FDA/CVM000001



FDA/CVYM000002



FDA/CVYM000003



FDA/CVYM000004



FDA/CVYM000005



FDA/CVYM000006































































FDA/CVYM000027



FDA/CVYM000028



FDA/CVYM000029















FDA/CVYM000034















FDA/CVYM000039



FDA/CVYM000040



FDA/CVM000041



FDA/CVYM000042



FDA/CVYM000043



FDA/CVYM000044



FDA/CVYM000045



FDA/CVYM000046



FDA/CVYM000047



FDA/CVYM000048



FDA/CVYM000049



FDA/CVYM000050



FDA/CVM000051



FDA/CVYM000052



FDA/CVYM000053



FDA/CVYM000054



FDA/CVYM000055



FDA/CVYM000056



FDA/CVYM000057



FDA/CVYM000058



FDA/CVYM000059



FDA/CVYM000060



FDA/CVM000061



FDA/CVYM000062



FDA/CVYM000063



FDA/CVYM000064



FDA/CVYM000065



FDA/CVYM000066



FDA/CVYM000067



FDA/CVYM000068



FDA/CVYMO000069



FDA/CVYMO000070



FDA/CVM000071



FDA/CVYM000072



FDA/CVYM000073



FDA/CVYM000074



FDA/CVYM000075



FDA/CVYMO000076



FDA/CVYMO000077



FDA/CVYM000078



FDA/CVYM000079



FDA/CVYM000080



FDA/CVM000081



FDA/CVYM000082



FDA/CVYM000083



FDA/CVYM000084



FDA/CVYM000085



FDA/CVYM000086



FDA/CVYM000087



FDA/CVYM000088



FDA/CVYM000089



FDA/CVYM000090



FDA/CVM000091


















FDA/CVYM000097



FDA/CVYM000098



FDA/CVYM000099



FDA/CVYM000100



FDA/CVM000101



FDA/CVYM000102



FDA/CVYM000103



FDA/CVYM000104



Conclusion of the Expert Panel

We, the members of the Expert Panel, have independently and collectively, critically evaluated
the data and information summarized above and conclude that the proposed uses of
RONOZYME® HiPhos for use in feed ingredients for animal feed rations for poultry (laying
hens, broilers and breeders, and turkeys), swine, and fish at use levels of 250 FYT to 4000
FYT/Kg of poultry feed and swine feed, and 500 FYT/kg to 2000 FYT/kg of fish feed,
manufactured consistent with current Good Manufacturing Practice (cGMP) and meeting
appropriate feed grade specifications described in this dossier, are safe.

We further conclude that the proposed uses of RONOZYME® HiPhos, manufactured consistent
with current Good Manufacturing Practice and meeting appropriate feed grade specifications as
described in the dossier, are Generally Recognized as Safe (GRAS) based on scientific
procedures.

It is our opinion that other qualified experts would concur with these conclusions.

Pk J. P~ 2 foov 2]l

Professor Michael W. Pariza, Ph.D. Date
Food Research Institute

University of Wisconsin

Panel Chairman

29 MW 2s)/

Date

Indiana University School of Medicine
Panel Member

Mﬂ/j/,w 7/ ngw/f

Date

Stanley M. Tarka, Jr., Ph.D.
President

The Tarka Group, Inc.
Panel Advisor
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Philipps, P. et al. (2009). Report No. 00000101 Effect of graded amounts of
a microbial phytase (RONOZYME® HiPhos) on growth performance and

phosphorus utilization of broiler chickens fed low-phosphorus diet based on
maize and soybean meal (BE-15/08). 2009
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' Nomenclature and Structural Formula

IPA phytase, PPQ 27987 with analysed phytase activity of 24850 U/g
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Author(s): Petra Philipps and Raffaella Aureli

Department(s) NRD/CA, DSM Nutritional Products France
and Adress(es) :

Title: Effect of graded amounts of a microbial phytase on growth performance
and phosphorus utilization of broiler chickens fed low-phosphorus diet
based on maize and soybean meal (BE-15/08).

Abstract

The effect of a liquid preparation of a microbial phytase on growth performance and phosphorus
utilization of broiler chickens was studied in a short term trial from day 8 to 22 of life. The birds
were fed low-phosphorus diets based on maize and soybean meal. The pelleted diet contained
3.9 g total phosphorus and 5.2 g calcium per kg feed.

To verify dose-response effects of the enzyme, animals received feed supplemented with 250,
500, 1000, 2000, 4000 and 8000 U phytase. per kg diet.

The supplementation of low P diet with the microbial phytase significantly improved weight gain
and feed conversion ratio in male broiler chickens at 22 days of age. Utilization of phosphorus
was significantly increased and consequently the amount of P excreted in the faeces was
reduced. P-utilization was dependent on level of phytase and could be described by an
exponential function. The phytase was as well efficacious in improving tibia ash and tibia
strength. At levels above 250 U per kg feed the bone strength was improved more than 2 folds
compared to the negative control. With increasing levels of phytase, improvements in tibia ash
ranging between 15 % and 32 % were noted compared to the results obtained with the low P
basal diet.

In most measured parameters, even at low dosages, the treatments supplemented with phytase
performed equally or even outperformed those supplemented with additional mineral P (positive

controls).
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INTRODUCTION

A greater proportion of the total phosphorus in plant is present in phytate form. Phosphorus in
phytate form is poorly available for poultry because they lack phytase, the enzyme that
hydrolyzes phytate into inorganic phosphorus and inositol. P in animal excreta originates either
from feed or from endogenous secretions. The amount of P in animal excreta is continuously on
the rise due to geometric intensification of animal farming. This has encouraged the interest to
use phytases to enhance the use of endogenous P in plants and thereby reduce the need for
inorganic phosphorus supplementation, included in animal feed to satisfy the animal's
physiological need for phosphorus.

The aim of the present trial was to study the effects of a microbial phytase on growth
performance and phosphorus utilization of broiler chickens fed low-phosphorus diets. Due to the
low amount and activity of native phytases in maize and soybean meal, they were the
ingredients of choice for the basal diets. To verify dose-response effects, the animals were fed
diets supplemented, per kg feed, with 250, 500, 1000, 2000, 4000 and 8000 U of a liquid
preparation of the phytase. _
In addition, three treatments supplemented with additional DCP were included in the trial to
have 4.9, 5.3 and 5.7 g phosphorus per kg feed.

Phosphorus utilization, considered to be the most sensitive parameter for measuring the
efficiency of phytase, was determined based on quantitative measurements of P consumption
and excretion. :

MATERIALS AND METHODS

The trial (BE-15/08) was performed from May to June 2008 at the Research Center for Animal
Nutrition and Health (DSM Nutritional Products France, F-68305 Village-Neuf) according to the
official French norms for experiments with live animals. Day-old male broiler chickens (ROSS
"PM3"), were supplied by a commercial hatchery (Joseph Grelier S.A., Elevage avicole de la
Bohadiére, F-49290 Saint-Laurent de la Plaine, France). The chickens were housed in wire-
floored battery cages, which were kept in an environmentally controlled room. The room
temperature was adapted according to the requirements of the chickens. Feed and tap water
were available for ad /ibitum consumption. The chickens were fed with a low phosphorus basal
diet supplemented with 50 pg vitamin D3/ kg (corresponding to 2000 IU per kg feed) until day 8,
when the trial started. On day 8, the chickens were divided by weight into groups, each
comprising of 8 birds, which were allocated to one of the different treatments. Each treatment
was replicated with 6 groups. The groups were weighed on days 8, 15, and 22. Feed
consumption for the intermediate periods was determined and body weight gain (WG) and feed
conversion ratio (FCR) were calculated.

The basal diet was supplemented with 12.5 ug/kg vitamin D; corresponding to 500 1U/kg to fulfil
the recommendation for chickens of that age (GfE 1999). The basal diet was based on maize
and soybean meal as main ingredients and had a content of about 217 g crude protein, 12.7 MJ
MEy, 3.9 g total phosphorus (P), and 5.2 g calcium (Ca) per kg feed. All other nutrients met the
requirements of growing broilers in accordance to their age. The analyses of the nutrient
content in the feed samples (Table 1) were performed according to standard methods
(VDLUFA, 1976).The detailed composition of the basal diet, the analysed nutrient contents and
the ME (calculated on the basis of analysed nutrients using EC-equation, EEC, 1986), are
shown in Table 1.
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Apart from the control treatment without phytase supplementation, all other treatments were

supplemented with phytase batch N° PPQ 27987 (with analysed phytase activity of 24850 U/g)

at one of the following doses: 250, 500, 1000, 2000, 4000 and 8000 U /kg feed, and with
additional DCP to contain 4.9, 6.3 and 5.7 g total P per kg feed, that means 0.8 g, 1.2 g and 1.6
g P more than in the negative control diet, per kg feed.

Feed was pelleted (3 x 25 mm) at about 75°C. Then appropriate amounts of the liquid
preparation of phytase were diluted with 400 ml water. The solutions were sprayed onto the
pellet feed to get the final concentrations in the feed corresponding to the different treatments.
For procedural balance of all treatments 400 ml of water were also sprayed onto the peliets of
the negative control and the three positive controls.

Feed samples were analyzed for phytase activities. The determination of the phytase activity in
the product and in the experimental diets was performed by BIOPRACT GmbH, D-12489 Berlin
(Germany) on behalf of DSM Nutritional Products. One unit (U) of phytase is defined as the
activity that releases 1umol inorganic phosphate from 5.0 mM phytate per minute at pH 5.5 and
37 °C. Phytate in feed was determined colorimetrically as released P after extraction, elution
and wet digestion with HNOs/H,SO, (AOAC, 1990).

Excreta were collected from day 14 to day 17 by a total collection method. During this period the
excreta from 4 selected groups of male chickens per treatment were quantitatively collected
once per day. The excreta from the four days were pooled per group and were stored frozen (at
-20°C), each day directly after collection. After thawing, the total excreta of each group were
homogenized, representative samples were taken and the percentage of dry matter-and ash, as
the concentration of phosphorus and calcium were determined. Ca and total P were determined
by Induction Coupled Plasma according to DIN EN I1SO 11885: 1997 (DIN EN SO 1998) after
mineralization with H,SO,4 / Na,SO,.

On day 22, blood samples from 4 male chickens randomly chosen from each group were taken
from the Vena jugularis. The concentrations of inorganic phosphate (Pi) and Ca in the plasma
were determined according to the method described by Henry (1974) and Gindler and King
(1972), using Roche Diagnostic kits PHOS 03183793 122 and Ca 20763128 322 with a
HITACHI 912 automatic analyzer.

The chickens were sacrificed by cervical dislocation at 23 days of age and the right tibias were
taken from 4 chickens randomly selected from each group. Tibias were kept frozen at -20°C
until analysis of ash content and breaking strength.

A segment of the central portion of the bone shaft (about 2 ¢m long) was prepared for
determination of bone strength. A LR10K compression machine with a XLC/10K/A1 force captor
and a compression device TH23-196/AL (Lloyd Instruments, Fareham, UK) was used to
determine the force (in Newton) necessary to break the bone. Broken bones were pooled per
cage, defatted with ethanol and ether, dried and incinerated at 550°C to determine the ash
content.

Regulatory Document Page 5 of 16
Registered as DSM Nutritional Products Ltd

FDA/CVYMO000509

479



Report No. 00000101 09-June-2009, Philipps P

For the statistical evaluation of all data a one-factorial (treatment: phytase/P level) analysis of
variance was carried out, using the software “Stat Box Pro", version 5.0 (Grimmer soft 1995) in
which differences in treatment means with p < 0.05 were considered as significant. Newman-
Keuls test was used as post hoc to compare treatment means. Non-linear regression analyses
were performed with the program Origin 7.0. An exponential mode! of the following type was
fitted to the data:

y = a+b (1-exp (-kx))

with  a: response (y-value) at zero phytase supplementation
b: maximum response to supplemented phytase (a+b = upper asymptote)
k: parameter describing the steepness of the curve
x: supplemented phyltase (U/kg)
y: response

RESULTS AND DISCUSSION

Proximate analyzes in the negative control diet were close to the calculated values. P content
was almost as expected and the difference among P content in positive and negative controls
was respectively 1.1 g P, 1.3 g P and 1.7 g P per kg feed (Table 2). Analyzed Ca contents were
approximately 8 % less than calculated. The analyzed content of non-phytic acid phosphorus in
the basal diet was at 1.6 g per kg feed, calculated as the difference between total phosphorus
content and content of phytic phosphorus per kg feed

The analysed phytase activities in the experimental feed are listed in Table 3. Phytase activities
were generally in accordance to the target dosages.

The results of the growth performance from day 8 to day 22 are shown in Table 4. Adding
dicalcium phosphate (DCP) to the negative control diet resulted in significant improvements of
weight gain (WG) and feed conversion ration (FCR), clearly indicating that the negative control
diet was P-deficient. At a supplementation level of + 1.1 g (analyzed) DCP per kg feed, WG and
FCR were improved by 62 % and 13.3 %, respectively, compared to the negative control diet.
Phytase supplementation resulted in a significant improvement of the weight gain and the feed
conversion ratio compared to the negative control diet. The lowest phytase inclusion level of
250 U.kg™" already resulted in a significantly higher WG (+ 61.2%) and better FCR (- 11%).
Comparable improvements of weight gain to those obtained with the positive controls were
already noted for the two lowest inclusion levels of phytase. Increased phytase supplementation
from 250 to 8000 U.kg™ resulted in a significant improvement of the WG and the FCR with
significant differences among the supplemented treatments. Weight gain and feed conversion
ratio were improved in a logarithmic dose response manner with increasing doses of phytase.
The response of weight gain and feed conversion ratio to the addition of phytase to the diet
could be described by non-linear regressions (Figure 1 and 2).

The mortality observed throughout the trial was higher for the contro! treatment (12.5 %) than
the other treatments, but was within an acceptable range.
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The results of apparent utilization of phosphorus and calcium are presented in Table 5. The
apparent utilization of phosphorus was significantly improved by the action of the phytase. The
apparent P-utilization increased with increasing dietary levels of the phytase. Compared to the
negative control diet, an improvement in a range of 17 % to 51 % was obtained with graded
amount of phytase. The effect of the phytase supplementation on P utilization for all
supplementary levels was further confirmed by a significant reduction in P excretion, in which
reductions of about 44.6 % and 48.2 % were respectively obtained at 1000 and 2000 U per kg
feed supplementations (Figure 4). The utilization of P in the negative control diet was 51.8 %,
and it was increased to an estimated asymptotic value of 78.2 % with phytase supplementation
(Figure 3).

The improvement of P-utilization in the phytase treatments indicated that phytate-P was
liberated due to the action of the phytase. P-utilization of the positive control groups was lower
than of all phytase groups indicating that phytate phosphorus was less utilized by the broiler
chickens, which was confirmed by the increasing phosphorus content in excreta.

The apparent Ca-utilization (Table 5) was as well significantly improved in all treatments
compared to the negative control diet. Similar to the P-utilization, the effect was dose-
dependent with significant differences among the dosages. Utilization of Ca in the negative
control diet was 39.8%, and it was increased up to an estimated asymptotic value of 72.6% by
including graded amounts of phytase.

Results of plasma concentration of inorganic phosphorus (Pi) and Ca are presented in Table 6.
The Pi-concentration in the plasma was significantly increased in all treatments compared to the
negative control diet. With increasing dietary inclusion level of phytase the Pi-concentration in
the plasma increased in a dose-dependent manner (Figure 5). The Ca-concentration in the
plasma was decreased when phytase was added to the basal diet.

Table 7 shows the effect of phytase supplementation on parameters of bone mineralization.
Supplementing phytase, irrespective of the dose, significantly improved tibia strength compared
to the negative ‘control diet. Tibia strength values increased in a pattern corresponding to
supplementation levels. At levels above 250 U the bone strength was improved more than 2
folds.

The effects of phytase supplementation on tibia ash, a parameter that indicates the extent of
bone mineralization, were significant for all treatments compared to the negative control diet.
With increasing levels of phytase, improvements ranging between 15 % and 32 % were noted.
Again, comparable response as in the positive controls including additional DCP was found

already for low inclusion levels of the phytase, confirming its efficacy. An exponential dose-:

dependent relationship was found for the tibia ash (Figure 6), in which the slope rose very fast
with increasing phytase in the diet, and levels out above 2000 U per kg diet.

The results of this current study demonstrate that the supplementation of low P diets with the
new microbial phytase significantly improved the weight gain and the feed conversion ratio of
male broiler chickens at 22 days of age. The utilization of phosphorus was significantly
increased and consequently the amount of P excreted in the faeces was reduced. P-utilization
was improved dependent on level of phytase and could be described by an exponential function
with P utilization approaching an asymptote at 78%. The phytase is efficacious in releasing
phytate-P. In most cases, even at low dosages, the treatments supplemented with phytase
performed equally or even outperformed those supplemented with additional mineral P (positive

controls).

.
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.;-' Table 1: Composition of the basal diet

Ingredients (%)

Maize 60.20
Soybean meal (50 % CP) 35.50
Soybean oil 2.00
‘| DL-Methionine 0.20
L-Lysin 0.05
DCP 0.25
CaCO; 0.58
Sand 0.32
NaCl 0.15
Premix ' without Vitamin D, 1.00

: Calculated content:

MEy (MJ/kg)? 12.6

Crude protein (g/kg) 216

Calcium (g/kg) N 6.0

Total P {g/kg) 4.1

Lysine (%) 1.22

Methionine + Cystine (%) 0.90
. Analyzed content:

MEn(MJ/kg)® 12.7

Crude protein (g/kg) 217

Caicium (g/kg) 5.2

Total P (g/kg) 3.9

Phytate P (g/kg). 2.3

Non Phytate-P (g/kg) 1.6

! Including Avatec

2 Calculated with EC-equation based on values from nutritional tables

% Calcutated with EC-equation based on analysed crude nutrients
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Table 2: Analyzed P and Ca concentration in samples of the experimental diets

Total P Ca
Treatment Product { a.kg" feed) (g kg feed)
expected measured expected measured
A Negative 41 3.9 6.0 52
control
P Positive control 4.9 5.0 6.0 5.6
Q Positive control 53 5.2 6.0 5.7
R Pasitive control 57 5.6 6.0 5.6
Table 3: Analyzed product activity in samples of the experimental diets
Dose Phytase content
Treatment Product (Ukg™) (U.kg" feed)
A Negative control . 78
B Microbial phytase 250 255
C Microbial phytase 500 505
D Microbial phytase 1000 1035
E Microbial phytase 2000 1878
F ‘Microbial phytase 4000 3605
G Microbial phytase 8000 8019
Regulatory Document "Page 10 of 16
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Table 4: Performance of broiler chickens (day 8 to day 22) fed different supplerhental levels of microbial phytase, mean %

stdev
Negative Microbial phytase Positive controls
Product control
Treatment A B c D E F G P Q R
Dose (U.kg™) - 250 500 1000 2000 4000 8000 49gkg’ 53gkg’ 5.7gkg’
cages x birds 6x8 6x8 6x8 6x8 5x8 6x8 6x8 6x8 6x8 6x8
Weight gain 451% 721° 778%°  809%¢ 8so* 837 806°° 730° 753°° 756%°
(g/bird) +63 + 41 +25 +38 168 +26 + 47 +32 29 +29
% 100.0 161.2 172.4 170.3 195.2 165.5 176.7 162.0 167.1 167.6
_ " 708° 1018%  1033°¢  1080"%¢  1114*° 11s6*  11017°¢ 998° 10375¢ 1028°¢
Feed intake .
(g/bird) 1 80 +46 £33 +37 +20 £ 130 t44 147 132 32
% 100.0 143.7 145.8 152.5 157.2 163.2 155.4 140.9 146.4 145.2
, 1.576" 1.402°  1.320%°  1.339%¢  1270°  1.382%¢ 1368 | 1.366°°  1.378%¢  1.361%
Feed conversion
(g feed/g gain) +0.049 $+0026 +0020 +0085 +0075 +0.153 +0.042 | $0010  +0.018  10.016
% 100.0 89.0 84.3 84.9 80.6 87.7 86.6 86.7 87.4 86.4
Mortality (%) 12.5 2.1 2.1 0.0 42 0.0 6.3 6.3 2.1 42

Newman-Keuls test: Means within a row, not sharing a common superscript, are significantly different (p<0.05).
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Table 5: Apparent utilization of phosphorus and calcium in male broiler chickens fed different supplemental levels of

microbial phytase, mean * stdev.

