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2.2.1Carbohydrates

Complex Carbohydrates

= Monosaccharides canjointogetherviacondensationreactions to formdisaccharides
= Acondensationreactionis oneinwhichtwo moleculesjointogetherviathe formationofa
new chemicalbond,withamolecule of water beingreleased inthe process
= The newchemicalbond that forms betweentwo monosaccharidesis knownas aglycosidic
bond
= To calculate the chemical formulaof adisaccharide,youadd allthe carbons, hydrogens and
oxygens inbothmonomers thensubtract2Hand 10 (forthe watermolecule lost)

= Commonexamples of disaccharides include:
= Maltose (the sugarformed inthe productionand breakdown of starch)
= Sucrose (the mainsugarproduced inplants)
= Lactose (asugarfound onlyin milk)

= Allthree of the commonexamples above have the formula Ci2H22017

CommonDisaccharides and their Monosaccharide Monomers Table
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O Exam Tip

Galactose and fructose are monosaccharides and actually have the same molecularformula as
glucose.However,the atoms that make up these three monosaccharides are arranged in
different ways, meaning they each have slightly different molecularstructures, giving them

slightlydifferent properties. Forexample, fructoseis sweeterintaste thanglucose.The three
sugars are isomers.
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Polysaccharides: Structure & Function

= Starch,cellulose and glycogenare polysaccharides

= Polysaccharides are macromolecules that are polymers formed bymany monosaccharides
joined togetherbyglycosidic bonds

= Thebondsformfromcondensationreactions,resultinginpolysaccharide chains

= These chains maybe:

Branched orunbranched

Folded (making the molecule compactwhichisideal forstorage eg.starchand glycogen)
Straight (making the molecules suitable to construct cellularstructures e.g.cellulose) or
coiled

Starchand glycogenare storage polysaccharides because theyare:

Compact (so large quantities canbe stored)
Insoluble (so willhave no osmotic effect)
= Themonosaccharide glucose lowers the osmolarityof acell causingwaterto move into
cells
= |ftoo muchwaterenters ananimal cellit will burst
= Plantcells have developed thickercellwalls to prevent this

= Celluloseisastructuralpolysaccharide becauseitis:

Starch

Strong and durable

Insoluble and slightly elastic

Chemicallyinert (hardlyanyorganisms possess enzymes that canhydrolyse it)
Is anideal material forplant cellwalls

The mainconstituent of dietary fibre foranimals that eat plants

= Starchis the storage polysaccharide of plants
= |tisstored as granulesinplastids (e.g.chloroplasts)
= Due to the manymonomersinastarchmolecule,ittakeslongerto digestthanglucose
= Starchis constructed fromtwo different polysaccharides:
= Amylose (10 -30% of starch)

= Unbranched helix-shaped chainwith 1,4 glycosidic bonds betweena-glucose
molecules

= The helixshape enables it to be more compact and thus itis moreresistant to digestion
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Amylose - one of the two polysaccharides that is used to form starch (the storage polysaccharide in
plants)

= Amylopectin(70-90% of starch)
= ]4glycosidic bonds betweena-glucose molecules as wellas 1,6 glycosidic bonds creating
abranched molecule
= The branches resultin many terminal glucose molecules that canbe easilyhydrolysed, for
use during cellularrespirationoradded to forstorage
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Amylopectin — one of the two polysaccharides that is used to form starch (the storage polysaccharide in
plants)

Glycogen

= Glycogenisthe storage polysaccharide of animals and fungi, it is highlybranched and not coiled

= Liverand muscles cells have ahighconcentrationof glycogen present as visible granules as the
cellularrespirationrate is highinthese cells (due to animals being mobile)

= Glycogenis more branched than amylopectinmakingit more compact which helps animals
store the molecule more efficiently
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= The branchingenables more free ends where glucose molecules caneitherbe added or
removed allowingforcondensationand hydrolysis reactions to occurmore rapidly - thus the
storage orrelease of glucose cansuit the demands of the cell

Glycogen, the highly branched molecule used as a storage polysaccharide in animals and fungi
Cellulose

