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The importance of knowing the Mechanism of Action of our products
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Performance results are important, but, are they enough?

Results Commercial Trial A Results Commercial Trial B

Parameter Control  BalanGut® Change Parameter Control  BalanGut® Change
(ﬁ of T:CT)icks meEn  2A%ED ?lzfoclzi)c"s 212,074 338800  nla

t g&gm'gg 21100 22650  n/a Z;’Lg{;’ggj 200813 324105  nia

% mortality 8.20% 6.61% i-lig%%; Day at slaughter 49.21 47.12 i_zzf)zgcg))
% condemn 1.02% 0.78% i_oz.:z;% % mortality 5.31% 4.34% g_ol'gfijﬁ‘;
e i E’l"(gi)ght 2.99 3.05 0 \é\:g;f’e?t(ﬂg;” PEr 2788 2815 o
FCR 1890 1845 U0 ADG (g/d) 56.66  59.75 RS
Adj. FCR** 1.844 1.787 i—oé?fz/o) FCR 1.923 1.873 E-Ozpb?% ;

** Adj. FCR- to mortality and std. BW (2.724kg)

We create chemistry
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Animal production is not that simple

W There are multiple factors

Location @ @ Age that can affect the health
_ and by conseguence the
Litter Elisch performance of the
- animals
Temperature Gut region
W Thus, producers need
recommendations and
Medication L] Maternal tools to ensure optimal
factors _
zootechnical performance
Hygiene @ @ —_ with economical benefits
Housing @ Feed
Source: Timbermont et. al., Avian Pathology, 2010; Singh et al., Veterinary World, Vol.1(5):141-143
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Different challenges throughout the production cycle

Pre-starter Starter Grower Finisher / Withdrawal Pre-harvest Slaughter
g’ 0 — 14 days 15 — 28 days 28 —35days 35-63days 8 — 12 hours
W Undeveloped gut W Bacterial enteritis W Salmonella & Campylobacter control
W E. coli W Subclinical C. perfringens W Lack of uniformity
W Coccidiosis (tissue damage) W Carcass characteristics

m Wet litter /[FPD

From tissue development & intestinal integrity to performance and control of

pathogenic bacteria
Starter Grower Finisher Processing
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Different challenges throughout the production cycle

|

Gestation/farrowing Lactation Pre-starter Starter Grower

4 months 4 weeks 2 weeks 2 weeks 2 — 4 weeks
W Gut development ® Protein digestibility ¥ Body condition
“ Neonatal diarrheas — ® Undeveloped gut @ Uniformity

Clostridium spp.
W Litter growth
W Early feed intake

W Diarrheas — E. coli
W Overall gut health

O -BASF

We create chemistry

Gestation Farrowing Nursin Weaners
I h -]
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The gut Is more than a digestive organ

The gut has different functions beyond
digestion and absorption of nutrients

7. Modulation of central # 1.Protection against
nervous system pathogens

6. SCFA production ., g
v

> @ 2. Synthesis of
vitamins

3. Immune system
development
/. Promotion of intestinal
angiogenesis

by fermentation . {
of dietary fiber

J

5. Promotion of
fat storage ..

Source: https://commons.wikimedia.org/wiki/File:Microbiota_roles.png " e
e create chemistry
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Chrono-Immunology

@ Nearly all organisms have adapted their
physiology and behavior to a daily rhythm.

W Circadian rhythms influence virtually all aspects
of physiology (from gene expression to
organismal behavior).

W Several features of the immune response are
regulated in a time-of-day dependent manner.

Nature Reviews Immunology volume 18, 423-437 (2018)

O -BASF
We create chemistry
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https://www.nature.com/nri
https://www.nature.com/nri
https://www.nature.com/nri

Chrono-Immunology

1. Peak times of cell numbers of diff. immune populations in pigs

Leukocytes - ::‘ S o
NK cells P —
T cells B wox
Monocytes ® : .ﬂ. o ® ns
Neutrophils ': e ® ns
Eosinophils _-“ -
Total Th cells e ns
Cytotoxic T cells e -
1 T cells - wk
Naive Th cells el o
Ag-exp. Theells | ;’o@ g oo (e oo ns
Cortisol r. oo ***
Activity behavior -...- *kk
Hematocrit ;? ok
07 13 19 o1 o7 -4 0
Time of day Difference of SD

Engert C. L. Frontiers in Immunology 10, 393 (2019)
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2. Microbiota expression under

Relative Abundance (Genus > 1%)
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normal & extended photoperiods in chickens

Hieke A-S C. et al., PeerJ Microbiology (2019)



Urgent need to identify economical solutions through the MoA

W A fully functional immune system is mandatory for
— Health

— Welfare
— Thus, high productivity and safe animal products

Identifying the role of the molecular clock in various gut
iImmune cells as well as the time of peak responsiveness
to our products, could have great implications in disease
prevention and husbandry practices
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Moving along

Physical Review Letters 115(21) (2015)
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https://www.researchgate.net/journal/Physical-Review-Letters-1079-7114

Butyric acid-based products’ evolution
From butyric acid salts to monoglyceride blends

1st Generation  2"d Generation  3'¥ Generation 4t Generation 5™ Generation 6! Generation
Butyric Monoglyceride
- blends
(C4, C8 & C10)
W Very pungent smell ¥ Reduced bad smell W No bad smell ® No bad smell
@ Highly hygroscopic W Coating provides W Gastric bypass W Gastric bypass
W Reactive with free acids gastric bypass W Site of Action in gut W Reach hindgut
W Easily absorbed before W Coating ensures B Antibacterial effects
arrival to gut extended release

through GIT tract
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What they are

Class of glycerides composed of 1 glycerol & 1 fatty acid

Also known as monoacylglycerols

Different functions depending on the length of the fatty acids
Monoglycerides- SIMCFA: antibacterial & emulsifiers
Monoglycerides- LCFA: only emulsifiers

