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Abstract

Today there is no single standardized method for determining the activity of NSP
destroying enzymes. Each NSP enzyme manufacturer uses own approach as well
as its analytical conditions (pH, temperature, substrate, etc.). In practice, the
determination of enzyme activity shows activity of a particular enzyme, included
in a commercial product. This creates a difficulty to navigate for consumers and to
compare this variety of available products in the market. In this work Cherkizovo
research centre suggested to use concept of “enzyme efficacy” and developed new
method for its quantitative analysis. It was demonstrated that the end product
of the enzymatic reaction can act as a working indicator of the enzyme efficacy.
The authors demonstrate simple method for estimation of enzyme efficacy and
suggest using it as preliminary result when assessing the possibility of using them
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for a particular diet and various feed raw materials.
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Introduction

Nowadays, feed enzymes are commonly used in animals’
nutrition. Enzymes aiming at the destruction of non-starchy
polysaccharides (NSP-enzymes: xylanase, glucanase, and
cellulase) are the second most popular in the world after phytase
and the most popular in Russia. Other enzymes, such as protease,
mannanase, pectinase, amylase, galactosidase are also in use.

Due to the widespread use of enzymes, the feed production
market requires accessible, informative, and validated methods
for evaluating enzymes in commercial products and premixes as
well as in compound feeds. Such a routine study to determine
the activity of enzymes should be an essential step to the control
of the use and quality of enzyme production and application [1].

Enzyme activity is determined according to an approved method
using a specific substrate, at a specific temperature and within
a specified time interval. Enzyme activity is expressed in units
of activity, which indicates the amount of enzyme required
to release 1 mmol of monosaccharide in 1 min (umol x min-
1). This indicator is applicable to determine the quality of the
enzyme during production, the stability during storage and after
granulation, and other aggressive effects on feed.

In the Russian Federation, several state standards have been
adopted for determining the activity of xylanase, glucanase,

cellulase, and amylase. GOSTs (Russia state standard
specifications documents) are developed for various industries,
in particular, for xylanase and cellulase for the pulp and paper and
alcohol industries, as well as for the food industry. Also, GOSTs
have been developed with the participation of All-Russian State
Center for Quality and Standardization of Medicines for Animals
and Feed (VGNKI) and Lekbiotech SPA to determine the activity
of enzymes in animal husbandry in the production of compound
feed. The following standards are recognized for food industry:

1. GOST 31488-2012. Enzyme products. Methods for
determining the enzymatic activity of xylanase.

2. GOST 31662-2012. Enzyme products. Methods for
determining the enzymatic activity of cellulase.

3. GOST 34176-2017. Enzyme products. Methods for
determining the enzymatic activity of endo-B-glucanase.

4. GOST 54330-2011. Enzyme products for the food industry.
Methods for determining amylolytic activity have been
developed for the food industry, but can also be used to
determine the activity of amylase in compound feed.

Today there is no single standardized method for determining
the activity of NSP destroying enzymes. Each NSP enzyme
manufacturer uses own approach as well as its analytical
conditions (pH, temperature, substrate, etc.). Therefore, each
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manufacturer gives own concept of the unit of activity of NSP
enzymes [2].

The level of activity of enzyme products is most important for
determining their viability. The type and dosage of the drug
are selected based on the degree of the enzymatic activity (or
the ratio of different activities). Different research laboratories,
companies, and countries apply completely different methods
for determining such activity. Currently, there is large number
of both foreign and domestic commercial feed NSP-destroying
enzyme products. They are obtained by biosynthetic processes
of various microorganisms that synthesize extracellular enzyme
complexes or individual enzymes. Complex multienzyme products
determine the versatility of their action on various types of NSP
and diets [3].

A wide variety of enzyme activity units that are used by
different manufacturers is primarily due to conveniecy for
each manufacturer to use “own" activity unit to standardize its
enzymes during production. Obviously, the direct method for
determining the activity ("activity in use") is the "in-vivo” test,
that is, directly when feeding animals, however, this is not always
possible, especially at the stage of development and manufacture
of the enzyme product. Therefore, industrial enzymology in
the production and commercialization of enzymes usually uses
the value of activity determined "in-vitro”, in a biochemical
laboratory without the use of living organisms [4].

