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21th Amino Acid
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Some amino acids metabolites are useful feed additive to diets for
Animals to improve intestinal health and the efficiency of nutrient utilization

Esterification and N*-Dehydrogenation of c-AA

An example for esterification and N®-dehydrogenation of an o-AA is the chemical
synthesis of lauric arginate (ethyl-N“-lauroyl-L-arginate hydrochloride) from L-argi-
nine monohydrochloride, ethanol, and lauroyl chloride. This reaction is initiated by
thionyl chloride (SOCI,)-catalyzed esterification of the carboxyl group of L-arginine
hydrochloride with ethanol in the presence of a base (NaOH) to form ethyl arginine
dihydrochloride, followed by its condensation with lauroyl chloride to finally yield
lauric arginate. This substance is a novel cationic surfactant that has a potent antimi-
crobial effect. Thus, lauric arginate (e.g., 200 ppm) is now used as a safe preservative
in food and beverage industries. It may also be a useful feed additive to diets for
animals (e.g.. weanling pigs) to improve intestinal health and the efficiency of nutri-
ent utilization.

L-Arginate-HCI
I

- T
CH3—(CH,) - ED—NH—?H—[EHE}B—NH—tF:NH -HClI
b — A _
Lauroyl =) NH,

I"'“'|""“"““"""":
i OCH,CH; ... Ethyl
Ethyl-N"-lauroyl-L-arginate hydrochloride
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Amino Acids as a sole source of energy

The products of protein digestion are either utilized by microorganisms in the
gastrointestinal tract or absorbed into enterocytes. Inside these cells, oxidation of
AA is the major source of energy to support their high metabolic rates.

6/15/2021
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40 years ago

LOHMANN
CUXHAVEN
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Performance data LOHMANN BROILER Parentstock
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Recommended Nutrient Levels for Lohmann Broiler Parents

ModeratoClimate | Watm Cimase
Starter and {av. 18°C) (av.24°C)
(stiobthweek) | (TNI021stwoek) | (after2istweek) | (afier 218t woek)
(Necorr) 2750 2700 2,700 2700
i 1,250 1225 1225 1,225
18 13 13 13
52 51 5.1 51
185 180 16.0 175
10 10 30 3z
07 o7 06 065
045 045 035 0.38
014 014 a4 015
0.3 042 043 0.3
067 0.56 0.58 063
095 075 0.72 079
130 - 080 092 1.00
020 017 017 018
14 2 15 18
..... = . e = " »
1 15000 6804 | 15000 6804 | 16500 7.484
2500 113 | 3000 1381 | 3300 1497
10 45 20 s 3 150
3 14 3 14 4 16
1 05 2 08 2 R
5 23 i as 0 45
3 14 4 14 4 20
10 48 20 a1 2 100
8 36 18 82 20 0.1
40 181 0 181 44 200
1 05 1 05 1 0s
S0 227 100 454 10 Wy
400 w4 %00 2288 | 550 '
WS 587 | 126 567 150 -
{ +* -
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2016 vs 2021
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ROSS Parent Stock Nutrition Specification
2016 vs 2021
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metvionine +cytne | % | osa | o7 |
fveonine | % | o7 | oes |
otevare | % | 07 | o |
roprophan | % | o1 | o1 |
T S I | R

coum [ % |1

Potassium % 0.40-0.90 0.60-0.90
IADDED TRACE MINERALS PER KG

loge | mg | a5
Manganese | me | 120 || a0 |

Zinc 110
Wheat based Maize based
feed feed

Viamnos | w | sso0 | ss00 |
VicaminkcMermcione) | ms | s | s ||
wootanez | me | e | e |
pantothenicacs | ms | 13 | a5 |

ADDED VITAMINS PER KG

Linoleic Acid % 1 il 215
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2016