Where do they come from

Found in maternal milk at low concentrations

Rarely found in natural fats

Normally found as by-products of partial hydrolysis from triglycerides

Sept. 21 Monoglycerides- Their mode of action on gut health

'y Carboxylic
O 3 Glycerol

//ﬁ\\N:/”\\x N

e 5+ (_)H/jﬁ\\(_)H
 OH =..__ Hydroxyl

N-Butyric acid group

/

Or other fatty acid



Esterified butyric acids

Esterification of butyric acid with glycerol (Main Reaction)

e Carboxyli
s Glycerol

Y e OH/\__K\OH

_____________

. ) t (OH *‘_ Hydroxyl
N-Butyric acid . group
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4th Generation

1-Mono-butyrin

O/\|/\OH +

OH

H,O
Water

5th Generation
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Esterified butyric acids

Esterification of butyric acid with glycerol (Main Reaction)

_______

k
+ OH/\r\ ——
-1

_____________ mOH - Hydroxyl
N- Butyrtc amd group

) @
/\)J\ /\)'L‘l-Mono-butyrin .
42:,
o T o Non
OH

N-Butyric acid
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Esterified butyric acids 4 Generation 5" Generation

1() Carboxylic

O
/\)J\ group Glycerol — /\JJ\LMono—butyrin
+ OH/\r\ — o/ﬁ/\OH + 0
OH

Esterification of butyric acid with glycerol (Main Reaction)

_______

k
_____________ o Water
L OH N Hyd |
N- Butyrtc amd - ;’éﬁ?
O O O O
/\)J\ /\J'L 1-Mono-butyrin Rinz /\)J\ 1,3 Di-butyrin )J\/\
42:,
b T O/ﬁ/\(}H < o/\r\o + O
N-Butyric acid OH OH Water
O O O O
/\)L /\JJ\1 ,3 Di-butyrin )k/\ Rx"3 Tri-butyrin )J\/\
- + O/\r\ O/\(\O + H,O
: Water
OH ©

N-Butyric acid
O

O -BASF
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BalanGut® LS - Properties

Well protected and easy to
handle source of butyric acid
In the form of monobutyrin

Site of action — the gut

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry
and swine producers

3
¥
.
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BalanGut® LS — Formula § 1. vt proeceaseasy

handle

Blend of mono- di- and triglycerides of short and medium chain fatty acids

Parameters Description Characteristics
Composition 56 — 63% Mono- di and triglycerides of butyric, caprylic and capric acid
Liquid 37 — 44% Gilycerol
e 6 <1% Free fatty acids
Composition 43 — 49% Mono- di and triglycerides of butyric, caprylic and capric acid

Powder é é 16 — 22% Glycerol
31 - 34% Silica

<1% Free fatty acids

Butyric acid glyceride > 70% Monobutyrin
distribution > 80% 1-monobutyrin
< 12% 2-monobutyrin
< 25% Dibutyrin
< 5% Tributyrin

Source: BASF . i
We create chemistry
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Ester bonds need to be hydrolyzed by enzymatic activity (lipases)
Gastric & pancreatic lipases act mainly on the alpha carbon (1 & 3 positions)
Pancreatic lipase activity - pH 4 to 7 _ Lipase activity over apH range
in the presence or absence of colipase

Bile salts prevent lipase from biding to its substrate
Colipase- lipase cofactor- enables lipase activity in presence of bile salts

—_—
2

06r B With colipase

O wi/o colipase

03
02

01t

Loss in turbidity (arbitrary units)

Brownlee |.A. Nutr. Res. Rev. 23, 2010

Benito Gallo P., et al. Eur. J. Pharm. Biopharm 93, 2015.
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Ester bonds need to be hydrolyzed by enzymatic activity (lipases)
Gastric & pancreatic lipases act mainly on the alpha carbon (1 & 3 positions)
Pancreatic lipase activity - pH 4 to 7 Lipase activity over a pH range

in the presence or absence of colipase

Bile salts prevent lipase from biding to its substrate
Colipase- lipase cofactor- enables lipase activity in presence of bile salts

O O/

—_
X

06r B With colipase

05 O wio colipase
04 F
03

02

Loss in turbidity (arbitrary units)

01t

Brownlee |.A. Nutr. Res. Rev. 23, 2010

Benito Gallo P., et al. Eur. J. Pharm. Biopharm 93, 2015.
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1 Well protected & easy to

Protection given by ester bonds 1. e

Objectives: To determine the hydrolysis of [*C]butyrate from 1- and 2- [*C]-butyryl
glycerol monoesters as a function of time when incubated in saline (control), simulated

gastric fluid and simulated intestinal fluid.

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing n L BASF
We create chemistry

21 Sept. 21 Monoglycerides- Their mode of action on gut health



% 1 Well protected & easy to
g ~  handle

Protection given by ester bonds

Objectives: To determine the hydrolysis of [**C]butyrate from 1- and 2- [*C]-butyryl
glycerol monoesters as a function of time when incubated in saline (control), simulated

gastric fluid and simulated intestinal fluid.

--O-- Saline --- Simulated Gastric Fluid —— Simulated Intestinal Fluid

Hydrolysis of a-Monobutyrin

0 1 30 45 60 75 90 105 120
Time (min)

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing
We create chemistry
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% 1 Well protected & easy to
g ~  handle

Protection given by ester bonds

Objectives: To determine the hydrolysis of [**C]butyrate from 1- and 2- [*C]-butyryl
glycerol monoesters as a function of time when incubated in saline (control), simulated

gastric fluid and simulated intestinal fluid.

