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New feedstuff for animal feeds

High nutritional value

• Proteins (AA)

• Lipids (En – FA)

Sustainable (??)



Insects as feed: fish

insect meals - fats



Insects as FEED: poultry

insect meals - fats



Insects as FEED: pigs



Insects as FEED: fish – poultry – pigs - rabbits

insect fat



Insects as FEED: fish – poultry – pigs - rabbits
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Insects for HEALTH

▪ Chitin

▪ Fatty acids

▪ Anti-microbial peptides

Bioactive 

compounds

• antimicrobial effects
• strengthen immune system
• microbiota modulation



Insects for HEALTH

microbial resistance

Antimicrobial resistance is one 

of the biggest threats to global 

health, food security, and 

development today

Global over-use of drugs treatments in 

human and animal nutrition to treat diseases 

(or as growth promoters) 

Ventola, 2015. P&T, 40:277-283

• Animals: associated with decrease in performances, 

high morbidity & mortality



Insects for HEALTH: AMPs



1922: A. Fleming

Insects for HEALTH: Antimicrobial peptides

AMPs

1928: penicillin
• 1940s: therapeutic use of penicillin 
• 1945: Nobel Prize for Medicine

Golden Age of antibiotics

Loss of interest in the
therapeutic potential
of natural AMPs

Antimicrobial resistance

Renewed interest
• 5000 AMPs have been deposited in the Antimicrobial Peptide Database 
• only a small fraction of gene-encoded antibiotic proteins produced in nature

‘60s

Zhang & Gallo, 2016. Current Biology, 26(1), 14-19



PubMed key words = antimicrobial peptides, AMPs, and/or host defense peptides.

In the last decade the AMP research field has progressively expanded

Insects for HEALTH: Antimicrobial peptides

Mahlapuu et al., 2016. Frontiers in Cellular and Infection Microbiology, 6

Published research on
AMPs identified from 2004
until September 2016.



Insects for HEALTH: Antimicrobial peptides

• = small cationic proteins that exhibit activity against bacteria, fungi, parasites & virus

• AMPs

• directly kill microbes

• boost host specific innate immune response and exert selective

immunomodulatory effects

• AMPs activity does not lead to natural bacteria resistance (or very low)

AMPs

Zhang & Gallo, 2016. Current Biology, 26(1), 14-19



• Insects are a primary source of AMPs

Insects for HEALTH: Antimicrobial peptides

Zhang & Gallo, 2016. Current Biology, 26(1), 14-19



• 1,5 – 3 million insect species

Insects for HEALTH: Antimicrobial peptides

great potential to be use in animal nutrition

• 1st insect AMP: cecropin: extracted from Hyalaphora cecropia pupae

giant silkmoth Hyalaphora cecropia

Zhang & Gallo, 2016. Current Biology, 26(1), 14-19



Faruk et al., 2016. Peptides, 80:80-88; Józefiak & Engberg, 2017. J Anim & Feed Sci, 26:87-99; Li et al., 2017. Scientific Reports, 7:12124

Insects for HEALTH: Antimicrobial peptides

• about 150 insect AMPs have been identified



Defensin

Cecropin

Attracin

Lebocins

Moricins

Gloverins

AMPs • No general consensus on the classification

• Structure – amino acid sequence

Yi et al., 2014.  Appl Microbiol Biotechnol., 98, 5807–5822 - Wu et al., 2018. Toxins, 10, 416

G+; G-

G+; G-; parasites; 
fungi

G-

G+; G-; fungi

G+; G-; fungi

G-



Insects for HEALTH: Antimicrobial peptides



Insects for HEALTH: Antimicrobial peptides

Mylonakis et al., 2016. Phil. Trans. R. Soc. B 371: 20150290



Insects for HEALTH: Antimicrobial peptides

Fu et al., 2009 – Dang et al., 2010 – Park et al 2015



Insects for HEALTH: Antimicrobial peptides

Erickson et al., 2004. J. Food Production, 67(4), 685-690

• decrease in E. coli O157:H7
• decrease in Salmonella enterica



Insects for HEALTH: Antimicrobial peptides

Józefiak et al., 2013. PLoS ONE, 8(12), e85347

• improved performances
• decrease in Bacteroides and Enterobacteriacae in ileal digesta of broilers

• Neg. ctrl
• Pos ctrl (Salinomycin = cocciodiostat)
• 4 levels of Nisin (AMP)

Dose / response effect

(Lactococcus lactis)



Insects for HEALTH: Antimicrobial peptides

Kieronczyk et al., 2016,. J. Anim. Feed Sci., 25, 309-316

• TBC
• Enterobacteriaceae
• Clostridium perfringens
• Lactobacillus spp
• Enterococcus spp

• Neg. ctrl
• Pos ctrl (Salinomycin = cocciodiostat)
• 1 level of Nisin (AMP)

• Salinomycin
• Nisin
• Nisin + Salinomycin

• improved BW
• Improved FI – FCR (1st period)

decrease
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Insects for HEALTH: Antimicrobial peptides

• dietary supplementation of AMP-A3 (3 levels) to weaning pigs (vs apramycin)

