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Background information and 
product properties



Why so much interest in functional feeds?

 Issues with disease pressure and compromised immunity in intensive aquaculture husbandry

 Related economic losses

 Antimicrobial resistance and ban of AGP’s (pressure from media, consumers/retailers, authorities, etc.)

 Economic improvements of husbandry (weight gain, feed conversion, general survival rates, etc.)

 Animal welfare

 Food security

 Sustainability
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“Deaths attributable to antimicrobial 
resistance every year compared to 
other major causes of death”

From: The Review on Antimicrobial 
Resistance 2014



Factors on immune competence and health status
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Diseases

Fish/Shrimp

StressFeed/-ing

Environment

• Genetics
• Age
• Species/strain
• Individual

• Temperature
• Season
• Photoperiod

• Quality/quantity
• Malnutrition, 

imbalanced nutrition
• Availability of nutrients
• Anti-nutritive factors

In 2014 globally
6 Bln. US$ losses!

Chronic stress impairs

immune competence

and increases

susceptibility to

infections

(Dhabhar, 2009)

Antibiotics
Vaccines

Other measures

• Water quality
• Pollution
• Stocking density
• Handling/transport
• Reproduction
• Predators



„Prevention is better than cure“ 

 Maximize immune competence!

 Prophylactic immune activation with immune modulators

 Complementing and increasing the efficacy of vaccines
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(Erasmus of Rotterdam) 

Functional feeds

Rapid diagnostics



What alternatives?

 Prebiotics

 Probiotics

 Plant extracts

 Animal by-products

 Others, e.g. organic acids, algae, …
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IRTA, 2015. Review of immune stimulator substances/agents 
that are susceptible of being used as feed additives: mode of 
action and identification of end-points for efficacy assessment. 
EFSA supporting publication 2015:EN-905. 266 pp.



Which parameters for assessment?
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IRTA, 2015. Review of immune stimulator 
substances/agents that are susceptible 
of being used as feed additives: mode of 
action and identification of end-points 
for efficacy assessment. EFSA 
supporting publication 2015:EN-905. 
266 pp.



What are ß-glucans?

 Polysaccharide chains of β-1,3-linked D-glucose monomeres; linear, or branched with β-1,6- (or β-1,4-)  

linked side chains

 Isolated from a variety of sources, e.g. yeast cell walls, cereals, algae, bacteria, mushrooms

 Most important β-glucan with longest scientific track record from yeast Saccharomyces cerevisiae

 Immune modulating effects proven in aquatic organisms, livestock and pets as well as in humans

8(Lipke et al., 2001)



Impacts on efficacy

9(De Marco et al., 2021)



Autolysis and extraction process
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Yeast cell

Autolysis 
(time, temperature, enzyme)

Centrifuge

Yeast extract

Mannoproteins

Further 
enzymatic

decomposition
and centrifuge

Yeast
extract Partially

decomposed
cell wall

Purified
ß-glucan



Leiber® Beta-S: product characteristics

 Highly purified, spray-dried ß-1,3-1,6-D-glucans from brewers’ yeast Saccharomyces cerevisiae
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Leiber® Brewers‘ yeast Leiber® Beta-S

Protein (%) 46 4

ß-1,3-1,6-glucans (%) 10 – 15 80

Mannan (%) 7 – 10 < 2

Ash (%) 8 3

Lysine (%) 3.2 0.2

Dosage (kg/to feed) 10 - 50 0.05 – 0.25



Mode of action of ß-glucans…in vertebrates
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1. Uptake of ß-glucans from the gut lumen via 

M cells and phagocytosis by macrophages

(or also via dendritic cells)

2. Activation of macrophages increases

phagocytosis and the release of reactive

oxygen and nitrogen radicals (oxidative 

burst), antimicrobial peptides and lysozyme

 increased combat of pathogens

3. Release of cytokines and chemokines

recruits more immune cells. Macrophages

present antigenic structures to T and B cells, 

causing B cells to subsequently produce

antibodies

4. Activated macrophages migrate to organs of

the immune system where they break down 

the ß-glucans into smaller fragments ¹

5. In the organs of the immune system (bone

marrow, spleen and lymph nodes), these

ß-glucan fragments and cytokines are

released, activating other immune cells such 

as granulocytes and NK and T cells

¹ Fragmentation 3-5 days after ingestion, release of fragments days 5-10, diminishing days 14-21



Mode of action of ß-glucans…in invertebrates

13(Brown & Gordon, 2005)
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Functionalities –

experimental results in fish



Leiber® Beta-S: benchmarking respiratory burst

 Smink & Wedzerai, Feed Innovation Services, 2017, Wageningen, NL

 In vitro trial with carp head kidney cells (macrophages and neutrophilic granulocytes)

 NBT-assay (Nitroblue tetrazolium) using triplicate samples

 Leiber® Beta-S is significantly better than the control and the main competitor!