= Celluloseis apolymerof B-glucose monomers

= B-glucosediffers veryslightlyinstructure to a-glucose

= The hydroxylgroup onthe Clatomsits above the carbonringinf-glucose,whereas it sits below
theringina-glucose

Page 7 of 26
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

A comparison of the structure of alpha-glucose and beta-glucose
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Alpha-glucose and beta-glucose areisomers

This seemingly minor example of isomerismhas far-reachingconsequences onthe functions
of the polymers

It means thatinorderto formaglycosidic bond withamolecule of B-glucose, the next molecule
of B-glucoseinthe chainmustinvertitself

Two beta-glucose molecules orientation in a position where they are able to bond to each other

Thisresultsinachainofrepeatedly inverted -glucose monomers
The alternating pattern of the monomers allows the chainto grow inlong, straight lengths which
gives great fibrous strength

Hydrogenbonding occurs betweenstrands of B-glucose monomers,adding strength to the
polymer

The alternating pattern of glycosidic bonds in cellulose
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How cellulose fibres band together to provide plant strength
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Summary of Polysaccharides Table

O ExamTip

Be clearabout the differences between starch (amylose and amylopectin), cellulose and
glycogen.
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2.2.2FattyAcids

Fatty Acids: Types

= Triglycerides are aformoflipid,made up of one molecule of glycerol with three fatty acids
attached toit
= These fattyacids havelonghydrocarbon ‘tails’
= Fattyacidsoccurintwo forms:
= Saturated fattyacids
= Unsaturated fattyacids
= Unsaturated fattyacids canbe monounsaturated orpolyunsaturated

= The difference betweenthese fattyacid typesis found intheirhydrocarbon tails

Saturatedfattyacids

= Insaturated fattyacids, the bonds betweenthe carbonatoms inthe hydrocarbontail are all single
bonds
= The fattyacidis said to be ‘saturated’ withhydrogen
= This means thateachcarbonatominthe hydrocarbontail (exceptforthe finalcarbonatom)is
bonded to two hydrogenatoms

= Saturated fattyacids canbe synthesised industrially byhydrogenation(reactionwith hydrogen
gas) of unsaturated fattyacids
= Allthe carbon-to-carbonbonds are single bonds insaturated fattyacids

An example of a saturated fatty acid
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Unsaturated fattyacids

= |nunsaturated fattyacids,the bonds betweenthe carbonatomsinthe hydrocarbontailare not all
single bonds
= Thereis atleast one carbon-carbondoublebond;afattyacid withone C=C double bond is
known as monounsaturated fattyacid

= |Insome unsaturated fattyacids, there are many carbon-carbondouble bonds;these are
known as polyunsaturated fattyacids

= Thesedouble bonds cancause the hydrocarbontail of unsaturated fattyacids to kink (bend
slightly), meaning theyare not as straight as saturated fatty acids

= The fattyacidis said to be ‘unsaturated’because the hydrocarbontaildoes not containthe
maximumnumber of hydrogenatoms possible
= Thisisbecause eachcarbonatominacarbon-carbondouble bond canonly bond to one
hydrogenatom (instead of two)

An example of amonounsaturated fatty acid
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An example of a polyunsaturated fatty acid

Q Exam Tip

Youdon'tneed to know the names of various fattyacids, but youshould be able to recognise
fromadiagramwhetherafattyacid is saturated, monounsaturated orpolyunsaturated (look for
any carbon-carbondouble bonds)!
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Unsaturated Fatty Acids
Thedifferentisomersof unsaturated fattyacids

= Asingle C-Cbondinahydrocarbonchainis able to rotate alongits axis so thatrotationofone
partofthe moleculeinrelationto othersis possible

= Therotationmaycause conformationalchangesinmolecules but theyallremainidentical

= However,whenthereisaC=C doublebondinahydrocarbonchain,no rotationis possible

= This causesisomers of fattyacids to be formed, eachwith different properties

= Theisomers are labelled cis and trans isomers

Cis-isomers

= AtaC=Cdouble bond,the attached hydrogenatoms are onthe same side of the hydrocarbon
chainas eachother
= This causes akinkinthe fatty acid chain which means the fattyacid chains are less tightly
packed together, lowering their melting point (less kinetic energyis needed to break them
apart)
= Triglycerides that contain cis-unsaturated fattyacids are liquid (oils) atroom temperature

