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What is “gut health”?

Modulating gut microbiome
Dietary fibers
Prebiotics
Probiotics
Synbiotics
Postbiotics

Ongoing challenges

Future directions
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Host Class Host class ImpaCt Of Changes In
& ol _ g - Emma Gastrointestinal Microbiota
R in Canine and Feline Digestive

® Reptilia Tree scale: 0.1 ——

@ Osteichthytes y . . .
® Ot oF e Previously undescribed—{—  Known—{_ / D Iseases

Anna-Lena Ziese, br med vet?, Jan S. Suchodolski, br med vet, Pho® *

Effects of metronidazole on the fecal microbiome and

metabolome in healthy dogs

Rachel Pilla @ | Frederic P. Gaschen® | James W.Barr! | Erin Olson® |
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and Kelly S. Swanson 34*

PROPLAN Pilla et al., 2020; Levin et al., 2021; Ziese and Suchodolski, 2021; Martini et al., 2025




Mono- and Disaccharides
Amino Acids
Fatty Acids

4. Host Absorption

2. Nutrients

» Carbohydrates
* Proteins

e p Mono- and DisaccharidesS e Metabolites
* LIDIAS

| ) Amino Acids Y -
5. Microbial Fatty Acids 7. Microbial

Digestion Fermentation

Saccharolysis Carbohydrate
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8. Host Absorption
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¢ D | Eta ry p I’Ote | n S Proteolytic activity:

Clostridium, Fusobacterium, Bacteroides,
Actinomyces, Propionibacterium,
Peptostreptococcus

* Endogenous

* Gastrointestinal secretions -

* Urea | l
. AAs/peptides

* Mucins |

* Bacterial cell lysis

* Sloughed epithelial cells

Aromatic

* Deamination
+ Decarboxylation
+* Fermentation

* Associations
* Poor stool quality l l

Sulfur » Phenols » Ammonia

. . ) + Phen - Am
. * |ntestinal disease opouds Indoles Amines

PRO PLAN Davis et al., 2026
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* Lower pH . -
utyry
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Gut barrier \ "'°pmy"c°“

Immunit
y Pathway: CoA-transferase Butyrate kinase Acrylate Succinate Propanediol

G u t e t I d e S Species: Eubacterium rectale Coprococcus eutactus Coprococcus catus Bacteroidetes Ruminococcus obeum
Roseburia spp. Coprococcus comes Megasphaera spp. Veillonella spp. Blautia wexleri

Coprococcus catus Dialister succinatiphilus Roseburia inulinivorans
Faecalibacterium prausnitzii Phascolarctobacterium
Anaerostipes spp. succinatutens

/ \ Eubacterium hallii
PROPLAN Flint et al., 2012




* Primary options
* ‘Biotic’ supplements

Over-the-counter (OTC) diets EASY-TO-DIGEST

° Fiber blend S; ‘biotics’ — helps to support healthy digestive function —

Stomach Colon

Therapeutic (prescription)
diets

Vomiting

Weight

e Low residue loss ‘
* Low residue-restricted fat Anincreasedor (® Excessive

ecreased appetite ¢ flatulence
* Fiber-enhanced foods

Diarrhea

Increased
gut sounds

PRO PLAN




 Many definitions in past based on chemistry, physiological
responses, or health outcomes

- FDA (2016)

* Non-digestible soluble and insoluble carbohydrates (with 3 or
more monomeric units) and lignin that are intrinsic and intact in

plants

Isolated or synthetic non-digestible carbohydrates (with 3 or
more monomeric units) determined by FDA to have

physiological effects beneficial to human health \
s FID/A

PRO PLAN




Nondigestible
Carbohydrates

Chemically
Synthesized
Carbohydrates

Resistant
Starches
C Lignin >/2

* RS type | (Npha.wclodextrin \ * Carboxymethylcellulose + Chitin

* RS type i = Arabinoxylan * Hydroxypropyl = Chitosan

* RS type 1] Dligosaccharide mEthyIceIIulusE - I:Dllagen

* RS type IV * Fructooligosaccharides/ * Lactulose *+ Chondraitin
* RS type V Oligofructose * Methylcellulose * B{1-3)-glucan
+ Galactooligosaccharides * Polydextrose * Levan