15

Product NBT value Δ

Control 0.212

Sample A (Competitor) 0.244 + 15 %

Sample B (Leiber® Beta-S) 0.266 + 25 %

P-value:

Sample (A vs B) 0.039 + 66 %

a

d

a

b

ab

bcd

abc

Different superscripts indicate a significant difference (p < 0.05)

Pairwise comparison of respiratory burst activity



Leiber® Beta-S: short-term feeding 4 weeks to carp & trout

 Siwicki et al., 2008

 Significant increase in non-specific cellular and humoral immunity (n = 20) 

 ß-glucans are recognized by highly specific receptors on immune cells (phagocytes, e.g. macrophages)
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Leiber® Beta-S: short-term feeding 4 weeks to carp & trout

 Siwicki et al., 2008

 Significant increase of survival rates following bacterial infections after 4 weeks of feeding

 Prophylactic boosting of the immune system aids the defence mechanisms
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Effects of dietary Leiber® Beta-S on survival rates of rainbow trout & carp after a challenge with Aeromonas salmonicida
and Aeromonas hydrophila, respectively, if the experimental diets were fed for 4 weeks prior to infection (n = 50)
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Leiber® Beta-S: long-term feeding 6 months to trout

 Siwicki et al., 2009

 Significant increase in non-specific cellular and humoral immunity (n = 10)

 This effect maintained even when long-term fed for up to 6 months (no depressive effect on immunocompetence)
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Leiber® Beta-S: long-term feeding 6 months to trout

 Siwicki et al., 2009

 Increased survival rates after bacterial and viral infections also after 6 months long-term feeding
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Effects of dietary Leiber® Beta-S on survival rates of rainbow trout after a challenge with pathogens
if the experimental diets were fed for 1, 2, 3 and 6 months prior to infection (n = 40)



Leiber® Beta-S: effects on mucosal health in salmon parr

 Salmon parr (∅ IBW 21 g) fed for 4 weeks with: 0 %, 0.02% Beta-S and 0.2% Biolex® MB40

 Feeding rate 1.5 % of BW/day

 The basal diet had 48 % crude protein using 13 % soy bean meal, 15 % fishmeal and 8 % fish oil

 5 fish per tank sampled from duplicate tanks (n = 20 fish/tank) at the end

 Slight improvements with Beta-S for growth and FCR

 Significant increases in goblet cells in gut and skin, and in microvilli length and density in distal gut

 Gene expression work ongoing (RNA extraction completed)

2
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Poster presented at Aquaculture America conference in New 
Orleans 23rd – 26th February 2023 – best poster award



Leiber® Beta-S: effects on mucosal health in salmon parr

2
1

Control Beta-S Biolex® MB40 P-Value

Goblet cell counts skin 22.7 ± 2.7a 33.8 ± 3.3b 27.0 ± 2.6ab 0.0459

Goblet cell counts distal gut 10.5 ± 0.1a 10.8 ± 1.4a 14.6 ± 1.3b 0.0422

1 µm1 µm 1 µm



Leiber® Beta-S: effects on mucosal health in salmon parr
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Control Beta-S Biolex® MB40 P-Value

Microvilli density (per µm2) 142.7 ± 4.7a 191.5 ± 5.6b 178.4 ± 10.4b 0.0001



Leiber® Beta-S: effects on mucosal health in salmon parr
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Control Beta-S Biolex® MB40 P-Value

Microvilli length (µm) 1.58 ± 0.04a 1.86 ± 0.03b 1.46 ± 0.03c <0.0001



Leiber® Beta-S: lasting immune effect in eel after withdrawal

 Siwicki et al. Centr Eur J Immunol 2015; 40 (1); 5-10)

 Significant increase in non-specific cellular and humoral immunity not only after 4 and 8 weeks of feeding,       
but also a further 8 weeks after stopping the feeding of Leiber® Beta-S (control feed only)!
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Leiber® Beta-S: lasting immune effect in eel after withdrawal
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Leiber® Beta-S: the adjuvant effect