The Structural Differences Between a Saturated and a Cis-Unsaturated Fatty Acid

Trans-isomers
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= AtaC=Cdouble bond,the attached hydrogenatoms are onthe opposite sides of the
hydrocarbonchainto eachother
= Thelackofbendinthe hydrocarbonchainallows themto packmore closelytogether
meaning they have a higher melting point (this property makes them more attractive to food
manufacturers)
= Triglycerides that containtrans-saturated fattyacids are solid are room temperature

The Structure of a Trans-Unsaturated Fatty Acid
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Fatty Acids: Health Risks
Theuse of trans-fattyacidsinthe foodindustry

= Trans-fattyacids occurinsmall quantities innatural products such as dairy and red meat
= Artificial trans-fats (which contain trans-fattyacids) are made industrially by the hydrogenation
ofliquid vegetable oils
= Trans-fats are favoured by food manufacturers forcommercialreasons
= Theyare more solid atroomtemperature
= Theycreate more stable emulsions inshorteningagents
= Food products withtrans-fats appear(in theirretail packaging) drier and less 'greasy'to
consumers
= Alleged taste benefits (though thisis subjective)
= Theycanbereused more times eg.inlarge-scale deep-fat fryers
= Manycountries have legislated to restrict the use of trans-fats inthe foodservice industry

= Manyfoods that contains trans-fats (oftenlabelled as 'partially hydrogenated vegetable oils’)
are sold as processed products insupermarkets
= Biscuits/cookies
= Cakes
= Doughnuts
= Piecrusts
= Crisps
= Pizzabases
= Certainkinds of margarine and spreads

Trans-fattyacidshave associated healthrisks

= Thetwo types of fat thatlead to health problems are namely saturated fats and trans-fats
= Doctorsrecommend limitingyourintake of these types of fats

= Trans-fats alterthe balance of various types of cholesterol
= Theyincrease low-density lipoprotein(LDL)levelsincirculation(so-called 'bad’
cholesterol)
= Theydecrease high-density lipoprotein(HDL)levels incirculation(so-called 'good'
cholesterol)

= [DLsare knowntoincrease theriskof coronary heart disease,blood clottingand strokes
= Doctorsrecommend that the bulk of fats intake should come frommonounsaturated fats,
whichreduce LDL levels
= Omega-3fatsand oils are awell-publicised source of monounsaturated fats;these are
foundinfish,pulses and certainnuts
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Excess consumption of trans-fatty acids and saturated fats canlead to the buildup of cholesterol and the
blockage of coronary arteries, causing Coronary Heart Disease (CHD)

Evaluating claims

= Evidence forthe claims surrounding the healthrisks associated with trans-fats oftencomes
from'cohort studies’
= Eg.Greenland Eskimos,whose dietisrichinoilyfishand meat, have averylowincidence of
heartdisease

= Otherepidemiological studies canestablishcorrelations betweendietand incidence of
disease

Page 18 of 26
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Whilstitisrare to find adirect causallinkbetweenfatintake and heart disease, the manyclaims
about fats suggest strongly that trans-fats have an overall detrimental effect onhealthwhen
consumed in high quantities
= Otherconditions linked to trans-fats include
= Allergy
= Breastcancer
= Colonic cancer
= Cardiovasculardiseases
= Premature birth
= Preeclampsia(aconditionassociated with pregnancy)
= Disorders of the nervous system
= Visiondefectsininfants
= Diabetes
= Obesity

O Exam Tip

= |tisimportanttorememberthatcorrelationdoesnotalways meancausation
= Correlationis anassociationorrelationship betweenvariables
= Causationoccurs whenone variable has aninfluence oris influenced by, another
= Thereisacleardistinctionbetweencorrelationand causation:acorrelationdoesnot
necessarilyimplya causative relationship
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2.2.3Lipids

