MBRENIIRIBTIZE 28 M kg
BN G2 R A R | MR IR

PHKE SEBREBHEE

= xB
ZJN /]




A (EE S R B4 OECD) MM & BB & R R 240 4(FAO) 155t - 6202043120304 - B4R
BEESRIEMN14% -

RBIKETENER SERA-HBIFTEZBRSFEEESBNEENRER - WEREEIEL
mMOBEBEK  WRSEEMR - B2 XKEETENEZAEMN -

Projected Increase in Livestock Commodity Production (2020-30)3

14% Qverall Increase from 2020-2030

Projected Increase (%)

Beef and Pork Poultry Sheep Milk Eggs Fish from
veal meat meat meat Aquaculture

Source: Health for Animals 2022 Outlook
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1084 5,467,684 9,996

1094 5,499,413 10,161

1105 5,473,337 10,086

ME 5,375,109 10,515

1125 5,242,261 9,870
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Enhancing immune response

Reducing pathogen load in the gut.

Stimulate establishment of beneficial gut microbes
Stimulate digestive function




Feed additives

EFSA 7348
> Nutritional feed additives

ANIMAL

Nutritional
FEED Jrrime=
ADDITIVES

» Sensory feed additives

» Zootechnical feed additives

» Coccidiostats Zootechnical
) o Additives
» Technological feed additives
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Many products for 1 purpose PEAS

*Nature-identical products

ENZYMES *Ess. oil products
«Xaylanase, beta-glucanase *Herbal extract products
Protease *Complex products |
*Beta-mannanase
ACIDIFIERS
PROBIOTICS «Formic, propionic, lactic,
*E. faecium, B. subtilis, SOFPiC, etc.
L. plantarum, etc. *Acid belnds
«Single strain Gut health *Ca-/K-salt
*Multi-strain
MCFAS
PREBIOTICS T =
Inulin 1
*FOS YEAST/YEAST DERIVATES COMBINED PRODUCTS
"Live yeast «Acids + EOCs
e|Inactivated yeast MCTs, SCEAS, EOs
*MOS *Org. Acids + EOs
*Beta-glucans *EOs + prebiotics

*Yeast fermentates
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« immunoglobulin » Organic& * probiotics e enzymes
. - fatty acids Inorganic acids * prebiotics
» B-glucan « essential olls
* herbs and spices
* prebiotics

 anti-microbial
peptides



FIGURE14  ANIMALGROWTH PROMOTERS AND PERFORMANCE ENHANCERS MARKET,

BY TYPE, 2021 VS. 2026 (USD MILLION)
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5
= 16,000.0 -
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% 8,000.0 -
=
0.0
Non-antibiotic Antibiotics
w2021 11,999.2 4,215.9
© 2026 17,282.7 4,133.3
CAGR 7.6% -0.4%

o

Source: World Health Organization (WHOQ), Center for Veterinary Medicine (CVM), Food and Drug Administration (FDA), U.S.
Department of Agriculture (USDA), Centers for Disease Control and Prevention (CDC), Food and Agriculture Organization of the United
Nations (FAQ), USDA Foreign Agriculture Service (FAS), Food Safety and Inspection Service (FSIS), Global Advisory on Antibiotic
Resistance Data (GAARD), Reservoirs of Antibiotic Resistance (ROAR), Annual Reports, Expert Interviews, Investor Presentations, and
MarketsandMarkets Analysis



FIGURE16  ANIMAL GROWTH PROMOTERS AND PERFORMANCE ENHANCERS MARKET,

BY ANIMALTYPE, 2021 VS. 2026 (USD MILLION)
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Market Size (USD Million)

B

Aquatic Animals Others

Poultry Livestock Swine

G

m2021

4,965.5

4,878.7

3,584.7

1,763.5

1,022.8

2026

6,669.2

6,631.7

4,653.3

2,296.7

1,165.1

CAGR

6.1%

6.3%

5.4%

5.4%

2.6%

Source: World Health Organization (WHO) Center for Veterinary Medicine (CVM), Food and Drug Administration (FDA), U.5.
Department of Agriculture (USDA), Centers for Disease Control and Prevention (CDC), Food and Agriculture Organization of the United
Nations (FAQ), USDA Foreign Agriculture Service (FAS), Food Safety and Inspection Service (FSIS), Global Advisory on Antibiotic
Resistance Data (GAARD), Reservoirs of Antibiotic Resistance (ROAR), Annual Reports, Expert Interviews, Investor Presentations, and
MarketsandMarkets Analysis