 Siwicki et al. Centr Eur J Immunol 2011; 36 (4): 212-214

 Pronounced adjuvant effect during vaccinations

 Enhanced levels of antibody-secreting cells (ASC) and specific antibodies in rainbow trout fed with 
Leiber® Beta-S supplemented diets for 4 weeks prior to vaccination

2
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Leiber® Beta-S: the adjuvant effect
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Antibody-secreting cells

Specific antibody levels



Leiber® Beta-S: 3rd party field trial Costa Rica 2018

 Spotted Rose Snapper, off-shore cages, production ~ 2000 to/y

 Stocking with ca. 3 g, grow-out to market size ~ 450 g

 Issues with S. iniae (no vaccination possible) & Brooklynella hostilis (Brooklynellosis/clownfish disease)

2
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Leiber® Beta-S: 3rd party field trial Costa Rica 2018

 Red algae bloom (“Red Tide”)
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Treatments

- E105 AA: health premix with Beta-S

- E106 A: with organic acids

- E108: standard feed

- OTC: antibiotics

- Arrows: net changes



Leiber Yestimun®: immunity and gut microbiota in sole

 Carballo et al. Fish & Shellfish Immunol 2019; 92; 31-39

 Yestimun® is Leiber’s food-grade, purified ß-glucan product (ß-1,3-1,6-glucan: min. 80%  - max. 90%)

 Delivery of 1 mg/fish into the gut by oral intubation (reduce interference from feed components)

3
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Leiber Yestimun®: immunity and gut microbiota in sole

 Short-term changes gene expression in the intestine

3
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Leiber Yestimun®: immunity and gut microbiota in sole

 Short-term changes gene expression in the spleen after 24 h
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Leiber Yestimun®: immunity and gut microbiota in sole

 Long-term changes gene expression in gut and spleen after 7days

3
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Leiber Yestimun®: immunity and gut microbiota in sole

 Gut microbiome modulation after 7 days

 Treatments reduced microbiome species richness and bacterial diversity

 Reduction of genus Vibrio (control 93% vs. Yestimun 86%)
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Leiber Yestimun®: immunity and gut microbiota in sole

 What does it all mean?

 Solubility is key for ß-glucan activity - particulate ß-glucans with major local effect on gut and microbiota

 Upregulation of glucan receptor C-type lectin strong indicator for recognition by gut immune cells

 Yestimun® triggered a fast and transient induction of IL1ß in the gut followed by a shift in microbiota (esp. 
significant decrease in Vibrio abundance)

 Vibrio is a highly relevant for disease outbreaks in Senegalese sole

 Opposing response of antiviral defense irf3 gene suggest a cross-talk between type 1 interferon and 
interleukin1 cytokine pathways to modulate inflammatory responses and bacterial populations

3
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Functionalities –

experimental results in shrimp



Leiber® Beta-S: 90 – day feeding to whiteleg shrimp

 Boonanuntanasarn et al., Aquaculture Nutrition 2015

 Improvements in growth, proximate composition and haemolymph when ß-glucan fed alone                

 Improvements in intestinal microbiota and gut morphometry when fed combined with probiotics   

 Shrimp fed for 90 days with ß-glucan alone or in combination with probiotics (B. subtilis and P. acidilactici)

3
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Leiber® Beta-S: 90 – day feeding to whiteleg shrimp

3
8

+ 53 %



Leiber® Beta-S: 90 – day feeding to whiteleg shrimp

 Wongsasak et al., Aquaculture, 2015

 Significant increases in gene expression of lipopolysaccharide and β-1,3-glucan-binding protein (LGBP) and 
superoxide dismutase activity (SOD) when ß-glucan fed alone

3
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Leiber® Beta-S: 90 – day feeding to whiteleg shrimp

4
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Leiber® Beta-S: 90 – day feeding to whiteleg shrimp

4
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3rd party lab trial L. vannamei Ecuador 2017

 Trial at CENAIM, Ecuador (Centro Nacional de Acuicultura e Investigaciones Marinas)

 Phase 1:

 50 l tanks with 25 shrimp/tank (= 16 shrimp/m2)

 initial body weight 3.8 g  32 days  feeding 2x per day ad libitum

 Phase 2:

 36 tanks each 40 l  15 shrimp/tank (= 16 shrimp/m2)

 10 days  feeding 2x per day ad libitum

 WSSV-challenge in 18 tanks via WSSV-infected shrimp tissue (PCR +)
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3rd party lab trial L. vannamei Ecuador 2017

