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Phytate: Mixed salt of phytic acid (myo-inositol hexaphosphate; IP6).
Phytin: Deposited complex of IP6 with potassium, magnesium and calcium.
Phytic acid: The free form of IP6.
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Zn2+>Cu2+>Na2+>C02+> M n2+>Ca2+> Fez+

starch Ca?*
Prfo ein HPO“ HPO{ znzo
CH, | |
NHE). H H H p642.
5, Mg?*
PO PO,2 H
I I
H HPO,



Zn2+>>FeZ+> M n2+> Fe3+>Ca2+> M g2+

Ins(1,2,3,4,5,6)P6

(complete phytate molecule)

l

D-Ins(1,2,4,5,6)PS

{removal of phosphate group from 3™ carbon)

l

D-Ins(1,2,5,6)P4

(removal of phosphate group from 4™ carbon)

SN

D-Ins(1,2,5)P3 D-Ins(1,2,6)P3

{removal of P group from 6" carbon) (removal of P group from 5™ carbon)

L

DL-Ins(1,2)P2

{removal of phosphate group from 1¥ carbon)

l

Ins(2)P

(left with phytate molecule with one phosphate group on the 2™ carbon)
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Presently known distribution of representatives of the different catalytic classes of phytate degrading enzymes

NCBI Temp. Specific
accession Amino Isoelectric optimim activity e Ko [
Type Taxa Exemplary protein number acids® | MW kDa® point™ pH optima (C) | (nits/mg) | (undis/mg) T {°C) (M} [ 7Y
Gram-positive Selenomonas YP_005432715 | 413¢ 46 (7.9) Predicted phytase
Baceeria ruminantium Agp
Gram-negative Escherichia coli AppA MS3BT0R 410 47 (6.1} 4.5 35 1,700 —_ 63.7 —_— -
Filamentous | Aspergillus niger PhyA CAATEINS 448 48 4,8-5.2(4.8) | 2.0,5-5.5 65 — 120 66.3 34 [ 170
Ascomycetes
Fungi Yeast Candida krusei WZ-001 —_ —_ —_ 5.5 4.6 4 1,210 —_ inactivated >50 | 30 | —
HAPhy Basidiomycetes Peniophora lycii PhyA CAC43195 410 45 3.6 (4.4) 4-4.5 50-55 | 1,080 — 60 — | —
imushroom)
P Monocots Zea mays Phy 511 (corn) CAA11390 369° | 80 (dimer) 15.4) 4.8 55 2.3 — — 117 | —
ants
Dicots Arabidopsis thaliana AABSDTA0 449 51 (8.6) Predicted phytase
Animals Avian (Gallus gallus) NP_989575 430 48 (8.0} 5 — — 0.7 — 140 | —
MINTPP (chicken)
Gram-positive Bacillus Q66037 356° 39 4.9} 7-8 70 — — inactivated =70 | 138 | 17
amyloliguefaciens D511
BBPhy Bacteria Gram-negative Sphingomonas sp. SKASH EATOS404 336° 35 {4.7) Predicted phytase
Cyanobacteria MNostoe sp. PCC 7120 NP_488278 | 1,811 193 4.2} Predicted phytase
Fungi | Ascomycetes | Filamentous | Aspergillus niger pH 6.0 AAB3I1768 583 64 (5.1 — - — - — 315 | L6
optimum acid
phosphatase (APase)
PAPhy Monocots Triticum aestivun (wheat) AXZIR209 520¢ 58 7.4 (6.1) 6.0 45 137 — — — | =
phytase
Plants : :
Dicots Glyeine max (soybean) AAKA9438 519 59 15.1) 4.5-5 58 — — inactivated =60 | &1 —_
GmPhy
Gram-positive Clostridium NFP_149178 319 36 9.7} Predicted phytase
acetobutylicum
FTThy Bacteria ATCC 824
Gram-negative Selenomonas AAQL3IERY 319 7 (8.4) 4.5=5.5 | 50=55 — - inactivated =60 | 425 | 284
ruminantiun PhyAsr
Unknown | Protozoa Paramecium tetraurelia - - 240 — 7.0 - 10 — — 250 | —
§ls thexamer)
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B -10kcal/(mol*e)
B 10kcal/(mol*e)
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PTPhy