Long Term Storage

Lipidsare excellent storage compounds

Lipid macromolecules, like carbohydrates,containcarbon, hydrogenand oxygenatoms
However, unlike carbohydrates, lipids containalow proportionof oxygen
More of the oxygenrequired fortheirrespiration has to come from the air
This allows lipids to be energy-dense, maximising the energy content pergramversus
carbohydrates

= Theycontain2x more energy pergramthanmostcarbohydrates

= Lessbodymassisrequiredto store agivenamountof energy

Lipids are insoluble so do notaffect osmosis,so do notriskupsetting the waterbalance of the
organism
Whenlipids are respired,alot of wateris produced compared to the respiration of
carbohydrates
= Thisis called metabolic water and canbe used as adietary water source whendrinking
wateris unavailable
= Acamel'shumpisnotawatersac,itis alipid-richstorage organthatyields metabolic
waterforthe camelinits drydesert habitat
= Abird's eggalso makes use of lipid-richyolk to provide energyand metabolic waterto
the growing chick

Allthese features make lipids idealforlongtermenergy storage

Forms of lipid storage

Inanimals, lipids are stored invarious areas
= Subcutaneous fats are stored below the skin
= Visceralfats are stored around the majorinternal organs

There are genetic and gender differences betweenhow individuals store fat

Fatis storedinadipose cells, which are specialised to containlarge globules of fat

Adipose cells shrink when the fatis respired to generate metabolic energy

Inmany plants, seeds have evolved to store fats to provide energyforagrowing seedling plant
Olives, sunflowers,nuts,coconuts and oilseed rape are good examples of crops whose oils
are harvested foredible oil production byhumans

Otherrolesof lipids

As wellas energystorage molecules, lipids have anumber of otherroles
= Physicalprotectionof soft organs eg.visceralfataround the heart

Thermalinsulationfrom subcutaneous fat eg.whale blubber

Subcutaneous fatas abuoyancy aid eg.inseals (fatis less dense thanwaterso assists
flotation)

Waterproofing secretions eg. birds' preening glands orwaxy cuticles onleaf surfaces
Electricalinsulationeg. the myelin sheath around certain nerve axons
Certainphotosynthetic pigments eg.carotenoids

Glycolipids, typicallyas cell-surface recognitionmolecules/receptors
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Q Exam Tip

Ensure that you are familiarwith the structure of a triglyceride and that you canrecognise whether
the fattyacids are saturated orunsaturated.

Lipids: Health Claims

Lipids have beenassociated withpoorhealthforalongtime, eventhoughtheyperformyvital
functionsintissues and organs
High-fat diets tend to supplymore chemical energy thananindividual needs
= Consumingexcess fatcancause anindividual to become overweight orobese due to the
storage of fatinadipose tissue

Body Mass Index (BMI)is arough and ready measure of aperson's mass inrelationto theirheight
The calculationof BMlis as follows

Body mass (kg)

Body Mass Index = =
Height® (metres)

= ABMlbelow18.5is considered underweight

= ABMI18.5-24.9 isconsidered normal

= ABMlof25.0-29.9is considered overweight

= ABMIof30.0-39.9isconsideredobese

= ABMlof40.0ormoreis considered morbidly obese

BMlis acrude measurement as it works againstindividuals who are heavily muscularbut who are
also extremelylean

Overweight and obese people have ahigherrisk of developingtype lldiabetes and highblood
pressure and coronary heart disease

Because manyrisk factors combine inthe prevalence of these conditions, lipids are by no
means the only cause

NOS: Evaluating claims; health claimsmade about lipidsin dietsneed tobe assessed

Popularliterature, TV and social media make claims about various foods and theirhealth
benefits

Afood productlabelled,'Low Sugar' mayinfactcontainalot of trans-fats but hides that
information,ordoesn'tlabelitatall!