This creates a difficulty to navigate for consumers and to compare
this variety of available products in the market. Manufacturers
indicate specific activities of enzymes, as a rule, guided by their
concepts of units of activity and methods of their determination.
The analytical methods proposed by the specifications
include expensive substrates and standard samples, while the
substrates in different methods may differ, and the standards
have the claimed activities obtained by unknown methods. As
a result, the proposed rather expensive activity analysis does
not provide comparable results. Some authors offer relatively
simple instrumental methods, such as determination of protein
in a product. However, as multi-enzyme complexes of different
activities are often used as feed additives, such methods provide
only approximate data. In addition, there are objective differences
between enzyme products of the same purpose, associated with
the manufacturing method, in particular, with the nature and
properties of the producers (fungi, bacteria), which is reflected
in the conditions of the enzymatic reaction (pH, temperature,
duration of hydrolysis). As a result, the consumer is only guided
by the input norms recommended in the instructions for use,
which are to be taken on faith [5-11].

In practice, the determination of enzyme activity shows activity
of a particular enzyme, included in a commercial product. This
activity indicates the "vitality" of the enzyme. Products with
multi-enzyme composition are more complex to analyze. It is
not clear if one should determine the activity of all enzymes
included in the composition or the amount of the final product
that accumulates as a result of the "enzyme-substrate" reaction.

The reaction product, i.e. monosaccharide, which is usually a
reducer, can be determined in several ways. One of the generally
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accepted methods is the use of DNS reagent (3,5-dinitrosalicylic
acid) [5,7].

Due to all of these reasons, we have a huge number of
commercial products - multi-enzyme compositions and have
no tool to adequately assess their activity or effectiveness. As
a result, consumers (producers of poultry and eggs) have to
conduct production trials to select the most efficient product
on the market that would meet their price expectations and
quality requirements. These production tests are associated with
financial and labor costs, diverting the resources of the enterprise
to side activities that are not related to production.

Some authors [12-14] in 2015-2016 conducted a comparative
analysis of a large number of enzyme products using their single
unit for xylanase, glucanase, and cellulase activity. However, the
analysis also used some arbitrary unit of activity, which gives the
consumer no evidence about the effectiveness of the enzyme.

Thus, the activity of enzymes in units can only be useful for
assessing the viability of an enzyme or its presence, for example,
in compound feed after granulation or extrusion, and there
is no way to rely on units of enzyme activity in a production
environment, where an enzyme can only be characterized by
determining its effectiveness either by carrying out production
tests, as is done now, or in “in-vitro” tests in conditions close to
the gastrointestinal tract in terms of temperature and pH.

To sum up, the situation in feeding and fodder production is such
that feeding specialists at compound feed factories, technologists
and livestock specialists of livestock enterprises cannot rely on the
methods proposed by them for assessing the activity of enzyme
preparations, based on the determination the number of certain
units of activity, as well as some, say, a single unit of activity that
would have been established by someone. This situation today
urges preliminary production tests of any enzyme products that
had not been previously used in this enterprise, or relies on and
apply the recommendations of colleagues, taking it at face value.

Experimental biochemistry, especially enzymology, still has
needed to assess the units of enzyme activity since it is a
fundamental concept in enzymology, which applies not only to
feed but also to any other enzymes, primarily of endogenous
nature. In a laboratory setting, from a scientific point of view,
such techniques are acceptable for assessing enzyme activity.

These methods for determining the activity characterize the
enzyme in terms of its activity, rather than efficacy. Activity, as
mentioned above, is the work of the enzyme under "refined"
conditions at a certain temperature, pH, in a specified time
interval and with a chemically pure substrate, which shows the
quality or, so to speak, its viability, considering the shelf life,
thermal and storage stability.

Materials and Methods
Objectives of Experimental Method

The experimental method was developed by our group in
Cherkizovo research centre. We have developed the concept
of “enzyme efficacy”. Today standard methods are targeting at
quantitative analysis of enzymes, required to produce 1 mmol of
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sugar. In our experiment we use quantitative analysis to estimate
the amount of free sugar, produced by a certain enzyme.

