch/protein matrix. Using enzymes 
to break down either the starch or the pro-
tein is therefore likely to also increase di-
gestion of the other component. It is for this 
reason that when nutrient values are as-
signed to an enzyme product, they may  
include nutrients that are not the primary 
target of the enzyme. In the case of soybean 
products there is a large amount of protein 
present but also several antinutrients such 
as trypsin inhibitors and also non-starch 
polysaccharides. Some protein will be 
trapped due to the ‘cage effect’ of this fibre 
and therefore it is likely that a xylanase will 
complement the protease activity and pro-
vide additional benefits. When considering 
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the feed enzymes to use it is important to 
look at the ingredients in the diet and the 
likely substrate levels that are present for 
the enzymes to act on. Enzymes can then be 
selected that are suitable for the main an-
tinutritional substrates found in the diet.

1.3 Current Feed Enzyme Market Size

Recent market reports estimate the current 
size of the global feed enzyme market at 
US$1.2 billion. Projections for market 
growth differ, in the range of 5–10% com-
pound annual growth rate (Marketsandmar-
kets.com, 2019; Mordor Intelligence, 2019). 
Market projections are typically prepared 
by analysts who look at data available in an-
nual reports of publicly listed companies. 
As the largest feed enzyme suppliers are 
part of larger companies, there is little pub-
licly available data on exactly how much 
revenue is generated with feed enzymes and 
how fast the market is growing. Factors that 
influence this growth rate include:

• Penetration of enzymes in the market. 
This typically increases as the level of 
sophistication of production systems 
increases.

• Enzyme inclusion levels (dosing). This 
typically increases as operations become 
more skilled in the use of enzymes.

• Emissions from animal production. 
Regulatory and consumer pressures to 
reduce emissions are expected to in-
crease (FAO, 2019).

• Animal protein production output. Ani-
mal protein production is forecast to in-
crease over the next decade.

While the exact magnitude of expected 
growth is unclear, analysts agree that the 
market and demand for feed enzymes will 
continue to increase. The key drivers for 
growth are a growing global population 
combined with a rise in the share of people 
in developing countries who can afford ani-
mal protein, despite a growing number of 
Western consumers who are reducing their 
meat consumption. Per capita meat con-
sumption is forecast to increase in all re-
gions, with Asia expected to see the largest 

growth. Meat consumption in China and 
South-East Asia is projected to increase by 
2028 to 5 and 4 kg/capita, respectively, with 
the main increases coming from poultry and 
pork meat (OECD/FAO, 2019). In mature 
markets, meat consumption is also expected 
to grow, albeit at a lower rate, despite the 
growing trends for meat replacement.

Market needs to reduce feed costs and 
emissions in animal production will drive 
growth of feed enzymes, even in mature 
markets. Global livestock production is pro-
jected to expand by 13% by 2028, with an 
equivalent growth in feed production. The 
majority of livestock production growth 
will come from further intensification of 
production, by both increased outputs per 
animal through increased slaughter weights 
as well as increasing the number of animals 
through shortening time to market (OECD/
FAO, 2019). To achieve these production 
improvements, efficiency of feed utilization 
will be a key parameter and feed enzymes 
are proven to contribute to this. An add-
itional likely consequence of an increased 
human population and growing demand for 
animal protein is that there may be more 
episodes of increased competition for major 
grains between food, fuel and feed, driving 
up the costs of grains, incentivizing animal 
producers to use lower-quality ingredients 
in animal diets. This is likely to increase 
target substrates for feed enzymes.

1.4 Who’s Who in the Feed Enzyme 
Market?

The number of players in the feed enzyme 
market continues to increase, as does the 
trend for mergers and acquisitions within the 
industry. In key growth markets such as India 
and China, there are increasing numbers of 
local companies producing the main classes 
of feed enzymes. As the experience of these 
producers and the quality of their products 
increase, some of these local products are 
starting to enter other global markets. Glo-
bally some of the main players who currently 
continue to dominate the industry are Danisco 
Animal Nutrition, Novozymes/DSM, BASF, 
Adisseo/Bluestar, Huvepharma and AB Vista.
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Danisco Animal Nutrition (Leiden, the 
Netherlands) is a unit within the Health and 
Biosciences division of IFF (Wilmington, 
USA). Danisco Animal Nutrition (formerly 
known as Finnfeeds International Ltd) pi-
oneered the development of feed enzymes 
in the 1980s. Their enzyme products include 
the phytases Axtra® PHY and Phyzyme® 
XP, and a range of single- and multi-activity 
carbohydrase/protease-based products – 
Danisco® Xylanase, Axtra® XB, Axtra® XAP 
and Axtra® PRO. The portfolio also includes 
products for swine and poultry that com-
bine enzymes with probiotic technologies 
to maximize gut health and nutrient digest-
ibility under the Syncra® brand. DuPont 
also sells natural betaine into the feed addi-
tive sector.