--O-- Saline --- Simulated Gastric Fluid —— Simulated Intestinal Fluid

Hydrolysis of -Monobutyrin

Hydrolysis of a-Monobutyrin
(n=5)

45 60 75 90 105 120

0o 1 30 45 60 75 90 105 120 0 15 30
Time (min)

Time (min)

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing
We create chemistry
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Protection given by ester bonds

Objectives: To determine the hydrolysis of [*C]butyrate from 1- and 2- [*C]-butyryl
glycerol monoesters as a function of time when incubated in saline (control), simulated
gastric fluid and simulated intestinal fluid.

-0 Saline -O-- Simulated Gastric Fluid

Hydrolysis of a-Monobutyrin
(n=5)

0o 1

5 30 45 60 75 90 105 120
Time (min)

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing

24
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—— Simulated Intestinal Fluid

Hydrolysis of B-Monobutyrin
(n=5)

A

0 15 30

45 60 75 90 105 120
Time (min)

1 Well protected & easy to
* handle

In-Vitro Conclusions

- 2-monobutryin rapidly
iIsomerizes to 1-monobutryin
when in the presence of an
aqueous matrix.

- 1-monobutryin is more stable
and tends not to isomerize to
the 2-monobutyrin.

- Hydrolysis of the 1-
monobutyrin by lipases in the
duodenum will create free
butyric acid for absorption
and metabolism.

O -BASF
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BalanGut® LS - Properties

Well protected and easy to /
handle source of butyric acid

in the form of monobutyrin

Site of action — the gut

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry
and swine producers

3
¥
.
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BalanGut® LS — Site of Absorption / Action

/\J\ O\H/
H,C * o/ﬁ/\cm or o
HO
1-monobutyrin

2-monobutyrin
Asterisk indicates the position of the radiolabel

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing

26 Sept. 21 Monoglycerides- Their mode of action on gut health

; 2. Site of action — the gut

Objective

To determine whether two bioactive
glycerol fats, 1- monobutyrin and 2-
monobutyrin are absorbed intact, or
if they are metabolized in the
gastrointestinal tract prior to
absorption

Materials & Methods

Day of hatch broiler chicks raised
in floor cages fed a basic diet
containing BalanGut® LS @ 2g/kg
feed, from arrival until sample
collection.

O -BASF
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BalanGut® LS — Site of Absorption / Action B 2. sicoracton—tme qu

) \H/ o Objective
/\)J\ O ‘ To determine whether two bioactive
H,C * o/\/\cm or o glycerol fats, 1- monobutyrin and 2-
OH "o/j/ monobutyrin are absorbed intact, or
1-monobutyrin HO if they are metabolized in the

gastrointestinal tract prior to
absorption

2-monobutyrin
Asterisk indicates the position of the radiolabel

Materials & Methods

Day of hatch broiler chicks raised
in floor cages fed a basic diet
containing BalanGut® LS @ 2g/kg
feed, from arrival until sample
collection.

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing n L BASF
We create chemistry
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BalanGut® LS — Site of Absorption / Action B 2. sicoracton—tme qu

CHs

o Objective
/\)J\ To determine whether two bioactive
H,C * o/ﬁ/\cm or glycerol fats, 1- monobutyrin and 2-
OH monobutyrin are absorbed intact, or
1-monobutyrin =1 if they are metabolized in the
2-monobutyrin = = gastrointestinal tract prior to
Asterisk indicates the position of the radiolabel e a " .
absorption
Treatments, Replication, and Collection Times
Collection :
Time Treatment Replicate (week day) Total Materla'ls &' MethOdS : :
! Mo Tue Wed TheFri Day of hatch broiler chicks raised
2 14C]-1-monobutyrin . . .
i it di : in floor cages fed a b®aS|c diet
. (Cpimoncbugin 1 1 11 ; containing Ba]anGut_ LS @ 2g/kg
[“Cl2-monobutyrin 1111 5 feed, from arrival until sample
8 14C]-1-monobutyrin i
{"C}-é—mum:ugrin : i : : i ; COI I eCtI on.
12 ['*C]-1-monobutyrin 1 1 ! 1 1 5
|"*C]-2-monobutyrin 1 1 1 1 1 3
Per day totals: 8 8 8 8 8 40

Samples collected: tissue and contents separated from upper,
middle & lower GIT, excreta, liver, blood & rest of the carcass.

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing n L BASF
We create chemistry
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BalanGut® LS — Site of Absorption / Action B 2. sic ofscton-the g

) o Objective
/\)J\ To determine whether two bioactive
H,C * O/Y\OH or glycerol fats, 1- monobutyrin and 2-
OH monobutyrin are absorbed intact, or

if they are metabolized in the
gastrointestinal tract prior to

1-monobutyrin

2-monobutyrin

Asterisk indicates the position of the radiolabel .
absorption
Treatments, Replication, and Collection Times
Collection -
:ime Treatment — Rﬂ;licwﬂf:fmﬁ_*ﬁ _Total Cumulative [14002] Elimination Materials & Met_hOdS . :
o Tue u f o Day of hatch broiler chicks raised
2 ["C]-1-monobutyrin 1 1 1 1 1 5 i i 1
Lo L : - in floor cages fed a b®aS|c diet
4 (“CHlmonobuyrin 1 1111 5 § s containing Ba]anGut_ LS @ 2g/kg
[“Cl-2-monobuyrin 11111 5 %5 feed, from arrival until sample
8 [“Cl-1-monobutyrin 1 1 1 [ 5 X 30 collection.
[*C]-2-monobutyrin 1 1 1 1 1 5 g e U‘Monobutyrin
12 ["C]-1-monobutyrin 1 1 1 1 1 5 O 15 - i
["C]—Z—mumhug:m ! ! ! ) i : :._‘ -~ B-Monobutyrin
Perdaxtotals: 8 8 8 8 8 40
Samples collected: tissue and contents separated from upper, 0 6 2 4 6 8 10 12
middle & lower GIT, excreta, liver, blood & rest of the carcass. Time (hr)

