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Lallemand develops, produces and markets high-value 
yeast and bacteria products.



LALPROBIOME, the Lallemand Animal Nutrition’s 
platform for companion animals 

▪ LALPROBIOME is Lallemand Animal 
Nutrition’s platform of innovative 
microbial solutions tailored for 
companion animals.

▪ Leveraging the natural power of yeast 
and bacteria with cutting edge science 
to support companion animals’ health 
and well-being, LALPROBIOME 
provides a wide range of innovative 
microbial solutions to meet the needs 
of companion animals and their 
owners today and for the future.



Bacteria vs Yeast

≃ 60 different genera 
of yeasts

≃ 500 different 
species Thousands of different strains, each 

with a unique genetic make-up
NOT ALL YEAST & 

BACTERIA ARE EQUAL! ≃ 10 K different 
genera of bacteria

> 5 mill different 
species



Microbes: do they need to be alive to be beneficial?

The mechanisms underlying probiotic/postbiotic effects are generally attributed to:

The interaction of probiotics with other microorganisms

▪ Competitive exclusion (competition for nutrients)
▪ Direct inhibition of certain microorganisms
▪ Increased growth of healthy components of the microbiota 

(nutritional/environmental proto-cooperation)

The cross-talk of micro-organisms with host cells 

▪ Competition for adhesion sites
▪ Yeast/bacteria components recognized by gut epithelial cells
▪ Pathogens binding capacity (yeast)

Dependent on viability* of 
probiotic cells

Independent on viability* 
of probiotic cells

*Viability: ability to remain alive and capable of growth or reproduction



Postbiotics | Consensus statement

« A preparation of inanimate microorganism and/or their
components that confers a health benefit on the host»

POSTBIOTIC
Yeast

POSTBIOTIC
Bacteria



Postbiotics | Inactivation process

▪ Different methods of inactivation are described and may influence postbiotic biological activities
▪ Heat treatment is the method of choice.

TREATMENTS:
▪ UV radiation
▪ Ionising radiations

TREATMENTS:
▪ High temperature
▪ High pressure
▪ HIgh intensity ultrasounds

POSTBIOTICS
INANIMATE MICROBIAL CELLS

(non viable)

PROBIOTICS
LIVE MICROORGANISMS

Adapted from Siliciano et al., 2021



Postbiotic Yeast 

WHOLE YEAST CELLS YEAST FRACTIONS

AUTOLYZED YEAST

NOT all inactivated or live microorganisms have Post/Probiotic effects 
→ Efficacy has to be demonstrated



Postbiotic Yeast | The whole cell yeast

Characteristics

Crude protein content

Digestibility

Functionality

HYDROLYZED YEAST
Endogenous + exogenous enzymes

• Cell wall is broken
• Peptides and nucleic acids are 

fragmented 
• Hydrolysis oriented and controlled: 

consistent product

++

+++

+++

AUTOLYZED YEAST 
Endogenous enzymes 

only 

• Cracked cell wall and intracellular 
content

• Proteins and nucleotides partially 
fragmented

++

++

++

INACTIVATED YEAST
No enzymatic 

processes

Whole cell wall surrounded yeast extract 

++

-

+

Production process has an impact on yeast characteristics and functionality



Postbiotic Yeast | The benefits of hydrolyzed yeast

A specifically designed hydrolyzed yeast offers highly digestible and functional nutrients that support 
digestive care and palatability while contributing to the feed protein balance.

▪ In the upper gut: highly
digestible proteins (free 
amino acids and small 
peptides) → early and fast 
amino acids absorption

▪ In the lower gut:
✓ decrease in proteolytic

microbial compounds (i.e. 
ammonia)

✓ fermentable insoluble
carbohydrates → improved
microbial diversity and 
activity with release of SCFAs



Postbiotic Yeast | The benefits of hydrolyzed yeast

Benefits of short chain fatty acids (SCFAs):
▪ Optimal gut integrity
▪ Closed tight junctions
▪ Mitigation of inflammation
▪ Modulation of gut microbiota

Results show that this specifically designed hydrolyzed yeast can be source of
functional dietary fiber able to support non-selective SCFAs production.

