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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

474

FDA/CVYM000504



FDA/CVYM000505



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

' 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).

Regulatory Document Page 3 of 16
Registered as DSM Nutritional Products Ltd _

FDA/CVYM000507

477



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

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.
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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

495



FDA/CVYMO000526



FDA/CVYMO000527



FDA/CVYM000528



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

FDA/CVYMO000537



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
FDA/CVMO000544 BE-15/08

base be1508_raw data 27/04/2009 Bilan tibias(resistance-cendres)



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
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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.
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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).

REFERENCES

P. PHILIPPS, R. AUREL! and Z. Nasir. (2009):
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on growth performance and phosphorus utilization of broiler chickens (BE-07/09).
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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
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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

' Registered as DSM Nutritional Products Ltd
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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

FDA/CVYMO000708
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- .. 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

FDA/CVYM000714
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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 53 2022 0 53
14 14 14 13 824 870 874 817 55 3385 0 55
14 14 14 14 791 784 787 804 56 3166 Q 56
13 13 14 13 805 754 827 765 53 3151 0 53
9 7 8 7 514 390 451 403 31 1758 0 31
13 14 14 13 745 788 810 743 54 3086 0 54
14 12 13 14 847 706 782 889 53 3224 0 53
14 14 13 14 760 777 748 829 55 3114 ] 55
9 14 14 13 499 799 769 734 50 2801 0 50
1 8 11 12 857 457 675 748 42 2537 Q 42
13 14 13 14 719 787 716 801 54 3023 1 53
14 14 14 12 796 787 816 687 54 3086 0 54
8 10 1 12 454 545 633 725 41 2357 0 41
14 14 13 13 767 738 680 706 54 2891 0 54
14 14 13 14 794 770 709 764 55 3037 0 55
9 10 8 10 508 603 476 609 37 2196 0 37
14 14 14 14 811 796 816 865 56 3288 0 56
13 14 8 8 755 869 448 466 43 2538 0 43
Nb oeufs 1 Nb oeufs 2 Nb oeufs 3 Nb oeufs 4 pds oeufs 1 pds oeufs 2 pds oeufs 3 pds oeufs 4 Prod 1-3 pds tot 1-3 casse Prod ajustée %
14 14 14 14 754 755 753 766 56 3028 0 56
12 14 14 11 720 897 881 688 51 3186 0 51
8 7 8 7 438 365 405 373 30 1581 0 30
14 12 13 11 799 694 801 704 50 2998 0 50
14 14 14 14 828 822 844 864 56 3358 0 56
14 14 14 14 874 878 874 891 56 3517 0 56
14 14 14 14 810 783 818 824 56 3235 0 56
14 13 14 13 742 663 711 706 54 2822 0 54
13 14 14 14 754 811 825 845 55 3235 0 55
13 12 14 12 727 683 828 714 51 2952 0 51
7 9 10 1l 410 537 593 661 37 2201 0 37
14 14 13 13 793 781 731 733 54 3038 0 54
12 13 12 14 738 780 751 872 51 3151 0 51
14 14 14 14 842 864 856 868 56 3430 0 56
13 12 13 12 711 654. 715 677 50 2757 0 50
12 12 12 13 643 638 700 773 49 2754 0 49
14 14 14 13 838 852 848 752 55 3280 0 55
12 13 13 13 646 710 724 753 51 2833 0 51
14 13 14 14 803 725 771 796 55 3095 0 55
13 14 14 14 705 751 753 754 55 2963 0 55
14 13 14 13 811 749 846 794 54 3200 0 54
13 14 14 14 681 748 775 778 55 2982 0 55
13 14 13 14 719 735 703 772 54 2929 0 54
13 14 12 14 784 848 705 856 53 3193 0 53

pds oeufs 3 pds aeufs 4 Prod 1-3 pds tot 4-3 casse Prod ajustée % prod oeufs pds oeuf masse oeufs aliment brut aliment rest

FDA/CVYMO000715

98.21 58.222 3202.2 9201 3012
23.21 51.692 672.0 9201 3145
92.86 57.019 2965.0 9201 3104
92.86 §3.500 2782.0 9201 3801
96.43 59.241 3199.0 9201 2704
92.86 60.923 3168.0 9200 2249
94.64 55.132 29220 9200 2588
98.21 61.545 3385.0 9201 3164
100.00 56.536 3166.0 9201 3592
94.64 59.453 3151.0 9203 3313
55.36 56.710 1758.0 9200 3518
96.43 §7.148 3086.0 9202 2684
94 .64 60.830 3224.0 9202 2876
98.21 56.618 3114.0 9201 3001
89.29 56.020 2801.0 9203 3666
75.00 6§0.405 2537.0 9202 3219
96.43 §7.038 3080.0 8202 2949
96.43 57.148 3086.0 9201 2624
73.21 57.488 2357.0 9200 2832
96.43 §3.537 2891.0 9202 3038
98.21 55.218 3037.0 9201 3215
66.07 59.351 2196.0 9200 2922
100.00 58.714 3288.0 9203 2707
76.79 58.023 2538.0 7592 2646
prod oeufs pds oeuf masse oeufs aliment brut aliment rest
100.00 54.071 3028.0 9101 2583
91.07 62471 3186.0 9101 2552
53.57 52.700 1581.0 9102 3336
89.29 59.960 2998.0 9101 2941
100.00 59.964 3358.0 9100 2568
100.00 62.804 3517.0 9102 2645
100.00 57.768 3235.0 9102 2651
96.43 52.259 2822.0 9101 3030
98.21 58.818 3235.0 9103 2480
91.07 57.882 2952.0 9100 3032
66.07 59.486 2201.0 9099 27086
96.43 56.259 3038.0 9102 2621
91.07 61.784 3151.0 9100 2616
100.00 61.250 3430.0 9089 2736
89.29 55.140 2757.0 9103 2642
87.50 §6.204 2754.0 9100 2534
98.21 59.818 3290.0 9103 2728
91.07 55.549 2833.0 9100 3045
98.21 56.273 3095.0 9104 2586
98.21 53.873 2963.0 9101 3168
96.43 59.259 3200.0 9089 2548
98.21 54.218 2982.0 9100 2826
96.43 54.241 2929.0 9100 2920
94.64 60.245 3193.0 11236 4797



group consom 1-2 poule-j

«Q
8

189
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6189 56
6056 56
6097 56
5400 56
6497 56
6951 56
6612 56
6037 56
5609 56
5890 56
5682 56
6318 56
6326 56
6200 56
5537 56
5983 56
6253 56
6577 56
6368 56
6164 56
5986 56
6278 56
6496 56
4946 56
up consom 1.2 poule-j
6518 56
6549 56
5766 56
6160 56
6532 56
6457 56
6451 56
6071 56
6613 56
6068 56
6393 56
6481 56
6484 56
6363 56
6461 56
6566 56
6374 56
6055 56
6518 56
5933 56
6551 56
6274 56
6180 56
6439 56

consljour

110.52
108.14
108.88
96.43

116.02
124.13
118.07
107.80
100.16
105.18
101.46
112.82
112.96
110.71
96.88

106.84
111.66
117.45
113.71
110.07
106.88
112.11
116.00
88.32

consfjour

116.39
116.95
102.96
110.00
116.64
115.30
115.20
108.41
118.08
108.36
114.16
115.73
115.79
113.63
115.38
117.25
113.82
108.13
116.39
106.95
116.98
112.04
110.36
114.98

cons/groupe
6189
6056
6097
5400
6497
6951
6612
6037
5609
5890
5682
6318
6326
6200
5537
5983
6253
6577
6368
6164
5986
6278
6496
4946
cons/groupe
6518
6548
5766
6160
6532
6457
6451
6071
6613
6068
6393
6481
6484
6363
6461
6566
6374
6055
6518
5933
6551
6274
6180
6439

cons/oeuf
112,53
465.85
117.25
103.85
120.31
133.67
124.75
109.76
100.16
111.13
183.29
117.00
119.36
112.73
110.74
142.45
115.80
121.80
156.32
114.15
108.84
169.68
116.00
115.02
cons/oeuf
116.39
128.41
192.20
123.20
116.64
115.30
115.20
11243
120.24
118.98
172.78
120.02
12714
113.63
129.22
134.00
115.89
118.73
118.51
107.87
121.31
114.07
114.44
121.49

IC/masse
1.9327
9.0119
2.0563
1.9410
2.0309
2.1941
2.2628
1.7835
1.7716
1.8692
3.2321
2.0473
1.9622
1.9910
1.9768
2.3583
2.0302
2.1312
2.7017
2.1321
1.8710
2.8588
1.9757
1.9488

IC/masse
2.1526
2.0556
3.6471
2.0547
1.9452
1.8359
1.9941
2.1513
2.0442
2.0556
2.9046
2.1333
2.0578
1.8551
2.3435
2.3842
1.9374
2.1373
2.1060
2.0024
2.0472
2.1040
2.1099
2.0166

% broken egg

1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.8
0.0
0.0

% broken egg

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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group N° Nb oeufs 1 Nb oeufs 2 Nb oeufs 3 Nb oeufs 4 pds oeufs 1 pds oeufs 2

c89

=]
OO0000
o OUOUUOOOUUOOUUUOUOUUUUOEOOOOOOOOOOOOOOOOOOO

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
€8
69
70
71
72
ND
73
74
75
76
77
78
79
80
81

14 14 13 13 836 826 734 759 54 3155 0 54
1 13 10 13 654 740 592 765 47 2751 1 46
14 14 14 14 816 827 854 863 56 3360 0 56
13 14 12 13 798 873 750 828 52 3249 0 52
13 12 13 13 728 658 704 717 51 2807 0 51
13 14 12 14 755 790 711 854 53 . 3110 0 53
14 14 14 12 811 788 789 679 54 3067 0 54
13 13 14 13 785 810 839 774 53 3208 0 53
12 14 13 14 711 836 781 816 53 3144 0 53
12 14 13 14 696 787 764 815 53 3062 0 53
13 14 14 14 761 822 815 835 55 3233 0 55
14 13 14 12 815 707 807 71 53 3040 0 53
14 13 14 13 772 687 745 695 54 2899 0 54
14 14 14 14 758 761 766 780. 56 3065 0 56
13 14 14 14 791 832 831 831 55 3285 0 55
14 14 13 14 833 818 750 816 55 3217 0 55
14 14 14 14 793 817 835 843 56 3288 0 56
13 14 13 13 699 731 712 744 53 2886 0 53
12 13 11 13 671 751 633 755 49 2810 0 49
13 12 14 9 746 706 814 526 48 2792 0 48
14 13 14 13 801 751 844 802 54 3198 0 54
13 14 14 14 756 825 836 843 55 3260 0 55
14 13 14 14 832 769 875 877 55 3353 0 55
14 14 14 14 796 798 821 824 56 3238 0 56
Nb oceufs 1 Nb ceufs 2 Nb oeufs 3 Nb oeufs 4 pds oeufs 1 pds oeufs 2 pds oeufs 3 pds osufs 4 Prod 1-3 pds tot 1-3 casse Prod ajustée
13 8 10 14 796 532 601 872 45 2801 0 45
13 13 14 13 779 751 795 808 53 3133 0 53
12 14 13 13 689 788 706 737 52 2930 0 52
14 14 13 13 793 786 714 738 54 3031 0 54
14 14 12 14 844 824 668 837 54 3173 0 54
14 13 12 12 831 805 700 726 51 3062 0 51
7 5 6 4 386 291 352 239 22 1268 0 22
12 8 6 14 712 480 368 852 40 2412 0 40
12 11 11 11 708 619 632 654 45 2613 1] 45
11 12 14 11 704 718 857 673 48 2953 0 48
13 11 11 12 783 657 655 694 47 2789 0 47
12 14 12 12 693 795 684 700 50 2872 0 50
13 12 14 14 699 683 797 785 53 2964 0 53
14 10 1 12 834 604 646 700 47 2784 0 47
14 12 14 14 809 661 790 830 54 3090 0 54
14 13 14 14 835 778 852 841 55 3306 0 55
14 12 13 12 801 674 736 888 51 3099 0 51
13 13 14 14 768 741 813 820 54 3142 0 54
12 13 14 14 653 717 774 783 53 2927 0 53
6 9 10 7 354 505 553 383 32 1795 0 32
13 13 13 12 732 740 733 683 51 2898 0 51
14 13 13 14 811 748 783 846 54 3188 0 54
13 13 14 13 679 741 797 752 53 2969 0 83
11 12 12 13 602 627 625 700 48 2554 0 48

pds oeufs 3 pds oeufs 4 Prod 1.3 pds tot 1

FDA/CVYM000717
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-3 casse Prod ajustée % prod oeufs pds ceuf masse oeufs aliment brut aliment rest

86.43 58.426 3155.0 8098 3083
83.83 59.804 2810.8 9102 2409
100.00 60.000 3360.0 9101 2299
92.86 62.481 3249.0 9106 2894
91.07 55.039 2807.0 9101 2776
94.64 58.679 3110.0 9099 2653
96.43 56.796 3067.0 9100 3289
94.64 60.528 3208.0 8101 2664
94 .64 59.321 3144.0 9105 3206
94.64 57.774 3062.0 8093 2304
98.21 58.782 3233.0 9100 3305
94.64 57.358 3040.0 9100 2738
96.43 53.685 2899.0 9107 3447
100.00 54.732 3065.0 9105 3286
98.21 59.727 3285.0 9100 2750
98.21 58.491 3217.0 9036 2733
100.00 58.714 3288.0 9107 3098
94.64 54.453 2886.0 9101 2859
87.50 57.347 2810.0 9101 2937
85.71 58.167 2792.0 9104 3336
96.43 59.222 3198.0 9102 2525
98.21 58.273 3260.0 9105 2337
98.21 60.964 3353.0 9102 2851
100.00 57.839 3239.0 10509 2991
% prod oeufs pds oeuf masse oeufs aliment brut aliment rest

80.36 62.244 2801.0 9103 3307
94 .64 59.113 3133.0 9101 2640
92.86 56.346 2930.0 9103 3185
96.43 56.130 3031.0 9103 2764
96.43 58.759 3173.0 9103 2947
91.07 60.039 3062.0 9101 2997

57.636 1268.0 9104 3465
7143 60.300 24120 9099 3410
80.36 58.067 2613.0 9100 3139
85.71 61.521 2953.0 9099 3128
83.93 59.340 2789.0 9099 3437
89.29 57.440 2872.0 9102 2887
94.64 55.925 2964.0 9101 3198
83.93 59.234 2784.0 9102 2873
96.43 57.222 3090.0 9100 2906
98.21 60.109 3306.0 9102 2863
91.07 60.765 3099.0 9104 Imn
96.43 58.185 3142.0 9099 2513
94.64 §5.226 2827.0 9101 2631

56.094 1795.0 9103 3469
91.07 56.824 2898.0 9102 2968
96.43 59.037 3188.0 9100 2681
94.64 56.019 2969.0 9100 3267
85.71 53.208 2554.0 11486 5875
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6015 56
6693 56
6802 56
6212 56
6325 56
6446 56
5801 56
6437 56
5899 56
6795 56
5795 56
6362 56
5660 56
5819 56
6350 56
6363 56
6009 56
6242 56
6164 56
5768 56
6577 56
6768 56
6251 56
7518 56
p consom 1-2 poule-j
5796 56
6461 56
5918 56
6339 56
6156 56
6104 56
5639 56
5689 56
5961 56
5971 56
5662 56
6215 56
5902 56
6229 56
6194 56
6239 56
5933 56
6586 56
6470 56
5634 56
6134 56
6419 56
5633 56
5621 56

consl/jour
107.41
119.62
121.46
110.93
112.95
115.11
103.59
114,95
105.34
121.34
103.48
113.61
101.07
103.91
113.39
113.63
107.30
111.46
110.07
103.00
117.45
120.86
111.63
134.25
consljour
103.50
115.38
105.68
113.20
109.93
109.00
100.70
101.59
106.45
106.63
101.11
110.98
105.39
111.23
110.61
111.41
105.95
117.61
115.54
100.61
109.54
114.63
104.16

100.38

cons/groupe
6015
6693
6802
6212
6325
6446
5801
6437
5899
6795
5795
8362
5660
5819
6350
6363
6008
6242
6164
5768
6577
€768
6251
7518
cons/groupe
5796
6461
5918
6339
6156
6104
5639
5689
5961
5971
5662
6215
5902
6229
6194
6238
5933
6586
6470
5634
6134
6419
5833

5621

cons/osuf
111.39
142.40
121.46
119.46
124.02
121.62
107.43
12145
111.30
128.21
105.36
120.04
104.81
103.91
115.45
115.69
107.30
117.77
125.80
120.17
121.80
123.05
113.65
134.25
cons/oeuf
128.80
121.91
113.81
117.39
114.00
119.69
256.32
142.23
132.47
124.40
120.47
124.30
111.36
132.53
114.70
113.44
116.33
121.96
122.08
176.06
120.27
118.87
110.06

117.10

IC/masse
1.8065
2.3812
2.0244
1.9120
2.2533
2.0727
1.8914
2.0065
1.8763
2.2191
1.7925
2.0928
1.8524
1.8985
1.9330
1.9779
1.8276
2.1629
2.1936
2.0659
2.0566
2.0761
1.8643
23211

IC/masse
2.0693
2.0622
2.0198
2.0914
1.9401
1.9935
4.4472
2.3586
2.2813
2.0220
2.0301
2.1640
1.8912
2.2374
2.0045
1.8872
1.9145
2.0961
2.2105
3.1387
2.1166
2.0135
1.9646

2.2009

% broken egg

0.0
1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

% broken egg

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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group N° Nb ceufs 1 Nb oaufs 2 Nb oeufs 3 Nb ceufs 4 pds oeufs 1 pds oeufs 2 pds oceufs 3 pds oeufs 4 Prod 1-3 pds tot 1-3 casse Prod ajustée % prod oeufs pds oeuf masse oeufs aliment brut aliment rest

E 97 14 11 14 12 835 630 820 715 51 3000 0 51 91.07 58.824 3000.0 9100 2264
E 98 13 9 8 13 748 523 467 818 43 2556 0 43 76.79 59.442 2556.0 9102 2884
E 99 14 13 12 13 863 755 742 814 52 3174 0 52 92.86 61.038 3174.0 9102 2675
E 100 10 8 7 8 551 440 39 443 33 1825 0 33 58.93 55.303 1825.0 9102 3618
E 101 13 13 13 14 717 746 751 808 53 3022 0 53 94 .64 §7.019 3022.0 9101 2505
E 102 14 12 14 13 744 646 747 713 53 2850 0 53 94.64 53.774 2850.0 9108 2869
E 103 14 14 14 14 842 813 818 839 56 3312 0 56 100.00 59.143 3312.0 9099 2459
E 104 12 1" 14 14 684 632 791 796 51 2903 0 51 81.07 56.922 2903.0 9102 2784
E 105 8 7 7 7 464 403 403 462 29 1732 0 29 51.79 58.724 1732.0 9101 3045
E 106 13 14 14 14 729 795 - 786 820 55 3130 0 55 98.21 56.909 3130.0 9103 2831
E 107 14 13 11 12 765 729 629 704 50 2827 0 50 89.29 56.540 2827.0 9101 2492
E 108 9 8 8 8 534 474 453 481 33 1942 0 33 58.93 58.848 1942.0 9100 3459
E 1089 12 13 14 13 611 688 748 708 52 2755 0 52 92.86 52.981 2755.0 9101 2534
E 110 14 12 13 13 823 687 730 746 52 2988 0 52 92.86 57.423 2986.0 9102 2474
E 111 8 8 8 8 468 464 462 472 32 1866 0 32 57.14 58.313 1866.0 9102 2894
E 112 13 13 12 9 739 753 711 542 47 2745 0 47 83.93 58.404 2745.0 29101 3295
E 113 10 13 12 10 586 760 694 583 45 2623 0 45 80.36 58.2883 2623.0 9101 3161
E 114 13 13 13 " 755 746 725 620 50 2846 0 50 83.29 56.920 2846.0 9100 3173
E 115 7 7 9 7 396 398 526 463 30 1783 0 30 53.57 59.433 1783.0 9103 2978
E 116 7 7 8 7 414 406 462 419 29 1701 0 29 51.79 58.855 1701.0 9099 3086
E 17 13 13 11 14 696 699 591 794 51 2780 0 51 91.07 54.510 2780.0 9109 3129
E 118 6 8 13 14 339 436 718 828 1 2322 0 41 3.1 56.634 23220 9103 3049
E 119 13 10 7 7 690 530 391 397 37 2008 0 37 66.07 54.270 2008.0 9104 3519
E 120 14 13 13 14 835 748 738 836 54 3157 0 54 96.43 58.463 3157.0 9954 3411

89
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6836
6218
6427
5484
6596
6239
6640
6318
6056
6272
6609
5641
8567
6628
6208
5806
5940
5927
6124
6013
5980
6054
5585
6543

56
56
56
56
56
56
56
56
56
56

consljour

122.07
111.04
114.77
97.93

117.79
111.41
118.57
112.82
108.14
112.00
118.02
100.73
117.27
118.36
110.86
103.68
106.07
105.84
109.36
107.38
106.79
108.11
99.73

116.84

conslgi'oupe
6836
6218
6427
5484
6596
6239
6640
6318
6056
6272
6609
5641
6567
6628
6208
5806
5940
5927
6124
6013
5980
6054
5585
6543

cons/oeuf
134.04
144.60
123.60
166.18
124.45
117.72
118.57
123.88
208.83
114.04
132.18
170.94
126.29
127.46
194.00
123.53
132.00
118.54
204.13
207.34
117.25
147.66
150.95
121.17

IC/masse
2.2787
2.4327
2.0249
3.0049
2.1827
2.1891
2.0048
2.1764
3.4965
2.0038
2.3378
2.9047
2.3837
2.2197
3.3269
2.1161
2.2646
2.0826
3.4347
3.5350
2.1511
2.6072
2.7814
2.0725

% broken egg

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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2.3 Data on ileal utilization of phosphorus
(see also table 5 of report 00000099)

3 pages

687
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2.4 Data on calcium and inorganic phosphorus in plasma
(see also table 6 of report 00000099)

