
HealthHealth SeaSea Symposium Symposium 
Granville 6th of Granville 6th of OctoberOctober 20052005

””TailoredTailored ChitosansChitosans;  ;  StructureStructure –– FunctionFunction –– ApplicationApplication””

CEO Mr. Einar J. MustapartaCEO Mr. Einar J. Mustaparta



OutlineOutline

•• Advanced Biopolymers ASAdvanced Biopolymers AS
•• Basic Basic structurestructure
•• New and New and extendedextended matrixmatrix ofof functionalityfunctionality

•• FunctionalityFunctionality
PhysicalPhysical
ChemicalChemical
BiologicalBiological

•• ApplicationsApplications



Advanced Biopolymers ASAdvanced Biopolymers AS

•• HistoryHistory
•• EstablishedEstablished onon thethe basis basis ofof newnew breaktroughbreaktrough technologytechnology for for tailoringtailoring

ofof chitosanschitosans. . EntrepreneursEntrepreneurs from from industryindustry (Mr. Einar Mustaparta) (Mr. Einar Mustaparta) 
and and universityuniversity (Professor (Professor SmidsrSmidsrøødd and Professor and Professor VVåårumrum).).

•• LocationLocation
•• EstablishingEstablishing semisemi--industrialindustrial plant plant SouthSouth ofof Oslo (Porsgrunn) in a Oslo (Porsgrunn) in a 

processprocess and R & D and R & D clustercluster
•• ProductionProduction capacitycapacity ofof aboutabout 10 10 tonnestonnes per per yearyear

•• Business Business ideaidea
•• Based on patented technology manufacture, develop, market and Based on patented technology manufacture, develop, market and 

sell sell chitosanchitosan biopolymers with required and reproducible quality to biopolymers with required and reproducible quality to 
global partners applying these as a functional ingredient in higglobal partners applying these as a functional ingredient in high h 
value applications.value applications.



We offer partners/customersWe offer partners/customers

•• We help to solve functional and technical challenges within We help to solve functional and technical challenges within 
high value ingredient markets.high value ingredient markets.

•• The company is based around the commercial application of The company is based around the commercial application of 
chitosan biopolymers as an chitosan biopolymers as an excipientexcipient-- / semi active / semi active 
ingredient protected by IPingredient protected by IP

•• Our background rights pave the way for product/application Our background rights pave the way for product/application 
development with IP potentialdevelopment with IP potential

•• One segment is licensed out to a leading global ingredient One segment is licensed out to a leading global ingredient 
company within food and beveragescompany within food and beverages



Chitin and Chitin and ChitosansChitosans

chemical composition (Fchemical composition (FAA or DA) and sequence of monomers along the or DA) and sequence of monomers along the 
chainschains
molecular weight  and molecular weight distributionmolecular weight  and molecular weight distribution
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ChitosansChitosans
StructureStructure –– FunctionFunction relationshiprelationship
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ChitosansChitosans
StructureStructure –– FunctionFunction relationshiprelationship

•• PhysicialPhysicial propertiesproperties
•• FlocculationFlocculation
•• SolubilitySolubility and and ChargeCharge DensityDensity
•• Stabilising / Stabilising / EmulsifyingEmulsifying

•• ChemicalChemical propertiesproperties
•• AcidAcid catalyzedcatalyzed DegradationDegradation
•• StabilityStability as a as a functionfunction ofof pH and pH and 

SterilisationSterilisation ofof Chitosan Chitosan SolutionsSolutions

•• BiologicalBiological propertiesproperties
•• EnzymaticEnzymatic DegradationDegradation
•• ThightThight junctionjunction openeropener



PhysicalPhysical propertiesproperties
FlocculationFlocculation ofof E. E. ColiColi -- effecteffect ofof FFA A --

flocculation efficiency strongly increases with increase in Fflocculation efficiency strongly increases with increase in FAA

FA
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Strand S.P. et al. (2001), Biomacromolecules, 2, 126-133.



PhysicalPhysical propertiesproperties
SolubilitySolubility and and chargecharge densitydensity

•• ThreeThree parameters parameters determinedetermine
solubilitysolubility ofof chitosan in water:chitosan in water:

1.1. pH pH –– protonisationprotonisation ofof
aminoamino groupgroup ((DD--unitunit))

2.2. IonicIonic strengthstrength (salting (salting outout
effecteffect) ) ofof thethe solventsolvent

3.3. Ions Ions thatthat interactinteract withwith
chitosanschitosans..

•• TodaysTodays commercialcommercial chitosanschitosans
presipitatepresipitate at pH at pH levellevel 6 and 6 and 
higherhigher

• Chitosans characterised by high
FA value (0,4-0,5) and medium 
Mn are neutral soluble !