Phytate analog
in standby

4

Phytate analog
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Commercial Sources of Phytase

€£ A. Niger: Initiate from 3c (3-Phytase)
$ Peniophera lycii: Initiate from 6c¢ (6-Phytase)
$ E Coli: Initiate from 6c¢ (6-Phytase)
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Summary of microbial phytase phosphorus equivalency studies in poultry

Reference Basal diet Inorganic Response criteria P equivalence  Phytate-P Phytase
Type Total P PhytateP  CaP P source (FTU=g P} released (%)  source
(gke~")  (zke D ratio
Broilers
Schoner et al. Maize—soy 45 23 .33 MCP P retention T =1.000 435 A niger
(1991}
Schoner et al. Maize—soy 35 23 1.71 MCP Weight gain, P 850=1.000 435 A niger
(1993) retention
Denbow et al. Soybean meal 3.8 1.8 2. DFP Weight gain, toe ash 821=1.000 556 A niger
(1995}
Kornegay et al. Maize—soy 4.4 24 2. DFP Weight gain, toe ash 030=1.000 41.7 A. niger
(1996}
Yi et al. (1996b), Soybean meal 4.5 1.8 2. DEP Weight gain, toe ash 1146=1.000 35.6 A niger
Expt. |
Yi et al. (1996b), Maize—soy 3l 24 2. DFP Weight gain, toe ash T85=1.000 41.7 A niger
Expt. 2
Yonemochi et al. Maize—soy 6.0 30 1.50 DFP Gain, intake, tiblaash  500=1.172 39.1 A niger
i 2000) and P, plasma P
Augspurger et al. Maize—soy 1.6 26 208 KH;POy Weight gain, tibiaash ~ 500=1.250 48.1 E. coli
(2003}
Adedokun et al. Maize—soy 39 2.7 1.95 MSP (Gain, feed intake, toe 1000=1.031 38.2 E. coli
(2004) and tibia ash,
Turkeys
Ravindran et al. Soybean meal 4.9 22 200 DFP Weight gain, toe ash 652=1.000 45.5 A niger
(1995b)
Applegate el al. Maize—soy 7.2 235 .85  MCP Weight gain, toe ash 500=2.125 83.0 E. coli
(2003a.b,c)
Esteve-Garciaet al.  Maize—soy f.l 36 1.97  DCP Weight. toe and tibia 413=1.000 278 H.
(2003) ash polymorpha
Ducks
Orban et al. (1999)  Maize—soy 4.8 30 .75 MSP Weight gain, plasma P 750=0.600 20,0 E. coli




