
•• avoidavoid takingtaking thethe quantitativequantitative
approachapproach in in thethe recommendationrecommendation

-- approximateapproximate proportionproportion ofof foodfood
weightweight for for onlyonly 5 5 foodfood groupgroup

-- proportionproportion ofof eacheach foodfood groupgroup isis
expressedexpressed in in percentagepercentage

•• Study Study –– GracaGraca P, 1999 P, 1999 
thethe NationalNational CouncilCouncil ofof FoodFood andand
NutritionNutrition..

-- HigherHigher intakesintakes ofof totaltotal fatfat andand
saturatedsaturated fatfat, , 
-- lowerlower intakesintakes ofof fibrefibre//energyenergy andand
carbohydrates carbohydrates werewere sharedshared by by 
youngeryounger peoplepeople (40(40--55 55 yearsyears), ), 

-- higherhigher intakesintakes ofof totaltotal fatfat, , 
saturatedsaturated fatfat, , fibrefibre//energyenergy, protein , protein 
andand carbohydrates carbohydrates 
-- lowerlower intakesintakes ofof alcoholalcohol by by womenwomen. . 

TheThe PortuguesePortuguese foodfood wheelwheel





CarbohydratesCarbohydrates

�� ""carbohydratecarbohydrate" " –– a a mixturemixture ofof
carboncarbon, , hydrogenhydrogen andand oxygenoxygen

�� Carbohydrates are Carbohydrates are 
manufacturedmanufactured insideinside plantsplants fromfrom
carboncarbon dioxidedioxide in in thethe airair andand
waterwater, , underunder thethe influenceinfluence ofof
sunlightsunlight ((photosynthesisphotosynthesis))

�� ConsistConsist ofof monosaccharidemonosaccharide
sugarssugars, , ofof varyingvarying chainchain lengthslengths, , 
thatthat havehave thethe generalgeneral chemicalchemical
formulaformula CCnn(H(H22O)O)nn

�� TheThe mainmain energyenergy sourcesource for for thethe
humanhuman body body 

�� 60 % 60 % ofof energyenergy (4(4-- 5g/kg)5g/kg)
�� AthletesAthletes 5 5 –– 10 g/kg10 g/kg

�� 1 g 1 g ofof carbohydrates = 4 carbohydrates = 4 kcalkcal = = 
17 17 kJkJ



TypesTypes ofof carbohydratescarbohydrates

�� Carbohydrates are Carbohydrates are classifiedclassified in in variousvarious waysways

�� (1) (1) accordingaccording to to theirtheir molecularmolecular oror biologicalbiological
structurestructure
�� SimpleSimple Carbohydrates (Carbohydrates (oror ""simplesimple sugarssugars")")

�� MonosaccharidesMonosaccharides andand DisaccharidesDisaccharides
�� ComplexComplex Carbohydrates (Carbohydrates (oror ""complexcomplex sugarssugars")")

�� OligosaccharidesOligosaccharides andand PolysaccharidesPolysaccharides

�� (2)(2)
�� SugarsSugars -- ""simplesimple carbscarbs", ", 
�� StarchesStarches ""complexcomplex carbscarbs""
�� DietaryDietary fiberfiber ""complexcomplex carbscarbs""



TypesTypes ofof carbohydratescarbohydrates

�� Carbohydrates are Carbohydrates are classifiedclassified in in variousvarious waysways

�� (3) (3) howhow fastfast theythey are are digesteddigested, , andand thusthus howhow
quicklyquickly theythey raiseraise ourour bloodblood sugarsugar levelslevels

TheThe GlycemicGlycemic IndexIndex
�� HighHigh glycemicglycemic index index foodsfoods
�� Medium Medium glycemicglycemic index index foodsfoods
�� LowLow glycemicglycemic index index foodsfoods

�� (4) (4) dependingdepending on on howhow ""processedprocessed" " theythey are by are by foodfood
manufacturersmanufacturers
�� refinedrefined carbohydratescarbohydrates
�� unrefinedunrefined carbohydratescarbohydrates