3 pages
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Taux de P Tauxde Ca TauxdeP Taux de Ca
TRAITEMENTS plasmatique plasmatique plasmatique piasmatique
en mg/dl en mg/dl en mmol/L en mmol/L
TT
A2 342 24.26 1.10 6.05
A5 4.28 27.50 1.38 6.86
A8 3.84 21.88 1.24 5.46
A11 4.86 29.17 1.57 7.28
A14 3.58 24.28 1.16 6.06
AT 2.97 21.35 0.96 5.33
B2 3.28 2518 1.06 6.28
BS 4.03 25.97 1.30 6.48
B8 6.87 31.39 222 7.83
B11 5.92 26.25 1.1 6.55
B14 411 27.87 1.33 6.95
B17 3.77 22.69 1.22 5,66
Cc2 4.78 26.94 1.54 6.72
C5 5.88 25.80 1.90 6.44
cs8 3.32 21.44 1.07 5.35
c11 3.68 26.37 1.19 6.58
c14 3.68 23.79 1.19 5.94
c17 3.96 23.32 1.28 5.82
D2 4.46 20.70 1.44 5.16
D5 3.57 24.07 1.15 6.01
D8 4.07 25.17 1.31 6.28
D11 3.52 25.41 1.13 6.34
D14 3.84 2349 1.24 5.86
D17 2,94 18.99 0.95 474
E2 4.69 28.07 1.51 7.00
ES 3.96 26.18 1.28 6.53
ES8 3.19 23.99 1.03 5.98
E11 5.96 25.34 1.92 6.32
E14 3.13 23.14 1.01 5.77
E17 5.23 26.19 1.69 6.53
A 3.82 24.74 1.23 6.17
067 3.08 022 077
B 4.66 26.56 1.50 6.63
1.40 291 0.45 0.73
Cc 4.22 24.61 1.36 6.14
0.95 2.11 0.31 0.53
D 3.73 22.97 1.20 5.73
0.52 2.58 0.17 0.64
E 4.36 25.48 1.41 6.36
1.14 1.76 0.37 0.44
base H0109 17/04/09
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2.5 Data on tibia strength and tibia/toes ash
(see also table 7 and 8 of report 00000099)

2 pages
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. . Taux de Taux de
Résistance

TRAITEMENTS osseuse en N cendres en cendres en
%_tibias %_toes
T R CT
A2 40.06 50.001 3572
A5 39.26 48.558 34.34
A8 29.50 45.387 33.40
A1t 72.32 51.873 28.71
A4 33.64 47.519 32.28
A17 21.51 46.847 2569
B2 42.02 50.546 36.07
B5 41.26 46.777 28.69
B8 38.25 49.063 30.78
B11 57.58 49.811 36.69
B14 38.53 48.268 26.65
B17 46.85 50.798 30.61
C2 73.02 47.293 3049
c5 45.55 50.616 32.07
Cc8 36.00 48.327 29.28
Cc11 41.56 51.069 32.66
c14 43.07 46.659 28.71
c17 49.26 47.419% 27.42
D2 75.89 48.520 28.80
Ds 53.58 48.660 29.97
D8 30.44 44.201 31.07
D11 72.59 50.134 34.14
D14 63.11 48.182 33.36
D17 28.70 48.725 30.72
E2 64.86 48.493 33.69
ES 23.45 46.875 34.25
E8 33.46 44.448 31.97
E11 28.25 46172 32.39
E14 27.56 46.910 33.11
E17 72.23 46.018 34.66
A 39.38 48.36 31.69
17.52 2.32 3.78
B 44.08 49.21 31.58
' 7.31 1.52 4.01
C 48.08 48.56 30.11
12.99 1.85 2.02
D 54.22 48.07 31.34
20.26 2.01 2.03
E 41.64 46.49 33.35
21.21 1.33 1.05
17/04/09 H-01/09
base H0109 Données de base tibias
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=

Traitement  Force & la rupture (N)

A2 40.0584 40.06
A5 39.2592 39.26
v 21 5600 2050
At w08 7232
A4 25,003 32.64
a7 273 751
% T2 4202
e 30.374 #1.26
o 5491 .25
B11 : 57.58 57.58
a1e 35851 3853
17 40106 t6.85
o2 7621 73.02
cs 7044 4555
ca 22493 3%.00
cri 27164 456
o “
i 51719 026
o2 22227 75489
o 2074 s3.58
o 6107 a0.44
ot 37,704 7259
14 0121 6a.11
o17 %0459 2970
% 72824 64.08
s 12001 2345
ce 26,805 .46
1 22506 20.25
14 22618 21.56
v s 223
H0109_resistance ' 06/04/09 ' H-01/09
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2.6 Data on phosphorus in excreta

(see also figure 2 of report 00000099)
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base HO109

OO®NOOWNAEWN =

WNNNNNN =
CoBNBORENNEBeslsnnanls

D11
D14
D17
E2
ES
E8
E11
E14
E17

Taux
Phosphore en
% de MS de
féces

XPIL
0.96
0.88
1.12
0.85
0.88
0.85
0.95
0.84
0.85
0.95
0.83
0.84
0.91
0.80
0.89
0.88
0.88
0.89
0.88
0.93
0.80
0.75
0.65
0.82
1.24
1.42
1.39
1.28
1.20
1.63

0.92
0.10

0.89

0.88

0.04

0.81
0.10

1.36
0.16

Phosphore in
excreta g/kg
MS de féces

XPIL
9.60
8.80
11.20
8.50
8.80
8.50
9.50
8.40
8.50
9.50
9.30
8.40
9.10
8.00
8.80
8.80
8.80
8.90
8.80
9.30
8.00
7.50
6.50
8.20
12.40
14.20
13.80
12.80
12.00
16.30

9.23
1.04

8.93
0.55

8.75
0.38

8.05
0.99

13.60
1.57

17/04/09
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Hil. Trial Protocol Data Sheet
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TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIMALS

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

Trial iD: 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 field trials:
Location and size of herd or fiock:
Feeding and rearing conditions:
Method of feeding: ad libitum
Diets (type(s)): low phosphorus basal diet
Presentation of the diet: Mash X Pellet ] Extruded [] Other
Composition (main feedingstuffs): 65.6% 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 MJIME, 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 cansequences of treatment: nothing to report

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

12 702
FDA/CVMO000737



FDA/CVYM000738



o e Bu——

e nsr ek

DSM Nutritional Products DSM (S

Trial Protocol Data Sheet

According to EFSA Journal (2008) 778, 5-13 Technical guidance: Tolerance and efficacy studies 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: 6 bacterial phytase Batch number: PPQ 28432

Trial ID: 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) Repilicates 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™

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 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 X Pellet [] Extruded [] Other
Composition (main feedingstuffs): 65.0% maize / 23.6% SBM
Nutrient content (relevant nutrients and energy content)
Intended values: per kg: 11.9 MJ/ME, 161 g Crude protein, 2.6 g total P, 34.5 g Calcium
Analysed values: per kg: 12.2 MJ/ME, 169 g Crude protein, 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

Date Signature Study Director
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Annex 28

Esteve, E. and Broz, J. (2009). Report No. 00001628: Efficacy of IPA
PHYTASE (= RONOZYME® HiPhos) in Turkeys. 2009
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. REPORT No. 00001628 DSM (S
Regulatory Document '

Document Date: 12 August, 2009
Author(s): E. Esteve-Garcia' and J. Broz’

' Department of Animal Nutrition, IRTA, Centre Mas de Bover, Constanti (Spain)
2 Animal Nutrition and Health R&D, DSM Nutritional Products Ltd, Basel

Title: Efficacy of IPA phytase in turkeys
Project No. 6106
Summary

An experiment was conducted to evaluate the efficacy of IPA phytase (M) in turkeys when used at graded
inclusion levels added to a low-P maize-soybean meal-based diet. A total of 216 day-old female turkeys (BUT
9 strain) were used in this study, divided into 72 replicate groups of 3 birds each. The following six dietary
treatments were compared: T-1) negative control fed the basal diet containing 0.27% of non-phytate P; T-2)
NC diet + IPA phytase at 500 U/kg; T-3) NC diet + IPA phytase at 1000 U/kg; T-4) NC diet + IPA phytase at
2000 U/kg; T-5) NC diet + IPA phytase at 4000 U/kg; T-6) positive control fed the diet containing 0.1% of
additional non-phytate P in form of dicalcium phosphate. Each dietary treatment was assigned to 12 replicate
groups. Performance, bone mineralization, blood Ca and P concentration, and apparent Ca and P retention
were used as the efficacy parameters. Body weight showed a positive response to IPA phytase
supplementation which was fitted to a quadratic polynomial. Tibia ash percentage showed a curvilinear
response which was fitted to a quadratic polynomial as well, indicating a response to all phytase levels. Ca
and P retention also showed curvilinear responses to graded phytase levels. IPA phytase addition at 500,
1000, 2000 and 4000 U/kg diet increased significantly the P retention from 58.2% (negative control) to 68.4,
72.8, 76.2 and 78.7%, respectively.
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Report No. 00001628

. 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 28656 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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European Food Safety Authority

FEEDAP UNIT

ANNEX C'
TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIMALS

Identification of the additive: IPA Phytase (M) Batch number: PPQ 28656
Trial |D: E-106 Location: IRTA- Mas de Bover
Start date and exact duration of the study: 17 November 2008 _

Number of treatment groups (+ control(s)): 6 Replicates per group: 12

Total number of animais: 216 Animals per replicate: 36 -

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, 4000 and 0
U/kg '

1

Analysed: 59, 522, 1040, 1966, 4397 and 61U/kg

Substances used for comparative purposes: Dicalcium Phosphate
Intended dose; 0.57 % Analysed: 0.57 %

Animal species/category: Growing turkeys

Breed: BUT 9 . Identification procedure: numbered cages
Sex: females Age at start: 1 day Body weight at start: 63
Physiological stage: growing General health: good

Additional information for field trials:

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

Method of feeding:
Diets (type(s)): starter diet turkeys
Presentation of the diet: Mash [ Pellet (] Extruded ]  Other

Composition {(main feedingstuffs). maize, soybean meal

Nutrient content (relevant nutrients and energy content)
intended values: 11.7 MJ/kg ME, 0.54 total Phosphorus, 1.2% calcium
Analysed values: 0.53 % total phosphorus, 1,18 % Ca

Date and nature of the examinations performed: growth (21d), Ca P retention, bone ash (25 d)
| Method(s) of statistical evaluation used: ANOVA + Duncan, constrasts, covariaate analysis
Therapeutic/prevgntive treatments (reason, timing, kind, duration): NJ/A

Timing and prevalence of any undésirable consequences of treatment' N/A

Date 28 July 2009 Signature Study Director /

' Incase the concentratlon of the additive m oomplete feed/water may reﬂect insufficient accuracy, the dose of

the additive can be given per animal day or mg kg body weight or as concentration in complementary feed.

! Please submit this form using a common worcf ;l%/c% '\floo r6 at (e.g: MS Word)
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Annex 29

Ledoux, D.R. et al. (2009). Report No. 00002585: Efficacy of a novel phytase
product (= RONOZYME® HiPhos) in young turkeys poults. 2009
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() REPORT No. 00002585 DSM (B
Regulatory Document

Document Date: 26 October, 2009
Author(s): D.R. Ledoux, R.E. Kutz', N.E. Ward?and J. Broz®
' ASRC, University of Missouri, Columbia MO (USA)

2 DSM Nutritional Products, Inc., Parsippany (USA)
3 Animal Nutrition and Health R&D, DSM Nutritional Products Ltd, Basel

Title: Efficacy of a novel phytase product in young turkey poults
Project No. 6106
Summary

An experiment was conducted involving a total of 150 day-old male turkey pouits (Nicholas 88) in order to
evaluate the efficacy of a novel microbial 6-phytase (IPA phytase). Dietary treatments included: (A) a
negative control com-soybean basal diet (BD) formulated to contain 1.00% Ca and 0,30% non-phytate
phosphorus (npP); (B) the basal diet + IPA phytase (M) at 250 U/kg; (C) the basal diet + IPA phytase (M) at
500 U/kg; (D) the basal diet + IPA phytase (M) at 1000 U/kg; (E) the basal diet + IPA phytase (M) at 2000
U/kg. A completely randomized design was used, with 6 replicate pens of 5 poults allotted to dietary
treatments from day 1 to day 21. Performance, Ca and P retention and tibia ash percentage were used as

. response parameters. Dietary supplementation with IPA phytase at 250, 500, 1000 and 2000 U/kg
significantly improved P retention from 50.8% in the negative control to 64.2, 64.0, 71.8 and 74.3%,
respectively. In addition, phytase supplementation improved body weight gain by an average of 16%,
increased bone ash by an average of 24%, and aiso significantly increased Ca retention. These data
demonstrate conclusively that the novel phytase was effective in improving phytate P utilization.
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Report No. 00002585

. 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 28656 was used in this study, manufactured by Novozymes A/S,
Bagsvaerd, Denmark.
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EFFICACY OF A NOVEL PHYTASE PRODUCT IN YOUNG TURKEY POULTS
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INTRODUCTION

It has been conclusively demonstrated that microbial phytase is effective in degrading phytate
and improving P availability to poultry fed rations consisting of cereal grains and oilseed meals (Nelson
et al. 1971, Simons et al., 1990; Schoner et al., 1991, 1993; Zyla et al., 1996). However, before new

.phytase products are approved for sale they will need to be evaluated both with respect to efficacy and
safety. Therefore, the objectives of the present study were to determine the efficacy of a new phytase
product.

MATERIALS AND METHODS

One hundred and fifty male Nicholas 88 turkey poults were purchased from a commercial
hatchery, weighed, wing-banded, and randomly assigned to dietary treatments in chick batteries. Feed
and water were provided for ad libitum consumption. A completely randomized design was used with 6
replicate pens of 5 poults allotted randomly to dietary treatments from day 1 to day 21.

Dietary treatments included: (A) a negative control com-soybean meal basal diet (BD)
formulated to contain 1.00% calcium (Ca) and 0.30% non- phytate phosphorus (npP) diet; (B) the basal
diet plus 250 units of the novel phytase (IPA); (C) the basal diet plus 500 units of the novel phytase; (D)
the basal diet plus 1000 units of the novel phytase; and (E) the basal diet plus 2000 units of the novel
phytase. The novel phytase product was a microbial 6-phytase (EC 3.1.3.26) that was expressed in a
genetically modified strain of Aspergillus oryzae and had a potency of 60,700 FYT/gram product (Lot
No. PPQ 28656). Dietary treatments are outlined in Table 1.

With the exception of Ca and P, all diets met or exceeded the nutrient requirements of turkey
poults (NRC, 1994), and were fed in mash form. Chromic oxide was used as an inert marker for
determination of P and Ca retention.

Body weights were measured on a pen basis at the beginning and at day 21. Feed intake was also
determined at day 21, and feed conversion calculated. Mortality was recorded as it occurs. In addition,
poults were inspected twice daily and any health related problems recorded.

Samples of excreta were collected from each pen for three consecutive days beginning on day
17. The daily samples from each pen were dried in a forced air oven at 55 C, ground to pass a 1-mm
screen, and composited. Sub samples were then collected from the composite samples for analysis of
chromium, Ca, and P. Chromium, Ca, and P concentrations in feed and excreta samples were
determined by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP).

On day 21, all poults in each pen were euthanized with carbon dioxide, and the middle toes from
both feet were collected for determination of percent toe ash. Toes were dried at 100 C for 24 hours then
ashed in a muffle furnace at 600 C overnight. Right tibiae were collected from 3 poults in each pen,
stripped of adhering tissue following immersion in boiling water, ether extracted, dried at 100 C for 24
hours, weighed, and dry-ashed at 600 C overnight.

Data were analyzed by analysis of variance using the General Linear Models procedures of SAS
(1984). Statistical significance was accepted at P < 0.05.
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RESULTS

Diet Analyses

Dietary analysis of selected nutrients and phytase concentration in diets are summarized in Table
2. Calcium and P concentrations indicated that diets contained target concentrations. Dietary phytase
concentrations ranged from a low of 80% of targeted values to a high of 107% of targeted values. Crude
protein content of the diets averaged 26.32% instead of the targeted value of 28%.

Performance

Effects of dietary treatments on poult performance are summarized in Table 3. Feed intake (FI)
increased with increasing dietary phytase inclusion but the difference in FI was only significantly higher
in birds fed 1000 and 2000 U phytase/kg diet compared with birds fed the NC diet (715 and 698 g vs
598 g). Feed intake increases due to phytase supplementation of the NC diet ranged from a low of 4.5%

" to a high of 19.6%.

Body weight gain (BWG) also increased with increasing dietary phytase inclusion with BWG
being significantly higher in birds fed 500, 1000 and 2000 U phytase/kg diet compared with birds fed
the NC diet (510, 526 .and 542 g vs 436 g). There were no differences (P > 0.05) in feed conversion
among dietary treatments. Improvement in BWG due to phytase supplementation of the NC diet ranged
from a low of 2.1% to a high of 24.3%.

Bone Mineralization

Effects of dietary treatments on bone ash are summarized in Table 4. Bone ash increased with
increasing dietary phytase inclusion and was significantly higher in birds fed 500, 1000, and 2000 U/kg
phytase compared with birds fed the NC diet (40.8, 41.9, and 48.0% vs 33.8%). Increase in percent bone
ash due to phytase supplementation of the NC diet ranged from a low of 9.0% to a high of 41.8%.

Calcium and P Retention

Effects of dietary treatments on Ca and P retention are summarized in Table 4. Calcium retention
increased with increasing dietary phytase concentration and was higher in all diets supplemented with
phytase when compared with the NC diet that contained no phytase, averaging 61.7% for diets
containing phytase compared with 44.1% for the NC diet that did not contain phytase. Increase in Ca
retention due to phytase supplementation of the NC diet ranged from a low of 24.8% to a high of 51.6%.

Phosphorus retention also increased with increasing dietary phytase concentration and was
higher in all diets supplemented with phytase when compared with the NC diet that contained no
phytase, averaging 68.6% for diets containing phytase compared with 50.8% for the NC diet that did not
contain phytase. The increase in P retention by birds fed phytase ranged from a low of 26% at 250
phytase units to a high of 46% at 2000 phytase units. Increase in P retention due to phytase
supplementation of the NC diet ranged from a low of 26.2% to a high of 46.4%.

SUMMARY AND CONCLUSION

Phytase has been shown to increase the digestibility of phytate from around 25% to 50-70% in
poultry (Schoner et al, 1993; Kornegay et al, 1996; Choct, 2006). In the current study, P retention
improved from 50.8% in the NC diet to 74.3% in the diet containing 2000 U/kg phytase. In addition,
phytase supplementation improved BWG by an average of 16%, increased bone ash by an average of
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24%, increased Ca retention by an average of 40%, and P retention by an average of 35%. These data
demonstrate conclusively that the novel phytase was effective in improving phytate P utilization.
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Table I. Dietary Composition of the negative control basal diet used in the Experiment

(Hatch - 3 week) -----------

Dietary Ingredients NC
(%)
Soybean Meal (48%) 49.490
Com 45.378
Dicalcium Phosphate 0.819
Limestone 1.633
Cor Qil 0.728
Salt 0.334
DL-Methionine 0.203
L-Lysine.HCL 0.022
Trace Mineral 0.100
Vitamin Premix 0.060
Selenium Premix 0.080
CuSO4 0.004
Chromic oxide 0.100
Sand (Enzymes to be substituted for sand) 1.000
Nutrients, Calculated
ME, kcal/kg 2800
Crude Protein, % 28.00
Available P, % 0.30
Ca, % 1.00
Na, % 0.17
Cl, % 0.27
Se, % 0.2]
Cu, % 32
Zn, % 1.42
Lysine, % 1.60
Methionine, % 0.61
Met & Cyst, % 1.05
Threonine, % 1.06
Isoleucine, % 1.18
Leucine, % 2.30
Arginine, % 1.89
Glycine & Serine, % 2.56
Histidine, % 0.74
Tryptophan, % 0.39
Phenylalanine, % 1.33
Phenylalanine & Tyrosine, % 243
Valine, % 1.28
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Table 2. Analyzed Selected Nutrient Content of Diets used in the Experiment

Diet Moisture CP Fat Fiber Ash Ca P Phytase
(%) (Ukg)
NC 11.98 26.30 3.20 3.61 7.52 1.06 0.63 63
NC+250FYT 12.01 26.80 3.32 3.15 7.44 1.02 0.61 216
NC + 500 FYT 11.61 26.30 3.31 2.86 7.76 1.09 0.63 448
NC + 1000 FYT 11.80 26.30 3.25 3.08 7.32 1.05 0.64 799
NC + 2000 FYT 12.2] 25.90 3.24 2.98 7.09 1.08 0.67 2024
Mean' 11.92 26.32 3.26 3.14 7.43 1.06 064 -

CP = Crude protein; NC = Negative control basal diet
Targets for NC and other diets were CP = 28%; Ca = 1.00%; P = 0.60%

'AlI NC diets prepared using a single basal diet

FDA/CVYM000788
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Table 3. Effects of dietary treatments on growth performance of turkey poults’

Feed Body Weight Feed
Treatment Intake Gain Conversion
(8 . (2) (g'8)
Negative Control (NC)? 598°¢ 436° 1.387
NC+ 250 U/kg 631> 445° 1.420
NC + 500 U/kg 625% 510° 1317
NC+1000 U/kg 715° 526" 1.366
NC+2000U/kg 687°° 542° 1.334
SEM 24 20 0.044
Probability
TRT 0.0132 0.0016 0.4955

'Data are means of 6 replicate pens of 5 poults each.
NC diet contained 1.06% Ca and 0.63% total P by analysis
“*Means in a column with no common superscript are significantly different (P < 0.05)
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Table 4. Effects of dietary treatments on Ca and P retention and bone ash in turkey poults’

Ca Retention P Retention Bone Ash
TRT : (%) (%) (%)
Negative Control (NC)? 44.08° 50.76¢ 33.83°
NC+250 U/kg 59.52° 64.16° 36.89"
NC+500 U/kg 54.99" 64.04° 40.79°
NC+1000 U/kg 65.53° 71.76° 41.89°
NC+2000 U/kg 66.81° 74.32° 47.96
SEM 1.70 0.61 1.76

Probability

TRT <0.0001 <0.0001 0.0001

! Data are means of 6 replicate pens of 5 poults each.
’NC diet contained 1.06% Ca and 0.63% total P by analysis
*°Means within a column with no common superscript are significantly different (P < 0.05)
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1.4269

0.4475

31.3617

1.5128

0.4284

28.3184
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0.3423

28.801

1.6341
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0.3757
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1.0269

52.4946

1.3613

0.5273

38.735

0.9928

0.3781

38.0842

1.011

0.4098

40.5341

0.6419

0.2541

39.5856

0.783

0.2994

38.2375

0.8096

0.3601

44.4788

1.0287

0.4153

40.3713

1.1366

0.4727

41.5889

1.0184

0.3912

38.4132

1.0043

0.352

35.0493

1.433

0.574

40.0558

1.3675

0.6537

47.8026

1.2738

0.634

49.7723

1.2894

0.5218

40.4684

1.2972

0.663

51.1101

1.0111

0.5004

49.4907

0.9736

0.4538

46.6105

1.1561

0.4448

38.4742

1.4974

0.6027

40.2498

1.2392

0.5616

45.3196
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0.9629

0.3924

40.7519

1.0362

0.3809

36.7593

1.4081

0.5132

36.4463

1.4532

0.5078

34.9436

1.301

0.396

30.4381

1.4483

0.4918

33.9571

1.4495

0.5604

38.6616

1.355

0.5831

43.0332

1.1102

0.5632

50.7296

1.4984

0.7278

48.5718

1.3827

0.6825

49.3599

1.3015

0.6471

49.7196

1.2799

0.6472

50.5665

1.2233

0.6272

51.2712

1.2415

0.5693

45.8558

1.0778

0.4799

44.5259

1.4311

0.6262

43.7566

1.3548

0.6525

48.1621

1.1712

0.5611

47.9081

1.2339

- 0.5804

47.0378

1.5523

0.7003

45.1137

1.1242

0.5041

44.8408

1.0668

0.524

49.1189

0.9882

0.4747

48.0368

1.1895

0.5847

49.1551
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FEEDAP UNIT

ANNEXC'
TRIAL PROTOCOL DATA SHEET: FOR TERRESTRIAL ANIALS

Identification of the additive: Microbial 6-Phytase Batch number: Lot No. PPQ 28656

Trial 1D: MU-EXP. 20-08 Location: Unit B, ASRC, University of
) Missouri, Columbia MO, USA

Start date and exact duration of the study: December 30, 2008 to January 20, 2009

Number of treatment groups (+ control(s)): 5 Replicates per group: 6
Total number of animals: 150 Animals per replicate: 5

Dose(s) of the additive/active substance(s)/agent(s) (mg/Units of activity/CFU kg~ complete feed/L™”
water)

Intended: 0, 250, 500, 1000, 2000 FYT/g  Analysed: 63, 216, 448, 799, 2024 FYT/g

t

Substances used for comparative purposes: NA

Intended dose: Analysed:
Animal species/category: Turkeys
Breed: Nicholas 88 Identification procedure: Wing bands
Sex: male Age at start: day old Body weight at start: 54-56 g
Physiological stage: Starter General health: Good

Additional information for field trials:

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

Method of feeding:
Diets (type(s)): Corn-soybeanmeal basal diet
Presentation ofthe diet: =~ Mash [X Pellet (] Extruded []  Other

Composition (main feedingstuffs): See Report Table 1
Nutrient content (relevant nutrients and energy content)
Intended values: See report Table 2
Analysed values:

Date and nature of the examinations performed: December 2008 to January 2009
Method(s) of statistical evaluation used: One Way ANOVA, SAS 1984
Therapeutic/preventive treatments (reason, timing, kind, duration): None

Timing and prevalence of any undesirable consequences of treatment: None

Date Signature Study Director

32fed | (Dad Teor

" in case the concentration of the additive in complete feed/water may reflect insufficient accuracy, the dose of
the additive can be given per animal day'1 or mg kg'1 body weight or as concentration in complementary feed.

