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Halieutica
Fish & Shrimp solutions

Guillaume Le Reste

00 33 648 714 051 – g.lereste@halieutica.net – skype: guillaumelereste

http://www.halieutica.net/
mailto:g.lereste@halieutica.net
https://www.linkedin.com/company/halieuticaaquafeed/?viewAsMember=true
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Aquaculture feeds

http://www.halieutica.net/


P
re

se
n

ta
ti

o
n

 p
ro

d
u

c
e

d
 f

o
r 

D
r.

 E
b

ru
 Y

IL
M

A
Z

. C
o

p
yi

n
g

 a
n

d
d

is
tr

ib
u

ti
o

n
p

ro
h

ib
it

e
d

Crops & by products
Fisheries 
Mining 

Technological additives
Sensory additives

Nutritional additives
Zootechnical additives

Additives

Raw materials 

Natural productivity (phyto & zoo plankton)

Feed

Image : Modified from Ng & Romano (2013), Reviews in Aquaculture 5:220-254. Use with permission

Medication

Envir. impact

Food

Aquafeed in the system

http://www.halieutica.net/
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Effect of extrusion temperature on different vitamins 
stability

Riaz et al., 2009

http://www.halieutica.net/
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Organic acids

Originaly developed for RM/Feed conservation.

Also marketed for their antibacterial activities. 

R COOH

R COO- H+

http://www.halieutica.net/
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Organic acids: pKa

Ph= pKa

R COO- H+

R COOH

Predominantly 
undissociated

Predominantly 
dissociated

Ph

http://www.halieutica.net/
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Organic acids: MOA proposal

H+-ATPase pump


Undissociated form

Dissociated form

Defoirdt et al. Biotechnology Advances 27, 680–685, 2009 Lückstädt & Schulz. European Aquaculture 
Society, Krakow, Poland, 2008.

http://www.halieutica.net/
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MM: molecular mass; ∞: soluble in all proportions; v: very soluble; s: sparingly soluble.

Acid Molecular formula MM (g/mol)
Density 
(g/ml)

Phys. Form pKa 
Solubility in 

water
Formic HCOOH 46,03 1,22 liquid 3,75 ∞
Acetic CH3COOH 60,05 1,049 liquid 4,76 ∞
Propionic CH3CH2COOH 74,08 0,993 liquid 4,88 ∞
Butyric CH3CH2CH2COOH 88,12 0,958 liquid 4,82 ∞
Lactic CH3CH(OH)COOH 90,08 1,206 liquid 3,83 v
Sorbic CH3CH:CHCH:CHCOOH 112,14 1,204 liquid 4,76 s

Fumaric COOHCH:CHCOOH 116,07 1,635 liquid 3,02 s
4,38

Citric COOHCH2C(OH)(COOH)CH
2COOH

192,14 1,665 solid 3,13 v
4,76
6,4

FEFANA 2014, organic acids in animal nutrition

http://www.halieutica.net/
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Organic acids at a glance

Da Silva et al. Aquaculture 384–387 (2013) 104–110 (lien) ; Defoirdt et al. Biotechnology Advances 27, 680–
685, 2009 (lien); Morken et al. Aquaculture Nutrition 18, 21–34, 2011 (lien) ; Nunes et al. Aquaculture 260, 
244–254, 2006 (lien); Lückstädt & Schulz. European Aquaculture Society, Krakow, Poland, 2008.

Feed intake

Gastric pH Microbiota

Digestibility

http://www.halieutica.net/
https://www.sciencedirect.com/science/article/abs/pii/S0044848612007399?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0734975009000779
https://www.sciencedirect.com/science/article/abs/pii/S0044848611003206
https://www.sciencedirect.com/science/article/abs/pii/S0044848606004716
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Essential oils

S. Burt / International Journal of Food Microbiology 94 (2004) 223–253 (link)

Locations and mechanisms in the bacterial cell 
thought to be sites of action for EO 
components: 
 - degradation of the cell wall; 
 - damage to cytoplasmic membrane;
 - damage to membrane proteins;
 - leakage of cell contents ;
 - coagulation of cytoplasm;