* Raffinose * Resistant Maltodextrin = Xanthan gum

= Stachyose

Qvlooligosaccharide /

D =5 ED = 0

* Microcrystalline | | * Arabinoxylan * Inulin * Alginate * Arabinan
cellulose * B{1-4)-glucan - Agar * Arabinogalactan
* Powdered * Glucuromoxylan » Carrageenan * Homogalacturonans
cellulose * Glucuromoarabinoxylan « Galactan * Rhamnogalacturonan |
* Xylan « Galactomannan * Rhamnogalacturonan Il
* Xyloglucan « Glucomannan * Pectic galactan

* Gum tragacanth

- plannan
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Deehan et al., 2017




Beet pulp

Wood cellulose kil 0y
o

Peanut hulls i Edies
Miscanthus grass i o
Grain co-products

* Wheat bran, wheat middlings, soy hulls,
corn fiber
Pomaces and pulps
* Apple, carrot, tomato, etc. gt g Aeeil
GumS Oat Flour\ .
 Canned diets

Instant Oats 54

<ncreasing Carbohydrate Availability

PROPLAN Poutanen et al., 2018




e Complex mixtures
* Fibers, proteins, etc.

* Chemical linkages/MW

* Physicochemical properties
° SO'UbI'Ity Rapidly Fermentable

* Fermentability s:,,ef:t.:'a

* Viscosity  Bran
P

Water-holding capacity Soybean Hull
Cellulose

P Slowly Fermentable

PRO PLAN Gurupranes et al., 2023




Dietary fiber type
Insoluble — nonviscous -

Response criteria Soluble — viscous — fermentable nonfermentable
Gastric emptying Delays Delays or no effect
Transit rate Decreases Increases
Transit time Increases Decreases
lleal nutrient digestibility No effect No effect
Total tract nutrient Decreases protein Decreases dry matter and protein
digestibility
Mineral bioavailability Increases Ca and Mg Decreases total ash or no effect

* B\ood
\ipids

PRO PLAN Fahey et al., 2004




Dietary fiber type
Insoluble — nonviscous -
Response criteria Soluble — viscous — fermentable nonfermentable
Wet stool bulk Increases or no effect Increases
Fecal moisture No effect Decreases or no effect
Defecation frequency No effect in dogs; increases in cats Increases

Prebiotic effect Yes No

SCFA production Increases Slight increase
Colonic weight/length Increases No effect
Colonic absorptive area Increases No effect

PRO PLAN Fahey et al., 2004




Particle size

Molecular
weight

Chemical
linkages

Physicochemical
properties
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SOLUBILITY GROWING
Insoluble a Soluble

Lignin Cellulose Hemicelluloses Pectins
R-Glucans
Gums
Inulin
Fructooligosaccharides
Galactooligosaccharides
Soy polysaccharides
Mucilages
Chitosan
Alginates

FERMENTABILITY GROWING a

LOW MEDIUM HIGH
0% 15% 50% 85% 100%

[ e N

Type 1 resistant starch Agar Type 2 and 3 resistant starch
Carboxymethylcellulose Alginates R-Glucans
Cellulose Carrageenan Chondroitin
Curdlan Hemicelluloses Gums
Suberin, cutin and waxes Pectins Inulin
Lignin Fructooligosaccharides
Chitin and chitosan Galactooligosaccharides
Soy polysaccharides
Mucilages

Aleixandrea and Miguel, 2016



Substrates

Resistant starch
Cellulose

Hemi-celluloses (xylan
and arabinoxylan)

Pectin

Fructans (inulin and
fructooligosaccharides)

PRO PLAN

Dietary source

Cashew, green banana, white
beans, oat and potato

Seaweed and cereal bran

Cereal bran

Apples, apricots, cherries,
oranges and carrots

Asparaqus, leek, onions, banana,
wheat, garlic, chicory and
artichoke

Fermenting genera

* Ruminococcus
* Bacteroides

* Bacteroides
* Ruminococcus

* Bacteroides
* Roseburia
* Prevotella

* Fubacterium
* Bacteroides
* Faecalibacterium

* Bacteroides
¢ Faecalibacterium

Substrates

B-Glucan

Gum arabic

Galacto-oligosaccharides

Raffinose and stachyose

Dietary source

Oat, barley, wheat, rye,
mushrooms and seaweed

Acaciatree and prepared food
additive

Artichoke, beans, beetroot,
broccoli, chickpeas, fennel,
lentils, lettuce, radicchio
and onion