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

1/1
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Report No. 00003287

. Nomenclature and Structural Formula

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

A novel bacterial 6-phytase, expressed in a genetically modified strain of Aspergillus oryzae,
has been developed recently (IPA Mash phytase). The objective of this experiment was to
evaluate the efficacy of this phytase product in young turkeys, using performance, P
utilization and tibia mineralization as the main response criteria.

Material and methods

Animals

Day-old male turkey poults (BUT T9) were purchased for this experiment at the hatchery
BOYE. St Hilaire de Loulay. France. They were kept in a floor-pen until day 9 of age and fed
a commercial pre-starter diet. From day 9 until the termination of the experiment the birds
were kept in wire-floored cages (2 per cage).

Experimental diets
Experimental starter diets contained corn and soybean meal as the main feed ingredients and
were formulated to contain 25.0% crude protein. 1.15% methionine + cystine and 2950 kcal
ME/kg. A basal, low-P diet was formulated to contain 0.20% of available P only. This basal
diet was used in the negative control and all treatments supplemented with phytase. For
comparative purposes three positive control diets were formulated to contain 0.25. 0.30 and
. 0.35% of available P. respectively, by increasing the dietary inclusion of dicalcium phosphate.
Composition of the used diets and calculated nutrient contents are provided in Annex 1. All
diets were manufactured by the experimental feed mill of INRA Le Magneraud and were fed
as mash. Both feed and drinking water were available ad libitum.

Test product
IPA Mash phytase (M), lot PPQ 28656, containing 60700 U/g product, was used in this

experiment.

Experimental treatments (D9/D29)

Treatment  Description Inclusion of test product

R1 Low-P basal diet (0.20 % available P) 0

R2 Positive control diet 1 (0.25 % available P) 0

R3 Positive control diet 2 (0.30 % available P) 0

R4 Positive control diet 3 (0.35 % available P) 0

RS R1 + IPA Mash phytase at 500 U/kg diet 8.24 ppm

R6 R1 + IPA Mash phytase at 1000 U/kg diet 16.48 ppm

R7 R1 +IPA Mash phytase at 2000 U/kg diet 32.96 ppm

RS R1 + IPA Mash phytase at 4000 U/kg diet 65.92 ppm
. Each dietary treatment was assigned to 15 replicate groups (cages).

December 2009 Page 2
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Time schedule

Arrival of pouits (D1): February 10®2009
End of experiment (D29): March 10" 2009

Operations

Floor-
pen D1 |Poults were delivered to the pen. They were identified by a ring at the wing.
D1/D9 D9 | Morning: Individual weighing. Control of feed consumption. Randomization
into 8 groups of 30 poults.

D9 | Afternoon: Poults were transferred into the cages (2 per cage). Experimental
diets were provided.

D14 |Individual weighing. Control of feed and water consumption

Cages D22 |9:00 am: Individual weighing. Beginning of excreta collection. Excreta were
D9/D29 collected every day (till D25) and stored at —18°C.

D25 {9:00 am: Individual weighing. End of excreta collection. Control of feed and
water consumption between D22 and D25.

D29 |Individual weighing. Control of feed and water consumption. Blood samples
were taken from 1 bird per cage. The same bird was slaughtered and left
tibia was taken, then stored at —18°C.

Samples of crop content and intestinal digesta (jejunum + ileum) were
collected and stored at -18°C (for analysis of phytase activity).

Experimental parameters and measurements

Body weights of turkeys were recorded individually on day 9, day 14, day 22, day 25 and day
29 of age. Feed intake was registered on days 14. 25 and 29 per replicate group and calculated
per bird in the respective period. For each replicate group and each period, feed conversion
ratio was calculated as follows: feed consumption during the period / (live weight at the end +
weight of dead animals — total live weight at the beginning).

The efficacy of IPA Mash phytase was evaluated on the basis of the following response
parameters:

+ Growth performance (weight gain. feed/gain ratio)

» Apparent phosphorus utilization (based on total excreta collection. days 22-25)

« Tibia ash percentage (day 29)

¢ Phosphorus concentration in excreta

o Serum concentration of inorganic P and Ca (day 29)

Excreta from each cage (replicate) were collected quantitatively from day 22 until day 25.
During this period feed intake was also recorded. Excreta from each cage were stored in
metallic plates at -18°C. After thawing, excreta were lyophilized and homogenized. On day
29, left tibia was taken from one bird per cage. Tibia bones were mechanically cleared of
adhering tissue. and then dried at 103°C for 24 hours. Bones were incinerated at 550°C for 14
hours and ash weight was recorded. Samples of all diets and excreta were analysed for dry
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matter, nitrogen and gross energy by standard INRA methods. Phosphorus in diets and
excreta was determined by the INRA laboratory according to AFNOR method NF V08-106.
Phytase in-feed analytics was conducted by DSM Biopract GmbH, Berlin (Germany). In
addition, phytase activity in crop and ileum contents was analysed by the laboratory at INRA
Le Magneraud using a standard method. Serum concentration of inorganic P and Ca were
analysed by a specialized external laboratory.

The AMEn values of the diets were calculated according to the standard INRA procedure.
Apparent utilization of P was calculated as percentage of its retention. compared to the total P
intake during the balance period.

Statistical analysis

Individual values per bird were used for live weight and tibia ash measurements. Each
replicate group was considered as one experimental unit for feed intake and feed conversion
ratio. as well as for balance parameters. One-way analysis of variance was conducted using
Minitab in order to determine the effects of experimental treatments. Significant differences
among treatment means were determined by using Tukey test at P<0.05.

Results and discussion

During the whole experiment no disease or any abnormal behaviour due to the dietary
treatments were noticed. Before the start of the experimental period (D9) the mean weight of
birds was 155+ 9 g.

. The results of feed analyses are summarized in Annex 3. The in-feed determination of phytase
activity confirmed the expected target values. Native phytase activity in all control diets (R1-
R4) was below 50 U/kg diet. The analytical results for total P confirmed the graded addition
of inorganic P in form of dicalcium phosphate.

Growth performance (Tables 1-4, Figure 1)

A positive and dose related response to phytase supplementation was observed, both in terms
of live weight and feed conversion ratio. Also the inclusion of inorganic P in all 3 positive
control diets (treatments R2, R3 and R4) resulted in a significant improvement of both
parameters when compared to the negative control fed the low-P diet with 0.20% of available
P. Turkeys receiving IPA Mash phytase at 2000 and 4000 U/kg diet, respectively, reached
significantly higher final live weights (day 29) than positive control 3 (treatment R4). Phytase
addition at 1000 U/kg diet (treatment R5) resulted in both final weight and feed conversion
ratio comparable to that reached in positive control 3 (treatment R4). This observation clearly
indicated that at 1000 U/kg diet IPA Mash phytase has the potency to replace 0.15% of
available P in this particular starter diet.

Dietary metabolizable energy and apparent P utilization (Table 5, Figure 3)

The results regarding AMEn showed a negative influence of increasing inclusion of inorganic
P, but there was no obvious explanation for this observation. Metabolizable energy
determined for all diets supplemented with IPA Mash phytase was not significantly different
when compared to the negative control.
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Addition of inorganic P to the basal, low-P diet slightly improved the apparent utilization of
P, but the observed difference was significant only for the highest dietary level of available P
(R4 versus R1). In contrast, dietary supplementation with IPA Mash phytase resulted in
significant and significant and strong improvements of P utilization. Phytase inclusion levels
of 500, 1000, 2000 and 4000 U/kg improved the apparent P utilization from 51.0% (negative
control) to 61.0, 66.0, 72.3 and 77.0%, respectively.

Tibia mineralization (Table 6, Figure 2)

As expected, tibia ash percentage was significantly improved by both dietary factors, i.e. the
addition of inorganic P or microbial phytase. The response to IPA Mash phytase was dose-
dependent and significant improvements were observed at all inclusion levels. Phytase
addition at 500, 1000, 2000 and 4000 U/kg improved tibia ash percentage from 30.1%
(negative control) to 36.8, 40.4, 43.4 and 44.8%, respectively. At 2000 and 4000 U/kg diet
phytase addition resulted in a numerically higher tibia ash percentage when compared with
positive control 3, which received 0.15% of additional available P.

Blood parameters (Table 7, Figure 4)

The results confirmed that both experimental factors, either addition of inorganic, available P
or phytase supplementation, led to a dose related and significant increase of phosphorus
concentration in blood serum. [PA Mash phytase at 4000 U/kg diet increased the level of
inorganic P by 250% when compared to the negative control. Phytase supplementation at
1000 U/kg diet (treatment R6) resuited in the same serum level of inorganic P as positive
control 3, which received 0.15% of additional available P. As expected, both experimental
factors also slightly reduced the concentration of Ca in blood serum and thus normalized the
ratio between these two minerals towards the physiological one.

Phytase activity in digestive tract (Table 8, Figure 5)

The results confirmed that phytase activity in crop samples is in line with its initial levels
present in the respective diets. In contrast, only low phytase activity was detected in the ileal
digesta and no significant differences among dietary treatments were noted anymore. This
finding indicates that the majority of added microbial phytase was degraded during the
passage in the gastro-intestinal tract.

Conclusion

In conclusion, the results of this performance and balance experiment confirmed the dose-
related efficacy of IPA Mash phytase when used at graded inclusion levels in the started diet
for turkeys. Growth rate, apparent P utilization and tibia ash percentage were shown as the
most relevant response parameters.
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Summary

A 4-week performance and balance experiment involving 240 male turkeys (strain BUT T9)
was conducted in order to evaluate the efficacy of a novel microbial 6-phytase (IPA Mash
phytase) when added to a low-P, corn-based starter diet. Eight dietary treatments were
compared in this study, as follows: Rl — negative control diet (0.20% available P); R2 —
positive control diet 1 (0.25% available P) ; R3 — positive control diet 2 (0.30% available P);
R4 — positive control diet 3 (0.35% available P); R5 — R1 + phytase at 500 U/kg; R6 — R1 +
phytase at 1000 U/kg; R7 — R1 + phytase at 2000 U/kg; R8 — R1 + phytase at 4000 U/kg.
Each dietary treatment was assigned to 15 replicates of 2 birds each. Body weight and feed
conversion ratio wer :

e monitored as performance parameters. The apparent P utilization and tibia ash percentage
were determined as main criteria of P availability. A positive and significant dose related
response to phytase supplementation was noted in terms of live weight and feed conversion.
Dietary supplementation with IPA Mash phytase at 500, 1000, 2000 and 4000 U/kg
significantly improved the P utilization from 51.0% (negative control) to 61.0, 66.0, 72.3 and

. 77.0%, respectively. As the consequence of this effect, tibia ash percentage significantly
p

increased from 30.1% (negative control) to 36.8, 40.4, 43.4 and 44.8%, respectively. Based on
performance parameters, tibia mineralization and P concentration in blood plasma, the effects
obtained with phytase addition at 1000 U/kg are fully comparable to that observed in positive
control 3, which received 0.15% of additional available P in form of dicalcium phosphate.
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Table 1: Growth performance before the balance period (D9/22)

Treatment Weight D9 (g) Weight D14 (g) Weight D22 (g)
R1 [0.20 % available P 153 247+£13b 497 £33d
R2 10.25 % available P 154 253 £19ab 528 +42 cd
R3 [0.30 % available P 155 260+ 13 ab 558 + 33 abc
R4 [0.35 % available P 154 259+ 28 ab 569 + 53 ab
R5 |R1+1PA 500 Ukg 153 257+ 16 ab 547 £ 40 be
R6 |RI +1PA 1000 Ukg 157 262+ 17a 565+ 41 ab
R7 |[RI +1PA 2000 U/kg 154 264 +£24a 588+59a
R8 [RI] +1PA 4000 U/kg 156 269+24a 594+ 51a
Statistical significance NS P <0.01 P <0.01

a, b, ¢, d Means without a common letter are significantly different (P<0.05)

Table 2: Growth performance during the balance period (D25/29)

Treatment No birds. D29 Weight D25 (g) Weight D29 (g)
Rl [0.20 % available P 30 617+43d 767 + 84 ¢
R2 ]0.25 % available P 30 666 £53 ¢ 860+69d
R3 10.30 % available P 30 705 + 50 be 918+ 56¢
R4 10.35 % available P 30 729 + 65 abc 955 £ 85 be
R5 [R1+1PA 500 U/kg 30 696+ 51 ¢ 907+ 72 cd
R6 [R1+1IPA 1000 U/kg 30 720 + 51 be 949 £ 69 be
R7 |R1+1PA 2000 Ukg 30 750 £ 75 ab 990 £ 100 ab
R8 |R1 +1PA 4000 Ukg 30 769 + 70 a 1013+ 87 a
Statistical significance P <0.01 P <0.01

a, b, ¢, d, e Means without a common letter are significantly different (P<0.05)
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Table 3: Feed intake during experimental period (D9/D29)

Treatment Feed intake Feed intake Feed intake Feed intake
D9/D22 D22/D25 D25/D29 D9/D29
(g/bird) (g/bird) (g/bird) (g/bird)
R1 |0.20 % available P 1127 404 530 2061
R2 [0.25 % available P 1169 450 635 2253
R3 ]0.30 % available P 1261 498 707 2466
R4 [0.35 % available P 1285 516 735 2536
R5 |R1+1PA 500 U/kg 1229 475 682 2386
R6 |R1+1PA 1000 Ukg 1257 503 717 2477
R7 |R1I+1PA 2000 Ukg 1297 522 757 2576
R8 |R1 +1PA 4000 U/kg 1304 537 762 2603
Table 4: Feed conversion ratio during experimental period D9/D29
Treatment FCR D9/D22 | FCR D22/D25 | FCR D25/D29 | FCR D9/D29
R1 [0.20 % available P 1.644 + 0.061 1.685 + 0.082
a 1.684£0.119 | 2.123+1.504 a
R2 0.25 % available P | 1.567 £ 0.064 1.598 £ 0.067
b 1.628 £ 0.096 | 1.645£0.136 bc
R3 ]0.30 % available P | 1.562 +0.036 1.616 £ 0.048
b 1.741 £0.352 | 1.672+0.144 b
R4 10.35 % available P | 1.552 + 0.055 1.584 +0.042
be 1.617+0.084 | 1.627 +£0.080 be
R5 |RI +1PA 500 U/kg | 1.563-+ 0.085 1.584 +0.059
b 1.606 £0.117 | 1.620+£0.107 be
R6 |R1+1PA 1000 U/kg | 1.539 £ 0.065 1.563 £ 0.063
be 1.632+£0.176 | 1.573 £0.113 bed
R7 |R1+1PA 2000 U/kg | 1.497 £0.042 1.543 £ 0.050
c 1.620+£0.130 | 1.581 £0.072 cd
R8 |R1+1PA 4000 U/kg| 1.491 £0.038 1.519 £0.029
c 1.532+£0.083 | 1.567 +0.073 d
Stat. significance P <0.01 NS NS P <0.0]

a, b, ¢, d Means without a common letter are significantly different (P<0.05)
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- Table 5: Effects of dietary level of available P and IPA phytase addition
on AMEn values and P utilization

Treatment AMEn (Kcal/’kg DM) | Apparent utilisation of P
(% of intake)
R1 [0.20 % available P 3181+45a 5098+ 1.72 f
R2 |0.25 % available P 3167+ 86 a 5202+ 1.54
R3 10.30 % available P 3074+ 56 b 52.44 +£2.09 ef
R4 10.35 % available P 3070 £ 63 b 5434+1.71e
R5_|R1+IPA 500 Urkg 3143+ 64ab 60.95 £ 2.81d
R6 |RI+IPA 1000 Ukg 3122 £ 104 ab 66.00+2.56 ¢
R7 |RI1 +1PA 2000 Ukg 3097 £ 94 ab 7226 +2.53b
R8 |R1 +1PA 4000 Ukg 3105+ 77 ab 76.96+2.18a
Statistical significance P <0.01 P <0.01

a, b, ¢, d, e, f Means without a common letter are significantly different (P<0.05)

Table 6: Effects of dietary level of available P and IPA phytase addition

on tibia ash concentration (day 29)

Treatment Tibia dry matter (%) Tibia ash (% of DM)
R1 {0.20 % available P 3043 e 30.13+1.45¢
R2 [0.25 % available P 32.18d 3440+1.96d
R3 [0.30 % available P 34.64 c 3853 +1.84¢
R4 10.35 % available P 36.10 b 41.27 + 1.64 ab
R5 [R1 +1PA 500 U/kg 33.60 ¢ 36.84+272¢
R6 |R1+IPA 1000 U/kg 35.58 be 40.40+2.48b
R7 |R1+1PA 2000 Ukg 37.53 ab 43.37x1.60a
R8 [RI1 +1PA 4000 Ukg 38.53 a 44.78+1.20 a
Statistical significance P <0.01 P <0.01

a, b, ¢, d, e Means without a common letter are significantly different (P<0.05)
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Table 7: Serum concentration of Ca and inorganic P
Treatment Ca (mg/L) Inorganic P (mg/L)

R1 ]0.20 % available P 139+ 11a 32+5e
R2 {0.25 % available P 136 £11 ab 33+£4de
R3 10.30 % available P 131 £ 10 ab 41+£5d
R4 10.35 % available P 126+ 6b 53+£9c¢
R5 |R1+IPA 500 U/kg 137+9a 36 6 de
R6 {R1+IPA 1000 Ukg 131 +10ab 51£12¢
R7 |R1 +IPA 2000 Ukg 128 + 8 ab 63+9b
R8 [R1 +1PA 4000 U/kg 126+ 5b 80+9a

Statistical significance P <0.01 P <0.01

a, b, ¢, d, e Means without a common letter are significantly different (P<0.05)

Table 8: Phytase activity in diets and digestive tract (U/kg dry matter)

Treatment Diet Crop lleum
R1 [0.20 % available P 101 111 +39d 84 £72
R2 [0.25 % available P 118 110+41d 124 + 107
R3 [0.30 % available P 47 125+51d 87+49
R4 10.35 % available P 54 106 +£53d 86+ 49
R5 [R1+1PA 500 U/kg 518 525+313¢d 73+34
R6 |R1+1PA 1000 Ukg 1223 990 + 437 ¢ 73 434
R7 |R1+1PA 2000 Ukg 2845 1941 £ 701 b 143 £115
R8 |R1+1PA 4000 Ukg 4179 3189+ 1082 a 100 £53
Statistical significance - P <0.01 NS

a, b, ¢, d Means without a common letter are significantly different (P<0.05)
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Annex 1
Feed composition of basal diets (%):
Pre-starter R1 R2 R3 R4
DI/D9 0.2 AvP 0.25 AvP 0.3 AvP 0.35 NPP
Corn 40.37 40.37 40.37 40.37 40.37
Wheat 5.34 5.78 5.78 5.75 5.78
Soybean meal. 48% CP | 44.83 44.83 '44.83 44 .83 44.83
Vegetable oil 4.63 4.63 4.63 4.63 4.63
HCI Lysine 0.39 0.39 0.39 0.39 0.39
DL-Methionine 0.39 0.39 0.39 0.39 0.39
Calcium carbonate 0.90 2.00 1.76 1.52 1.26
Dicalcium phosphate 2.15 0.61 0.85 1.12 1.35
| Salt 0.40 0.40 0.40 0.40 0.40
Premix(Vit/Trace min) 0.60 0.60 0.60 0.60 0.60
. Calculated nutritional values (%)
Pre-starter R1 R2 R3 R4
D1/D9 0.2 AvP 0.25 AvP 0.3 AvP 0.35 NPP
Metabolizable Energy
(Kcal/kg) 2950 2950 2950 2950 2950
Crude protein 25.00 25.00 25.00 25.00 25.00
Lysine 1.67 1.67 1.67 1.67 1.67
Methionine + Cystine 1.15 1.15 1.15 1.15 1.15
Calcium 1.11 1.11 1.08 1.07 1.03
Available Phosphorus 0.50 0.20 0.25 0.30 0.35
@
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Annex 2
Experimental design (cages)
Cage 1101 | 1102 { 1103 { 1104 | 1105 | 1106 | 1107 | 1108 [ 1109 | 1110
Régime | Rl R7 RS R2 R3 R4 R8 R6 R1 R6
Régime | RS R7 R2 R4 R3 RS R6 Rl R4 RS
Cage 1201 | 1202 | 1203 [ 1204 | 1205 | 1206 | 1207 | 1208 | 1209 | 1210
Cage 2101 | 2102 | 2103 | 2104 | 2105 | 2106 | 2107 | 2108 | 2109 | 2110
Régime | R8 R3 R2 R7 R1 R2 R8 RS R6 R3
Régime R4 R7 R3 R6 R2 R1 R4 RS R8 R7
Cage 2201 | 2202 | 2203 | 2204 | 2205 | 2206 | 2207 | 2208 | 2209 | 2210
Cage 3101 | 3102 | 3103 | 3104 | 3105 [ 3106 { 3107 | 3108 | 3109 | 3110
Régime | RS R4 R§ R2 R1 R7 R6 R3 RS R1
Régime | R2 R4 R3 R6 R7 R8 R1 R6 RS R4
Cage 3201 | 3202 | 3203 | 3204 | 3205 | 3206 | 3207 | 3208 | 3209 | 3210
Cage 3301 | 3302 | 3303 | 3304 | 3305 | 3306 | 3307 [ 3308 [ 3309 | 3310
Régime R3 R2 R7 R8 R3 R8 R5 R2 R7 R6
Régime | R4 Rl R5 Rl R3 R7 R6 R8 R2 R4
Cage 3401 | 3402 | 3403 | 3404 | 3405 | 3406 | 3407 | 3408 | 3409 | 3410
Cage 4101 | 4102 | 4103 1 4104 | 4105 | 4106 | 4107 | 4108 | 4109 | 4110
Régime | R2 R4 R7 R1 RS R6 R8 R3 R8 R3
Régime | R2 R7 R4 R1 R6 R3S R7 R2 R1 R8
Cage 4201 | 4202 | 4203 | 4204 | 4205 | 4206 | 4207 | 4208 | 4209 | 4210
Cage 4301 | 4302 | 4303 | 4304 | 4305 | 4306 | 4307 | 4308 | 4309 | 4310
Régime | RS R4 R6 R3 R3 R4 RS R6 R7 R2
Régime | RS§ R1 R7 R1 R3 RS RS R4 R2 R6
Cage 4401 | 4402 | 4403 | 4404 | 4405 | 4406 | 4407 | 4408 | 4409 | 4410
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INRA Ref : 09/HD3/DD/0107

