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Market

&g "M JHA Challenges for swine producers

MK MAH| = At&H|JF XEAIGt= Bl=2 65-80%0 Z&fL|Ch
65-80% of total production cost comes from feed

Mae U AIE2Elc &2 2RSS 422 40 2ol IS dotd0] &8s 2sLit
Volatility of main and alternative ingredients used impacts animal performance

= MM HsH0l 2ol XIZIisSst = =242 D622 X HSLICH
Not sustainable profit due to variable pork market prices

== 2H8HI2F AlAC E8 Aoz OlsH X|Zst AM
Higher overhead cost and intense competition due to market consolidation
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Sustainability also become a heavy pressure

TESCO PLC

o A Z SIAH A0, NGO € AHIAZFH, HSO0 - o o
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Growing pressure to show environmental impact of their

products from food companies, retailers, NGO's and

consumers.

@' I:,I- E 9:, cA Ol B‘I I_l 1) 1 35% absolute carbon reduction from our operations by 2020 (60% reduction by 2025,
and 100% by 2050)

2 Tesco suppliers to achieve a 7% absolute reduction in carbon emissions across their
business by 2020 (20% reduction by 2025 and 35% by 2030 for manufacturing and
12% reduction by 2025 and 15% by 2030 for agriculture).

[ ] 2023"‘:" J;II- I_l Il Il E -jl. E @- J—\! % 11\_} g % _?_I @- Céll t|:||4 ..-:_x,"_-\- .f .. E_::.;_:]g:t::tmn Fr-z;:':-::::.ri:lrlff;gz Circular Economy T
HA'"E L&ol= 0idd =12 B &, R&2 Green 4 '
Deal, Farm to Pork 1t & 2CF 2 A EQl Mt | | oo

European
Green
Deal

Achieving Climate

S2| gl A4S0l LHEHLID /ASLICH

Changes in legislation of different countries and the EU
Green Deal & more specifically the Farm to Fork strategy
with the "legislative framework for sustainable food
systems” by 2023.

to Fork

MNeutrality

Clean, Reliable and
bl Affordable enesgy

Sustainable
Toweards a modernised and

sirnplified CAP

Food )
Processing &
Distribution

Leave na one behind
[Just Transition]

https.//ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal _en

2 2021 Cargill, Incorporated. All ights reserved.
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Efficiency get important more than ever

= YIS Key Challenges 'ﬂ')‘) I/ 8] 24 = Key Opportunities
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H’ Volatility of main and alternative ingredients used Precise feed formulation for consistent target Efficiency
impacts animal performance performance
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Mot sustainable prr.:rfit due to variable D'DI'I{ market DliCE‘S Solution to customize feed based on market
conditions for sustainable profits

Production Efficiency

““,T:,i‘;‘;“ ®ES 2TID AZS SE MY Q1T NIFS B
Higher overhead cost and intense competition due to
market consolidation

20 JHe S XW S24

Predict and control financial return

@ 2021 Cargill, Incorporated. All rights reserved.
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New trends/research in feed efficiency improvement

2-1. 32 H2/HA AL2F Precision Nutrition and
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Processing and its associated challenge
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2—1 . é':! Cé' g %k/iél Cé' M'%!: Precision Nutrition & Feeding

m A2k BE QA0 CHE XAl A2 D=

Updated information and technologies for nutrients contents and requirements

m| LIAIE SAE A0 2et 2 S

Precision Nutrition with Digital Nutrition




B 22 S 0|2 precision Nutrition in Theory

s EIHRE) S 0 = OISO EE & R s R o = SEenE lE Of| LR FRIC ER
The primary nutritional limits on protein deposition (PD) are protein and energy g
- S I BN &3 02D UK 83 2e 2HE A& SHH 0| Tek HSHELCH: S - i
The relationship among PD, protein intake, and energy intake varies with stage of development : % J -.,/:’.i o
- SHE9 FP, SUE SN0 A0 KL (83)J MEFOR wSEL i o
Growing pigs have a linear response to energy for protein deposition ?
- HIS=9 2, WUKEH0 2o 2| ABE BIS6HH, 0|5 SWE EXS plateaud  ©
JELUICH HEA &FH2 =0 S E =X QIASEC G =0HKE, HAls O X220
&0l WH = LIC Ao A
Finishing pigs have an initial linear response to energy intake, after which PD reaches a Protein Intake Ed

plateau. When energy intake is higher than that required for maximal PD, the animals

become fatter
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Precision nutrition in practice

UTXOI PA
Consistent
payback

o=
YA £Q =D

Nutrient demand

@ 2021 Cargill, Incorporated. All ights reserved.
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Managing ingredient variability

40
39
e 38
£ 37
g
NUTRIENT g 36
(DRY MATTER BAsis) | AVERAGE & s
=
= < 34
Dry matter, % 86.3 87.3-924
33
Crude protein, % 309 28.7-329
32
Crude fat, % 10.7 88-124
D f-‘& m“"& :*P’\’% :*PN’% mﬁ'& m‘*& n‘iﬁ@ ﬂ@@ :'P'\’Q} mﬁ\’q fﬁs\’o} :*F@
Crude fiber, % 7.2 5.4-10.4 SN A R N S A LN A A
Ash, % 6.0 3.0-98 Reception date
Swine ME, keal/k 3810 3504 — 4048 . _
9 Cargill QC data, Russia, 2018/2019
Lysine, % 0.90 0.61—-1.06

Phosphorus, % 0.75 0.42 -0.99

2 2021 Cargill, Incorporated. All ights reserved
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Predicting ingredient value : From research to practice

< 90 1 Protein degradation

o ] 10 15 A0 25
Time (h)

: NIRS
. Rapid assessment in
éf feed mills
Ei = Enzyme 1
;* -= Enzyme 2
u% == Enzymo 3
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—* Negative control

VFA Results
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Nutrition
Optimization
Software
In vitro
In vivo digestibility Cargill research, 2019
digestibility

ool



Modelling software required

Nutrient Supply

HzlE =010 2 4= Fo
2L 238 A= Al=0H 7l
Feko|e E2 dalE ALEEILICH
Use nutrient based approach o reduce
variation and provide more consistent
diets for consistent performance

