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intake weight weight d0-21 (cps)
(g/bird) gain  gain
d0-21  (g/bird) (gfbird)

d21-41 do-41
1. Control {(no enzyme) 1287 1649 2522 142 259
2. XH+ A 1242 1722 2606 1.40 2.51
3. XH+ A+ P3(500) 1234 1714 2596 1.40 2.75
4. XH+ A+ P3{1000) 1212 1689 2563 1.39 2.94
5 XH+ A+ P3(2000) 1194 1701 2587 1.35 2.36
6. XH+ A+ P3(4000) 1212 1749 2644 1.35 2.43
7.XH+ A+ P3(8000) 1205 1650 2526 1.37 2.20
8. XH+ A+ EP(500) 1157 1698 2557 1.34 1.98
9. XH+ A+ EP({1000) 1189 1657 2543  1.34 2.04
10 XH = A + EP[2000) 1192 1733 2598 1.38 2.31
11.XH + A+ EP(4000) 1179 1698 2579 1.34 2.01
12.XH + A+ EP(8000) 1202 1716 2584 1.39 2.06
sed 18.4 36.0 37.0 0.0170.305
Probabilities of main effects
Treatment HhE ns ns ok
XH + A versus control ns & E ns ns
P3 + EP versus control - ns ns e
Linear P3 ns ns ns ns ns
Quadratic P3 ns ns ns Bk S
Linear EP ns ns ns ns ns
Quadratic EP o ns ns o ns

= P=0.05, 7= P=<0.01, 77" = P=0.001
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Recent interest in the use of all classes of feed enzymes in corn soy diets has arisen as a result of the dramatic increase in the shadow prices of energy and phosphorus in particular, but also to a lesser extent that of amino acids. Whilst these values have abated significantly in recent months it is clear that the initial interest in such products has remained, because the return on investment is still attractive even with the reduced value of nutrients.

With regards to non-phytase enzymes, xylanases, ß 1-4 glucanases, mannanases and to some extent amylases have constituted the majority of enzyme classes employed in corn-soy based diets.  Experience on the use of these enzymes has been built up over many years and their benefits and limitations are still only beginning to be realised.  Recently, however, there has been a significant surge in offerings which are based significantly or even entirely upon proteases.  Some of the issues that need to be taken into account when considering using a protease (and in fact are relevant for most enzymes) are listed below:
1. Is the data based on in vitro studies?

2. What are the targeted protein ingredients or are these not identified, and what kind of protease is being offered?
3. What proportion of the in vivo data shows performance benefits to 42 days of age?

4. Is the protease fed in a diet where ordinarily another enzyme would be used – e.g. a phytase or a xylanase, and is the protease truly pure?
5. Are many trials presented, and if so, are any negative?

6. Is it heat stable?  If so, is it coated?  How much of the data generated is produced in pelleted diets?

1. Is the data based on in vitro studies?
a. In vitro studies are a quick and simple, but not always effective, means of evaluating feed enzymes.  In the case of a protease, any evaluation must take into account that the proventriculus/gizzard and the small intestine of the bird already produce significant quantities of pepsin and pancreatic enzymes respectively. It is no surprise at all that feeding a protease would release peptides from dietary proteins, but does it synergize with the pepsin and pancreatic enzymes present in the gut?  A significant issue is whether the simulation of the intestine is conducted using relevant conditions – i.e. temperature, pH and endogenous protease concentrations. An assay which is deliberately short in time, and employs a pH and temperature which favours the exogenous rather than the endogenous protease is not appropriate and likely to give overly optimistic results. Similarly use of low dosages of pepsin and/or trypsin/chymotrypsin will not reflect the value of the exogenous protease in vivo. Thus, if a significant correlation between the response to the protease in vitro and in vivo is not shown then the in vitro data should be treated with due suspicion.
2. What are the targeted protein ingredients, or are these not identified, and what kind of protease is being offered?

a. If the majority of the trials were conducted in diets containing corn and soy as the sole protein sources, does the product work when meat and bone, poultry by-product meal or other animal by-products are used. The specificity of the protease (mainly targeting plant proteins) may reduce its utility in such diets.  Also, use of extremely low protein diets may not give results that are reproducible when more practical, commercial diets are presented.
b. What is the nature of the protease in the product? There are several families of protease available and all have different characteristics and substrate specificity.  Firstly, proteases can be divided into two broad categories, exo- and endo-acting.  Proteinases or endopeptidases cleave inside the protein to produce large peptides.  Peptidases or exopeptidases cleave the end fragments of proteins to produce small peptides and amino acids.  These two groups can be further categorised into five protease classes:  serine, cysteine, aspartic, metallo and mixed.  The classes are defined depending on the principal amino acid participating in catalysis.  The peptidases are classified on the action pattern, thus, aminopeptidase cleaves amino acids from the amino end; carboxypeptidase cleaves amino acids from the carboxyl end; dipeptidyl peptidase cleaves two amino acids; dipeptidase splits a dipeptide, and tripeptidase cleaves an amino acid from a tripeptide.  Understanding the nature of the protease is important as some proteases are endogenously produced (e.g. the serine proteinases trypsin and chymotrypsin or the aspartic protease pepsin) and others are not (e.g. metallo keratinase).  A protease with similar characteristics to endogenous proteases may have short-lived effects only in the neonate because the animal will produce enough.
3. What proportion of the in vivo data shows performance benefits to 42 days of age?