• growth performance
• CTTAD nutrients
• Serum immunoglobulins
• Intestinal / fecal microflora
• Intestinal morphology

Yoon et al., 2012 ANIFE, 177, 98-107 

+ results

Linear increase with AMP-A3 increase

Apramycin
AMP-A3 L1
AMP-A3 L2
AM-A3 L3

Dose / response effect



Insects for HEALTH: Antimicrobial peptides

• dietary supplementation of synthetic AMP-A3 and AMP-P5

• improved
• growth performance
• ATTCD nutrients
• Fecal / intestinal microflora
• intestinal morphology

Yoon et al., 2014. Livestock science, 159, 53-60

NC
PC (avilamycin)
AMP-A3
AMP-P5

+ results

similar to PC



Insects for HEALTH: Antimicrobial peptides

Zhou et al., 2014. J. Appl. Poult. Res., 23, 376-383

• Used inactivated Salmonella pullorum to stimulate AMP generation by MD

mesured antibacterial activity of AMP (compare to antibiotics)

• S. pullorum
• Stap. aureus
• E. coli

• Artificially infected birds with S. pullorum & treated with AMP extracts

• Increased survival rate
• Blood indicators
• Intestinal bacteria changes

Positive results



Insects for HEALTH: Antimicrobial peptides

Sun et al., 2014. J Ethnopharmacology, 153, 831-839

MD

• mice inoculated with sarcoma S180 cell
• dietary administration of peptide fraction of MD larvae (3 doses, 10 days)

peptide fraction of MD larvae act as antitumor agent with immunomodulatory activity



Insects for HEALTH: Antimicrobial peptides

Tonk et al., 2016. Appl. Microbiol. Biotechnol, 100, 7397-7405



Insects for HEALTH: Antimicrobial peptides

Tian et al., 2018. bioRxiv doi.org/10.1101/353367

• Isolation and purification of an active antimicrobial peptide HI-3 (5th instar)
• antibacterial activity

• Staphylococcus aureus
• Bacillus subtilis
• Escherichia coli
• Enterobacter aerogenes

• inhibitory activity on the proliferation of CNE2 cells (nasopharyngeal carcinoma cells)

Potential antitumoral drug

BSF



Insects for HEALTH: Antimicrobial peptides

Józefiak & Engberg, 2017. J Anim & Feed Sci, 26:87-99

• positive action against bacteria, fungi, parasites, virus
• immune modulators
• support of animal growth and health

AMPs

alternative to antibiotics

• several applications in different fields:

• agricultural science
• biology

• human and veterinary medicine 
• food and feed industries

Currently, no insect derived AMPs have been introduced on the market yet

• positive results against cancer



Insects for HEALTH

▪ Chitin
▪ Fatty acids

▪ Anti-microbial peptides

Bioactive 

compounds

• antimicrobial effects
• strengthen immune system
• microbiota modulation



Insects for HEALTH

Chitin



Insects for HEALTH: Chitin

• structural polysaccharide that contains nitrogen

• polymer of N-acetylglucosamine

• major element in the exoskeleton of insects

Chitin chiton

• antioxidant

• anti-inflammatory

• anticoagulant

• antitumoral & anticancer

• antibacterial

• antihypertensive

• immunostimulant

• hypocholestorolemic

Ngo & Kim, 2014

medicinal & pharmaceutical applications

crustacean chitin

drug delivery

tissue engineering

production of functional foods

food preservation

biocatalysis immobilization

wastewater treatment

molecular imprinting

production of metal nanocomposites

Wásko et al., 2016

International Journal of Biological Macromolecules 92, 316–320



Insects for HEALTH: Chitin

Chitin chiton

• antioxidant

• anti-inflammatory

• anticoagulant

• antitumoral & anticancer

• antibacterial

• antihypertensive

• immunostimulant

• hypocholestorolemic

Ngo & Kim, 2014

Insect chitin???

• particles size?

• small size = anti-inflammatory

• chitin structure? α – β - γ

• chitin composition?

• insect chitin: matrix of protein, lipids + other compounds

• crustacean chitin: matrix of protein & minerals



Su et al., 2017. Fish & Shellfish immunology, 69:59-66

• decrease in plasma MDA content + increase in plasma SOD activity

• increase in plasma

• lysozyme activity

• IgM levels

• up-regulation of immune related genes (MHC II, IL-1, CypA, Img, HE)

• increase of survival rate after challenged with Edwardsiella ictaluri

TM could improve immune response & bacterial resistance

Insects for HEALTH: Chitin – immunostimulation

Immunostimulation

TM: 0%, 9%, 18%, 27%

in fish fed 18% TM TM



Xiao et al., 2018. Aquaculture Research, 49:1569-1577

• Increased weight (+21.7%)

• Lysozyme activity (+ 6.8%)

BSF had positive effects on growth performance & immune indexes

Insects for HEALTH: Chitin – immunostimulation

Immunostimulation

Yellow catfish fed 10.8% or 22.3%, BSF larvae meal

• Increased weight (+29.1%)