Cottonseed flour, soy flour,
onions, chickpeas, beans,
peas and lentils

Fermenting genera

* Eubacterium

* Atopobium

* Enterococcus

* Lactobacillus

* Prevotella

* Clostridium cluster
XlVa

* Bifidobacterium
* [actobacillus
* Ruminococcus

Bifidobacterium

* Bifidobacterium
* Lactobacillus

Dalile et al., 2019




e Laxation and improved stool quality

SCFA (ug/g)

* Microbial activity often altered
 Beneficial fecal metabolites shifts
Microbiota shifts

Total dietary fiber (g/MBW)

== Acetic acid == Propionic acid

Microbiomes Metabolomes o
Butyric acid =e= Total SCFA

Food

HSLF_Con_1
MSMF_FR
LSHF _FR
HSLF_BR
HSLF IFOS

® HSLF_PP
HSLF_Con_2
HSLF_Sol

® HSLF_FR
HSLF_ADS
MSMF_Con
MSMF_TDF_FR
LSHF_Con

PC2 (14.63%: 12.09%)

PC1 (51.38%; 18.59%)
PRO PLAN Bhosle et al., 2025




g__Fusicatenibacter
g__Catenibacterium
g__Parabacteroides
f__Lachnospiraceae

g__Roseburia

g__Prevotella

g__Agathobacter

f _Ruminococcaceae;g_ CAG-352
g__Butyrivibrio
g__Lachnospiraceae_NK4A136_group
g__Subdoligranulum

g__Collinsella

g__Anaerostipes
g__[Ruminococcus]_torques_group
g__Bifidobacterium

g__Blautia

g__Dorea

g__Faecalibacterium
g__Ruminococcus
g__Phascolarctobacterium
g__Bacteroides

- ‘ o :
P ; : Z-score D

- ) p 2
- - e

4
-4 - 2

PRO PLAN Cantu-Jungles et al., 2025
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*Synergistic fiber blends support
complementary microbial groups

Mixture 1
Mixture 2-
Mixture 1+
Mixture 2
Mixture 3+

_/\

PROPLAN Cantu-Jungles et al., 2025




The International Scientific Association

for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition

and scope of prebiotics

Glenn R. Gibson’, Robert Hutkins?, Mary Ellen Sanders>, Susan L. Prescott?,
Raylene A. Reimer®, Seppo J. Salminen®, Karen Scott’, Catherine Stanton?®,
Kelly S. Swanson®, Patrice D. Cani'®, Kristin Verbeke!' and Gregor Reid'?

“A substrate that is selectively utilized by host microorganisms

__ conferring a health benefit”
PRO PLAN Gibson et al., 2017
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Chapter 8 )
Probiotics and Prebiotics: Application

to Pets

Ching-Yen Lin, Celeste Alexander, Brittany M. Vester Boler, George C. Fahey
Jr., and Kelly S. Swanson

PRO PLAN

Todd R. Callaway
Steven C. Ricke Editors

Direct-Fed
Microbials

and Prebiotics
for Animals

Science and Mechanisms of Action

Second Edition

@ Springer

Lin et al., 2023



Enterocyte Sloughing

e Laxation and improved stool quality

. ‘ B Noninf
* Protection against pathogens j _Lﬁ i_L inf

* Microbial activity often altered Control  scFOS  Inulin

* Beneficially modify fecal metabolites (less odor)
 Microbiota shifts

N / . )
 Mocobacis oo "I R
‘I Bifidobacterium 7

T Faecalibacterium

Body Temp (°C)

J C. perfringens @\ 4 . . . .
. ' h16 h24  h32
T~ \l/ E. coli / N\ Hours Post Infection

PRO PLAN Apanavicius et al., 2007; Patra, 2011




EXPERT CONSENSUS DOCUMENT

The International Scientific Association for
Probiotics and Prebiotics consensus statement on
the scope and appropriate use of the term probiotic