Pre Breeder

2021

Pre Breeder

Energy per Kg 2700
AMINO ACIDS Total Digest

Digestible
049 |
Histidine % | - -

0.18-0.23 0.18-0.23

Potassium % 0.60-0.90 0.60-0.90
ADDED TRACE MINERALS PER KG

odne | mg | 225 || 5

Zinc mg
Wheat based Maize based
ADDED VITAMINS PER KG feed feed

[ —
Riboflavn®z) | mg | & | 6 |
T

Vitamin B12 mg 0.02 0.02
MINIMUM SPECIFICATION

Linoleic Acid % 1 1.25
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2016

2021

Energyperkg | Keal | 2800
Methionine + Cystine | % | 067 [ 059
Threonne | % | o055 | 049
soleucine | % | o056 [ 05
Tryptophan | % | 016 [ 014
Histidine % | - -

Calcium | % | 3 |
sodium | % | 0.18-0.23 0.18-0.23

Potassium % 0.60-0.90 0.70-0.90
ADDED TRACE MINERALS PER KG

Manganese | mg | 120

Zinc mg
Wheat based | Maize based
ADDED VITAMINS PER KG feed feed

Vitamin k (Menadione) | me | s | s || o |
Ribofiavin(82) | mg | 12 | 12 |
Pantothenicacd | mg | 13 | 15 |
Botn | mg | 03 | oz || oe |

Vitamin B12 mg 0.03 0.03 0.07
MINIMUM SPECIFICATION

Linoleic Acid . 2
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PRINCIPLES

BEHIND THE NEW
PS SPECIFICATION

21
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Aviagenr

J— 2021 Parent Stock
Nutrition Specifications

o -, Global Nutrition Team

td Vb
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Qutline

« Principles behind the New Specifications
« 2021 Parent Stock Specifications

— Overview and 2016 vs 2021 comparison
— Feeding phases & dilution

— Amino Acids

— Trace Minerals and Vitamins

— Egg size and Hatchability support

« Our Message

6/15/2021 23




How does Aviagen establish new PS
Specifications?

 Modelling — Aviagen has developed sophisticated models to
estimate energy and amino acid weekly requirements on a feed
intake basis considering growth, maintenance, production and
egg composition

» Trials — Information derived from modelling, in particular amino
acid levels, are then tested in experimental flocks

« Field experience — Aviagen nutritionists working closely with key
customers

6/15/2021 24




Basic Principles

« Broiler performance lmprovements are largely a result of
increased protein

« Our products are at every generation on
the breeding pyramid: this has to be managed on a breeder level
If optimal results are to be achieved

« KEY to Aviagen PS nutrition: Controlling Lysine intake to
requirements and age

6/15/2021 o5
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Feeding Programm

Ross 308

2016
Feed allocation was calculated based on dietary energy of 2800
kcal/kg. However, any customer adopting the 4 stage program had to 2 Stages L
recalculate feed volume. Vitamin levels adjusted to EU Legislation g

L

3 Stages
. g - L

4 Stages diluted rearing diets
g L
Separate Male Diet
2021
2 Stages
Feed allocation calculated based on a common dietary energy of 3 Stages
2800 kcal/kg across all feeding strategies. Vitamin levels adjusted to

support chick quali [ ]

4 < 4 Stages
L ]

5 Stages

Adjusted to 2800 kcal/kg. .
/kg Separate Male Diet

-
A"t Fir1l f T TS
A AW Loz -1 L

6/15/2021
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Nutrient allocation at peak*

*Slow feathering In-Season

NUTRIENT

NUTRIENT ALLOCATION AT PEAK

Energy (kcal/bird/day)

468

DIGESTIBLE AMINO ACIDS (mg/bird/da

Lysine

Methionine
Methionine & Cystine
Threonine

Valine

Tryptophan

Arginine

Leucine

Iscleucine

Histidine

MINERALS (mg/bird/day)

Calcium
Available Phosphorus

1036
919
1070
251
1421
1588
869
501

5014
602

27



3500

- Female 0 to

weeks

s++ere Global 2016 BW (g)
— 5lobal 2021 BW (g)
s+see4 2016 ME intake (Kcal/bird/day)
e 7021 ME intake (Kcal/bird/day)
s+esus 2016 dlys intake (mg/bird/day)
s 7021 dlys intake (mg/bird/day)