• Lowest FCR: 0.9

• Lysozyme activity (+ 31.9%)

BSF



Insects for HEALTH: Chitin – immunostimulation

fish fed 25 & 50% of full fat TM larva meal

Henry et al., 2018. Dev & Comp Immunol, 81:204-209

Immunostimulation

• improved lysozyme activity (tendance)

• increased anti-protease activity

correlated with anti-parasitic activity of fish immune system

similarities between the composition of insects and parasites exoskeleton

Immunostimulant effect

TM



Lee et al., 2018. J Vet Med Sci, 80:736-740

increase of:

• performances

• frequency of CD4+ T lymphocyte

• serum lysozyme activity

• spleen lymphocyte proliferation

• survival rate of broiler challenged with

Salmonella Gallinarum

BSF: positive effect on growth + stimulate non specific immune response

Insects for HEALTH: Chitin – immunostimulation

Immunostimulation

Birds fed low levels of BSF larvae meal (1%, 2%, 3%) BSF



Insects for HEALTH: Chitin – Antibacterial effect

Shin et al., 2019. International Journal of Biological Macromolecules 125, 72–77

• Chitin isolation

• Chitosan characterization: similar to commercial chitosan

• Antibacterial activity

• Bacillus cereus

• Listeria monocytogenes

• E. coli

Antibacterial effect



Ido et al., 2019. Animals, 9, 100

Insects for HEALTH: Chitin – Antibacterial effect

25 – 40 – 65% TM

increased protection against

Erdwardsiella tarda

increased performances

TM chitin or AMP or other

bioactive compounds?

growth trial

5 – 10% TM

challenge test

C

5%

10%

TM
Antibacterial effect



Insects for HEALTH: Chitin – microbiota modulation

Borrelli et al, 2017. Scientific Reports, 487:56-63

Probiotic effect of BSF

Ceacal microbiota modulation

Microbiota modulation

development of bacteria having a 

chitin degradation activity

connected with SCFAs 

production

BSF



Insects for HEALTH: Chitin – microbiota modulation

Bruni et al, 2018. Aquaculture, 487:56-63

increased incidence of Carnobacterium genus

modulation microbial community

Mucosa- (MAB) & Digesta- (DAB) Associated Bacterial community

• in vitro inhibition of pathogens

• stimulate non-specific immune response

• in vivo improvement of disease resistance

Microbiota modulation

BSF



Insects for HEALTH: Chitin – microbiota modulation

Terova et al, 2019. Rev. Fish Biol Fisheries, 29, 465-486

modulation of Actinobacteria & Protobacteria

modulation microbiota

BSF

Microbiota modulation



Insects for HEALTH: Chitin: hypolipidaemic & hypocholesterolaemic effects

Hypolipidaemic & hypocholesterolaemic



Insects for HEALTH: Chitin – cholesterol

Ido et al., 2015. Appl Entomol Zool, 50:213–221

rats fed MD meal

• reduction of visceral fat

• reduction of serum LDL cholesterol 

promote the efflux of excess cholesterol 

in the body and inhibit cholesterol re-

absorption from the intestine

Hypolipidaemic & hypocholesterolaemic
MD



Insects for HEALTH: Chitin – cholesterol

Hypolipidaemic & hypocholesterolaemic

Li et al., 2017. Aquaculture, 477:62-70

Jian carp fed BSF meal (0%, 2.6%, 5.3%, 7.9% & 10.6%)

• no differences in growth performances

• reduction of hepatopancreas fat

• reduction of serum cholesterol

• Increase in CAT activity 

Hypocholesterolaemic effect + bost antioxidant status

BSF



Insects for HEALTH

▪ Chitin

▪ Fatty acids

▪ Anti-microbial peptides

Bioactive 

compounds

• antimicrobial effects
• strengthen immune system
• microbiota modulation



Insects for HEALTH

Fatty acids



Insects for HEALTH: Fatty acids Insect fatty acid composition

• Fatty acid composition is specie – specific

• Could be manipulated through rearing substrate

• BSF: lauric acid (C12:0)

• TM: Oleic acid (C18:1) – linoleic acid (C18:2) 

Barroso et al., 2014



Insects for HEALTH: Fatty acids

Fatty acids: Lauric acid (MCFAs)

Nakatsuji et al., 2009. Journal of Investigative Dermatology, 129:2480-2488

strong antibacterial properties of C12:0



Insects for HEALTH: Fatty acids

C12:0: more active against Gram+

could be used in combatting some

microbial strains resistant to

antibiotics

Abbas et al., 2017. Annals of Clinical & Laboratory Research, 5:2480-2488



Insects for HEALTH: Fatty acids

Spranghers et al., 2018. Animal Feed Science and Technology, 235:33-42

• In vitro trial (0,58g/100 ml):

• suppressed growth of lactobacilli & D-streptococci

Fatty acids: Lauric acid (BSF)



against some common rabbit bacteria

Insects for HEALTH: Fatty acids

Pure TM oil – BSF fat



Insects: WHY???? Many reasons…

God in his wisdom made the fly

And then forgot to tell us why 

Ogden Nash