The end product of the enzymatic reaction can act as a working
indicator of the enzyme efficiency. The basis of the experimental
method lies in the concept of “enzyme efficacy”, which is the
ability of an enzyme to destroy the substrate with the release
of monosaccharide(s) in the "field" conditions. In the first part
of the experiment we have simulated field conditions as follows:

» Temperature close to that in the gastrointestinal tract of
39°C

» pH close to the pH of the gastrointestinal tract of 4.01 and
6.86

» Exposure time of 1 hour

» Complex substrate: crushed grain raw materials and their
grain mixture as well as considering enzyme inhibitors.

In the second part of the experiment the pH was varying in the
range of:

» 4.01t06.86
> 6.86t04.01

This was done in order to simulate the transition of the chyme
to different parts of the gastrointestinal tract, where pH also
changes medium from acidic to neutral and from neutral to
acidic. This method yields more information on efficacy. For each
tested enzyme we can predict:

> Its behaviour in specific conditions
» Its reaction on a specific raw material

» correlation between the results and structure of compound
feed

For reference, the same raw material and the same conditions are
used but without an enzyme product. Efficacy can be determined
by feed tests through increasing the nutritional value of feed raw
materials under the action of enzymes [14] in our modification.

Experimental design

The experiment used grain milled with a sieve of 1 mmin diameter,
embedded in a buffer with a pH 4.01 or pH 6.86 and incubated
in a water bath at 39° for an hour; then the supernatant liquid
after centrifugation was taken and the amount of sugars was
investigated by the DNS reagent method at 540 nm. Then the
pH changed from 4.01 to 6.86 and from 6.86 to 4.01 and again
incubated for an hour at 39°C and again the amount of sugars
in the supernatant was examined. As a control, we used the
same milled grain, embedded in the same buffers but without
enzymes. Efficacy was determined by the increase in isolated
sugars under the influence of various multienzyme products
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relative to the control, expressed as a percentage. Control is the
amount of released sugars in the control sample free of enzymes.
The control was taken as 100%. Grains used in feeding were
wheat, barley, corn and a mixture consisting of wheat - 35%,
barley - 20%, corn - 30%, and sunflower cake - 15%. Summary
of substrates and enzymes used in each experiment are given in
Table 1.

Results and Discussion

It was demonstrated that the end product of the enzymatic
reaction can act as a working indicator of the enzyme efficacy.
It is a simple, fast and reasonable way to estimate the enzyme
efficacy that can be used both by customers and by food
suppers. It yields clear and comparable values, which can give a
preliminary result when assessing the possibility of using them
for a particular diet and various feed raw materials.

Effect of substrates

All substrates used were in the same granularity, amount and
humidity, thus the difference in the free sugar release should be
only attributed to the changes in the experimental parameters:
pH and enzymes used.

We identified significant difference in efficacy of enzymatic
hydrolysis on different substrates. Figure 1 shows results for
100% barley substrate. The amount of isolated sugars released
was highest (~180%) for this substrate compared to others
(Figures 1-4). The lowest efficacy was demonstrated by corn
substrate at the presence of Enzyme 2: almost zero. It is evident
from the comparison the figures, that the efficacy of hydrolysis
for all the four substrates (and we assume for all the commercially
used combinations of those), is highly influenced by the applied
enzyme.

Effect of Enzymes

A good benchmark for the method to work correctly is good
correlation between effects of same enzymes on different
substrates. The method is sensitive enough to draw even
insignificant difference in enzymes efficacy. Enzyme 5 yields
lowest amount of isolated sugars and Enzyme 1 — the highest.
That is in good agreement with our expectations and previous
studies.

Most of used enzymes have similar effect on amount of free sugar
on each substrate used: enzyme 1 gives highest sugar outcome,
followed by enzyme 2, enzyme 4, enzyme 6 and the lowest is
enzyme 5. This order fits well in what we expected to see and
what other authors reviled by other methods.

Enzyme 7 demonstrates different efficacy on few different
substrates. For barley its quite low ~20-40%, which is 5 times less

Table 1: Summary of the Experimental details and Medium used.

Substrate mix components

Experiment 1 100% barley

Experiment 2 100% wheat

Experiment 3 100% corn

Experiment 4 35% wheat + 20% barley + 30% corn + 15% sunflower cake
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Figure 2  Efficacy of enzymatic hydrolysis of wheat NSP.
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then isolated sugar released by Enzyme 1 in the same substrate,
i.e. maximal value at this substrate. For barley this Enzyme 7 is
one of the lowest by free sugar amount. When we look at wheat
substrate enzyme 7 has much higher efficacy, almost the same
as Enzyme 1. For comparison, Enzyme 1 yields ~55-110 %, while
Enzyme 7 demonstrates 30-110 % of free sugar release.