In rear, less dLys : increased efficiency, focus on
optimising body conformation

6/15/2021
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4500

3500

2500

2000

1500

1000

2016 vs 2021, Male 0 to 26 weeks

B00

— supply in the first 6 weeks to support early male development

1T— development. Reduced dlys from 6-20 weeks due to efficiency and focus on

*  ME — marginally less energy supply over rear, efficiency, BUT increased

* dLys —increased supply in the first 4 weeks to support early male

optimising body conformation

oooooo Global 2016 BW (g)

+vesves 2016 ME intake (Kcal/bird,/day)
. 7071 ME intake (Kcal/ bird/day)

...... 2016 dLys intake (mg/bird/day)
e 7021 dLys intake [mg/bird/day)

a— (Slobal 2021 BW (g] —

F 700

- 800

- 500

- 300

- 200

- 100

0 1 2 3 4 5 [ 7 B 9 10 11 12 13 14 15 16 17 18 19 20 pak 22 23 4 25 16

6/15/2021
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2500

2000

ME — marginal increase to support high peaks of production
dLys — increased supply in the first period of production and at
peak to support EWs. Reduced dlys from 32-36 weeks due to
efficiency and the need to control BW and EWs. This reduction
is achieved by earlier introduction of Breeder 2

+arens Global 2016 BW (g)
Global 2021 BW (g)
+++evs 2016 ME intake (Kcal/bird/day)

2021 ME intake (Kcal/bird/day)
wssess 2016 dlys intake (mg/bird/day)
s 2021 dLys intake (mg/bird/day)

=T T T T

22 13 24 15 W

6/15/2021
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T
32

33 34 35 36

T
37

38 38 40 41

T
42

43 44 45 46 47 48 43 50 51

T
52

53 54 55 56 57 58 58 60 61

T
62

1100

- 1000

- 900

- BOO

- 700

r 600

+ 500

- 400

300
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4500

3500

2016 vs 2021, Male >22 weeks

------ Global 2016 BW (g)

------ 2016 ME intake (Kcal/bird/day)

2021 ME intake (Kcal/bird/day) * dLys — significant reduction, of course related to efficiency BUT ——
------ 2016 dlys intake (mg/bird/day] also from 2016 investment in amino acid modelling. Please note,

= 2021 dlys intake (mg/bird/day) lysine requirements for maintenance are virtually zero

Global 2021 BW (g)

*  ME— marginally less energy supply over the whole of production,
due to increased efficiency

+ 1550

1350

- 1150

- 950

- 750

...................
.................
............................
.................................
....................
---------------
-----------
............

F 550

- 350

L L
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 3B 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 34 55 36 57 5B 59 60 61 62
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Global 4-stage & 5-stage Rearing Program

Ross 308
2016
Starter 1 | Starter 2 Grower Pre-breeder Breeder 1 Breeder 2
Age Fed 0-21 day 22-35 36-105days | 106 days to >5% 246-350 days
days production to
Energy per kg* keal 2800 Additional control of Introduction of Developer phase
DIGESTIBLE AMINO ACIDS DLysine in grower. to (15-20 weeks) to support feed
: control breast deposition volume, uniformity, feather
Lysine (max) % 0.95 favor fat reserves and development, and fat deposition.

uniformity Additional control of Lysine

Crude Protein (min) 19.0

2021 Higher AA density focusing on early
development.
Starter 2 Extended until 6 weeks.

SOPPORTING MALE Pre-

Grower | Developer

DEVELOPMENT TOO! breeder
Age Fed 43-105 106-140 106 days to
days days 5%
production

Energy per kg* 2800 2800 2800

Lysine (max) ) 0.52

Additional control of
DLysine in Pre-breeder:
to control breast
deposition, favor fat
reserves and uniformity.