a. The most positive responses to proteases are in young animals when endogenous protease production may be limited.  Digestibility and performance data generated with 21 day old birds will likely not represent the effect out to 42 days of age, since endogenous protease production is more than adequate in older birds.  In the data presented in Table 1 there is an effect of the proteases in addition to the xylanase and amylase on FCR to 21 days, but this is lost at 42 days of age (date not shown). Also, note that the xylanase and amylase alone give a benefit to 42 days in terms of gain but there is no effect of protease, even at 21 days of age, when added on top of such an enzyme.  These data and those from other studies confirms the benefit of protease is either short lived or not consistent in both pigs and chickens.
b. The protein concentration in monogastric diets generally decreases as animal’s age, whereas the ability to produce proteases increases. Consequently the requirement for proteolytic intervention is less acute in the older animal compared with the neonate where high dietary protein exposure and an immature digestive enzyme array may conspire against optimal nutrient harvest.  Data presented in the literature and in product information (e.g. Proact) suggests a muting of bioefficacy of exogenous protease in grower vs. starter diets, which is intuitive.
4. Is the protease fed in a diet where ordinarily another enzyme would be used – e.g. a phytase or a xylanase, and is the protease truly pure?
a. If another enzyme would ordinarily be fed with the protease, then it is prudent to check that the protease does not degrade the other enzyme (e.g. phytase or xylanase) in the crop. Most protease work is conducted in low protein diets that are devoid of other added enzymes. This is essential if the compounder is not to lose efficacy of the “other” enzymes which are assumed to deliver efficacy in the animal.
b. The very fact that much of the work on protease products is done in isolation means that additivity with other enzymes is unknown. It seems likely, for example, that the value of an NSP’ase is reduced when used in conjunction with a phytase in corn soy diets. It is likely that the value of a protease is likewise diminished in the presence of other enzymes and vice versa.
c. Is the enzyme really a protease or are there other contaminating activities which may contribute to the result? Quite often crude fermentation products or products from host organisms which produce other enzyme activities are presented as a protease. It may well be that any response observed is related as much to the contaminants as it is the declared activity.
5. Are many trials presented, and if so, are any negative?

a. The average value of an enzyme in the commercial world cannot be accurately predicted from 1 or 2 trials. So many factors interact with the enzyme to determine the scale of the response that it is important to test the enzyme under a variety of circumstances which may be present in the trial. For example, the responses to Econase® XT average approx 5 points in FCR at the optimal dose, but the range is from 19 points benefit down to several points negative. The larger responses are usually in poorer performing flocks, and the flat or even negative effects are in flocks which are performing exceptionally well. If only 1 or 2 trials are presented it is unknown whether these over- or under-estimate the true response in the field. Not only is it impossible to gauge the average response, but also and more importantly, the range in response expected commercially.
b. In all large data sets, there are ALWAYS negative responses. It is almost inconceivable that all of the responses to an enzyme in a data set of 20 trials will be positive for example. In fact, even with a product that works every time, it is likely by random chance that at least one trial would be negative.  Experience suggests that the very best of corn soy enzymes has a strike rate of approximately 80%, i.e. in 80% of cases the responses are numerically and perhaps even statistically positive. Anything more optimistic than this questions whether some “not so positive” trials have been left out of the data set for whatever reason. 
6. Is it heat stable?  If so, is it coated?  How much of the data generated is produced in pelleted diets?

a. Many of the benefits of a protease in a mash diet may be absent in a pelleted diet. There are several possible reasons for this ;

i. The protease may have poor heat stability.  Losses during pelleting may significantly reduce the efficacy of the product.
ii. If the targets of the protease are heat labile anti-nutrients or proteins which become sufficiently denatured during pelleting to allow normal digestion. 

iii. If the protease is coated to protect it from thermal shock then is it released rapidly enough in vivo to deliver the responses reported in the literature?  These reported responses are often determined using a non-coated product in mash or low temperature pelleted diets.
iv. Is the protease assay adequate? Often it is very difficult to assay proteases accurately in feed.

In short, if the supplier of a feed enzyme can show the following:
1) Results from more than ten trials where the following are commercially relevant:
a. Ingredient used in diet formulation and the nutrient specifications

b. Pelleting conditions

c. Husbandry conditions

2) There are a range of responses where some are negative as well as positive
3) The data are predominantly 42 day trials (more if relevant)
4) The product form used in the trials is the same as that offered (i.e. if coated is offered then trials were run using coated product)

5) The protease is used in conjunction with other feed enzymes if relevant

then it is certainly worth looking at such products as a potential additive in your feed.

Table 1:
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