In corn substrate the highest value of free sugar was observed at
the presence of Enzyme 1 ~55-95%, while at presence of Enzyme 7
the value was 25 — 50%. This change in value should be attributed
to different action of the enzyme in the presence of different
substrates, rather than mistake in the experimental method.

The remaining enzymes were acting predictably in all substrates
that demonstrate not only reliability of the evaluation method,
but also its sensibility.

Effect of pH

Difference in pH used while experiment was aimed to simulate
environment at different parts of the digestion system. On
Figures 1-4 the pH values are the following:

» pH6andpH4-incubationatpH6.86 and pH 4.01 respectively
» pH6-4—achangein pH from 6.86 to 4.01
» pH4-6 —achange in pH from 4.01 to 6.86

Different pH of the environment has strong influence of the
results. For example, when barley was used as substrate in the
presence on Enzyme 1 the highest release of free sugar was
noted at pH6 ~180%. The same experimental setting but at pH4
yields 155%, which is ~10 times lower.

Different substrates show different sensitivity to pH variations.
For barley its reasonably low. The largest difference in free sugar
release for barley was with Enzyme 4: pH6 ~65 %, pH4 ~130%,
the difference of 2 times. For wheat the largest difference in
free sugar release was with Enzyme 7: pH4-6 ~35%, pH6 ~110 %,
which is a difference of almost 3 times.

It's worth mentioning that no pH of environment guaranteed
higher release of free sugar: at the presence of different enzymes

© Under License of Creative Commons Attribution 3.0 License

the reaction of the substrate was different. Sometimes pH 4
yielded higher values, sometimes pH 6 did.

Conclusion

A method for changing the pH of buffer solutions is indicated as
an imitation of the movement of chyme to different parts of the
gastrointestinal tract. In this work, we used a well-known classical
method using a DNS-reagent (reduction of 3,5-dinitrosalicylic
acid to 3-amino-5-nitrosalicylic acid under the action of reducing
sugars, which has a red-orange color, the color intensity is
determined spectrophotometrically at 540 nm.

In this work, we used the "units" of the optical density of the
color of the reagent in the supernatant liquid. The DNS-reagent
was calculated according to the calibration graph built for glucose
(Enzyme Nomenclature, of the nomenclature Committee of the
IUB, N.Y., Academic Press, 1984; Miller G.L. (1959) Anal. Chem.
426-428).

The assay is do mimicking digestion as pH 4 is more common pH in
the crop and proventriculum keeping in mind the buffering ability
of the feed to change the pH upward (alkalinization), and pH 6,9
is more common pH at intestinal tract. More about overview of
pH data at different segments of the gut of poultry shown in the
table 6.1 on the page 136 of Enzymes in farm animal nutrition,
by M. Bedford and G. Partridge. We took the average figures
of pH.

The main goal is to obtain in invitro tests all reducing sugars
obtained as a result of the destruction of various grain
substrates of NSP. In our opinion, arabinoxylan and xylan may
have the maximum water-holding capacity. The xylose itself,
which is outside the polymer complexes, has a lower water-
holding capacity, which causes a decrease in the viscosity of
the chyme as an action of xylanases. The resulting composition
of reducing sugars under the action of enzymes do determines
their effectiveness. The higher the number of monosaccharides,
the more available energy can be obtained and it decreases the
viscosity of the chyme. The number of xylose also indicates the
efficiency of the enzyme composition.
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We found the results interesting because efficacy, i.e. the
amount of isolated sugars varied depending on the multienzyme
composition, the type of grain raw material or their mixture, as
well as the change in the pH.

The results suggest that it is possible to select an effective multi-
enzyme composition for a particular raw material, a particular
diet structure before the production tests, and also confirm with
a high degree of probability the matrix values of enzymes in
energy since the fraction of additionally isolated sugars is nothing
more than the countable additional available energy.

Laboratories today require simple and affordable ways to compare
commercial drugs. Applied, routine enzymology today needs
simple and cheap screening methods that can be available not
only to large agricultural holdings, but also to small laboratories
at feed mill plant or poultry farm."
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