O -BASF

Source: Animal Metabolism-Agricultural Chemical Research Unit; Dr. David Smith- study ongoing

We create chemistry
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BalanGut® LS - Properties

Well protected and easy to /
handle source of butyric acid

in the form of monobutyrin

Site of action — the gut /

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry
and swine producers

3
¥
.
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M

Benefits from monobutyrin & butyric acid

When absorbed into the gut tissue

B Gut development & recovery
Cell proliferation & renewal of epithelium

B Gut integrity
Effects on tight junctions

B Host defense
Antimicrobial peptide production in Paneth cells

Peng L. et al. 2009; Guilloteau P. et al. 2010; Bartholome et al., 2004; Yan H. & Ajuwon K.M. 2017; Feng Y. et al. 2018
Cox et al., 2009; Guilloteau P. et al. 2010; Sunkara L.T. et al. 2011; Schuzlthess J. et al. 2019; Arterioscler. Thromb. Vasc. Biol. 24, 2004 n n mF

We create chemistry
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Butyrate modifies intestinal barrier functior
IPEC-J2 cells through a selective upregulatio

Butyrate Enhances Disease Resistance of Chickens b

Inducing Antimicrobial Host Defense Peptide Gene
Expression
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QOriginal Paper

Short-Chain Fatty Acids Manifest
Stimulative and Protective Effects on
Intestinal Barrier Function Through the

13'PLOS | one

Immunity

The Short Chain Fatty Acid Butyrate Imprints an
Antimicrobial Program in Macrophages

s and an important first
may represent a prom
xogenous administrati
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ative burst capacities o
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d reduction in the bact;
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te host defense share:

Promotion of Intestinal Epithelial Cell
Turnover by Commensal Bacteria: Role of
Short-Chain Fatty Acids

Jung-ha Park™, Takenori Kotani'*, Tasuku Konno', Jajar Setiawan’, Yasuaki Kitamura',
Shinya Imada’, Yutaro Usui', Naoya Hatano®, Masakazu Shinohara?, Yasuyuki Saito’,
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Inhibition of NLRP3 Inflammasome and
Autophagy

Yanhai Feng® YuWang" PeiWang® Yalan Huang® Fengjun Wang®

*State Key Laboratory of Trauma, Burns, and Combined Injury, Institute of Burn Research, Southwest
Hospital, Third Military Medical University (Army Medical University), Chongqing, "Department of
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Chongging, China “Department of Military Nursing, School of Nursing, Third Military Medical University
{Army Medical University), Chongging, China

Key Words
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Butyrate Enhances the Intestinal Barrier by
Facilitating Tight Junction Assembly via
Activation of AMP-Activated Protein Kinase
in Caco-2 Cell Monolayers'?

Luying |1tl1g,:‘i Zhong-Rong Li,* Robert S. Grt::u..; lan K. Hulzmau,"’ and Jing Lin’*

"Department of Pediatrics, Mount Sinai School of Medicine, New York, NY 10029-6574;

antimicrobial peptides

» Butyrate inhibits HDAC3 to drive metabolic changes and
microbicidal function

Schulthess et al, 2019, Immunity 50, 432-445
February 18, 2019 © 2018 The Authors. Published by Blsevier Inc.
hittps://doi.org/ 10,101 6/f.immuni 201 B12.018

Cell

‘Department of Pediatric Surgery,

Yuying Children’s Hospital of Wenzhou Medical College, Wenzhou, China 325027; and *Department of Medical Genetics,
Tongji University School of Medicine, Shanghai, China 200092
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Benefits from monobutyrin

LRC

Barrier function
— semi-permeable & vital for nutrient absorption
— H,0 retention
— prevention of pathogen invasion

Intestinal lumen

Intestinal epithelial monolayer

Kovanda L., et al., UC Davis; Gokulan et. Al., 2017 B0 -BASF
We create chemistry
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Benefits from monobutyrin

34

TEER of IPEC-J2 treated with monobutyrin
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oOmM 21 mM 2 mM B4 mM B8 mM

a a a g abaa

ﬂﬂﬂll ‘el

Time post treatment (hours)

—o

48

72

LRC

W Transepithelial electrical resistance
(TEER) of porcine epithelial cells

W Resistance is inversely proportional to
the area of the membrane

® Monobutyrin increased TEER at all
timepoints post-treatment in porcine
epithelial cell monolayer in-vitro

. . | ]
Kovanda L., et al., UC Davis; Gokulan et. Al., 2017; Poenar et al., materials 2020
We create chemistry
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Benefits from monobutyrin ¥
X[
INF-o, pg/mL ® Cells were incubated with various
45 000 - concentrations of monobutyrin in the
| a presence of 1 ug/mL of LPS** for 24 h.
40.000 1 7 .
35.000 - T @ Preliminary data show that:
30.000 - b b — monobutyrin could reduce the
25.000 - ] T b overresponses or over-inflammation
- b caused by LPS chall
y challenge.
20.000 - T | _ _

- — there was no difference in TNF-«
15.000 + results when the dose was over 250
10.000 - pg/mL.

5.000 -

0 ' : : : ' *PAM= porcine alveolar macrophages
0 100 250 500 1000 1500 *| PS= lipopolysaccharide

Preliminary data: UC Davis

a.bmeans in a column not sharing a common letter are significantly different (P < 0.05). O -BASF
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From the
heart

. Outer Layer

What is angiogenesis:
Physiological process through which new blood vessels form.