Crude Protein (min) %

Aliagenr
6/15/2021

Real Pre-Breeder phase

Breeder 3
After-351
days

2800

0.52

13.0

DLysine Increases to
support early egg size.
Feed change anticipated
32 weeks to avoid
excessive BW gain.

focusing on better calcium

reserves, breast development
control, feathering maturity, fat
deposition, and egg size
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ey Concep
‘Starter 1| Starter 2 | Grower | Developer ‘ Pre-breeder | Breeder 1 ‘ Breeder 2 |Breeder 3‘
2016 ME/dLys 2947 4179 5000 - 5192 4667 5000 5385
2021 ME/dLys ‘ 2800 3889 5385 - ‘ 5714 4516 ‘ 5000 5385 ‘
2021 ME/dLys 2800 3889 5385 5625 5833 4516 5000 5385

6/15/2021

Mg of dLys / Kcal of Energy

Mg of dLys / Kcal of Energy
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Amino Acid Profile in Rear

Focus on
* Digestible values NOT total; accuracy and cost effectiveness
* |mportant enrichment of amino acids other than dLysine,
supporting:
* |Immune System
* GIT function
* Bone, Tendon, Skin Integrity
* Feather development
* Behavior & Welfare

Agen'

6/15/2021 34
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Amino Acid Profile in Rear

Global 5 Stage Feeding Program Comparison in Rear

2016 2021 2016 2021 2016 2021 2016 2021 2016 2021

' Starter1 | Starter1 [ Starter2 | Starter2

Energy per Kg 2800 2800 | - | 2800 ]| 2700 | 2800
Energy per Ib 1271 1271 1179 21 - | 1271 [ 1225 | 1271
~ |Amino ACIDS

Methionine +Cystine | % | o074 ' o084 [ o059 ! o0es | o0s2 - o082 | 053 & 05 | 051 & 0% |
Threonine | % | 066 CR A Y 06 | o044
soeucine | % | o0e2 07 [ o055 | 05 | 04 | 047 | 013 045 | 041 g 043 |
Toptophan | % | o046 [ o018 [ o015 ] 018 | o012 | o015 | o075 | o045 | 013 | 015 |

Histidine % 0.43 0.32 0.26 0.23

1K

7N
Aviagerr
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Should We Formulate on CP or
Digestible Amino Acids?

6/15/2021 36
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Feathering as an example of
the importance of CP mins

PRO
9,2%

THR

LEU

GLY
7 0%
HIS N

TRP §
MET

stilborn et al. (1997). Journal Applied Poultry Research

Essential: 41.6%

N-source
Non-essential: >55.3%
needed!!

6/15/2021

CYS
Cyst(e)ine 7.5%
Arginine 6,6%
Aspartic Acid 6,5%
Valine 6,1%
Threonine 4.8%
Phenilalanine 4.7%
Iso-leucine 4.,6%
Alanine 4.1%
Tyrosine 2.6%
Lysine 2.0%
Histidine 0.7%
Tryptophan 0.7%
Methionine 0,7%
TOTAL 51.6%

37
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ngher feed aIIocatlon —> Ionger clean -up time — Better BW unlformlty
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Energy Energy in Feed Energy Energy in Feed Energy Energy in Feed Feed
Requirement Feed kcal/kg g\l'l')?rcda/gg; Requirement Feed kcallkg g/'t']?rzalzgg Requirement keallkg g\/ltl)?rcda/t(;g;
ME/bird/day ME/bird/day ME/bird/day

0 40 2800 2800 14 40 2800 14
1 55 Energy Requirement / 2800 20 55

2 71 energy in feed 2800 25 Enerav Reaui t/

3 85 (168*1000)/2800=60 2800 30 gy mequiremen

4 95 2800 34 energy in feed

5 104 2800 37 (168*1000)/2600=65

6 111 2800 40

7 120 2700 44

8 129 2700 48

9 138 2700 51

10 148 2700 55

11 158 ) 2700 59

12 168 2800 60 168 2700 62

13 178 2800 64 178 2700 66

14 187 2800 67 187 2700 69

15 199 2800 71 199 2700 74

16 212 2800 76 212 2800 76

17 225 2800 80 225 2800 80

18 239 2800 85 239 2800 85

19 254 2800 91 254 2800 91

20 269 2800 2800 96

21 282 2800 101
22 295 2800 105
23 307 2800 110

6/15/2021




Higher feed allocation —s Higher Nutrient Nutrient Dilution

Grower | Energy /nutrient ratio Grower Grower
Energy per kg keal 2800 2700 2600
Crude Protem % 14.0 200 13.5 13.0
(min)
Digestible lysine % 0.52 5385 0.50 0.48
Digestible o
Mothionine %o 0.36 7778 /
Calcium % 0.90 3111
Copper mg 175
Vitamin A IU 0.215

Energy + Nutrient Energy + Ratio

Energy = Ratio

2600+ 5385 =0.48

6/15/2021 40




viessage on Feed Dilution
» Specifications are given in terms of nutrients per 2800 Kcal of energy.