FIGURE15 NON-ANTIBIOTIC GROWTH PROMOTERS AND PERFORMANCE ENHANCERS

MARKET, BY TYPE, 2021 VS. 2026 (USD MILLION)
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Other Non-
antibiotic
Prebiotics and . . Growth
Probiotics Acidifiers Phytogenics Feed Enzymes Hormones Promoters and
Performance
Enhancers
m2021 3,902.6 3,603.3 1,797.4 1,602.9 407.4 685.6
m 2026 5,638.1 5,252.2 2,569.7 25241 411.3 887.4
CAGR 7.6% 7.8% 7.4% 9.5% 0.2% 5.3% .
Source: World Health Organization (WHO), Center for Veterinary Medicine (CVM), Food and Drug Administration (FDA), U.5. e

Department of Agriculture (USDA), Centers for Disease Control and Prevention (CDC), Food and Agriculture Organization of the United
Nations (FAQ), USDA Foreign Agriculture Service (FAS), Food Safety and Inspection Service (F515), Global Advisory on Antibiotic
Resistance Data (GAARD), Reservoirs of Antibiotic Resistance (ROAR), Annual Reports, Expert Interviews, Investor Presentations, and
MarketsandMarkets Analysis



EnzymesiiZ =

Xylanase, B-glucanase, f-mannanase, protease, amylase, phytase
AR - B-BE R AERS - B-HEER MRS - S0 - Bls - Bk

Lo

Increase in digestibility of energy, nutrients & minerals through breakdown
of particular substrates BB RN EEBIRSIEE - EERMNMEYER
HIEZE

NSP enzymes: reducing viscosity F&IE5E A S ihE

Phytase and NSP enzymes standard in broiler diets, increasing use in pig

diets ERLEEFI NSP B8 2 A IMERZEHiE - FEHEeZ#EH

Issues: Thermostability &2




Acidifiers 12/
« Organic and inorganic acids and salts

Acetic, benzoic, butyric, propionic, citric, formic, propionic, lactic,
malic, sorbic, Ca formate, K diformate £ & X - T - R -
EERE - B - A - 2L ERE - LA - PR - PR

« Reduction in pH & buffering capacity in feed and GIT FF{ESEE pH
ANIE NN gl A2 & BE

- Direct anti-microbial effect against Gram-/+ bacteria ¥ &8 K-/+E E
ENEER

- Standard in most piglet diets XZ /{75 Hig & Z &AM

12



Probiotics & Yeastz= £ F& fEE

* Viable microorganisms to establish a beneficial gut
microbiota, particularly in young animals & MEMET A=
N EWMEDEF - HAlEENEFHNYF

e Bacillus, Bifidobacterium, Enterococcus, Lactobacillus,
Pedlococcus SaccharomycesZFEFEE * EFEE - 15

f—_ki_l Lﬂﬁjt:':-l ):IIE__ki_A‘ E%E

« Competitive exclusion?z == HEfF

=

=1

I

!+

e Immune modulation% &z &n

* Issues: Thermo-stability &2

13



Prebiotics Z22 £ &

Non-digestible oligosaccharides selectively stimulating the beneficial

microbiota. A Z#BOB{ERNERE

Fructo-oligosaccharides (FOS),

EEEREmWMEDEFR -

Inulin, trans-galactosyl-oligosaccharides

(TOS), 4’-galactosyllactose (GLL), isomalto-oligosaccharides (IMO),

raffinose, lactulose, lactitol (B2 REE - #lE - KIVERFEEE - 4 -3

RS

EERE  BEELZFE - B0E - FLRE - S -

Effective concentrations required usually exceed commercial use levels

in feed. BRUEE BT BEEREIC

TR EEERHE -

14




Phytogenic Feed Additives (PFA) &Rl

Sensory properties & B %514
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Composition of Phytogenic Feed Additives

Complex products

» Products are usually made of one or more compounds originating from herbs & spices,
volatile extracts (essential oils), non-volatile extracts or pure substances. & [RiRHE &

fER -

= Many commercial Phytogenic feed additives are powdered, others are granulated or
encapsulated using fat or wax. DAfn>K - $EUsL BB M B (£ -

* Rule of thumb: The more compounds, the more chemical ingredients (= higher number
of active principles and lower level of standardization). B 7% - EIZE(S -

16



Yeast DerivatestiZ B 114EY)

+3t

« Cell wall fragments of yeasts Bz AR EENE

- Mannan-oligosaccharides (MOS), B-glucans 5 & & i
(MOS) - B-H g

« Binding of Gram- bacteria#ai & £FHEKEMEE

e Immune modulation® =8 &n

17



Reasons for Variable Results of Feed Additives

 Differences in composition

 Dosage

« Batch-to-batch variation of raw materials
 Variation in finished products

 Volatility of active principles (stability!)