Novozymes (Denmark) and DSM (the 
Netherlands) formed a strategic alliance in 
2001. DSM is responsible for the sales, mar-
keting and distribution of Novozymes’ feed 
enzymes. Novozymes is responsible for 
product development and R&D. The alliance 
covers pigs, poultry, ruminants and pet feed. 
Their portfolio of feed enzyme products 
 currently includes a phytase, Ronozyme® 
HiPhos, and a range of single- and multi- 
activity carbohydrase/protease-based products 
including Ronozyme® ProAct, Ronozyme® 
WX, Roxazyme® G2, Ronozyme® Rumi-
Star™ and Ronozyme® MultiGrain. The port-
folio also includes a muramidase with the 
trade name Balancius®, which is an enzyme 
designed to digest bacterial waste within the 
gut of birds to help maximize digestion. DSM 
also sells other additive types including 
 carotenoids, eubiotics and vitamins.

BASF’s feed enzyme portfolio in-
cludes Natuphos®, which was the first 
commercial feed phytase, Natuphos® E 
(phytase) and Natugrain® (carbohydrase). 
Their portfolio also includes glycinates, 
carotenoids, organic acids, vitamins and 
clay products.

Adisseo (France) was acquired by Blue-
star group (China) in 2006. Bluestar Adisseo 
(France) specializes in animal nutrition, 
providing amino acids, vitamins and en-
zymes to the animal feed industry. Their 
feed enzyme portfolio currently includes 
Rovabio® Excel (carbohydrase), Rovabio® 

Advance (carbohydrase) and Rovabio® 
 Advance PHY (carbohydrase and phytase).

Huvepharma (Bulgaria) is a company 
focused on human and veterinary pharma-
ceuticals. Their products include coccidio-
stats, enzymes, vaccines and other veterinary 
products. The Huvepharma feed enzyme 
portfolio includes Hostazym® C and Hosta-
zym® X (carbohydrases) and OptiPhos® 
(phytase) that they acquired from Enzyvia 
LLC in 2013.

AB Vista is the feed additives business 
owned by AB Agri (UK). Their enzyme 
portfolio includes Quantum® Blue (phytase), 
Finase® EC (phytase), Econase® XT (carbo-
hydrase) and Signis® (a combination of a 
xylanase and xylo-oligomers). Their port-
folio also includes betaine and live yeast.

1.5 Regulation of Feed Enzymes

Most markets around the world have regula-
tions in place to govern the placement of 
feed enzymes on to the market. Those pro-
ducing feed enzymes or placing them on to 
the market must provide proof that the en-
zyme is safe and efficacious for the target 
species. Proof of product quality such as 
consistency and stability must also be dem-
onstrated. Approval times vary by market 
and can range from 3 months to over 2 years 
depending on the level of detail needed in 
the regulatory dossier. The most highly 
regulated markets include the EU, the USA 
and Brazil, but the trend is for increased 
levels of regulation globally.

To gain approval to sell in the EU, en-
zymes must gain approval under Regulation 
EC 1831/2003. A full dossier detailing the 
identity, characterization and conditions of 
use for the enzyme must be provided to the 
European Food Safety Authority (EFSA). 
The source of most feed enzymes remains 
microorganisms and therefore full details on 
the characterization of the production organ-
ism are also required. Safety of the enzyme 
must be demonstrated via a full toxicity test, 
and tolerance studies must also be provided 
looking at the target species. Enzyme prod-
ucts, due to their proteinaceous nature, are 
presumed to be respiratory  sensitizers and 
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particle size data are used to assess the like-
lihood of exposure and risk to the users. As 
well as assessing safety, the EU dossier also 
requires proof of efficacy for the intended 
use. Studies must demonstrate significant 
effects at the lowest recommended dose in 
three studies per major target species con-
ducted according to common feed manufac-
turing, animal husbandry and farming 
practices in the EU. Approval of the dossier 
by EFSA once it is prepared and submitted 
takes approximately 2 years (EFSA, 2019).