- 88 J13& Ingredient Costs

- HorA OHER A Nutritional Matrix

- HI0IE B0l A Database

Projection Engine

10

:'-‘ID' GJE:-IQA-QEE = =5

e [ ] E
COlE, 83, 483 4% cll
%‘IIZ ED] il = el
Key inputs include. .. ingredients, animal
data, environment, performance and

economic metrics

4

UES J0| Z2OHME 7S A
HI=2| v &ul Clxel

— Best cost diet design for custom feeding
programs

=2 ¢ Profits

A& D42 /Dynamic HHEH| Z=2 )&

doph 49 2o

MNutrient Demand

SE29 AN
==, AL &8 E)

[ =
CH &t DI ol IHJ#I.
Understand animal requirements
{e.q. phenotype, metabolism, intake)
in specific customer's farm

« & = Genetics
« [H Al Metabolism

+  EHE Intake

1
SEC I Hu

Animal Requirements Engine(ARE)

2 2021 Cargill, Incorporated. All ights reserved.
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FARM
ANIMALS

B AOE 42 9 HI0IE S& Atdl

Big Data Application in Precision Livestock k. . | ofectorysreath Anaiysis Data
£ T
- h OLEECCIER Lo [ e B s B cunens B v |
ustering Fusion

Thermal Imaging Data
m ANALYTICS '-

[Temperature data from eyes, nose, face, body)
Rapid,semi-automated

| e
o X Il anaheistoos

g Radio Frequency ldentification [RFID) &
4 Collar Sensor Data

G-m
=S lysks toal
T 0 ok ‘Jﬂﬂj
||||| Cloud Computing
Enviranment for Data

Fusian and Analysis

| ~ DATA VERIFICATION |

MULTI-MODAL SENSOR DATA

Farming

)
b

9

Paolicy and development practice
insights fram declsion sclence to
enhance animal welfare

Predictive Feed intake Model,
Disease Prediction, Real-time
Operational Decisions

INTEGRATING ANIMAL
FARMING PRODUCTION e ® S & e
AND ANIMAL WELFARE MOk ot s ) iefence emotion
THROUGHSMART 0 R 1 regroasuting s

(Suresh Neethirajan and Bas Kemp, 2021) ANALYSIS ~N— P ,g% o {.'”"!r‘.'r'}"“f

2021 Cargill, Incorporated. All ights reserved
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Protein Nutn tion Update

m| L CtEH A2 Reduce CP

m| Branched Chain Ot0| =4t AR S &
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Conventional group feeding overfeed majority of pigs
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110%(MP110), 100%(MP100), 90%(MP90) £ = 80%(MP80)E %fﬁfjl Flol HEHLE H=&l= 38HAH S0
T28(3P) = 22 & 20 “E]EHUHH EH XI2| dietary 2t0l&l == A& J|2t SOt Y FEHE = Y QP
Dietary lysine levels for pigs in a three-phase feeding program (3P) or in daily-phase feeding programs provided individually to meet

110% (MP110), 100% (MP100), 90% (MP90) or 80% (MP80) of the nutritional requirements estimated daily throughout the trial.

HE SHXIO CHet KBS AB S LY ALZ 0l HIGH SID 21014l EF S 26% =012, AISHIE XS US$7.60(-10%)
= LICt (Andretta et al., 201 6}
Tailored feed to individual pigs reduce SID lysine intake by 26% and feeding costs by US$7.60/pig (—10%) relative to group feeding

(Andretta et al., 2016) "”
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B 2E ALS HHE Y2
Reduction of CP is possible in hogs

& 18018 =28 cIRdIUL,
ThMl AFZAIE E8 st A sLICH

A total of 18 scientific papers were reviewed,
and one internal trial was performed (GF1603) in GIC Velddriel

JrseLIth

ECU AF 2A JHs 2F
Possible to reduce dietary CP to:

11.5% K4 & in the grower

11.0% E£| H| ]| E in the early finisher
10.0% F2J| HIF & in the late finisher phase.

H= x=J| H| = = J
34 we oo Carpenber et al, [2004] 45 - 85k —&— N3 et al. [2005) B8 - 106 kg
3 — . & e WA 2SI —_— —t— G2l tal {20100 75 - 170 kg
] i al. [(3044) 60- 110 kg
J " R aetal (2002} 55 - 100 K /s/ 13} 73 - 100 kg®
e 76 - 98 kg
E ol — - ghascn e :f 3. 7L . —#—Shenetal [M15)98- 114 kg**
S 16 ar —— et et al. [2003] 60 - B2 by 3 ‘—_q:________‘_' B s et ke
S . = : S pa g
F .______!‘-‘. ..... - H
2.2 y,..;_ﬁ,_ —i
i i
1 11 12 13 14 15 1& 17 18 1% 20 21 9 1 12 1 14 1 16,
Dietary CP % —_— Dietary CP % ki
« OI0|&F HIZEO| = H3E A20AHd=s e dHI 0 a3 =SLICH
Less Crude Protein is More when AA ratio optimized
« ANE L &HBHE A==0] A =HIE + YH| + 2|23 Cargill Position paper (2017): How low can we go?
Excess of feed protein = cost + waste + risk F I
2021 Cargill, Incorporated. All ights reserved 16
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‘Standard’ CP levels in EU diets
- ! | mn_ |  max |

Ol€ 2|0t Finisher 45 kg 13,5 17

grower 25-45 kg 15 18

starter to 25 kg 16,5 19

weaner to 2 weeks 1 20

HEet= Piglets 4-10 kg e 18
Piglets 9-15 kg 16.5 17,5
Piglets 15-30 kg 16 155

Fatteners 30-50 kg 15 16

Fatteners >50 kg 14 15

Fatteners >75 kg 13 14

Fatteners 30-100 kg 16 16

TEA PW 2 I 18
Grower (30-70 kg) 15,5 11,5
Finisher (>70 kg) 14,5 16,5

A [l 2l Grower 16 16
Finisher 14,5 14,5

*Evaluation October 2020

FE SEANZ U BEE IHUY =8 2 0, HEY A2 JisdE #E = USUICL

Looking at current standard CP levels in EU diets today, there seems to be room for decreasing CP levels




. ‘01%}"’ %%Dl‘o ‘How’ to reduce?