Im Evaluation of IPA Mash phytase in turkeys

TRIAL REPORT

Annex 3
Feed analyses
Treatment ' Dry matter | Crude Calcium | Total P Phytase
* protein | (% DM)*| (% DM) * activity
() [(%DM)* (Ulkg) **
R1[0.20% av P 89.03 27.66 1.40 0.58 44
R2|0.25%avP 89.02 27.59 1.36 0.63 55
R3|030%avP 89.46 27.67 1.36 0.69 44
R410.35%avP 89.43 26.89 1.36 0.74 .45
R5 |R1+IPA 500 U/kg 89.19 27.65 1.42 0.60 581
R6 |R1+IPA 1000 U/kg 89.36 27.98 1.38 0.59 919
R7 [RI+IPA 2000 U/kg 89.53 27.69 1.45 0.58 2327
R8 |RI1+IPA 4000 U/kg 89.48 27.83 1.46 0.58 4075

* Analytics conducted by INRA

** Analytics conducted by DSM Biopract GmbH, Berlin
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[ndividual weights

pen
1101

1101
1102
1102
1103
1103
1104
1104
1105
1105

1106
1106
1107
1107
1108
1108
1109
1109
1110
1110
1201
1201
1202
1202
1203
1203
1204
1204
1205
1205
1206
1206
1207
1207
1208
1208
1209
1209
1210
1210
2101
2101
2102
2102
2103
2103
2104
2104
2105

Tr
R1

R1
R7

R7
R5
RS
R2
R2
R3
R3

R4
R4
R8
R8
R6
R6
R1
R1
Ré
R6
R8
R8
R7
R7
R2
R2
R4
R4
R3
R3
R5
R5
R6
R6
R1
R1
R4
R4
RS
RS
R8
R8
R3
R3
R2
R2
R7
RY
R1
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A
139

138
138

138
158
158
152
151
154
154

151
161
169
169
148
148
156
156
162
162
145
145
160
160
157
157
155
155
148
148
158
158
149
148
161
161
155
155
158
168
149
150
148
148
156
156
140
140
162

W14
232

235
250

202
27
257
233
240
238
263

254
254
283
291
252
246
248
244
266
271
250
263
232
243
268
270
284
264
241
2562
271
267
248
244
274
258
283
265
265
254
254
222
250
254
268
250
275
250
262

W22 W25
488 616
452 550
582 774
441 6583
622 807
563 720
496 624
494 605
500 626
576 744
568 732
543 699
587 768
650 828
527 677
520 665
510 632
486 606
546 691
566 733
564 697
586 746
504 652
575 752
547 678
578 712
605 781
573 705
514 662
550 688
556 727
542 688
532 680
520 661
569 728
518 649
605 756
580 733
537 686
531 643
547 707
513 666
5§52 700
506 673
582 721
542 698
596 760
532 6881
529 665
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W29
794

575

999

762
1096
925

836

793

830

990

958
955
998

1123
890

877
818
770
895
986
944
1013
872
977
873
936

1033 -

922
876
905
962
889
900
853
927
845
982
1000
929
837
942
920
885
886
926
906
997
879
832
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2105
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2106
2107
2107
2108
2108
2109
2109
2110
2110
2201
2201
2202
2202
2203
2203
2204
2204
2205
2205
2206
2206
2207
2207
2208
2208
2209
2209
2210
2210
3101
3101
3102
3102
3103
3103
3104
3104
3105
3105
3106
3106
3107
3107
3108
3108
3109
3109
3110
3110
3201

e

Individual weights

Tr
R1
R2
R2
R8
R8
R5
R5
R6
R6
R3
R3
R4
R4
R7
R7
R3
R3
R6
R6
R2
R2
R1
R1
R4
R4
R5
R5
R8
R8
R7
R7
R5
R5
R4
R4
R8
R8
R2
R2
R1
R1
R7
R7
R6&
R6
R3
R3
R5
R5
R1
R1
R2
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N°
13998
13841
13942
13954
13972
13913
13917
13923
13958
13712
13787
13881
13940
13935
13952
13753
13761
13777
13853
13845
13849
13790
13985
13983
13988
13856
13950
13926
13931
13949
13955
13919
13984
13859
13878
13882
13899
13828
13861
13921
13969
13815
13905
13785
13973
13912
13933
13800
13814
13865
13870
13767
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wWe
161
160
160
158
158
160
160
156
156
153
153
146
146

147 -

147
156
156
167
167
170
170
136
135
156
156
157
157
159
159
148
148
139
139
141
141
144
144
136
136
164
164
163
153
147
146
152
162
140
140
149
149
164

W14
249
278
261
275
294
269
281
265
265
271
265
259
232
27
239
269
262
286
278
280
27
243
230
283
284
271
266
267
264
250
258
221
224
225
250
233
250
227
231
266
269
266
274
235
246
246
257
243
237
238
236
264

W22 W25
512 645
569 724
571 710
628 836
666 872
603 772
585 755
566 712
593 790
560 708
599 745
569 742
564 736
609 750
530 662
584 751
549 701
604 804
616 788
619 800
580 751
523 629
451 561
616 781
622 795
502 744
554 723
572 730
603 765
547 679
621 803
484 621
478 600
515 687
588 754
551 721
518 661
471 588
497 626
531 668
545 661
582 734
651 822
527 669
510 654
569 730
589 753
544 719
518 670
472 603
470 573
535 661
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W29
826
937
936
1067
1155
1021
995
909
1044
881
991
933
968
958
874
965
903
1041
1017
1020
970
783
689
1032
1039
957
910
957
1011
912
1072
819
776
950
942
942
883
758
834
858
847
950
1073
860
857
940
952
933
880
753
640
892
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Individual weights

pen
3201
3202
3202
3203
3203
3204
3204
3205
3205
3206
3206
3207
3207
3208
3208
3209
3209
3210
3210
3301
3301
3302
3302
3303
3303
3304
3304
3305
3305
3306
3306
3307
3307
3308
3308
3309
3309
3310
3310
3401
3401
3402
3402
3403
3403
3404
3404
3405
3405
3406
3406
3407

Tr
R2
R4
R4
R3
R3
R6
R6
R7
R7
R8
R8
R1
R1
R6
R6
R5
R5
R4
R4
R3
R3
R2
R2
R7
R7
R8
R8
R3
R3
R8
R8
RS
R5
R2
R2
R7
R7
R6
R6
R4
R4
R1
R1
R5
RS
R1
R1
R3
R3
R7
R7
R6

INRA Ref: 09/HD3/DD/0107

Annex 4

NO
13997
13943
13974
13844
13892
13960
13976
13850
13884
13957
13962
13851
13876
13808
13860
13964
13967
13711
13904
13821
13898
13772
13842
13718
13759
13793
13795
13796
13894
13867
13970
13991
14000
13705
13713
13809
13941
13833
13902
13731
13765
13716
13723
13745
13803
13944
13963
13843
13852
13915
13947
13717

December 2009

wWg
163
169
159
152
152
153
153
154
154
161
161
151
151
141
140
155
165
155
154
169
159
155
155
170
170
148
148
169
169
136
136
164
164
158
158
145
145
163
163
140
140
155
155
152
152
150
149
164
164
158
158
161

W14
270
286
272
246
263
257
270
292
258
274
290
240
253
259
244
254
242
259
245
277
273
236
255
315
287
258
248
283
280
240
246
263
273
278
273
214
248
274
261
242
242
250
251
257
258
238
234
270
282
253
249

275

w22 W25
566 712
616 793
577 741
519 606
535 602
566 713
580 738
642 850
571 744
622 816
655 835
520 641
499 616
525 697
549 700
558 710
505 637
508 752
528 650
617 766
579 719
488 628
551 680
732 928
638 844
577 740
546 714
603 775
617 785
548 702
573 761
566 725
564 728
569 698
547 703
468 592
562 701
577 721
561 711
520 660
529 667
493 588
530 626
609 753
583 718
480 582
474 591
562 720
616 788
566 714
588 735
576 721
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W 29
909
1033
962
892
845
933
984
1100
1010
1057
1076
819
776
943
923
880
850
1007
847
988
924
819
885
1214
1138
934
947
989
1031
921
1026
922
940
877
884
794
932
938
966
888
898
748
817
989
931
747
733
940
1041
957
966
940

782
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Individual weights

pen
3407
3408
3408
3409
3409
3410
3410
4101
4101
4102
4102
4103
4103
4104
4104
4105
4105
4106
4106
4107
4107
4108
4108
4109
4109
4110
4110
4201
4201
4202
4202
4203
4203
4204
4204
4205
4205
4206
4206

4207

4207
4208
4208
4209
4209
4210
4210
4301
4301
4302
4302
4303

Tr
R6
R8
R8
R2
R2
R4
R4
R2
R2
R4
R4
R7
R7
R1
R1
R5
R5
R6
R6
R8
R8
R3
R3
R8
R8
R3
R3
R2
R2
R7
R7
R4
R4
R1
R1
R6
R6
R5
R5
R7
R7
R2
R2
R1
R1
R8
RS
R5
R5
R4
R4
R6
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NO
13729
13846
13909
13727
13822
13755
13817
13802
13864
13901
13910
13874
13928
13951
13977
13886
13981
13766
13783
13742
13883
13701
13749
13925
13937
13735
13832
13728
13737
13848
13903
13715
13945
13880
13924
13706
13953
13939
13948
13956
13998
13830
13835
13741
13774
13812
13824
13721
13989
13965
13978
13703
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W9
161
161
161
142
142
165
165
144
143
156
156
165
165
162
162
166
166
161
161
160
170
157
157
163
163
163
163
166
166
155
155
169
168
141
141
166
165
149
149
169
169
143
143
159
159
158
158
138
137
147
147
148

W14
283
313
246
232
251
284
275
236
226
276
261
290
297
251
240
276
259
262
274
293
316
251
271
290
241
276
251
249
233
269
288
285
272
238
220
296
287
239
258
292
276
254
232
245
266
268
259
231
277
240
251
256

W22 W25
613 772
698 921
5§75 794
498 655
507 656
622 814
602 785
485 624
446 570
641 833
541 694
660 823
650 817
501 616
482 602
525 688
535 672
573 750
621 811
597 764
651 836
544 694
566 707
633 811
492 626
569 758
528 673
501 639
487 630
610 757
629 795
645 823
588 748
466 580
429 519
656 804
587 737
480 630
551 715
633 820
582 734
526 670
495 625
482 606
559 692
575 752
570 736
476 619
488 624
487 632
547 689
600 786
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W29
1028
1152
1085
825
842
1029
1023
783
737
1118
874
1144
1105
772
768
903
878
1005
1048
971
1097
892
893
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849
954
877
819
810
991
1042
1071
975
747
700
1090
943
798
936
1061
975
873
803
765
859
975
985
789
828
812
897
980
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Individual weights

Tr

pen
4303
4304
4304
4305
4305
4306
4306
4307
4307
4308
4308
4309
4309
4310
4310
4401
4401
4402
4402
4403
4403
4404
4404
. 4405
4405
4406
4406
4407
4407
4408
4408
4409
4409
4410
4410

R6
R3
R3
R3
R3
R4
R4
R5
RS
R6
R6
R7
R7
R2
R2
R8
R8
R1
R1
R7
R7
R1
R1
R3
R3
RS
R5
R8
R8
R4
R4
R2
R2
R6
R6
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N°
13994
13930
13936
13740
13746
13732
13995
13888
13918
13794
13825
13799
13813
13730
13768
13818
13855
13872
13885
13932
13982
13868
13875
13760
13806
13827
13837
13771
13819
13938
13946
13752
13778
13908
13986
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W9
147
151
151
149
149
169
158
161
151
164
164
151
161
145
145
162
162
162
162
160
160
156
156
146
146
157
157
166
166
161
161
168
168
167
167

W14
220
260
249
245
244
145
266
240
262
250
277
258
268
241
236
297
278
226
257
274
267
247
257
252
244
246
278
288
273
248
282
285
273
255
262

W 22
468
553
530
555
515
388
550
645
575
521
609
551
605
515
477
689
610
506
499
609
577
472
470
535
554
550
599
622
593
527
617
567
527
544
501

W 25
611
697
671
718
648
539
691
646
710
668
711
703
791
639
583
915
783
647
624
760
738
589
612
655
691
690
738
807
772
667
786
702
667
685
747
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W29
812
892
848
928
836
723
908
851
884
891
1026
954
1013
829
723
1220
1015
798
517
986
983
726
763
865
890
929
978
1020
996
832
1035
898
873
898
981
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INRA Ref : 09/HD3/DD/0107 Annex 4
Data of balance study
Energy of Protein of P of P
cage Tr  Excreta Excreta Excreta  Excreta DM Intake AMER Utilisation
1101 R1 108,64 3550,5 27,6 0,8 337,7 3250,1 53,85
1108 R1 129,98 3698,9 281 0,8 389,3 3163,8 52,67
1208 R1 168,11 3696,8 291 0,8 442 8 3092,2 48,68
2105 R1 130,78 3664,8 27,8 0,8 390,2 3169,7 51,80
2206 Rt 113,29 3594,8 31,6 0,9 3515 3250,9 52,00
3105 Rt 120,32 37041 30,7 0,9 375,6 3218,3 52,65
3110 R1 118,29 3691,1 27,7 0,8 3513 3165,1 50,51
3207 R1 128,43 3638,5 29,1 0,9 378,7 31711 49,32
3402 R1 120,4 3628,5 29,0 0,9 3473 3149,6 48,40
3404 R1 112,58 3616,1 29,2 0,8 337.6 31977 52,09
4104 R1 114,39 3650,5 29,2 0,9 359,8 3237,0 52,13
4204 R1 118,04 3686,2 31,4 0,8 338,4 3133,8 49,29
4209 R1 128,85 3583,9 29,2 0,9 381,3 3194,2 49,04
4402 R1 127,77 3608,4 27.8 0,9 387,0 3204,5 50,30
4404 R1 125,56 3660,1 30,3 0,8 366,4 3157.8 51,90
1104 R2 116,94 3693,8 28,8 0,9 359,8 32221 52,42
1203 R2 141,72 3627 29,8 0,9 424 1 3218,5 51,19
2103 R2 161,24 3696,5 27,6 0,9 4491 3102,5 48,89
2106 R2 167,32 38024 28,8 0.8 465,4 3068,3 52,44
2205 R2 160,12 3733.9 29,3 0,9 471,2 3161.8 51,19
3104 R2 110,52 37294 30,3 0,9 376,9 3322,9 55,69
3201 R2 142,85 3688 28,1 0,9 4144 31565,7 53,11
3302 R2 129,44 3676,2 29,2 0,9 397,8 3228,4 52,80
3308 R2 149,28 3736,9 28,9 0,9 423,9 3117,5 51,16
3409 R2 153,97 3739,9 277 0,9 4254 3077.6 50,38
4101 R2 123,24 3676,6 27,7 0,9 358,0 3169,0 51,71
4201 R2 127,02 3691,3 27,7 0.9 3853 3202,7 52,70
4208 R2 169,83 3778,1 28,6 07 439,6 2985,1 55,66
4310 R2 116,98 35693,7 27,9 0,9 355,6 3238,0 52,28
4409 R2 134,45 3624,2 29,9 0,9 409,0 32371 52,34
1106 R3 149,61 3758 29,1 0,9 437.4 3135,2 53,61
12056 R3 136,36 3653 30,5 0,9 409,4 3206,5 54,90
2102 R3 16533 3786,8 277 0,9 4488 3029,0 50,50
2110 R3 160,96 3737,4 28,1 0,9 460,4 31121 53,70
2203 R3 176,4 37379 294 0,9 486,2 3073,5 53,67
3108 R3 - 183,95 3762,4 28,2 0,9 488,0 3011,3 51,11
3203 R3 163,7 3692,1 29,3 0,9 415,0 3064,9 53,03
3301 R3 170,59 3765,2 284 0.9 4478 29978 52,05
3305 R3 18592 3800,9 28,6 0,9 498.3 3011,8 51,42
3405 R3 1854 3690,1 29,9 0,9 4947 3054,4 51,75
4108 R3 14691 3672,1 274 0,9 417 .4 31242 53,15
4110 R3 161,63 3734,5 285 1,0 450,2 3083,3 48,58
4304 R3 166,2 3678,2 26,0 0,8 4420 31108 56,85
4305 R3 164,94 3715,3 26,8 0,9 4472 3049,5 52,67
4405 R3 163,75 3671,3 29,2 0,9 4340 3049,6 49,63
1106 R4 150,19 3786,2 28,3 0,9 4428 3143,6 58,71
1204 R4 198,74 3880,6 30,1 0,9 4997 2915,8 52,66
1209 R4 179,11 3760,3 28,5 1,0 490,8 3066,3 52,52
2201 R4 177.8 3758,3 28,5 0,9 488,7 3070,9 53,68
2207 R4 18272 3736,4 29,1 0,9 499.5 3075,1 54,00
3102 R4 166,51 3765,4 29,6 0,9 4752 31187 55,37
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INRA Ref : 09/HD3/DD/0107 Annex 4
Data of balance study
Energy of Protein of P of P
cage Tr  Excreta Excreta Excreta  Excreta DM Intake AMEn Utilisation
3202 R4 176,07 3713,3 28,0 1,0 492 1 31051 53,63
3210 R4 164,87 3694,1 284 0,9 439,6 3056,5 54,85
3401 R4 143,24 3670,3 28,4 0,9 404 4 31338 65,45
3410 R4 199,04 3843,2 27,0 0,9 531,5 29957 54,42
4102 R4 178,73 3797 314 1,0 524 8 3149,3 54,87
4203 R4 171,38 37996 28,8 1,0 485,0 3093,0 53,64
4302 R4 14542 3719,6 27,1 0,9 4174 3130,3 56,19
4306 R4 161,03 3733 26,5 0,9 4267 3024,4 53,27
4408 R4 186,24 3755,2 28,4 0,9 474 4 29742 51,78
1103 R5 175,86 3719,6 29,7 0,7 4952 3108,2 60,97
1206 R5 164,96 3711,3 284 0,7 4742 3129,2 61,25
1210 R5 153,12 3739 27,3 07 428 4 3082,1 60,19
2108 R5 165,73 37483 27,5 0,6 4875 3139,1 64,14
2208 R5 156,96 3631,7 29,5 0,7 476,2 3220,9 62,53
3101 R5 127,82 3749,2 28,8 0,7 385,3 3171,9 59,13
3109 R5 139,82 37717 28,6 0,6 4384 3207,1 66,58
3209 R5 138,17 37111 29,1 0,7 411,7 3173,0 62,47
3307 R5 14572 3746,9 27,2 0,7 446,6 3184,3 61,98
3403 R5 168,22 3766,9 29,9 0,7 4624 3062,7 59,43
4105 R5 151,74 3704,9 29,2 0,7 421,2 3093,6 56,82
4206 R5 162,62 37561 27,8 0,7 4455 3052,6 55,45
4301 R5 11945 3640,6 28,3 0,7 389,4 3287,5 63,54
4307 R5 139,58 3733,2 28,7 0,7 400,4 3120,3 60,22
4406 R5 156,49 3679,2 28,2 0,7 4417 3117,9 59,55
1108 R6 129,74 3599,5 29,0 0,6 421,1 3298,2 69,60
1110 R6 154,7 3763.9 28,1 0,6 456,9 3140,5 66,38
1207 R6 137,86 3679,5 28,1 0,6 404,0 3160,2 62,75
2109 R6 191,4 37954 27,8 0,6 516,3 3018,4 65,41
2204 R6 181,44 3774 28,8 0,6 506,1 3072,6 65,12
3107 R6 124,38 3743.8 27,3 0,6 393,0 3218,5 66,56
3204 R6 143,14 3708,7 27,6 0,6 438,5 3197,3 69,20
3208 R6 1426 3697,2 29,3 0,7 437,0 3209,0 62,91
3310 R6 1476 38174 28,0 0,6 4231 3086,3 66,27
3407 RS6 186,1 37445 29,8 0,5 503,5 3050,2 66,76
4106 R6 161,6 3666,1 28,1 0,6 493,3 3209,7 67,21
4205 R6 17465 3728,5 27,9 0,6 493,5 3100,0 65,83
4303 R6 159 3708,6 274 0,5 452 4 3112,8 69,35
4308 R6 171,48 37346 27,2 0,6 480,5 3084,8 66,48
4410 R6 202,72 3748,1 26,7 0,6 483,5 28654 60,22
1102 R7 149,97 3781,9 27,4 0,4 456,7 3161,3 75,46
1202 R7 14468 3762,2 29,6 0,5 4587 3221,0 74,70
2104 R7 132,29 36931 289 0,5 4270 3258,6 71,23
2202 R7 181,73 38343 28,9 0,5 4874 2996,7 69,90
2210 R7 148,27 3730,8 28,8 0,5 443,0 3162,3 71,43
3106 R7 164,17 3875,3 28,3 0,4 476,8 3078,6 74,83
3205 R7 220,42 3787,8 27,1 0,5 552,8 2916,5 68,31
3303 R7 209,71 3846,5 27,8 0,5 574,0 3013,2 69,84
3308 R7 152,46 3749,8 28,1 04 4145 30414 72,80
3406 R7 168,9 37846 27,7 0,5 466,4 3046,3 68,24
4103 R7 197,28 3754,3 27,9 0,5 546,8 3062,7 71,46
4202 R7 177,17 3820,4 29,7 04 488,1 3039,8 76,28
December 2009 Page 7
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INRA Ref : 09/HD3/DD/0107 Annex 4
Data of balance study
Energy of  Protein of P of P
cage Tr  Excreta Excreta Excreta  Excreta DM Intake AMERn Utilisation
4207 R7 160,75 3765,5 29,0 0,5 498,2 3193,1 74,22
4309 R7 16295 3704,8 25,8 04 461,7 3097,2 73,31
4403 R7 156,26 37314 28,2 0,5 469,2 3165,8 71,87
1107 R8 16522 3668,9 27,0 04 5177 3230,0 78,36
1201 R8 170,86 3776,2 28,8 04 466,2 30425 73,88
2101 RS 1473 3766,2 27,5 0,3 4222 3099,7 79,93
2107 R8 203,94 3829,8 28,5 04 569,8 3050,9 74,18
2209 R8 151,51 3759,8 28,5 0,4 4433 3130,3 78,33
3103 R8 140,48 37837 30,0 04 4237 3163,9 79,60
3206 RS8 197,6 38723 30,4 04 558,6 3059,2 77,08
3304 R8 137,82 3769,9 28,4 0,4 436,9 3216,3 77,51
3306 R8 163,74 3789,4 28,0 04 461,2 3072,7 77,16
3408 R8 212,93 3864,5 30,0 04 565,5 2980,8 76,43
4107 R8 157,41 3778,8 28,3 04 4934 3200,7 76,15
4109 R8 164,97 3851 29,5 0,4 453,6 3028,3 73,44
4210 R8 153,82 3759,7 28,7 0,4 467,0 3173,6 76,89
4401 R8 204,36 3831 27,9 0,4 563,2 3030,4 75,01
4407 RS 173,4 37829 27,6 0,3 499,2 3099,7 80,41
December 2009 Page 8
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Phytase activity (U / DM)