e Undefined mode of action

18



Feed Additives for Gut Health
v’ Targets: H1Z

Support gut function & overall animal health - stabilize animal performance
and prevent secondary infections

5B IBEMEN M ZEIRRE - 2 EEN V) R T8 P A 58 B R

v’ Prerequisites: 7R & 14

1. Defined compositionf#& & B A% 7> A

2. Safe for animals, workers & consumers¥t &%) - ETHFHEEZ S

3. Stabilityi=E M

4 §jandardization of correct dosage regime for a particular function 5% 2
) &

5. Defined mode of action & & {F 1= é
6. BN B

19



PR EEIREHIHERERREE S 2 2R
1. EH#;EZIH VIVO 7IE:ECZLIZ\g'K‘-E(Lange et al., 2010)

Experimental approaches to explore gut health evaluating substitute products for
antibiotics in vivo Is to use an appropriate disease model. A challenge model per os of

post-weaning diarrhea (PWD) using specific pathogenic strains of enterotoxigenic -
Escherichia coli (ETEC). ‘ |
K & Cnvito SR - RBVENEAENZBHERTRENR - g ‘
2 SHEIIRERREE - LIBIBE ISR YIEE e
\nﬁ K‘-I:LEI: L1 n;_'g_( it)/;x(Celi et al.,2019)

- = =pr= == H= = kdb
3. A F micro RNAs fH&a BB R R Z a5
MicroRNAs Regulate Intestinal Immunity and Gut Microbiota for Gastrointestinal
Health: A Comprehensive Review . (Kefan et al. 2020. Genes 2020.11,1075.)




]

sso

=]

BERE

EATA IR 2 FIE 1R

S BEABYPH ; BpoH IE - B SEAEEN - RERZHE
& 1)
B OB {CRERERD W

mEEMEHE HERE

B BEMEERELER : Claudin 1, Mucin-1. Zo-1, Occluding

B [ZEMIETEMAERBEF  diamine oxidase (DAQ), trefoil factor
family (TFF) and transforming growth factor-o (TGF-a)

B 5ERIWEEDETR | WEEZESEHNa-glucose cotransporter,
Peptide transporter

W 50 A AR oo T 2 B B, 38 SR A IR R
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Contents lists available at ScienceDirect

b

H%?E@J%ZE%?E Z (Biomarker)

Animal Feed Science and Technology

iournal homepage: www.elsevier.com/locate/anifeedsci

Biomarkers of gastrointestinal functionality in animal nutrition and

health

Celi Pietro™“ ", Verlhac Viviane”, Pérez Calvo Estefania”, Schmeisser Jerome",
Kluenter Anna-Maria“

— ~ EE ~ IRIX
e

Sl

A
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—
N[
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updatas
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MicroRNAs Regulate Intestinal Immunity and Gut Microbiota for
Gastrointestinal Health: A Comprehensive Review .

Table 1. Representative microRNAs and their functions in gut intestine.

MicroRNA

Target

Function

miR-21

miR-21

miR-31
milk156
miRk-181c

miR-191a

miR-200b

miRk-212

miR-301a

Rho-associated protein kinase 1

PTEN/PI3K/Akt signaling pathway

Wnt/Hippo signaling pathway;
GP130; IL7R; IL16R
Wnt/B-catenin signaling pathway

TINF-ox
Zonula occludens-1
Mpyosin light chain kinase
Zonula occludens-1

BTG anti-proliferation factor 1

Regulates tight junction proteins; Protects
intestinal barrier from dysfunction
Regulates intestinal tight junction

permeabilitjp’; Preserves intestinal barrier
Promotes intestinal epithelial cell

proliferation
Inhibits intestinal cell proliferation
Regulates TNF-«; Reduces intestinal
barrier injury
Regulates tight junction proteins; Reduces
TNF-a-induced injury
Inhibits TNF-x-induced IL-8 secretion;
Suppresses tight junction disruption
Regulates tight junction proteins; Reduces
gut leakiness
Stimulates NF-kB activation; Promotes
mucosal inflammation and tumorigenesis

(Kefan

et al. 2020. Genes 2020.11,1075.)
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Micro RNA E3j5%E

Gut microbiota l

Intestinal epithelial
Cells

miR-10a

miR-107 \

DC MHCT

miR-223 / IL-23

IL-6

Navie T cell

" @

miR-155
miR-17-92

miR-21

/ miR-27 / ]’ Macrophage
. miR-155
miR-146

miR-223 ' e O
miR-132 ®
3 ILC3

. @ Tree (@) «—
AN

-85
miR-425  miR-340  MiR-106a
miR-22 miR-219-5p
miR-212/132 miR-344
miR-155 miR-106a

miR-125a

IL-1p

miR-125a
miR-212/132
miR-302
miR-146a

.' IL-10
® TGFB

BRIE S iE(F

* miR-192 miR-20

@ miR-150 miR-320

NOD? <€ miR-122 miR-146a

Thl f  miR-148 miR-219-5p miR-106a

LT -
<
T IL-22 . miR-10a

l <€——— miR-2]1 miR-125a miR-155
® o KNy
® e INEx

Figure 1. Effect of microRNA on the regulation of immune cells in the intestine.