Growth of blood vessels from the existing vasculature.
Occurs throughout life, health and disease (starts in uterus / egg & continues until old age)

Muscle

| Artericles

‘s

Capillaries
Ry

Prominent role in vascular development in embryos where growth is fast and resources are limited e

Why angiogenesis is important:
Cardiovascular system is the first organ to develop in the embryo

Capillaries feed every metabolic active tissue in the body
Capillaries grow and regress in healthy tissues depending on functional demands

Morgan & Claypool Life Sciences; 2010. Chapter 1. https://www.ncbi.nlm.nih.gov/books/NBK53238/
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Benefits from Monobutyrin

LRC

Vessels transport nutrients, oxygen, hormones to and from cells

Anterior mesenteric vein Anterior mesenteric
g artery

. W\ TR
‘¥ w 1.\':

F

e

Mesentery . Lymphatic vessels

https://link.springer.com/chapter/10.1007/978-3-319-25172-1_11
We create chemistry
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Vascular endothelial growth factors (VEGF)

Subfamily of growth factors; signal promotes the growth of new blood vessels.
Form part of the mechanism that restores blood supply to cells & tissues

Factors that regulate angiogenesis:

Soluble mediators
TGF-a & TGF-3
TNF-o
Prostaglandin
Nicotinamide

Others...

Membrane bound proteins
Integrin

J. Biol. Chem. 266 (2) 1991; Crit. Rev. Oral Biol Med. 6(3), 1995; Arterioscler. Thromb. Vasc. Biol. 24, 2004
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Benefits from monobutyrin 8

endothelium e[ Y

Mmaen \ 1 Enoomsm
: R g , "
o GM.CSF\‘ EEW; - et [. Mrogerdor  Serencwnd ['. Myeloid Progenitar
/ [ Abveolar macroph / l \ i\. A -0 Blood Cell
=3 ¢ T e e =
E mm + Jocsabes pliagroytie fecell TCelt ;u;:;;{ﬂl rrrrrr ";:-. ‘.; Megakaryocyte
chemokine production e eyt “ i

iy - ww Ees'mnr: ----- 'Z"Mclms
Do B Rt oo
Vascular endothelium Granulocyte MQ colony stimulating factors Proliferation hematopoietic progenitors

Arterioscler. Thromb. Vasc. Biol. 24, 2004, Mediators of Inflammation, 2015 0- BASF
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Benefits from BalanGut® LS 3

Villus height, ileum [day 21] Crypt depth, ileum [day 21] Villus height / crypt depth, ileum [day 21]
um um um @
1.200 - | - v 200 @ 7 - | . v
1.000 - 6 PCNA + cells, ileum [day 21]
150 ~ 5
800 1 4 Cells
. 100 -
400 A 2 -
50 - 40 -
200 - 14
0 - 0 - 0 - 35 1
Control BalanGut 500/300 Control BalanGut 500/300 Control BalanGut 500/300 30 4
Goblet cells, villus, ileum [day 21] IL- 1B [day 21] IL- 10 [day 21] 25 -
. Fold change
Cells, villus ©_¢ Fold change 20 A
+25% 1289
150 - 15 2,5 1 15 |
201 10 -
100 - 1,0 1 1,5 A 5 1
1,0 A 0 -
50 - 0,5 A Control BalanGut
0,5 - 500/300
0 - 0,0 - 0,0 -
Control BalanGut 500/300 Control BalanGut 500/300 Control BalanGut 500/300
) | | o | 0-BASF
& bmeans in a column not sharing a common letter are significantly different (P < 0.05). We Create chemistry
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BalanGut® LS - Properties

Well protected and easy to /
handle source of butyric acid

in the form of monobutyrin

Site of action — the gut

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry
and swine producers

3
¥
.
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Benefits from monoglycerides

When staying in the intestinal lumen

W Enable a balanced enteric microbial population

E. Coli - Control E. Coli after exposure to monoglycerides

Applied and Environmental Microbiology, 2011

42 Sept. 21 Monoglycerides- Their mode of action on gut health

Supports beneficial
e bacteria via
4. monobutyrin & medium
n chain fatty acid (C8-
C10) glycerides
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Benefits from free fatty acids & monoglycerides

W Increased membrane permeability & cell lysis
W  Disruption of electron transport chain & uncoupling oxidative phosphorylation
®  Inhibition of membrane enzymatic activities & nutrient uptake

Disrupting electron o H* Uncoupling oxidative
transport chain H phosphorylation

Inducing

| : f c'"_w‘i:""-o -‘--’Sw&fwi

| Increasing membrane “‘“‘Ommn.’"..’"‘..‘ Disrupting m:ﬁmhmm
| permeabilitv and leakaae enzyme activity
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Supports beneficial
bacteria via
2 4 . monobutyrin & medium
-} chain fatty acid (C8-
C10) glycerides

O -BASF
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Supports beneficial
bacteria via
2 4 . monobutyrin & medium
-} chain fatty acid (C8-
C10) glycerides

Benefits from free fatty acids & monoglycerides

W Monobutyrin is hydrolyzed by bacterial lipases
" Free butyric acid can enter the nucleus and downregulate gene expression of Pathogenicity island I.

S.Typhimurium
Inner cell membrane APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Jan. 2006, p. 946-949 Vol. 72, No. 1
O099-2240006/508.00+0  doiz10. 1128/ AEM. 721 946-949 2006
Peptidoglycan Copyright © 2006, American Society for Microbiology. All Rights Reserved.
QOuter cell membrane i L
Blasmids Butyrate Specifically Down-Regulates Salmonella Pathogenicity Island 1
Gene Expression
Vi antigen . 1 i 1 i 3 2 . 2
I. Gantois, * R. Ducatelle,” F. Pasmans, F. Haesebrouck,” I. Hautefort,” A. Thompson,” J. C. Hinton,

and F. Van Immerseel'

Departmient of Pathology, Bacteriology and Avian Diseases, Research Group Veterinary Public Health and Zoonoses, Faculyy of
Veterinary Medicine, Ghent University, Salisburvlaan 133, B-9820 Merelbeke, Belgium," and Molecular Microbiology Group,