*Same breed and breeding facility, age (13-17 months), diet since birth
**YPSi: YelaProsecure insoluble fraction

3 donors* 3 groups & 3 replicates

On each replicate SCFAs were quantified by gas 
chromatography after a 24-hours incubation at 39°C

Control

Inulin 10g/L

YPSi** 10g/L

In vitro trial | Protocol
SCFAs T0 T24 - Control T24-Inulin T24-YPSi

Acetate 2.3 ± 0.4a 8.7 ± 0.6a 32.8 ± 19.3b 44.2 ± 2.2b

Propionate 1.6 ± 0.4a 2.2 ± 0.4b 1.4 ± 0.3a 22.2 ± 4.6c

Butyrate 0.4 ± 0.2a 1.2 ± 0.2ab 2.1 ± 1b 6.1 ± 1.9c

Iso-butyrate 0.04 ± 0.04a 0.1 ± 0.08b 0.02 ± 0.01a 0.6 ± 0.1c

Valerate 0.07 ± 0.04a 0.08 ± 0.05a 0.08 ± 0.05a 0.2 ± 0.02b

Iso-valerate 0.09 ± 0.05a 0.3 ± 0.1b 0.06 ± 0.04a 0.8 ± 0.1c

Total SCFAs 4.5 ± 0.4a 12.6 ± 0.8a 36.6 ± 19.7b 74.1 ± 6.9c

- concentration in mM
- significant (P<0.05) difference 
between groups are shown with 
different superscript letters.



Postbiotic Yeast | The benefits of yeast fractions

✓ MOS can bind 

undesirable bacteria

✓ ß-glucans helps 

modulate the innate 

immune system

The efficiency of YCWs is not only about MOS and β-glucans levels. Strain, origin and 

production process may also influence product efficacy and batch-to-batch consistency

YEAST FRACTIONS The insoluble fraction of the yeast



A synergistic alliance of yeast fractions IN VIVO TRIAL

IgA plays an important role in 
maintenance of gastrointestinal 
homeostasis by coating the 
bacteria, favouring a tolerant, 
non-inflammatory relationship
with the host and the 
homeostatic control of the 
intestinal redox environment. 

Study conducted by Prof Biagi at DIMEVET of University of Bologna – 2018

A combination of expertise, science, 
technology and innovation allow to select 
inactivated yeast fractions according to their 
complementarity and expected synergism.

✓ Binding capacity: 0,08% YANG vs 0,2% MOS Product (Mannans >25%)
✓ 5 strains of E. coli isolated from dog/cat faeces at different lifestages
✓ Strains collected during episodes of enteritis

P = 0,037

IN VITRO TRIAL

Postbiotic Yeast | The benefits of yeast fractions 



Postbiotic Bacteria

What about postbiotic bacteria?



Postbiotic Bacteria | Bacteria cell wall components

Pique et al., Int. J. Mol. Sci. 2019, 20, 2534

▪ PG accounting for up to 90% of 
Gram+ bacteria weight, are well-known 
potent activator of immune response.

▪ SLP are determinant in the adhesion events 
in Lactobacilli.

▪ EPS playing a role in intestinal homeostasis 
via interaction with intestinal epithelial cells.

▪ LA is a IL-12 inducer, thus responsible to 
activate the innate immune functions.

Bacteria cell wall and its main components are 
very different from yeast cell wall:

The identification of key cell wall components 
is needed together with the assurance that 

these molecules maintain their activity after 
the heat treatment.

Yeast Cell Wall

Bacteria Cell Wall



Postbiotic Bacteria | Other components

Ref: Pique et al., Int. J. Mol. Sci. 2019, 20, 2534

▪ Metabolites, cell fractions, and culture supernatants.

▪ Cell-free supernatants contain batch culture medium, metabolites, and other 
secreted products that can cross the mucus layer.

▪ Microvescicles: cytoplasmic constituents (RNA, protein and DNA)



Postbiotic Bacteria | Why?