(Kefan et al. 2020. Genes 2020.11,1075.)
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Benefits for sustainability O

ENVIRONMENTAL

o - 2.1% Green-House Gas* (GHG)
through better FCR'

Up to - 22% Nitrogen-Excretions*
S 0 per %-point CP2-reduction
AR E U= EE R
SOCIETAL ECONOMIC Balance the intestinal eco-
@ Antimicrobial Q Production efiiciency - Sy'Stem and ensure animal
resistance (feed & time) h | h d | f d
© Food satety “ ill Q Animal Weltare ealth and weltare, ena-
4

product quality and save
COSts.

© Affordable food
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Addressing the key challenges in broiler farming

Growth
performance v Poor digestion /< Feed & Heat stress
& nutrient . o 1 ;
g environment
Flock J absorption Unbalanced diet

uniformity

Food
pad lesions

1\

Coccidiosis

@
G Interactions Artiny oo
: ) ntinutritional
0 between Q
g oY)
Literand 0 environment, - Feed
air quality -:(6 nutrition and c‘ob contaminants
D
7

Pathogen load ~ Morphological -
in the GIT and functional
alteration of

Microbiota AGP

Intestinal the GIT vV EEHERESH Pathogenic
lesions score T ° v /D IS EEE R bacteria
v BRMIKR\RET 2 RAMEIET




KB RF=AVI 3 Pk

o BRI R AYHERY
- EXEERBANA




BUP@XR

AMS-IILBK. Strategic feed supplementation in smallholder dairy
sector to increase productivity

Typical project(s) Provision of strategic supplementation to large ruminants (e.g. cows), which reduces the
level of methane emissions per unit of milk produced.
Type of GHG emissions Methane avoidance and displacement of a more-GHG-intensive output.

mitigation action

Methane emission avoidance from large ruminants due to improved productivity by
using strategic supplementation to improve digestibility.

Important conditions under
which the methodology is
applicable

The population of lactating animals maintained in the participating smallholders
shall be equal or less than 100;

The gross energy (GE) content of the supplement consumed does not exceed 10% of
the total GE of the basal ration.

Important parameters

At validation:
Number of lactating animals in the farm and their milk production.

Monitored:
Number of lactating animals in the farm and their milk production;
Dry matter intake of feedstuff.

BASELINE SCENARIO

High specific methane emission
per unit of milk production due to
the poor nutritional conditions of
lactating animals in the baseline.

PROJECT SCENARIO

Reduced specific methane
emission per unit of milk
production due to improved
nutritional conditions of lactating
animals in the project.

PRIEENIE
AENH L
HEM =
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* SR BRI HERL 2 N4

» Recent advances in feed additives with the potential to mitigate enteric methane
emissions from ruminant livestock.
L. Kelly and E. Kebreab. J. Soil and water conservation. 2023 78;111

> Feed additives as a strategic approach to reduce enteric methane production in cattle: modes of
action, effectiveness and safety

M. Honan A, X. Feng #, J.M. Tricarico B and E. Kebreab A ¢+ Author Affiliations

Animal Production Science - https://doi.org/10.1071/AN20295

Submitted: 22 May 2020 Accepted: 23 November 2020 Published online: 2 February 2021

> Feed additives as a strategic approach to reduce enteric methane production in cattle: modes of
action, effectiveness and safety

M. Honan A, X. Feng #, J.M. Tricarico B and E. Kebreab A ¢+ Animal Production Science -

https://doi.org/10.1071/AN20295

Submitted: 22 May 2020 Accepted: 23 November 2020 Published online: 2 February 2021

> Feed additives that inhibit methanogenesis or compete with substrate for methanogens include 3-
nitroxypropanol (3NOP), nitrates, and halogenated compounds containing organisms such as
macroalgae. Although 3NOP and macroalgae affect methyl-coenzyme M reductase enzyme that is

necessary in CH, biosynthesis, the former is more specific to methanogens
S



R B ‘i"%:}ék%ﬁtiiflt Sv 3

***  Plant secondary compounds ¥R RN H ¥ E

Essential oils ( #&3H ) : with lipophilic character , high affinity for lipid of bacteria cell membrane.
Decrease the abundance of methanogens and protozoal.

