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Abstract
The heat stability of two phytase and four xylanase products was investigated, and the results demonstrated that
enzyme activity dropped under the highest conditioning temperatures.

For the phytase products, Ronozyme NP and Phyzyme XP TPT, and for the xylanase products, Ronoxyme WX,
Econase XT 25 and Danisco Xylanase 8000 G, more than 80% of the enzyme activity was preserved up to 95°C. All
these products were comparable in terms of heat stability. Porzyme 9302 stood out by being less heat stable; at
90°C xylanase activity was reduced to half of the original level.

Conditioning and pelleting processes at a feed mill normally do not exceed 95°C and should therefore not cause
problems to the activity of the studied enzymes except for Porzyme 9302.

Enzyme activity in this study demonstrates only heat stability and not the effect in the pig. To ensure that the feed
contains the declared levels of enzymes, it is possible to analyse this for phytase, whereas for xylanase it is a matter
of trust.

The effect of Ronozyme WX and Porzyme 9302 is currently being investigated in different dosages in finisher feed.

The heat stability of the products in this study was studied in a trial facility at the Technological Institute in Kolding
where it was possible to control temperature and duration of conditioning and pelleting. The study included two
commercial phytase and four xylanase products conditioned for 30 seconds in the temperature interval 80-100°C
prior to pelleting.

The study was financially supported by the Pig Levy Fund and the EU and the Rural Development Programme under
the Danish Ministry of Food, Agriculture and Fisheries and has project ID DSP09/10/58 and file no. 3663-D-07-

00234.
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Background

The addition of phytase to feed is essential to obtain optimum utilization of the feed’s content of phosphorus and is
an important tool in reducing the emission of phosphorus from livestock production [1], [2], [3], [4], [5]. Several stud-
ies have also demonstrated an increase in daily gain and an improved feed conversion when phytase is added to pig
feed [4], [27]. In practice, it is often questioned whether pig feed contains enough digestible phosphorus and whether
the feed contains the level of phytase required when calculating the content of digestible phosphorus per feed unit

(FUgp).

A study made by the Danish Plant Directorate in 2007 revealed a phytase deficiency in 13 of 42 samples, corre-
sponding to 31% [6]. In 2008, a corresponding study revealed a 14% deficiency in the analysed samples [7].

In the feed season 2008/2009, it was standard procedure to use double dosage phytase. When the value of phytase
is included in relation to the minimum standard dosage of phosphorus, it is essential that the phytase is still present
in the feed after heat-treatment and pelleting. Natural phytase also disappears during strong heat-treatment.

Phytase is naturally present in many types of grain such as rye, wheat, triticale and barley, and can also affect the

utilization of phosphorus. In 2003, grain analyses revealed a phytase level of 1050 FTU per kg wheat and 580 FTU
per kg winter barley [8]. These results are comparable with another analysis that revealed 1193 units per kg wheat
and 582 units per kg barley [9].

The use of the carbohydrate splitting enzyme xylanase may improve daily gain and feed conversion in pigs, which
has been demonstrated in several weaner and finisher trials [28], [15], [16]. However, other studies demonstrated no
effect of the addition of xylanase to feed for finishers [10], [17].

Enzymes are affected by temperature and pressure, and that may become a problem during the production of pel-
leted feed where the minimum temperature must be 81°C to counteract Salmonella problems. An investigation of the
temperature during conditioning at a Danish feedstuff factory demonstrated variations in temperature from 84°C to
92°C [10].

Trials with carbohydrate splitting xylanase have revealed highly varying results depending on the product in ques-
tion. Results of trials conducted at temperatures between 90°C and 95°C ranged from no enzyme activity to 90%
activity after pelleting [11], [12], [13]. Another trial conducted at 80°C demonstrated an enzyme activity of 85%, 55%
and 33%, respectively, for three different products after pelleting [14]. Several other studies have also demonstrated
large variations in enzyme activity in feed to which xylanase was added. One study found a 50% reduction in en-
zyme activity after pelleting [15]; other studies found less activity than expected [16], [10], and some found large
variations [10], [17].