Product Negative control Microbial phytase Positive controls
Treatment A 8 c D E F G p Q R
Dose (Ukg") - 250 500 1000 2000 4000 8000 | 49gkg"’  53gkg’ 57gkg’
cages X birds 4x8 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4
ifr"gga“e' 46.2° 60.5° 6317 §74%%C  g99* 682" 67278 | 612%¢  8527%C @417
g/ bird / day) 5.7 +4.1 27 +3.2 15 +24 +42 +27 +0.9 2.7
At‘?leart‘?"‘ P 518" 60.8° 69.0° 73.6®  749%® 773"  78.2* 57.2%F 57.6°¢ 54,6
utilization +13 +28 +0.8 +1.4 +26 +27 28 +28 +35 +0.8
(% of intake)

% 100.0 117.4 133.2 142.1 144.6 149.2 151.0 110.4 111.1 105.4
P ‘2 egc,&e‘a 8.3°¢ 6.9° 5.5° 4.6 43" 40" 397 10.0° 9.9° 11.2%
(g/kg £0.2 +04 +0.2 £0.2 +0.4 £ 0.4 £0.5 $0.7 £0.8 +0.2
faeces)

% 100.0 83.1 66.3 55.4 51.8 482 47.0 120.5 119.3 134.9
ﬁﬁf’z‘xgg Ca 39.8° 521F  612°°  §52%¢ 678" 702  726* | 5555  §0.3°*  500°F
(% of intake) +24 +25 1.0 +28 26 +34 £33 +29 +45 +2.1

% 100.0 130.9 153.8 163.8 170.4 176.4 162.4 139.4 151.5 148.2
Newman-Keuls test: Means within a row, not sharing a common superscript, are significantly different (p<0.05)
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Table 6: Concentrations of inorganic phosphorus (P) and Ca in the plasma of male broiler chickens fed different
supplemental levels microbial phytase, mean * stdev.

Product

Positive controls

Negative control Microbial phytase
Treatment A B C D E F G P Q R
Dose (U.kg™) - 250 500 1000 2000 4000 8000 49gkg”’ 53gkg’ 5.7gkg’
cages x birds 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4
1.16° 145  188° 2.494 2614 2534 2.78* 1.74%¢ 2.32* 2.524
+0.15 +0.37 +0.18 +0.10 +0.12 +0.15 +0.11 +0.42 +£0.08 +0.11
P; {(mmuol/L)
% 100.0 125.0 162.1 214.7 225.0 218.1 239.7 150.0 200.0 217.2
3or? 294" 2934  288”"® 281° 2.84° 2948 2.88° 290" 297"
+0.15 +0.05 + 0.05 +0.05 +0.04 +004 +0.10 +0.12 + 0.06 +0.09
Ca (mmol/L)
% 100.0 958 85.4 93.8 91.5 925 05.8 93.8 95.5 96.7
Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different (p<0.05)
Page 13 of 16
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Table 7: Tibia ash and tibia strength of male broiler chickens fed different suppiemental levels of microbial phytase, mean ¢

stdev. :
Product Negative controil Microbial phytase Positive controls
Treatment A B c D E F G P Q R
Dose (U.kg™) - 250 500 1000 2000 4000 8000 | 49gkg’ 53gkg’ 57gkg’
cages x birds 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4 4x4
Tibia
strength (N) 76° 167%%  234*  214*  243%  234*  220% | 128%  1e9*® 182"
+39.4 +326 +43.7 +38.7 +76.9 +47.3 +36.7 +10.6 +249 +35.1
% 100 218.2 306.5 279.6 3185 306.1 300.1 167.2 221.9 2386
Tibia ash (%)
40.7°¢ 46.8° 50.2 48 5124 5194 520* 53.6* 46.2° 49.74° 49.8 4°
+1.60 £1.62 +3.87 +0.84 +0.53 +0.74 +3.91 +0.90 +0.87 +0.95
% 100 115.1 123.4 125.8 127.7 127.8 131.7 113.6 122.1 122.5

Newman-Keuls

testt Means within a row, not sharing a common superscript, are significantly different (p<0.05).

Regulatory Document
Registered as DSM Nutritional Products Ltd
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Report No. 00000101

09-June-2009, Philipps P

Table 7:  Non linear regressions describing the effects of supplementation with the microbial

phytase on various parameters

a b k R?
Weight gain (g/bird) 459.1 368.2 0.0045 0.96
Feed conversion ratio (g feed/g gain) 1.6 -0.3 0.0055 0.91
Apparent P utilization (%) 517 25.0 0.0023 0.99
P in excreta (g/kg DM faeces) 8.4 4.3 0.0021 0.99
Tibia ash (%) 40.7 11.2 0.0030 0.99
Pi in plasma (mmol/L) 1.1 16 0.0017 0.96
Regulatory Document Page 16 of 16

Registered as DSM Nutritional Products Ltd
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European Food Safety Authority

FEEDAP UNIT

L oadarie o~
R i A

TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIMALS

Identification of the additive: IPA Phytase Batch number: PPQ 27987

Trial ID: BE-15/08 Location: DSM Nutrtional Products
France; Research Centre for Animal
Nutrion & Health, F-68128 Village-Neuf

Start date and exact duration of the study: May-27-2008 to June-18-2008, 2 weekd (1 week pre-
trial period)

Number of treatment groups (+ control(s}): 6 (+4) Replicates per group: 6
Total number of animals: 480 Animals per replicate: 8

- Dose(s) of the additive/active substance(s)/agent(s) (mg/Units of activity/CFU kg™ cor’np)ete feed/L”
water)

'l;":;‘f’fd: 0/250/500/1000/2000/8000 5.\ 0. 78/255/505/1035/1878/3605/8019 U.kg-1

t

Substances used for comparative purposes:

Intended dose: Analysed:
Animal species/category: Broiler
Breed: ROSS PM3 Identification procedure: per cage number
Sex: Males Age at start: 8 days Body weight at start: 171 g
Physiological stage: Growing General health: Normal (P-deficient basal diet)

Additional information for field trials:

Location and size of herd or flock:
Feeding and rearing conditions:

Method of feeding:
Diets (type(s)): low phosphorus basal dist

Presentation of the diet: Mash [] Pellet X Extruded (]  Other
Composition (main feedingstuffs): 60.2 % maize / 35.50 % corn ‘
Nutrient content (relevant nutrients and energy content)

Intended values: per kg: 12.6 MJ ME, 216 g crude protein, 4.1 g tot. P, 1.6 g non phytate P, 6.0
g Ca
Analysed values: per kg: 12.7 MJ ME, 217 g crude protein, 3.9 g tot. P, 5.2g Ca

Date and nature of the examinations performed: Growth performance, app. P utilisation, bone
quality, plasma

Method(s) of statistical evaiuation used: one-factoral analysis of variance (factor: treatment),
Newman-Keuls-test, non-linear regression analyslis )

Therapeutic/preventive treatments (reason, timing, kind, duration): Nothing to report

Timing and prevalence of any undesirable consequences of treatment; Nothing to report

! Please submit this form using a8 common word processing format (e.g. MS Word).

12
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Raw data of Trial BE-15/08

INTRODUCTION

The following documentation summarizes supplementary raw data concerning the
trial BE-15/08 performed 27-May-2008 to 18-June 2008 at the Research Center for
Animal Nutrition (NRD/CA, DSM Nutritional Products France, F-68128 Village-
Neuf). This trial was reported under the following title: Effect of graded amounts of
a microbial phytase on growth performance and phosphorus utilization of broiler
chickens fed low-phosphorus diets based on maize and soybean meal (BE-
15/08).(Philipps et al.2009)

REFERENCES

P. PRILIPPS and AURELI. R. (2009):

Effect of graded amounts of a microbial phytase on growth performance and
phosphorus utilization of broiler chickens fed low-phosphorus diets based on maize
and soybean meal (BE-15/08). (DSM Report No 00000101, Regulatory Document,
09-June-2009

FDA/CVYM000523
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Il. Raw data of Trial BE-15/08
Petra Philipps and Raffaella Aureli,

Effect of graded amounts of a microbial phytase on growth performance and
phosphorus utilization of broiler chickens fed low-phosphorus diets based
on maize and soybean meal {BE-15/08).(DSM Report No. 00000101 ,
Regulatory Document, 09-June-2009

RDR 00000101

Analytical data on feed

Animal performance data

Data on apparent utilization of phosphorus

Data on calcium and inorganic phosphorus in plasma
Data on tibia strength and tibia ash

09-June-2009
(/3,6& = 6/7 §
(Petra Philipps)

DSM Nutritional Products
B.P.170

F-68305 Saint-Louis cedex
France

494
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2.1 Analytical data on feed

(see also tables 1,2 and 3 of report 00000101)
2.\1 .1 Nutrient content in feed
212 CalPmio;
2.1.3 Phytate in feed

2.1.4 Phytase activity in feed

FDA/CVYMO000525
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BIOPRACT GmbH Report of Analysis
30. Mai. 08

DSM Nutritional Products France
Dr. Petra Philipps

CRNA - BP170
F-68305 Saint-Louis Cedex
France
Parameter: Phytase
Request N°: 6a Product:
Theme N°: 6106 Batch used: PPQ 27987

Registration date: 28.05.2008 Customer/Manufacturer:NRD/CA

Sample Sample Declaration Found
Number Label U/kg U/kg Average STDEV CvV
01  BE-15/08 Treatment 0 41

A-P 81 61 28 46%
01 rep. BE-15/08 Treatment 0 77

A-P 79 78 1 2%
02  BE-15/08 Treatment 250 253

B-P 256 255 2 1%
03  BE-15/08 Treatment 500 539

C-P 471 505 48 10%
04  BE-15/08 Treatment 1000 1032

D-p 1037 1035 4 0%
05  BE-15/08 Treatment 2000 1936

E-P 1819 1878 83 4%
06  BE-15/08 Treatment 4000 3812

F-P 3397 3605 293 8%
07  BE-15/08 Treatment 8000 7977

G-P 8060 8019 59 1%
08  BE-15/08 Treatment 0

P-P LOQ
09  BE-15/08 Treatment 0

Q-P LOD
10 BE-15/08 Treatment 0

R-P LOD
M-mash  E-expanded Ppageof] Responsible Analyst

P - pellet F - flour J. Konig

C - crumb ‘ TQ -Tel Quel LOD - Limit of Detection \«5——
PM - premix LOQ - Limit of Quantification & Q

499
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2.2 Animal performance data
(see also table 4 of report 00000101)

2.2.1 Raw data on growth performance and feed consumption on a
weekly base

2 pages
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2.3 Data on apparent utilization of phosphorus
(see also table 5 of report 00000101)

4 pages
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Aliment  Aliment Matiédre Taux Pen Taux Caen Q":;::: de MSde TauxPen TauxCaen Poidsdes Poidsdes Nombre Nombre d!:‘:‘?::! Poids
TRAITEMENTS N° éch TARE séche % de MS % de MS b féces frais % de MS %deMS animauxd animauxa d'animaux d'animaux des
brutJ1 brut JS " produite en X nombre
: alimenten % allment aliment 4 en% fécea féces Jieng JS5eng aJ aJs morts
jourseng ) de jours
™ - T FED1 FEDS DMFE PHOFE CAFE FA4 DMFA PHOFA CAFA w1 W5 N1 N5 FT M
A1 1 307 16990 15484 87.93 0.44 0.60 1524 26.82 0.86 1.44 2380 3400 8 8 32
A17 2 307 16718 15310 87.93 0.44 0.60 1404 29.72 0.83 1.43 2257 3070 7 7 28
A8S 3 306 16771 15135 87.83 0.44 0.60 1571 29.22 0.83 1.44 2455 3497 8 8 32
AB1 4 307 16443 14462 87.93 0.44 0.60 1970 26.50 0.81 1.38 2806 3849 8 8 3z
a2 5 454 16765 14583 87.93 0.44 0.60 2549 23.50 0.68 1.13 2614 4229 8 8 32
B18 (] 448 16676 14712 87.93 044 0.60 2161 25.44 0.72 1.18 2636 3809 8 7 31 21
bS50 7 450 16323 14116 87.93 0.44 0.60 2488 23.92 0.7% 1.18 27111 4256 8 8 32
B82 8 451 16613 14220 87.93 0.44 0.60 2899 20.76 064 1.10 2790 4605 8 8 az
c3 9 450 16428 14168 87.93 0.44 0.60 2607 23.01 0.53 0.90 2739 4528 8 8 32
c19 10 455 16457 14187 87.93 0.44 0.60 3022 19.35 0.54 0.96 2746 4542 8 8 32
ce7 1 460 16469 14253 87.93 0.44 0.60 2418 24.49 0.57 095 2673 4361 8 8 32
cel 12 355 16474 14342 87.93 0.44 0.60 2554 21.43 0.55 0.93 2358 4017 7 7 28
D4 13 299 168452 13991 87.93 0.44 0.60 2822 22.08 0.47 0.82 2878 4831 8 8 32
D20 14 297 16452 14171 87.93 0.44 0.60 2560 22.20 0.45 0.80 2872 4677 8 8 32
D68 15 302 16667 14136 87.93 0.44 0.60 3008 21.33 0.47 0.89 2790 4832 8 8 32
D84 16 299 16110 13578 87.93 0.44 0.60 2860 22,02 0.43 0.76 2886 4896 8 8 32
E5 17 456 16650 14150 87.93 0.44 0.60 2947 22.14 0.39 0.71 2910 4967 8 8 32
E21 18 454 168214 13687 87.93 0.44 0.60 3166 21.40 0.48 0.82 . 2827 4890 8 8 32
ES3 19 452 16322 13790 87.93 0.44 0.60 3183 20.59 0.42 0.73 2841 4808 8 8 32
E85 20 453 16966 14872 87.93 0.44 0.60 2697 22.91 0.44 0.77 2451 4238 7 7 28
Fé 21 454 16558 13999 87.93 0.44 0.60 3013 22.44 0.35 0.67 2763 4850 8 8 32
F22 22 456 16885 14387 87.93 0.44 0.60 2967 23.12 0.44 0.79 2708 4658 8 8 32
F70 23 454 16484 14123 87.93 0.44 0.60 2660 22.85 0.41 0.71 2747 4582 8 8 32
F86 24 455 16799 14282 87.93 0.44 0.60 2978 21.80 0.38 0.66 2810 4804 8 8 32
G7 25 299 16274 13751 87.93 0.44 0.60 2776 22.33 0.36 0.62 2803 . 4767 8 8 32
G23 26 298 16510 14025 87.93 0.44 0.60 2788 21.66 0.34 0.57 2851 4834 8 8 32
G71 27 301 16507 14284 87.93 0.44 0.60 2322 2417 0.45 0.73 2732 4319 8 8 32
G87 28 477 16344 13789 87.93 0.44 0.60 3259 19.07 0.41 0.76 2737 4703 8 8 32
P14 53 307 16793 14621 88.23 0.57 0.64 2089 27.46 0.93 1.08 2645 4284 8 8 32
P30 34 299 16556 14386 88.23 0.57 0.64 2174 26.86 0.4 1.06 2667 4298 8 8 32
P62 55 315 16385 14218 88.23 0.57 0.64 1942 25.45 1.05 1.26 2736 4312 8 8 32
P94 56 298 16321 14253 88.23 0.57 0.84 2008 26.67 1.06 1.25 2448 3979 7 7 28
Q15 57 352 16521 14132 88.08 0.60 0.64 2683 23.35 0.95 0.90 2693 4420 8 8 32
Q3t 58 408 16724 14381 88.08 0.80 0.64 2762 2282 1.07 1.06 2634 4424 8 8 32
Q78 59 452 16464 14420 88.08 0.60 0.64 2199 26.70 0.89 0.87 2322 3834 7 7 28
Qes 60 459 16570 14166 88.08 0.60 0.64 2663 2457 1.03 1.10 2897 4408 8 8 32
R16 61 451 16654 14380 87.90 0.64 0.63 2498 26.90 1.12 1.02 2580 4302 8 8 32
R32 82 448 16744 14782 87.90 0.64 0.63 2385 23.50 1.10 093 2332 3787 7 7 28
RB0 63 349 16260 13913 87.90 0.64 0.63 2756 22.14 1.10 0.96 2663 4498 8 8 32
R96 64 349 16454 13987 87.90 0.64 0.63 2792 22.51 1.15 1.06 2601 4552 8 8 32
[4)]
(o]
B

BE-15/08:Donnéas de base faces
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. l \ ‘

P Coefficient Coefficient Gain de poids Phosphore .
TRAITEMENTS N° éch g:;::'én:nd:g:';': Rétentiondu  d'utilisation Rétentiondu Ca d'utilisation de J1 a.Js eng Indice dfa ' darfs. C?'::;::::; tci’::s
par jour et animal Peng apparente du P eng apparente du par a'mmal et consomation [I'excrétion (glkg de MS)
en % Caen% jour {g/kg de MS)
T - DMt RPHO RPHOP RCA RCAP WG1-5 IC1-5
A1l 1 41.382 0.094 51.829 0.101 40.851 319 1.476 8.6 14.4
A7 2 44.216 0.098 50.331 0.099 37.245 29.0 1.732 8.3 14.3
AB5 3 44954 0.102 51.524 0.103 38.324 326 1.570 8.3 14.4
As1 4 54.434 0.128 53.429 0.139 42.658 420 1.475 8.1 13.6
B2 5 59.957 0.159 60.347 0.186 51.677 50.5 1.351 6.8 11.3
B18 6 §5.708 0.144 58.703 0.168 50.368 53.7 1.419 ) 7.2 118
b50 7 60.644 0.159 59.471 0.184 50.605 48.3 1.428 71 11.8
B82 8 65.755 0.188 64.863 0.220 55.713 56.7 1.318 6.4 11
c3 9 62.101 0.191 69.911 0.233 62.531 559 1.263 53 9
c19 10 62.375 0.191 69.453 0.225 60.176 56.1 1.264 54 9.6
ce7 1 60.892 0.183 68.119 - 0.223 61.034 52.8 1.313 57 9.5
Cc83 12 66.952 0.202 68.578 0.245 61.037 59.3 1.285 55 9.3
D4 13 67.624 0.216 72.500 0.263 64.815 681.0 1.260 47 8.2
D20 14 62.678 0.205 74.384 0.250 66.604 56.4 1.264 4.5 8
D68 15 69.547 0.221 72.292 0.257 61.523 63.8 1.239 47 8.9
D84 16 69.575 0.230 75.243 0.283 67.912 62.8 1.260 43 7.6
E5 17 68.685 0.235 77.766 0.290 70.317 64.3 1.215 39 7.1
E21 18 69.437 0.218 71.511 0.268 64.310 64.5 1.225 48 8.2
E53 19 69.575 0.232 75.888 0.289 69.267 64.5 1.226 4.2 7.3
E85 20 72.040 0.236 74.517 0.291 67.297 63.8 1.284 44 7.7
F6 21 70.317 0.247 79.700 0.302 71.503 65.2 1.226 3.5 6.7
F22 22 68.640 1 0.222 73.574 0.269 65.205 60.9 1.281 4.4 79
F70 23 64.876 0.221 77.375 0.277 71.269 57.3 1.287 41 71
F86 24 69.162 0.239 78.536 0.302 72.662 62.3 1.262 3.8 8.6
G7 25 69.327 0.243 79.597 0.309 74.232 614 1.285 36 6.2
G23 26 68.283 0.243 80.926 0.314 76.550 62.0 1.253 34 5.7
G71 27 61.084 0.200 74.447 0.255 69.601 49.6 1.401 45 7.3
G87 28 70.207 0.241 77.994 0.295 70.086 61.4 1.300 4.1 7.6
wn
o
®
BE-15/08
base be1508_raw data 27/04/2009 Bilan Fécés
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TRAITEMENTS N° éch

L0S

P14

P30

P62
P94
Q15
Q31
Q79
Q95
R16
R32
R8o
R96

0o = »

.’