« (LR AEE J|E) XA ZCWM =F2 12.0% HA 15.5% +=ZELLIC
Minimum CP levels range from 15.5% (finisher 1) to 12.0% (finisher 14)
E HEE Sofl 28 Jis

Possible through addition of synthetic amino acids and choice of raw materials.

HEMO|H CIUs 2010 o6 X = L|CT

[ AR oo oy |

« HHEIHI & SO0 CHEF HE2 aIEdl
Impact formulation composition and cost is highly variable and depends on multiple factors

> B2 bHEHI 2 A& & F Current formulation composition and type.

> R JHA. (S 12, 84 010l A DFE, DO 22 Johh A2 29| H|8)
Ingredient price(SBM price, synthetic AA price, ratio between protein rich and protein poor raw materials)
> 820184, QU A2 AEW A Hlw, SE 004 22T IHES I 3=

Ingredient availability. Protein rich versus protein poor raw materials, raw materials with a particular amino acids pattern
» B4 00l =42 JH2 A Synthetic amino acid availability
’ SIH0HA, UHRL R2 =Z(010I'ctt ZE =F)22 £ A, S2 &S0 ADES NXH Y22 X 25610
2 LICt. Going too low (AA deficient) in CP may lead to increased occurrence of damaging behavior so this must be avoided obviously
=8 =0|8 ==0is B =6

. ECH
> Van der Meer S (2017)0ll 122, SHXISOl DA S A0l B40101 - A0] ZHE HEHM ASE 2
N2 ST T4 010l AHMet, Thr 121D Trp)S 2015t0 HAE & & AASLICH

sl B b S =
Van der Meer et al. (2017) found that damaging and aggressive behaviors were recorded more frequently in low CP diets that were dietary

deficient in essential AA. This was only partly counteracted by supplementation with specific essential AA (Met, Thr and Trp).
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Sustainability benefits of low CP diets
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Reduction of dietary CP levels, % /

s 2&d Hz22 A&
Reducing soy reliability
« 208 10 g/kg= E2 MHOICH
CIHHMAER SO AESHE 3% =2
MsLIC

Every 10 g/kg reduction of dietary CP resulted in a
3% reduction in protein ingredient inclusion
{(Wang et al. 2018)

-

Life Cycle Assessment (LCA):

-

itrogen excretion and ammonia emission

Recammendaions
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93 HH2 X3

Reducing odor

A2 Ll =CioH 2t A 2 obE=

M2 & ASLIC

Reduction of dietary CP could

decrease odor emissions

22 2@

w
T

Percentage of nitrogen excreti

40- Y =TFTE7TEx X+ 2778
R%=0.0908

changed, %
£
-

10 T T T 1

2 3 4 5 G
/ \ Reduction of dietary CP levels, % /

AL HEE M2 IR
Reducing nitrogen excretion
o« ZCHEH 10 g/kg 22 Al DICH EH/AH L 2321 0%
HHES S 8~10% 24 AME = AUSLICH
Every 10 g/kg reduction of dietary CP can decrease ammonia
emission from feces and urine by 8% to 10%.
« AU HEIE S+ EHE 3"‘:.‘:§ O X2 TSN,
28U 24 F4 UHEES Z22AME = ASLIT
Lower dietary CP level resulted in reduced water intake,

along with decreased urea nitrogen excretion in urine
{(Wang et al. 2018)

= Reducing CP and soy inclusion will generally lead to lower carbon footprint incl. land use change, the extent however,

may differ. This depends on reference diets, (origin of) alterative ingredients used, and level of synthetic AA added.
Always important to use LCA tool to verify these assumptions for specific diets




B Branched Chain Ot0| = &t

o

S FTHEY2 01F NG0HA 20l : 2 :

M2 S HIto 220X 0 24407 Branched-chain amino acids (BCAA)

=20 Dl F4l 5, 0tdl At

T=20H2 0| EX 25LICH a Leucine Isoleucine Valine b

Corn DDGS is a by-product feed ingredient that is CO0 C00 C00

available in NA as an alternative and low cost HN—C—H H,N—C—H H.N—C—H

proteins source, The AA profile of corn protein is CH, H—C—CH, -

not balanced as high content of Leu. CH CH, CH, CH,

CH; CH, CH,

x X Hto| = =} o= N &
- =uo] £X OtLlet BCAA 204 0| EH K]

SR AR 0IXS %"iml CHoHl OloH &

LRI ULH, Olist Het= 2ASAIZ » Structurally similar, share first steps of their catabolism

M0 %EE‘L! Cl.

Need to understand the impact of un-balanced * Excess of one can increase the catabolism of all BCAA

BCAA profile in DDGS to the performance of pigs

and strategies to ameliorate the impact. * Leu is the most potent stimulator of catabolism

2021 Cargill, Incorporated. All ights reserved |I l 20




Bl BCAA U AIE £ BCAA Metabolism

BCAA and LNAA interactions Another mode of action
LNAA are key for neurotransmitter synthesis
" A SHrOTOMIG S Normal Leu mTOR Incretas:ed
. Tyr catecholamines SO pare . . protein
VI = - roiEkn levels stimulation synthesis

* His mmp histamine

BCAA and LNAA compete for brain transporters

Excessive Strong
mTOR inhibition of
stimulation feed intake

High Leu
levels

Lower Trp Altered Reduction

High Leu in the serotonin in feed
brain activity NIELE
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O Sk

o O

Effects of excess leucine (Wessels et al., 2016)

* Three dietary treatments

Amino 1:1 1.86:1 3.53:1
acid Leu:lys | Leu:Llys | Leu:lys
8% 78% 79%

Val:Lys 7

lle:Lys 58% 60% 61%

Trp:ilys  24% 25% 26%

1,200 -
— 110{]0 T
=
2 800 -
k-
® 600 -
=
5 400 -
Q
€ 200 |
0 : : : : —
wk 1 wk 2 wk 3 wk 4 wk 5
2| U2 F4l 2 MEE S0|et =22 LYASEHFAE