Specific
NCEI Temp. activity Yoam
accesglon Amino MW Isoelectric pH optismem {anka/ [endes K [ -
Pradues Company Proteln osigin Type | Subtype® Expression rumber Ak kDa* poine™? optiea [*C) g eng) T, [*C) | (uM) {2~
Allzyme® S5F Allsech Asprerpiilus riger HAFhy i Aspergiliug niger, A. riger naturally secretes FliyA, FhyB, and pH 6.0-optimum acld phosphatase.
nofsecomblnant”
Finase™ EC AB Vista Escherichiz coli AppA | HAFhy & Trichoderma ressei MIET0R 410 47 16.1] 4.5 35 1,700 — 63.7 o —
Finase® PIL AR Vista Aspergiilus niger PhyB | HAPhy i Trichodersma ressei L0567 4a0° k)| 14.6) 15 — — — = 80 103 628
Maruphos® BASF Aspergillus miger HAFhy 3 Aspergillus niger CAATEIDS 448 49 4.8=3.2 1.0, 65 — 120 66,3 34 170
PhyA 14.8) J=5.5
OptiPhos™ Enzyvia {JBS United) Escherichia coli HAPhy & Pichia pastoris AARBTESE 4108 45 15.8) 3.4, 50 1 - 1,070 61,1 74 540
AppAl
Phyzvme® XP Duapont Industzial Escherichid coli AppA | HAFhy i Schizasaccharomyces MSRTOS 410 47 16.1] 4.5 55 1,700 — £3.7 — —
Biosciences frombe (ATCC 5233}
Cruartim AB Vista Escherichis coli HAFhy £ Pichea pastorts DD141518 4108 45 15.4) 4.5 1,700 - 757 — -
Phyy® DEM 15927
Ronozyme™ P Novazyme and Peniophara lyei PhyA | HAFhy i Aspergillus oryade CAC4R1SS 410 45 3.6 (4.4 4-4.5 S0-55 1,080 — &0 — —
{Bio-Feed® DEM DEM 14223
phytase,
ZY® Phytase)
8/26/2018 10
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Commercial

product

Type Protein

source

organism

Producing

organism

Matrix Producer
value/ 500

FTU/kg diet

Natuphos™ 3 / fungal A niger A mger %avP: 0.10
%Ca: 0.10
Allzyme® SSF 3/ fungal A miger A miger %avP:0.10  AllTech
%Ca: 0.10
Finase® 3/ fungl A miger Tnichoderma  %avP: 0.10 AB Vista
reesei %Ca: 0.11
Ronozyme' 6/fungal Pemphora  Aspengillus  %avP: 0.125 DSM
lycu oryzae %Ca: 0.14
Finasee EC  6/bactenal E coh  Tnchoderma %avP:012  ABVista
reesel %Ca: 0.132
Quantum®  6/bactenal  E coli  Pichiapastons %avP-0.13  AB Vista
%Ca: 0.143
Hostazyme’l’ 6 / bactenal E. coli Pichia pastoris  %avP: 0.125 Huvepharma
%Ca: 0.125
Ph)“z}me'XP 6 / bactenal E. coli Schizosacch-  %avP: 0.12 Dupont
pombe
Quantum 6 / bactenal E. cola Tnchoderma  %avP: 0.15 AB Vista
Blne. reesei °/0C8: 0165
Ronozyme 6/bactenal Citrobacter  Aspengillus  %avP: 0.15 DSM
[hiphos’ braakii onvzae %Ca: 0.18
Axtra® PHY 6/bactenal Buttiauxelln Trchoderma  %avP: 0.15 Dupont
spp. reesei %Ca: 0.134
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Phytase activity (umol phytic acid h™!) in the digestive tract of laying hens fed wheat-corn-
soybean meal-based diet without microbial phytase supplementation (Marounek et al., 2010).

Segment Specific (per g digesta)
Crop 10.22

Stomach 9.24

Small intestine 14.6*

Small intestinal mucosa 11.5%

Sum pre-caecal

Caeca 135.4°

Total

Total (per segment)

982

972
359b
227b
781
663¢

1,444

I Means within a column not sharing a common letter differ significantly (P<0.05).

Poultry GIT microbiota can utilize 10-25% of dietary phytate
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— Exp.1 =3 Exp.2

2100 -

S ]l Broilers
o 80-

= |

(qv]

= 604

L

% )

% 40 -

=, 20-

¥ |

= 0- —

Crop Duod/Jeju Ileum Caecum

InsP6 disappearance measured in sections of the digestive tract of broiler chickens fed
maize-soybean meal-based diets without a phytase supplement; data from Rutherfurd
et al. (2014) and Zeller et al. (2015, 2016).
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— Ins(1,2,3,4,6)P, = Ins(1,2,3,4,5P, wm Ins(1,2,4,56)P. == Ins(1,3,4,56)P,