Cage Tr
1101 R1
1109 R1
1208 R1
2105 R1
2206 R1
3105 R1
3110 Rt
3207 R1
3402 R1
3404 R1
4104 R1
4204 R1
4209 R1
4402 R1
4404 R1
1104 R2
1203 R2
2103 R2
2106 R2
2205 R2
3104 R2
3201 R2
3302 R2
3308 R2

3409 R2
4101 R2
4201 R2
4208 R2
4310 R2
4409 R2
1105 R3
1205 R3
2102 R3
2110 R3
2203 R3
3108 R3
3203 R3
3301 R3
3305 R3
3405 R3
4108 R3
4110 R3
4304 R3
4305 R3
4405 R3
1106 R4
1204 R4
1209 R4
2201 R4
2207 R4
3102 R4

December 2009

INRA Ref : 09/HD3/DD/0107 Annex 4
Crop lleum Cage Tr Crop  lleum Cage Tr Crop lleum
56 46 3202 R4 77 1102 R7 324
102 148 3210 R4 102 174 1202 R7 3085
135 32 3401 R4 120 183 2104 R7 2231 381
103 66 3410 R4 33 25 2202 R7 2464 94
120 192 4102 R4 129 48 2210 R7 1305 #
95 48 4203 R4 91 122 3106 © R7 2027 54
192 4302 R4 86 33 3205 R7 3014 72
143 103 4306 R4 152 56 3303 R7 2357 76
82 235 4408 R4 22 85 3309 R7 1630 55
66 50 1103 R5 421 15 3406 R7 929 97
104 17 1206 R5 680 27 4103 R7 135
80 41 1210 R5 363 114 4202 R7 1332
104 24 2108 R5 862 121 4207 R7 1592
184 30 2208 R5 291 58 4309 R7 1321 116
184 33 3101 R5 248 47 4403 R7 267
63 51 3109 R5 1127 36 1107 R8 3600
93 119 3209 R5 311 136 1201 R8 2451 52
99 29 3307 R5 220 143 2101 R8 2831 22
147 73 3403 RS 330 50 2107 R8 1108 72
99 344 4105 RS 551 27 2209 R8 1777 79
85 41 4206 R5 256 10 3103 R8 2417 138
108 28 4301 R5 648 108 3206 R8 2968 148
180 344 4307 RS 390 121 3304 R8 5357 238
61 53 4406 R5 1174 119 3306 R8 4643 57
152 132 1108 R6 1573 30 3408 R8 3303 96
48 115 1110 R6 726 4107 R8 3328 100
79 233 1207 R6 559 79 4109 R8 4273 115
150 84 2109 R6 786 10 4210 R8 2771 79
172 83 2204 R6 1117 99 4401 R8 3809 76
111 3107 R6 993 124 4407 R8 3206 130
85 215 3204 R6 790 140
135 48 3208 R6 704 78
56 115 3310 R6 912 61
130 108 3407 R6 1519 58
106 134 4106 R6 588 88
1M1 28 4205 R6 890 55
129 73 4303 R6 2070 47
193 87 4308 R6 1139 76
75 55 4410 R6 484 81
139 26
260 75
153 53
106 60
117 96
75 128
97 73
95 38
88 75
86 77
240 77
141 150
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INRA Ref: 09/HD3/DD/0107

Annex 4

Data for bones

CAGE Tr
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210

~NONAA 2PN OOWNDRWOOON 2NN WORDE 2N WANNON2DDOHEWNOO N

December 2009

DM %
28,24
34,78
31,77
32,74
32,85
36,86
39,03
35,44
28,48
34,94
39,91
39,11
33,72
3717
35,75
32,65
31,85
30,18
35,75
35,35
37,61
32,72
30,46
38,27
29,23
32,29
38,64
32,96
36,89
35,26
36,45
37,55
36,34
35,15
31,12
31,87
35,06
33,36
35,89
37,36

Ash %
DM
28,04
41,90
35,32
36,02
37,12
43,48
46,48
41,17
29,15
40,49
46,19
44,22
37,99
4273
39,47
32,25
35,53
30,33
40,75
40,44
43,26
35,53
30,67
45,31
29,61
34,09
43,83
37,32
42,19
38,74
42,44
42,38
40,85
40,40
32,91
32,83
39,29
37,51
43,00
42,35

CAGE
3101
3102
3103
3104
3105
3106

3107
3108
3109
3110
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3401
3402
3403
3404
3405
3406
3407
3408
3409
3410

DM %
33,93
38,66
37,85
31,94
30,19
38,18
32,78
33,58
34,69
29,78
33,72
35,22
35,71
38,59
37,10
40,57
31,75
36,39
33,47
35,27
34,94
31,22
36,50
38,61
34,19
38,47
36,96

39,80
34,48
35,51
31,27
33,91
31,69
34,83
37.41
36,09
40,35
32,92
37,54

J:-Nooc»\lc.o-am—‘Jsou\lwcnoowoo\jNw-hu:c’:-noo\loawhm-aovwm\:-xmoohm:'

Page 10

FDA/CVYM000827

30,88

Ash %
DM
37,93
44,80
45,26
33,82
28,21
43,97
35,30
36,00
38,72
28,25
37,30
41,14
40,29
42,54
41,28
46,57
31,58
42,31
36,77
39,73
39,18
32,95
42,47
44,92
38,54
43,63
41,71
32,13
45,58
37,71
40,67
30,15
36,01
32,30
37,95
42,08
40,53
46,16
36,16
41,72

CAGE
4101
4102
4103
4104
4105
4106
4107
4108
4109
4110
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4301
4302
4303
4304
4305
4306
4307
4308
4309
4310
4401
4402
4403
4404
4405
4406
4407
4408
4409
4410

O’)N-hm(nw—i\l—lml\)\IO')U’I-hwwm-hCﬂ(ﬂ—‘l\)\lmo)—k-b\ll\)wmwmo)(n—l\l-hl\)j

DM %
33,88
34,80
39,74
31,29
32,89
34,80
38,92
34,09
38,37
32,10
32,50
38,08
36,12
30,94
36,82
30,78
36,96
32,09
30,56
37,90
31,87
34,79
3717
36,27
35,64
37,14
35,15
35,41
35,78
32,09
36,68 -
31,02
36,35
29,93
3527
34,32
39,21
35,20
31,20
36,97

Ash %
DM
34,87
40,42
46,00
29,34
34,53
40,67
44,00
38,90
44,06
35,10
35,65
45,39
40,89
30,80
41,78
32,44
43,60
34,03
31,17
44,33
34,71
38,81
43,54
40,30
39,52
42,20
37,27
39,44
41,64
33,95
44 31
29,64
42,36
30,55
40,50
39,68
45,64
39,96
33,47
42,43
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W INRA Ref : 09/HD3/DD/0107 Annex 4
Data for serum
Ca
Cage Tr Camg/l Pmgl Cage Tr mgl Pmgl Cage Tr Camg/l P mg/l
1101 R1 153 28 4108 R3 133 35 3107 R6 117 37
1109 R1 158 35 4110 R3 128 42 3204 RG6 119 63
1208 R1 146 24 4304 R3 126 44 3208 R6 148 54
2105 R1 124 40 4305 R3 157 42 3310 R6 143 47
2206 Rt 127 41 4405 R3 1M1 53 3407 R6 132 53
3105 R1 149 31 1106 R4 128 50 4106 R6 122 39
3110 R1 121 37 1204 R4 123 48 4205 RS6 137 56
3207 R1 145 30 1209 R4 129 45 4303 RS6 128 77
3402 R1 135 28 2201 R4 126 49 4308 RS6 133 49
3404 R1 139 28 2207 R4 135 72 4410 R6 121 64
4104 Rt 144 26 3102 R4 127 69 1102 R7 145 46
4204 R1 140 32 3202 R4 120 50 1202 RY 133 66
4209 R1 136 32 3210 R4 132 55 2104 R7 120 68
4402 Rt 129 27 3401 R4 132 45 2202 R7 130 70
4404 R1 143 37 3410 R4 136 64 2210 R7 126 58
1104 R2 163 26 4102 R4 123 50 3106 R7 113 75
1203 R2 145 29 4203 R4 125 49 3205 R7 137 68
2103 R2 128 34 4302 R4 113 46 3303 R7 135 69
2106 R2 155 34 4306 R4 127 58 3309 R7 126 65
2205 R2 120 34 4408 R4 119 46 3406 R7 133 69
3104 R2 137 32 1103 R5 149 33 4103 R7 129 76
3201 R2 135 40 1206 R5 143 29 4202 R7 120 66
3302 R2 126 33 1210 R5 154 34 4207 R7 121 56
3308 R2 119 27 2108 R5 132 39 4309 R7 127 50
3409 R2 139 37 2208 R5 135 41 4403 R7 124 48
4101 R2 136 34 3101 R5 144 32 1107 RS 131 93
4201 R2 124 31 3109 R5 124 34 1201 RS 128 70
4208 R2 140 28 3209 R5 144 36 2101 R8 126 73
4310 R2 145 35 3307 R5 143 50 2107 RS8 125 80
4409 R2 133 40 3403 R5 138 39 2209 RS8 121 66
1105 R3 122 37 4105 R5 134 33 3103 Rs8 121 81
1205 R3 142 40 4206 R5 121 30 3206 RS8 117 95
2102 R3 122 34 4301 R5 125 28 3304 RS8 121 79
2110 R3 134 38 4307 R5 131 42 3306 R8 132 76
2203 R3 128 45 4406 R5 139 41 3408 R8 130 78
3108 R3 118 40 1108 R6 147 49 4107 RS 133 76
3203 R3 123 50 1110 R6 138 39 4109 RS 129 84
3301 R3 130 44 1207 R6 133 28 4210 RS8 128 79
3305 R3 133 37 2109 R6 126 59 4401 RS 118 95
3405 R3 127 39 2204 R6 118 46 4407 RS 132 80
December 2009 Page 11
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000034 Page 2 of 2

(UAU = Anson Units. This is a measure of enzyme activity for a proteolytic enzyme.

Links on this page:

1415
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000075 Page 2 of 2

Based on the information provided by Novozymes, as well as other information available to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that lipase enzyme preparation obtained from Aspergillus oryzae carrying a recombinant gene encoding a Fusarium oxysporum lipase is GRAS under the
intended conditions of use. The agency has not, however, made its own determination regarding the GRAS status of the subject use of this enzyme preparation. As
always, it is Novozymes' continuing responsibility to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all

pplicable legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in your notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on.the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,

Alan M. Rulis, Ph.D.

Director

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

Links on this page:

1418
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000090 Page 2 of 3

Evidence of Common Use in Food Before 1958

The statutory basis for ETA’s determination that carbohydrase and protease enzyme preparations from A. oryzae are GRAS for their intended use is through
experience based on common use in food before 1958. Under 21 CFR 170.30(c)(1), general recognition of safety through experience based on common use in food
is based solely on food use of the substance prior to January 1, 1958, and ordinarily is based upon generaily available data and information.

In GRP 3G0016, ETA includes an article, published in 1952 (Ref. 2), that states that fungal carbohdrase was used in brewing and baking and in the production of
corn syrup. Although the article published in 1952 does not specify A. oryzae as the fungal source of carbohydrase, ETA also includes an article, published in 1957
(Ref: 3), that states that fungal carbohydrase was used in starch conversion, baking, brewing, syrup production and production of other food products and
specifically identifies A. oryzae as the source fungus. ETA also includes another article, published in 1958 (Ref. 4), that states that fungal carbohydrase was used in
starch conversion, baking, and processing cereal products, fruit juices and other food products and identifies the source fungus as A. oryzae.

In GRP 3G0016, ETA includes an article, published in 1952 (Ref. 2), that states that fungal protease was used in brewing and baking. ETA also includes an article,
published in 1957 (Ref. 3), that states that fungal protease was used in baking and beer and ale production. Although these articles do not specify A. oryzae as the

“fungal source of protease, ETA also includes another article, published in 1957 (Ref. 5), that states that fungal protease was used in the chilling of beer, meat
tenderizing, and baking and specifically identifies A. oryzae as the source fungus. ETA also includes an article, published in 1958 (Ref. 4), that states that fungal
protease was used in baking, processing cereal products, manufacturing beer and ale, and meat tenderizing and identifies the source fungus for the protease
enzyme preparation as A. oryzae.

Conclusions

Based on the information provided by ETA, as well as the information in GRP 3G0016 and other information available to FDA, the agency has no questions at this
time regarding ETA’s conclusion that carbohydrase and protease enzyme preparations from A. oryzae are GRAS under the intended conditions of use. The agency
has not, however, made its own determination regarding the GRAS status of the subject use of these enzyme preparations. As always, it is the continuing
responsibility of each manufacturer to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable legal and
regulatory requirements.

Consultation with the Food Safety and Inspection Service of the U. S. Dept. of Agricuiture
Because the protease enzyme preparation from Asperg/llus oryzae would be used to tenderize meat, FDA consulted with the Labeling and Consumer Protection
Staff of the Food Safety and Inspection Service of the United States Department of Agriculture (FSIS) during its evaluation of GRN 000090. FSIS has determined
that ETA has not provided any data to support the suitability of protease enzyme preparation from A. oryzae for use in meat and poultry products. Suitability
relates to the effectiveness of an ingredient in performing the intended purpose of use and the assurance that the conditions of use will not result in an adulterated
product or one that misleads consumers. FSIS concludes that ETA needs to provide data that establish that the protease enzyme preparation is being used at the
lowest level necessary to achieve the intended technical effect in the specific meat and poultry products to which application is desired. FSIS requests that ETA be
advised to seek regulatory guidance from FSIS about the use of protease enzyme preparation from A. oryzae in meat and poultry products. ETA should direct this
inquiry to Dr. Robert Post, Director, Labeling and Consumer Protectian Staff, Office of Policy, Program Development and Evaluation, Food Safety and Inspection
Service, 300 12th Street, SW, Room 602, Washington, DC 20250-3700. The telephone number of his office is (202) 205-0279 and the telefax number is (202)205-
3625(1),
In accordance with the interim policy discussed in the GRAS proposal (62 FR 18938 at 18954), FDA has not committed any resources to review of GRP 3G0016
‘ince November 16, 2001, the date that we received your conversion request.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in ETA’s notice that conforms to the

information in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.htmi).

Sincerely,

Alan M. Rulis, Ph.D.

Director

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

cc: Dr. Robert Post, Director
Labeling and Consumer Protection Staff
Office of Policy, Program Development and Evaluation
Food Safety and Inspection Service
300 12th Street, SW, Room 602
Washington, DC 20250-3700

References
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3. Underkofler, L.A. and W. J. Ferracone, “Commercial enzymes - Potent catalyzers that promote quality,” Food Engineering, 29: pp. 123-133 (1957).

4. Underkofler, L.A., R.R. Barton, and S.S. Rennet, "Microbiological process report - Production of microbial enzymes and their applications,” Applied Microbiology,
6: pp. 212-221 (1958). .

5. Kirk, R.E. and Othmer, D.F. (eds.), "Enzymes, Industrial" in Encyclopedia of Chemical Technology, First Supplement Volume, Interstate Cyclopedia, Inc., New
.York, NY (1957).

(VFsIS also informed FDA that ETA has not provided any data to support the suitability of carbohydrase enzyme preparation from A. oryzae for use in meat and
poultry products. In its notice, ETA does not describe any uses for this enzyme preparation in meat and pouitry products.
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000103 Page 2 of 2

by ultrafiltration and evaporation. The enzyme preparation is then preserved and stabilized with the addition of sodium chioride. Novozymes follows standard industry
practices and uses a quality management system that complies with the requirements of 1ISO 9001. Novozymes cites several published sources to support
the conclusion that the production and control methods used are generally accepted methods that are commonly used for the production of microbial enzyme

preparations.

‘ovozymes describes unpublished toxicity studies performed on its lipase preparation. The test article for these studies was prepared according to the standard
production method, except that stabilization and standardization were omitted. These studies include two-week and 13-week oral gavage studies in rats and tests
for genetic toxicity, including an Ames test and a chromosome aberration test with human lymphocytes. Novozymes concludes that these toxicity studies showed
no treatment related toxicity and no induction of gene mutation in bacteria or chromosomal aberrations in cultured human blood lymphocytes.

Based on the information provided by Novozymes, as well as other information available to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that lipase enzyme preparation from Aspergillus oryzae carrying a gene constructed from a modified Thermomyces lanuginosus lipase gene and a
portion of the Fusarium oxysporum lipase gene is GRAS under the intended conditions of use. The agency has not, however, made its own determination regarding
the GRAS status of the subject use of this lipase enzyme preparation. As always, it is the continuing responsibility of Novozymes to ensure that food ingredients
that the firm markets are safe, and are otherwise in compliance with all applicable legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in the notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,

Alan M. Rulis, Ph.D.

Director

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

Links on this page:
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000106 Page 2 of 2

Novozymes describes unpublished toxicity studies performed on its glucose oxidase preparation. The test article for these studies was a glucose oxidase
preparation known as Gluzyme ™. Novozymes describes Gluzyme™ as a liquid enzyme concentrate, predominately with glucose oxidase activity, but also a minor
catalase side activity. Gluzyme™ is produced by submerged fermentation of a strain of A. oryzae expressing the glucose oxidase gene from A. niger. These studies
include a 13-week oral gavage study in rats and tests for genetic toxicity, including an Ames test and a chromosome aberration test with human lymphocytes.
"Iovozymes concludes that these toxicity studies showed no treatment related toxicity and no induction of gene mutation in bacteria or chromosomal aberrations in
cultured human blood lymphocytes.

Based on the information provided by Novozymes, as well as other information available to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that glucose oxidase enzyme preparation from Aspergillus oryzae carrying the gene encoding glucose oxidase from Aspergillus niger is GRAS under the
intended conditions of use. The agency has not, however, made its own determination regarding the GRAS status of the subject use of this glucose oxidase
preparation. As always, it is the continuing responsibility of Novozymes to ensure that food ingredients that the firm markets are safe, and are otherwise in
compliance with ail applicable legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in the notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,
Alan M, Rulis, Ph.D.
Director
Office of Food Additive Safety
Center for Food Safety
and Applied Nutrition

The location of this letter on FDA's website as described in the text is out of date. To view or obtain an electronic copy of the text of the letter, follow the
hyperlinks from the "Food" topic on the FDA home page at http://www.fda.gov to the "Food Ingredients and Packaging"” section to the "Generally Recognized as
Safe (GRAS)" page where the GRAS Inventory is listed.

Links on this page:
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GRAS Notice Inventory > Agency Response Letter GRAS Notice No. GRN 000113 Page 2 of 2

In accordance with the interim policy discussed in the GRAS proposal (62 FR 18338 at 18954), FDA has not committed any resources to review of GRP 3G0016
since the date that we received ETA's conversion request.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in the notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,

/s/
Alan M. Rulis, Ph.D.
Director
Office of Food Additive Safety
Center for Food Safety
and Applied. Nutrition

The location of this letter on FDA's website as described in the text is out of date. To view or obtain an electronic copy of the text of the letter, follow the
hyperlinks from the "Food" topic on the FDA home page at http://www.fda.gov to the "Food Ingredients and Packaging” section to the "Generally Recognized as
Safe (GRAS)" page where the GRAS Inventory is listed.

Links on this page:
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Non-food uses of laccase enzyme preparation

In its notice, Novozymes provides use levels for non-food items such as toothpaste and mouthwash. Under proposed 21 CFR 170.36, FDA evaluates the view of a

notifier that a particular use or uses of a substance in food is safe and that this safety is generally recognized by experts qualified by scientific training and
.experience to evaluate the safety of substances added to food. In its evaluation of GRN 000122, FDA did not evaluate the use of laccase enzyme in non-food

items.

Conclusions

Based on the information provided by Novozymes, as well as other information available to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that laccase enzyme preparation produced by A. oryzae expressing the gene encoding laccase from M, thermophila is GRAS under the intended
conditions of use. The agency has not, however, made its own determination regarding the GRAS status of the subject use of this laccase preparation. As always,
it is the continuing responsibility of Novozymes to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable
legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in the notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.htmi).

Laura M. Tarantino, Ph.D.
Acting Director
Office of Food Additive Safety
Center for Food Safety

and Applied Nutrition

(1The Institute for Fermentation, Osaka designates A. oryzae (Ahlburg) Cohn as IFO 4177 or A1560.

Links on this page:
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Novozymes cites publications in the toxicological and regulatory literature that support the conclusion that a wide variety of enzymes are used in food processing
and that enzyme proteins do not generally raise safety concerns. Novozymes also notes that very few toxic agents have enzymatic properties. Novozymes states
that phospholipases, in general, break down substrates into smalier units that do not have toxic properties and that are readily metabolized by the human body.

n the notice, Novozymes summarizes unpublished toxicological studies performed on the PLA1 enzyme preparation produced without the stabilization and
standardization steps. These studies include two in vitro studies consisting of an Ames mutagenicity assay and a neutral red uptake in L929 monolayer culture
cytotoxicity assay. Novozymes concludes that these studies showed no treatment related induction of gene mutation in bacteria or cytoxicity.