Average daily food intake of pigs fed diets with different Leu contents.
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isoleucine
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2| 08 4 S MEE S0/8 HAZ2 s sk
BCAA 3Z(A), EEELHB), HIZELI(C)
Concentrations of (A) single branched-chain amino acids (BCAA), (B) tryptophan
and (C) serotonin in the brain of pigs in response to diets with different Leu

contents.
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arrier reducing brain Trp levels and serotonin production.
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I, Incorporated. Al nghts reserved I I 23
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Feed Processing and its associated challenges

m ~ot= & Digestibility improvement

m| ?H Y MZ How to manage Ulcers
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Feed processing affects nutrient digestibility

¢« NE IIBS SS9 AU HF SFO YES 0IFLICH
S2|N/3IE M /U DS MOl IIT XA AR AYSH U HAAHOR &
DIZLICH AL JHB0l Qo YBS 2e S2 242 L 8% 84X HAISS T
.?I--*’“-Lll:l.

Feed processing can affect animal health and performance. Processing conditions that can
affect feed nutritionally and non-nutritionally: physical/ chemical/ thermal Animal health and
performance outcomes that are affected by feed processing:

- W - A2 HF
Weight Gain Feed Intake
c A2 &8 « HUA AJE
Feed Efficiency Nutrient Digestibility
c =HZ « JIE} (0 &2 A5=2 0|=)

Stool Quality Others (e.g. gastrointestinal transit)
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T ——  — e T — L
Extrusion (or Expansion) are particularly beneficial for young animals

o 4823 0l® A= (Ol F 282)0IA, wheatQl extrustion22Z Ot & & 202t 20| £F82 429 = 384 <
o 8F A5IEE HHE = USLICH 2HE 488 T8t RAIet S ELILL
At 28 days post-weaning (48 days of age), extrusion of wheat improved starch digestibility
in three of four segments of the small intestine tested. Dry matter digestibility followed a

similar trend.
Unextruded Wheat ® Extruded Wheat

St SI1 SI2 SI3 Si4 Ce LIl LI2 Co

Intestinal Segment

=
=

2]
=

o
=

Starch Digestion (%)
[
=

-2
=

=

Extruded wheat vs non extruded wheat starch digestibility (Carter and Leibholz, 1991.) Small intestine (Sl), the cerum (Ce), two parts of the large intestine

(LI), and the colon (Co). ** P<0.01 for comparison of unextruded vs. extruded wheat at each intestinal segment.
2021 Cargill, Incorporated. All ights reserved ! I l 75
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Processing on Feed efficiency is well understood

85-110kg] 5&/0i5=9 S ArE © 1) JIZ At=0l CHolet B3 Al= 2] 0| &
Effect of particle size on finishing pigs from 55 to 110 kg. Benefit of Pellet vs Mash (Cargill Research)
(Goodband et al., 2002)

3.60 Weight (kg) ADG (%) ADFI (%) FCR(%)
11.4-22.7 24 15 -88
11.4-23.2 21 10 -9
12.3-24.1 15 8 -6
17.2-31.8 10 -1 -10
MY i e e R A e R T 25.0.44.5 16 7 -10
64.1 - 86.8 6 -2 -8
K L - 27.3-109.1 12 =1 =12
—-FIG 27.3-109.1 33 17 -13
400 500 600 700 800 900 1000 1,100 1,200 409-1114 6 I -4
Microns AVG 15 5 -9

300

2021 Cargill, Incorporated. All ights reserved l l 27
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Stomach health dependent on particle size

o Al EHl > 23tE2 A5t/ B2 AL 22 At S LM
Fine grinding > more keratosis / ulceration of the Pars Esophagus:

Fa,
-
v

wih
M
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£750 Wg
Pars esophagus
J

Research Centre #,

Research Centre *r
Danish Pig

=
o
£
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c
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Epidemiology surveys

« HHE 5%8 5d=0| &t A2 sa= JtAld ULEH?
At least 5% of grower pigs with severe ulcers ?

gybg | z=ASNa | OB ABAZ

L .
% Normal % Para-ketosis Az Ll

12} & o
y2A8 ALY 26
% Deep & ~
: Yo SCArs
extensive ulcers

mild ulcers

Swabyetal, ?’2802: o 204 49.2 23.9 6.4
2012 9PI8S  117-50.8] [32.6-66.9] [4.7-47 2] [0.7-19]

60 farms

22,551
Sl 170kg pigs ~ 16.8 62.5 16.6 4.1 12.7
2016

120 farms
Sonne 23,266
Kristensen et Denmark Culled sows 18.5 35.9 36.3 9.3 -
al., 2020 1311 farms

(Slaughterhouse, autopsies) Table: Cargill Innovation, 2021

2027 Cargill, Incorporated. All ghts reservad l l 3




Bl 2A2Z0| 2= deE0 0IXl= &
Effect of severe ulcers on pig performance

] « In pigs of 24 kg
- A SHEO0l 50~100g/d JteE 2L - pelleted diet, finely ground (corn/wheat base, 578 + 1.89 m)
ADG reduced from 50 to 100 g/d . 7-week measured performance

1100 ADG (kg.!d) FCR

5 1000 m ﬂ 0.98 3.5 +23% b +35% b
——Ref |

LHAD 0‘96 3

: 2.5

800 T =S=Ref 2 S 2
. =Rl 3 0.92
_ 0.9

Paraketosis Erm:ir.‘::s ild : .::r-:ars 0_88 l: 5

Daily weight gain

0.56 1 5 3 score 1 score 2 score 3
score score score =9 =17 =7
Ref 1, Sloth et al, 1998 (n=20) (n=17) (n=7) (n=20) (n=17) (n=7)
Ref 2, Hansen et al, 2006a Score by endoscopy: 0 - normal, 1 — parakeratosis, 2 — erosions, mild ulcers, 3 - Severe ulceration