Colin Hill, Francisco Guarner, Gregor Reid, Glenn R. Gibson, Daniel J. Merenstein, Bruno Pot,
Lorenzo Morelli, Roberto Berni Canani, Harry J. Flint, Seppo Salminen, Philip C. Calder
and Mary Ellen Sanders

“Live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host”

.
PRO Hill et al




Modulate

immune system
« T Antibody
response

* | Inflammation . . .
™ Interact with gut microbiota

= Stimulation of . . .
Produce enzymes LR = Antimicrobial production

* Bile salt hydrolase \ phagocytosis * Cross-feeding and substrate

* Lactase .
. transformation

/ * Support microbiota stability
e oy
/\\ Praobiotic
~ | /

| Manufacture small molecules
with systemic effects

* Neurochemicals {cortisol, Produce organic acids

|
1
serotonin and GABA) r\\\;,’ * Lactate, propionate
* Tryptophan and histamine and acetate
derivatives
* Satiety hormones Tl‘i'dil‘l:_'l::tiﬂl:lﬂl
communication

-,

* . Colonic pH
* | Butyrate through
cross-feeding

| * Conjugated linoleic acid

A
| d Colonizing
\ Target host 4 , > i} microbiota
O

Probiotic-host interactions

mediated by cell surface

structures

» Surface layer-associated
proteins, pili, LPxTG-binding
proteins, mucin-binding -
protein, Toll-like receptor
ligands, lipoteichoic acid

Colonization
resistance

Improve barrier A * Compete for nutrients

function and location
b S

= Stimulat i
and exopolysaccharides ] ”Eu } _e e
e~ j\ [;ra uction i
) ) * Support epithelia
m cell heath
PROPLAN , J Sanders et al., 2019




 Common taxa

Bacillus
Bifidobacterium
Enterococcus
Lactobacillus

* Many forms

PRO PLAN

Powders or capsules
Gels, pastes, or liquids
In diet, treats, or toppers




* Dogs with idiopathic IBD
e VSL#3:112 to 225 x 10° cfu/10 kg BW for 60 d
* Drug therapy: metronidazole + prednisone

A. Attitude / activity
B. Appetite

C. Vomiting ] .
D. Steol consistency 1= mild change Lactobacillus

E. Stool frequency 2 = moderate change
F. Weight loss 3 = severe change
PROPLAN Rossi et al., 2014

Scored 0-3:
0 = normal

Faecalibacterium

=
™
(]
NA
o
'y

—

Summation of 6 variables

o
o
1
o
o
L

normalized amplified DNA
(=]

normalized amplified D

VSL#3_TO VSL#3 T1  CT.TO




 Some of the best evidence
 Reduced incidence or length of diarrhea

e GQut microbiota not measured

Stool Scores Improved More Rapidly in Dogs
Receiving Probiotic B. animalis AHC7

Clinical Benefits of Probiotic Canine-Derived

—4- Probiotic

Bifidobacterium animalis Strain AHC7 in Dogs - {‘\}_ﬁ\ - Placebo
T

with Acute Idiopathic Diarrhea*

R. L. Kelley, MS®T
Debbie Minikhiem, MS?2
Barry Kiely, PhDV

Liam O’Mahony, PhD*
David O’Sullivan, PhDP
Tom Boileau, PhD?
Jean Soon Park, PhD?

AN

Mean Stool Score

|
12 13 14

[
6 7 8 9 10 11
PRO PLAN Kelley et al., 2009




e Some of the best evidence
 Reduced incidence or length of diarrhea
 Gut microbiota not measured/altered

Randomized placebo-controlled
Effect of the Probiotic Enterococcus faecium SF68 on Presence of trial of feline-origin
Diarrhea in Cats and Dogs Housed in an Animal Shelter Enterococcus hirae probiotic
S.N. Bybee, A.V. Scorza, and M.R. Lappin effects on preventative health
and fecal microbiota
composition of fostered shelter
Kittens

J Vet Intern Med 2011;25:856-860

Effects of a probiotic intervention
1N acute canine gastroenteritis —a
ContrOlled Clinical trial Stephen H. Stauffer?, Shelby Williams®®, Erica Wassack®’,