SimpleSimple CarbohydratesCarbohydrates

�� MonosaccharidesMonosaccharides -- oneone unit unit ofof sugarsugar
�� SweetSweet tastingtasting

�� RapidlyRapidly metabolizedmetabolized intointo energyenergy

�� HoneyHoney, , fruitfruit
�� GlucoseGlucose (dextrose, (dextrose, bloodblood sugarsugar, , grapegrape sugarsugar))

�� FructoseFructose ((sweetestsweetest ofof allall sugarsugar))

�� GalactoseGalactose

�� DisaccharidesDisaccharides -- twotwo unit unit ofof sugarsugar
�� HighHigh glycemicglycemic indexindex

�� SucroseSucrose = = glucoseglucose + + fructosefructose (table (table sugarsugar –– sugarsugar canecane, , sugarsugar beetbeet))

�� LactoseLactose = = glucoseglucose + + galactosegalactose ((milkmilk sugarsugar))

�� Maltose Maltose –– glucoseglucose + + glucoseglucose (malt (malt sugarsugar, , germinatinggerminating grainsgrains))



ComplexComplex CarbohydratesCarbohydrates

�� OligosaccharidesOligosaccharides

�� 3 3 –– 6 6 unitsunits ofof simplesimple sugarssugars

�� FoundFound in in plantsplants –– beansbeans, , 

legumeslegumes

�� CanCan not not bebe digesteddigested

�� LowLow glycemicglycemic index index 

�� help to help to maintainmaintain stablestable bloodblood

glucoseglucose level  level  

�� StachyoseStachyose

�� RaffinoseRaffinose



ComplexComplex CarbohydratesCarbohydrates
�� PolysaccharidesPolysaccharides -- >> 100 unit 100 unit ofof simplesimple

sugarsugar
�� Most Most naturalnatural carbohydratescarbohydrates

�� StarchStarch polysacharidespolysacharides
�� StarchStarch (to (to storestore glucoseglucose) ) –– energyenergy storagestorage

in in plantplant
�� AmyloseAmylose andand amylopectinamylopectin ((chainschains upup to to 

4000 unit)4000 unit)

�� GrainsGrains, , potatoespotatoes, , beansbeans, , legumeslegumes

�� GlycogenGlycogen
�� energyenergy storagestorage in in humanhuman bodybody

�� liverliver andand musclemuscle glycogenglycogen

�� NonNon-- starchstarch polysacharidespolysacharides ((fiberfiber))
�� CelluloseCellulose, , hemicellulosehemicellulose ((insolubleinsoluble fiberfiber))

�� PectinPectin, gum , gum andand mucilagemucilage ((solublesoluble fiberfiber))

�� CannotCannot bebe digesteddigested

�� KeepKeep ourour intestineintestine cleanclean andand healthyhealthy

�� beansbeans, , wholegrainwholegrain cerealscereals, , fruitsfruits, , 
vegetablesvegetables andand nutsnuts



BenefitsBenefits ofof carbohydratescarbohydrates

�� EasilyEasily--obtainedobtained energyenergy in in thethe formform ofof glucoseglucose

�� CarbohydrateCarbohydrate are are rapidlyrapidly breakbreak itit downdown intointo simplesimple sugarssugars
andand ultimatelyultimately glucoseglucose

�� TheThe glucoseglucose isis thenthen absorbedabsorbed andand distributeddistributed to to cellscells andand
musclesmuscles withwith thethe help help ofof insulin insulin 

�� TheThe glucoseglucose cancan bebe retainedretained as as andand energyenergy reservereserve in in thethe liverliver
andand musclesmuscles –– glycogenglycogen

�� TheThe glucoseglucose cancan bebe storestore as body as body fatfat



MetabolismMetabolism ofof sugarsugar
� Two major metabolic pathways of monosaccharide catabolism:

� Glycolysis

� a molecule of glucose is oxidized to two molecules of pyruvic acid

� generation of high-energy molecules (ATP and NADH)

� production of a variety of six- or three-carbon intermediate metabolites
(may be removed at various steps in the process for other intracellular
purposes)

� Glycolysis alone produces less energy per glucose molecule than complete
aerobic oxidation

� Citric acid cycle (Krebs cycle)

� a series of chemical reactions of central importance in all living cells that
utilize oxygen as part of cellular respiration. 