Lipopolysaccharide

Fimbrae/Pili
Virulence genes involved in Institute of Food Research, Norwich Research Park, Norwich NR4 7UA, United Kingdom®
Salmonella Pathogenicity - ) intestinal phase of infection Received 12 August 2005/Accepted § October 2005
Islands - |nvaSi0n Invasion of intestinal epithelial cells by Salmonella enterica is decreased after exposure to butyric acid. To

understand the molecular mechanisms of this phenomenon, a comparative transcriptomic analysis of Salmo-
nella enferica serovar Enteritidis and Salmonella enterica serovar Typhimurium grown in mediom supplemented
T secretion m with butyrate was performed. We found that butyrate down-regulated the expression of 19 genes common to
ype 3 relion syste both serovars by a factor of twofold or more, and 17 of these genes localized to the Salmonella pathogenicity

island 1 (SPI1). These included the SPI1 regulatory genes hilD and invF. Of the remaining two genes, ampH
T Flagellin has 91% homology to an Escherichia coli penicillin-binding protein and sopE2 encodes a type ll-secreted

wol) papeojumoc]

effector protein associated with invasion but located at a separate site on the chromosome from SPIL

We create chemistry
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Supports beneficial
bacteria via

. monobutyrin & medium
chain fatty acid (C8-
C10) glycerides

Benefits from free fatty acids & monoglycerides

)
N

W Fatty acids are known to have good antibacterial effects
W Fatty acids (& their glycerides) can affect both Gram positive (G+) and Gram negative (G-) bacteria
W Easier to kill G+ bacteria due to their simple single lipid bilayer structure compared to that of G- bacteria?

GRAM [+ CELL-WALL GRAM (-] CELL-WALL

Teichoic acid Lipoteichoic acid

\ / \ o s [ '| /] "h' / / ﬁl oo
-sped C siae ) J "' orn
b 522 KO
> s on Qs w ) /
" \' = :_l_:l. R - ]— Lipopolysaccharide
Peptidoglycan B "... e QOuter membrane \ s
T « lipoprotein
= : : < ‘: Periplasmic space < @ ¥ * : .
Periplasmic space —» \ P P - e } Peptidoglycan

)()

Wl wiwl {)
Plasma membrane )OO () () O () ( Plasma membrane {
( ()0 ) (
\ (' £ / K \!

and integral proteins and integral proteins

We create chemistry
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Supports beneficial
bacteria via

. monobutyrin & medium
chain fatty acid (C8-
C10) glycerides

Benefits from free fatty acids & monoglycerides

Hes
N

MIC values of Short & MCFAs tested at pH 6, (mg/mL) MIC values of Short & MCFA tested at pH 7, (mg/mL)

Bacteria C4 Ci10 C12 Bacteria* C4 C8 C10
E. coli (K88) (-) 16 4 >16 E. coli ETEC K88 (F4) (-) 40+0 5+0 40+0
S. Choleraesuis (DSM4224) (-) 16 4 >16 S. Typhimurium (-) 40+ 0 50 40+ 0
S. aureus (ATCC43300) (+) 16 8 >16 C. jejuni (-) 27 + 11 10+ 0 16 + 5
C. jejuni (CVCC3883) () 8 0.5 0.25 C. perfringens NetB+ (+) 40+ 0 510 50
C. perfringens type C (CVCC2041) (+) 32 4 2 C. hepaticus (-) 33+ 11 10+ 0 10+ 0
L. reuteri (ATCC23272) (+) > 32 4 1 L. salivarius (+) 40+ 0 5+0 5+0
L. johnsonii (AS1.3221) (+) > 32 2 1 B. animalis (+) 40+ 0 510 50

Prof. Guan, 2017 * Field strains De Smet, 2021

+ standard deviation (SD based on a mean of 3 replicates)

We create chemistry
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Benefits from free fatty acids & monoglycerides 7

8
- > > >
Campylobacter
= © W ATCC 33560
[
E"ﬁ — O Isolate 1
£ 4
=
.23
()
2 —
=
2
N ” ﬂ
0 - . — — )| e— | - M
= =] = = = — = = = = = =
ro— et — o =1 - -:: o ..: rlj_) .mﬁ
2 F=lles] 8 2 B o - == |28~ 2 g —
2o |lgs8lleal 28 2o = S |88 ||lga| 28 ==~ S
TR |ES||E=| 22 28 B |22 s=|g§=|E§2 £3% £
= & — = =T = = = = e — g = =
=z 5 | = = 5

At the top of the bars, >> indicates that the reduction of the bacterial count was equal to or greater than the value indicated on the left axis. ND, not done.

Applied and Environmental Microbiology, 2006

Supports beneficial
bacteria via
monobutyrin & medium
chain fatty acid (C8-
C10) glycerides

We create chemistry
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Glycerol enables bacterial cell membrane penetration

Supports beneficial
bacteria via
4 . monobutyrin & medium
[ chain fatty acid (C8-
C10) glycerides

1-monoglycerides have stronger antibacterial activities than free fatty acids

Glycerol increases the antibacterial activity of monobutyrin, monocaprilin and monocaprin

oH 7 E.coli  S. Typhimurium Campylobacter jejuni
Positive control 1.08E+07 1.20E+07 4.31E+07
Butyric acid 1.06E+06 6.50E+05 1.80E+04
Monobutyrin 43* 7.50E+05 3.50E+04 4.80E+05

* Monobutyrin 43= monobutyrin + free glycerol

48 Sept. 21 Monoglycerides- Their mode of action on gut health

Clostridium perfringens CP27 @ 1.0E5 cfu/mL

ppm Butyric acid Monobutyrin 43*  Control +
500 + + +
1000 + ++++ +
2000 ++ ++++ +

* Monobutyrin 43= monobutyrin + free glycerol
++++ = No growth

Source: SILO Patent EP 2 410 871 B1



BalanGut® LS - Properties

Well protected and easy to /
handle source of butyric acid

in the form of monobutyrin

Site of action — the gut /

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry
and swine producers

3
¥
.
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:5.