Vårum K.M, Ottøy M.H. and Smidsrød O. (1994) Carbohydr. Polym. 25, 65-70



PhysicalPhysical propertiesproperties
EmulsifyerEmulsifyer -- stabilisorstabilisor

•• Amphiphilic polymerAmphiphilic polymer

TheThe possibilitypossibility for for adjustingadjusting ratio ratio AA--unitsunits//DD--unitunit

EmulsifyingEmulsifying effectseffects
Stabilising Stabilising effectseffects in in emulsionsemulsions



ChemicalChemical propertiesproperties
AcidAcid catalysedcatalysed degradationdegradation

•• Initial Initial AcidAcid catalyzedcatalyzed degradationdegradation rate rate constantconstant is is proportionateproportionate to to 
FFAA

•• AA--A and AA and A--D D glycosidicglycosidic linkagelinkage waswas foundfound to be to be hydrolyzedhydrolyzed withwith
aboutabout threethree ordersorders ofof magnitude magnitude higherhigher rate rate thanthan DD--D and DD and D--A A 
((VVåårumrum et al. 2001)et al. 2001)

VVåårumrum & & SmidsroedSmidsroed, 2004, 2004



ChemicalChemical propertiesproperties
StabilityStability –– f(pHf(pH) and ) and sterilisationsterilisation --
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•• pH dependent pH dependent stabilitystability
•• HighHigh rate rate belowbelow pH3 and over pH3 and over 

pH11pH11
•• Stable Stable aroundaround neutralneutral

•• SterilisationSterilisation by by autoclavingautoclaving
(120 (120 oo C for 20 min) C for 20 min) withoutwithout
severesevere degradationdegradation

•• At pH 4,5;  FAt pH 4,5;  FAA 0.01 < F0.01 < FAA 0.35 0.35 
< F< FAA 0.60

VVåårumrum & & SmidsroedSmidsroed, 2004, 2004
0.60



BiologicalBiological propertiesproperties
EmzymaticEmzymatic degradationdegradation

LYSOZYME
SUBSITES
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•• LysozymeLysozyme hydrolyzehydrolyze chitinchitin
and and chitosanschitosans

•• DegradationDegradation rate rate highlyhighly
dependent dependent onon FFAA ((ieie. . 
proportionateproportionate to (Fto (FAA) ) 4 4 ))

•• A minimum A minimum ofof fourfour A A unitsunits to to 
obtainobtain maximummaximum degradationdegradation

•• Makes it Makes it possiblepossible to to tailortailor
chitosanschitosans withwith predeterminedpredetermined
degradationdegradation rate for rate for useuse
onon/in /in thethe human bodyhuman body

NortveitNortveit et al. 1994;et al. 1994;



BiologicalBiological propertiesproperties
DeliveryDelivery / / releaserelease systemssystems

•• BioadhesionBioadhesion and and biodegradabilitybiodegradability

•• FacilitatingFacilitating openingopening ofof tighttight junctionjunction ((epithelialepithelial cellcell
layerlayer) ) 

Holme et. al. 2000 Holme et. al. 2000 -- CacoCaco--2 2 cellcell systemsystem
ChitosanChitosan withwith a Fa FAA ofof 0 0 –– 0.40 and Mn > 0.40 and Mn > 
100 100 kDkD increasedincreased thethe permeabilitypermeability ofof
human human intestinalintestinal epithelialepithelial cellscells. . 

•• ReversibilityReversibility ofof thethe openingopening functionfunction is is highlyhighly
dependent dependent ofof a a balancebalance betweenbetween FFAA and Mn.and Mn.



PotentialPotential ApplicationsApplications

•• FoodFood systemsystem

•• Personal Personal carecare systemsystem

•• BiomedicalBiomedical systemsystem



FoodFood applicationapplication

•• Taking Taking advantageadvantage ofof thethe amphiphilic amphiphilic charactercharacter

•• AdjustingAdjusting ratio ratio HH--fobicfobic//HH--philicphilic to to foodfood system system 
requirementrequirement

•• MolecularMolecular weightweight and/or and/or concentrationconcentration in order to in order to 
achieveachieve stabilising stabilising effecteffect..

•• pH and heat stable pH and heat stable withinwithin certaincertain intervalsintervals

•• EmulsifierEmulsifier & Stabiliser in & Stabiliser in oneone single single substancesubstance



Personal Personal CareCare
SkinSkin CareCare ApplicationApplication SystemSystem

•• DeliverDeliver activeactive agents to agents to skinskin cellularcellular layerlayer

•• AntiAnti microbialmicrobial topologicaltopological effecteffect
•• Chitosan Chitosan thightthight junctionjunction openeropener
•• TailoredTailored biodegradabilitybiodegradability ((ieie. . OpeningOpening effecteffect

substitutedsubstituted by by oligooligo –– and/or monomer and/or monomer effecteffect onon
skinskin))

•• ProductProduct--technologytechnology effecteffect
emulsifyingemulsifying –– stabilising stabilising functionfunction



BiomedicalBiomedical ApplicationApplication
Nasal Nasal deliverydelivery

1.1. BioadhesionBioadhesion whenwhen exposedexposed to to mucosamucosa surfacesurface

2.2. OpeningOpening ofof epithelialepithelial thightthight junctionjunction and and deliverydelivery ofof
activeactive drug to plasmadrug to plasma

3.3. BiologicalBiological degradeddegraded by by lysozymelysozyme and and therebythereby
terminatingterminating polymer polymer effecteffect..



ConclusionsConclusions

•• FunctionalityFunctionality is dependent is dependent bothboth onon FFAA and Mn.and Mn.

•• New New potentialpotential for for developmentdevelopment ofof applicationsapplications whenwhen
extendingextending thethe axisaxis ofof FFAA from 0,3 to 0,6from 0,3 to 0,6

•• Advanced Biopolymers IP (Advanced Biopolymers IP (pendingpending) ) technologytechnology is is 
first to market first to market withwith a a reproduciblereproducible qualityquality ofof highhigh FFAA

chitosanschitosans