Studies on the addition of phytase to feed have demonstrated that under pelleting temperatures of 93°C and double
dosage phytase, the enzyme activity of two different phytase products was reduced to 80% and 70% compared with
prior to pelleting [18]. Another study found an enzyme activity of 67% and 60%, respectively, following pelleting tem-
peratures of 80°C and 90°C [19]. The sensitivity to temperature may vary greatly depending on the type of phytase
used [20].

Enzyme activity is also influenced by the duration of conditioning. One study revealed no enzyme activity at all at
temperatures above 80°C during heating for 55 seconds, but during heating for 140 seconds enzyme activity was
completely lost at 75°C [21]. It is likely that this difference in duration explains the varying levels of enzyme activity
found in different studies. Cooling time after heat-treatment may also greatly affect enzyme activity.

Enzyme activity also depends of the protection - natural or chemical - of the enzymes against heat-treatment. Deac-
tivation of enzymes is primarily caused by steam during conditioning and pelleting [22]. Enzymes are therefore often
coated with a water-repellent material that provides protection against the steam and prevents penetration of water
[23]. Other enzymes are “designed” thermostable by altering their amino acid structure. One final option is using
enzymes that are naturally thermostable [11]. A study of different types of coating of xylanase pelleted at 80°C found



levels of enzyme activity varying from 6% to 42% [24], and in another study enzyme activity increased from 12% to
34% during conditioning at 95°C with the use of coating [14].

Coating of enzymes increases their heat stability, but it may also complicate the release of enzyme in the animals
[22]. One study demonstrated that thick coating improved the stability during pelleting, but reduced the effect in the
animal by reducing the release of enzyme in the intestinal tract [25].

Porzyme 9302 from Danisco is the dominant xylanase product in the Danish market, where it is estimated to have a
market share of approx. 80%. Ronozyme WX produced by Novozymes and supplied by DSM is believed to have a
market share of approx. 20%, ie. these two products dominate the market. The dominant phytase products in the
Danish markets are Natuphos from BASF, Ronozyme P from DSM and Phyzyme XP TPT from Danisco. BASF rec-
ommends spraying Natuphos onto the feed after pelleting as the product is not heat stable under temperatures
above 85°C. In the future, Ronozyme P will be replaced by Ronozyme NP.

The aim of this study was to investigate the heat stability of phytase and xylanase products to be able to rank them
according to heat stability.

Materials and method

The heat stability was studied in a miniature feed mill at the Technological Institute in Kolding where conditioning and
pelleting was performed under different controlled temperatures. Production of the meal diet, mixing technique, rest-
ing time, capacity and cooling time were identical for all products. Only the addition of enzymes and the addition of
steam in the cascade mixer to reach the desired conditioning temperature varied. The feed mill is described in Ap-
pendix 1.

The formulation of the diet corresponded to a regular standard diet for pig finishers and is shown in Appendix 2. The
same feed was used throughout the entire study. Water percentage in the meal feed was standardised to 12.1%.

In table 1, the enzyme products used in this study are shown. The study comprised two phytase products: Phyzyme
XP TPT from Danisco and Ronozyme NP from DSM; and four xylanase products: Porzyme 9302 and Danisco Xy-
lanase 8000 G both from Danisco, Ronozyme WX from DSM and Econase XT 25 from AB Vista. Ronozyme NP will
replace Ronozyme P; Econase XT 25 is a new, recently registered product; and Danisco Xylanase 8000 G is a
newly developed product similar to Porzyme 9302, but for which it should be possible to retrieve more xylanase than
is the case with the current product. Danisco 8000 G is not commercially available yet. Natuphos from BASF was not
tested as this product is not heat stable at temperatures higher than 85°C and is sprayed onto the feed after pellet-

ing.