To be used by poultry &
swine producers

Location
Animals:

Replication:

Trial Length:

Basal Diet

Challenge Model
description

Treatments:

Measurements:

Southern Poultry Research, Inc.

Cobb-Vantress 500 broilers, housed in floor pens with woodshavings

3 treatments. 9 pen replicates/ treatment, 7 birds/pen

49 Days

3 phases feeding corn/soy diet (pellet). Feed and water permanently ad libitum
Starter (0-16)

Grower (16-33)

Finisher (33-49)

No challenge

T1) Negative control, No product no antibiotics
T2) BMD: Basal diet, supplemented with BMD at 50 g/MT feed
T3) BalanGut® LS L: Basal diet, supplemented with BalanGut® LS L at 300 g /MT feed in starter and grower only

BW, BWG, FIl, FCR, and mortality
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Research Trial %5 Tobe usedby pouity &

- * swine producers

kg Weight Gain, kg [day16]
0,5 -

0,40
04 | 038 0,40
0,3 1

0,2 -

0,0
Control BMD 50g BalanGut 300

Adj. FCR [day 16]

Feed: gain | @ T @ ]
1.4 1 136 1,27 1,26
1,2 A
1,0 A
0,8 A
0,6 A
0,4 A
0,2 A a
0,0

Control BMD 50g BalanGut 300

O -BASF

We create chemistry
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Research Trial %5 Tobe usedby pouity &

- * swine producers

Weight Gain, kg [day16] Weight Gain, kg [day 33]

kg kg
05 - 14 1 134 1,39 1,34
0,40 4
04 { 038 0.40 12
1,0 A
0.3 7 08 -
0,2 1 0,6 1
0,4 A
0,1 A
0,2 A
0,0 0,0
Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300
Adj. FCR [day 16] Adj. FCR [day 33]
Feed: gain (79%) I
g L I36 %) v (8% ¢ Feed: gain
1,4 - ' 700 T
1,27 1,26 2,0 1 I A S
1,2 1,59 1.48 1,55
1,0 A 1,5 1 .
0,8 A
06 - 1.0 1
0,4 A 05 -
0,2 1 a a
0,0 0,0
Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300

We create chemistry
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Research Trial

Weight Gain, kg [day16]

Weight Gain, kg [day 33]

5 To be used by poultry &
* swine producers

Weight Gain, kg [day 49]

kg kg kg
05 - 14 4 134 1,39 1,34 25 - 031 249 239
0,40 0,40 |
04 A 0,38 1.2 20 -
1,0 A
013 ] 0,8 i 1,5 T
0,2 - 0,6 - 1,0
0,4 A
0,1 A 0.2 0,5 A
“ ] b
0,0 0,0 0,0
Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300
Adj. FCR [day 16] Adj. FCR [day 33] Adj. FCR [day 49]
Feed: gain (79%) I
g L I36 %) v (8% ¢ Feed: gain Feed: gain @ @
14 1 ' 1,27 1,26 _ %) (2%) ) v v
2,0 | NN S 2,0 1,85 1,77
1,2 A 1,71 '
1,0 - 15 ' 15
0,8 A
0,6 - 1,0 1 1,0
0,4 - 05 0,5 1
0,2 1 a a a
0,0 0,0
Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300
O -=BASF
We create chemistry
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Research Trial %5 Tobe usedby pouity &

* swine producers

kg Weight Gain, kg [day16] kg Weight Gain, kg [day 33] kg Weight Gain, kg [day 49] Conclusions
05 - 14 4 134 1,39 1,34 25 1 231 2,49 2,39 i
0,40 | W BalanGut®LS
0 - 038 0,40 1,2 20 -
10 A supplemented at
0,3 - 08 A 1,5 300gMT feed
0s - 06 Lo ] §|gn|f|cantly
04 - improved FCR of
01 1 0o 05 1 broiler chickens
00 00 0.0 b raised under
' Control BMD 50g BalanGut 300 ’ Control BMD 50g BalanGut 300 ’ Control BMD 50g BalanGut 300 optimal research
Adj. FCR [day 16] Adj. FCR [day 33] Adj. FCR [day 49] conditions
. gai T T
Feed: gain (%) 3 (&%) ! Feed: gain Feed: gain (8%) Ca%)
14 - 1,36 e — — =2 & ® BalanGut®LS
' : 1,26 ] “7% 2% i
] 20 &7 &y 20 1,85 1,71 1,77 fed at 300g/MT
, 1,59 1,55 '
1,0 A 15 A 1.48 15 - had comparable
0.8 1 results in FCR to
0 6 i 1,0 T 1)0 T . -
' birds fed with
04 A
0,5 - 0,5 1 BMD (AGP)
0.2 1 a a a
0,0 0,0 0,0
Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300 Control BMD 50g BalanGut 300

We create chemistry
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E 5 To be used by poultry &
* swine producers

Location Customer Site (ABF operation)
Animals: Cobb 500 broilers, housed in pens with used litter
Replication: 2 treatments. 4 houses: 2 for control & 2 for BalanGut®.
P ' One control house contained pens inside; a total of 24 pens (12 pen replicates/ treatment, 18 birds/pen)
Trial Length: 47 Days
4 phases feeding corn/soy diet (pellet). Feed and water ad libitum
Basal Diet Starter (0-17d)

Grower (17-28d)
Finisher (28-38d)
Withdrawal (38-47d)

Commercial conditions; wintertime

Challenge description “Natural” occurrence on infectious bronchitis

T1) Control: Tributyrin (feed supplemented at 500 g/MT in starter, 500 g/MT in grower; 250 g/MT in finisher, 0 g/MT in withdrawal )
T2) BalanGut® LS P (feed supplemented at 500 g /MT in starter, 500 g/MT in grower, 0 g/MT in finisher, 0 g/MT in withdrawal )

Treatments:

BW, BWG, FI, adj FCR (to mortality and std. BW), and mortality
Data are divided in data collection from the 4 houses; and data collection from the pens (within the control house)

Measurements:

TID-105-21
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Commercial Trial

ADG g @
. 40 - | v
= 31,01 31,96
. 30 -
o
> 20 -
©
E 10 .