53
54
N 55
56
57
58
59
60
61
62
63
64

Mean
Sidv
Mean
Stdv
Mean
Stdv
Mean
Stdv
Mean
Stdv
Mean
Stdv
Mean
Stdv
Mean
Stdv

Stdv
Mean
Stdv

Quantité d"aliment

ingéré en g de MS
par jour et animal

59.886
59.831
59.748
65.164
65.757.
64.491
64.298
66.170
62.464
61.593
64.469
67.765

Quantité d'aliment

ingéré en g de MS
par jour et animat

46.2
5.7
60.5
41
63.1
27
67.4
3.2
69.9
15
68.2
24
67.2
4.2
61.2
27
" 85.2

0.9
64.1
27

base be1508_raw data

Rétention du

Peng

0.199
0.193
0.205
0.199
0.233
0.207
0.238
0.223
0.214
0.215
0.229
0.236

Rétention du
Peng

0.11
0.015
0.16
0.018
0.19
0.008

. 0.22
0.011
0.23
0.008
0.23
0.013
0.23
0.021
0.20
0.005
0.23
0.013
0.22
0.011

Coefficient
d'utilisation
apparente du P
en %
58.337
56.617
60.098
53.574
59.051
53.580
61.569
56.097
53.592
54.641
55.609
54.442

Coefficient
d‘utilisation
apparente du P
en%

518
1.3
60.8
28
69.0
0.8
73.6
1.4
74.9
26
77.3
2.7
78.2
28
57.2
28
57.6
35
54.6
0.8

Coefficient  Gain de poids Phosphore Calcium dans
Rétention du Ca d'utilisation deJ1aJS5eng Indice de dans 'l.p'x”é tir;n )
eng apparente du par animalet consomation I'excrétion @ /;( 'd"‘ MS)
Caen% jour {alkg de MS) 7 g dr
0.218 56.909 51.2 1.325 93 10.8
0.216 56.430 51.0 1.330 9.4 . 10.6
0.219 §7.355 49.3 1.375 10.5 12.6
0.214 51.241 547 1.351 10.6 12.5
0.268 63.631 54.0 1.383 9.5 S
0.235 56.888 55.9 1.309 10.7 10.6
0.267 64.781 54.0 1.352 89 8.7
0.237 56.043 56.3 1.335 10.3 11
0.225 57.064 53.8 1.321 11.2 10.2
0.237 61.042 52.0 1.348 11 9.3
0.246 60.644 57.3 1.279 ) 11 9.6
0.245 57.340 61.0 1.264 1156 10.6
Coefficient  Gain de poids Phosphore Calcium dane
Rétention du Ca d'utilisation deJiaJ5eng Indice de dans ',p‘x‘_".‘ ﬁ;n )
eng apparente du par animalet consomation I'excrétion U
. {a/kg e MS)
Caen% jour {alkg de MS)
0.11 398 339 1.563 8.3 14.2
0.019 24 5.6 0.121 0.2 0.4
0.19 52.1 52.3 1.379 6.9 11.5
0.022 25 37 0.053 0.4 0.4
0.23 61.2 56.0 1.281 5.5 94
0.010 1.0 27 0.023 0.2 0.3
0.26 65.2 61.0 1.256 4.6 8.2
0.014 28 33 0.011 0.2 0.5
0.28 67.8 64.3 1.238 4.3 7.6
0.011 26 0.3 0.031 0.4 0.5
0.29 70.2 61.5 1.264 4.0 7.1
0.017 3.4 ' 33 0.027 0.4 0.6
0.29 72.8 58.6 1.310 39 6.7
0.027 33 6.0 0.064 0.5 0.9
0.22 55.5 51.5 1.345 10.0 11.6
0.002 29 2.3 0.023 0.7 11
0.25 60.3 55.0 1.345 9.9 9.8
0.018 4.5 1.2 0.031 0.8 _ 1.1
0.24 59.0 56.0 1.303 11.2 9.9
0.010 24 40 0.038 0.2 0.6
BE-15/08
27104/2009 _ Bilan Fécés
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2.4 Data on calcium and inorganic phosphorus in plasma
{see also table 6 of report 00000101)

4 pages
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2.5 Data on tibia strength and tibia ash

(see also table 7 of report 00000101)
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. Résistance  Taux de cendres Résistance Taux de

TRAITEMENTS TRAITEMENTS cendres en
osseuse en N en% osseuse en N o,
A 47.50 38.65. P 134.90 47.18
A 37.80 40.16 P 138.30 . 45.49
A 104.80 42.09 P 116.50 45.38
A 1156.30 41.80 P 120.80 46.71
B 138.80 47.26 Q 200.90 50.66
B 184.80 47.16 Q 159.80 49.83
B 139.50 44 .51 Q 142.10 49.66
B 203.20 48.29 Q 174.90 48.54
C 288.70 50.11 R 185.00 50.11
C 202.90 48.42 R 197.20 50.72
[+ 194.90 46.64 R 132.70 48.48
C 249.40 55.59 R 213.90 50.03
"D 190.50 50.64
D 172.50 50.36
D 234.40 52.23
D 256.50 51.45
E 161.90 51.72
E 215.70 51.38
E 250.20 52.63
E 344.80 52.04
F 238.90 50.89
F 294.60 52.28
F 180.70 52.59
F 220.60 52.07
G 177.30 61.42
G 229.90 51.88
. G 250.20 5155
G 259.20 59.42
Résistance
Résistance Taux de cendres Taux de cendres
TRAITEMENTS osseuse en N on% TRAITEMENTS on % osse:lse en
A 76.35 40.67 P 127.63 46.19
38.35 1.60 10.60 0.90
B 166.58 46.80 Q 169.43 49.67
32.55 1.62 24.90 0.87
C 233.98 50.19 R 182.20 49.84
43.69 3.87 35.08 0.95
D 213.48 51.17
38.71 0.84
E 243.15 51.94
76.89 0.53
F 233.70 51.96
47.32 0.74
G 229.15 53.57
36.67 3.91
514
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lll. Trial Protocol Data Sheet
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Annex 23

Rodehutscord, M. et al. (2009). Report No. 00001790: Dose response study
with a new phytase (RONOZYME® HiPhos) in broiler chickens. 2009

517

FDA/CVYM000548



C ) REPORT No. 00001790 DSM (S
Regulatory Document

Document Date: 26 October, 2009
Author(s): M. Rodehutscord', J. Boguhn® and J. Broz?

! Institute of Animal Nutrition, University Hohenheim, Stutigart (Germany)
2 Animal Nutrition and Health R&D, DSM Nutritional Products Ltd, Basel

Title: Dose response study with a new phytase (IPA Mash Phytase)
in broiler chickens

Project No. 6106

Summary

The efficacy of a new bacterial 6-phytase (IPA Mash Phytase) was tested in 3 to 4-week old broiler chickens.
The basal low-P diet contained maize and soybean meal as the main feed ingredients and total P and Ca
concentrations were 4.7 and 10.8 g/kg dry matter, respectively. The diet was supplemented with IPA Phytase
at levels of 500, 1000, 2000 and 4000 U/kg or remained unsupplemented. Excretions of P and Ca were
determined in a balance trial with 10 individual birds per dietary treatment and tibiae were obtained after the
birds received their respective diets for 12 days. Another 500 chickens (10 pens with 10 birds per treatment)
were fed for 7 days until slaughtering and removal of digesta for the determination of the precaecal P and Ca
digestibility. The effect of phytase on the utilization of both minerals was highly significant. The utilization of P
and Ca was improved by phytase supplementation from 47 and 28% in the basal diet (negative control) to a

. maximum of 75 and 48% at the highest level of supplementation, respectively. Tibia contents of ash, P and Ca
were improved by phytase supplementation as well. The precaecal digestibility of P was significantly increased
from 32% to 73% with increasing phytase supplementation. It is concluded that this new phytase product is
efficient in broiler chickens. By supplementing this phytase in combination with a reduced use of inorganic P in
the diet beneficial environmental effects can be achieved by reduced P excretion.

This report consists of Pages | — Il and 1— 12 & Annex C

Distribution _

Dr. M. Eggersdorfer, NRD Mr. J.-P. Ruckebusch, ANH/GM
Dr. F. Fru, NRD/PA

Mr. J.-F. Hecquet, NBD/RG

Dr. A.-M. Klinter, NRD/CA

Dr. J. Pheiffer, NRD/PA

Dr. P. Philipps, NRD/CA

Approved
Name Signature Date
Main Author signed by
Dr. J. Broz, NRD/CA J. Broz 27.10.2009
Principal Scientist / Competence Mgr signed by .
Dr. J. Broz, NRD/CA J. Broz 27.10.2009
Research Center Head signed by
Dr. A.-M. Klinter, NRD/CA A.-M. Kliinter 28.10.2009
Project Manager signed by
Dr. F. Fru, NRD/PA F. Fru 29.10.2009
Regulatory Document Page | of Il

. DSM Nutritionatl Products Ltd
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Report No. 00001790

Nomenclature and Structural Formula

IPA phytase (M), enzyme product containing bacterial 6-phytase (EC 3.1.3.26),
produced by submerged fermentation of a genetically modified Aspergillus oryzae
strain. Lot PPQ 28683 was used in this study, manufactured by Novozymes A/S,
Bagsvaerd, Denmark.

Regulatory Document Page Il of Il

. DSM Nutritional Products Ltd
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UNIVERSITAT HOHENHEIM
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REPORT PHYTASE EFFICACY IN BROILERS 2

Introduction

The major proportion of phosphorus (P) in plant feed ingredients is found in the form of
phytate, which is largely unavailable to monogastric animals. Microbial phytase can improve
the utilisation of phytate P, which has extensively been shown in different poultry species.
Phytase efficacy is not entirely predictable, however. The benefit achieved is known to depend
upon several factors, including the raw materials used, the source of phytase, the age of the
animals, dietary contents of calcium, phosphorus and vitamin Ds, and the level of phytase
activity present in the ingredients used. Different phytase products also may be different in
their efficacy depending on origin.

It was the objective of the present experiment to study the effects of a new phytase product on
the precaecal (pc) digestibility and utilisation of P in broiler chickens. Tibia responses were
also studied.

Material and methods
Diets

From day 1 to 13 post hatch the birds received a starter diet based on maize and soybean meal
that was calculated to be adequate in ME and all nutrients including P according to the
recommendations of GfE'. Analysed nutrient concentrations are shown in Table 1. Due to a
technical failure the sodium content was too low during the first 7 days, which explains that the
growth of the birds in the pre-treatment phase was low.

Table 1: Intended and analysed phytase activity and analysed concentrations of crude
nutrients, P, and Ca in the diets

. . Crude Crude  Ether
Diet Phytase activity (U/kg) Ash protein  fibre  extract P Ca

Intended  Analysed (g/kg dry matter)
Starter 68 260 37 62 7.6 13.1
A 0 <50 62 275 37 60 4.7 10.8
B 500 466 63 247 36 64 4.6 9.8
C 1000 1012 64 247 32 63 4.7 12.1
D 2000 1939 63 250 34 63 4.3 10.2
E 4000 3644 62 243 36 63 4.8 10.4

The experimental basal diet also was based on maize (541 g/kg) and solvent-extracted soybean
meal from dehulled seed (400 g/kg), but without a mineral P supplementation in order to
achieve a sufficiently low basal P level. In addition, soybean oil (20 g/kg), calcium carbonate

' GfE. 1999. Empfehlungen zur Energie- und Nihrstoffversorgung der Legehennen und Masthiihner (Broiler). )
DLG Verlags GmbH, Frankfurt/Main. 521
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(21 g/kg), and a P-free vitamin and mineral mix? (13 g/kg) were included. The diet contained
TiO, as indigestible marker (5 g/kg) and was not pelleted.

Diet preparation was done in the certified feed mill facilities of Hohenheim University,
Research Station for Animal Husbandry, Animal Breeding and Small Animal Breeding in
72800 Eningen, Germany. The total amount of feed needed for the experiment was mixed in
one lot and subsequently divided into 5 equal parts. Phytase was then supplemented to achieve
activities as detailed in Table 1, and the diets were mixed again. The basal diet remained
without the supplement. Intended activities as well as P and Ca concentrations were confirmed
by analyses (Table 1).

The test product was a bacterial 6-phytase (IPA Mash Phytase) and was supplied by DSM
Nutritional Products, Basel, Switzerland. It was expressed in a genetically modified strain of
Aspergillus oryzae. The lot number was PPQ 28683 and the product was provided in a powder
form containing 58,753 U/g.

Animals, housing and sampling

The experiment was conducted in the Research Station for Animal Husbandry, Animal
Breeding and Small Animal Breeding of the University Hohenheim, 72800 Eningen, Germany.
Six hundred day-old broiler chickens (Ross 308) were allocated to 50 pens of 12 birds each on
a wood shavings bedding. Birds underwent routine vaccination against Coccidiosis, Newcastle
disease, and Infectious bursal disease on d 3, 10, and 14, respectively. Diets did not contain a
coccidiostat. On d 11, all birds got a vitamin preparation via the drinking water.

On d 14 of the experiment 50 birds (the one with the highest BW from each pen, 10 per
treatment) were housed individually in balance cages. From d 14 to 24 the respective
experimental diet was fed slightly restricted (50 g per bird and day) in order to avoid feed
refusals. On d 25 the experimental diet was offered for ad libitum intake. From d 19 to 24
excreta were quantitatively collected, pooled for each bird and stored at -20°C. Later the
excreta were mixed and oven-dried at 65°C for 72 h prior to analysis. Broilers were weighed at
the beginning and the end of the collection period.

On d 26 the birds were killed, the tibia bones removed and stored at -20°C until further
handling.

A total of 500 broilers remained in their pens for determination of precaecal (pc) digestibility
of P and Ca. Ten pens were allocated to each of the five experimental diets in a way that an
equal distribution of all treatments over the animal house was given. The respective
experimental diet was offered for ad libitum intake for 7 days until slaughtering by carbon
dioxide exposure on d 21. The medial and terminal section between Meckel’s diverticulum and
2 cm anterior to the ileo-caeco-colonic junction was isolated. The digesta was flushed out with
double-distitled water, pooled per pen, and immediately frozen at -20°C until freeze-drying.

2 Premix contained per kg: NaCl 77 g; Cholinchloride 154 g; Sodium bicarbonate 231 g; Vitamin A 6,000,000

LE.; Vitamin D3 1,500,000 L.E.; Vitamin E 15 g; Vitamin B1 1.5 g ; Vitamin B2 3 g; Vitamin B6 3 g; Vitamin

B12 15 mg; Vitamin K3 1.2 g; Nicotinic acid 25 g; Pantothenic acid 7 g; Biotin 50 mg; Folic acid 500 mg; Fe 90
2;Mn120g;Zn80g; Cul5g;11.7¢g;S¢0.5g;Co0.6¢ 522
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Body weight gain, feed consumption, and gain to feed ratio were determined per pen for the
period between d 14 and 21.

Analyses and data evaluation

Concentrations of dry matter and crude nutrients were determined according to VDLUFA
standard methods®. Samples of feed, excreta and digesta were ground through a sieve with 1-
mm pore size and treated in the institute’s laboratory for analyses of P, Ca, and Ti according to
Boguhn et al. (2009)*. '

Adhesive tissues on the tibiae were removed by incubating the bones for 24 h at 58°C in a
solution that mainly consisted of water, fatty acid alcohol, protease and alpha-amylase (Biozym
SE, SPINRAD®, interTee Handels GmbH, 22848 Norderstedt, Germany). Bones were then
cleaned in distilled water and remaining soft tissues removed. Bones were dried for 4 h at
65°C. Cleaned air dry bones were later incinerated at 550°C and the remaining ash was
analysed as mentioned above for the other samples.

Measurements of P, Ca, and Ti were made using an inductively coupled plasma spectrometer
(ICP-OES). Phytase activity in the feed was determined according to Engelen et al. (1994)° by
Biopract GmbH, Berlin, Germany.

‘Utilisation’ was calculated as the difference between measured intake and measured excretion
relative to intake. Precaecal digestibility (y) was calculated based on the ratio of the nutrient
under study and TiO; in diet and digesta according to the generally accepted equation:

TiO; in diet (g/kg) Nutrient in digesta (g/kg)
X

y (%)= 100100 x — -
TiO, in digesta (g/kg) Nutrient in diet (g/kg)

Data were subjected to gim procedure using the software package SAS for Windows 9.2. In
case of a significant treatment effect means were compared using t-test. The Dunnett test was
used to detect effects of a supplementation of phytase to the control without phytase.

Non-linear regression analysis was performed with the program GraphPad Prism 5.02. An
exponential model of the following type was fitted to the data:
y=ax(l-e ™)

with  a: upper y asymptote (estimated maximum)

b: parameter describing the steepness of the curve

c: estimated x intercept

y: response criterion

x: supplemented phytase (U/kg).

3 Naumann, C. and R. Bassler. 1976. VDLUFA-Methodenbuch, Vol. 1II. Die chemische Untersuchung von
Futtermitteln with supplements 1983, 1988, 1993, 1997, 2004, and 2006. VDLUFA-Verlag, Darmstadt.

“ Boguhn, J., T. Baumgirtel, A. Dieckmann, and M. Rodehutscord. 2009. Determination of titanium dioxide
supplements in different matrices using two methods involving photometer and inductively coupled plasma

optical emission spectrometer measurements. Archives of Animal Nutrition 63, 337-342.

% Engelen, A. J., F.C. van der Heeft, P.H. Randsdorp, and E.L.C. Smit. 1994. Simple and rapid determination of
phytase activity. Journal of AOAC International 77, 760-764. 523
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Results

The study on the pc digestibility could be finished without any problems. Body weight gain,
feed consumption, and the gain to feed ratio were significantly increased by phytase
supplementation (Table 2).