In the USA any product intended for 
use as an animal food ingredient is con-
sidered a food and the Food and Drug 
Administration’s (FDA) Center for Veterin-
ary Medicine (CVM) is responsible for the 
regulation of animal food products. Produ-
cers are able to submit a self Generally 
Recognized as Safe (GRAS) notification. 
This requires a similar safety assessment to 
the EU approval but requires only one 
proof-of- efficacy study. To achieve self 
GRAS, the information should be assessed 
by a group of experts known as a GRAS 
panel (FDA, 2020).

In other markets around the world there 
is a trend for increasing regulations. For ex-
ample, in China and Canada if the enzyme 
production host is genetically modified 
then it is necessary to register the enzyme 
production host. Only once these are ap-
proved and on the positive list can one pur-
sue a product registration. This process can 
be lengthy and up to 48 months in China. In 
Brazil regulations have also recently been 
reviewed and increased, with a new re-
quirement introduced that every product 
presentation (liquid, granule, powder) and 
every product concentration needs its own 
efficacy study for each animal category.

1.6 How are Enzymes Used in Feed?

There are two main methods of using feed 
enzymes. The first is to assign and apply a 
nutrient matrix to the feed enzymes to ac-
count for the nutrients released by the en-
zyme. Matrix values for carbohydrases and 
proteases typically include energy, protein 
and amino acids. When first launched the 

matrix values assigned to phytases were for 
calcium and phosphorus only. However, as 
more is now understood about the negative 
effects of phytate, most producers also rec-
ommend energy, amino acids and other min-
erals to be assigned. The matrix values are 
usually generated using animal studies 
which have looked at digestibility improve-
ments that can be gained through use of the 
enzymes. The benefit of assigning matrix 
values is that it results in reductions in feed 
costs while animal performance (growth, 
feed efficiency, egg production, etc.) is main-
tained. The matrix values can be used either 
to replace expensive ingredients in the for-
mulation (e.g. fat or synthetic amino acids) 
or to relax constraints on the inclusion of 
lower-cost, poorer-quality ingredients. This 
is the preferred method of application as 
the cost savings achieved through the use of 
the enzyme(s) are immediately apparent to the 
user and will usually more than cover the 
cost of the enzyme addition.

The second method of using feed en-
zymes is to add the enzyme to the standard 
feed with no reformulation. The enzyme(s) 
will still release nutrients and improve effi-
ciency of feed utilization resulting in im-
proved animal performance. The economic 
benefits of this method of application are 
typically realized at the end of the produc-
tion cycle, either in heavier slaughter 
weights or more production cycles per unit 
of time. Users can alternatively get the bene-
fit of both application methods by applying 
a discount to the matrix provided by the en-
zyme suppliers at the same time as realizing 
some performance benefits.

There are several considerations for the 
physical product form. Enzymes are protein 
products which need to have sufficient 
shelf life to cover transportation, storage 
time and storage conditions, whether that is 
in pure form, in premix or in feed. They 
must also be robust enough to withstand 
feed processing conditions.

Enzymes can be added as liquid or dry 
product forms into the feed. Liquid product 
forms are usually non-thermostable and 
therefore have to be added to the feed via a 
post-pelleting liquid application (PPLA) sys-
tem. Although PPLA systems are relatively 
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complex they have several advantages. First, 
PPLA enables enzyme application to feed 
produced under harsh processing conditions. 
Such processing conditions can be used for 
several reasons, for example as a strategy to 
minimize Salmonella spp. contamination. 
Second, PPLA offers dosing flexibility where 
enzyme dose (especially phytase) can be var-
ied from batch to batch, something which 
could be harder if the alternative is enzyme 
inclusion via the premix. Ideally, liquid en-
zymes would be sufficiently thermostable to 
allow them to be dosed directly into the feed 
mixer pre-pelleting, just like liquid amino 
acids are today. This would combine dosing 
flexibility and automation with a much sim-
pler and cheaper dosing system than PPLA.

Dry product forms can be either thermo-
stable or non-thermostable. The advantage 
of dry thermostable product is that it can be 
dosed either directly into the feed mixer or 
included in the premix, thus simplifying 
operations versus PPLA. As the majority of 
monogastric feed is pelleted, the majority 
of feed enzymes used today are dry thermo-
stable products. Dry non-thermostable prod-
uct is typically used in mash feed, which is 
not pelleted.

Finally, some thought should be given 
to safety and ease of handling. Some en-
zyme suppliers have started to offer high- 
concentration dry powder forms which are 
often highly dusty. To avoid worker expos-
ure, which could lead to allergic reactions, 
proper containment procedures need to be put 
in place when handling high-concentration 
enzyme powders. Enzymes in granular form 
or in liquid form have a far lower worker 
safety exposure risk and are easier to handle 
safely.