� part of a metabolic pathway involved in the chemical conversion of
carbohydrates, fats and proteins into carbon dioxide and water to generate
a form of usable energy. 

� It is the second of three metabolic pathways that are involved in fuel
molecule catabolism and ATP production, the other two being glycolysis
and oxidative phosphorylation

� The citric acid cycle also provides precursors for many compounds such as 
certain amino acids, and some of its reactions are therefore important even
in cells performing fermentation



BenefitsBenefits ofof carbohydrates for carbohydrates for athletesathletes

�� TheThe major major energyenergy providersproviders in in youryour dietdiet

�� CarbohydrateCarbohydrate shouldshould provideprovide 60 %  60 %  ofof youryour totaltotal dietarydietary energyenergy (most (most energyenergy fromfrom starchstarch
polysacharidespolysacharides))

�� StarchStarch -- thethe body's body's favouritefavourite ""fuelfuel„„

�� DietaryDietary carbohydratecarbohydrate increasesincreases thethe amountamount ofof CHO CHO availableavailable to to thethe workingworking musclesmuscles

�� WeWe storestore veryvery littlelittle glucoseglucose in in thethe body  body  -- vitalvital to to havehave a a regularregular intakeintake ofof starchstarch ((starchstarch →→
glucoseglucose →→ glycogenglycogen →→ glucoseglucose))

�� IfIf thethe musclesmuscles run run outout ofof glucoseglucose theythey cancan alsoalso burnburn body body fatfat ((isis not as not as efficientefficient anan energyenergy
sourcesource))

�� HighHigh levelslevels ofof glycogenglycogen =>=> help help youyou exerciseexercise atat youryour optimum leveloptimum level

�� LowLow level level ofof glycogenglycogen =>=> earlyearly fatiguefatigue andand reducedreduced exerciseexercise intensityintensity

�� AthletesAthletes shouldshould ingestingest 99--10 10 gramsgrams CHO/kg CHO/kg ofof body body weightweight per per dayday



GoodGood sourcesource ofof starchstarch for for athletesathletes

�� breadbread

�� cerealscereals

�� porridgeporridge oatsoats

�� potatoespotatoes

�� beansbeans

�� lentilslentils

�� ricerice

�� pasta pasta 

�� noodlesnoodles



HowHow much much carbohydratecarbohydrate shouldshould youyou eateat??

�� Minimum Minimum ofof 60 percent to 60 percent to 
70 % 70 % 

�� ExampleExample
�� TotalTotal caloriecalorie intakeintake -- 3,000 3,000 

caloriescalories//dayday

�� caloriescalories fromfrom carbohydratecarbohydrate
3,000 X 60 % = 1800 3,000 X 60 % = 1800 caloriescalories

�� 1 gram 1 gram ofof carbohydratecarbohydrate = 4 = 4 
caloriescalories

�� ThereforeTherefore, 1,800 , 1,800 caloriescalories isis
equivalentequivalent to 450 to 450 gramsgrams ofof
carbohydratecarbohydrate



FactorsFactors influencinginfluencing metabolismmetabolism ofof

carbohydratecarbohydrate duringduring exerciseexercise



ExpenditureExpenditure ofof energyenergy



CarbohydrateCarbohydrate loadingloading

�� =>=> increaseincrease ofof musclemuscle

glycogenglycogen storesstores aboveabove

normalnormal levelslevels

�� =>=> delaydelay thethe onsetonset ofof

fatiguefatigue duringduring anan

eventevent

Taper off training further and rest. 

While doing this, have a high 

carbohydrate intake - 8 grams 

to 10 grams per kilogram of 

body

Days 5, 6 & 7

Taper off your training and eat a 

moderate carbohydrate diet -

5 grams to 7 grams per 

kilogram of body weight.

Days 2, 3 & 4

Endurance training for one hour to

deplete your muscle glycogen 

stores.

