
LipidsLipids, , fatfat andand exerciseexercise



FatsFats

�� a a widewide groupgroup ofof compoundscompounds thatthat are are generallygenerally solublesoluble
in in organicorganic solventssolvents andand largelylargely insolubleinsoluble in in waterwater

�� solid (solid (fatsfats) ) oror liquidliquid ((oilsoils))

�� SubsetSubset ofof thethe classclass ofof lipidlipidss
�� SimpleSimple lipidslipids -- fatsfats ((triglyceridestriglycerides) ) andand waxwax

�� ComplexComplex lipidslipids –– phospholipidsphospholipids, , glycolipidsglycolipids, , lipoproteinslipoproteins

�� SourceSource ofof energyenergy
�� 1 g 1 g fatfat = 9 kcal = 38 kJ= 9 kcal = 38 kJ



ChemicalChemical structurestructure

�� TriglyceridesTriglycerides –– 1 1 moleculemolecule ofof glycerol glycerol andand 3 3 moleculemolecule ofof fattyfatty
acidacid

�� FattyFatty acidsacids (FA) (FA) 
�� 4 4 –– 24 C 24 C longlong

�� OrganicOrganic acidacid –– a a chainchain ofof carboncarbon atomsatoms withwith hydrogenshydrogens attachedattached-- thatthat
has has anan acidacid groupgroup (COOH) (COOH) atat oneone endend andand methyl methyl groupgroup (CH(CH

33) ) atat thethe
otherother endend



FattyFatty acidsacids ––classificationclassification

�� TheThe lengthlength ofof thethe carboncarbon chainchain
�� SCFA (SCFA (<< 6C) 6C) -- butterbutter

�� MCFA (6 MCFA (6 –– 10 C) 10 C) –– butterbutter, , coconutcoconut andand palmpalm oiloil

�� LCFA  (12 LCFA  (12 –– 24C) 24C) –– meatmeat, , fishfish, , oiloil, , seedsseeds, , nutsnuts

�� TheThe degreedegree ofof unsaturationunsaturation

�� SaturatedSaturated (SFA) (SFA) 
�� fullyfully loadedloaded withwith hydrogenhydrogen atomsatoms, , onlyonly single single bondsbonds

�� UnsaturatedUnsaturated

�� MonounsaturatedMonounsaturated (MUFA)  (MUFA)  -- 1 double 1 double bondbond

�� PolyunsaturatedPolyunsaturated (PUFA) (PUFA) -- >> 1 double 1 double bondbond



SaturatedSaturated FA FA –– StearicStearic acidacid



MonounsaturatedMonounsaturated FA FA 



PolyunsaturatedPolyunsaturated FA  FA  



FattyFatty acidsacids ––classificationclassification

�� TheThe locationlocation ofof double double bondsbonds ((onlyonly PUFA)PUFA)

�� AccordingAccording thethe positionposition ofof thethe double double bondbond nearestnearest thethe

methyl methyl endend ofof thethe carboncarbon chainchain

�� OmegaOmega--3 3 fattyfatty acidsacids

�� OmegaOmega--6 6 fattyfatty acidsacids

�� OmegaOmega--66

�� OmegaOmega--33



TransTrans--fattyfatty acidsacids



Cholesterol Cholesterol 

�� SterolsSterols
�� PlantPlant

�� AnimalAnimal containcontain cholesterol (cholesterol (animalanimal fatfat))

�� RolesRoles ofof sterolssterols
�� VitallyVitally importantimportant body body compoundscompounds -- bilebile acidsacids, sex , sex hormoneshormones (testosterone), (testosterone), sdrenalsdrenal

hormone (hormone (cortisolcortisol), vitamin D, cholesterol ), vitamin D, cholesterol 

�� Cholesterol Cholesterol –– functionfunction
�� StartingStarting materialmaterial for for thethe synthesissynthesis ofof these these compoundscompounds

�� StructuralStructural compoundscompounds ofof cell cell membranesmembranes

�� Cholesterol Cholesterol –– sourcessources

�� EndogenousEndogenous –– mademade in in thethe body  0,8 body  0,8 –– 1,5 mg per 1,5 mg per dayday

�� ExogenousExogenous –– formform outsideoutside ofof thethe body (body (fromfrom foodfood)  0,3 mg per )  0,3 mg per dayday

�� HarmfulHarmful effectseffects ofof cholesterolcholesterol
�� ItIt cancan formform deposite in deposite in thethe arteryartery wallswalls ((atherosclerosisatherosclerosis =>=> heartheart attacksattacks, , 

strokesstrokes))



RolesRoles ofof triglyceridestriglycerides

�� FatFat storestore –– storestore ofof energyenergy (50 000 kcal)(50 000 kcal)

�� InsulateInsulate ofof body, body, maintainingmaintaining body body temperaturetemperature

�� CoverCover innerinner organsorgans

�� Help body use Help body use carbohydratecarbohydrate andand protein protein efficientlyefficiently

�� Help Help absorptionabsorption ofof fatfat solublesoluble vitaminsvitamins (A,D,E,K)(A,D,E,K)

�� SourceSource ofof essentialessential fattyfatty acidsacids –– linoleiclinoleic andand linoleniclinolenic
acidacid

�� ImportanceImportance role in role in healthyhealthy skin skin andand hairhair

�� SourceSource ofof energyenergy –– FA FA andand glycerolglycerol



DigestionDigestion ofof triglyceridestriglycerides

�� MouthMouth andand salivarysalivary

glandsglands
�� linguallingual lipaselipase

�� StomachStomach
�� lipid lipid digestiondigestion by by linguallingual

lipaselipase

�� SmallSmall intestineintestine
�� FatFat by by bilebile =>=> emulsifiedemulsified fatfat