Ref 3, Jorgensen et al., 2015b
gt AAL vs REABSE A= HAS2 B FCRO| 0.9E2E S}

Canibe et al, 2016 FCR increased by 0.9 for pigs with severe ulcers vs parakeratosis (individual values)

Ayles et al., 1996
2021 Cargill, Incorporated. All ights reserved 30
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A multifactorial issue =

Fasting

P Composition
n=a = e e HokA = H|EFE!, O]
High-performance lines = - J=&
23. X8d Nutritional levels
Genetic Diet -

formula Vitamins, trace and minerals

gy- SR
12 (=
URGEL S} A& ETCIEN ""f‘t.
Melatonin effect Season Diet - resentation
technology Granulometry
£ A
=
Gastric ulcers
AH Jlss A2 Bt 8 HE S
Manipulable materials MRIARMs Pneumonia
Type/Position Parasitism

ot et SHEl el O

N _ i sl Helicobacter, H. suis,
%lé g ﬁ Ol== Hanﬁiem Fusobacterium gastrosuis
MNonsteroidal anti-
inflammatory drugs
Salyclic acld Q $‘| E’n* Hl ﬂ' 2 25 Feed restriction

MEE2Z L, & A = Density Animal mixes Soil type




H sS4 MU AT HAS
L|qU|d feeding decreases ulcer prevalence

Notes of ulcers:
P oSA AISE [ A28 f| AEH
mnmm- AR
794 2% 49% 23% 13% 9% 4% M2 |esion AEH (AL X

3012+) p<0.05
quUId 657 14% 63% 1% 6% 5% 2% In liquid feeding: + healthy

Total 1,454 7% 55% 18% 10% 7% 3% stomachs (notes <1) or with small
lesions (note <3) p<0.05

Proportion of stomachs with an ulcer score > to 4 (moderate to severe lesions):

P value (T- > &4 AN EE ~ 535
test) lesion(A' ¥ XI4= 40| 40|

50% &2

2200 L <0.001 in liquid feeding: - 50%
L|qu|d 12.8% 11.3% <0.001 moderate to severe lesions
Total 19.8% 14.4% a5

- Importance of gastric ulcers: liquid feeding << meal << pellet

> AU ML ST SA AIYE << Al AP << B3 ALZ 20

2027 Cargill, Incorporated. Al r :_:i'l_-. reserved |I l a2




B SAM2EY AIRESE HE S

Liquid feeding also improves feed efficiency

o SA&] AM2AZ BSHEEC A AL I:!Ic:H S MA Ll Ix“:OI AsLICEL HE E0 & 48 = Hdotd, A5 & HPDIE
g M4Y0M LIR= HEst F&4=2== 0|0, =&Hotl E0lst 20 'é“%'% EEE = U2H, =42 0| A
g8 Jlz sE= di A8 = U= 3’4=DI A.l‘“‘LIEl

Liguid feeding has several potential benefits over conventional dry feeding, such as improved gut health, use of inexpensive co-
products from the food and bio-fuel industry, flexibility and ease of feed delivery, and manipulation of feeding value of ingredients with
enzymes and microbial inoculants. (Scholten et al., 1999, Brooks et al., 2001; Van Winsen et al., 2001; Missotten et al., 2010)

Effects of conventional dry feeding and liquid feeding of corn-based

F"-'g' pﬂffﬂnﬂanﬂﬂ and carcass characteristics ﬂfp!gs that were fed a diets on gmwfh peffﬂ;mance and agpegts of carcass quahi}.r of gmwjng.
barley- and wheat-based diets in either liquid or dry form finishing pigs
Feeding system SEm?  p2
Feeding system SE Dif P-value in=12)
Dry Liquid
Chasld Ay Initial body weight (ka) 3317 323 0.281
Final body weight (kg) 115.0 118.4 084 0012
[nitial bao d}" WE'ight [kg:' 3414 34.23 1.29 s Gain (kg/day) 1.030 1.114 0.02 0,004
Final body weight (kg) 103.00 102.90 0.753 ns Fead Intake (ka/day)’ 272 2.80 004 0069
Gain (g/d) 796 754 9.6 =0,001 Feed:Gain® 264 252 005 DoA
Feed intake (87% DM) {kg.f'd}z 2.22 7130 0.021 =20.001 Apparent fecal organic matter digestibility (%) aro 878 0.45 0243
i Carcass weight (kg)? 93.0 931 1.86 0932
5 2l = Ll fﬂ'ﬂm Probe back fat (mm)* 18.4 190 123 0485
Carcass dressing (%) 73.96 74.62 0.207 <0.01 Probe loin muscle depth (mm}* 60.6 60.5 187 0947
Backfat {mm] 11.45 11.39 0.304 ns Estimated lean yield (%) 608 60.5 054 0463
1 MLC (2008): Stotfold research unit, ! Zhu et al (2010); 17 pens per trealment with B pigs per pen. Liquid feeds were preparad by mixing a pelleted and

crumbled supplement (containing all feed ingredients except corn) with water and ground dry com; the water to
feed dry matter ratio was 2.5 to 1. Liquid fed pigs were fod equal meals three times daily, at 06:0d0, 12:00 and at 17:00
I; at feading all pigs were able to eat simultaneously and trough sensors were wsed to monitor liquid feed delivery.
Inithe conventicnal dry feeding svstem, pigs were fad ad ibitum fead a mix of the pelletad and crumbled supplement
and ground com from single space faedars, For all pigs additional watar was available frem nipple drinkears.

LSEM represents standard error of treatment means; P is the probability of feeding meathod effect.

2DM = dry matter,

3 s fad basis (88% dry mattear).
2021 Cargill, Incorporated. All ights reserved * Canadian carcass grading system,
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Some raw materials are more ulcerative than others

elA 3 U= & Risk

S22 F= & T Preventive

- #cl oats - : Wheat

- B2l (HE& 24) Barley (coarse grinding) - [ Com
- 22l(212 2 ) Barley(if fine grinding)
- 7 & Whey

2 S++(E2 O EN ER)
Wet corn (with high [acetic acid])
- HAS O HIE co-product in liquid feeding (pH 4.0 vs 4.5)

> 2Z2 HESHA TN > SHSH LA A0 UCH?
Focus the raw materials profile 2 link to specific nutrients ?