Table 2: Body weight (BW), BW gain, feed consumption and gain to feed ratio of broiler
chickens in the 7-day experimental period (Means and SD, 10 replicates per
treatment)

Initial Final Feed Gain to

Phytase  Treatment BW BW BW gain consumption feed ratio

U/kg g g g g glg
0 A 167 3158 149° 254° 0.59°
12 27 16 21 0.05
500 B 162 3282 165° 268%° 0.62°
6 16 12 16 0.05
1000 C 161 331° 1717 276° 0.62°
11 28 18 28 0.05
2000 D 164 356°° 1927 288" 0.67°°
12 30 19 29 0.04
4000 E 164 373 209°¢ 304°¢ 0.69
9 23 18 27 0.06
P 0.74 <0.001 <0.001 <0.001 <0.001

* Means are significantly different from the unsupplemented treatment A according to Dunnett test.
** Values without a common superscript are significantly different according to t-test (p < 0.05)

The pc digestibility of P increased from 32% to 73% with increasing phytase supplementation
(Table 3). Each level of phytase supplementation led to a significant increase in pc P

‘digestibility. The pc digestibility of Ca was 49% in the unsupplemented basal diet. Phytase
supplementation also led to a significant increase in pc Ca digestibility.

The broiler chickens in the balance trial weighed 210 g on d 14 and 300 g at the end of the trial.
Growth was not significantly affected, which can be explained by the feed restriction that was
employed. The excretion of P was significantly reduced (P < 0.001) by phytase supplemen-
tation (Table 3). Correspondingly, the effect of phytase on the utilisation of P also was highly
significant. A distinct plateau in P utilisation was not achieved within the level of supple-
mentation studied (Figure 1).

The excreted amounts of Ca were significantly lower at the two highest levels of supple-
mentation compared to the control. The utilisation of Ca increased from 28 to 48 % with
increasing phytase supplementation.

524
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Summary and conclusions

A new bacterial 6-phytase (IPA Mash Phytase) was tested in 3 to 4-week old broiler chickens.
The basal diet was mainly based on maize and soybean meal and had P and Ca concentrations
of 4.7 and 10.8 g/kg dry matter, respectively. The diet was supplemented at levels of 500,
1000, 2000 and 4000 U/kg or remained unsupplemented. Excretions were determined in a
balance trial with 10 individual birds per diet and tibiae were obtained after the birds had
received their respective diets for 12 days. Another 500 chickens (10 pens with 10 birds per
treatment) were fed for 7 days until slaughtering and removal of digesta for the determination
of the precaecal digestibility.

The effect of phytase on the utilisation of P and Ca was highly significant. The utilisation of P
and Ca was improved by phytase supplementation from 47 and 28% in the basal diet to a
maximum of 75 and 48% at the highest level of supplementation, respectively. Tibia contents
of ash, P and Ca were improved by phytase supplementation. The precaecal digestibility of P
was significantly increased from 32% to 73% with increasing phytase supplementation.

Significant effects were found in P retention, precaecal P digestibility and tibia P. It is therefore
concluded that the new phytase product is efficient in broiler chickens. By supplementing this

. phytase in combination with a reduced use of inorganic P in the diet beneficial environmental
effects can be achieved by reduced P excretion.

Stuttgart, October 26, 2009

Prof. Dr. M. Rodehutscord Dr. J. Boguhn

. Annex tables 1 to 4 are part of this report.
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Annex table 1: Initial body weight (BW), BW gain, feed intake, gain to feed ratio and calculated precaecal (pc)

digestibility of P and Ca (pen basis)

. " . Feed Gainto  pc digestibility

Pen Diet Initial BW BW gain intake  feed ratio p Ca

(g/bird) (g/bird)  (g/bird) % %
1 0 186 163 275 0.59 423 448
2 500 158 171 251 0.68 42.5 54.0
3 1000 162 174 284 0.61 47.1 529
4 2000 173 206 301 0.68 522 46.1
5 4000 176 212 332 0.64 729 54.9
6 0 168 140 229 0.61 30.4 50.5
7 500 163 146 281 0.52 43.3 59.2
8 1000 182 201 314 0.64 479 53.7
9 2000 164 176 263 0.67 64.2 54.4
10 4000 168 210 291 0.72 73.5 57.8
11 0 151 124 212 0.58 31.2 477
12 500 160 168 250 0.67 39.1 47.7
13 1000 153 140 251 0.56 56.7 53.6
14 2000 171 212 305 0.69 59.2 49.2
15 4000 156 199 297 0.67 68.8 55.2
16 0 182 160 260 0.62 31.6 499
17 500 159 161 296 0.54 36.0 449
18 1000 144 163 244 0.67 50.1 48.1
19 2000 190 232 343 0.68 62.5 55.8
20 4000 174 208 357 0.58 68.1 56.9
21 0 177 170 271 0.63 32.7 473
22 500 170 177 286 0.62 444 514
23 1000 166 189 275 0.69 536 516
24 2000 155 188 267 0.71 61.2 443
25 4000 170 225 303 0.74 749 572
. %6 0 168 159 257 0.62 359 582
27 500 167 170 262 0.65 39.3 50.3
28 1000 1M 187 327 0.57 580 60.6
29 2000 162 182 318 0.57 52.7 50.9
30 4000 175 237 331 0.71 66.7 55.7
31 0 158 162 273 0.59 29.9 497
32 500 171 175 274 0.64 358 518
33 1000 153 160 243 0.66 414  47.1
34 2000 156 175 260 0.67 62.6 554
35 4000 159 172 279 0.61 69.6 56.1
36 0 159 144 251 0.57 26.8  45.7
37 500 151 146 250 0.58 40.6  55.2
38 1000 154 159 290 0.55 59.1 61.8
39 2000 157 176 265 0.66 582 444
40 4000 156 225 297 0.76 79.8 57.9
41 0 150 124 266 0.47 21.3 444
42 500 162 179 268 0.67 47.3 51.8
43 1000 161 178 274 0.65 55.1 60.0
44 2000 162 191 300 0.64 65.2 56.8
45 4000 155 203 273 0.75 73.3 58.8
46 0 168 141 244 0.58 32.8 50.0
47 500 161 162 260 0.62 58.1 57.5
48 1000 160 158 264 0.60 58.5 56.6
49 2000 149 184 260 0.71 66.4 51.2
50 4000 152 203 283 0.72 76.8 52.9
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Annex table 2: Initial body weight (BW), BW gain, feed intake, excreted amounts and utilisation of P and Ca
. (individual data)
. TN .o . Feed Excretion (intake-excretion) / intake * 100
Bird Diet Initial BW BW gain intake p Ca p Ca
(3] (g/d)  (¢/d) (mg/d) (mg/d) % %
1 0 338 25.4 48.8 111.6  393.7 44.2 14.9
2 500 300 324 49.7 844 3184 58.7 32.6
3 1000 311 28.0 50.0 78.4 3203 61.9 326
4 2000 336 30.3 50.0 64.0 293.7 68.8 38.1
5 4000 303 324 50.0 43.0 2342 79.1 50.6
6 0 335 17.2 36.1 93.2 263.6 37.1 23.0
7 500 306 28.5 50.0 81.6 2980 60.2 37.1
8 1000 320 31.6 50.0 70.7 2788 65.6 413
9 2000 323 28.4 50.0 65.1 275.0 68.4 422
10 4000 317 29.1 50.0 48.7 2470 76.3 48.0
11 0 293 24.9 50.0 80.5 2389 60.7 49.6
12 500 268 26.0 50.0 83.7 2596 59.3 454
13 1000 293 279 50.0 73.6 2736 64.2 42.5
14 2000 294 29.2 50.0 544 2395 73.5 49.5
15 4000 317 29.3 50.0 - 54.5 253.7 73.5 46.5
16 0 350 27.7 50.0 100.4 3394 51.1 28.4
17 500 312 28.9 50.0 77.0 281.5 62.5 40.7
18 1000 259 23.8 50.0 53.0 179.6 742 62.2
19 2000 339 30.2 50.0 573 272.7 72.1 42.5
20 4000 298 322 50.0 55.5 2765 729 41.7
21 0 342 31.2 50.0 1245 439.8 39.3 7.2
22 500 321 31.2 50.0 90.6 324.1 55.9 31.8
23 1000 298 28.2 50.0 85.1 2863 58.6 39.8
24 2000 274 22.7 50.0 65.5 260.5 68.1 45.1
25 4000 310 30.6 50.0 500 2373 75.6 50.0
. 26 0 245 253 49.7 56.4 172.4 72.3 63.4
27 500 303 26.2 50.0 69.0 2633 66.4 44.6
28 1000 293 30.6 50.0 76.7 276.0 62.7 42.0
29 2000 300 32,5 50.0 824 2893 59.9 39.0
30 4000 311 322 50.0 45.6  258.5 77.8 45.5
31 0 280 31.8 50.0 1009 380.6 50.8 19.7
32 500 313 243 50.0 94.1 2794 54.2 41.2
33 1000 310 303 50.0 70.2  281.6 65.9 40.8
34 2000 296 25.0 45.0 754 2504 59.2 414
35 4000 311 27.6 50.0 55.1 233.6 73.2 50.8
36 0 309 30.6 50.0 120.1 357.8 41.5 24.5
37 500 294 28.3 49.3 90.1 258.1 55.5 449
38 1000 257 453 50.0 76.3 280.8 62.9 40.9
39 2000 283 31.0 50.0 66.5 282.1 67.6 40.6
40 4000 296 326 50.0 65.6 277.8 68.0 41.5
4] 0 234 12.7 32.5 729 199.8 45.2 35.1
42 500 293 30.2 50.0 86.4 307.7 58.0 352
43 1000 293 29.6 50.0 99.4  336.8 51.7 29.2
44 2000 290 32.8 50.0 67.2 2633 67.3 445
45 4000 285 33.9 50.0 46.5 244.1 773 48.6
46 0 296 19.6 39.5 112.7  320.9 304 14.3
47 500 301 28.8 45.0 105.7  330.7 429 22.7
48 1000 288 28.7 50.0 99.2 318.8 51.8 330
49 2000 248 318 50.0 59.9 236.8 70.8 50.1
50 4000 303 24.6 50.0 48.0 2127 76.6 55.2
529
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Annex table 3: Ash, P and Ca content of the tibiae (individual data)

Bird Diet Ash Ca p Ca P
gkg DM p/koash  p/kg ash mg mg
1 0 400 356 169 80.5 38.3
2 500 471 361 173 119.7 57.2
3 1000 493 370 169 127.5 58.3
4 2000 524 370 175 174.0 82.3
5 4000 514 358 173 159.0 76.8
6 0 422 370 177 77.3 37.0
7 500 496 380 173 151.5 69.0
8 1000 501 384 179 139.3 64.8
9 2000 511 378 176 175.5 82.0
10 4000 520 382 181 183.0 86.8
11 0 475 380 174 68.3 31.2
12 500 504 371 169 97.0 44.3
13 1000 435 393 181 148.2 68.2
14 2000 446 378 178 152.5 71.7
15 4000 521 379 180 173.3 82.3
16 0 452 373 174 136.7 63.8
17 500 486 368 174 141.2 66.8
18 1000 474 378 176 129.5 60.2
19 2000 478 367 176 165.2 79.3
20 4000 519 378 183 151.7 73.5
21 0 439 363 169 I31.5 61.3
22 500 434 390 182 145.5 67.7
23 1000 487 369 173 122.0 57.3
24 2000 479 366 173 128.8 60.7
25 4000 482 369 175 196.2 93.0
26 0 417 370 169 105.3 48.0
27 500 440 361 171 137.5 65.0
28 1000 436 379 178 154.0 72.2
29 2000 453 365 171 152.8 71.7
30 4000 503 366 176 171.0 82.0
31 0 411 369 168 97.5 44.5
32 500 427 366 169 123.5 57.0
33 1000 458 373 173 164.5 76.5
34 2000 496 364 177 108.7 52.8
35 4000 481 372 176 181.5 85.8
36 0 387 370 168 101.3 46.0
37 500 413 370 173 108.3 50.5
38 1000 445 373 176 106.5 50.2
39 2000 496 349 167 125.5 60.0
40 4000 498 371 178 151.3 72.8
41 0 392 383 178 76.5 35.5
42 500 439 371 174 142.0 66.5
43 1000 484 366 170 117.7 54.7
44 2000 495 379 178 155.0 72.8
45 4000 504 376 178 175.3 - 83.3
46 0 453 370 178 88.0 423
47 500 405 368 174 96.3 45.5
48 1000 516 373 173 125.0 58.0
49 2000 486 368 176 132.0 63.0
50 4000 510 370 170 153.3 70.5
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Annex table 4: Statistical analysis

Dependent variable Mean squares R square CcvV Root MSE F

Final body weight 5476 0.43 7.43 25.3 8.6
BW gain 5626 0.64 9.48 16.8 19.9
Feed consumption 3718 0.35 8.91 24.8 6.1
Gain to feed ratio 0.017 0.37 8.03 0.05 6.7
pe digestibility of P 2494 0.88 10.5 5.45 84.0
pe digestibility of Ca 88.5 0.31 7.88 4.15 5.1

P excretion (mg/d) 3205 0.62 17.5 13.3 18.3
Ca excretion (mg/d) 5847 0.19 16.9 47.3 2.6
Non-excreted P (%) 1099 0.65 11.7 7.27 20.8
Non-excreted Ca (%) 551 035 244 9.63 59
Tibia ash 9712 0.54 5.79 27.1 13.2
Tibia P (g/kg ash) 311 0.16 2.20 3.8 2.12
Tibia Ca (g/kg ash) 76.2 0.09 2.18 8.1 1.16
Tibia P (mg) 1763 0.65 14.6 9.2 20.7
Tibia Ca (mg) 7287 0.62 14.9 20.0 18.2
Tibia Ca : Tibia P 0.005 0.30 1.5 0.03 - 4.9
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. Nomenclature and Structural Formula
A liquid preparation of bacterial 6-phytase (IPA Phytase (L) Hphos}), batch PPQ8432 was
used in this study, manufactured by Novozymes A/S, Bagsvaerd, Denmark

A salt coated preparation of bacterial 6-phytase (IPA Phytase, Fbhos), batch PPQ9773 was
used in this study, manufactured by Novozymes A/S, Bagsvaerd, Denmark
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Title: Comparison of two formulations of a microbial 6-phytase included at
graded levels on growth performance and phosphorus utilization of broiler
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Abstract

The effects of a liquid preparation and a new salt coated preparation of the |PA phytase on
growth performance and phosphorus utilization of broiler chickens were studied in a short term
trial from day 8 to day 22 of life. The birds were fed low-phosphorus diets based on maize and
soybean meal. The pelleted diet contained 3.8 g total phosphorus and 5.6 g calcium per kg
feed. The two forms of the bacterial 6-phytase were included at 500, 1000 and 2000 U /kg feed,
respectively.

The results of this current study demonstrated that the supplementation of low P diet with the
IPA phytase in liquid or in salt coated form significantly improved the weight gain and the feed
conversion ratio of male broiler chickens at 22 days of age.

The utilization of phosphorus was significantly increased and consequently the amount of P
excreted in the faeces was reduced. P-utilization was improved dependent on level of phytase
and could be described by an exponential function. The IPA phytase was effective in releasing
phytate-P according to the effects obtained on tibia and toe ash.

The efficiency of IPA Phytase (s. coated) recorded in this trial was comparable to that of IPA
Phytase (L) for growth parameters, bone parameters and for utilization of phosphorus and
calcium.

In most parameters, the treatments supplemented with higher dosages of IPA phytase
performed equally or even outperformed the treatment supplemented with additional mineral P
(positive control).

In the present study a first batch of the salt coated form of IPA phytase was tested.
It is suggested to confirm the efficiency of the salt coated formulation in an additional study.
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INTRODUCTION

Phosphorus is one of the main essential elements involved in the formation of mineralized
tissues. Almost two third of total phosphorus in poultry diets are in the form of phytate
phosphorus, which is poorly available to the poultry due to the low activity of the endogenous
phytase present in their digestive tract.The inability of poultry to utilize phytate-P necessitates
the addition of organic phosphate sources in diet formulations and also results in the excretion
of large amounts of P in the litter and increases the cost of formulations. Phytase
supplementation to the diets is one of main nutritional approaches to improve dietary phytate P
bioavailability.

The aim of the present trial was to compare the effects of two forms of a microbial 6- phytase,
IPA Phytase liquid and IPA Phytase salt coated on growth performance and phosphorus
utilization of broiler chickens fed a low-phosphorus diet. Due to the low amount and activity of
native phytases in maize and soybean meal, they were the ingredients of choice for the basal
diets. The animals were fed diets supplemented, per kg feed, with 500, 1000, and 2000 U of
each form of the phytase. In addition, one treatment supplemented with additional DCP was
included in the ftrial to have 5.6 g total phosphorus per kg feed. Phosphorus utilisation,
considered to be the most sensitive parameter for measuring the efficiency of phytase, was
determined based on quantitative measurements of P consumption and excretion.

MATERIALS AND METHODS

The trial (BE-07/09) was performed at the Research Center for Animal Nutrition and Ehlth
(DSM Nutritional Products France, F-68305 Mage-Neuf) according to the official French norms
for experiments with live animals. Day-old male broiler chickens (ROSS PM3Y, were supplied
by a commercial hatchery (dseph Grelier S.A., Elevage avicole de la Bohadige, F-49290
Saint-Laurent de la Plaine, France). The chickens were housed in wire-floored battery cages,
which were kept in an environmentally controlled room. The room temperature was adapted
according to the requirements of the chickens. Feed and tap water were available for ad libitum
consumption. The chickens were fed with a low phosphorus basal diet supplemented with 37.5
1g vitamin D 3.kg” (corresponding to 1500 IU per kg feed) until day 8, when the trial started. On
day 8, the chickens were divided by weight into groups, each comprising of 8 birds, which were
allocated to one of the different treatments. Each treatment was replicated with 12 groups. The
groups were weighed on days 8, 15, and 22. Feed consumption for the intermediate periods
was determined and body weight gain (WG) and feed conversion ratio (FCR) were calculated.

The basal diet was supplemented with 12.5 |g.kg "' vitamin Ds corresponding to 500 1U.kg™ to
fulfil the recommendation for chickens of that age (GfE 1999). The basal diet was based on
maize and soybean meal as main ingredients and had a content of 222 g crude protein, 12.6 MJ
MEy, 3.8 g total phosphorus (P), and 5.6 g calcium (Ca) per kg feed. All other nutrients except
for phosphorus met the requirements of growing broilers in accordance to their age. The
analyses of the nutrient content in the feed samples (Table 1) were performed according to
standard methods (BLUFA, 1976, 1997). The detailed composition of the basal diet, the
analysed nutrient contents and the ME (calculated on the basis of analysed nutrients using EC-
equation, EEC, 1986), are shown in Table 1.

Beside the control treatment without enzyme supplementation, graded levels of phytase were
added to a phosphorus deficient basal diet. The unsupplemented P-deficient basal diet was also
fed as such (negative control diet) and was supplemented with 1.5 g P from dicalcium
phosphate (DCP) as positive control diet. The diet was supplemented with the bacterial 6-
phytase in liquid form (lot PPQ8432 wi th analysed phytase activity of 26000 U.g") and with
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the bacterial 6-phytase in sait coated form (lot PPQ9773 with analysed phytase activity of
13300 U.g"'). The two forms of the bacterial 6-phytase were included at one of the following
doses: 500, 1000, 2000 U.kg™ feed.

The added amount of the test product was based on the analysed phytase activity. Appropriate
amounts of the salt coated product were mixed with a small quantity of the basal feed as a
premix which was then added to the feed to get the final concentration, according to the
treatment. After mixing, the feed was pelleted (3 x 25 mm) at about 70°C.

Appropriate amounts of the liquid preparation of the phytase product were diluted with 600 ml
water and sprayed onto the pellet feed to get the final concentrations in the feed corresponding
to the different treatments. For procedural balance of all treatments, 600 ml of water were also
sprayed onto the pellets of the negative and the positive control diets as well as onto the diets
supplemented with the salt coated form of the phytase

Feed samples were taken for analysis of the phytase activities. The determination of the
phytase activity in the experimental diets was performed by BIOPRACT GmbHD-12489 Berlin
(Germany) on behalf of DSM Nutritional Products. One unit (U) of phytase is defined as the
activity that releases 1pmol inorganic phosphate from 5.0 mM phytate per minute at p$.5 and
37 °C.