Pique et al., Int. J. Mol. Sci. 2019, 20, 2534

Additional Advantages in the Pet Industry:
▪ Technological: Stable through all prod process and over shelf life
▪ Regulatory: Feed materials (EU), market access 



Postbiotic Bacteria | Mode of actions and expected benefits

Pique et al., Int. J. Mol. Sci. 2019, 20, 2534

Heat-treated Bacteria

IMMUNE SUPPORT

▪ PG, SLP, EPS, LA  give rise to responses 
helping stimulate the immune system. 

DIGESTIVE CARE

▪ Adhesion to epithelial cell lines: 

➢ competition with pathogens
for adhesion sites

➢ Cross-talk

▪ Strenghtening of gut barrier integrity mainly
mediated by EPS and SLP

▪ Increase of antimicrobial peptides

▪ Optimization of CD4:CD8 ratio

▪ Able to turn a Th2 response into a Th1 one



Postbiotic Bacteria | Dedicated research program

LALPROBIOME L. helveticus HA-122

SEM image

A dedicated research program on a range of selected non-viable bacteria strains aimed to investigate 

mode of action and benefits of Heat Treated Bacteria

Adhesion capacity (in vitro, internal data)

Strains
HT29*
(Colon)

Caco2*
(Colon)

FHs74*
(Small intestine)

LALPROBIOME L. helveticus HA-122 ++++ ++++ ++++

LALPROBIOME L. paracasei HA-108 ++ ++ +++

LALPROBIOME L. plantarum HA-119 ++ ++ +++
Legend: ++++ X≥40x106 cells; +++ 107≤X<40x106 cells; ++ 105≤X<107cells; + 103≤X<105cells

The strain-specific gentle heat-treatment process applied:

▪ enables to preserve the molecular membrane and cell structure whilst inhibiting 
their capacity to replicate

▪ ensures the production of microbiologically non-viable, shelf stable, yet functionally 
active microbial cells.

*human cells lines



Postbiotic Bacteria | Dedicated research program

Specificity/Quality/ 
Structure/Function

▪ Main features of heat
treated bacteria strains

▪ Components explaining
their efficacy

In depth
characterization

▪ Understanding the 
mode of action on a 
phenotyping in vivo
model

▪ Challenged or not

Characterization of 
the effects

▪ In vitro and in vivo 
trials in companion
animals

Validation in the 
target animals

➔ Our phenotyping models confirm

the potential of the strains tested



Postbiotic Bacteria | Strain characterization

Specificity/Quality/ 
Structure/Function

▪ Main features of heat
treated bacteria strains

▪ Components explaining
their efficacy

In depth
characterization

→High-resolution AFM structural image

▪ Cells are intact, cell surface integrity is maintained, 

surface is smooth and rigid (elasticity of 20 MPa)

▪ Observation of aggregates

▪ Strain specificity in cell morphology

▪ Observation of strain specific particles associated 

with or proximal to the cells at nanometric range

→ Presence of micro vesicles containing proteins 

described as mediators of Lactobacillus probiotic effect

p40 = surface antigen protein
p75 = cell wall-associated hydrolase?



Postbiotic Bacteria | Proof of concept with phenotyping model

▪ Understanding the 
mode of action on a 
phenotyping in vivo
model

▪ Challenged or not

Characterization of 
the effects

*genome, immune and nervous systems, nutrient metabolism, intestine structure and functionality, cell differentiation or proliferation

▪ The replacement of mammalian models by animals considered as less sentient is frequently considered.
▪ The use of the zebrafish (Danio rerio) has exponentially increased among the scientific community over recent decades.

Zebrafish, a model in mammalian research



Postbiotic Bacteria | Proof of concept in healthy animal model

Presented at ESVCN 2022, Basel

PROTOCOL
▪ Animals: Wild-type adult zebrafish (Danio rerio); 25 fish / tank
▪ Duration: 7 weeks
▪ Feeding program:

CONTROL LHPro LHPost LPPost

Basal diet
Basal diet

+ LALPROBIOME L. helveticus - HA122 
at 6x106 CFU/g feed

Basal diet
+ LALPROBIOME L. helveticus - HA122 (Ht) 

at 6x106 cells/g feed

Basal diet
+ LALPROBIOME L. plantarum - HA119 (Ht) 

at 6x106 cells/g feed

▪ Measured parameters:
✓ Goblet cell density (GCD) and coverage (GCC)
✓ Levels and gene expression of innate immune markers (Lysozyme and Cathepsin) and gene expression 

of tight junction protein (ZO-2a)
✓ Intraepithelial leukocytes (IELs; CD4+/CD8α+) quantification



Gut goblet cell coverage (GC) and density (GD)

Both groups supplemented with heat-treated bacteria 
(LHPost and LPPost) showed an increase in goblet cell 
coverage and density indicative of the ability of the 
specific heat-treated strains to enhance the functional 
mucus barrier.