§ o ~ 601 ~
g, 50- N Il 50-

2 = 40 - 40

ELa - -

s AT o

g5 20+ 20

B - 4

Rl 1 e ) (h
Ea . 4

Al 0- 0-

Crop Duod/Jeju Ileum  Caecum Crop Duod/Jeju Ileum

Pattern of InsP5 isomers detected in different sections of the gastrointestinal tract after feeding low-P
maize-soybean meal diets without added phytase in two experiments with broiler chickens (Zeller et
al., 2015, 2016).
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Phytase activity in diet and digesta of broiler chickens fed diets with or without added microbial
phytase from 8 to 22 days of age; activity measured at day 22 (Onyango et al., 2005).!

NC:low-Pdiet ~ NC +1000 FTU Escherichia NC +1000 FTU Peniophora

coli phytase/kg lycii phytase/kg
Feed (FTU/kg) 14 825 1,152
Digesta (FTU/kg DM intake)
Crop 67¢ 649 404
Proventriculus and gizzard 28 406° 63P
Jejunum 29b 5543 25b
Tleum 16° 912 6

' Means within a row not sharing a common letter differ significantly (P<0.05).
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Water pH <6
Water temperature <20C
Dietary calcium <0.9%
Phytate:protein ratio <0.04:1
Dietary chloride concentration > 0.25%
Presence of protease and carbohydrases
Most phytate from cereals and grain

legumes, little from by-products 90-95% Of dietary phytate may

Presence of acidifiers
No therapeutic use of Zn or Cu
Low viscosity cereals

be accessible, relax constraints

50-60% of dietary phytate may be Water‘:::\:e.::t:rae >30C

accessible, increase constraints o
Dietary chloride concentration <0.25%
No protease or carbohydrase use

Substantial concentration of phytate from by-
products such as ricebran

No acidifiers in the diet or water
High concentrations of Zn or Cu
Highly viscous cereals

8/26/2018 16



Factors that Affect Phytase Functionality

8/26/2018

O oo NOULBEWNRE

e N S
LD WN RO

Amount of dietary phytate

Source of phytase / phytase catalytic properties
Digesta solution pH (Optimum at pH 2.0-4.5)
Bio-catalytic reaction (Km, Vmax)

Pepsin (Protease) Resistance

Heat and moisture stability during feed processing
Dietary trace mineral concentration

Synergistic effects of other Feed Additives (acidifier)
Dietary factors (minerals, vitamin D3 content)
Combination of enzymes

. Phytase dose
. Particle size and mixability of commercial phytase
. Water pH and temperature

Functionality of GIT

. Stability of commercial product during storage
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1. Amount of dietary phytate

Weighted mean (and range) of total P and phytate-P concentrations, and proportion of phytate-P of total P, in key
poultry feed ingredients

Feed ingredient Number of Total P (g kg_' ) Phytate-P (g kg_' ) Proportion (%)
data-sets/samples
Cereals
Barley 4/41 3.21 (2.73-3.70)* 1.96 (1.86-2.20)* 61.0 (59-68)*
Maize 7/45 2.62 (2.30-2.90) 1.88 (1.70-2.20) 71.6 (66-85)
Sorghum 5/41 3.01 (2.60-3.09) 2.18 (1.70-2.46) 72.6 (65-83)
Wheat 6/97 3.07 (2.90-4.09) 2.19 (1.80-2.89) 71.6 (55-79)
Oilseed meals
Canola meal 4/28 9.72 (8.79-11.50) 6.45 (4.00-7.78) 66.4 (36-76)
Cottonseed meal  3/21 10.02 (6.40-11.36) 7.72(4.9-9.11) 77.1 (70-80)
Soyabean meal 6/89 6.49 (5.70-6.94) 3.88 (3.54-4.53) 59.9 (53-68)
By-products
Rice bran 6/37 17.82 (13.40-27.19) 14.17 (7.90-24.20) 79.5 (42-90)
Wheat bran 6/25 10.96 (8.02-13.71) 8.36 (7.00-9.60) 76.3 (50-87)

Derived from studies by Nelson et al. (1968a), Kirby and Nelson (1988), Eeckhout and de Paepe (1994), Ravindran
et al. (1994), Viveros et al. (2000), Selle et al. (2003d) and Godoy et al. (2005).
* Range of values.