> 2R]E MBS FoE ZEHUHA - pH &2 S2F = US
Vigilance on the use of co—products 2 pH management

Royer et Granier, 2004, St Hilaire, 2005
2021 Cargill, Incorporated. All ights reserved l l M
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SW CHO STR, partlcle size and ulcer score

SW CHO STR, Particle size and ulcer score

2.50
| @
200 | Average
. ° particle size,
. dry sieving,
- :
o a geometric
S oaeq | mean
= deoat] BR= y - -0.0104x+1.2832 . °
—_ | 2_ -
E R*=0.0013 .' ® <=0.7mm
e 2 " .
ﬁ e SN AN A LA LA LA L A L s A e @ =07mm
-
e ] e e R . A e Linear (<0.7mm)
z 5 sss2sa0as Linear (0.7 mm)
z .
y=-0.1132x+1.5132 e N S
_— RZ-0.1412 .71
>7% SW CHO STR
° >6% >>ADF H
. i i
0.00 = i
4.0 5.0 6.0 7.0 8.0 a.0 10.0

fiber content % feed as is

Cargill Innovation, 2021

2 2021 Cargill, Incorporated. All ights reserved
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Research trend in Ulcer prevention

=X 2lA3 5F 2 9S £ YUR?

—]o == U=

Can we build on-farm risk assessment tools?

o=F L= EARUHA £0tU= HHAIL] R A= BItot)| fst & ME el
Ol L 0FH IOt /LS LIDE?  Are there any potential biomarkers to assess stomach

health on live pigs, in serum or saliva?

oFMAL AZE FE= =2 U054 5= Soll FAZ=S ASAIZ

U LES2? Anti ulcer additives either from potential plant extracts or probiotics?

2021 Cargill, Incorporated. All nghts reserved I I 18




2—-4. Al a1 de|& AEY A &2
Managing Physiological Stress

m J|=4 00| =4 Role of AA nutrition

m| AE A 222 AFE & JHAl Special additives

1 :_..\_I.§| Incorporated. All nghts reserved



B S0| ol X3 OF0| = &F DR E
The Net Energy And Amino Acid Concept

« OtOlI:=4t EOlI0IUKX B2 8ot SEE 2 =0 et 201 OF = UAsLICH
Amino acid/ NE response will be different depending on parameter evaluated.

e S A NE0| HEHE SH ZUXE 2UH S = Ul A2 gdHe A2 LICHL
It is no doubt that better health status can lift up potential Protein Deposition Max in animal.

i WA
.\{{x‘;’% = P‘ﬁ@ o
{{\3 . -t t;l,(:?‘ w‘%ﬁﬁ
s X

\fﬁ\“ -

RESPONSE




Health challenge and growth performanc:e

=Xl OtLIgt S22 A2 d& 8= =W 15%NAl 23tAIZ2 = JASLILCH
Up to 15% reduced performance

Digestive Poor
_ Respiratory bacterial housing
Mycotoxicose diseases infections conditions
. 7 7 %
-lu | . %
-20 '. ’
B ADFI
-30 ADG
-40
% of control
healthy pigs

Fig. 1. Figure 1. Impacts of health disturbances on average daily feed intake (ADFI) and average daily growth (ADG) in % of the value for control
healthy pigs (adapted from Pastorelli et al., 2012). The symbols *and ** indicate that the impacts of health disturbances differed for ADG and ADFI
atP = 0.05and P = 0.01, respectively.

o Le Floch et al., 2018

2 2021 Cargill, Incorporated. All ights reserved ! l 39
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Precise Protein Nutrition and Low CP is essential

a4 3H
Growth depression

ols&& U U 88, 83
DIASICIHE S= CHNE B Int_estinal |Eﬁ_iﬂn5,
Undigested protein flow Protein fermentation bt SAL HIAL &S
in hindgut Scouring, mortality &
/\/\/%/ morbidity
. . ¢ . Undesirable .. - E;':E: USUHAMS,
——— - . bad&nas . . . ® Ammonia =HE2 =S4,
®p cresol, F-.-:E'él}ll
iy, |
e dHaE 43 skatole bacteriotoxins,
(+LHa DR S E) High pH..... odor emissions

Low protein digestion

(+proteins of
endogenous origin) bl mLaEr.:ﬂ?aE:dEl Ot S| HUEE =)}
: W Thicker mucus layer
i g gag Better tight junction
S 2 SRY0ABL I
% pathogenous bacterias Intestinal integrity I A=x2 =J}IGA

Antibody IgA

Decoux, 2013 - Article in All About Feed Jha and Berrocoso, 2016




HEEEL-AS/HFS &l
Tryptophan — Appetite Regulation

Sarctonin

x

- EEEILOCZRH ATHA MEdE= elEH2 00l S22 E410 A5 WE2 A 258 =JIsE
DEGH=E AL M 228 £+ UASLICL > 012 28 A2 852 SII
Melatonin (derived from Tryptophan) in the GIT may serve as a signal for the synchronization of the feeding and digestion process
- increase feed intake.

» EYEWMS T3 JURO MEHS SIIAIZLICH ZBAMC JHRS 0|F MBS U251 D DS ASE

Al2IolR &2 S8 JE0 s MEELICH - 0l Plet s A5 S
Tryptophan increases the synthesis of Ghrelin. Ghrelin from GIT stimulates the vagus nerve and transmits the hunger signal to

- EEETE 2020 AEE L E8ol=0 ddE MzEH2 4840 S22 d2AELICH
Tryptophan = precursor of the central production of Serotonin which is involved in the regulation of satiation and appetite.

hypothalamus appetite regulatory region = increase feed intake.
” *




B A 2310 EEET 73 &4

Tryptophan requirement gets higher when challenged

Higher Uptake Of Trp from Blood ADG 0-19d pw g/d
During Inflammation 250
60 - ¢
be
b
o 200
(= a
ks
=
o i ‘ 150
(= = Control pair-fed
i - inflammation
? 30 -
100
20 - challenge Challenge Challenge Control Control
Trp - Trp + Trp - Trp +
Trp - TRP:LYS = 0.19 :
e e Le Floc'h et al 2005
3 0 1 2 3 4 7 8 9 Trp + TRP.LYS = 0.22 crlocheta
ays
Le Flac'h et al 2003, Melchior et al 2004 Ealgfﬂ-g k"E 'E"CEﬂD” .'H %ﬁ@ EE% 5}_1_]_ EC_I:! _:F_;g jl%% é|::|_l--| E-}

Tryptophan plays an important role in cell division (Mellor and Munn, 2004) and as immune modulator
(Chen and Guillemin, 2009).