Phytate in feed was determined colorimetrically as released P after extraction, elution and wet
digestion with NO 3/H,SO, (AOAC, 1990).

Excreta were collected from birds from day 14 to day 17 by a total collection method. During this
period the excreta from 4 selected groups of male chickens per treatment were quantitatively
collected once per day. The excreta from the four days were pooled per group and were stored
frozen (at -20°C), each day directly after collection. After thawing the total excreta of each group
were homogenized, representative samples were taken and the percentage of dry matter and
ash, as the concentration of phosphorus and calcium were determined. Ca and total P were
determined by Induction Coupled Plasma according to DIN EN 1SO 11885:1997 (DIN EN ISO
1998) after mineralization with H,SO, / Na,SO,

On day 22, biood samples from 4 male chickens randomly chosen from each group were
collected from the Vena jugularis. The concentrations of inorganic phosphate (Pi) and calcium
(Ca) in the plasma were determined with a Cobas@000 module C 501 automatic analyzer
according to the method described by ehry (1974) and Gindier and g (1972), using Roche
Diagnostic kits PBS 03183793 122 and Ca 20763128 322.

The chickens were euthanized by cervical dislocation at 23 day of age and the right tibias were
taken from 4 chicken randomly chosen from each group. Tibiae were defleshed, and
cartilaginous caps were removed after collection. They were kept frozen in plastics bags at -
20°C until analysis of ash content and breaking strength.

A segment of the central portion of the bone shaft (about 2 cm long) was prepared for use in
determining bone strength. A LR10Kompression machine with a KC/10M\1 force captor and

a compression device TEB-196/AL (Lloyd Instruments, Fareham, UKwas used to determine
the force (in Newton) necessary to break the bone. Broken bones were pooled per cage,
defatted with ethanol and ether, dried and incinerated at 550°C to determine the percentage
ash.

In addition, toe samples were obtained by severing the left middle toe through the pint between
the second and the third tarsal bones from the distal end. The toes of the four chickens within a
cage were pooled. The composite samples were dried and then ashed in a muffle furnace at
550°C to determine toe ash as a percentage of dry weight.

Research Project Document Page 5 of 17
DSM Nutritional Products Ltd

FDA/CVMO000570

538



Report No. 00001184 09-0ct-2009, Philipps P

For the statistical evaluation of all data a one-factorial (treatment: phytase level) analysis of
variance was carried out, using the software Stat Box Pro} version 5.0 (Grimmer soft 1995) in
which differences in treatment means with p <0.05 were considered as significant. Newman-
Huls test was used as post hoc to compare treatment means. Non-linear regression analyses
were performed with the program Origin 7.0. An exponential model of the following type was
fitted to the data:

y = a+b (1-exp (-kx))

with  a: response (y-value) at zero phytase supplementation
b: maximum response to supplemented phytase (a+b pper asymptote)
k: parameter describing the steepness of the curve
x: supplemented phytase (U/kg)
y: response (P utilization or utilized P concentration in the diet)

RESULTS AND DISCUSSION

Proximate analyses in the negative control diet were closed to the calculated values. P content
was lower as expected and the difference between P content in the positive and the negative
control was 1.1 g P (Table 2). Analysed Ca content was in the both diets approximatively 7 %
less than calculated. The content of non-phytic acid phosphorus in the basal diet was 0.8 g per
kg feed, calculated as the difference between total phosphorus content and content of phytic
phosphorus per kg feed.

The analysed phytase activities in the experimental feed are listed in Table 3. As intended, the
native phytase activity in the basal diet was under the limit of quantification (LOR

The phytase activities measured in the treatments B, C and D supplemented with the phytase in
liquid form were in good agreement with the target dosage.

For the treatment E, an activity of 599 U.kg™' was found in the feed sample which is about 20 %
more than the target dose of 500 U.kg™". After pelleting this treatment, the enzyme dropped to
531 U.kg"', meaning that about 27 %f its activity was lost through pelleting. For the treatment
F, the activity measured in the pellet feed was higher than this measured in the mash feed. An
activity of 2493 U.kg™' was found for the treatment G which is about 24 %nore than the target
dose of 2000 U.kg™". On pelleting, this activity was reduced by 24 % 1900 U kg . Even if the
pelleting conditions led to a decrease of the salt coated phytase activity in the pellet feed
compared to the mash feed, the activities were in accordance with the target dosage.

The results of the growth performance from day 8 to day 22 are presented in Table 4.

The mortality observed throughout the present trial was very high for the negative control (44.3
YsEven for the positive control diet still a mortality rate of 11.5 %as recorded, indicating that
due to the lower phosphorus content in the basal diets the deficiency conditions were stronger
than intended. Therefore the results on growth performance have to be interpreted with care.

Adding dicalcium phosphate (DCP) to the negative control diet resulted in a significant
improvement of the weight gain (WG) and the feed conversion ratio (FCR), clearly indicating
that the negative control diet was P-deficient. At a supplementation level of + 1.5 g (calculated)
DCP per kg feed, the WG and the FCR were improved by 106 %nd 26.4 %espectively
compared to the negative control diet.

Increased phytase supplementation from 500 to 2000 U.kg”' resulted in a significant
improvement of the WG and the FCR ratio compared to the negative control diet. The two forms
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of the IPA phytase tested at the lowest inclusion level already resulted in a significantly higher
WG and better FCR compared to the negative control diet. The WG was improved by 97 %nd

84 Y%espectively with the phytase in liquid form and in salt coated form. The FCR was

improved by 26.5 %and 24.9 %espectively . The WG and the FCR were improved in a
logarithmic dose response manner with increasing phytase. The response of weight gain and
feed conversion ratio to the addition of phytase to the diet can be described by non-linear
regressions (Figure 1 and 2). The effects on WG and FCR of liquid IPA phytase were
numerically higher than this obtained with salt coated IPA phytase at the same dosage but not
in a significant manner. Inclusion of 2000 U of liquid IPA phytase resulted in a significantly

higher weight gain compared to the positive control.

The results of apparent utilization of phosphorus and calcium are presented in Table 5. The
apparent utilization of phosphorus was significantly improved with increasing dietary levels of
the phytase.

Compared to the negative control diet, an improvement in a range of 45 % 75 %nd 40 %

60 %vas obtained with graded level of the IPA phytase (L) and the IPA phytase (s. coated),
respectively (Figure 3). The effects on P-utilization were significantly comparable between the
two forms of IPA Phytase included at 500 and 1000 U.kg" .For the highest inclusion level of
2000 U.kg™, the supplementation with the liquid form resulted in a higher P-utilisation than with
the salt coated form.

The effect of the phytase supplementation on P utilization for all supplementary levels was
further confirmed by a significant reduction in P excretion {(Figure 4) over the negative control
diet. The concentration of phosphorus in excreta recorded for the two phytases included at 500
and 1000 U.kg-1 was significantly comparable.

The P-utilization of the positive control groups was lower than of all other groups clearly
indicating that most of the additional mineral phosphorus was utilized by the broiler chickens
whereas the phytate-P was still excreted, which was confirmed by the increasing phosphorus
content in excreta.

The apparent Ca-utilization (Table 5) was significantly improved in all treatments compared to
the negative control diet. Similar to the P-utilization, the effect was dose-dependent with
significant differences among the dosages. Utilization of Ca in the negative control diet was 32.8
%and it was increased up to an estimated asymptotic value of 66.7 %nd 67.1 %y including
different levels of IPA phytase (L) and IPA phytase (s. coated) respectively. The results indicate
that in addition to P release there is an additional availability of calcium caused by the
supplementation with phytase.

Results of plasma concentrations of inorganic phosphorus (Pi) and Ca are presented in Table
6. The Pi-concentration in the plasma was significantly increased by all treatments compared to
the negative control diet. The Pi concentration in the plasma increased with increasing dietary
inclusion level of either IPA phytase (L) or IPA phytase (s. coated). The effects on Pi
concentration in the plasma were comparable between both forms of phytase at the inclusion of
500 and 2000 U.kg™'. At 1000 U.kg™ the effects obtained with the liquid form of the phytase was
significantly higher than this obtained with the salt coated form. The Ca-concentration in the
plasma was decreased when phytase was added to the basal diet.

Table 7 shows the effects of phytase supplementation on parameters of bone mineratization.
Supplementing phytase, irrespective of the dose, significantly improved tibia strength compared
to the negative control diet. Tibia strength values increased in a pattern corresponding to
supplementation levels. The effects of phytase supplementation on tibia ash, a parameter that
indicates the extent of bone mineralisation, were significant for all treatments compared to the
negative control diet. With increasing levels of phytase, important improvements ranging
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' Table 1: Composition of the basal diet

Ingredients (Yo .

Maize 59.1
Soybean meal (50 %P) 36.8
Soybean oil 1.50
DL-Methionin 0.20
DCP 0.30
03003 0.67
Sand 0.31
NaCl 0.10
Premix ! without ¥amin D , 1.00
Avatec 0.06
Calculated content:

ME, (Mkg) 2 12.7
Crude protein (g/kg) 215
Calcium (g/kg) 6.0
Total P (g/kg) 4.1

Analyzed content:

. MEn(Mkg) 12.6
Crude protein (g/kg) 222
Calcium (g/kg) 5.6
Total P (g/kg) 3.8
Phytate P (g/kg) 3.0
Non Phytate-P (g/kg) 0.8

! without Avatec
2 Calculated with EC-equation based on values from nutritional tables
3 Calculated with EC-equation based on analyzed crude nutrients
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Table 4: Performance of broiler chickens (day 8 to day 22) fed different supplemental levels of bhytase, mean # stdev

Broduct Negative IPA Phytase (L) IPA Phytase salt coated PosHive
Treatment A B | C | D E F § G H
Dose (U/kg) - 500 1000 2000 500 1000 2000 +1.5 g p/kg
cages x birds 11x8 12x8 12x8 12x8 12x8 12x8 12x8 12x8
Day 8-22
Weight gain 303° 596 B¢ 651 A8 684~ 558 ¢ 6158 653 "B 6238
(g/bird) +26.6 +65.5 +34.8 +66.5 +44.3 +58.9 +52.2 +49.5

100.0 197.0 215.1: 226.2 184.3 203.3 216.0 205.8
Feed intake 600° 870 B¢ 941 "B 973 A 831°¢ 896 B 932 "B 909 B
(g/bird) +44 6 +93.2 +46.6 +64.6 +55.6 +76.1 +56.3 +51.5

100.0 145.1 156.9 162.2 138.6 149.3 155.5 151.6
Feed
conversion 1.988"° 1.461°8 1.446 B 1.426 8 1.492°8 1.458 B 1.430° 1.463°8
(g feed/g gain) +0.129 +0.025 ; %0.035 ' 0.071 +0.034 '+0.038 '+0.059 40.046

100.0 73.5 72.8 71.7 75.1 73.3 71.9 73.6
Mortality (% 448 10.4 9.4 16.7 10.4 9.4 17.7 11.5

Newman-Euls test: Means within a row, not sharing a common s uperscript, are significantly different (p8.05).
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Table 5: Apparent utilization of phosphorus and calcium in male broiler chickens fed different supplemental levels of
phytase, mean # stdev.

Negative - Positive

Product " control IPA Phytase (L) IPA Phytase salt coated control
Treatment A B | C | D E F . G H
Dose (U/kg) ; 500 | 1000 | 2000 500 1000 2000 +159gP kg
Cages x birds 4x4 4x4 | 4x4 | 4x4 4x4 | 4x4 . 4x4 4x4
E]gkrga“e’ 3178 5164 56.9% | 509" 502 5154 | 5124 51.1 4
(@1 bird / day) +4.2 +1.9 +43 159 59 | 436 +5.4 +3.6
Phosphorus i
ﬁtf’lf’zaa't‘fgf‘ P 44.5° 64.5°C 70.7° 77.9% 62.1° 69.5° 71.1° 47.8°
(a6f intake) +3.4 +27 +2.9 +1.8 +1.8 +3.5 +5.9 +2.3

% 100.0 144.9 158.9 175.1 139.6 156.2 159.8 107.4
P in excreta 958 59°¢ 438° 37 6.4° 51° 4.8° 109"
(g/kg DM +0.7 +0.4 +0.4 +0.3 +0.3 105 | £09 +0.5
faeces)

% 100.0 62.1 50.5 38.9 67.4 53.7 50.5 114.7
Calcium
ﬁtﬁ’lg’z"‘gﬁ(’)‘; Ca 32.8° 56.0 ® 61.3 %8 66.7° 48.8¢ '56.8° 67.1~ 50.3°
(G6f mtake) 6.1 +3.4 +3.7 +2.4 +2.4 +4.8 +5.1 +2.6

% 100.0 170.7 186.9 203.4 148.8 173.2 204.6 153.4

Newman-Buls test: Means within a row, not sharinga common superscript, are significantly different (p8.05)
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Table 6: Concentrations of inorganic phosphorus (P;) in the plasma of male broiler chickens fed different supplemental

levels of phytase, mean £ stdev.

' Negative Positive
Product control IPA Phytase (L) IPA Phytase salt coa.ted control
Treatment A B c D E F i G H
Dose (U/kg) - 500 1000 2000 500 1000 2000 +1.5g P /kg
cages x birds 4 x4 4x4 4x4 4x4 4 x4 4x4 4x4 4 x4

114°¢ 141°¢ 224 242" 1.22¢ 1.76° 2.264 1.778
Pi (mmol/L) +0.18 +0.18 +0.21 0.09 £0.15 £0.38 +0.12 +0.19
% 100.0 123.6 196.5 212.3 107.0 154.4 198.2 155.3
2.95° 2.76 B¢ 2.60° 2.54° 2.83° 2.69 B¢P 2.53° 2.63°°
Ca (mmolL) £0.12 $006 | 010 | 008 £0.07 £0.14 £0.11 £0.09
% 100.0 93.6 88.1 86.1 95.9 91.2 } 85.8 89.2

Newman Kuls test: Means within a row, not sharing a commbn superscript, are significantly different (p8.05)
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Table 7: Tibia quality of male broiler chickens fed different supplemental levels of phytase, mean % stdev.

Negative Positive
Product control IPA Phytase (L) IPA Phytase salt coated control
Treatment A B ! C D E F G H
| Dose - 500 1000 2000 500 1000 2000 +1.59P /kg
cages x birds 6x4 6 x4 6x4 6x4 6x4 6x4 6x4 6 x4
Tibia strength (N) | 25 g 1 15555 | 197.0°® | 22104 | 162.7%® | 187.0%® 2141 ° 17158
+9.4 +16.7 +30.7 +275 +18.3 +40.4 +26.2 +25.8
% 100 210.3 266.4 298.9 220.1 252.9 289.6 231.9
Tibia ash (Yo 37.2° 46.6 ¢ 50.0 A8 50.8 A 457 °C 48.7 “® 50.5 A 48.3°
+2.05 +1.12 +0.78 +0.66 +2.19 +1.24 +0.58 +1.42
% 100 125.3 134.3 136.6 122.8 130.9 135.7 129.9
Toe ash (o 20.5° 32.2° 3274 35.0 A 33.44 33.74 37.34 3314
+2.32 +2.63 +3.83 +3.98 +1.59 +4.59 +3.41 +3.31
% 100 157.1 159.5 170.7 162.7 164.4 181.9 161.4

Newman-Euls test:

Means within a

row,

not sharing a co mmon superscript,

are significantly different (p®.05).
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Table 8: Non.inear regression describing the supplementation of IPA Phytase liquid on

various parameters

IPA Phytase liquid a b k R?
Weight gain (g/bird) 302.6 372.7 0.0029 0.99
Feed conversion ratio (g feed/g gain) 2.0 -0.5 0.0066 0.99
Apparent P utilization (Y 448 34.3 0.0016 0.99
P in excreta (g/kg DM faeces) 6.9 -5.9 0.0017 0.99
Tibia ash (o | 3741 139 0.0024 0.99
Tibia strength (N) 73.9 155.5 0.0015 0.99

Table 9: Non linear regression describing the supplementation of IPA Phytase salt coated on

various parameters

IPA Phytase salt coated a b k R?
Weight gain (g/bird) 302.6 348.6 0.0026 0.99
Feed conversion ratio (g feed/g gain) 20 -0.5 0.0049 0.99
Apparent P utilization (Y 44.4 28.2 0.0020 0.99
P in excreta (g/kg DM faeces) 9.5 -5.0 © 0.0020 0.99
Tibia ash (}o 37.2 13.6 0.0019 0.99
Tibia strength (N) 74.0 1415 0.0019 0.99
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Raw data of Trial BE-07/09

INTRODUCTION

The following documentation summarizes supplementary raw data concerning the
trial BE-Q7/09 performed 7-April-2009 to 29-April 2009 at the Research Center for
Animal Nutrition (NRD/CA, DSM Nutritional Products France, F-68128 Village-
Neuf). This trial was reported under the following title: Comparison of two
formulations of a microbial 6-phytase included at graded levels on growth
performance and phosphorus utilization of broiler chickens (BE-07/09), (Philipps et

al.2009).
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Raw data of Trial BE-07/09
Petra Philipps, Raffaella Aureli and Zahid Nasir

Comparison of two formulations of a microbial 6-phytase included at graded
levels on growth performance and phosphorus utilization of broiler chickens
(BE-07/09). (DSM Report No 00001184, Regulatory Document, 09-October-
2009

RDR 00001184

Analytical data on feed

Animal performance data

Data on apparent utilization of phosphorus

Data on calcium and inorganic phosphorus in plasma
Data on tibia strength and tibia/toe ash

09-October-2009

(Petra Philipps)

DSM Nutritional Products
B.P.170

F-68305 Saint-Louis cedex
France
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2.1 Analytical data on feed

B N N

(see also tables 1,2 and 3 of report 00001184)
’ 2.1.1  Nutrient content in feed

212 Ca/P

2.1.3 Phytate in feed

2.1.4 Phytase activity in feed
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DSM (S

Nutritional

Analytical Service

Analytical Research Center

To: Dr. Petra Philipps NRD/CA
Copies:
From: Dr. Kurt Vogel
Bldg. 203-20a Tel. +41 — 61 — 815 8665
CH-4002 Basel Fax +41 - 61 — 815 8440
kurt.vogel@dsm.com
Date: 08. April 2009

Request: BE-07/09_1 & 2

Liebe Petra

Unten findest Du die ersten Resultate von Deinen Futterproben. Das Futter mit der L-Form
sieht gut aus. Die Proben mit der festen Formulierung haben sehr grosse Streuung. Wir
werden diese nach Ostern nochmals messen. Bitte betrachte diese Werte nur als vorldufige

Information.