�� EmulsifiedEmulsified fatfat by by pancreaticpancreatic
andand intestinalintestinal lipase lipase =>=>
monoglyceridesmonoglycerides, glycerol, , glycerol, 

fattyfatty acidsacids



=>=> =>=>

=>=>





Lipid transport Lipid transport 

�� LipoproteinsLipoproteins

�� ChylomicronsChylomicrons (CL)(CL)

�� transport transport vehiclesvehicles for for fatfat fromfrom thethe intestineintestine to to thethe rest rest ofof bodybody

�� VLDL (VLDL (veryvery lowlow densitydensity lipoproteinslipoproteins) ) 

�� MakeMake fromfrom CLCL

�� Transport TG to Transport TG to otherother part part ofof thethe bodybody

�� LDL (LDL (lowlow densitydensity lipoproteinslipoproteins))

�� Transport cholesterol to Transport cholesterol to thethe cellscells ofof allall tissuetissue

�� BadBad cholesterol cholesterol –– isis linkedlinked to to heartheart diseasedisease

�� HDL (HDL (highhigh densitydensity lipoproteinslipoproteins))

�� Transport cholesterol  Transport cholesterol  fromfrom thethe cellscells backback to to thethe liverliver

�� GoodGood cholesterol  cholesterol  -- a a protectiveprotective effecteffect



MetabolismMetabolism ofof fatfat

�� StoringStoring fatfat as as fatfat

�� In In adiposeadipose tissuetissue

�� MakingMaking fatfat formform carbohydratescarbohydrates oror proteinprotein

�� FA FA cancan bebe mademade formform 2C 2C fragmentsfragments derivedderived fromfrom
carbohydratescarbohydrates oror proteinprotein

�� MakingMaking fatfat fromfrom fatfat

�� UsingUsing fatfat for for energyenergy 60 %60 %

�� DuringDuring prolongedprolonged lightlight to to moderatemoderate intense intense 
exerciseexercise



HealthHealth effectseffects ofof lipidlipid

�� HeartHeart diseasedisease -- ↑↑ cholchol -- major risk major risk factorfactor

�� RisksRisks fromfrom saturatedsaturated fatfat –– ↑↑ LDL LDL cholchol

�� RisksRisks fromfrom transtrans--fatsfats =>=> ↑↑ cholchol

�� BenefitsBenefits fromfrom MUFAMUFA -- ↓↓ risk for risk for heartheart diseasedisease

�� BenefitsBenefits fromfrom ωω--3 PUFA3 PUFA -- ↓↓ cholchol andand preventprevent heartheart

diseasedisease

�� CancerCancer –– totaltotal fatfat intakeintake ((saturatedsaturated) ) isis associatedassociated

withwith c. c. 

�� ObesityObesity –– highhigh--fatfat dietsdiets



RecommendedRecommended intakesintakes ofof fatfat

�� TotalTotal fatfat << 30 % 30 % ofof energyenergy intakeintake

�� SFA SFA << 10 % 10 % ofof energyenergy intakeintake

�� Cholesterol Cholesterol << 300 mg 300 mg dailydaily

�� ExampleExample
�� A A personperson 2000 kcal a 2000 kcal a dayday, 600 kcal , 600 kcal andand lessless formform fatfat (65 g), 200 kcal (65 g), 200 kcal 
andand lessless formform SFA (20 g)SFA (20 g)

� Select lean meats and nonfat milk

� Eat plenty of vegetable, fruits and grains

� Use fat and oils sparingly

� Look for invisible fat

� Read food labels



FatFat metabolismmetabolism andand exerciseexercise

�� SourceSource ofof energyenergy
�� FA FA –– oxidationoxidation in in severalseveral typestypes ofof tissuetissue

�� Glycerol Glycerol –– for for glycolysisglycolysis, , gluconeogenesisgluconeogenesis

�� FatFat mobilizationmobilization

�� AdiposeAdipose tissuetissue

�� ↑↑ glucagonglucagon, , epinephrineepinephrine, , cortisolcortisol
�� =>=> hormone sensitive lipase (HSL)   hormone sensitive lipase (HSL)   -- TG TG →→ FAFA

�� ↑↑ FFA in FFA in thethe bloodblood =>=> ↑↑ oxidationoxidation FFA in FFA in thethe

musclemuscle ((duringduring exerciseexercise andand fastingfasting))



FatFat metabolismmetabolism duringduring exerciseexercise

�� SourcesSources ofof FA  for FA  for musclemuscle

�� FA FA insideinside a a musclemuscle fiberfiber

�� FA FA outsideoutside a a musclemuscle fiberfiber -- addiposeaddipose tissuetissue in in musclemuscle, in , in thethe body, body, 
circulatincirculatin lipoproteinslipoproteins

�� HormonalHormonal influenceinfluence

�� GlucagonGlucagon, , kortisolkortisol =>=> ↑↑ HSL (hormone sensitive lipase) HSL (hormone sensitive lipase) =>=> lipolysislipolysis

�� Insulin Insulin =>=> ↓↓ HSL HSL =>=> inhibitioninhibition ofof lipolysislipolysis

�� ConcentrationConcentration ofof glucoseglucose in in thethe bloodblood

�� ↑↑ =>=> ↓↓ HSL HSL 

�� ↓↓ => => ↑↑ HSL HSL 

�� TimeTime ofof oxidationoxidation

�� 15 15 –– 30 min. 30 min. afterafter startstart



Intensity Intensity ofof exerciseexercise andand fatfat utilizationutilization



FatFat energyenergy expendedexpended per per hourhour

andand intensity intensity ofof exerciseexercise