8/26/2018



1. Amount of dietary phytate

8/26/2018

Phytate Phosphorus Content of Common Feedstuffs

g

Feedstuff Total Phytate
phosphorus (%) | (% of total phosphorus)
Corn .26 66
Wheat .30 67
Grain sorghum 31 68
Barley 34 56
Oats 34 56
Wheat middlings 47 74
Soybean meal 61 61
Cottonseed meal 1.07 70
Sesame meal 1.27 81
Wheat bran 1.37 70
Alfalfa meal 1.40 0

@ Adapted from Nelson et al. (1968)..
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1. Amount of dietary phytate
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1. Amount of dietary phytate

The Energy Gap in Cereals

The Potential for Enzymes?

100 |
90
80-
70-
60
50
40 -
30+

% AMEN/GE

NN N NN

CORN WHEAT BARLEY SBM
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1. Amount of dietary phytate

8/26/2018

The available phosphorus gap in cereals
The potential for enzymes?

/100

80

60

% aP/tP

40

20

KO

A

A

A

—\

Corn

Wheat

Barley

SBM /
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1. Amount of dietary phytate

8/26/2018

Liberated digestible P, g / kg

Effect of Phytate in Ingredients

4,5
4
3,5
3
2,5
2
1,5
1
0,5

Phytase dose, % of standard

===\ heat bran, heat treat

== Rapeseed meal

sl Sunflower meal

=== Soybean meal

=4==Palm kernel expeller

=0=Maize

====\Nheat, heat treated

- Barley, heat treated
Barley

={==\Nheat
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2. Source of phytase / phytase catalytic properties

IPB Phytase P

IPE or IPS have a much greater chelation capacity for Ga than IP4 or IP3.
Indeed, [P3 has only 10% of the chelation capacity of |Ph.

8/26/2018
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3. Digesta solution pH (Optimum at pH 2.0-4.5)

8/26/2018

Crop
4-6
Proventriculus Colon
2-5 7
Small Intestine
Gizzard 6-7.5
2-5
Duodenum
6-6.5
Neutral
3 4 5 6 7 8 9 10

25



3. Digesta solution pH (Optimum at pH 2.0-4.5)

8/26/2018

Relative Activity

110

100 “
90
80
70

20
10 1

0

60
ﬁu =
4u e
30

1 Ronozyme
2 —.-Natuphos
3 —Quantum

00 10 20 30 40 50 60 70 80 90 410.0

Reaction pH
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3. Digesta solution pH (Optimum at pH 2.0-4.5)

100 A --0-- Buttiauxella sp.
TN _ & - Escherichia coli 1

20 —m— FEscherichia coli 2
% 7 —o— Escherichia coli 3
e - - & - Citrobacter braakii
=
L
g
Y
i 40
=

8/26/2018
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3. Digesta solution pH (Optimum at pH 2.0-4.5)

8/26/2018
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4. Bio-catalytic reaction (Km, Vmax)

Leonor Michaelis

Michaelis Menten kinetics

— Vmax represents the maximum speed rate achieved by the
reaction, at maximum (saturating) substrate concentrations.

Maud Menten

Reaction velocity v

Substrate concentration [S]

Phytate

8/26/2018
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4. Bio-catalytic reaction (Km, Vmax)

Speed of reaction at pH 3

I—
1500
1400 1380
1300
1200
m
£ 1100
> 1000 1010
1000
900 330
700
Opti Phos Quantum Blue Axtra Phy Ronozyme Hi-Phos

Vmax (velocity maximum) = amount of P (umol) released in 1 minute
by 1 mqa pure enzyme and at an overconcentration of phytate.