Table 1. Enzyme products

Product Supplier
Phytase products

Phyzyme XP TPT Danisco
Ronozyme NP DSM
Xylanase products

Porzyme 9302 Danisco
Danisco Xylanase 8000 G Danisco
Ronozyme WX DSM
Econase XT 25 AB Vista

Each batch with enzymes contained 290 kg feed, and five temperatures were studied for each batch. A phytase
product and a xylanase product were added to each batch. The combination of phytase and xylanase products in a
batch was random, but it was ensured that all combinations occurred an equal number of times. Conditioning tem-
peratures above 80°C were selected as a minimum temperature of 81°C during pelleting at the feed mill is required
by law. The study comprised 14 replicates (batches) for each enzyme product at each temperature. The study in-
cluded one control group at 80°C and four trial temperatures per product: 85°C, 90°C, 95°C, and 100°C. Further-



more, the same feed, but without the addition of enzyme, was studied for each temperature to investigate the heat
stability of natural phytase.

Three times the minimum dosage recommended by the suppliers was used for both phytase products and xylanase
products (table 2) to have a higher content of the product in the samples for analysis of enzyme activity. Natural
enzymes thereby constitute a smaller part of the total phytase activity. All enzyme products were added to the feed
in granulated form before conditioning and pelleting.

Table 2. Inclusion of enzyme

Enzyme units, per kg feed Inclusion of product, g/t

Phytase products

Phyzyme XP TPT 1500 FTU 450
Ronozyme NP 6000 FYT 600
Xylanase products

Porzyme 9302 9000 U 1125

Danisco Xylanase 8000 G 9000 U 1125
Ronozyme WX 600 FXU 600

Econase XT 25 72000 BXU 450

Production of feed and pelleting processes

A basic diet was produced at the feed mill at the Technological Institute in Kolding (see Appendix 2 for a detailed
description of the diet). One load was produced of the meal diet, and all ingredients originated from the same
batches.

For each production of a batch of trial feed, a premix was produced in a paddle mixer with 10 kg of the meal diet and
a weighed amount of enzymes. Subsequently, 280 kg of the meal feed was mixed with the premix for ten minutes in
the horizontal mixer in the feed mill.

The trial feed was then conditioned in the cascade mixer until the desired temperature between 80°C and 100°C was
reached (see figure 1 and Appendix 3) and subsequently pelleted. The amount of steam was regulated with an ex-
pansion valve and a collecting pipe.
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Figure 1. Mini feed mill used for pelleting feed containing enzymes.

The feed was mixed in the cascade mixer for 30 seconds and the temperature was routinely recorded. Pelleting at
the given temperature lasted 8-10 minutes before samples were taken to ensure that the temperature was stable at
the desired level. Sampling took place over approx. two minutes during which the samples, at the given temperature,
were moved to a cooling box 10-15 seconds after leaving the pellet press. The temperature was then increased and
the process repeated with the same trial feed. In the cooling box, the pelleted trial feed was cooled for 15 minutes
with a ventilator. All sample material was divided into subsamples of 500 g each according to the TOS principle
(Theory Of Sampling), labelled and shipped for analysis of enzyme activity. A sampling process with 290 kg trial feed
and five different temperature levels took approx. 70 minutes.

Before production of feed started, the feed mill was cleaned of feed remnants and the mixer was vacuum cleaned.
The miniature feed mill was cleaned before and after each replicate. Mixer and dosing equipment were vacuum
cleaned, and the cascade mixer was self-emptying. The small mixer for premix and the cooling box were cleaned
after each replicate.

Analyses of feed

The enzyme activity was analysed for all products and for natural phytase at all tested temperatures. Phytase was
analysed at the Eurofins Steins analysis lab. Xylanase was analysed at laboratories selected by the company sup-
plying the enzyme, ie. they were basically analysing their own product. Before shipment, the samples were blinded in
terms of temperature.