Viele Grisse

4

U:\My Documents\volaille\exploitation\dossier\2009\expérience 172

BE\BEO709\aliment\Analytical Service P Philipps Request BE 07—09_1 2 in
feed.doc
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2.2 Animal performance data
(see also table 4 of report 00001184)

2.2.1 Raw data on growth performance and feed consumption on a
weekly base

4 pages
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2.3 Data on apparent utilization of phosphorus
(see also table 5 of report 00001184)

4 pages
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2.4 Data on calcium and inorganic phosphorus in plasma
(see also table 6 of report 00001184)

5 pages
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Calcium- Phosphore dans les plasma

FDA/CVYM000603

Phosphore Calcium
N°
éch. mg/dl {mg/dl)
: Moyenne Moyenne
1 "~ 0.98 13.36
2 3.94 10.45
3 2.65 10.73
4 6.08 9.77
5 3.31 12.86
6 5.86 10.41
7 3.60 12.91
8 2.36 10.80
9 2.62 13.03
10 3.08 12.13
11 6.43 9.98
12 2.27 10.57
13 4.80 13.14
14 3.22 12.12
15 4.41 12.74
16 5.28 11.19
17 2.10 10.86
18 3.24 12.56
19 3.67 11.39
20 2.45 13.45
21 1.99 12.38
22 413 11.20
23 2.98 12.67
24 3.06 12.95
25 3.85 12.10
26 2.70 12.60
27 3.08 10.73
28 5.64 10.41
29 5.83 10.78
30 3.28 11.74
31 5.59 9.81
32 2.27 11.36
33 423 11.62
34 4.06 10.92
35 2.99 11.64
36 7.95 10.47
37 3.93 11.53
38 5.56 10.82
39 4.22 10.51
40 4.81 11.80
41 3.89 11.87
42 4.57 10.43
43 6.77 10.71
44 4.77 10.49
45 4.28 10.91
46 2.38 11.19
47 4.13 10.44
48 3.83 10.49

BE-07/09
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Calcium- Phosphore dans les plasma

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
- 67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

8.27
6.17
3.59
6.69
7.42
8.14
7.43
7.36
7.65
5.21
6.46
7.59
8.02
7.31
7.12
8.08
7.62
7.23
5.28
4.91
8.71
5.67
6.89
7.80
7.46
6.32
8.57
6.90
7.91
7.74
7.45
7.63
8.18
6.83
6.83
6.92
7.66
8.02
8.50
7.00
7.57
8.37
7.63
7.48
7.61
6.38
7.74
7.26
2.69
3.97
3.94
2.53

FDA/CVYM000604

9.94
10.94
11.33
10.49
10.52

9.83
9.07
10.22
10.67
10.51
10.89

9.48
10.03
10.01
10.27
10.20
10.35
10.11
10.61
10.45
10.79
11.10
11.14
10.99
10.94
10.95
9.80
10.84
9.79
9.63
10.98
10.01
10.26
9.70
9.29
9.82
10.02
10.93
10.85
9.69
10.52
9.80
9.92
9.21
10.10
11.23

9.52
10.50
11.66
11.07
11.20
12.04
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Calcium- Phosphore dans les plasma

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
1492
143
144
145
146
147
148
149
150
151
152

4.20
3.62
3.64
2.83
2.82
3.48
2.72
4.34
4.22
5.72
3.08
2.92
2.94
2.96
5.47,
5.46
6.15
2.70
453
4.01
7.23
3.20
4.36
6.10
3.95
3.56
4.35
4.50
5.75
2.97
4.83
3.70
7.64
5.26
6.16
7.58
7.36
8.06
5.67
6.57
5.03
4.70
4.24
7.97
5.76
6.71
7.19
8.09
5.75
5.92
6.56
7.72

FDA/CVYMO000605

11.66
12.20
10.66
10.82
10.97
10.55
11.05
10.68
11.53
11.35
11.53
11.47
11.44
11.00
11.12
12.75
11.79
10.85
11.33
11.11
9.86

11.00
12.00
11.73
12.45
11.81
11.90
10.21
10.88
11.16
11.26
11.11
9.88

9.93

11.14
9.63

9.56

10.26
11.30
9.71

10.30
10.88
10.49
10.57
9.05

9.42

11.13
10.80
10.26
10.98
10.65
10.80
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153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

187
188
189
190
191
192

186 -

5.24
7.74
5.85
8.01
7.19
7.32
7.31
7.31
7.62
7.09
7.93
7.20
7.01
6.97
7.01
17.77
5.49
3.66
7.06
4.51
5.82
4.28
5.46
4.91
5.56
3.51
5.51
7.25
4.79
6.81
6.56
483 '
4.08
6.18
5.57
3.74
5.93
7.18
5.28
7.64

11.73
10.61
9.76
9.64
9.71
9.80
9.65
10.06
8.51
9.99
9.58
9.70
10.90
10.57
10.55
9.70
10.06
11.41
9.63
11.90
10.92
10.93
9.77
10.57
11.08
10.72
10.85
11.23
11.10
9.63
9.21
10.82
10.92
9.70
11.62
11.02
9.73
9.04
11.08
10.42
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2.5 Data on tibia strength and tibia/toe ash

(see also table 7 of report 00001184)
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DSM Nutritional Products DSM (S

Trial Protocol Data Sheet

According to EFSA Journal (2008) 778, 5-13 Technical guidance: Tolerance and efficacy studles in target animals
Data sheet to be filled out by the applicant and signed by the study director and then added to each trial report

concerning safety and efficacy of the additive for the target animal

For terrestrial animals

Identification of the additive: IPA phytase (CT) and (L) Batch number: PPQ 29773 and PPQ 28432
Trial ID: BE-07/09

Location: Research Center for Animai Nutrition (DSM Nutritional Products France, F-68128 Village-Nsuf)
Start date and exact duration of the study:April-7-2009 to April-20-2009, 2 weeks(1 week pre-trial period)

Number of treatment groups (+ control(s)): 8 (+2) Replicates per group: 12

Total number of animals: 768 Animals per replicate: 8

Dose(s) of the additive/active substance(s)/agent(s) (mg/Units of activity/CFU kg™ complete feed/L ™ water)
Intended:(CT) & (L):0/500/1000/2000 U.kg™ Analysed: -/531/1445/1900 and -/500/983/2170 U kg™

Substances used for comparative purposes:
Intended dose: Analysed:

Animal species/category: Broiler

Breed: Ross PM3 Identification procedure: per cage number

Sex: Males Age at start:8 days Body weight at start: 173 g

Physiological stage: Growing . General health: normal {P-deficient basal diet)

Additional Information for field trials:
Location and size of herd or flock:
Feeding and rearing conditions:

Method of feeding:
Diets (type(s)): low phosphorus basal diet
Presentation of the diet: Mash ] Pellet [ Extruded [] Other

Composition (main feedingstuffs): 59.1% Maize/ 36.8% SBM
Nutrient content (relevant nutrients and energy content)

Intended values: per kg: 12.7 MJ/ME, 215 g Crude protein, 4.1 g total P, 6.0 g Calcium

Analysed values: per kg: 12.6 MJ/ME, 222 g Crude protein, 3.8 g total P, 5.6 g Calcium, 0.8 g Non Phytate
P

Date and nature of the examinations performed: growth performance, apparent phosphorus utilization, bone
quality, plasma

Method(s) of statistical evaluation used: one-factorial analysis of variance (factor: treatment), Newman-Keuls
test, non-linear regression analysis

Therapeutic/preventive treatments (reason, timing, kind, duration): nothing to report

Timing and prevalence of any undesirable consequences of treatment: nothing to report

Date Signature Study Director
09-October-2009
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European Food Safety Authority

FEEDAP UNIT

VR TSI~
MR LA

TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIMALS

Identification of the additive: IPA phytase (CT) and (L). Batch number: PPQ 29773 and PPQ
28432

Trial ID: BE-07/09 Location: DSM Nutrtional Products
France; Research Centre for Animal
Nutrion & Heaith, F-68128 Village-Neuf

Start date and exact duration of the study: April-7-2009 to April-29-2009, 2 weeks(1 week pre-trial
period) .

Number of treatment groups (+ control(s)): 6 (+2) Replicates per group: 12
Total number of animals: 768 Animals per replicate: 8

Dose(s) of the additive/active substance(s)/agent(s) (mg/Units of activity/CFU kg™ complete feed/L”
water)
Intended: 0/500/1000/2000 U.kg-1 Analysed: : -/531/1445/1900 and -/500/983/2170 U.kg-1

1

Substances used for comparative purposes:

Intended dose: Analysed:
Animal species/category: Broiler
Breed: ROSS PM3 Identification procedure: per cage number
Sex: Males Age at start: 8 days Body weight at start: 173 g
Physiological stage: Growing General health: Normal (P-deficlent basal diet)

Additional information for field triais:

Location and size of herd or flock:
Feeding and rearing conditions:

Method of feeding:
Diets (type(s)): low phosphorus basal diet
Presentation of the diet: Mash {] Peliet Extruded []  Other

Composition (main feedingstuffs). }: 59.1% Maize/ 36.8% SBM
Nutrient content (relevant nutrients and energy content)
Intended values: per kg: 12.7 MJ/ME, 215 g Crude protein, 4.1 g total P, 6.0 g Cailcium

Analysed values: per kg: 12.6 MJ/ME, 222 g Crude protein, 3.8 g total P, 5.6 g Calclum, 0.8 g
Non Phytate P

Date and nature of the examinations performed: Growth performance, app. P utilisation, bone
quality, plasma

Method(s) of statistical evaluation used: one-factoral analysis of variance (factor: treatment),
Newman-Keuls-test, non-linear regression analysis

Therapeutic/preventive treatments (reason, timing, kind, duration): Nothing to report

Timing and prevalence of any undesirable consequences of treatment: Nothing to report

' Please submit this form using a common word processing format (e.g. MS Word).
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Annex 25
Francesch, M. et al. (2009). Report No. 00000960: Dose response and

tolerance study with IPA Mash phytase (RONOZYME® HiPhos) in laying hens
fed a maize-based diet. 2009
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¢ REPORT No. 00000960 DSM (S
Regulatory Document

Document Date: 22 Une, 2009

Author(s): M. Francesch' and JBroz ?

! Department of Animal Nutrition, IRTA, Centre Mas de Bover, Constanti (Spain)
Z Animal Nutrition and Balth RR,  DSM Nutritional Products Ltd, Basel

Title: Dose response and tolerance study with IPA phytase in laying hens
fed a maize-based diet

Project No. 6106

Summary

An experiment was conducted to evaluate the dose related effects of IPA phytase (M) on performance, tibia
characteristics, apparent ileal phosphorus digestibility and P excretion in laying hens fed a maize-soybean meal based diet
low in non-phytate P. Furthermore, the tolerance of hens to IPA phytase when administered at 10 times the maximum
recommended dose during 8 weeks was determined. A total of 288 brown hens (}itLine strain) were used and allocated
into 96 cages, with 3 hens per cage. A negative control diet containing 0.1%on-phytate P was supplemented with IPA
phytase at 0, 500, 1000, 2000, 4000 and 40,000 U/kg, respectively. Each dietary treatment was assigned to 16 replicates.
Experimental feeds were provided from 52 to 59 weeks of age and performance parameters such as body weight, egg
production, egg weight, feed intake and conversion and mortality were recorded. P excretion was measured after 7 weeks
of feeding experimental diets and ileal P digestibility and tibia P percentage and sirength were determined at the end of
study. Finally, blood samples from 1 bird per cage from treatments fed 0, 4000 and 40,000 U/kg were taken for
heamatology and blood biochemistry measurements. Performance parameters were not affected by phytase
supplementation during 8 weeks of ftrial period. The apparent ileal P digestibility responded to IPA phytase

' supplementation in a linear manner up to 4000 Urkg diet (P8.0001) and was improv ed from 36.7% the negative contro!
to 57.7%n treatment receiving 4000 U/kg. Further increase of phytase dosage from 4000 to 40,000 U/kg increased P
digestibility to 74.5%P8.01). The P concentration in excr  eta was reduced linearly (P8.01) with the increasing phytase
dose. No adverse effects of IPA phytase overdose (40,000 U/kg) on performance, mortality, as well as on all examined
heamatological and blood biochemical parameters were observed. blwever, the concentration of morgamc P in blood
serum was significantly elevated due to phytase addition (P6.01).

This report consists of Pages I — Il and 1 - 43

Distribution
Ms. R. Aureli, NRD/CA Dr. P. Philipps, NRD/CA
Dr. M. Eggersdorfer, NRD Mr. JP. Ruckebusch, ANH

Dr. F. Fru, NRD/PA

Mr. JF. Bcquet, NBD/RG
Dr. A.-M. Knter, NRD/CA
Dr. JPheiffer, NRD/PA

Approved
Name Signature Date
Main Author signed by
Dr. JBroz, NRD/CA JBroz 23.06.2009
Principat Scientist / Competence Mgr signed by
Dr. JBroz, NRD/CA JBroz 23.06.2009
Research Center hd signed by
Dr. A.-M. Knter, NRD/CA A.-M. Knter 25.06.2009
Progct Manager signed by
Dr. F. Fru, NRD/PA F. Fru 23.06.2009
Regulatory Document Page | of ll

. DSM Nutritional Products Ltd
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Report No. 00000960

. Nomenclature and Structural Formula

IPA phytase (M), enzyme product containing bacterial 6-phytase (EC 3.1.3.26),
produced by a submerged fermentation of a genetically modified Aspergillus oryzae
strain. Lot PPQR8656 was used in this study, manufactured by Novozymes A/S,
Bagsvaerd, Denmark.

- Regulatory Document Page Il of il
‘ . DSM Nutritional Products Ltd
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Annex 26
Kwakernaa, K. et a/. (2009). Report No. 00000959: IPA mash phytase

(RONOZYME® HiPhos) improves ileal P- and Ca-absorption in laying hens.
2009
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Report No. 00000959

. Nomenclature and Structural Formula

IPA Mash phytase (M), enzyme product containing bacterial 6-phytase (EC 3.1.3.26),
produced by a submerged fermentation of a genetically modified Aspergillus oryzae
strain. Lot PPQ 28656 was used in this study, manufactured by Novozymes A/S,
Bagsvaerd, Denmark.
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1

Introduction

The use of phytase in pig and poultry nutrition has become common practise to improve the
availability of phytate-P and reduce phosphorus excretion into the environment. The efficacy of
phytase in pigs and poultry has been clearly demonstrated (as reviewed by Coelho and Kornegay,
1996). New phytase products are continuously developed. IPA Mash is a phytase developed
jointly by Novozymes and DSM Nutritional Products. As part of the registration dossier, the bio-
efficacy of this product has to be determined with the target species.

In the current experiment, the bio-efficacy was determined of IPA Mash phytase with laying hens
fed a corm/soy diet. Graded levels of the test product were applied by mixing it into mash layer

diets.

2 Objectives

This study was carried out to determine the dose-response relationship of IPA Mash phytase

in a layer diet on:

3

Absorption coefficient of P and Ca measured in the 28" life week
Tibia ash contents in the 28" life week
Production performance of layers from the 26™ till the 28" life week.

Sponsor

The study was carried out on request of:

DSM Nutritional Products Ltd
Building 241/ office 302

PO Box 2576

CH-4002 Basel

Switzerland

Tel: 41 61 815 8735

Fax: 41 61 815 8870

Study monitor: Dr J. Broz

Email: jiri.broz@dsm.com

Study director : C. Kwakernaak BSc.
Email: ckwakernaak@shothorst.nl

Date of execution of the animal experiment:
Start of the animal experiment : 3 November 2008
End of the animal experiment: 8 January 2009.

Schothorst Feed Research B.V.

FDA/CVYMO000667
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4 Material and methods

4.1 Experimental design

This trial was carried out as a complete randomised block design with five dietary treatments

and six replicates per treatment for calcium and phosphorus absorption. Each replicate com-

prised four cages with four hens per cage (16 laying hens per replicate). Graded levels of the
test product were added to a phosphorus deficient basal diet. The unsupplemented P-deficient
basal diet was also fed as such (negative control diet) and was supplemented with 1.0 g P
from dicalcium phosphate dihydrate (DCP) as positive control diet.

Table | Experimental dietary treatments

Treatment Group Test product Dose level
1 Negative control -
2 As 1, plus test product 500 U/kg
3 As 1, plus test product 1000 U/kg
4 As 1, plus test product 2000 U/kg
5 Positive control H g DCP-P/kg

!

The test product was added to diets 2, 3, and 4 on basis of ' top-dressing . The added amount of test product

was calculated based on the analysed phytase activity per g IPA Mash phytase preparation (see test

material)

4.2 Test material

The sponsor delivered the test product, according the following specifications:

Test product
Producer
Supplier

Physical form
Active ingredient

Analysed phytase activity ™ :

Production strain
Storage conditions
Safety

Administration route
Administration duration:

IPA Mash phytase (M)

Novozymes A/S, Denmark

Sponsor

Powder

6-Phytase

60 700 U/g added test product (Lot PPQ 28656)
Aspergillus oryzae

Dry and protected from sun, 0-25°C.
See MSDS

Orally, though feed

23-25 weeks of age (15 days)

* One U (Phytase unit) is defined as the amount of enzyme that releases | ymol of inorganic phosphate from sodium
phytate per minute at pH 5.5 and 37 °C.

Schothorst Feed Research B.V. 5
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4.3 Animal Origin

Animal : Poultry

Type : Laying hens

Breed/strain : ISA white

Sex : Female

Number of birds : 480 (5 diets * 6 reps * 16 hens)
Origin 1 Registered supplier

Age at arrival : 18 weeks of age

4.4 Animals, management and procedures

A total of 480 laying hens were delivered at Schothorst Feed Research at 16 weeks of age.
After arrival the birds were allotted to 120 battery cages (0.25 m?%/ 4 birds per cage) divided
over two tier levels. Target ambient temperature in the animal house was 21-22°C. The
lighting schedule was gradually increased to 16 h light alternated with 8 h darkness at 21
weeks of age. Day and night periods were switched, because of the intention to sample ileal
chyme during eggshell formation. After arrival the hens received a commercial pre-layer diet.
When egg production started, the diet was switched to a commercial layer diet (mash).
Starting in week 26 the experimental diets were fed after a two day transition period in which
a 50/50 mixture of the commercial layer diet and the experimental diets was fed. Subse-
quently, the experimental diets (mash) were fed until the end of the experiment. Water and
feed were supplied for ad libitum intake during the entire experiment. '

The experiment was divided into three periods:
- Pre-experimental of 7 weeks:

- Transition-period of two days

- Experimental period of 15 days

Layers were fully vaccinated during the rearing period, prior to arrival at the test facility.
During the experiment no vaccinations were applied.

4.5 Experimental diets

Diet composition

The experimental diets were based on a P-deficient (negative control) maize/soya- diet,
formulated to contain 37 g Ca, 3.6 g P and 1.2 g absorbable P per kg diet (CVB, 2006). The
calculated phytate P content was approx. 2.5 g/kg. Next a positive control diet was formu-
lated by adding 1.0 g P with dicalcium phosphate, dihydrate (DCP) in exchange for limestone
and diamol. The feed composition for both control diets is given in Appendix I. Chromium

Schothorst Feed Research B.V. 6

FDA/CVYMO000669

635



oxide (Cr,03) was added as an inert dietary marker. Besides a low absorbable P content,
other dietary nutrients, minerals and vitamin levels were adequate to meet the hens’ require-
ments.

Diet manufacturing

The diets were produced in a feed mill specialised in preparation of experimental diets of
Arkervaart-Twente at Leusden, under the responsibility of Schothorst Feed Research. First a
pre-basal diet was mixed, in a batch large enough to make all diets. Next, this batch was split
into two parts to which the correct amounts of maize starch, limestone, diamol, marker and
DCP were added to obtain the negative and positive control diets. The negative control diet
was finally split into four sub-batches to which the graded levels of the test product were
added and mixed thoroughly.

Feed samples at manufacture

Mash samples of each diet were taken at equal intervals during production. These samples
were split into three portions for analysis by Schothorst Feed Research, by the sponsor and
for storage.