8/26/2018
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4. Bio-catalytic reaction (Km, Vmax)

The maximum speed of phytic acid

degradation (Vmax) of different phytase sources

at pH 3.
1600
1380
= 1400
=
s 200 1095 [
oo 1000 1010
& 1000 - —_—
2 830
= 800 — —_—
E
o 600 — —
o
E
= 400 - —
=
E
= 200 — —
h = 1 1
m E. coli phytase by T. reesii B Buttiauxella phytase
m C. braakii phytase W E. coli phytase by S. pombe

8/26/2018

OptiPhos
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5. Pepsin (Protease) Resistance

Optimal pH range, residual activity to gastric pepsin exposition of several commercial phytases
used in animal nutrition.

Donor organism Expression organism Type Optimal Residual activity to Study’
(initial cleavage) = pHrange  pepsin (%)

Peniophora lycii Aspergillus oryzae 6-phytase 4.5-5.5 6; 34 1,2
Aspergillus niger Aspergillus niger 3-phytase 4.5-5.5 47 2
Escherichia coli Pichia pastoris 6-phytase 4.0-5.0 90; 93 1,2
Escherichia coli Pichia pastoris 6-phytase 4.0-5.0 95 3
Escherichia coli Pichia pastoris 6-phytase 4.0-5.0 97 3
Escherichia coli Trichoderma reesei 6-phytase 3.5-5.0 98; 91 2
Escherichia coli Schizosacch. pombe 6-phytase 3.0-5.0 92 2
Buttiauxella sp. Trichoderma reesei 6-phytase 3.0-3.5 85; 81 2,3
Citrobacter braakii ~ Aspergillus oryzae 6-phytase 3.0-4.5 92; 64 2,3

1 1 = Morales et al. (2011): pH 2.0, 16 °C, 180 min, trout pepsin:phytase ratio 5,000 PU:FTU. 2 = MenezesBlackburn et al. (2015): pH 3.0, 37 °C,
45 min, porcine pepsin incubating 20 mFTU and 3,000 U of pepsin. 3 = Unpublished data (own elaboration): pH 2.0, 39 °C, 180 min, porcine
pepsin:phytase ratio 9,000 PU:FTU.
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5. Pepsin (Protease) Resistance

Pepsin Resistance Differences Among Commercial Phytases
(2 h incubation at pH 2 at 37°C)

60
40

Relative Activity, %

N
=

=)

0 0.002 0.004 0.006 0.008 0.01 0.012
Pepsin / phytase ratio
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6. Heat and moisture stability during feed processing

8/26/2018

Stability of Phytases in broiler feed

pelleted at 90°C

: Results
100%

86%

90%
80%
70%
607%
50%
40%
30%
20%
10%

0%

m RONOZYME HiPhos

49%

® Quantum Blue 5G

Optiphos 2500

—_mPhyzyme XP TPT
~ AxtraPhytase

1
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6. Heat and moisture stability during feed processing

8/26/2018

Recovery of phytase after pelleting at different
conditioning temperatures

120

100

80

60

Recovery (%)

40

20

0

\

TN

mash

75°C

80° C

85°C

95°C

OptiPhos® CT

100

102

89

76

38

——Quantum blue®

100

90

70

53

32
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8. Synergistic effects of other Feed Additives (acidifier)

500 FTU/kg

Citric acid Phytase 1aD3
Dietary supplement

8/26/2018

Ci+Phy+D3

(Snow et al., 2004)
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9. Dietary factors (minerals, vitamin D3 content)

% Phytase relative Activity

8/26/2018

120

-20 -

F~=..-2+ Concentration (ppm)

