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History and scene setting
Feed Enzymes
• Kirchoff (1815) demonstrated the presence of
hydrolytic enzymes in plant material
• Ellenberger (1881) was the first to demonstrate the
potential of endogenous enzymes in plant material
in nutritional terms
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1925
Dr. George W. Hervey (Rutgers, NJAES)
becomes the first* to publish a paper on the
potential of feed enzymes to improve
performance and digestibility in poultry!
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Hervey, G.W. (1925) A nutritional study upon a fungus enzyme. Science, 62: 247.
*Clickner, F.H. & Follwell, E.H. (1926) Application of Protozyme (Aspergillus orizae) to poultry feeding. Poultry Science, 5: 241-247.
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Holst (1926)

Artifical enzymes and poultry feeding. Poultry Science 5:261265.

“…extension workers should be
cautious in advocating the use of
artificial enzymes in poultry
feeding.”
• Considered that residence time
in the GI tract of poultry was
insufficient to allow enzymes to
act successfully
• Lack of evidence and no
understanding of mechanism
• At the time only 2 papers had
been published on this topic
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1925 - 2013
• More than 2500 independent tests of feed enzymes in
broilers (Rosen, 2010)
• More than 450 independent tests of feed enzymes for layers
(Rosen, 2010)
• One of the most heavily researched fields in avian science
• A global market now worth almost $1bn per annum and
which saves the global feed and animal protein industries an
estimated $5bn annually
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The importance of benchmarking
A PIVOTAL QUESTION:
Which blend of enzyme products will deliver the economic
optimum value for my business?
A ‘POLITICIANS’ ANSWER!:
This depends entirely on the current limiting factor in the
profitability of the enterprise in question.
As George Harrison (Beatles) wrote:
“If you don’t know where you’re going, any road will take
you there….”
Page 6

The importance of benchmarking
Some logical thought processes:
1. What is the relative performance of birds in your business
relative to:
1.
2.
3.
4.

Competitors
Breeder recommendations
Historical norms
Top and bottom quartiles within your business?

2. What is the variability across different locations in bird
performance within your business?
3. How much of the gap from the top locations to the bottom
could be closed by altering nutrient delivery to the birds?
4. How much room is there in the various diets fed to
enhance nutrient delivery?
5. What interventions would be appropriate given points 3 &
4?
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Enzymes and inherent digestibility
Phytase, xylanase and protease efficacy declines as
the inherent digestibility of the focal nutrients
increases
Cowieson (2010) Journal of Poultry Science: for
xylanase/glucanase
Cowieson & Bedford (2009) Worlds Poultry Science
Journal: for xylanase and phytase
Cowieson & Roos (2014) Journal of Applied Animal
Nutrition
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Meta-Analysis
• Enzyme responses (digestibility and
performance) vary around a mean
• Meta-analyses (recently published – see
Cowieson & Bedford, 2010; Selle & Ravindran,
2008; Cowieson & Roos, 2014) are instructive
• Model development and prediction tools
• Generic matrix values may become obsolete as
prediction tools allow optimisation based on
diet, animal and environmental conditions
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Establishing the limits
• Enzyme effect follows a distinct law of
diminishing return, well correlated with control
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e.g. starch

Ileal amino acid digestibility

Mean control ileal amino acid digestibility (37 enzyme studies)

0.950

Weak (<3%) effects of
exogenous phytase and
xylanase

0.900

Modest (3-5%) effects of
exogenous phytase and xylanase
0.850

Strong (>5%) effects of exogenous phytase
and xylanase

0.800

0.750

0.700
Page Cys

Thr

Gly

Asp

Ser

Ala

Val

Pro

Ile

His

Tyr

Trp

Phe

Lys

Leu

Glu

Arg

Met

Amino acid profile of endogenous proteins
• mean amino acid profile of 8 sources of endogenous protein
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• amino acids of most significance, overall, are ser, gly, leu, pro, val, thr, as
• of least significance are met and his
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Inherent digestibility is key – published
papers bacterial protease
•

Angel et al. (2010b); Iwaniuk et al. (2010); Angel et al. (2010b); Angel et al. (2011); Olukosi et al. (2013);
Gugenbuhl et al. (2013); Viera et al. (2011); Messias et al. (2011); Carvalho et al. (2011a); Bertechini et al.
(2011a); Carvalho et al. (2011b); Bertechini et al. (2011b)
Total of 255 data points, diets and single ingredients, mostly broilers (piglets, turkeys, layers)
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Significant correlation between mucin and
protease effect
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y = 1.3876x - 0.3325
R² = 0.3569

Amino acid profile of intestinal mucin
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Enzymes and inherent digestibility

• So, any intervention that increases inherent digestibility will reduce
the magnitude and consistency of response of feed enzymes