M. Andrea Azcarate-Peril®, Marko Estrada®, Alexis Seguin®,
Joerg Balzer'® and Gigi Davidson®

Jody L. Gookin'*, Sandra J. Strong??, José M. Bruno-Barcena*,

PRO PLAN Herstad et al., 2010; Bybee et al., 2014; Gookin et al., 2022




CONSENSUS

The International Scientific Association
for Probiotics and Prebiotics (ISAPP)
consensus statement on the definition

and scope of synbiotics

Kelly S. Swanson®'%, Glenn R. Gibson(®?, Robert Hutkins?, Raylene A. Reimer®?*,
Gregor Reid®°, Kristin Verbeke(®%’, Karen P. Scott(®»®, Hannah D. Holscher®?,
Meghan B. Azad®'°, Nathalie M. Delzenne®'" and Mary Ellen Sanders('?

“A mixture comprising live microorganisms and substrate(s)
selectively utilized by host microorganisms that confers a

health benefit on the host”
PROPLAN Swanson et al., 2020




Only a few examples

Beneficial changes to microbiota and metabolites
* “MLactobacillus
* ‘P Bifidobacterium
* " fecal lactate and butyrate
« @ fecal protein catabolites

Reduced diarrhea incidence
* Shelter dogs
* Sled dogs |

/ \ Time (Days)
PROPLAN Swanson et al., 2002; Biagi et al., 2013; Gagné et al., 2013; Rose et al., 2017

% With Diarrhea




CONSENSUS

The International Scientific Association
of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition

and scope of postbiotics

Seppo Salminen®'=, Maria Carmen Collado?, Akihito Endo®?, Colin Hill®%3,
Sarah Lebeer®, Eamonn M. M. Quigley®’, Mary Ellen Sanders?, Raanan Shamir®'°,
Jonathan R. Swann'"'2, Hania Szajewska®'? and Gabriel Vinderola'*

“Preparation of inanimate microorganisms and/or their
components that confers a health benefit on the host”

PROPLAN Salminen et al., 2021




Systemic effects

7
'6))
W
Systemic signalling Microbiota Meodulation of resident microbiota

=N\
‘e

via the nervous system Lactic acid, SCFAs,
Serotonin, dopamine, acetylcholine, bacteriocins, quorum sensing,
GABA, SCFAs - cross-feeding, adhesins

@

Modulation of systemic

metabolic responses

BSH, succinate, vitamins, SCFAs - —
(€] I 16

Modulation of local Enhancement of epithelial barrier function

immune responses EPS, proteins such as Msp1/p75, Msp2/p40,

MAMP-PRR interactions HM0539, and SCFAs

g Epithelial
cell

Goblet

cell

Paneth cell

Crypt base columnar cell @ Enteric neuron
Dendritic
o

b(l(T[Rl(‘ 3) cell Macrophage

Modulation of systemic
immune responses ] OB cell T1or
Indole derivatives, histamine, Naive CD4* T cell ' ;)::ells
. keto acids, branched chain H
: - T
— \ fatty acids and SCFAs O g
PROPLAN Salminen et al., 2021




Control baseline

Maintain stool quality G

Control endpoint

LBFP endpoint

Modified gut microbiota and
reduced fecal odor components

Increased antioxidant capacity

Immunomodulation 1 - = Contro
(greater tolerance) 2l | 2 £ Férmentanon Prodct

e
- - -
e
a —
ﬂ -
™ B
| =
o -
-
- =
=
-

- "\ = p-value = 0.254 ) p-value = 0,087 ’ p-value = 0.087
PRO PLAN Lin et al., 2019; Koziol et al., 2023

Faith's PD
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Lack of consistency (efficacy)

Unknowns about host microbiome
e Continued focus on bacterial taxonomy
 Heavy reliance on fecal samples

Responders vs. non-responders

Lack of studies
 Diseased; life stages
 C(Client-owned; breeds

Responder

Non-responder




Microbiome science
* Host characterization; microbe discovery/characterization

Laboratory tools and assays

e Cultivation assays, organoids, omics, robotics
e Biotic synthesis, screening, characterization

Machine learning and Al

Precision and personalization w=-
* Host and microbiome |

¢ D | et Q NUTRITION
e | PLATE

)
PRO PLAN Cunningham et al., 2021
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