30

Proteinate

Glycinate

AA Chelate
Polysaccharide Complex

Sulphate

Santos et al 201557



10. Combination of enzymes

Red: phytate
Blue: protein
Green: carbohydrate

8/26/2018
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11. Phytase dose

Effect of Phytase Dose

The Potential of Super Dosing

8/26/2018



11. Phytase dosage

8/26/2018

Available P release (%)

0.25 -
ZONE 1 ZONE 3
0.2
0.15 -
0.1 -
ZONE 2
0.05 -
o 1 1 1 ' ] 1 ' 1 1 1 T 1]
O o & o “ O A “ o A © 5 A0
VO NNV N QNN
S O o oY O Y ov O QY o? O o?
Phytate-P (%)

3000 FYT/kg
2500 FYT/kg
2000 FYT/kg

1500 FYT/kg
1000 FYT/kg

500 FYT/kg
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11. Phytase dosage

0.25 -
ZONE 1 ZONE 3
0.2 - 3000 FYT/kg
2500 FYT/kg
ﬁ 2000 FYT/kg
L 1500 FYT/kg
% 0.15 - 1000 FYT/kg
E
a
a)
2 01 500 FYT/kg
S
< ZONE 2
0.05 -
n 1 I I I I ] i 1 1 1 1
S R I SRR R R R SRR
“9' O ﬁg © QT" o n:"' 9 ﬁ} O Q'J" © Q?J Qo Qﬂ"‘, ©

Phytate-P (%)
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11. Phytase dosage

8/26/2018

Available P release (%)

0.25

0.2

0.15

o
=

0.05

J

ZONE 1 ZONE 3
ZONE 2
Q0 o & O I I I I I R I R I ¢
P OPIN NNV NVNIINDP N
o O P oY O ¥ oY O Q¥ o? 7 Q7
Phytate-P (%)

3000 FYT/kg
2500 FYT/kg
2000 FYT/kg

1500 FYT/kg
1000 FYT/kg

500 FYT/kg
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11. Phytase dosage

8/26/2018

P liberation and release

——

P liberation continues
to increase whereas
other nutrients reach a
plateaux

of other nutrients
proportional

V

500 1000 1500

e 3vailable Phosphorus
e Digest. Methionine
Iron

Sodium

w— Digest. Met + Cys
= Digest. Iso-leucine
e Digest. Valine
Manganese

2000 2500 3000

e Protein
= Digest. Tryptophan
Copper
Digest. Lysine
= Digest. Threonine
= Digest, Arginine
s 71N C

MJ, ME
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11. Phytase dosage

8/26/2018

Traditional phytase hydrolyses less than 0.3 of dietary phytate
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11. Phytase dosage

Exogenous phytase Exogenous phytase, endogenous phytase, or microbial phytase

P, —> Ip, —> P, —> P, —> Ip, ——> [P, ——> IP

N N N N N N

Pi Pi Pi Pi Pi Pi

Hexaphosphate Pentaphosphate Tetraphosphate Triphosphate  Diphosphate Monophosphate Myo-inositol

Most reactive > _
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11. Phytase dosage

inositol

Intestinal or Blood
Phosphatase
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11. Phytase dosage

The effect of phytase supplementation (012,000 FTUkg~") on growth performance, nutrient utilisation, bone mineralisation, enerey utilisation and total tract phytate-P
degradation in broilers (adapted from Shirley and Edwards, 2003)

Phytase Growth performance Coefficient of Tibia AMEn Phytate-P disappearance
(FTUkg™ ly nutrient retention ash(g)  (MJ kg" ) (coefficient)
Weight gain ~ Feed intake FCR(gg™) Ca P N
(g/bird) (g/bird)
0 287 381 .32 045 0510 0584 26.0 1346 0403
375 399 490 .23 0423 0538 0689 289 1397 0495
150 424 505 .19 0441 0608 0721 29.7 14.13 0.584
1500 459 58 .19 0423 06M 0745 M3 14.20 0.652
6000 494 580 .17 0495 0777 0769 386 14.28 0.849
12000 3135 595 .15 053 0797 0717 40.7 14.29 0.948
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11. Phytase dosage