* Nutrient values must be adjusted proportionally to reflect the feeding of different energy
levels. This is especially important when considering digestible lysine.

« Feed allocation provided in the performance objectives should be adjusted proportionally
to any change in the energy density.

» Feed volume is an important tool that can be used to lengthen feed clean-up times and
prevent bodyweight uniformity loss in rearing period even when multiple grading sessions
are adopted.

+ Lower dietary energy density Pullet Grower can be achieved by using a combination of
lower energy diluent ingredients (e.g. wheat middlings, wheat bran, rice mill-feed, rice hulls,
oat hulls, soya hulls, etc... ).

Agerr

6/15/2021 41
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3 Golden Rules

» Aviagen’s advice for dLys should be considered as a strict Maximum,
excess lysine excess BW

* Aviagen’s advice for the other essential amino acids are strict Minimums,
being under will predispose flock to sub optimal conditioning

» Aviagen’s advice for CP is a strongly advised minimum, to ensure the

non essential amino acids (performing very important functions in tissue,
organs etc) are in adequate supply

A\’fi\agen'

6/15/2021 42



Amino Acid Profile in Lay

Focus on

* Supporting egg output

* Early and Late Egg Size

* Egg Composition

* Hatchability & Chx Quality
* Feathering Status

A@gen

6/15/2021 43



Amino Acid Profile in Lay

Feeding Program Comparison in Lay

2016 2021 2016 2021 2016 2021

| Breeder! | Breeder! | Breeder2 | Breeder2 | Breeder3 | Breeder3

1270 1271 1270 1271 1270 1271
AMINO ACIDS Digestible Digestible Digestible Digestible | Digest | Digestible

WMethionine + Cystine | % [ 059 | 062 | 057 | 057 | 054 | 05
Threonine | % [ 049 | 055 | 047 | 053 | 047 | 051
Isoleucine | % | 05
Tryptophan | % [ 014 ] 015 | 013 [ 014 | 012 | 013 |

Histidine % = 0.3 = 0.28 = 0.26

6/15/2021 P 44
Aviagernr




2016
Starter 1 Starter 2 Grower Pre-Breeder Breeder 1 Breeder 22 Breeder 3°
) . ) ) 106 days to | 5% production
Age Fed days| 0-21days da 36-105 days 5% production | to 245 days 246-350 days | After 351 days

MINIMUM
~Increase levels of choline in
rear to support skeletal and
feathering development.
Linoleic Acid as an adjuvant
of immunological responses.

1200
1.00 . Increase of choline

and linoleic acid in lay
to support feathering,
egq size, hatchability
and chick quality

bwer | Developer | Pre-Breeder
106 -140 5% prod
Age Fed days |0-21 days o | “days 5% pradhection | to 524 days
MINIMUM SPECIFICATION
Choline per kg mg 1400 1600
Linoleic Acid % 1.25 2.00

6/15/2021 ~ 45
Aviagenr
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2016

2021

Trace Minerals

ADDED TRACE MINERALS PER KG Rearing Feeds Laying Feeds

lodine | mg | 125 . l_____2 |
Increased levels of lodine and
Manganese | mg | 120 |

Zinc to support general

EZ S B T BRI cteoolism and feathering.