Day 1

MethodMethod for for achievingachieving

carbohydratecarbohydrate loadingloading overover a a 

sevenseven--dayday period prior to period prior to anan

eventevent



CarbohydrateCarbohydrate intakeintake whilewhile exercisingexercising

�� LongerLonger exerciseexercise sessionssessions (more (more thanthan anan hourhour) ) 

�� =>=> depletedeplete suppliessupplies ofof glycogenglycogen

�� EatEat carbohydrates carbohydrates duringduring sport sport eventevent
�� HypotonicHypotonic sport drink (30 sport drink (30 –– 60 g 60 g carbphydratescarbphydrates//hourhour))

�� FruitFruit, , muslimusli bar, bar, drydry fruitfruit

�� GreaterGreater amountsamounts havehave no no furtherfurther benefitbenefit

�� Start Start takingtaking in in carbohydratecarbohydrate soonsoon afterafter thethe
exerciseexercise sessionsession beginsbegins



CarbohydrateCarbohydrate intakeintake afterafter exerciseexercise

�� ItIt dependsdepends on,  on,  howhow depleteddepleted are are youryour storesstores ofof glycogenglycogen

�� TakeTake carbohydrates as carbohydrates as soonsoon as as possiblepossible afterafter exerciseexercise sessionsession

�� DuringDuring thethe firstfirst twotwo hourshours, , replenishmentreplenishment isis most rapid most rapid andand isis
approximatelyapproximately oneone andand a a halfhalf timestimes thethe normalnormal raterate
�� eateat oror drink 200 to 400 drink 200 to 400 carbohydratecarbohydrate caloriescalories

�� DuringDuring thethe followingfollowing fourfour hourshours, , thethe raterate slowsslows downdown but but remainsremains higherhigher
thanthan normalnormal
�� eateat oror drink drink againagain 200 to 400 200 to 400 carbohydratecarbohydrate caloriescalories

�� RestoringRestoring youryour glycogenglycogen levelslevels as as quicklyquickly as as possiblepossible isis veryvery importantimportant, , 
particularlyparticularly ifif youyou traintrain everyevery dayday oror everyevery otherother dayday



200 to 400 200 to 400 caloriecalorie

�� TwoTwo piecespieces ofof fruitfruit such as a such as a bananabanana andand orangeorange oror appleapple

�� 12 12 ozoz. . fruitfruit juicejuice cocktail, cocktail, likelike cranberrycranberry, , oror fruitfruit juicejuice likelike grapefruit grapefruit oror
orangeorange

�� 1 1 cupcup nonnon--fatfat frozenfrozen oror regularregular yogurtyogurt toppedtopped withwith 1 1 cupcup blueberriesblueberries oror
raspberriesraspberries

�� 1 1 cupcup ofof grapesgrapes andand 1 1 bagelbagel

�� 1 1 ozoz. . ofof cerealcereal withwith 1/2 1/2 cupcup skimskim milkmilk andand 1/2 1/2 cupcup slicedsliced bananabanana

�� 1 1 cupcup lowlow--fatfat vegetablevegetable soupsoup withwith 1 pita 1 pita pocketpocket

�� 1 bran, 1 bran, blueberryblueberry, , oror cranberrycranberry lowlow--fatfat muffinmuffin withwith a a cupcup ofof skimskim milkmilk



CarbohydrateCarbohydrate intakeintake beforebefore, , duringduring

andand afterafter exerciseexercise

1,2 - 1,5 g carbohydrates/h during first 30 
minute and every 2 hours (4 – 6 hodin)
2. dinner rich in complex carbohydrates

To supply glycogenAfter exercise

Drinking 600 – 1200 ml  6 – 8% carbohydrates 
drinks/hour

Endurence event 30 – 60 g/h – for stable blood
glucose level

During exercise

50 g (less for women) can improve performance)< 5 minute before exercise

50 – 75 g carbohydrates (1 – 2 g/kg)30 – 60 minute before exercise

200 – 350 g carbohydrates for maximum loading
of glycogen (4 – 5 g/kg)

3 – 4 hours before exercise

The amount of carbohydrateTime scale