Novozymes provided information regarding the potential allergenicity of PLA1. Novozymes relates that there are no known cases of ailergic responses to
phospholipases in foods, reactions to food enzymes in general are very rare, and the level of exposure to this enzyme is very low. Based on these statements,
Novozymes concludes that the risk of allergy due to ingestion of their PLA1 is negligible.

Based on the information provided by Novozymes, as well as other information avatilable to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that PLA1 enzyme preparation from A. oryzae expressing the gene encoding a phospholipase Al from F. venenatum is GRAS under the intended
conditions of use. The agency has not, however, made its own determination regarding the GRAS status of the subject use of PLA1 enzyme preparation. As always,
it is the continuing responsibility of Novozymes to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable
legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information in your notice that conforms to the information
in proposed 21 CFR 170.36(c)(1), is available for public review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.htmi).

Sincerely,

Laura M. Tarantino, Ph.D.

Director

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

Links on this page:
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Novozymes includes results from unpublished studies; anin vitro bacterial reverse mutation assay with and without metabolic (S9) activation and anin vitro
cytotoxicity test to conclude that the test preparation (a liquid asparaginase enzyme concentrate prepared like the commercial preparation, but without
stabilization and standardization) is nonmutagenic and noncytoxic. Novozymes also discusses results from published and unpublished 13 week oral toxicity studies
of enzyme preparations from A. oryzae strains, emphasizing studies using enzymes produced from strains derived from strain BECh2 or its parent A1560. These

‘5tudies concluded that test preparations did not exhibit toxicity or mutagenicity under the conditions of the tests. Novozymes concludes that these studies support
the safe use of enzyme preparations produced by strains derived from A. oryzae BECh2.

Based on the information provided by Novozymes, as welt as other information available to FDA, the agency has no questions at this time regarding Novozymes'
conclusion that A. oryzae asparaginase enzyme preparation is GRAS under the intended conditions of use. The agency has not, however, made its own
determination regarding the GRAS status of the subject use of A. oryzae asparaginase enzyme preparation. As always, it is the continuing responsibility of
Novozymes to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter responding to GRN 000201, as well as a copy of the information in this notice that
conforms to the information in the proposed GRAS exemption claim (proposed 21 CFR 170.36(c)(1)), is available for public review and copying on the homepage
of the Office of Food Additive Safety (on the Internet at http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,

Laura M. Tarantino, Ph.D.

Director

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

(‘)Novozymes describes the intended effect of the asparaginase as the conversion of asparagine to aspartic acid to reduce the formation of acrylamide in specified
products. FDA neither evaluated the efficacy of such treatments nor determined whether acrylamide levels detected by Novozymes in untreated foods represent a
significant health concern.
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termed the vesicle. This definition leads to inclusion of a complex assortment of organisms within the
taxon. To simplify the taxonomy of such a large number of organisms, the genus Aspergillus has been
divided into sections or groups based on color, size and roughness of the spore, conidiophore and vesicle as
. well as the arrangement of phialides and the presence of sclerotia. The separation of individual species into
groups is somewhat tenuous and based on distinguishing measured characters with overlapping means.
This resulted in the 132 species arranged in 18 groups by Raper and Fennell (1965) due to overlapping
morphological or physiological characteristics. However, it is important to remember that taxonomy is
"dealing with living variable organisms and that species and group concepts must be reasonably
elastic" (Raper & Fennell, 1965).

As is the case of many fungi, the taxonomy of Aspergillus is primarily based on morphological features,
rather than physiological, biochemical features and genetic characteristics often used to classify bacteria.
Nomenclature problems of the genus Aspergillus arise from their pleomorphic life cycle. The newer findings
show that this group of fungi has both a perfect (teleomorphic) and an imperfect (anamorphic) state.

The morphological approach to taxonomy has led to the existence of several synonyms for the genus
Aspergillus. They are: Alliospora Pim; Aspergillonsis Spegazzini; Cladaspergillus Ritg; Cladosparum Yuill and
Yuill;, Euaspergilus Ludwig; Gutturomyces Rivolta; Raperia Subramaniam and Grove; Sceptromyces Corda;
Spermatoloncha Spegazzini; Sphaeromyces Montagne; Sterigmatocystis Cramer; and Stilbothamnium
Hennings (Bennett, 1985b).

Asperqilli are ubiquitous in nature. They are geographically widely distributed and have been observed in a
broad range of habitats, because they can colonize a wide variety of substrates.

B. The Aspergillus flavus Group

Aspergillus oryzae is a member of the A. flavus group of Aspergillus species. The A. flavus group, which
also now includes A. sojae, A. nomius and A. parasiticus (see below) is defined by the production of spore

. chains in radiating heads which range in color from yellow-green to olive brown. The conidiophores are
roughened and colorless. The spores themselves have conspicuous ridges and echinulations (spines).
Sclerotia are occasionally produced (Raper & Fennell, 1965). A. oryzae/flavus species have never been
connected to a sexual or teleomorphic stage. However, the teleomorphic stages of other Aspergillus species
have been demonstrated by the formation of cleistothecia. These species belong to the genera Emericella,
Neosartorya and Eurotium, all belonging to the ascomycetous family Eurotiaceae (Fennel, 1973). Either the
sexual stages of the A. flavus group have not been recognized as such, being identified as completely
different species based on morphology, or this group of fungi are "degenerate", having lost the ability to
form sexual spores and mycelia.

A. oryzae is considered by some experts to be a domesticated variant of A. flavus (Kurtzman et al. 1986).
Through long-time use, A. oryzae strains seem to have been selected to exhibit reduced sporulation, have
more aerial mycelia and exhibit no environmental survival structures like sclerotia or the presence of
aflatoxins that might function to inhibit grazing by insects. These morphological features that differentiate
A. oryzae from A. flavus may represent adaptations to the artificial culture conditions of the koji
fermentation. Misidentification of new isolates not obtained from well established cultures is always a
possibility, since the key morphological differences between the two species seem related to culture
adaptation. However, the source of A. oryzae strains for industrial fermentations today is likely to be
standard culture collections. Environmental isolates of aspergilli would likely be identified as A. flavus

rather than the iaboratory-adapted A. oryzae.

C. Related Species of Concern

The taxonomy of Aspergillus has public health implications due to the production of potent mycotoxins by
. members of this genus. Most notable is the association of aflatoxins with members of the A. flavus group

(Bennett, 1985b; Semeniuk et al., 1971). A. oryzae is a member of that group and in spite of the above
mentioned morphological distinctions, A. oryzae appears to be very closely related to A. flavus. Numerous
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studies have beendone to distinguish the koji molds from their toxicogenic relatives. The results are
unambiguous in their co_nfirmation of the conspecificity of A. oryzae and A. flavus. (see Section IV. below).

. In a similar way, A. sojae is considered to be a domesticated form of A. parasiticus and shares a 92% DNA
homoiogy with its wild progenitor. A. sojae also has a history of safe use in the food industry. A. parasiticus
in nature is an active colonizer of cereal grains and seeds’with concurrent mycotoxin production. While
these species can be distinguished from A. flavus/oryzae using morphological criteria, all four species
intergrade. The hazard concerns for these species, thus, are equivalent to those associated with A,
flavus/oryzae. :

A. nomius is a newly classified species of toxigenic strains originally described in the A. flavus group, but
not having the same level of DNA homology as shown among the four varieties mentioned above
(Kurtzman et al., 1987). A. nomius produces aflatoxin and includes strains isolated from diseased bees. A.
oryzae is distinguishable both morphologically and genetically from A. nomius.

III. HAZARD ASSESSMENT

A. Human Health Hazards

1. Toxin Production by A. oryzae

The close relationship between A. oryzae and A. flavus and the production of highly toxic mycotoxins by the
latter has resulted in careful examination of the toxigenic potential of A. oryzae. However, A. oryzae, as a
koji mold, has toxigenic potential in its own right. Those aspergilli used for manufacture of Japanese
fermented foods have long been called koji molds. Prominent among the 25 koji molds listed is A. oryzae
(Manabe et al., 1984). This fungus is used for sake, an alcoholic beverage, miso a soy bean paste, shoyu,
soy sauce, amasake, a sweet beverage, and shouchu, a distilled liquor.

. A. flavus commonly colonizes damaged cereal grains, soybeans and peanuts, actively producing mycotoxins
(Stoloff, 1982). Certain strains of A. oryzae have themselves been shown to produce the mycotoxins
aspergillic, kojic, cyclopiazonic and B-nitropropionic acids and maltoryzine (Ciegler & Vesonder, 1987).

Even with the food industry strains, a caveat of safety is that the fungal incubation not exceed the normal
three day period. A. oryzae has been shown to produce toxic compounds under incubations longer than the
typical koji fermentation(Semeniuk et al, 1971; Yokotsuka & Sasaki, 1986). The following are toxins
produced by some strains of A. oryzae.

Koiic acid

Kojic acid (discovered by Saito, 1907) is produced by koji, a solid culture of the koji mold. It is a commonly
produced metabolite that possesses antibacterial and antifungal activity. Few oral studies exist for this
byproduct. Giroir reported toxic effects on chickens at four to eight mg/kg feed. Older studies (Friedemann,
1934, Werch et al. 1957, Morton et al., 1945) using intravenous or intraperitoneal challenges show
moderate toxicity for kojic acid. Later work had similar results (Ueno and Ueno, 1978). Kojic acid also is
reported to have moderate cardiotoxic and cardiotonic activity (Manabe et al., 1984., Bajpai et al. 1982).
Nineteen of 47 A. oryzae strains tested produced kojic acid (Manabe et al., 1984). Even though it is
apparent that the koji molds, including A. oryzae can produce the toxin kojic acid, this toxin may not be
present in the fermented foods. The incubation period for sake, shoyu and miso is about two days and no
kojic acid is found at that time (Manabe et al., 1984). However, these authors concluded that they were
unable to prove kojic acid was not present in any fermented food in Japan, because conditions of
production and materials were different for each industry, and were often uncontrolled. Semeniuk et al.
(1971) warned that even with food industry strains, fungal incubation must not exceed three days. Thus, as
the culture adjusts to changing conditions, A. oryzae may produce toxic compounds when incubation time
. exceeds typical kaoji fermentation time.

b. Maltoryzine
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Maltoryzine, another toxic metabolite isolated and characterized by lisuka and lida (1962), was produced
by A. oryzae var. microsporus. This metabolite was determined to be the cause of poisoning among dairy
cows. While highly toxic (LDsg 3 mg/kg; lizuka, 1974; Ciegler and Vesonder, 1987), the substance may

. only be found in one or a very few strains of A. oryzae. The single isolate, IAM 2950, produced enough of
the toxin when grown on malt rootlets to poison some milk cows, prompting the determination of its LDsg.

The production of these toxins is related to the composition of the growth substrate and usually occurs in
stationary phase cultures. Commercial strains of A. oryzae and A. sojae apparently do not produce
maltoryzine.

¢. Cyclopiazonic acid

Pitt and Cruickshank (1990), note that many isolates of Asperygillus oryzae are found to produce
cyclapiazonic acid. Orth (1977), reporting on food industry strains of A. oryzae, indicated that eight of 16
strains produced cyclopiazonic acid. This acid is a natural contaminant of foods and feeds and is produced
by several molds including those used in fermented food production. These included A. flavus, A. versicolor,
A. tamarii, several Penicillium species, including P. camemberti, and A. oryzae. This mycotoxin has been
shown to occur naturally in corn, cheese, peanuts and in Kodo millet that was implicated in natural human
intoxication in India (CAST Task Force Report No. 116, 1989a). Benkhemmar et al. {(1985) showed that
when cyclopiazonic acid producing (CPA+) strains are mated with CPA-strains, the CPA+ phenotype is
dominant in the heterokaryon. Oral administration produced effects at levels ranging from 0.25 to >50
mg/kg with dogs among the most sensitive species and rats among the least (Purchase, 1971; Nuehring et
al., 1985). LO(A)ELs for sensitive species were at or under 1mg/kg. Nishie et al. (1985) noted that Rao and
Husain (1985) identified cyclopiazonic acid as the cause of debilitating illnesses in cattle and man in India.

. b-nit ionic acid

A. oryzae can produce b-nitropropionic acid, along with other food-borne molds (Gilbert et al., 1977). Its
mode of action is apparently irreversible succinate dehydrogenase inhibition which can cause a variety of

. symptoms often neurological in nature. These symptoms have been studied in mice (Gould and Gustine,
1982; Umezawa, 1967) and rats (Hamilton and Gould, 1987) where intravenous or subcutaneous LDsgs of
20-50 mg/kg were determined. Reports of livestock poisoning via ingestion in feed (James et al., 1980;
James, 1983) showed that ingestion of b-nitropropionic acid could produce significant toxic effects up to
and including death. When A, oryzae (ATCC 12892) was studied for its ability to produce b-nitropropionic
acid on various high protein and carbohydrate-rich foods, it flourished and produced this toxin in cooked
sweet potato, potato and ripe banana (Penel and Kosikowski, 1990). Ames type assays for mutagenicity
(Dunkel, 1985) showed positive responses with and without activation for two Sa/monella strains, but not
for three others. This assay uses multiple indicator strains in order to ensure that each potential mutation
mode is detectable; the failure in three strains merely implies that the mutation modes to which each is
sensitive are not the ones associated with the test substance.

2. Taxonomic and Genetic Relationship to Other Aspergilli

The closest taxon to A. oryzae is A. flavus which Kurtzman et al. (1986) regard as conspecific. Many strains
of A. flavus produce aflatoxins which are acutely toxic to mammals (oral LDsgs ranging from 1 to 15 mg/kg
depending on test species (Ceigler, 1975). Aflatoxins are animal carcinogens (Barnes and Butler, 1964,
Dickens and Jones, 1964; Sinhuber, 1968) and also probablehuman carcinogens (Council for Agricultural
Science and Technology, 1989). Developmental effects have also been found (Elis and DiPaolo, 1967, Le
Breton et al,, 1964).

While the koji molds like A. oryzae are distinguishable from, they are nevertheless very closely related to,
A. flavus. Distinguishing between A. oryzae and A. flavus by physical traits is elusive. The toxigenic
subspecies/variety A. flavus has numerous spores chains that remain yellow-green; sterigmata that are
always biseriate; spiny (echinutate) individual spores; roughened conidiophores up to 600zem in length and
. sclerotia often present. The variety called A. oryzae specifically has fewer spore chains, fading to brown
with age; longer average conidiophores (about two to three mm); smoother individual spores; sterigmata
usually in 1 series and sclerotia rarely produced (Raper & Fennel, 1965). 1437
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I .

. Lack of Aflatoxin Production in A. Zae

Despite this strong similarity between the two species, production of aflatoxins has not been demonstrated
by A. oryzae. Many studies affirm that the currently available strains confirmed to be A. oryzae are not
capable of producing aflatoxins (Wei and Jong, 1986; Yokotsuka and Sasaki, 1986). In one test, no strains
of A. oryzae or A. sojae (another koji mold) produced detectable levels of aflatoxins, while 33% and 85% of
the strains of A. flavus and A. parasiticus, respectively, were toxigenic. As mentioned above, Kurtzman, et
al. (1986) regard A. oryzae and A. sojae as domesticated varieties of their respective subspecies. Only one
study (El-Hag and Morse, 1976) describes aflatoxin production by a strain reported to be Aspergillus oryzae
(NRRL strain 1988). This observation is notable as an exception to the rule of no aflatoxin production by A.
oryzae.

It has been noted that A. flavus strains upon extended laboratory cultivation lose morphologically
distinguishing characteristics, making them appear much like A. oryzae (Kurtzman, et al., 1986). Wicklow
(1984) details the competitive disadvantages of A. oryzae and implies that A. flavus is the "wild" form.
Kurtzman et al. (1986) ask whether the separation between toxigenic and non-toxigenic A. flavus group
species occurs through ecological adaptation or chromosomal changes such as translocations or inversions.

The elucidation of metabolic pathways responsible for the production of aflatoxins by A. flavus group fungi
has progressed rapidly. Recently Payne (Bhatnagar, et al. 1992 and Payne, 1994) reported on the
conversion of an aflatoxin non-producing strain of A. flavus to aflatoxin By positive using a cosmid library
developed from a toxigenic A. flavus. While added metabolic precursors could not stimulate toxin
production in the mutant, the addition of an appropriate cosmid carrying a <5 kb fragmentof the genome of
the toxin producer converted the non-toxigenic strain to significant levels of aflatoxin production. Further
work has resulted in isolation of a small segment specifying a regulatory, rather than structural, gene that
affects early parts of the pathway. Probes for this regulatory gene, designated afl R, have been positive in
both A. oryzae and A. sojae, even though those strains do not produce aflatoxin. In addition, Payne stated
that probes for structural genes for aflatoxin production were also positive in some, but not all, A. oryzae
strains examined.

It appears that evidence is mounting towards multiple reasons for failure to produce aflatoxins in A. oryzae
cultures. One explanation is a lack of functional regulators, specifically afl R, that activate aflatoxin
production. Another is that some or all of the structural genes in the aflatoxin pathway may be non-
functional. For both types of genes, those sequences could be absent or present in the wrong orientation or
split by insertions or modified slightly so as to be non-functional. Except for substantial deletion or absence
of the necessary sequences, all of these alternatives are potentially reversible. However, Payne indicated
that he doubted that industrial strains of A. oryzae were likely to revert to aflatoxin production. He
indicated that, even though probes found the presence of appropriate gene sequences, the genes so
detected could easily be incomplete enough so as to be completely non-functionat.

Thus, complete absence of genetic potential is not the only plausible explanation for the non-expression of
characters such as aflatoxin production in A. oryzae. In a related study, researchers attempting to improve
strains of a mold identified as A. oryzae used for food fermentation in Thailand acquired a toxin producing
strain by simple UV mutagenesis of a known "safe" strain (Kalayanamitr, et al. 1987). The toxins produced
by this strain and other toxigenic A. oryzae strains are not aflatoxins but rather other types of mycotoxins.
The exact composition of the toxins involved in A. oryzae toxicosis in these studies, as in other anecdotal
studies, was not determined (Semeniuk, et al., 1971; Wicklow and Dowd, 1989, and Kalayanamitr, et al.,
1987). The mechanism for this conversion to toxigenicity was not investigated, but the mutations required
could have affected either structurai or regulatory genes and produced the new observed toxigenic
phenotype.

4. Colonization and Pathogenicity

Aspergillus oryzae does not appear to be a human pathogen. Available information documents infections in

humans possibly caused by A. oryzae in only three instances. The first was a case of meningitis (Gordon, et
al., 1976). In the second case, A. oryzae invaded the paranasal sinuses, causing fever and right periorbital

swelling (Byard, et al., 1986). The third case was apulmonary aspergilloma caused by A. oryzae (Liao,14
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1988). Care must be exercised in evaluating these three cases as having been caused by this organism due
to its close taxonomical relationship to A. flavus and the possibility of incorrect identification. The relative
rarity of such cases in light of the commonplace use of A. oryzae suggests this species has a low potential
for expressing pathogenic traits.

5. Allergic Reactions to Aspergillus oryzae

Allergic reactions are not uncommon for aspergilli in general. There is one reported case of an allergic
bronchopulmonary aspergillosis due to A. oryzae in a 19-year old female (Akiyama et al., 1987). However,
the a-amylase produced by A. oryzae, that is used by bakers in bread making, was reported by Birnbaum,
et al. (1988) to have caused asthma in a baker. Based on an observation of a case of baker's asthma due
to monovalent sensitization to a-amylase used as an additive to flour, investigators tested 31 bakers who
had occupational asthma and/or rhinitis by skin tests and serologic RAST examinations. Thirty-two percent
of the bakers had RAST specific IgE to a-amylase from A. oryzae. Baker's asthma is reported to be the
most frequent occupational lung disease in Switzerland and West Germany (Wuthrich and Baur, 1990).
However, allergic reactions in bread bakers are quite common, both to the flours of various grains, as well
as to the flour additives such as fungal amylases. Allergic reactions in bakers are not specific to A. oryzae,
nor the enzymes produced by A. oryzae (O'Neil and Lehrer, 1991). In addition, the exposure scenario of a
bread baker to flour.and the additives contained therein is quite different from that of workers in a
fermentation facility using general worker hygiene and protection practices.

6. nclusion

There are two possible concerns for human health hazards associated with A. oryzae. The first, which is
directly tied to A. oryzae, is the potential for mycotoxin production with extended fermentation. A variety of
toxins can be produced, with the most common being the moderately toxic kojic acid. Other more potent
toxins may only be produced by a few strains or in lesser quantities. These mycotoxins seem to be
produced only under conditions of extended fermentation, and therefore, their production could be averted
under proper fermentation conditions i.e., short fermentation times.

The second issue is the possibility for the production of aflatoxins because of the nearly indistinguishable
identity of A. oryzae and A. flavus. Kurtzman, et al. (1986) have shown that A. flavus and A. oryzae are
essentially the same based on DNA comparisons. A. oryzae appears so closely related to its aflatoxin-
producing counterpart as to be viewed as consisting ofculture-attenuated strains of A. flavus (Kurtzman,
1994; Wickiow, 1984). It has been hypothesized that A. oryzae evolves under cuiture from A, flavus strains
due to selection for features that would be ecologically detrimental in the wild.

Hypothetically, then, if A. oryzae has evolved to non-aflatoxigenic status after centuries in culture, the
question remains whether it can revert to the "wild" type. The experience of oriental food production would
seem to suggest not, or at least not frequently enough as to be detectable. Recent studies (Payne, 1994;
Klich, 1994) suggest homology between parts of the A. oryzae genome and structural genes for aflatoxin
production. It is conceivable that reintroduction of regulatory genes or their gene products could activate a
dormant aflatoxin synthetic potential. There is no evidence to show that the required gene transfer or gene
rearrangement that might provide the needed functional sequences for an aflatoxin producing A. oryzae
strain occurs naturally. The question is, therefore, whether this type of genetic modification is possible in
culture. Gene transfer from a toxigenic strain during fermentation is highly unlikely due to the need for
maintaining axenic conditions during fermentation. The theoretical possibility of genetic rearrangement
occurring in culture resulting in reversion back to the "wild-type" seems unlikely. Anecdotal evidence
gathered over centuries suggests that A. oryzae commercial food strains do not produce aflatoxins, nor
have there been reports of any adverse human health effects from aflatoxin.

B. Environmental Hazards

1. Hazards to Animals

The potential for toxin production is the main environmental hazard issue of concern for A. oryzae. If there

were a method to distinguish between toxicogenic and non-toxicogenic strains, there would be no
' 1439
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environmental concern for A. oryzae. Two recent studies that addressed the question of differentiating
between toxin producing and non-toxicogenic strains of the related species A. flavus, A. parasiticus and A.
nomius were unable to correlate either mitochondrial or chromosomal DNA RFLPs with mycotoxin
production (Moody & Tyler, 1990a, 1990b). This again points to differences that may only involve small
regulatory regions or that involve differences in structural gene complements that are beyond the detection
limit of current DNA typing technologies.