Equalized levels of Copper

aying Feeds

loine | mg | 2 | 3
Manganese | mg | 120 | 120
zne | mg | 120 | 120

ADDED TRACE MINERALS PER KG Raering Feeds

46



Vitamins

Wheat

ADDED VITAMINS PER KG based

feed

Vitamin D3 W [ 3500 | 3500 | 3500 | 3500 |
Vitamin k (Menadione  mg ([ 3 | 3 | 3 | 3 |

2016

IS Increased vitamin levels to support R -2 R - TN -
empryo development, hatchability S INETN NN T
and chick quality

No |0nger is there distinction

between Maze and Wheat feeds

Vitamin D3

Vitamin k (Menadione

2021

Riboflavin (B2

Pantothenic Acid

Vitamin B12

6/15/2021
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Aviagernr
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2021 Nutrient Specifications

* 0 to 6 weeks; The best possible start

— Increased amino acid, mineral and vitamin density to support early development

+ Male early development optimised, supporting leg health
+ Ensure optimal start for females including early feather development

» 7 to 20 weeks; Promote BW and biological uniformity

— Reduced dLysine while also increasing the other EAAs and NEAAs (via CP minimums)
supports

« Optimal body composition, uniformity, feathering and flock behaviour

+ 21 weeks to 5% production: Optimise sexual maturity and prepare flock for
production

— Further reduction in mg of dLysine / Kcal of energy, increased Ca,
» Allow continued control of fleshing & BW during the final period of development
* Opportunity to formulate on the same energy as the breeder 1, helps with stimulation

.
Aviagernr
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2021 Nutrient Specifications

* Production: Optimise number and quality of chx/hh

— Enrichment of amino acids, vitamins, and minerals to
support
« Optimal production and persistency
« Egg Quality
— Composition, Size, and egg shell

« Hatchability
— Chick quality
— Offspring performance
+ Continued feather support

6/15/2021 49




Our Specifications are Optimal for
Today, and for the Years To Come;
supporting the advancement of our
product’s Performance and Welfare
Traits...

6/15/2021 50
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NEW AVIAGEN'S
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| o fashioned

Breeder |
Corn 670.7 398.9 375.3
Corn gluten - - 7.3
SBM 224 173.3 173
Wheat - 274.7 329.2
Wheat bran - 29.8 -
Corn oil 9.1 25.3 17.2
MCP 11.7 11.9 12
CaCOs 72.5 72.5 72.6
Common salt 3.3 3.1 3.1
NaHCO3 1.8 1.7 1.6
K2CO3 - 0.6
Sup (Vit+Min) 5 5 5
DL-Met 1.6 1.9 1.7
L-Val - 0.3 0.1
L-Thr 0.3 1 0.9
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| Oldfashioned

Breeder |
ME (Kcal) 2800 2800 2800
CcP 15 15 15
Ca 3 3 3
Pa 0.36 0.36 0.36
Na 0.2 | Req 0.2 Req 0.2 Req
cL 023 0.6 023\ 0.62 J 23 ( 0.62
K 0.74 0.7 0.7
Lin A. 2.11 2.6 2.11
D-Lys 0.72 0.62 0.62
D-Met 0.39 0.39 0.39
D-M+C 0.62 0.62 0.62
D-Thr 0.55 0.55 0.55
D-Trp 0.15 0.15 0.15
D-Arg 0.94 0.58 0.58
D-Val 0.66 0.64 0.64
D-Leu 1.30 1.12 1.18
D-His 0.40 0.36 0.40
D-lleu 0.59 0.52 0.54
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Peroneus longus m,

Tibialis anticus m.

Extensor brevis m
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_ Comparison of amino acids composition of tissues and feathers in growing
broilers (adapted from Stilborn et al., 1997, 2010).
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Whole body amino acid composition of broiler breeder

O R, N W B Ul OO J o

Arg lle Leu Lys Met M+C  Thr Val

g/100g protein Poultry Si. 94:2715-2721
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Whole body amino acid composition of broiler breeder
Compare to Ross 308 (2021) requirement

g/100g protein

6 B Ross Req % in diet

4 0/5

W el ]

0 — 0
Arg  lle Leu

lys Met M+C Thr Val
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Body weight (g)

3500
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1500

Ross 308 Parent Stock - Laying Programme 18 - 64 Weeks

500 g Extra BW ——— maintenance requirement1

(99 BW°7°)/2800 = 20 g /feed /day
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