2021 Cargill, Incorporated. All ights reserved l l 42
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Threonine is the highest AA in mucin and mmunoglobulin

_'II 12 g
£ 16 E"-m u
g 2 s o= )
- g “_‘-“
c 10 e
=] 2
;. " S | -
2 M.{}
1 - P g J,fgf@

#@fféfﬁff*@ Sl : : :
it —— Thr is the 15t essential AAin Ig

Lien et al 1997
EYUHE F4 MMl st Ol0| =4t LICH 8 0] R4l detdoez Z2 J|ls= JHEEL|LL.
Ed2t= Eot JA- et HIAHMAO MANAH =28t S== & LILL

Threonine is required for the synthesis of mucins, and thereby promote the function of the gastrointestinal tract (Faure et al ., 2006).
Threonine plays an important role in the production of humoral antibodies and immunoglobulins (Li et al ., 1999; Wang et al ., 2006).

@ 2021 Cargill, Incorporated. All ights reserved.
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Reality of modern farms

SN
Genetic selection

A gl o]

& I Mo AAEE
S=E=s0 4 g2
Il AEYAE 2251 & F
Modern production systems
=9 Jse 0 put more pressure on
High producing animals : animals
v Z0tAl= HALE i
Elevated metabnlic rate !
vasi O HSoll k= &= M
More prone to inflammation _
SAMIMC L &=
Il 22015

Greater needs for
antioxidant compounds

H &2 &84 & M
More oxidative stress

N5

At &4 Bigt
Environment changes

I

S HCBE S
Changes in farming practices :

v =2 A= 2 & Higher densities
1I“/'.;::,l-;".LH;[:”':'.'.'fﬁl: I_ll:ll-jlv,-a'k..xj{m

Reduced medication programs
vIIZEHSZOCISHH ZEHO| A 3t
More extreme weather patterns

!

More oxidative stress

O 2 &8d &4 dd

“Lean muscle pigs show in fact abnormally high serum concentrations of reactive oxygen metabolites (ROMs), as opposed to rural swine
(Brambilla et al., 2002). (...) This implies an oxidative stress under resting conditions similar to that of human beings during intense

physical exercise” (Amadori and Zanotti, 2016) "”




- & ® @

B == AU AEHA HE JAAH
Response to Physiological Stress

MBIAEY A g g3 HISILE
OXIDATIVE STRESS uZ_I ANTIOXIDATIVE MECHANISM
Production of Free Radical g 0, => H,0 +0,
0
HIE/EZ= &A Cell/Tissue Damage | Enzymes : SOD, GH-X, CAT
%)
g S + Disease + Noise 3 gadst L didsE AR NS
2 A «  EA » Overcrowding + Regrouping E STIMULATION OF ANTI-OXIDATIVE
EHIES » A= Rt + Heat/Cold « Limit-feeding 0 ENZYME PRODUCTION
zJ|9 & +  AirQuality IFeed outage [
L
Reactive Oxygen Species (ROS)-Free Radicals 'ﬂ'gf\_} iE‘.I ﬂ'g’ﬁ 'FrII - g“:‘l"g
: HOMEOSTASE: RESTORING
A OXIDATIVE STRESS ~ AtBAEG A .‘_ THE OXIDATIVE BALANCE
Cell/Tissue Damage M| /XX &A}
Inflammation o=

Decreased Performance, g5 X5l Increased performance

Morbidity and/or Mortality ety @ Dt HIALE S} AT BEAH




B & ZS2H =0 At AEH A
Polyphenols Help To Fight Against Oxidative

POL
-©

1o HIEREL EREA S e il
Sparing effect on Vitamin E and A

tress

02'-

Superoxide

2. B4 A8 S3I6t0H, SOD &4 JlssS UA

Neutralization of free radicals, helps to spare

Catalase _ 1
super oxide dismutase (SOD)

3. GSH-px A2 MAA St
Increasing the regeneration of glutathione

peroxidase (GSH-px)

o POL

MSt AEY AL 24 > HA HAH M
Reduce oxidative stress = Improve immune system

2027 Cargill, Incorporated. All ghts reservad |I I 46
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A broad range of natural antioxidants

{ Plant polyphenols }
(>8,000 compounds fdenf.fﬁed)A

Phenolic

acids

Aromatic herbs, coffee...

Stilbenes

(e.g. Resveratrol)

Grapes, berries...

Flavonoids

(>4,000 compounds)

Lignans

(e.qg. Matairesinol)

Linseed, cereal grains...

L 2

k4

(e.g. Apigenin)

[ Flavones

| |

Isoflavones
{e.g. Genstein)

L

L

Parsley, celery...

Leguminous plants...

) (B |

Flavonols

(e.g. Quercetin)

(e.g. Cyanidin)

] [Anthooyanidins

|

(e.g. Naringenin)

Flavanones ]

Grapes, co¢

o0a, berries. ..

Onions, leeks...

Grapes, berries...

Citrus fruits, tomato...