Compounding this is the observation that A. oryzae and A. flavus are essentially indistinguishable by most
molecular techniques. A. flavus is believed to be second in frequency only to the frank fungal pathogen, A.
fumigatus, as a cause of aspergillosis in many species. A. flavus is associated specifically with invasive
diseases of insects as well as toxicosis (Austwick, 1965). Recently, some insect pathogenic A.flavus strains
were reclassified into A. nomius (Kurtzman et al., 1987). Whether A. oryzae is involved depends on how
one defines the species of the A. flavus group. The effects on livestock of the various toxins that occur after
extended koji fermentations, or in contaminated feed, show that the "minor" mycotoxins can still cause
economic loss. No anecdotal accounts have been found that demonstrate that these potential effects occur
in wildlife outside the agricuitural environment. '

2. Hazards to Plants

No reports of A. oryzae effects on living plants have been found. This species does not appear to be pose a
hazard to plants.

3. Conclusions

The issues for environmental hazards are similar to those for human health hazards. The primary hazard
concerns are for toxin production by A. oryzae strains. Under usual conditions of culture, well established
commercial strains of this species do not seem to produce significant levels of mycotoxins, although certain
moderately potent toxins can be produced after extended culture. Aflatoxins appear not to be produced by
such cultures. The potential for environmental hazard is dependent on the likelihood that commercial
strains could escape and establish themselves in the wild and grow under conditions analogous to those
resulting in toxin production in extended culture. The few examples of livestock poisoning associated with
the "minor" toxins, b-nitropropionic acid, maltoryzine and cyclopiazonic acid cited above imply that, for a
short time at least, strains of A. oryzae may be able to survive in the wild.

IV. EXPOSURE ASSESSMENT
A. Worker Exposure

Aspergillus oryzae is considered a Class 1 Containment Agent under the National Institute of Health (NIH)
Guidelines for Research Involving Recombinant DNA Molecules (U.S. Department of Health and Human
Services, 1986). In Europe, Aspergillus spp. are treated as low-risk-class microorganisms, i.e., category 2
of the European Federation of Biotechnology (Frommer et al., 1989) or category 1 on the OECD
containment scale. Category 1 of the European Federation of Biotechnology scale includes organisms
deemed harmless, which can be grown under good industrial large scale practices (GILSP), while category 2
organisms like Aspergillus require more stringent containment.

No data were available for assessing the release and survival specifically for fermentation facilities using
A.oryzae. Therefare, the patential worker exposures and routine releases to the environment from large-
scale, conventional fermentation processes were estimated on information available from eight
premanufacture notices submitted to EPA under TSCA Section 5 and from pubiished information collected
from non-engineered microorganisms (Reilly, 1991). These values are based on reasonable worst-case
scenarios and typical ranges or vaiues are given for comparison.

During fermentation processes, worker exposure is possible during-laboratory pipetting, inoculation,
sampling, harvesting, extraction, processing and decontamination procedures. A typical site employs less
than 10 workers/shift and operates 24 hours/day throughout the year. NIOSH has conducted walk-through

surveys of several fermentation facilities in the enzyme industry and monitored for microbial air
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contamination. These particular facilities were not using recombinant microorganisms, but the processes
were considered typical of fermentation process technology. Area samples were taken in locations where
the potential for worker exposure was considered to be potentially greatest, i.e., near the fermentor, the
. seed fermentor, sampling ports, and separation processes (either filter press or rotary drum filter). The
workers with the highest potential average exposures at the three facilities visited were those involved in
air sampling. Area samples near the sampling port revealed average airborne concentrations ranging from

350 to 648 cfu/m>. Typically, the Chemical Engineering Branch would not use area monitoring data to
estimate occupational exposure levels since the correlation between area concentrations and worker
exposure is highly uncertain. Personal sampling data are not available at the present time. Thus, area
sampling data have been the only means of assessing exposures for previous PMN biotechnology
submissions. Assuming that 20 samples per day are drawn and that each sample takes up to 5 minutes to
collect, the duration of exposure for a single worker will be about 1.5 hours/day. Assuming that the
concentration of microorganisms in the worker's breathing zone is equivalent to the levels found in the area
sampling, the worst-case daily inhalation exposure is estimated to range up to 650 to 1200 cfu/day. The
uncertainty associated with this estimated exposure value is not known (Reilly, 1991).

B. Environmental and General Exposure
1. Fate of Organism

Controversy exists over the ability to isolate A. oryzae from the natural environment. Some researchers
believe that A. oryzae is widely distributed in nature while other maintain that all strains of A. oryzae are
variants of A. flavus which have been modified through years of selection in an artificial environment.
Specific data which indicates the survivability of industrial "domesticated" strains of A. oryzae in the
environmentare not available. The process of domestication may have resulted in lessened survivability in
the environment. However, its ability to produce spores suggests that it may survive in the environment
(Versar, 1991).

. 2. Releases

Estimates of the number of A, oryzae organisms released during production are tabulated in Table 1 (Reilly,
1991). The uncontrolled/untreated scenario assumes no control features for the fermentor offgases, and no
inactivation of the fermentation broth for the liquid and solid waste releases. The containment criteria
required for the full exemption scenario assume the use of features or equipment that minimize the number
of viable cells in the fermentor off-gases. They also assume inactivation procedures resulting in a validated
6log reduction of the number of viable microorganisms in the liquid and solid wastes relative to the
maximum cell density of the fermentation broth.

TABLE 1. Estimated Number of Viable A. oryzae
Organisms Released During Production
Uncontrolled/ Full

Release Media Untreated Exemption Release

(cfu/day) {cfu/day) (days/year)

. Air Vents 2x10° - 1x1011 <2x10° - 1x1011 350

Rotary Drum Filter 250 250 350
1441
Surface Water 7x10*? 7x10° 90
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Soil/Landfill 7x10'* 7x10° 90

. Source: Reilly, 1991

These are "worstcase" estimates which assume that the maximum cell density in the fermentation broth for

fungi is 107 cfu/ml, with a fermentor size of 70,000 liters, and the separation efficiency for the rotary drum
filter is 99 percent.

3. Air

Specific data which indicate the survivability of A. oryzae in the atmosphere after release are currently
unavailable. Survival of vegetative cells during aerosolization is typically limited due to stresses such as
shear forces, desiccation, temperature, and UV light exposure. As with naturally-occurring strains, human
exposure may occur via inhalation as the organisms are dispersed in the atmosphere attached to dust
particles, or lofted through mechanical or air disturbance.

Air releases from fermentor offgas could potentially result in nonoccupational inhalation exposures due to
point source releases. To estimate exposures from this source, the sector averaging form of the Gaussian
algorithm described in Turner(1970) was used. For purposes of this assessment, a release height of 3
meters and downward contact at a distance of 100 meters were assumed. Assuming that there is no
removal of organisms by controls/equipment for offgases, potential human inhalation dose rates are

estimated to range from 3.0 x 10° to 1.5 x 10° cfu/year for the uncontrolled/untreated scenario and less
than that for systems with full exemptions. It should be noted that these estimates represent hypothetical
exposures under reasonable worst case conditions (Versar, 1991).

4, Water

. The concentrations of A. oryzae in surface water were estimated using stream flow values for water bodies

" receiving process wastewater discharges from facilities within SIC Code 283 (drugs, medicinal chemicals,
and pharmaceuticals). The surface water release data (cfu/day) tabulated in Table 1 were divided by the
stream flow values to yield a surface water concentration of the organism (cfu/l). The stream flow values
for SIC Code 283 were based on discharger location data retrieved from the Industrial Facilities Dischargers
(IFD) database on December 5, 1991, and surface water flow data retrieved from the RXGAGE database.
Flow values were obtained for water bodies receiving wastewater discharges from 154 indirect (facilities
that send their waste to a POTW) and direct dischargers facilities that have a NPDES permit to discharge to
surface water). Tenth percentile values indicate flows for smaller rivers within this distribution of 154
receiving water flows and 50th percentile values indicate flows for more average rivers. The flow value
expressed as 7Q10 is the lowest flow observed over seven consecutive days during a 10year period. The
use of this methodology to estimate concentrations of A. oryzae in surface water assumes that all of the
discharged organisms survive wastewater treatment and that growth is not enhanced by any component of
the treatment process. Estimated concentrations of A. oryzae in surface water for the
uncontrolled/untreated and the full exemption scenarios are tabulated in Table 2 (Versar, 1991).

TABLE 2. A. oryzae Concentrations in Surface Water
Receiving
Flow Stream Fiow Organisms

(MLD*) (cfu/l)

. Mean 7Q10 Mean 7Q10
1442
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Uncontrolled/Untreated
10th Percentile 156 5.60 4.5x10% 1.25x10°

50th Percentile 768 68.13 9.11x10% 1.03x10°

Full Exemption
10th Percentile 156 5.60 4.5x107% 1.25x100°

50th Percentile 768 68.13 9.11x1073 1.03x10™}

*MLD = million liters per day
Source: Versar, 1991
5. Soil

Since soil is a possible natural habitat for A. oryzae, long-term survival in the environment, particularly as
spores, may occur. Human exposures via dermal contact and ingestion routes, and environmental
exposures [i.e., to terrestrial, avian, and aquatic organisms (via runoff)] may occur at the discharge site if
there is establishment of A. oryzae within the soil (Versar, 1991).

6. Summary

Although direct monitoring data are unavailable, worst case estimates do not suggest high levels of
exposure of A. oryzae to either workers or the public resulting from normal fermentation operations.

V. INTEGRATION OF RISK

In the previous sections, information regarding the potential exposures and hazards to workers, the general
public, animals, plants and the environment was reviewed. This section serves to integrate this information
to evaluate the potential risks associated with the industrial use of Aspergillus oryzae.

A. Discussion

The only major concerns identified are associated with human and animal toxicity due to mycotoxin
production. A. oryzae and A. flavus are designations of taxa that represent the extremes of a spectrum of
traits associated with a common fungus. Current evidence points to A. oryzae as a domesticated derivative
of A. flavus. The evidence is not complete enough to indicate whether A. oryzae represents a unique
genotype as well as a stable phenotype. It appears that under prolonged cultivation the phenotype of A.
oryzae will be exhibited and that aflatoxins will not be produced from such strains. Other toxins such as
cyclopiazonic acid and kojic acid may, however, be expressed.

1. Aflatoxin Production

Although it is likely that A. oryzae held in cultivation for decades or even centuries are likely to represent
strains having small, but key, deletions in an otherwise identical genome to A. flavus, it is remotely possible
that the phenotypic differences between the two species may be due to differences in the arrangement and
control of genes rather than the loss or gain of them. If A. oryzae strains have had reversible gene
modifications that prevent the expression of aflatoxin genes, then environmental control of such
rearrangements is possible and reversion can occur. It must be noted that there have been noreports of
workers in the industrial setting suffering from aflatoxin effects. 1443

FDA/CVYM001508

http://www.epa.gov/biotech_rule/pubs/fra/fra007.htm 9/30/2011



Aspergillus oryzae Final Risk Assessment | Biotechnology Program Under Toxic Substances Control ... Page 11 of 16

There is a basic question as to the likelihood that A. oryzae exists in the wild. Some researchers (Klich,
1994) indicate that A. oryzae can be isolated in nature. Other researchers (Kutzman et al., 1986) contend
that A. oryzae is a domesticated version of A. flavus, with decreased survival characteristics such as
reduced sporulation and the lack of sclerotia. Wicklow (1984) has described the competitive disadvantages
of A. oryzae. These observations suggest that this organism is highly adapted to conditions in the
laboratory.

All this points to an incomplete knowledge base for A. oryzae. However, it appears that aflatoxin production
is not a concern for established A. oryzae strains. Although there is a theoretical possibility for reversion to
the aflatoxigenic phenotype of A. flavus, it has not been observed through hundreds of years of use in food
production. In addition, controls on exposure mitigate concerns. While some workers might be exposed to
the organism, much of that exposure would presumably be via an inhalation route rather than an ingestion.
They would be exposed mostly to spores of A. oryzae during large-scale fermentation. Spores that escape
the manufacturing site would be unlikely to persist in the environment because of less than optimal
conditions for germination and growth. As pointed out in the hazard assessment, A. oryzae, lacks many
survival features possessed by the related A. flavus. Therefore, from the information cited above and using
the values in the assessment of exposure, environmental exposure relevant to aflatoxin production appears
highly unlikely.

2. Other Toxins

There remains some concern for other mycotoxins produced by koji molds. These toxins are less potent
than aflatoxins and their production is tied both to strain specificity and culture conditions. However, they
can occur even with current domesticated strains, although there are no reports that their production in
industrial fermentations have resulted in adverse effects on human health. The most toxic ones, such as
cyclopiazonic acid, seem to be produced by a few strains under special conditions. The less toxic ones, such
as kojic acid, may be limited by engineering controls on the fermentation process.

The exposure component of the risk for this concern is similar to that described for aflatoxin. Proper
conditions of cultivation should limit production of these toxins and limit exposure to workers.

3. Other Issues

Allergenicity seems to be related more to the product of the fermentations than to A. oryzae per se.
Sensitivity to a-amylasein particular, is a potential concern, but one that exists for all microorganisms
producing this enzyme. There is thus no incremental risk specific to the use of this fungus.

4. Summary

Thus, the potential risks for A. oryzae include the theoretical possibility of genetic rearrangement resulting
in the inadvertent production of aflatoxins in A. oryzae. Through centuries of use in food production, there
are no reports of aflatoxin production. Mycotoxin production can most likely be avoided by properly
controlling the fermentation conditions, and human health concerns are mitigated by controls on exposure
and worker hygiene practices. A. oryzae is not a plant or animal pathogen, and survival in the environment
is expected to be limited due to its decreased survival characteristic by years of domestication. The risk of
the use of this organism under the specified conditions of this exemption is low.

B. Recommendation
Aspergillus oryzae is recommended for the tiered exemption.VI. REFERENCES
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__I.A.1. Oral RfD Summary

Critical Effect ; Experimental Doses* ‘ UF l MF I RfD
1 1 4E+0
No adverse effects NOAEL: 34 mg/day mg/kg/day
observed benzoic acid and 328
mg/day for sodium
Human daily per benzoate (converted
capita intakes to 312 mg/day
benzoic acid)
FDA, 1973;
Selected Committee LOAEL: none
on Review of the
GRAS List

*Conversion Factors -- 328 mg/day sodium benzoate x [122.12 (MW benzoic acid)/144.11 (MW sodium benzoate)] = 278 mg/day
benzoic acid. 278 mg/day benzoic acid from sodium benzoate + 34 mg/day benzoic acid = 312 mg/day; assuming adult human body
weight of 70 kg, the exposure dose is 312 divided by 70 = 4.4 mg/kg/day.

__I.A.2. Principal and Supporting Studies (Oral RfD)

FDA (Food and Drug Administration). 1973. Evaluation of the Health Aspects of Benzoic Acid and Sodium
Benzoate as Food Ingredients. DHEW, Washington, DC. Report No. SCOGS-7. NTIS PB-223837/6.

Early studies (Gerlach, 1909) indicate that laboratory animals are inappropriate models for studying the
toxicity of benzoic acid in humans (FDRL, 1972) (see Additional Comments). Based on data regarding the
amounts of benzoic acid and sodium benzoate produced as a food preservative, FDA (1973) estimated a
daily per capita intake of 0.9-34 mg for benzoic acid and 34-328 mg for sodium benzoate. At these levels,
there are no reports of toxic effects in humans. These compounds have Generally Recognized as Safe
(GRAS) status by FDA. Therefore, the upper ranges can be considered NOAELs for benzoic acid and sodium
benzoate. In the stomach, both benzoic acid and sodium benzoate exist in their ionized form, benzoate,
which is absorbed rapidly and completely by the GI tract. Therefore, exposure to sodium benzoate is
comparable to exposure to benzoic acid if molecular weight differences are corrected for; here, 328 mg
sodium benzoate is equivalent to 278 mg benzoic acid. Adding 278 to the daily intake for benzoic acid of 34
mg yields a total of 312 mg benzoic acid (see Conversion Factors). If no uncertainty factor is used, the RfD
is 312 mg/day for a 70 kg human or 4 mg/kg/day.

—1.A.3. Uncertainty and Modifying Factors (Oral RfD)

UF — An uncertainty factor of 10 for the protection of sensitive subgroups was considered unnecessary;
although reactions to benzoate and structurally related compounds do occur, an uncertainty factor of 10
would be of little value to the sensitive individuals.

MF — None

__I.A.4. Additional Studies/Comments (Oral RfD)

Sodium benzoate appeared to have no maternal toxicity, fetal toxicity, or teratogenicity in mice, rats,
hamsters, or rabbits when given orally (FDRL, 1972). The highest doses tested were 175.0 in mice and
rats, 300.0 in hamsters, and 250.0 mg/kg/day in rabbits.

The only chronic oral data available involve administration of benzoic acid to rats and mice (Shtenberg and
Ignat'ev, 1970; Ignat'ev, 1965; Marquardt, 1960). A dose of 40 mg/kg/day for 17 months was associated
with decreased resistance to stress in mice and possibly with reduced food and water intake in rats after 18
months (Shtenberg and Ignat'ev, 1970). However, another report from this laboratory (Ignat'ev, 1965)
indicated that 80 mg/kg/day in rats for 18 months was not associated with adverse effects on body weight,
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survival, or gross or microscopic pathology. If 40 mg/kg/day in mice in the study by Shtenberg and
Ignat'ev (1970) is considered to be the LOAEL, application of an uncertainty factor of 1000 would result in
an RfD of 0.04 mg/kg/day or 2.8 mg/day, which is near the lower end of the range of the estimated daily
human exposure to benzoic acid (not including exposure to sodium benzoate). The lower RfD based on
animal data is not unexpected, however, since application of uncertainty factors is intentionally
conservative in the absence of human data. Since human data are available in this case, it is not
appropriate to use the animal data for the RfD.

Other long-term dietary studies (Marquardt, 1960) showed decreased food intake and body weight in rats
fed 1.5% benzoic acid (750 mg/kg/day); at a dose of 1.0% in the diet (50 mg/kg/day) there were no signs
of toxicity or adverse reproductive effects.

Gerlach (1909) reported no externally visible effects in humans ingesting benzoic acid at 0.5-1.0 g/day for
44 consecutive days or for 82/86 or 88/92 days. Assuming a human body weight of 70 kg, this level
corresponds to a dose of 14 mg/kg/day. Wiley and Bigelow (1908), however, observed irritation,

discomfort, weakness, and malaise in humans given oral bolus doses of less than or equal to 1.75 g/day
over a 20-day period (25 mg/kg/day). The RfD (4 mg/kg/day) is well below these doses.

__I.A.5. Confidence in the Oral RfD

Study — Medium

Database — Medium

RfD — Medium

Medium confidence is placed in the FDA (1973) estimate of per capita intake. Medium confidence in the

database reflects the inappropriateness of using animal data as the basis of the RfD for humans and the
lack of reported effects in humans at the estimated intakes. Thus, confidence in the RfD is medium.

__I.A.6. EPA Documentation and Review of the Oral RfD

Source Document — U.S. EPA, 1987

Limited peer review and extensive Agency-wide review 1987.

Other EPA Documentation — None

Agency Work Group Review — 09/17/1987

Verification Date — 09/17/1987

Screening-Level Literature Review Findings — A screening-level review conducted by an EPA contractor of
the more recent toxicology literature pertinent to the RfD for Benzoic acid conducted in August 2003 did not

identify any critical new studies. IRIS users who know of important new studies may provide that
information to the IRIS Hotline at hotline.iris@epa.gov or 202-566-1676.

__L.A.7. EPA Contacts (Oral RfD)

Please contact the IRIS Hotline for all questions concerning this assessment or IRIS, in general, at (202)
566-1676 (phone), (202)566-1749 (FAX) or hotline.iris@epa.gov (internet address).

_I.B. Reference Concentration for Chronic Inhalation Exposure (RfC)

Substance Name — Benzoic acid
CASRN — 65-85-0

Not available at this time.
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_II. Carcinogenicity Assessment for Lifetime Exposure

Substance Name — Benzoic acid
CASRN — 65-85-0
Last Revised — 05/01/1991

Section II provides information on three aspects of the carcinogenic assessment for the substance in
question; the weight-of-evidence judgment of the likelihood that the substance is a human carcinogen, and
quantitative estimates of risk from oral exposure and from inhalation exposure. The quantitative risk
estimates are presented in three ways. The slope factor is the result of application of a low-dose
extrapolation procedure and is presented as the risk per (mg/kg)/day. The unit risk is the quantitative
estimate in terms of either risk per ug/L drinking water or risk per ug/cu.m air breathed. The third form in
which risk is presented is a drinking water or air concentration providing cancer risks of 1 in 10,000, 1 in
100,000 or 1 in 1,000,000. The rationale and methods used to develop the carcinogenicity information in
IRIS are described in The Risk Assessment Guidelines of 1986 (EPA/600/8-87/045) and in the IRIS
Background Document. IRIS summaries developed since the publication of EPA's more recent Proposed
Guidelines for Carcinogen Risk Assessment also utilize those Guidelines where indicated (Federal Register
61(79):17960-18011, April 23, 1996). Users are referred to Section I of this IRIS file for information on
long-term toxic effects other than carcinogenicity.

_I1.A. Evidence for Human Carcinogenicity

__ II.A.1. Weight-of-Evidence Characterization
Classification — D; not classifiable as to human carcinogenicity

Basis — No human data and inadequate data from animal bioassays.

__II.A.2. Human Carcinogenicity Data

None.

__II.A.3. Animal Carcinogenicity Data

Inadequate. In a lifetime study, Toth (1984) administered sodium benzoate (of 99% purity) to 50 male and
50 female 5 week-old albino Swiss mice at a level of 2% in the drinking water. Control groups consisted of
100 mice/sex. The dose level was selected based on results of a subchronic study in which levels of 4 and
8% were considered to be too toxic. The 2% level was equivalent to sodium benzoate doses of 4133
mag/kg/day for males and 3973 mg/kg/day for females. Based on average measured daily water
consumptions of 6.2 mL for males and 5.9 mL for females and an assumed average body weight of 0.03 kg.
The equivalent benzoic acid doses, adjusted for moleculer weight differences between sodium benzoate and
benzoic acid, are 3502 mg/kg/day and 3367 mg/kg/day for males and females, respectively.
Histopathologic examinations of all mice included 11 organs and all gross lesions. The treatment had no
apparent effect on survival or tumor incidence.

