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Biosynthesis of Phenolic LipidsBiosynthesis of Phenolic Lipids

Lipids Lipids +  +  Phenolic AcidsPhenolic Acids Phenolic lipidsPhenolic lipids
TransesterficationTransesterfication

LipaseLipase

SelectivitySelectivity

Milder Milder 

Reaction ConditionsReaction Conditions “Natural”“Natural”



•• Fish & Marine OilsFish & Marine Oils

(herring, anchovy, menhaden, seal & whale)(herring, anchovy, menhaden, seal & whale)

•• Edible Plant OilsEdible Plant Oils

Sources of Polyunsaturated Fatty Acids (PUFAs)Sources of Polyunsaturated Fatty Acids (PUFAs)

•• Edible Plant OilsEdible Plant Oils

(soybean, canola, safflower & corn)(soybean, canola, safflower & corn)

•• MicroorganismsMicroorganisms

(algal:      (algal:      Porphyridium cruentum)Porphyridium cruentum)

(fungal:   (fungal:   Mortierella Mortierella sp.)sp.)



Fatty Acid Composition of Edible OilFatty Acid Composition of Edible Oil

Fatty acidFatty acid

Canola OilCanola Oil

(%)(%)

Flaxseed Oil Flaxseed Oil 

(%)(%)

Cod Liver Oil Cod Liver Oil 

(%)(%)

Soybean Oil         Soybean Oil         

(%) (%) 

C16:0C16:0 5.05.0 5.75.7 27.627.6 10.010.0

C18:0C18:0 2.02.0 3.33.3 2.52.5 4.04.0

C18:1nC18:1n--99 59.059.0 23.723.7 2.92.9 25.025.0

C18:2nC18:2n--66 21.021.0 14.414.4 17.417.4 52.052.0

C18:3  nC18:3  n--33 18.018.0 52.652.6 3.43.4 7.07.0

C20:5 (EPA)C20:5 (EPA) 00 00 21.821.8 0.20.2

C22:6 (DHA)C22:6 (DHA) 00 00 18.218.2 0.30.3



•• Essential Nutrients in Human NutritionEssential Nutrients in Human Nutrition

•• Linoleic acid Linoleic acid (C18: 2 (C18: 2 ∆9, 12∆9, 12) ) & & ωω--6 family6 family

•• Linolenic acid Linolenic acid (C18: 3 (C18: 3 ∆9, 12, 15∆9, 12, 15) ) & & ωω--33 familyfamily

PUFAs FunctionalityPUFAs Functionality

•• Prevention & Modulation of DiseasesPrevention & Modulation of Diseases

•• Cardiovascular diseaseCardiovascular disease

•• Immune functionImmune function

•• Tumor growthTumor growth



•• VegetablesVegetables

(red onions, radishes, green beans & potatoes)(red onions, radishes, green beans & potatoes)

•• Fruits & BerriesFruits & Berries

Sources of Plant PhenolicsSources of Plant Phenolics

•• Fruits & BerriesFruits & Berries

(apples, pears, citrus fruit & blackberries)(apples, pears, citrus fruit & blackberries)

•• Plant Seed OilsPlant Seed Oils

(safflower, canola, soybean, peanut & sesame)(safflower, canola, soybean, peanut & sesame)



•• Possess Antioxidant CapacityPossess Antioxidant Capacity

•• Due to resonance Due to resonance ddelocalization of unpaired elocalization of unpaired eelectrolectronn

•• Employed in prevention of offEmployed in prevention of off--flavorsflavors

Phenolic Compounds FunctionalityPhenolic Compounds Functionality

•• Generally recognized as safe (GRAS)Generally recognized as safe (GRAS)
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Lipid ComponentsLipid Components

Properties of Phenolic LipidsProperties of Phenolic Lipids

Functional & Physiological Properties of its ComponentsFunctional & Physiological Properties of its Components