Y

[ Monomers ]

{e.g. Catechin)

{ OIigo!Ponmers}

(e.g. Procyanidins)




. E"%I:EI' ?_E'lto:l 3*/\ QI'EE——I

Bioactivity of phenollc compounds

Resveratrol Quercitin Catechin Pro- Antho-
cyanidin cyanidin

oS & E Free radical scavenging

IZ!III

=
2 AE Ant inflammatory X X X X

2F 2HHI 2l OF Anti-bacterial X X X
2F & Anti-cancer X X

=ctA0F NO £=2 Enhancing plasma NO level X

RIS &3Ol CHEYOHE MIZS 25 . 5

Protection membrane against lipid oxidation

S2HE IS 23 : ;
Vasorelaxation (Improve vascular functions)

AEZ 55 Inducing apoptososis X
MZ& CHAF 57 & Regulating lipid metabolism X

Olgel QI2E E)} .

Increasing insulin sensitivity

Source: compilation of publications adapted from Xi et al.,2011

5 = H=4d 3820| 22 A2 0FELIC Not all phenolic compounds are the same
. 0| E}Ef%%l% g4d484 HAHS ol200 CHeFe IS0l UsLICEH They play other role than only free radical scavengers




HAEYA 22 E At &£ E &2
Other solution for stress control

Ol &2 J| & Twofold mechanism of action:
AEYA S SAL SH4 S A 2t IS FANUH &3 H ANB2 SYS SFH(ANE 278)

L= Ty |
Relieve stress & aggression symptoms and maintain Liver function SAME GROWTH WITH LESS FEED (FCR)

301X Al 0|& 3 KEY BENEFITS

- QUK E24 &}
AMS ESSI #A DU BHE/ =& Better energy management & efficiency

Combination of botanical extracts and key minerals

IS % &% SKIN & CARCASS
e EMOZ Qlal I A H2

B = i T o =,
JI‘H} #5::" 'ﬂ'% %jl GABA receiver activity 1 C= AN ® 251 32 = HAST OtE AFEH
Lower incidence and severity of skin damage(scratches or
lesions), also in remaining pigs 3 days after first load to

b A F slaughter
YetEH SIt Melatonin Fruductiuioﬁia&?r;};’la%caIs (ROS)
SIe =} Dopamine = analgesic effect, pleasure effect 27| =& ENHANCED WELFARE
OLEdIE&! 24 = Adrenaline AF UELHE A Mol XA/OFE S & ILA
heart rate Natural calming effect on hog behaviour
« AN FH Z2
Mixing and regrouping of hogs causes less issues

@ S4 blE =0t Eois BE X WX B8 &= (less fighting)

Inactive behaviour 1 “Anxious" behaviour | Optimised energy efficiency Lo e a
(Franco et al., 2012) (Franco et al., 2012) (Gondret et al., 2014) » E0of Al &S X

At Finishing: Easier loading, transport and unloading at
slaughterhouse causes

g3 XE Hd . TEIR oA, AP BAH A

Improved consumption index Work environment improvement for staff

2 2021 Cargill, Incorporated. All ights reserved.



H == =X sdli 888
The importance of animal welfare

TN SS YSHS HISES 4T SHS 5% ZAAIE A0l ASLICH

Negative or aggressive social behaviour reduces pig growth performance during the fattening phase by 5%

» SJiot= AHIASS s= SA0 et 24

; 840 2
Regulations and consumer pressure R*=037
820
= e | — o]
« =2 ASHE Mol H0| 4 &80 =0 E =+ a
: : ; : ~ 800
U & LICtH Addressing behavioural problems and reducing stress in 3 ? I ?
pigs has a positive impact on performance (Camerlink et al., 2012). ;’3 780 1 I
» HEMIJNE 0IEXZ Clol: 04 | [ | T 2
Inhibiting development of the pig can lead to: S 240 | I
- S2 AT HUE HF LA ] l
Growth and overall performance | - 193 112 70 23
s JIF HA 3| == & A Health resistance | 0 0-1% 1.2% 590
= =19 =2 23t Income farmer | Oral manipulation received (% of observations)

Camerlink et al., 2012
B 2021 Cargill, Incorporated. All rights reserved ! I 50



B AEYA 222 Ale &=
Managing Stress help to improve FCR

[Effect of ConverMax on the growth of fatteners]

ConverMax Difference

AlE 22(Y) 72 67 5days of agel 0.3440

E AT 23(g) 1271 173.8 3.9days | 0.4656
HISA ALRD(2H(E) 122 5 114 8.5days | 0.5000
ANZE HS(ka/F) 28.3 26.95 1.4kg/pig | 0.4208
£z ME(ka/F) 110.95 111.25 0.3kg/pig T 0.9208
2 SHE(g//F) 674.80 742.64 68g/d1 0.4881
e S (0/Y/F) 1968.81 2138.75 170g/d1 0.5460

H AL (%)




B AEYA 222 AMIE S8 (HS)
Managing Stress help to improve FCR
[AlE &2 &4 FCR Improvement]

22.3%

2= Control ConverMax
= M= 8F E(kg) 381,176 176,639
=S HE - A =(kg) 197,240 94,080
ANE B 1.933 1.878
Me 25 Hal - 0.055
&
Control ConverMax Difference
B MA=-T= Al(kg/pig) 116.65 117.49 0.84kg?
== s= AE(S3S 11) 77.26% 76.80% 0.46%|
1+ S= 40.8% 36.9% 3.91%]
36.5% 40.0% 3.46%1
22.3% 0.08%]




3. 2 & Take Home Message

e Nz 2= 5= MAl BElle & &2 sSHUAH S48 5 0F & LI L. Efficiency should be

reviewed for farm operation, not by animal unit

o H2AA HII L A AFBUHAH HOE LIEUHII H B&otH oY JtXI==2 M3 = U=
WEUHQCIAl A88ot= 0| =& LICH Need to employ partners who can supply accuracy in terms of

nutrients evaluation and nutrient requirement

o AIBIIsdl 2B UHAM Al 28 H& &ot= 12 oll OF & LICH Consider improving efficiency in line

with sustainability

2 EHHA HSLSE A0 ==& 22 USLICEH Look beyond nutrition

]
0R
02
Jol

MOl=0 s &= )= 0 O0F &LILCH Keep an eye on emerging technologies

L]

i
[
o
ﬁ*ﬂ

2027 Cargill, Incorporated. Al r :_:i'l_-. reserved |I l &3
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