Diet analyses

The negative control diet was analysed for dry matter, crude ash, N, Ca, P and phytate-P. The

positive control diet was analysed for dry matter, ash, Ca and P. Finally, all experimental
diets were analysed for dry matter and Cr203. These analyses were performed by the
laboratory of Schothorst Feed Research and carried out in duplicate. Enzyme activities in the
test product and in the diets were analysed by Biopract GmbH, Magnusstrasse 11, D-12489
Berlin, Germany

Diet presentation _
The experimental diets were fed as mash.

4.6 Measurements

PRE-EXPERIMENTAL PERIOD (flock characteristics)

- Body weight of laying hens at 20 weeks of age

- Pre-experimental production performance during the 25" life week: Feed intake and egg
production parameters (laying rate, average egg weight, daily egg mass, feed conversion
ratio (for double yolked eggs, broken or shell-less eggs the average weight of a normal

egg was used)).
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EXPERIMENTAL PERIOD

Key parameters

Apparent ileal digestibility of organic matter and apparent ileal absorbability of Ca and P
in laying hens measured per experimental unit in the 28™ life week.

Tibia ash content of the right tibia of six laying hens per experimental unit in the 28" life
week.

In the 28™ life week all birds were removed, weighed and euthanized with T61.
Subsequently, the content of the last 20 cm of the ileum from .1 to 21 cm proximal of the
ileo-caecal junction was collected and pooled per experimental unit. Next, the right tibiae
of five birds per experimental unit were collected.

Indicative parameters

Feed intake per experimental unit from the 26" till the 28" life week (14 days).
Egg production parameters per experimental unit from the 26™ till the 28™ life week (14
days).

Feed conversion ratio per experimental unit from the 26™ till the 28" life week (14 days).

Body weight of the laying hens at the end of the experiment in the 28" life week.
Mortality.

4.7 Chemical analyses in chyme and bone material

Ifeal chyme samples were freeze-dried, grinded and analysed for dry matter, ash, Ca, P and
Cr. All analyses were carried out in simplo. Muscle residues and cartilage were removed
from tibia bones after cooking in the autoclave. Next, the ash content was determined in tibia

after extraction with petroleum ether.

4.8 Calculations and statistical analysis

Raw data were analyzed for outliers. Significant outliers were not included in the statistical
analysis. Next, the experimental data were analyzed by analysis of variance using Genstat

statistical software according the following model:

Yii = u Bloc ; freatment ; €

Where:

Y Response parameter

n General mean

Bloc Effect of Bloc (i=16)
Treatment Effect of diet (j=15)

Error Error term

Schothorst Feed Research B.V. 8
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The P-value of the statistical model and the LSD (least significant difference at P= 0.05) are
given per response parameter. Effects with P< 0.05 are considered to be statistically signifi-
cant, whereas 0.05< P< 0.10 is considered to be a near-significant trend. Dose response
relationships were calculated by the following exponential regression model:

i

Y=AB*R *€rror

Where:

Y Response parameter

A Upper asymptote value

B Response compared to upper asymptote without phytase
supplementation

R Slope ratio coefficient

X Analysed dietary phytase activity

Error Error term

4.9 Schedule of events

Age Diet days Activities
hens of
experimental
(wks) period
18 Pre-layer
20 Layer Body weight hens
22 Layer )
23 Layer
24 Layer Start 7-day pre-experimental measuring period
25 50/50% layer/exp. diet Start transition period

50/50% layer/exp. diet

Experimental diets 1 Start experimental period
Experimental diets 2
Experimental diets 3
Experimental diets 4
Experimental diets 5
26 Experimental diets 6
Experimental diets 7
Experimental diets 8
Experimental diets 9
Experimental diets 10
Experimental diets 11
Experimental diets 12
27 Experimental diets 13
Experimental diets 14 End of experimental period
Experimental diets 15 Body weight and chyme collection
Schothorst Feed Research B.V. 9
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4.10 Welfare and health

The experiment was carried out according to the guidelines of the Dutch law for animal
experiments and after approval of the experimental protocol by the Animal Experimental and
Ethics Committee.

5 Results and discussion

5.1 General

Healthy 18-wk-old laying hens arrived at the institute. Average body weight of the hens at 20
weeks of age was 1493 g. The flock performance in week 25 was as follows:

Average laying rate: 94%

Average egg weight: 552 g

Average egg mass per hen: 51.6 g/d

Average feed intake: 113 g/d

Average feed conversion ratio: 2.18

The experimental was carried out without any deviations from the protocol except for the age
of the laying hens. Compared to the protocol the laying hens were two weeks older at the start
of the pre-experimental measuring period for the flock performance. No mortality occurred
during the experimental period.

5.2 Experimental diets

The analysed contents for dry matter, crude protein, marker (Cr,O3), ash, phosphorus (P),
phytate P, calcium (Ca) and the phytase activity are given in Table 2.

Table 2 Analysed nutrients and phytase activity in the experimental diets

TRT. Dose DM CP Cry04 Ash P Phytate-P Ca Activity
No.  Ukg ghkg  gkg  gkg g/kg g/kg gke gke Ulkg
1 0 897 153 0.61 113 3.24 2.10 33.60 <50
2 500 896 n.a. 0.60 n.a. n.a. n.a. n.a. 556
3 1000 890 n.a. 0.58 n.a. n.a. n.a. n.a. 1086
4 2000 898 n.a. 0.65 n.a. n.a. n.a. n.a. 2583
5 HgP 898 n.a. 0.65 110 4.16 n.a, 32.80 <50

n.a. = not analysed, as all diets were obtained from the same basal diets, without further supplements of these
nutrients.

Schothorst Feed Research B.V. 10
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The difference in analysed P content between the negative and positive control diet was
0.92 g/kg which is close to the expected difference. The Ca and P contents in both control
diets was approximately 10% lower than expected. This was confirmed by re-analyses and
must be due to lower contents in the pre-basal diet. Because the dietary marker was added to
the basal diet prior to making the sub-batches the concentration was similar in all diets.
Digestibility values were calculated with the mean analysed Cr,O; value in the diets
(0.68 g/kg DM). The analysed phytase activity in both control diets and in diets 2 and 3 'met
the target activity. The analysed phytase activity in diet 4 was higher than intended.
According to the feed manufacturing reports correct amounts of the phytase preparation were
added to the basal diet. Maybe the high calcium levels interfered with the phytase analyses.

Because of this, the target dose levels are presented in the tables with results.

5.3 Results for production performance

In Tables 3 and 4 the results for the production performance of the laying hens are given.

Table 3  Resuits for body weight (BW), body weight gain (BWG) and laying rate of the laying hens

wk 20 wk 20-28 wk 25
Laying ! Laying Laying
TRT. Dose BW BWG rate rate rate
No. U/kg g g % % change (%)

1 0 1493 69 97 94 -2.5

2 500 1495 120 97 96 -0.6

3 1000 1490 98 98 97 -0.7

4 2000 1494 122 98 96 -1.5

5 HgP 1494 104 98 96 -2.0

P value NS NS NS NS NS
. LSD 26 44 3.1 2.7 4.6

! Average laying rate during the last three days of the pre-experimental period

NS = non significant (P >0.10)
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Table 4 Results for egg weight, feed intake (FI) and feed conversion ratio (FCR) of the laying hens during the
experimental period from 26 to 28 weeks of age

wk 26-28
N egg egg
TRT. Dose weight mass FI FCR
No. U/kg g g/d g/d
1 0 56.3 53.2 97.3 ¢ 183
2 500 56.1 53.8 101.7 a 1.89
3 1000 56.0 54.2 100.1 a 1.85
4 2000 56.4 54.2 101.2 a 1.87
5 HgP 56.2 53.9 100.0 a 1.86
P value NS NS 0.02 NS
LSD 0.7 1.9 2.55 0.06

NS = non significant (P >0.10)
ab.c  Mean values without a common letter indicate significant differences (P<0.05) within a column

Results show that the average laying rate of all groups was approx. 97% at the start of the
experimental period. During the experimental period average laying rate decreased. This
appeared to be larger for the negative control diet than for the other groups and was accom-
panied with a lower feed intake of the negative control group. Mean egg weight did not differ
among the treatments and was higher than in the pre-experimental period (which is normal
with increasing hen age). Although performance results are only indicative parameters due to
the length of the experimental period and the limited number of birds per treatment, the
decrease in laying rate on the negative control diet and a lower body weight gain indicate a P-
deficiency on the negative control. Increasing the P supply via phytase or DCP supple-
mentation apparently minimized these effects.

5.4  Results for mineral absorption and tibia ash content

The results for the ileal organic matter digestibility and absorbability of P and Ca are given in
Table 5. Digestibility of the organic matter (approx. 81%) did not differ among the treatment
groups and was considered as normal.

Schothorst Feed Research B.V. 12
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Table 5 Results for apparent ileal digestibility of organic matter (OM) and absorption coefficients of P and Ca
and tibia ash content in fat free dry matter of laying hens in the 28" life week

TRT. Dose de. OM abs. P abs. Ca Tibia ash
No. U/kg % % rel. % rel. g/kg DM rel.

1 0 81.7 258 d 100 57.4 100 S18 b 100
2 500 80.9 463 b 180 57.9 101 527 ab 102
3 1000 80.7 53.7 a 209 59.1 103 532 a 103
4 2000 80.9 57.6 a 224 60.7 106 530 a 102
5 HgP 81.8 342 ¢ 133 60.6 106 523 ab 101

P value NS <0.001 NS 0.02

LSD 112 3.90 447 9

NS = non significant (P >0.10)
ab,c  Mean values without a common letter indicate significant differences (P<0.05) within a column

A significant positive response to the phytase supplementation was found for P absorption.
Compared to the negative control group the group with the lowest phytase supplementation
level of 500 U/kg already improved P absorption significantly from 26% to 46%. A dose
level of 1000 U/kg resuited in a further significant improvement of P absorption up to 54%.
Doubling the dose level to the highest inclusion level of 2000 U/kg gave further improvement
of P absorption to 58%, but this increase could not be shown to be significant.

Total P absorption, P excretion and phytate P degradation at ileal level was calculated and
given in Table 6. Assuming that the increased P absorption in the phytase supplemented diets
is fully accounted for by phytate P degradation, it can be calculated that the degradation
coefficient was increased to 32, 43 and 49% for the dose levels 500, 1000 and 2000 U/kg
respectively.

P absorption of the positive control group was significantly higher compared to the negative
control group. For the absorption of P from DCP a coefficient of 64% could be calculated. In
broilers the retainable P content (as a percentage of total P) for DCP (dihydrate) is 78%.The
lower value in layers is most probably due to differences in Ca and P metabolism in layers
compared to broilers (Van der Klis et al 1997 also published a lower P absorbability from
MCP in layers compared to broilers (59-70 versus 83%)).

Phytase supplementation improved calcium absorption non significantly, resulting in a
significantly higher tibia ash content when 1000 or 2000 U/kg phytase was added to the diet.
The lowest phytase inclusion level or extra DCP-P gave a numerical improvement of tibia ash
contents compared to the negative control. The small response on tibia ash content is in
agreement with a previous study (Report 843) and will most probably become more
pronounced in a long-term study.
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The equation of the relationship is:
absorbable P (g/kg diet) = 1.050 — 1.050 * 0.9980 Uke dict
Percentage variance accounted for (PVA) by the mode! is 90%

Based on the fitted dose response curve and linearity between the dietary P content and P
retention for 1 g DCP-P it was calculated that 469 U/kg was equal to 1 g DCP-P/kg diet in
laying hens. '

6 Conclusions

From this experiment with laying hens it was concluded that the dietary supplementation of
IPA Mash phytase improved apparent ileal P absorption and tibia ash contents in the 28" life
week with the following details:

1. The lowest inclusion level of the phytase of 500 U/kg improved ileal P absorption
significantly compared to the P-deficient negative control group (80%). Next dose level
step of 1000 U/kg resulted in a further significantly improvement of the ileal P absorption
(29% compared to the previous 500 U/kg s upplementation level). The highest dose level
step of 2000 U/kg improved ileal P absorption with +5% compared to the 1000 U/kg
supplementation level. The latter increase was no longer statistically significant.

2. The ileal Ca absorption was numerically improved by dietary phytase supplementation,
resulting in significantly higher tibia ash contents at an inclusion level of 1000 or 2000
U/kg compared to the negative control group.

3. Tibia ash content was significantly improved (2-3%) when 1000 or 2000 U/kg of the
phytase was supplemented to the diet compared to the negative control group.

4. Based on an exponential dose-response curve 500 U of the phytase per kg diet was equal
to 0.66 g absorbable P at ileal level.

5. The absorption coefficient for P from the dicalcium phosphate (dihydrate) was 64%.
Based on the exponential dose response curve, 1 g P from DCP was equal to 469 U/kg.
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8. Summary

An experiment was carried out by Schothorst Feed Research to determine the effect of IPA
Mash phytase on the apparent ileal calcium (Ca) and phosphorus (P) absorption in laying
hens around peak production. The phytase product was delivered by DSM Nutritional
Products Ltd. Graded levels of the test product (phytase levels of 0, 500, 1000 and 2000
U/kg) were added to a maize/soya P-deficient basal diet (negative control (NC) group),
containing 33.6 g Ca, 3.2 g P and 2.1 g phytate-P per kg diet. A positive control (PC) was
made by supplementing the NC diet with 1 g P from dicalcium phosphate dihydrate (DCP)
per kg diet. The experimental diets were fed to the laying hens from 26™ to the 28" life week
(15 days). All experimental mash diets were fed for ad libitum intake. Each dietary treatment
was assigned to six replicates, each replicate consisted of four cages with four hens per cage.
Tleal absorption of P and Ca and tibia ash content were determined at the last day of the trial.

From this experiment it was concluded that the supplementation of IPA Mash phytase
preparation to a laying hen diet improved apparent ileal P absorption. The lowest inclusion
level of the phytase of 500 U/kg already improved ileal P absorption significantly compared
to the P-deficient NC group (80%). Increasin g the dose level up to 1000 U/kg resulted in
further significantly improvement of the P absorption (309% compared to NC). The highest

dose level step of 2000 U/kg improved ileal P absorption with +24% compared to NC but

this was not significantly different with the effect obtained with the 1000 U/kg group.

Phytase supplementation also numerically improved ileal Ca absorption, resulting in an
increased tibia ash content at an phytase inclusion level of at least 1000 U /kg diet. Based on .

an exponential fitted dose-response curve 500 U of the phytase preparation per kg diet was
equal to 0.66 g absorbable P and 1 g P from DCP was calculated to be equal with 469 U/kg of
IPA Mash phytase. ’
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Appendix 1 Ingredients and calculated nutrient composition of the experimental diets

Neg. Control

Pos. Control

Low aP +1g DCP-P
g/kg g/kg

Maize 500.0 500.0
Maize gluten meal 314 314
Maize gluten feed 18.7 18.7
Soybcan meal 142.7 142.7
Sunflower sced meal 90.9 90.9
Animal fat 24.5 24.5
NaHCO3 2.6 2.6
Premix minwit 10.0 10.0
Premix lys 295 2.95
Marker! 0.75 0.75
Corn starch 70.0 70.0
Limestone 79.3 79.3
Corn starch 18.17 18.17
Limestone 3.31 -
DCP? 0.00 5.50
Diamol 4.68 2.50

1000.00 1000.00
Calculated nutrients (g/kg)
Ca 37 37
P 36 - 4.6
Phytate P 2.5 2.5
Absorbable P 1.2 2.0
Na 1.6 1.6
K 6.5 6.5
Cl 1.6 1.6
AMER (layers in kcal’kg) 2800 2800
Crude protein 156 156
Crude fat 50 50
dig. Lys 6.3 6.3
dig. Mei€ys 5.7 5.7
dig. Thr 4.8 4.8
dig.Trp 1.4 1.4

'0.75 g/kg Cr,0; was added to all diets as inert marker.
? Aliphos®ical was used as dicalcium phosphate (dihydrate)
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Report No. 00000099 09-June- 2009, Aureli R.

. Nomenclature and Structural Formula

A liquid preparation of bacterial 6-phytase (IPA Phytase (L)), batch PPQ 28432 was used in this
study, manufactured by Novozymes A/S, Bagsvaerd, Denmark
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Author(s): Raffaelia Aureli', Petra Philipps’, Jiri Broz?

Department(s)  'NRD/CA, DSM Nutritional Products France
and Adress(es): 2NRD/CA, DSM Nutritional Products Ltd, Switzerland

Title: Effect of graded levels of a bacterial 6-phytase on apparent ileal
digestibility of phosphorus in laying hens fed a maize-based diet low in
phosphorus content (H-01/09).

Abstract

An experiment was carried out to determine the effect of bacterial 6- phytase on the mineral
digestibility at ileal level in laying hens. Graded levels of the test product (500, 1000 and 2000 U
per kg feed) were added to a maize/soybean meal based, P deficient basal diet (negative
control group) containing 2.9 g P total per kg feed. The basal diet was also supplemented with 1
g P from DCP per kg to obtain a positive control group. Each dietary treatment was assigned to
24 replicates; each replicate consisted of one cage with two hens of 23 weeks of age per cage.
The laying hens were fed with the low phosphorus basal diet without enzyme supplementation
until 25 weeks of age to induce a phosphorus deficiency. The apparent ileal digestibility of
phosphorus was clearly improved by phytase supplementation in a dose-dependent manner
compared to the negative control treatment. The effects were significant (p<0.01). Relative
improvements from 19.8 % to 28.2 % were demonstrated with dietary inclusion levels of
phytase of 500 to 2000 U per kg feed compared to the negative control. The response of the
apparent ileal digestibility of phosphorus to the addition of the phylase could be described by a
non-linear regression y = 45.9 + 12.6 (1-e%"'™) R?=0.98. Under the conditions of the present
trial, tibia strength responded to phytase supplementation in a linear manner (R?*=0.99) with
numerical improvement in a range of 12 % to 38 %.
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NTRODUCTION

The laying hens require phosphorus for the production of the egg itself and to maintain skeletal
integrity. Lack of sufficient phosphorus in the diets causes rickets in young chicks and poor shell
quality and osteoporosis in laying hens. The majority of phosphorus in the feedstuffs of pouitry
is present in the chemical structure of phytic acid. The availability of phytate phosphorus is very
low in poultry due to the inability of the birds to produce sufficient amount of endogenous
phytase. The additional phosphorus added to the diet to meet the requirement leads often to
excess phosphorus excretion in manure. Then, increasing development of microbial phytase
has been necessary to reduce phosphorus supply and to improve the availability of phytate P
present in feedstuff

In the frame of the IPA Mash project, the bacterial 6-phytase has been developed to enhance in
vivo bioavailability of phosphorus in mash feed. The aim of the present laying hens’ trial was to
generate some data for the registration of the microbial phytase

The response of the laying hens on phytase supplementation was evaluated in terms of
phosphorus utilization, egg production, and bone mineralization .The laying hens were fed a
maize diet low in phosphorus content and supplemented with graded levels of the test product
which was applied by spraying it into mash diets. The bacterial 6-phytase was tested at 500,
1000 and 2000 U per kg feed.

MATERIALS AND METHODS

The effect of the bacterial 6-phytase on the apparent ileal digestibility of phosphorus in laying
hens was studied in a 4-week digestibility trial. The trial (H-01/09) was performed at the
Research Center for Animal Nutrition (CRNA, DSM Nutritional Products France, F-68305
Village-Neuf) according to the official French instructions for experiments with live animals.