Statistics

The difference in per cent enzyme activity of phytase and xylanase compared with the control temperature (80°C)
and the difference in survival of enzyme activity between the products at each temperature level were subjected to a
proc mixed analysis in SAS. The statistical model included temperature as systematic effect and replicate as vari-
able. Significant differences are stated at 5% level. A linear regression was also made of the enzyme activity under
increasing temperatures.



Results and discussion
Identical analysis methods were used for all products for analysis of enzyme activity for phytase, whereas for xy-
lanase many different methods exist and each laboratory uses their own method. Furthermore, the inclusion rates of

the products differ. As a result, the exact levels of enzyme activity for the different xylanases are not directly compa-
rable.

The lowest level of enzyme activity for both phytase and xylanase products were found at the highest temperatures.
However, an increase in temperature did not trigger a significant linear drop in percentage activity for neither phytase
products nor xylanases.

Phytase
Figure 2 shows the average enzyme activity for Ronozyme NP, Phyzyme XP TPT and natural phytase at different
temperatures in per cent of the activity at 80°C. The enzyme activity for Ronozyme NP and Phyzyme XP TPT is the

recorded activity for that product from which the activity of natural phytase is deducted, ie. the actual activity of the
product is shown.
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Figure 2. Average phytase activity in per cent compared with activity at 80°C. * illustrates significant difference at 5 per cent level

for each product compared with control at 80°C.

For natural phytase, enzyme activity was significantly lower already at 85°C compared with 80°C and thereby also at
higher temperatures. At 100°C, the enzyme activity was only 12% compared with the level at 80°C, which corre-
sponded to averagely 431 FTU per kg natural phytase at 80°C and 51 FTU per kg at 100°C. This drop corresponds
to approx. 0.3 g digestible phosphorus per feed unit. Results from a trial with a not-heat-treated basic diet containing
51% barley and 20% wheat demonstrated the same levels of phytase as found in this present study at 80°C. At
heat-treatment slightly above 81°C, the enzyme activity was reduced by 25% [5], which corresponds with the slightly
greater loss at 85°C found in this study. Another study revealed a 56% reduction in the activity of natural phytase
after pelleting [9].

Ronozyme NP had a tendency to a lower enzyme activity at 85°C than at 80°C (p=0.067) and a significantly lower
activity at high temperatures (see figure 2). Phyzyme XP TPT tended to have lower enzyme activity at 90°C than at
80°C, and from 90°C to 100°C the activity was significantly lower than the level at 80°C. Ronozyme NP had an 86%
enzyme activity at 100°C and Phyzyme XP TPT had a 79% enzyme activity compared with the level at 80°C.



Compared with 80°C, the enzyme activity was identical for Phyzyme XP TPT and Ronozyme NP up to and including
95°C, but at 100°C the activity of Ronozyme NP was significantly higher than for Phyzyme XP TPT. The activity of
Ronozyme NP dropped with the same intervals as the temperature increased, whereas Phyzyme XP TPT had the
same enzyme activity at low temperatures and then dropped faster than Ronozyme NP.

The heat stability of both Ronozyme NP and Phyzyme XP TPT must be considered sufficiently high that pelleting
should not cause problems. Up to and including 95°C, the heat stability of the two products was fully comparable.

At all temperatures, Ronozyme NP had a higher content of enzyme compared with the declared value; 30% and
12% at 80°C and 100°C, respectively, above declaration (see Appendix 4). The enzyme activity for Phyzyme XP
TPT at 80°C was equal to the expected level.

Xylanase

Figure 3 shows the percentage of enzyme activity of xylanase products compared with the activity during the control
temperature of 80°C.
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Figure 3. Average xylanase activity in per cent compared with activity at 80°C. * illustrates significant difference at 5 per cent level

for each product compared with control at 80°C.