• Highest risk are proteases and carbohydrases as other than phytase
there are few interventions that improve phytate-P digestibility
• Factors to consider include:
– Feed form (pelleting conditions etc)
– Bird age
– Environmental conditions (including climate, stocking, housing,
disease)
– Quality of the diet fed and balance of nutrients
– Water quality
– Presence of other growth/digestibility promoting additives
• AGP, other enzymes, acids, POM, eubiotics etc
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Rule of thumb
In most instances, unless you absolutely
know otherwise, it is likely that every new
additive you put in your diet will reduce the
efficacy of the incumbents on a like for like
nutrient basis, perhaps by as much as 30%.
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Bird age – ontogeny of enzyme value
• If enzymes work best in diets with poor focal
nutrient digestibility then how may this change
with bird age?
• Intuitively nutrient digestibility increases as
birds get older
• This is not universally true:
– Corring (1980) – adaptation of digestive approach to diet
modification
– Huang et al. (2005) – age*cereal interactive effects on AA
digestibility
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Adaptation to new diets – Corring (1980)
• GIT physiology is fluid and adapts readily to changing diet composition.
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Huang et al. (2005) British Poultry Science

• Wheat/Canola – overall a decrease in AA digestibility
d14-42
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• Corn/Soy
– overall an increase in AA digestibility d1442

Chronological effects
Enzyme (especially non-phytase) efficacy declined from 1980-2010?
• Rosen (2002) suggests that non-phytase bioefficacy declined over time from the
1980s to early 2000s predicting that if the trend continued ZERO effect would be
reached in 2004
• This did not happen
• Whats going on?
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De Beer (2010)
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Nutrition
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Where does the genetic improvement
come from?
• Largely from increased feed intake and decrease maintenance
requirements (Huang, 2012; de Beer, 2012 – personal comm.)
• HOWEVER, McDevitt et al. (2006) found that selection from 1970 to 2000
has increased (P<0.05) DM digestibility coefficients and AME
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2002

So what?
• Genetics have altered the birds efficiency, partly by altering nutrient
digestibility.
• Simultaneously cereal and grain legume varieties are nutritionally
enhanced
• Husbandry, nutrition and biosecurity is improved since 1970s
• The closer bird performance is to the genetic potential the less
opportunity there is for enzyme to elicit a beneficial effect.
• Nutrient digestibility cannot exceed 100%.
• A CONCEPTUAL FRAMEWORK TO UNDERSTAND THE LIMITS
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A caveat!
FCR is not fair......!
• Today a 2kg may eat 3kg of feed and so return an FCR of 1.5
• HOWEVER, the bird is 35% DM and the feed is 88% DM
• THUS, the reality is that on a DM basis the above is a 700g (DM) bird eats 2.65kg
(DM) so the ‘true’ FCR of dry matter intake and dry matter retention is actually
3.8.
• We still have a fair way to go to reach an FCR of 1.0, even on a ‘fresh’ basis.
• The easiest way to achieve this is to drop the DM content of the live bird.
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Future of phytase
•