 Beta-S @ 150 g/to in health premix with other health promoting components
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Health Premix

Health Premix

Health Premix

Johansson et al., 2000
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Excursion: 

human cancer research



Leiber Yestimun®: anti-tumor chemotherapy

 Chae et al. Int J Biol Macromol 2019; 136; 1169-1175

 2 weeks after tumor inoculation Yestimun® (daily 100 mg/kg) orally administrated to male BALB/c mice

 GEM (Gemcitabine) i.p. injected every third day starting at day 14 (a highly effective chemotherapy drug, but 
with adverse side effects - mainly myelosuppression – often hindering further treatment)

 Myelosuppression causes pancytopenia and immunosuppression in a dose-dependent manner

4
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Leiber Yestimun®: anti-tumor chemotherapy

 Significant reduction of tumor volume and weight through GEM
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Leiber Yestimun®: anti-tumor chemotherapy

 Highly significant recovery from GEM-induced pancytopenia (total white blood cell, neutrophil, red blood 
cell and platelet levels in blood) through Yestimun®

 alleviation of suppression of myeloid cells

 Highly significant increase in gene expression of major cytokines related to myelopoiesis (GM-CSF, G-CSF 
and M-CSF) through Yestimun® transferred to lymphoid tissue

4
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In haematology, myelopoiesis 
in the broadest sense is the 
production of bone marrow 

and all cells that arise from it 
(all blood cells)

Spleen

Bone
marrow

Yestimun® was able to 

mitigate 

immunosuppression in 

myeloid cells!



Leiber Yestimun®: anti-tumor chemotherapy

 GEM reduced cytotoxicity of splenocytes by 43% whereas Yestimun® recovered that to 94% of controls

 GEM significantly reduced IFN-γ to 46% and IL-2 levels to 48%. Yestimun® restored that to 90% and 98%, 
respectively.
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Yestimun® restored natural 
killer cell activity against  

YAC-1 tumor cells 

IL-2 and IFN-γ are key 
cytokines in the immune 

response to tumors 

Yestimun® was also able 

to mitigate 

immunosuppression in 

lymphoid cells!



Leiber Yestimun®: anti-tumor chemotherapy

 GEM-treated mice showed bone marrow damage: hypocellularity, 
with a reduced myeloid/erythroid ratio, and sinusoidal alterations

 Yestimun® lead to a normalization of these damages!
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Hypocellularity = abnormal decrease in the number of cells present

Myeloid/erythroid ratio = a decreased ratio may mean a depression 
of leukopoiesis or normoblastic hyperplasia depending on the overall 

cellularity of the bone marrow.

Sinusoidal alterations = pathological alterations of blood capillaries



Leiber Yestimun®: anti-tumor chemotherapy

 What does it mean?

 Orally administered Yestimun® effectively alleviated myelosuppression associated with gemcitabine-
induced pancytopenia

 Analysis of myelopoiesis-related cytokine expression demonstrated that Yestimun® up-regulated 
hematopoietic response in gemcitabine-treated mice

 Yestimun® restored cytotoxicity of splenocytes against YAC-1 in gemcitabine-treated mice

 Yestimun® displayed a positive effect on gemcitabine-damaged bone marrow tissue

 In conclusion, Yestimun® has the potential to be used as adjuvant for alleviating chemotherapy-induced 
immunosuppression

5
0

Overall, this study demonstrates the high potency of dietary 

highly-purified ß-glucans to combat immunosuppression!!
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Conclusions and 
recommendations for use



Conclusions

 Leiber® Beta-S improves immunocompetence (non-specific & specific immunity)

 Leiber® Beta-S thereby increases stress & disease resistance, and survival rates 

 Leiber® Beta-S has a pronounced adjuvant effect in vaccinations 

 Leiber® Beta-S improved growth performance and feed conversion is possible

 Leiber® Beta-S is overall a great tool to boost the immune system and to 
prophylactically prepare fish and shrimp against occurring diseases!
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Recommended usage

 50 – 250 g/to in feed (0.005 – 0.025%)  usually 200 g/to feed

 Before periods of higher stress (e.g. handling, transport, environmental changes) & pathogen pressure 

 prophylactic use

 in order to prevent or reduce mortalities and other losses

 Limited immune capacity of larvae  support of immunity build-up and antibody production 

 Prior to vaccinations  improving the effectiveness of vaccinations (adjuvant effect)

 Long-term administration possible (no immunodepression)
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Thanks a lot for your attention!
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