•• PUFAs are linked to cardiovascular, cancer  & PUFAs are linked to cardiovascular, cancer  & 

inflammatory diseasesinflammatory diseases

Lipid ComponentsLipid Components

Phenolic CompoundsPhenolic Compounds

•• Aid in memory and visual functionsAid in memory and visual functions

•• Physical properties: influence texture & mouthfeelPhysical properties: influence texture & mouthfeel

•• Antioxidant property, antitumerAntioxidant property, antitumer

•• Generally recognized as safe (GRAS)Generally recognized as safe (GRAS)



Potential Applications of Phenolic LipidsPotential Applications of Phenolic Lipids

•• Nutraceutical ProductsNutraceutical Products

•• Supplements imparting physiological benefitsSupplements imparting physiological benefits

•• BioBio--IngredientsIngredients•• BioBio--IngredientsIngredients

•• Food ingredients providing biological benefitsFood ingredients providing biological benefits

•• Enhancement of Physical Properties of PhenolicsEnhancement of Physical Properties of Phenolics

•• Increase solubility and miscibility in lipid  systemsIncrease solubility and miscibility in lipid  systems



Overall ObjectiveOverall Objective

DevelopmentDevelopment ofof BiotechnologicalBiotechnological ProcessProcess forfor thethe

ProductionProduction ofof NaturalNatural NutraceuticalNutraceutical andand BioBio--ingredientsingredients

UsingUsing EdibleEdible OilsOils andand EndogenousEndogenous PhenolicPhenolic ExtractsExtracts



Specific ObjectivesSpecific Objectives

-- ToTo optimizeoptimize thethe processprocess ofof productionproduction ofof PhenolicPhenolic LipidsLipids byby

determiningdetermining thethe effectseffects ofof selectedselected parametersparameters onon thethe

biosynthesisbiosynthesis processprocess

-- ToTo determinedetermine thethe structuralstructural andand physicophysico--chemicalchemical characteristicscharacteristics

ofof synthesizedsynthesized PhenolicPhenolic lipidslipids

-- ToTo determinedetermine thethe antianti--oxidantoxidant potentialpotential ofof PhenolicPhenolic LipidsLipids

-- ToTo developdevelop aa processprocess forfor theirtheir encapsulationencapsulation andand theirtheir deliverydelivery



Lipase-Catalyzed Transesterification Reaction
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Experimental ApproachExperimental Approach

-- UseUse ofof selectedselected microbialmicrobial lipaseslipases

-- Novozyme 435 from Candida antarcticaNovozyme 435 from Candida antarctica

-- Lipozyme IM 20 from Mucor meiheiLipozyme IM 20 from Mucor meihei

-- Lipase N from Rhizopus niveusLipase N from Rhizopus niveus

-- BiocatalysisBiocatalysis ofof lipaselipase inin nonnon--conventionalconventional mediamedia

-- OrganicOrganic solventsolvent mediamedia (OSM)(OSM)

-- SolventSolvent--freefree mediummedium

-- UseUse ofof selectedselected SubstratesSubstrates

-- SubstrateSubstrate modelsmodels

-- EdibleEdible oilsoils andand endogenousendogenous phenolicphenolic extractsextracts



Selected ParametersSelected Parameters

-- NatureNature ofof PhenolicPhenolic AcidAcid

-- OrganicOrganic SolventSolvent MediaMedia

-- TemperatureTemperature

-- AgitationAgitation

-- SurfactantSurfactant

-- WaterWater ActivityActivity



Biosynthesis of Phenolic Lipids in OSMBiosynthesis of Phenolic Lipids in OSM

Model SubstratesModel Substrates

Endogenous Edible OilsEndogenous Edible Oils



Biosynthesis of Phenolic LipidsBiosynthesis of Phenolic Lipids

Model SubstratesModel Substrates

Selected Triacylglycerols  & Dihydrocaffeic  AcidSelected Triacylglycerols  & Dihydrocaffeic  Acid