240 laying hens (Isa Brown), 23 weeks of age, supplied by a commercial hatchery (Elevage
Avicole du Sundgau SARL, Route de Chavannes -sur -I' Etang, F-68210 Bréchaumont, France),
were divided into groups of two hens per cage. The 120 groups were randomly allocated to five
treatments with 24 replicates per treatment. The laying hens were housed in battery cages in an
environmentally controlled room at a room temperature of 16°C. Experimental diets and tap
water were made available for ad libiturn consumption. In a 14-day pre-experimental period the
laying hens were fed the low phosphorus basal diet containing 62.5 ug/kg Vitamin D, and
without enzyme supplementation.

The basal diet in mash form was formulated based on maize (65.0 %) and soybean meal (23.6
%) as main ingredients to contain 2.6 g P /kg diet, and 34.5 g Ca /kg diet. To facilitate the ileal
digestibility measurements, titanium dioxide (TiO,) was added to the feed as inert dietary
marker at a concentration of 1000 mg per kg feed. Besides a low absorbable P content the
supply of other nutrients, minerals and vitamins with the diet to the hens were adequate to meet
the hen's requirement. The detailed composition of the basal diets , the analyzed nutrient
contents and the metabolisable energy (ME), calculated on the basis of analyzed nutrients (EC-
equation, EEC, 1986) are listed in Table 1.

Beside the control treatment without enzyme supplementation, graded levels of the phytase
were added to a phosphorus deficient basal dist. The unsupplemented P-deficient basal diet
was also fed as such (negative control diet) and was supplemented with 1.0 g P from dicalcium
phosphate dehydrate (DCP) as positive control diet. The bacterial 6-phytase in liquid form (lot
PPQ 28432 with analysed phytase activity of 24450 U/g) was added at 500, 1000 and 2000 U
per kg feed.
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The added amount of the test product was based on the analysed phytase activity. Appropriate
amount of the liquid preparation of the phytase product was diluted with 240 ml water and

sprayed onto the mash feed to get the final concentrations in the feed corresponding to the

different treatments. For procedural balance of all treatments, 240 ml of water were aiso
sprayed onto the mash of the negative and positive control diets.

Feed samples were taken for analysis of the phytase activities. The determination of the
phytase activity in the experimental diets was performed by BIOPRACT GmbH, D-12489 Berlin
(Germany) on behalf of DSM Nutritional Products. One unit (U) of phytase is defined as the
activity that release 1pmol inorganic phosphate from 5.0 mM phytate per minute at pH 5.5 and
37 °C.

The groups of hens were weighed at the beginning and at the end of the experimental period of
the frial. Feed consumption was determined for the experimental period of four weeks. The
eggs were collected daily and the number of broken eggs was noted for each group. Once a
week, the collected eggs were weighed per group. Total egg production, egg weight and rate of
broken eggs were calculated per group.

Excreta from six cages from each treatment were collected by a total collection method after
three weeks of feeding experimental diets. The excreta were guantitatively collected once per
day. The excreta from three days were pooled per group and were stored frozen (at -20°C),
each day directly after collection. After thawing the total . excreta of each group were
homogenized, representative samples were taken and the percentage of dry matter and ash, as
the concentration of phosphorus were determined.

At 29 weeks of age blood samples from six selected groups of hen per treatment were taken
from Vena jugularis. The concentrations of inorganic phosphate (Pi) and calcium (Ca) in the
plasma were determined with a Cobas®6000 module C 501 automatic analyzer according to
the method described by Henry (1974) and Gindler and King (1972), using Roche Diagnostic
kits PHOS 03183793 122 and Ca 20763128 322,

At the end of the trial, the hens were euthanized by cervical dislocation and the content of the
terminal part of the ileum, defined as from 17 to 2 cm before the ileo-caecal junction, were
sampled, pooled for two hens per cage, freeze-dried, and ground for chemical analysis. The
contents of Ca and P as well as the concentration of TiO, as indigestible marker were
determined in the digesta samples and in the feed. '

The bone quality was assessed by measuring tibia strength and tibia ash percentage. The right
tibiotarsuses were taken from six selected groups of hens per treatment. Tibiae were defleshed,
and cartilaginous caps were removed after collection. They were kept frozen in plastics bags at
-20°C to maintain wetness until analysis of ash content and breaking strength.

A segment of the central portion of the bone shaft (about 2 cm long) was prepared for use in
determining bone strength in which an LR10K compression machine with a XL.C/10K/A1 force
captor and a compression device TH23-196/AL (Lloyd Instruments, Fareham, UK) was used to
determine the force (in Newton) necessary to break the bone. Broken bones were pooled per
cage, defatted with ethanol and ether, dried and incinerated at 550°C. Tibia ash was expressed
as a percentage of dry bone weight.

In the same time, toe samples were obtained by severing the left middle toe through the joint
between the second and the third tarsal bones from the distal end. The toes of the two hens
within a cage were pooled. The composite samples were dried and then ashed in a muffle
furnace at 550°C to determine toe ash as a percentage of dry weight.
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The analyses of the nutrient content in the feed samples were performed according to standard
methods (VDLUFA 1976) (Table 1). TiO,, Ca and total P in feed, excreta and ileum content
were determined by ICP according to DIN EN ISO 11885:1997 (DIN EN I1SO 1998) after HNO; /
HsFN micro-onde mineralization. Phytate in feed was determined colorimetrically as released P
after extraction, elution and wet digestion with HNOy/H,SO, (AOAC 1990).

The apparent ileal digestibility of phosphorus were calculated as follows:

Value of apparent ileal digestibility for-a nutrient X in % = 100 - 100 x| [TiO, Dﬂ x{ Xl
[TiO, IC]J X ol

where [TiO; p] = titanium dioxide content in the diet; [TiO; ¢] = titanium dioxide content in the
ileal content; [X p] = nutrient X content in the diet and [X ¢] = nutrient X content in the ileal
content (alt parameters in g / kg DM).

For the statistical evaluation of the performance data, a one-factorial analysis of variance
(factor: treatment) was carried out, using the software "Stat Box Pro", version 5.0 (Grimmer soft
1995). Where significant treatment effects (p < 0.05) were indicated, the differences among
treatment means were analyzed with the Newman-Keuis test.

Non-linear regression analysis was performed with the program Origin 7.0. An exponentlal
model of the following type was fitted to the data:

y= a+b (1-exp (-kx))
with  a: response (y-value) at zero phytase supplementation
b: maximum response to supplemented phytase (a+b = upper asymptote)
k: parameter describing the steepness of the curve
x: supplemented phytase (U/kg)
y: response (P utilization or utilized P concentration in the diet)

RESULTS AND DISCUSSION

The detailed composition of the basal diet, the analyzed nutrient contents and the metabolisable
energy (ME), calculated on the basis of analyzed nutrients (EC-equation, EEC, 1986) are listed
in Table 1. Analyzed nutrient contents were close to the calculated values. The protein content
of the feed was 169 g and the basal diet contained 12.2 MJ ME per kg diet. Phosphorus content
was nearly as expected. The laying hens were fed a diet containing 2.9 g total phosphorus per
kg feed (mean. of the diets A to D, as all diets were obtained from the same basal diet). The
difference between P content in the positive and the negative control was 1.0 g.kg™. The
content of non-phytic acid phosphorus in the basal diet was 0.70 g per kg feed, calculated as
the difference between total phosphoms content and content of phytic phosphorus per kg feed.
The content of calcium (23.1 g.kg™') was lower than intended.

Table 2 shows the determined product contents in the feed. The analyses were performed on
the basis of phytase-activity. As intended, the native phytase activity in the basal diet was under
the limit of quantification (LOQ). The analyzed phytase activities of the experimental diets used
throughout the experiment were according to the target dosages.

The effects of phytase on performance parameters are shown in Table 3 from day 15 to day 42.
No significant differences among treatments were observed in egg weight, egg production and
percentage of broken eggs. Nevertheless the egg production was improved by 2.7 % and 5.7 %
with the addition of 500 and 1000 U of bacterial 6-phytase per kg feed, respectively, over the
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Table 1: Feed composition of the experimental diets

Ingredients (%)

Negative control diet

Positive control diet

Maize 65.0 65.0
Soybean meal (50 % CP) 23.6 23.6
Soybean oil 1.65 1.65
DL-Methionine 0.20 0.20
Sand 0.20

CaCO; 8.20 7.85
DCP - 0.55
NaCl 0.10 0.10
Premix 1.00 1.00
Titanium dioxyde 0.10 0.10
Calculated content:

Crude protein (g/kg) 161 161
Calcium (g/kg) 34.5 345
Total P (g/kg) 2.6 3.9
MEN' (MJ/kg) 11.9 11.9
Lysine (%) 0.83 0.83
Methionine + Cystine (%) 0.73 0.73
Analyzed content:

Crude protein (g/kg) 169 169
Calcium (g/kg) 231 231
Total P (g/kg) 2.85 3.9
Phytate P (g/kg) 2.1 2.15
Non -phytic acid P (g/kg) 0.74 1.75

' Metabolisable Energy n.or.. calculated on the basis of the analyzed crude nutrients
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. Table 2; Analysed content of enzyme activity in samples of the experimental
diets
Analysed phytase
Dose A Total P
Treatment Product - activity 4
(Ukg" feed) (U.kg™ feed) ( g-kg~ feed)

A Negative control - LOQ .2.5

B IPA Phytase (L) 500 562 3.0

C IPA Phytase (L) 1000 1114 3.0

D IPA Phytase (L) 2000 2097 29

E Positive control - LOQ 3.9
Regulatory Document . Page 11 of 16
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Table 3: Production performance of laying hens from week 28 to 31 of age
mean t stdev

Negative Positive
Product control IPA Phytase (L) control
Treatment A B C D E
Dose (U. kg™) 2.6gPkg" 500 1000 2000 3.9gP.kg"’
Cages x hens 24x2 24x2 24x2 24x2 24x2
Daily feed intake
(p,,yg,hen) 109.0 4® 1133* 112.4 "8 108.0 ® 110.6%8
178 +4.1 7.7 +5.2 +6.5
% 100.0 104.0 103.2 99.1 101.5
Egg weight (g) 57.4* 57.6* 58.24 58.1 4 57.4*
+25 +3.2 +21 22 +21
% 100.0 100.3 101.4 101.2 99.9
£8g production (%) | gg.1 4 92.6* 9524 00.3 4 80.3°
+11.8 +11.0 t44 +6.6 +16.7
% 100.0 102.7 105.7 100.1 89.1
Broken eggs (%) 014 0A° 0.1~ 0A 0.0%
‘ +0.5 +0 +04 0 +0.7

Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different

(p<0.05).
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Table 4: Effect of phytase on body weight at the beginning and at the end of
experiment
Dose Body weight Body weight
Product (Ukg") Beginning End
9 (g/hen) SE (g/hen) SE

A Negative control - 1683 16.2 1721 20.5
B IPA Phytase (L) 500 1706 19.3 1779 18.3
C IPA Phytase (L) 1000 1703 19.9 1750 23.3
D IPA Phytase (L) 2000 1681 15.4 1704 16.8
E Positive control - 1673 22.9 1744 23.9
p NS NS

NS = non significant (p>0.10)
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Table 5: Apparent ileal digestibility of phosphorus in laying hens
mean  stdev
Negative Positive
Product control IPA Phytase (L) control
Treatment A B C D E
Dose (U.kg™") 2.6gP.kg" 500 1000 2000 3.9gPkg"
Cages x hens 20x2 24x2 23x2 24 x 2 24 x 2
Phosphorus
Apparentileal P 8 a A A c
digestibility 45.8 54.8 56.1 58.7 35.8
% of intake 9.7 £133 6.4 $9.8 +7.7
% 100.0 119.8 122.6 128.2 78.2

Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different

(p<0.05).
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Table 6: Conceﬁtration of inorganic phosphorus (P;) and calcium (Ca)
in the plasma of laying hens

mean % stdev
Negative Positive
Product control IPA Phytase (L) control
Treatment A B C D E
Dose (U.kg™) 2.6 g P.kg" 500 1000 2000 3.9gP.kg"
Cages x hens 6x2 6x2 6x2 6x2 6x2
Pi (mmolfl) 1.23* 1.50 A 1.36 4 1.20 A 141%
+£0.22 +0.45 +0.31 +0.17 +0.37
% 100.0 122.0 110.6 97.6 114.6
Ca (mmoliL) 8.17* 6.63~ 6.14% 573° 6.36 »
+0.77 +0.73 +0.53 +0.64 +0.44
% 100.0 107.5 99.5 92.9 103.1

Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different

(p<0.05).
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Table 7: Tibia strength and tibia ash percentage
mean % stdev

Negative Positive
Product control IPA Phytase (L) control
Treatment A B c D E
Dose (U.kg™) 26gPkg" 500 1000 2000 39gP.kg"
Cages x hens 6x2 6x2 6x2 6x2 6x2
Tibia strength
(N) 3941 4442 4a* 544 42*
+£17.5 7.3 +£13.0 $20.3 +21.2
% 100.0 111.9 122.1 137.7 105.7
Tibia ash (%) 48.4* 49.2 486 481* | 465"
12.32 +1.52 +1.85 $+201 +1.33
% 100.0 101.8 100.5 99.5 96.2
; bone strength of ten samples out of twelve

bone strength of eleven samples out of twelve

Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different
(p<0.05).

Table 8: Toe ash percentage
mean £ stdev
Negative . Positive
Product control IPA Phytase (L) control
Treatment A B c D E
Dose (U.kg™) 2.6 gP.kg" 500 1000 2000 3.9gP.kg’
Cages x hens 6x2 6x2 6x2 6x2 6x2
0,
Toe ash (%) 3174 31.64 30.1 A 31.34 33.44
+3.8 £4.0 £2.0 120 £1.1
% 100.0 99.7 95.0 98.9 105.2

Newman Keuls test: Means within a row, not sharing a common superscript, are significantly different
(p<0.05).
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TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIMALS

BoE
£ 8

Identification of the additive: 6 bacterial phytase Batch number: PPQ 28432

Triat 1D: H-01/09 Location: Research Center for Animal
Nutrition (DSM Nutritional Products
France,F-68128 Village-Neuf

Start date and exact duration of the study: February-19-2009 to April-2-2009, 6 weeks

Number of treatment groups (+ control(s)): 3(+2) = Replicates per group: 24
Total number of animals: 240 Animals per replicate: 2

Dose(s) of the additive/active substance(s)/agent(s) (mg/Units-of activity/CFU kg~ complete feed/L™
water) .
Intended: 0/500/1000/2000 U/kg Analysed: <0.01/562/1114/2097 U/kg

t

Substances used for comparative purposes:

Intended dose: Analysed:
Animal species/category: Laying hens
Breed: isa Brown Identification procedure: per cage number
Sex; Females Age at start: 23 wks Body weight at start: 1689 g
Physiological stage: Laying General health: normal

Additional information for fleld trials:

Location and size of herd or flock:
Feeding and rearing conditions:
Method of feeding: ad libitum

Diets (type(s)): low phosphorus basal diet
Presentation of the diet; Mash X Pellet [J Extruded ]  Other
Composition (main feedingstuffs): 65.0% maize/23.6% SBM
Nutrient content (relevant nutrients and energy content)
intended values: 11.9MJ/ME, 161 g Crude Protein (CP), 2.6 g total P, 34.5 g Calcium
Analysed values: 12.2 MJ/ME, 169 g CP, 2.9 g total P, 0.74 g Non-Phytate-P, 23.1 g Calcium

Date and nature of the examinations performed: laying performance, ileal digestibility, bone
quality, excreta, plasma

Method(s) of statistical evaluation used: one-factorial analysis of variance (factor:treatment),
Newman-Keuls test

Therapeutic/preventive treatments (reason, timing, kind, duration): nothing to report

Timing and prevalence of any undesirable consequences of treatment: nothing to report

! Please submit this form using a common word processing format (e.g. MS Word).
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Raw data of Trial H-01/09

INTRODUCTION

The following documentation summarizes supplementary raw data concerning the
trial H-01/09 performed March —April 2009 at the Research Center for Animal
Nutrition (CRNA, DSM Nutritional Products France, F-68305 Village-Neuf). This
trial was reported under the following title: Effect of graded levels of bacterial 6-
phytase on apparent ileal digestibility of phosphorus in laying hens fed a maize-
based diet low in phosphorus content (H-01/09) (Aureli et al.2009)

REFERENCES

AUREL! R. PHILIPPS P. and BROZ, J. (2009):

Effect of graded levels of bacterial 6- phytase on apparent ileal digestibility of
phosphorus in laying hens fed a maize-based diet low in phosphorus content (H-
01/09), DSM Report No.00000099, Regulatory Report, 09-June-2009
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2.1 Analytical data on feed
(see also tables 1 & 2 of report 00000099)
2.1.1 Nutrient content in feed

2.1.2 Ca/PMmio;

S ey e s o o VRS e, <~ o

2.1.3 Phytate in feed

2.1.4 Phytase activity in feed
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673



FDA/CVYMO000709



FDA/CVYMO000710



FDA/CVYMO000711



FDA/CVYM000712



- .. France."

. DSM Nutritional Products France
Dr ‘Petra Phlhpps

' CRNA - BP170 o
F-68305° - Saint-Louis Cedex

Parameter Phytase B
Request Ne: H-0109 - - . Product
' rhemeN° 6106 S Batch used: PPQ28432

Regrstratmn date ]3 02. 2009 Customer/Manufacturer Thema 6106

Sample B Sample '_Declaration_ Eound

Number - Label = UKg  Ukg  Average. STDEV

Repnrt of Analvsrs
18. Feb 09 :

.CV:"": SRR

01 ‘Treatment A - M 0 o
e e e - LOQ
02 TreatmentB-M- 500 . 528 C
03 TreatmentC:M - - 1000, 1154 .. o

L 1073 1114~ 57
‘04 TreatmentD-M 2000 210 TR
T 08 201 9
05 _Treatment‘E-_—M o 0 : o L

95 . .- 862 47 -

B 7

L 1% . .

"M-mash E- emandcd Page 1 of 1 o ' : Responsrble Analysl

P- peuet - F-flour. . - o ISR K&mz
"C-cnmb  TQ-Tel Quel LOD L:mxt of Detecnon

,P M ,m-'e_@.,’s. : S . LOQ- len of Quantlﬁcatlon 1 <
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2.2 Animal performance data
(see also tables 3 & 4 of report 00000099)

2.2.1 Raw data on laying performance and feed consumption on a

weekly base
Nb oeufs 1: number of eggs/cage week 1
pds oeufs 1: weight of eggs/cage week 1
Prod 1-3: egg production over whole experiment
pds tot 1-3: total egg weight over whole experiment
casse: broken eggs

Pro ajustée:
% prod oeufs

egg production including broken eggs
% egg production

pds ceufs: mean egg weight per egg

masse oeuf; total egg mass

aliment brut: feed at the beginning

aliment rest: feed at the end

consom 1-3: feed consumption over whole experiment
poule-j: feed intake per hen and day
cons/groupe: feed consumption per group

cons/ouef: feed consumption per egg

IC/mass Feed conversion ratio

6 pages

2.2.2 Raw date on body weight of laying hens at the beginning and at

the end of the trial
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Raw data on laying performance and feed consumption on a weekly base
group N° Nb oeufs 1 Nb oeufs 2 Nb oeufs 3 Nb oeufs 4 pds ceufs 1 pds oeufs 2

14 14 13 14 822 796 736 790 55 3144 1 54
3 S 4 1 165 255 193 59 13 672 0 13
13 13 13 13 736 740 744 745 52 2965 0 52
13 13 13 13 726 677 683 696 52 2782 0 52
13 13 14 14 775 749 812 863 54 3199 0 54
12 13 14 13 749 775 848 796 52 3168 0 52
14 13 14 12 793 720 769 640