 - depletion of the proton motive force.

http://www.halieutica.net/
https://www.sciencedirect.com/science/article/pii/S0168160504001680
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Essential oils

ALLEMANet al. 2013. INRA Prod. Anim., 2013, 26 (1), 3-12 (lien)

Chemical composition of natural oregano essential oil (%). P

http://www.halieutica.net/
https://www6.inra.fr/productions-animales/2013-Volume-26/Numero-1-pp.-3-68/Utilisation-des-huiles-essentielles
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Essential oils

Nature identical Vs. Plant extracts

1 molecule Vs. Cocktail

http://www.halieutica.net/
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Probiotics: concept

Harmful bacteria Beneficial bacteriaCommensal 

Disease Health

http://www.halieutica.net/
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Probiotics: concept

Harmful bacteria Beneficial bacteriaCommensal 

Probiotics

Disease Health

http://www.halieutica.net/
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Probiotics and Immunomodulation

Akhter et al., 2015. Fish & Shellfish Immunology, 45 (2), 733-741 (lien)

Probiotics showing the activity 
of host immunomodulation.

MAMPs: Microbe Associated Molecular Patterns
PRRs Pathogen paterns Recognition Receptors

IEC: Intestinal Epithelial Cell.

http://www.halieutica.net/
https://www.sciencedirect.com/science/article/abs/pii/S1050464815300206
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Probiotics: aquaculture particularity

Feed

http://www.halieutica.net/
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Prebiotics

Prebiotics are “non digetsible components that are metabolized by specific health-promoting
bacteria such as Lactobacillus and Bifidobacterium. These bacteria are considered
beneficial to the health and growth of the host by decreasing the presence of intestinal
pathogens and/or changing the production of health related bacterial metabolites.”

RINGØ et al. 2010. Aquaculture nutrition 16(2):117-136 (lien)

http://www.halieutica.net/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2095.2009.00731.x
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Prebiotics

Adaptated from Song et al., 2014, Fish & Shellfish Immunology, 40 (1), 40-48 (lien)

Prebiotics
Cannot be digested 

by host

Host GIT
Fermentation of prebiotics

Recognition of 
prebiotic by MAMP

Immunosaccharides

Classical prebiotics

Gut microbiota 
modification 

Lactobacilli, Bifidobacteria

Innate immunity 
stimulation

ROS, Phagocytosis lysozyme

Host health 
improvement

MAMP: Microbe Associated Molecular Pattern

http://www.halieutica.net/
https://www.sciencedirect.com/science/article/abs/pii/S1050464814002150?via%3Dihub
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Prebiotics

Adapted from Huazano-Garcıa and Lopez (2013) in Guerreiro et al. 2017. Reviews in Aquaculture (2017) 0, 1–33 (lien)

http://www.halieutica.net/
https://onlinelibrary.wiley.com/doi/abs/10.1111/raq.12201
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Prebiotics

Guerreiro et al. 2017. Reviews in Aquaculture (2017) 0, 1–33 (lien)

Schematic summary of general 
prebiotic mechanisms of action. 
Round and rod shapes represent 
bacteria. 

50AMPK, 50 adenosine monophosphate-activated protein kinase; GLP-1, 
glucagon-like peptide 1; H2O2, hydrogen peroxide; IL-10, interleukin 10; IL-2, 
interleukin 2; ROS, reactive oxygen species

http://www.halieutica.net/
https://onlinelibrary.wiley.com/doi/abs/10.1111/raq.12201
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Yeast and Yeast extracts

Alive: probiotic

Cytoplasm content

Cell walls: prebiotics

http://www.halieutica.net/
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Yeast and Yeast extracts

Prebiotic effect

P. TACON, 2015

Immunostimulants

http://www.halieutica.net/
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Thank you for your attention

Guillaume LE RESTE

g.lereste@halieutica.net             +33 648 714 051                  www.halieutica.net 

http://www.halieutica.net/
mailto:g.lereste@halieutica.net
http://www.halieutica.net/
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