As part of a 5-generation reproduction study, Shtenberg and Ignat'ev (1970) administered test compounds
in a paste in daily doses of 40 mg/kg benzoic acid combined with 80 mg/kg sodium bisulfite in a paste
before feeding an otherwise unspecified basic diet to a group of 50 white cross-bred mice/sex for 17
months. Another group received benzoic acid only; no further details were given. An unspecified number of
control animals received only basic diet. Malignant tumors (not otherwise specified) occurred in 8/100
treated mice and 1/8 mice in the third generation of the treated group. Tumor incidences were not reported
for untreated mice.
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__I1.A.4. Supporting Data for Carcinogenicity

Dinerman and Ignat'ev (1966) reported that a 3-month exposure to 0.2% benzoic acid in the diet increased
the susceptibility of mice to the development of carcinomas following intraperitonea! inoculation with Erlich
ascites carcinoma cells, Tumors developed in 62/90 (68.8%) of benzoic acid- treated mice and in 16/49
(32.6%) of the control mice.

Benzoic acid and sodium benzoate have been tested for mutagenicity or genotoxicity in prokaryotes
(McCann et al., 1975), eukaryotes (Litton Bionetics, Inc., 1974), and several mammalian test systems
(Litton Bionetics, Inc., 1974, 1975; Oikawa et al., 1980). No positive results have been reported.

_II.B. Quantitativé Estimate of Carcinogenic Risk from Oral Exposure

Not available.

_II.C. Quantitative Estimate of Carcinogenic Risk from Inhalation Exposure

Not available.

_I1.D. EPA Documentation, Review, and Contacts (Carcinogenicity Assessment)
_iI.D.l. EPA Documentation
Source Document — U.S. EPA, 1987

The 1987 Health and Environmental Effects Document has received OHEA review.

__II1.D.2. EPA Review (Carcinogenicity Assessment)
Agency Work Group Review — 03/01/1989
Verification Date — 03/01/1989

Screening-Level Literature Review Findings — A screening-level review conducted by an EPA contractor of
the more recent toxicology literature pertinent to the cancer assessment for Benzoic acid conducted in
August 2003 did not identify any critical new studies. IRIS users who know of important new studies may
provide that information to the IRIS Hotline at hotline.iris@epa.gov or 202-566-1676.

__II.D.3. EPA Contacts (Carcinogenicity Assessment)

Please contact the IRIS Hotline for all questions concerning this assessment or IRIS, in general, at (202)
566-1676 (phone), (202)566-1749 (FAX) or hotline.iris@epa.gov (internet address).

_III. [reserved]
_IV. [reserved]
_V. [reserved]

_VI. Bibliography

Substance Name — Benzoic acid
CASRN — 65-85-0
Last Revised — 08/01/1989
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_VI.A. Oral RfD References

FDA (Food and Drug Administration). 1973. Evaluation of the Health 'Aspects of Benzoic Acid and Sodium
Benzoate as Food Ingredients. DHEW, Washington, DC. Report No. SCOGS-7. NTIS PB-223 837/6.

FDRL (Food and Drug Research Labs., Inc.). 1972. Teratologic Evaluation of FDA 71-37 (Sodium Benzoate).
p.\75-79.
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1972) '

Ignat'ev, A.D. 1965. Experimental information contributing to a hygienic characterization of the combined
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Informatics, Inc. 1972, GRAS (Generally Recognized as Safe) Food Ingredients: Benzoic Acid and Sodium
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U.S. EPA. 1987. Health and Environmenta! Effects Document for Benzchlci Hfgd Pre ared b /Sngs Ogﬁal
Health and Environmental Assessment, Environmental Criteria and /ﬁ,ﬂaﬁg ?éﬁ:o ﬁ§l’5 Q mﬂ&,
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_VII. Revision History

Substance Name — Benzoic acid
CASRN — 65-85-0

I

I Date Section | Description
09/07/1988 I.A. Oral RfD summary on-line
05/01/1989 II. Carcinogen assessment now under review
07/01/1989 I.A. Principal study clarified
07/01/1989 VI, Bibliography on-line
08/01/1989 II. o Carcinogen summary on-line -
08/01/1989 VI.C. Carcinogen references added
01/01/1991 I.A. Text edited
01/01/1991 II Text edited o
05/01/1991 II.A.3. Text edited
06/01/1991 I.A.1. Conversion Factor text clarified
01/01/1992 I1.A.7. Secondary contact changed
01/01/1992 1V. Regulatory Action section on-line o
07/01/1993 1.A.6. Source Doc. year corrected; Other EPA Doc. clarified
_6‘4;/01/1997 III., IvV., Drinking Water Health Advisories, EPA Regulatory Actions, and Supplementary o
V. Data were removed from IRIS on or before April 1997. IRIS users were directed
to the appropriate EPA Program Offices for this information.
10/28/2003 1.A.6., Screening-LeveI Literature Review Findings message has been added.

I1.D.2,

_VIII. Synonyms

Substance Name — Benzoic acid
CASRN — 65-85-0
Last Revised — 09/07/1988

65-85-0
benzenecarboxylic acid
Benzoic acid
carboxybenzene
dracylic acid

phenyl carboxylic acid
phenylformic acid
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Open Reading Frames in the genome of the Ronozyme® HiPhos production organism

The diagram is a theoretical illustration of integration of two copies of the expression plasmid into the
genome by non — homologous single recombination. The illustration shows integration of a circular
plasmid at a random position in the genome and a random position in the plasmid by a single
recombination event. During such an event the DNA is integrated in as a linear fragment at the location
in the genome where the recombination happened. If more than one copy is integrated, the copies are
integrated in a head to tail fashion in multiple copies. Typically 20 or more copies are integrated into the
genome of Aspergillus oryzae using the selection markers that Novozymes use. It cannot be excluded
that new theoretica! open reading frames (ORF) are formed when the DNA integrates. However for
expression and accumulation of the corresponding protein translation product to happen, a functional
promoter is needed in front of the ORF and the translation product need to be able to fold into a
structure that is not destined for degradation by the quality system of the fungus. If a misfolded protein
is formed it is instantly ubiquitinylated and destined for degradation in the proteasome.

Should a stable protein be formed from an ORF generated by the integration event, possible negative
toxicological effects of such a protein would be detected during the toxicology studies.
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Sodium Thiosulfate use in Ronozyme® HiPhos (L)

Sodium Thiosulfate is listed as a GRAS substance for use in human food at 21 CFR 184.1807 (43 Fed.
Reg. 22938, May 30, 1978 as amended at 49 Fed. Reg. 5613, February 4, 1984) based upon SOGS report
#52 of 1975. In the SCOGS report it is noted that “Experimental animal studies show that sodium
thiosulfate is well tolerated.” The two food categories listed are alcoholic beverage and table salt.

Sodium Thiosulfate is regulated for use in animal food as a chemical sequestrant at 21 CFR 582.6807
where it states that “This substance is generally recognized as safe when used in salt in accordance
with good manufacturing or feeding practices.” with a tolerance of 0.1 percent.

At 21 CFR 582.1 (b) (2) good manufacturing or feeding practice is further defined as “The quantity of a
substance that becomes a component of animal food as a result of its use in the manufacturing,
processing, or packaging of food, and which is not intended to accomplish any physical or other
technical effect in the food itself, shall be reduced to the extent reasonably possible.”

Ronozyme® HiPhos (M) is an ingredient used in the manufacture of food for poultry. The material is not
a final food. It is not intended to be fed directly to animals. Ronozyme® HiPhos (M) is in essence a
dilute protein solution adsorbed on a solid carrier. Labeling for the product instructs the user to add 5
to 80 grams to 1000 Kg of finished feed.

When the enzyme product is stabilized with 0.25% sodium thiosulfate the product maintains the
enzyme activity expected for commercial distribution and use. The sodium thiosulfate in our product is
not intended to accomplish any physical or technical effect in the food itself. The results of storage
studies provided in our dossier substantiate the practicality of the current formulation. We have
determined that the use of 0.25 % sodium thiosulfate in the manufacture of our product is necessary
for stability.

When Ronozyme® HiPhos (M) is used at the highest use level noted in our dossier, 4000 FYT / Kg of
finished food, the concentration of sodium thiosulfate in the finished food due to the use of the
enzyme preparation would be 0.02 g/Kg or 0.00002% well below the maximum level for animal food.

4000 FYT / 50,000 FYT /g of Ronozyme® HiPhos (M) = 0.08 g of Ronozyme® HiPhos (M)
0.08 g X 0.25 % sodium thiosulfate = 0.2 mg of Sodium Thiosulfate
0.2 mg of Sodium thiosulfate /Kg of feed = 0.00002 % or 0.2 ppm

Per the NRC Predicting Feed Intake of Food Producing Animals (National Academies Press, 1987):
Chickens consume about 0.1 Kg of feed per day and weigh about 2 Kg. The exposure to sodium
thiosulfate for a chicken would therefore be 0.02 mg/day or 0.01 mg/Kg of body weight.

Turkeys consume about 0.5 Kg of feed per day and weigh about 8 Kg. The exposure to sodium benzoate
for a turkey would therefore be 0.1 mg/day or 0.0125 mg/Kg of body weight.

Ronozyme® HiPhos (M) was used for several efficacy studies presented in the dossier.( Annexes
00001790, 00000960, 00000959, 00001628, 00002585, and 00003287) No adverse effects were noted in
these studies even at the highest proposed use level. The results of these studies indicate that the use
of sodium thiosulfate at 0.25% wt/wt of the enzyme preparation did adversely affect the animals.

The EPA issued an exemption for the establishment for a tolerance for sodium thiosulfate on December
6, 2001 citing several animal studies, including ones reviewed by FDA, where it is noted that the acute
oral dose LD50 was 5,050 mg/kg BW. No adverse maternal or developmental effects were reported in
mice at 550 mg/Kg bw/day, in rats at 400 mg/kg bw/day and in rabbits at 580 mg/kg'bw/day.
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Because the exposure to sodium thiosulfate due to its use in Ronozyme HiPhos (M) under good
manufacturing practices is well below the exposure anticipated 21 CFR 582.6810 and is several
thousand times less than the no adverse effect level reported in the developmental toxicity
investigations; DSM believes that the use of sodium thiosulfate as a sequestrant at 0.25% in the animal
food ingredient, Ronozyme® HiPhos (M), is a safe and appropriate use of the additive.

FDA/CVYM001853



Attachment 3b

FDA/CVYM001854



FDA/CVYM001855



FDA/CVYM001856



sodium thiosulfate Exemption from the Requirement of a Tolerance 12/01

all anticipated dietary exposures and all other exposures for which
there is reliable information.'' This includes exposure through
drinking water and in residential settings, but does not include
occupational exposure. Section 408(b) (2) (C) requires EPA to give
special consideration to exposure of infants and children to the
pesticide chemical residue in establishing a tolerance and to ~ “ensure
that there is a reasonable certainty that no harm will result to
infants and children from aggregate exposure to the pesticide chemical
residue. . . ."'

EPA performs a number of analyses to determine the risks from
aggregate exposure to pesticide residues. First, EPA determines the
toxicity of pesticides. Second, EPA examines exposure to the pesticide
through food, drinking water, and through other exposures that occur as
a result of pesticide use in residential settings.

III. Inert Ingredient Definition

Inert ingredients are all ingredients that are not active
ingredients as defined in 40 CFR 153.125 and include, but are not
limited to, the following types of ingredients (except when they have a
pesticidal efficacy of their own): Solvents such as alcohols and
hydrocarbons; surfactants such as polyoxyethylene polymers and fatty
acids; carriers such as clay and diatomaceous earth; thickeners such as
carrageenan and modified cellulose; wetting, spreading, and dispersing
agents; propellants in aerosol dispensers; microencapsulating agents;
and emulsifiers. The term " “inert'' is not intended to imply
nontoxicity; the ingredient may or may not be chemically active.
Generally, EPA has exempted inert ingredients from the requirement of a
tolerance based on the low toxicity of the individual inert
ingredients.

IV. Toxicological Profile

Consistent with section 408(b) (2) (D) of FFDCA, EPA has reviewed the
available scientific data and other relevant information in support of
this action and considered its validity, completeness and reliability
and the relationship of this information to human risk. EPA has also
considered available information concerning the variability of the
sensitivities of major identifiable subgroups of consumers, including
infants and children. The nature of the toxic effects caused by sodium
thiosulfate are discussed in this unit. The information submitted in
support of this petition included portions of the Food and Drug
Administration (FDA) generally recognized as safe (GRAS) determination
(* "Evaluation of the Health Aspects of Sodium Thiosulfate as a Food
Ingredient''), articles from open literature, and an acute oral
toxicity study.

A. Medical Uses

There are medical uses of sodium thiosulfate. It has been used as
an antidote for acute cyanide poisoning (intravenous injection), and is
an ingredient in various dermally-applied lotion formulations used to
treat acne and ringworm.

B. GRAS Determination

Sodium thiosulfate pentahydrate has been classified as GRAS by the
FDA when used as a formulation aid or reducing agent in alcoholic
beverages (not to exceed 0.00005%) and table salt (not to exceed 0.1%).
A GRAS determination means general recognition of safety by experts
qualified by scientific training and experience to evaluate the safety
of the substance for the specified use pattern. As noted by the
limitations stated above, sodium thiosulfate has a very limited use
pattern. EPA will use the information evaluated as part of the FDA GRAS
determination to inform the Agency's decision.

In its 1975 Evaluation, FDA reported the following information on
the sodium thiosulfate absorption and metabolism: Sodium thiosulfate is
a normal constituent of human body fluids and is excreted in the urine
of man and higher animals. Quantitative studies have demonstrated the
consistent presence of 2 to 17 milligrams (mg) of thiosulfate sulfur in
24-hour urine specimens of healthy young adults. Variations in
excretion of thiosulfate are related to the extent of protein
metabolism, activity of the intestinal flora, and the sulfur-amino
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sodium thiosulfate Exemption from the Requirement of a Tolerance 12/01

tolerance is not necessary to ensure that there is a reasonable
certainty that no harm will result from aggregate exposure to the inert
ingredient, an exemption from the requirement of a tolerance may be
established.

A. Dietary Exposure

For the purposes of assessing potential exposure under this
exemption, EPA considered that sodium thiosulfate could be present in
all raw and processed agricultural commodities and drinking water, and
that non-occupational non-dietary exposure was possible.

1. Food. Protein, which is composed of various amino acids, is
required for human survival. Sodium thiosulfate is produced in the
human body during the metabolism of sulfur-containing amino acids.
There is an effective self-regulating mechanism to rid the body of
excess sodium thiosulfate through excretion in the urine. As previously
stated, sodium thiosulfate is considered to be GRAS for a very specific
use pattern. In the 1975 Evaluation, it was estimated that the per
capita consumption of sodium thiosulfate was 12 micrograms (0Og)
per day. Considering the use of sodium thiosulfate in pesticide
products, as a dechlorinator when mixed with certain proteins such as
harpin protein, and given the reactive nature (as a reducing agent) of
sodium thiosulfate, this use pattern should not significantly increase
the amount of sodium thiosulfate in the food supply above those amounts
permitted by FDA.

2. Drinking water exposure. Thiosulfate can be produced naturally
by the reaction of elemental sulfur with sulfite ion in boiling water.
Therefore, thiosulfate occurs naturally in such environments as hot
springs, geysers, and marine hydrothermal vents. It can also occur in
nature as the result of the biological or chemical oxidation of
sulfide, and thus can be found in freshwater and marine sediments, and
salt marshes.

Considering that thiosulfate can be metabolized by sulfate-reducing

~bacteria, and given its ability to react with chlorine (to act as a
reducing agent), sodium thiosulfate is unlikely to occur in drinking
water.

B. Other Non-Occupational Exposure

The medicinal uses of sodium thiosulfate are also regulated by FDA.

There are other industrial uses of sodium thiosulfate which include use
as a photographic fixing agent. Sodium thiosulfate is also used to
remove chlorine from water used in aquariums.

C. Exposure Estimates

As previously stated, it was estimated that the per capita
consumption of sodium thiosulfate was 12 Og per day. This was
based on the amount of sodium thiosulfate used by the food industry and
assuming a population of 210 million. (The Agency acknowledges that
this exposure estimate is almost 30 years old.) If this were converted
to mg/kg/day using a 60 kg (female) body weight, then the exposure
could be estimated as 0.0002 mg/kg/day. The highest dose levels in each
of the developmental toxicity studies (mouse, rat, hamster, and rabbit)
were respectively 550, 400, 400, and 580 mg/kg/day. No effects were
noted at these levels. The Agency has not attempted to use a safety
factor analysis for sodium thiosulfate; however, the 0.0002 mg/kg/day
is orders of magnitude lower than the highest dose levels from any of
the developmental toxicity studies. Thus, the reported uses of sodium
thiosulfate, its use as a GRAS substance and its use as an inert
ingredient (a dechlorinator) should result in human exposure far below
any dose level that could possibly produce an adverse effect.

VI. Cumulative Effects

Section 408 (b) (2) (D) (v) of FFDCA requires that, when considering
whether to establish, modify, or revoke a tolerance or tolerance
exemption, the Agency consider "~ “available information'' concerning the
cumulative effects of a particular chemical's residues and " “other
substances that have a common mechanism of toxicity.'' Sodium
thiosulfate is produced in the human body during the metabolism. of
sulfur-containing amino acids. There is an effective self-regulating
mechanism (excretion) to rid the body of excess sodium thiosulfate, so
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cumulative effects are unlikely as a result of exposure to sodium
thiosulfate and a substance sharing a common mechanism of toxicity,
assuming such a substance exists. The Agency has not made any
conclusions as to whether or not sodium thiosulfate shares a common
mechanism of toxicity with any other chemicals, since cumulative
effects for sodium thiosulfate and other substances are unlikely.

VII. Determination of Safety for U.S. Population

Based on the low-moderate toxicity of sodium thiosulfate and the
low potential for exposure from the EPA regulated uses of sodium
thiosulfate, as well as the FDA GRAS uses, the Agency has determined
that aggregate exposure to sodium thiosulfate under reasonably
foreseeable circumstances will pose no appreciable risks to human
health. Accordingly, EPA concludes that there is a reasonable certainty
of no harm to the U.S. population from aggregate exposure to residues
of sodium thiosulfate and that a tolerance is not necessary.

VIII. Determination of Safety for Infants and Children

FFDCA section 408 provides that EPA shall apply an additional
tenfold margin of safety for infants and children in the case of
threshold effects to account for prenatal and postnatal toxicity and
the completeness of the data base unless EPA concludes that a different
margin of safety will be safe for infants and children. Due to the
expected low toxicity of sodium thiosulfate, EPA has not used a safety
factor analysis to assess the risk. For the same reasons the additional
tenfold safety factor is unnecessary. The Agency has determined that
there is a reasonable certainty of no harm to infants and children from
aggregate exposure to residues of sodium thiosulfate and that a
tolerance is not necessary.

IX. Other Considerations
A. Endocrine Disruptors

FOPA requires EPA to develop a screening program to determine
whether certain substances, including all pesticide chemicals (both-
inert and active ingredients), ~"may have an effect in humans that is
similar to an effect produced by a naturally occurring estrogen, or such
other endocrine
effect.'' EPA has been working with interested stakeholders to develop
a screening and testing program as well as a priority setting scheme.

As the Agency proceeds with implementation of this program, further
testing of products containing sodium thiosulfate for endocrine effects
may be required.

B. Analytical Method(s)

An analytical method is not required for enforcement purposes since
the Agency 1s establishing an exemption from the requirement of a
tolerance without any numerical limitation.

C. Existing Exemptions

There are no existing exemptions for sodium thiosulfate anhydrous
or sodium thiosulfate pentahydrate.

D. International Tolerances

The Agency is not aware of any country requiring a tolerance for
sodium thiosulfate anhydrous or sodium thiosulfate pentahydrate nor
have any CODEX Maximum Residue Levels (MRLs) been established for any
food crops at this time.

X. Conclusions

Based on the information in this preamble, EPA concludes that there
is a reasonable certainty of no harm from aggregate exposure to
residues of sodium thiosulfate anhydrous or sodium thiosulfate
pentahydrate. Accordingly, EPA finds that exempting sodium thiosulfate
anhydrous or sodium thiosulfate pentahydrate from the requirement of a
tolerance will be safe.
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Coordination with Indian Tribal Governments (65 FR 67249, November 6,
2000) . Executive Order 13175, requires EPA to develop an accountable
process to ensure ° ‘meaningful and timely input by tribal officials in
the development of regulatory policies that have tribal implications.''
‘"Policies that have tribal implications'' is defined in the Executive
Order to include regulations that have °'substantial direct effects on
one or more Indian tribes, on the relationship between the Federal
government and the Indian tribes, or on the distribution of power and
responsibilities between the Federal government and Indian tribes.''
This rule will not have substantial direct effects on tribal
governments, on the relationship between the Federal government and
Indian tribes, or on the distribution of power and responsibilities
between the Federal government and Indian tribes, as specified in
Executive Order 13175. Thus, Executive Order 13175 does not apply to
this rule.

XIII. Submission to Congress and the Comptroller General

The Congressional Review Act, 5 U.S.C. 801 et seq., as added by the
Small Business Regulatory Enforcement Fairness Act of 1996, generally
provides that before a rule may take effect, the agency promulgating
the rule must submit a rule report, which includes a copy of the rule,
to each House of the Congress and to the Comptroller General of the
United States. EPA will submit a report containing this rule and other
required information to the U.S. Senate, the U.S. House of
Representatives, and the Comptroller General of the United States prior
to publication of this final rule in the Federal Register. This final
rule is not a "‘major rule'' as defined by 5 U.S.C. 804(2).

List of Subjects in 40 CFR Part 180
Environmental protection, Administrative practice and procedure,
Agricultural commodities, Pesticides and pests, Reporting and
recordkeeping requirements.
Dated: December 6, 2001.
Peter Caulkins,
Acting Director, Registration Division, Office of Pesticide Programs.
Therefore, 40 CFR chapter I is amended as follows:
PART 180--[AMENDED]
1. The authority citation for part 180 continues to read as
follows:
Authority: 21 U.S.C. 321(q), 346(a}) and 371.
2. In Sec. 180.1001, the table in paragraph (c) is amended by

adding alphabetically the following inert ingredient to read as
follows:

Sec. 180.1001 Exemptions from the requirement of a tolerance.

Inert ingredients Limits Uses
* * * * * * *

Sodium thiosulfate anhydrous Not to exceed 6% Dechlorinator,
(CAS Reg. No0.7772-98-7 or of theformulated reducing agent
sodium thicsulfate product
pentahydrate,CAS Reg. No. 10102-

17-7)
* * * * * * *
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Packaging of Ronozyme® HiPhos products

Ronozyme® HiPhos (L) is a liquid enzyme preparation that is packaged in new, clean, food grade, 200 L
polyethylene plastic drums or in new, clean, food grade, 1000 L polyethylene plastic totes that are
surrounded by a wire frame.

Ronozyme® (CT) and (M) are free-flowing powders that are packaged in 20 Kg multi-walled paper bags
with a food grade polyethylene liner or 1000 Kg woven fiber ‘supersacks’ with a food grade polyethylene
liner.
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