“

Superdosing” (3x or more of standard) is here to stay

• Poorly defined and understood
• Dose response curves and inositol
• In the future:
– New generation phytases (ongoing competition)
– Combinations of phytases and phosphatases (and kinetic
complementarity)
– Extension to companion animal, aquaculture....
– Human nutrition e.g. “MixMe” “Sprinkles” etc – huge potential for
neonatal nutritional intervention
– PHYTATE may be a ‘second and third world’ and production animal
issue
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Phytase and protease?
• Bohn et al. (2007) phytate/protein globoids
• The protein shell makes these resistant to phytases
• Leske & Coon (1999) – phytate susceptibility
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Bye et al. (2013)
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Franz Hofmeister
• Prof. Franz Hofmeister (1850-1922)
• Born in Prague, 1850
• Pharmaceutical chemistry
• Proposer of the ‘Hofmeister Series’ ionic grouping
based on their ability to influence protein
solubility
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Hofmeister Series
• Effect of ions on protein solubility
CO32- > SO42- > HPO42- > OH- > F- > HCOO- > CH3COO- > Cl- > Br> NO3- > I- > SCN- > ClO4• Fig. 1 Representation of Hofmeister anions with increasing
chaotropic potency from left to right (adapted from
Leontidis, 2002; Zhang & Cremer, 2006).
Cs+ > Rb+ > NH4+ > K+ > Na+ > Li+ > Mg+ > Sr2+ > Ca2+
• Fig. 2 Representation of Hofmeister cations with increasing
chaotropic potency from left to right (adapted from Hess &
van der Vegt, 2009)
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Ions
• Certain ions are kosmotropic and so reduce protein
solubility
– Carbonates, sulphates, chloride, potassium,
phosphate, PHYTATE
• Certain ions are chaotropic and so improve protein
solubility
– Na, Ca, Mg
• Well understood in soil chemistry, colloid chemistry,
surface interactions, protein chemistry etc
• Neglected in nutrition
• Phytate, from recent research appears to be a very
potent kosmotropic anion
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Damodaran & Kinsella (1982)
• Effect of 1M ion salts on soy protein solubility (%):
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Beyond phytase.......
What is left to go for?
SOME BALLPARK FIGURES
• 0.05-0.10% digestible P
• 0.30-0.50% digestible Ca (what value does this offer?)
• 0.10-0.15% digestible SAA
• 0.15-0.20% digestible LYS
• 0.20-0.25% digestible THR
• 1200 kcal/kg digestible energy
– 850kcal locked up in lignified cellulose, AX and pectin-type fibre
– 350kcal locked up in undigested starch, protein and fat
• 130kcal starch, 120kcal protein, 90kcal fat
• Where the energy comes from IS important.
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Low hanging fruit
• Little excuse for P digestibility to be substantially less than
100%
• Phytases are inexpensive so use more
• Next generation phytases can give close to 90% phytate
recovery at 1500 FTU/kg
• Formulation to digestible Ca (nutritional geometry)
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Medium hanging fruit
• If the low hanging fruit is higher phytase doses and/or combinations of different
phytase at conventional doses what is next?
• Xylanase OR glucanase (Cowieson et al., 2010)
– Enhanced protein digestibility (gives some energy release)
– Variable improvements in fat and starch digestibility
– Marginal P and Ca digestibility improvements
• New mechanisms for xylanase emerging (Masey-O’Neill et al., 2012; Cowieson &
Masey-O’Neill, 2012) that explain the ‘generic effects’ (Cowieson & Bedford,
2009) on all nutrients
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Caecal thermogenesis
Cowieson & Masey-O’Neil (2013)
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Ok, high phytase doses, plus xylanase, what
else?
• Realistically the use of 2000-3000FYT/kg phytase, protease and an
aggressive xylanase leaves little ‘meaningful’ undigested nutrients behind
• Some room to capture additional Lys, Thr and potential for Val, Ile, Gly, Ser,
Arg (may be able to drop SBM inclusion if done carefully)
• Little additional energy or P potential
• “high hanging fruit”
– Pectin, amorphous cellulose degradation.
– New proteases (more data today than ever before but mechanisms
remain unclear)
• Driven by high SBM prices, definitely worth exploration
• Acidic cystine peptidases and aspartic acid peptidases for gastric
regions in addition to serine peptidases for SI functionality?
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Myo-Inositol
• The core of phytic acid
• Has not historically been considered as a product of phytase
effect
• New evidence of up-concentration of MYO in plasma of broilers
and pigs (Guggenbuhl et al., 2013; Cowieson et al., 2014)
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Myo-Inositol
• MYO is an INSULIN MIMETIC (Dang et al., 2010; Yamashita et al.,
2013)
• Translocates GLUT4 in mammals (and a yet to be identified
glucose transporter in avian species) – (Tokushima et al., 2005;
Sweazea & Braun, 2006)
• Orally administered MYO improves FCR in broilers (Cowieson et
al., 2013; Zyla et al., 2013)
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1] Hydrolysis of IP6 to lower
esters of IP by phytase in the
lumen

6] protein synthesis supported,
muscle atrophy decreased

7] improved FCR and lean
gain/meat yield
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2] Free phosphate and myoinositol created by phosphatases,
myo-inositol upconcentrated in
plasma

5] gluconeogenesis decreases,
glucose transport increases

3] myo-inositol stimulates
signalling pathways downstream
of IGF-1 (PI3K/Akt)

4] insulin sensitivity increases,
translocation of glucose
transporters

Future
• Genetic improvements likely to drop FCR for a 2kg bird to 1.20 by 2020-2025
• More microingredient launches and so more competition
• Though digestibility coefficients approach 100% there is room for intervention in
NUTRIENT REQUIREMENT and MAINTENANCE
• Meta-analyses will become increasingly important to explain variance in enzyme
effect and allow integration of optimisation tools with enzyme use
• Enzyme combinations can be assembled based on overlap in meta-analysis
outcomes and through mechanistic exploration
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Conclusions
• Global feed additive market to grow from $13.5bn in 2010 to $17.5bn in
2018
• Digestibility coefficients are difficult to improve beyond 0.95.
• FEED COST savings with enzymes may max out around $20/tonne
– Many paths, but not all paths, will get you there!

• Very few genuine paradigm shifts in the feed enzyme market since
phytase was launched in the early 1990s, perhaps due to law of
diminishing returns.
• I wonder what Dr. George Hervey would make of his humble Leghorn
experiment having led to an international market worth in excess of
$800m USD! He’s not even mentioned on Rutgers ‘historical
achievements’ list!
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