Elevations in protein gene expression levels of lysozyme and 
cathepsin L were shown in both postbiotic groups while an 
increased gene expression level of Zonula-Occludin (ZO-2a) was 
demonstrated in all treatments confirming the protection and 
strengthening of the gut barrier in groups supplemented with 
selected postbiotic strains.

Gene expression of innate immune markers and tight junction ZO-2a

RESULTS

These results confirm the protection and strengthening of the gut barrier in groups 
supplemented with selected postbiotic bacteria strains.

Postbiotic Bacteria | Proof of concept in healthy animal model



Postbiotic Bacteria | The importance of gut barrier integrity

Pivotal role of gut barrier
and gut microbiota in 
health and disease.

"All disease begins in the gut"
(Hippocrates, -460 to –377)

Adapted from Saxami et al. (2023) 



Postbiotic Bacteria | Proof of concept in challenged animal model

Publication under review

Viral challenges

Presented at ESVCN 2023, Porto

PROTOCOL
▪ Animals: Wild-type adult zebrafish (Danio rerio); 28 fish / tank
▪ Duration: 1 month
▪ Feeding program:

CONTROL 1 CONTROL 2 L.Paracasei L.plantarum L.helveticus

Basal diet

Basal diet Challenge 
with viral hemorrhagic 

septicemia 
virus  (VHSV)

Basal diet
Challenge with VHSV

+ LALPROBIOME L. paracasei 
HA-108 at 6x106 cells/g feed

Basal diet
Challenge with VHSV

+ LALPROBIOME L. plantarum
HA-119 at 6x106 cells/g feed

Basal diet
Challenge with VHSV

+ LALPROBIOME L. helveticus
HA-122 at 6 x 106 cells/g feed

▪ Measured parameters:
✓ mRNA expression of antimicrobial and antiviral factors in gut and kidney
✓ Survival rate after challenge with viral hemorrhagic septicemia virus (VHSV)



RESULTS

Heatmap of mRNA expression in gut and kidney (21d suppl.)

Heat-treated L. plantarum HA-119 enhanced the up-regulation of all 
the selected immune genes, dedicated to antiviral and antimicrobial 
responses, in both gut and kidney.

Significant increase in survival when fish were 
supplemented with L. plantarum HA-119 
confirming the immunomodulatory properties of 
specific strains of heat-treated bacteria.

The study shows the immunomodulatory strain-dependent properties of selected heat-treated bacteria.

Fish cumulative survival 10 days post challenge

> 2,00**1,50 - 1,99*1,00 - 1,49

Basal expression Up-regulation Up-regulation

Fold range compared with control groups

Le
ge

n
d

a

Postbiotic Bacteria | Proof of concept in challenged animal model

T1: L. paracasei HA108; T2: L. plantarum HA119; T3 L. helveticus HA122 



Postbiotic Yeast and Bacteria | Conclusions

POSTBIOTIC Bacteria effect

POSTBIOTIC Yeast effect



Postbiotic Yeast and Bacteria | Conclusions

▪ Yeast and bacteria have different structure and composition thus different mode of action

▪ NOT all inactivated or live organisms have Post/Probiotic effects → efficacy has to be demonstrated

▪ Studies have clearly shown that, no matter if yeast or bacteria: 

✓ efficacy is strain-related

✓ some benefits are INDEPENDENT from viability

▪ As demonstrated for PROBIOTICS, also for POSTBIOTICS we can foresee a potential complementarity and 

synergism between yeast and bacteria



Thanks for your attention!
For further questions, please contact me at: fsusca@lallemand.com
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