HPLC Analysis of Reaction ComponentsHPLC Analysis of Reaction Components
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LCLC--MS Analysis of Phenolic Lipid ProductsMS Analysis of Phenolic Lipid Products
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Radical Scavenging ActivityRadical Scavenging Activity
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Biosynthesis of Phenolic LipidsBiosynthesis of Phenolic Lipids

TransesterificationTransesterification

ofof

Endogenous Edible Oils & Dihydrocaffeic AcidEndogenous Edible Oils & Dihydrocaffeic Acid



Biosynthesis of Phenolic LipidsBiosynthesis of Phenolic Lipids

TransesterificationTransesterification

ofofofof

Flaxseed Oil & Dihydrocaffeic AcidFlaxseed Oil & Dihydrocaffeic Acid
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Biosynthesis of Phenolic LipidsBiosynthesis of Phenolic Lipids

TransesterificationTransesterification

ofofofof

Fish Liver Oil & Dihydrocaffeic AcidFish Liver Oil & Dihydrocaffeic Acid
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Biosynthesis of Phenolic Lipids in Biosynthesis of Phenolic Lipids in 

SolventSolvent--Free MediumFree Medium

Incorporation of 3,4Incorporation of 3,4--Dihydroxyphenyl Acetic AcidDihydroxyphenyl Acetic Acid

intointointointo

Flaxseed OilFlaxseed Oil



(A)(A) Blank Blank 

HPLC Analysis of Flaxseed OilHPLC Analysis of Flaxseed Oil

(B) Reaction Mixture(B) Reaction Mixture
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Relative Fatty Acid CompositionRelative Fatty Acid Composition

Relative Fatty Acid (%)Relative Fatty Acid (%)a

Fatty Acid          Flaxseed Oil             Phenolic MAGs            Phenolic DAGsFatty Acid          Flaxseed Oil             Phenolic MAGs            Phenolic DAGs

C16:0 4.7 0.1                                         0.7

C18:0 3.5 0.4 2.7 

C18:1 18.0 7.9                                        14.6

C18:2C18:2 16.5                                      16.2                                       17.416.5                                      16.2                                       17.4

C18:3                              57.7                                     75.2                                       64.4C18:3                              57.7                                     75.2                                       64.4

aRelative % was determined as the peak area of selected FA over that of total FAs.



Radical Scavenging Activity of Phenolic LipidsRadical Scavenging Activity of Phenolic Lipids

Phenolic Compounds             Phenolic Compounds             Steady State (min)Steady State (min)aa ICIC5050
bb

3,43,4--Dihydoxyphenyl acetic acid                                     3.5  Dihydoxyphenyl acetic acid                                     3.5  –– 11.0                         33 11.0                         33 

aRange of concentrations is 30 to 250 µM.

bIC50 represents the concentration needed to reduce 50% of the initial amount of DPPH●; it was expressed in µM.

3,43,4--Dihydoxyphenyl acetoylated                                   11.0  Dihydoxyphenyl acetoylated                                   11.0  –– 13.0                       18413.0                       184

Referenec (Referenec (αα--tocopherol)tocopherol) 6.0  6.0  –– 12.0                       12312.0                       123



Conclusion

TheThe overalloverall results,results, obtainedobtained toto date,date, couldcould laylay thethe

groundworkgroundwork forfor thethe developmentdevelopment ofof biotechnologicalbiotechnological

processprocess forfor thethe productionproduction ofof ““PhenolicPhenolic LipidsLipids”” thatthat cancan

bebe usedused asas naturalnatural nutraceuticalnutraceutical compoundscompounds andand biobio--

ingredients,ingredients, withwith scavengingscavenging activityactivity comparedcompared toto thatthat ofof

phenolicphenolic compounds,compounds, butbut veryvery closeclose toto thatthat ofof αααααααα--

tocopheroltocopherol..
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