Taking all these elements into consider-
ation, the user should select the product and 
product form that best suits their operations.

1.7 The Changing World of Animal 
Production – An Opportunity  

for Feed Enzymes?

The animal production industry is  currently 
undergoing a period of change. Globally there 
is a drive to reduce or remove antibiotics 

from animal production, mainly due to con-
cerns over antibiotic resistance and possible 
implications for animal health. The use of 
antibiotics in animal production has been 
long established practice and their removal 
has big implications for producers. Without 
the antibiotic line of defence, animal pro-
duction becomes more complex with un-
predictable disease challenges on the rise. 
As a result, the importance of maintaining 
good gut health is receiving more focus and 
the necessity of feeding not just the animal 
but also its gut microbiome is clear.

While ensuring that the animal has all 
the nutrients needed to reach its full growth 
potential is a top priority, it is also important 
to either limit the amount of undigested nu-
trients or control the types of undigested 
nutrients that reach the terminal ileum or 
hindgut, so as not to provide substrates 
upon which non-beneficial bacterial popu-
lations can feed and thrive. Feed enzymes 
have a major contribution to make in this 
area as they are known to improve digest-
ibility and limit the amounts of undigested 
nutrients in the lower gastrointestinal tract. 
For example, proteases and also carbohy-
drases and phytases will reduce the amount 
of undigested protein reaching the hindgut 
where it would be utilized by protein fer-
menters such as C. perfringens which can 
cause disease issues if their population gets 
out of control. Xylanase has also been shown 
to produce oligomers that are most suitable 
as a substrate for beneficial bacterial popula-
tions. Further research is currently under 
way across the industry to build on these 
known proven effects. A fuller understand-
ing of which substrates can be utilized by 
the microbial populations in the gut and 
how to increase those of benefit will be key. 
In addition, a greater understanding will be 
necessary of how the nutritional changes 
and reductions in anti nutritional effects 
achieved with enzymes influence other fac-
tors such as immune responses and gut 
function.

Due to the many issues that removing 
antibiotics may cause, it is probable that 
multiple technologies will be needed to  
replace them. As a result, we will likely be 
seeing more technology combinations in the 
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marketplace, as well as novel enzyme activ-
ities that have a primary mode of action 
more related to gut health effects rather than 
nutritional effects per se. Recent years have 
also seen veterinary pharmaceutical com-
panies moving into the feed additive space 
as they look for ways to replace the lost rev-
enue streams from the removal of antibiot-
ics from livestock diets.

Another trend starting to influence ani-
mal production is the growing concern over 
climate change and sustainability with a 
spotlight being shone on the animal produc-
tion industry. Feeding a fast-growing human 
population is likely to lead to more intensi-
fication of the livestock industry. As farms 
become larger, concerns over emissions will 
continue to grow. Enzymes, through influ-
encing the substrates available for bacterial 
fermentation, will likely have value in this 
application.

The current feed enzyme market is 
dominated by products aimed at monogas-
trics (pigs and poultry). Opportunities for 
market growth also exist in the ruminant 
and aquaculture industries. The challenge 
for the ruminant space is having enzymes 
that can either act in or survive the rumen. 
For aquaculture feeds it is likely that the 
successful enzymes will need to have differ-
ent biochemical properties from those used 

for pigs and poultry, such as optimum tem-
perature and pH as well as salt tolerance in 
the case of saltwater fish.

While to date the nutritional cost sav-
ings seen with enzymes has driven their 
market adoption, in the future a better 
understanding of their full mode of action 
may bring new value propositions. This is 
being reflected in the research approaches 
being adopted by major feed enzyme com-
panies. All major enzyme producers are 
 expanding their research disciplines to 
understand how enzymes can continue to 
improve via: (i) nutrition (where enzymes 
are traditionally key); (ii) the microbiome; 
and (iii) gut/immune function. It is in the 
latter two categories where the effects of en-
zymes are gradually becoming clearer from 
recent research. Factors such as diet, diges-
tion and absorption, gastrointestinal tract 
microbiota and mucosa, welfare and per-
formance, and immune status all need con-
sideration. These show the agreement 
within the feed enzyme industry for a need 
to understand, at a much deeper level, the 
benefits that enzymes can bring. The ultim-
ate aim is to help animal and feed producers 
navigate the options that are put to them 
and to demonstrate the importance of en-
zyme technology in the fast-changing world 
of animal production.
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