Enzyme activity of the products varied greatly. Econase XT 25 only had a significantly lower xylanase activity at
100°C compared with 80°C, but not at any other temperature. Ronozyme WX and Danisco Xylanase 8000 G had a
significantly lower enzyme activity at 95°C and 100°C compared with 80°C, and Porzyme 9302 had a significantly
lower activity at 90°C when compared with 80°C. Ronozyme WX, Econase XT 25, Danisco Xylanase 8000 G and
Porzyme 9302 had an average xylanase activity at 100°C of 71%, 84%, 36% and 11%, respectively.

The enzyme activity of Econase XT 25 was 45% higher at 80°C and 21% higher at 100°C compared with the de-
clared level. All the other products had a deficiency compared with the declared levels at 80°C of 14%, 6% and 87%
for Ronozyme WX, Danisco Xylanase 8000 G and Porzyme 9302, respectively (see Appendix 5).

The enzyme activity of the xylanase products was analysed at different laboratories depending on the product, and
the analysis results are therefore not directly comparable.



Ronozyme WX, Econase XT 25 and Danisco Xylanase 8000 G preserved more than 80% enzyme activity up to and
including 95°C when compared with 80°C. Porzyme 9302 was less heat stable; at 90°C, activity had dropped by
50% compared with 80°C. As stated by the supplier, the percentage of xylanase retrieved during the subsequent
analyses was higher for Danisco Xylanase 8000 G than for Porzyme 9302.

General discussion
The enzyme activity, particularly for the xylanase products, differs greatly between the products at high tempera-
tures.

It is essential that enzymes have a good heat-stability during conditioning and that they are subsequently quickly
released in the gastro-intestinal tract to preserve their effect in the animal. Coating of enzymes increases their heat
stability, but may also complicate the excretion of enzyme in the animal [23]. The question is whether some of the
enzymes are so heavily coated that the animals are unable to access them. This was not investigated in this study.

One study investigated the effect of the thickness of different coatings of phytase products. This study found that
thicker coating improved stability during conditioning, but reduced the effect in the animal by reducing the release of
enzyme in the intestinal tract [25]. The results of the present study show that Ronozyme WX is highly heat stable,
but one study of Ronozyme WX in finisher feed demonstrated no effect on productivity [10]. It may be that the en-
zyme was so well coated that the pigs were unable to obtain an effect of the enzyme in the feed. The effect of
Ronozyme WX and Porzyme 9302 is currently being investigated in different dosages in finisher feed.

Several international studies of xylanase for chickens demonstrate that the recorded enzyme activity cannot always
be transferred directly to an effect on the animal’s productivity [13], [24]. Danish investigations with xylanase for pigs
have also demonstrated that the analysed enzyme activity does not always correspond to the effect seen in the
animal. Porzyme 9302, which in this study had the lowest heat stability, improved feed conversion in two different
finisher trials despite a much lower enzyme activity than expected [15]. A low enzyme activity in heat-treated feed
does not necessarily demonstrate a significant breakdown of the enzyme. The reason for this contradiction is not
known, but it may be triggered by incomplete extraction during analysis caused by binding of the enzyme to the
substrate in the feed or the existence of “disrupting elements” in the feed. In addition, the enzyme may have been
added in excess amounts, ie. there is still enough despite damage caused by the heat. It is thus not only important
that enzyme activity remains high after pelleting, but also that the enzymes are active in the animal. The response
recorded in the animals will always be the most sensitive measure of the effect of enzyme activity in feed.

No studies have indicated a positive effect on productivity of low phytase activity after pelleting. It seems that the
effect of phytase depends primarily on the level of phytase recorded in the feed. This may be due to the fact that we
have more knowledge on the amount of phytase required to find an effect in the animal, and we also operate with a
standardised analysis for phytase.

Conclusion

Overall, Ronozyme NP, Phyzyme XP TPT (phytase products) and Ronozyme WX, Econase XT 25 and Danisco
Xylanase 8000 G (xylanase products) all had a high heat stability; more than 80% of the enzyme activity was pre-
served following conditioning and pelleting up to 95°C compared with 80°C. All these products are comparable in
terms of heat stability.