Condensed Tannins ( 82 ) : (Grape marc.) direct effect on methanogenic srchaea.
Gallic acid ( jR EF ) : Garilc and citrus flavonoid compounds

Probiotic * Yeast * Fungi (increase C3 production - decrease C2 ~ C4 ~ H2)
Moringa oleifera ( 7K ) : the natural capacity of the species to inhibit methanogenesis.
Seaweed as an enteric methane mitigant.

Flavonoid ( 8= )

Leucaena leucocephala(#R & #X): high condensed Tannin

3-Nitroxypropanol (3NOP) ( 3-t8E & AEE ) and macroalgae affect methyl-coenzyme M
reductase enzyme that is necessary in CH, biosynthesis

33
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1. &R ELEEY): Use of fibrous alternative (local) feed ingredient and co-products supports sustainability and
circularity in its ability to reduce the carbon impact of poultry feed and farming practices.

2. JITRIERY:

3. JEEIE ZEH]: Seaweed has a positive influence on the gut microbiome of swine.

4. fmaThiEEL==EAE: the overall carbon impact of the low AME diets was reduced by 9% compared with the high
AME control diets. This will empower nutritionists with more ingredient flexibility to design diets and optimise for
poultry performance, farm profitability and sustainability

5. JERISEEERiD
6. ZREICUAINY) - R > BElCO28E



Species Challenges Products & Services  Sustainability News

Enzyme Efficiency

HiPhorius™ activity is optimized, making it stable over a wide pH range in the
gastrointestinal tract. The superior stability of HiPhorius™ enables rapid and efficient
phytate degradation and mitigation of anti-nutritional effects of dietary phytate.

Minimized Environmental Footprint

HiPhorius™ increases profits while reducing livestock emissions. It goes beyond feed
efficiency, delivering enhanced value by helping manage emerging challenges related
to environmental sustainability (Phosphorus and GHG emissions). HiPhorius™ enables
animals to utilize better the naturally occurring Phosphorus in feed and reduces the
need for inorganic Phosphorus supplementation.

Q

If 25g HiPhorius™40 is included in each MT of feed for 10mil broiler chicken, the
Phosphorus emissions are reduced by 30MT of PO4 equivalents, while the GreenHouse
Gas emissions (CH4, N20, CO2) are reduced by 850MT of CO2 equivalents.




BUP@XR

Commercial Evaluation looking at targeted enzyme

application

CEA L

—Feed Efficiency (1/FCR)

—Emissions (CO2e)

NATIONAL CHUNG HSING UNIVERSITY

Kg CO2e/Kg Chicken Meat
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Animal Welfare

Helping to reach full animal productivity potential
by meeting welfare expectations




Welfare Plus

A growing concern ...

9 4% of European citizens believe that it is

important fo protect animal welfare on
farms

of Europeans are willing to pay more for
5 9% products from animal welfare friendly

systems

Strategies and solutions to deal with behavioral problems
In swine

Management approaches

Common nutritional solutions
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Dietary interventions to reduce stress —

Overview of common nutritional solutions

Iryptophan

Role in Serotonin production
(anxiolyticum, calming) — lowers
cortisol level

Fiber

Structure
Satiety
Gut health

Crude protein
(level & source)
Digestibility and dose depending

Low CP (digestibility) induces
aggressiveness

Fat & Fatty acids
Digestibility
Anti-inflammatory effect (omega 3,
MCFA’s)

Zinc / Copper / Vitamins B

Wound healing & immunity -
Deficit > necrosis -
Wound healing & immunity 0

High level of anti-oxidants

Prevent tissue damage
anti-inflammatory effect
boost immunity

— management

Stimulating
natural
behaviour -
anrichment
materials

Magnesium
(oxide/acetate/phosphate)

Calming effect

Salt/Sodium

Low sodium/ salt levels tend to

increase biting

Mycotoxin binder

Mycotoxins have dermonecrotic effect ]
(T2, alkaloids, DON)

Endotoxins predispose for
aggressiveness 4

=)



Role of plants

Specially
selected herbs

Main effects
¢ Brain activity
* Opening or closing of different pathways
e Stimulating or inhibiting synthesis of

different hormones

s Inflammation |

Sioe effects

linked to improved behavior

«» Oxidation

* Depression

e Sleeping time

LEADING TO:

v Lessstress
v' More serenity

v Lessanxiety

IMPROVED
BEHAVIOR
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