0 .

Control BalanGut

Adj. Feed: gain
2,0

—@—,
1,5 1,40 1,38

1,0 1

0,5 1

0,0 -
Control BalanGut

Mortality %
1,5 -

1,0 1

05 4 0,46

0,0 -
Control BalanGut

[day O - 38]

ADG kg G

63,65 P =0.058 65,97

¢

80 -
60 -
40 A
20 +

0 n
Control BalanGut

Adj. Feed: gain =
2,0 == v
1,66 1,62

1,5 A
1,0 1

0,5 1

0,0 -
Control BalanGut

Mortality %

4 -
3,24
3 4

Control BalanGut

a, bmeans in a column not sharing a common letter are significantly different (P < 0.05)
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[day O - 47]

5 To be used by poultry &
swine producers

ADG kg

(+1%)
[ == v
80 1 67,83 P=0.747 6824
60 -

40 A
20 |

0 n
Control BalanGut

Adj. Feed: gain | @ 3
2,0 - 1,83 181
1,5 A
1,0 -

0,5 -

0,0 -
Control BalanGut

Mortality %

C4.6)
20 - | N4
16,67

15 A

10 “

Control

O -BASF
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Commercial Trial %5 Tobe usedby pouity &

* swine producers

Set-up
W Comparison of BalanGut® LS P to

a Control (Tributyrin) group on the
same farm

W Trial conducted in winter months
with a “natural” occurrence of
infectious bronchitis during the
study

W Birds were raised in 4 houses (H):
Control (H1 & 4) and BalanGut®

(H2 & 3)
Control (Tributyrin)
od 17d 28d 38d 47d
I I | | |
Starter Grower Finisher Withdrawal

(0.5kg/MT) (0.5kg/MT) (0.25kg/MT)  (0.0kg/MT)

BalanGut®

od 17d 28d 38d 47d

Starter Grower Finisher Withdrawal
(0.5kg/MT) (0.5kg/MT)  (0.0kg/MT) (0.0kg/MT)

Source: Commercial trial in USA ABF operation n L BASF

We create chemistry
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Comparison of BalanGut® LS P to
a Control (Tributyrin) group on the
same farm

Trial conducted in winter months
with a “natural” occurrence of
infectious bronchitis during the
study

Birds were raised in 4 houses (H):
Control (H1 & 4) and BalanGut®
(H2 & 3)

Control (Tributyrin)
od 17d 28d 38d 47d

Starter Grower Finisher Withdrawal
(0.5kg/MT) (0.5kg/MT) (0.25kg/MT) (0.0kg/MT)
BalanGut®
od 17d 28d 38d 47d

Starter Grower Finisher Withdrawal
(0.5kg/MT) (0.5kg/MT)  (0.0kg/MT) (0.0kg/MT)

Source: Commercial trial in USA ABF operation

# of chicks
(1d old)

# of broilers
slaughtered

22,950 24,200

21,100 22,650

% mortality 8.20% 6.61%
% condemn 1.02% 0.78%
Av. final weight

per bird (kg) 2.99 3.05
FCR 1.890 1.845
Adj. FCR** 1.844 1.787

*average of 2 houses/group reported
** Adj. FCR- to mortality and std. BW (2.724kg)
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Comparison of BalanGut® LS P to
a Control (Tributyrin) group on the
same farm

Trial conducted in winter months
with a “natural” occurrence of
infectious bronchitis during the
study

Birds were raised in 4 houses (H):
Control (H1 & 4) and BalanGut®
(H2 & 3)

Control (Tributyrin)

od

17d 28d 38d 47d

Starter Grower Finisher Withdrawal

(0.5kg/MT) (0.5kg/MT)  (0.25kg/MT)  (0.0kg/MT)

BalanGut®

od

17d 28d 38d 47d

Starter Grower Finisher Withdrawal

(0.5kg/MT) (0.5kg/MT)  (0.0kg/MT)  (0.0kg/MT)

Source: Commercial trial in USA ABF operation

59

# of chicks
(1d old)

# of broilers
slaughtered

% mortality

% condemn

Av. final weight
per bird (kg)

FCR

Adj. FCR**

22,950

21,100

8.20%

1.02%

2.99

1.890

1.844

*average of 2 houses/group reported
** Adj. FCR- to mortality and std. BW (2.724kg)

Sept. 21 Monoglycerides- Their mode of action on gut health

24,200 n/a

22.650 n/a

6.61%

0.78%

3.05

1.845

1.787

E 5 To be used by poultry &
* swine producers

BalanGut® LS improved all
parameters evaluated in
comparison to the control group

BalanGut® LS improved the
performance of birds during a
disease challenge

BalanGut® LS dose at 500g/MT
in the starter and grower phase
proved effective under current
rearing conditions



BalanGut® LS - Properties

Well protected and easy to /
handle source of butyric acid

in the form of monobutyrin

Site of action — the gut /

Supports gut integrity
and host defense

Supports beneficial bacteria via
monobutyrin & medium chain fatty
acid (C8-C10) glycerides

To be used by poultry /
and swine producers

3
¥
.
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As the poultry industry transitions to antibiotic-free production, there is an

A clear understanding of the of our products will us to bring valuable, and
economical as an approach to manage gut and metabolic health in livestock.
While some are believed to directly inhibit pathogens, that they can also
enhance the of the host

Direct action of monoglycerides on pathogens require gastrointestinal effect, whereas
would

Data derived from our studies will allow scientists to understand the relative roles of short chain fatty
acid esters on bacterial pathogens before and after absorption from the Gl tract.
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