Porzyme 9302 stood out by being less heat stable; at 90°C xylanase activity had dropped by 50% compared with the
original level.

Enzyme activity in this study only demonstrates heat stability and not the effect in the pig. To ensure that the feed
contains the declared levels of enzymes, it is possible to analyse this for phytase, whereas for xylanase it is a matter
of trust.

Conditioning and pelleting processes at a feed mill normally do not exceed 95°C and should therefore not cause
problems to the activity of the studied enzymes except for Porzyme 9302.
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Appendix 1
Description of feed mill

The feed mill consists of:
e A horizontal mixer with a volume of 700 |, a speed of 48 rpm and a mixing capacity of 80-300 kg.

e Adosing screw of the type Skjold TR with variable speed used for emptying the mixer and for dosing the
meal feed.

e A cascade mixer of the type KAHL with a length of 130 cm and a diameter of 30 cm. It has a speed of 155
rpom and 37 adjustable pallets. Resting time in the cascade mixer is approx. 30 seconds at a production of
300 kg/hour.

e A collecting pipe on one side of the cascade mixer with a water supply and 3 steam valves from which
steam is added to the meal feed.

Steam is added by a high-pressure boiler of the type Dan Stroker with a maximum capacity of 400 kg steam/hour.
The steam is added to the meal feed with an expansion valve controlling the addition of steam to the cascade mixer.
The three valves on the collecting pipe are used for fine-tuning the desired temperature in the meal diet. If 1% steam
is added, the temperature of the meal increases by 14°C.

The temperature of the meal is recorded with a digital thermometer of the type Testo 925 with a Pt 100 sensor. The
sensor is placed by the mouth of the cascade mixer. The thermometer is calibrated with an approved mercury ther-
mometer of the type Goldbrand/39 Q9732-818.

The pellet press is a Simon Hessen of the type labor (mono roll) with a 7.5 kW motor. The matrix has an inside di-
ameter of 173 mm with a 3.5 x 35 mm screen. The press roll is 50 mm high and has a diameter of 140 mm.

The samples are cooled in a cooling box divided into compartments with perforated bottom through which the meal
feed is cooled with a ventilator with a capacity of 15000 m? air/hour.

Appendix 2

Composition of the feed

Ingredient %
Wheat 54.18
Soybean meal, flaked 20.54
Barley 10.00
Wheat bran 5.00
Rapeseed cake, 5 % fat 5.00
Palm oil 2.50
Feed lime 1.34
Mono calcium phosphate 0.69
Salt 0.35
Vitamin premix 0.20
Lysine 99% 0.13
Threonine 98.5% 0.04
DL-methionine 0.03




Appendix 3

Mini feed mill with ventilator, cooling box, pellet press, steam and cascade mixer

Mini feed mill with pellet press, steam, cascade mixer and horizontal mixer.




Appendix 4
Average enzyme activity for phytase products and natural phytase, FTU per kg

Temperature, °C Ronozyme NP’ Phyzyme XP TPT? Natural phytase
80 7779 1544 431
85 7378 1561 282
90 7202 1452 160
95 7036 1350 83
100 6697 1204 51

Note: The levels of enzyme activity in the products are not directly comparable as they were added in different inclusion rates.
' Declared value: 6000 FYT per kg
2 Declared value: 1500 FTU per kg.

Appendix 5
Average enzyme activity for xylanase products

Temperature, Ronozyme WX1, Econase XT 252, Porzyme 93023, Danisco Xylanase 8000 G3,
°C FXU BXU U U
80 519 104522 1167 8424
85 497 97850 1066 7330
90 483 93892 543 7309
95 438 93019 182 6851
100 366 87219 111 3045

Note: The levels of enzyme activity in the products are not directly comparable as they were added in different inclusion rates.
' Declared value: 600 FXU

? Declared value: 72000 BXU
¥ Declared value: 9000U
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