CELL SURVIVAL AND GROWTH

myo-inositol is essential for
growth and survival of cells

REPRODUCTION

myo-inositol restores normal
ovulatory activity

Increases oocyte and egg quality

Increases fertilization rate, sperm
motility and mitochondrial
membrane potential in vitro

OH .
myo-inositol

OSTEOGENESIS

myo-inositol increases Ca
in bones, Increases bone
strength and is essential
to bone formation,
osteogenesis and bone
mineral density

8/26/2018

CENTRAL NERVOUS SYSTEM

myo-inositol is essential for the
development and function of
peripheral nerves

METABOLISM

myo-inositol increases insulin
sensitivity and decrease cholesterol,
in the blood

myo-inositol decreases white adipose
tissue deposition, increases muscle
protein accretion and induces a
growth promoting effect
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11. Phytase dosage
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Dietary MI sources
free MI
inositol phosphates
phospholipids

SMIT,, intestine

De novo M1 Body Renal MI
biosynthesis :> MI <:| reabsorption
Plasma
MI ~ 30 pM (human)
InsP, 0.1 -0.4 uM (human)
SMIT2, brain, kidney
SMIT1, brain, kidney
HMIT, brain
Ml in
tissues and cells
/ 1 MI as osmolyte in
i brain, bone
InsP, in - ’ .
§ Pi K marrow and liver
1 1
erythrocytes : PI:K
:
v
PLC Pi _‘K
Second 1P PIP, — PIP, Second
messenger messenger
Ca’ release PTEN endocrine

DAG

signalling

Membrane phospholipids

Cell migration, signal transduction, trafficking
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12. Particle size and mixability of commercial phytase
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12. Particle size and mixability of commercial phytase

per g of product

Commercial Commercial ‘Commercial
phytase | phytase I phytase Il
Phytase activity, fyt/g 10’000 10°000 50°000
~ Dose, g/ T feed 150 100 20
Average particle number 14’000 - 16’000 12’000 - 14’000 159’000

Number of particles per dose approx. 2.2 approx. 1.4 approx. 4.8

(150g / 100g / 50g/ 20g)

Average particle size (mm) 0.45 0.49 0.23
< 0.05mm 0% 0% 0%
0.05 -0.15mm 0% 0% 6%
0.15 - 0.25mm 2% 1% 55%
0.25 - 0.425mm 42% 31% 38%
0.425 - 0.60mm 40% 38% 38%
0.60 - 0.85mm 15% 24% 1%
>0.85 1% 6 % 0%

Bulk density (kg/l) 1.08 1,2 0.87

Dusting, mg on Heubach1 0 0 0

Flowability Good Good Good

8/26/2018
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13. Water pH and temperature

o5

v Water pH <6

* Water temperature <20°C

8/26/2018
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14 . Functionality of GIT
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NSPase
Xylanase, B-mannanase |

] >

Reduce Enteric

Mucin Secretions

!

}

Increase Degradation of
NSP to Oligosaccharides

\4

Reduce Digesta
Viscosity

l

Increase Fecal Dry
Matter and Dryer Litter

Decreases
Endogenous
Secretion and
Nutrient Loss

1

Enhance Gut
Morphology
Development

1

[ PHYTASE ]—

!

Reduce HCI and
Proteolytic Endogenous
Enzyme Secretions

Increase Apparent
Nitrogen Retention

Improve Phosphorus

Better Nutrient Digestion,
Absorption, and Utilization

Improve
<41 Nitrogen
Utilization

and Calcium Retention

1

]

Reduce Gut Maintenance
l Nutrient Requirements
v

Reduce Ammonia
Emission and Minerals
Leach into the
Environment

Environment

Sustainability

>
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