Many health claims are based onpseudoscience, orbacked up with onlyvery small trials or small
samples sizes

Onlyscientifically controlled studies are able to prove causallinks betweenfood choices and
healthrisks

Techniques such as randomised clinical trials provide data to informgovernment policy and
consumers abouttheirfood choices

There remain complex challenges forconsumers,food producers and governments to ensure a
food supplythat puts people atleast riskof disease whilst ensuringthatenoughfoodis
produced
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Formation of Lipids

= Triglycerides are formed byesterification
= Anesterbond forms whenthe hydroxyl (-OH) group of the glycerolbonds with the carboxyl
group (-COOH) of the fattyacid
= Theformationofanesterbondis acondensationreaction
= Foreachesterbond formed awatermoleculeisreleased

= Three fatty acidsjointo one glycerolmolecule to formatriglyceride
= Therefore forone triglyceride to form, three water molecules are released
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AN ESTER BOND
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TRIGLYCERIDE

Formation of a triglyceride from a glycerol molecule and three fatty acid molecules by the process of
esterification

2.2.4 Skills: Visualising Carbohydrates

Molecular Visualisation: Carbohydrates

= Online learningtools exist that can provide visualisations of large biomolecules
= Mouse functions canzoomand rotate molecules
= Manyofthese make use of JMolsoftware,adatabase oflarge molecules that canbe visualised in
near-3D
= Thedifferences betweencellulose,starchand glycogencanbe observedinclose to 3-D
quality
= Aninternetsearchfor'molecular visualisationsoftware' willidentifysome good options
= Featuresinclude
= Loadingmultiple molecules to showindependent movement
= Surface topography;as manybiologicalreactions are onatheme of 3-D shapes fitting
together
= Cavity visualisation;has applications whenlooking at structures eg.channel proteins in
membranes
= The appearance of atoms canbe adapted to fill space orshow gapsinmolecules eg.the
helical nature of amylose

= Havingavisualisationofthese molecules helps to understand how they have evolved to fulfil
their specific functions
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2.2.5Skills: Calculating BMI

Body Mass Index Calculations

= BodyMassIndex(BMl)is aroughand ready measure of aperson’s massinrelationto theirheight
= The calculationofBMlis as follows

Body mass (kg)

Body Mass Index = ———
Height® (metres)

= ABMlbelow18.5is considered underweight

= ABMI18.5-24.9 is considered normal

= ABMlof25.0-29.9is considered overweight

= ABMIof30.0-39.9isconsidered obese

= ABMlof40.0ormoreis considered morbidly obese

= BMlis acrude measurementas it works againstindividuals who are heavily muscularbut who are
also extremelylean;theirBMImight be an overestimate

= BMImayalso be misleadinginthe case of elderlypeople who have lostalot of muscle mass;their
BMImight be anunderestimate

@ Worked example

Calculate the BodyMass Index(BMI) foranadult male whose massis 77.3kgand who is 1.73min
height.

Comment onwhetherhis BMlwould be regarded as healthyornot.

Step 1:Ensure that mass and height are expressed inthe correct units
Mass units are kg - thisis correct
Height units areinmetres - thisis correct

Step 2:Use the formula

Body mass (kg)

Body Mass Index = —
Height® (metres)

BMI = 77'32 =258
1.78
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This man's BMlfalls justinto the 'overweight' category (25.0 - 29.9).Itis not possible to judge his
health by this measure alone, butif his BMlIhas beentrendingupwards overrecent time, this might
suggestto adoctorthatthereis anunderlying cause of his weight gain.

Anomogramcanhelptocalculate BMI

= Anomogramis atwo-dimensional chart that allows rapid estimation of BMIbyreading off two
scales,one formass and one forheight
= Alineisdrawn,betweenthe two scales, thatintersects athird axis inthe middle
= Thisreveals the BMI

= Thisremoves the need foracalculationand requires no mathematical expertise
= Because therelationships betweenmass, height and BMl are all fixed, theycan be represented on
achartlike this
= Nomograms have beenlargely superseded byrapid online calculators orsmartphone apps, but
stillhave ause
= Forexample,doctors and healthworkers willoften have aBMInomogram onthe wall of their
office forrapid reference when consulting a patient
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A BMInomogram. A line can be drawn from the height scale to the mass scale. Where the line intersects
the BMiscale is the person’s BMI (26 in this case)

O ExamTip

We commonlydiscuss aperson's size as 'weight', though strictly speaking, we should referto
their'mass’'.Inyourwrittenanswers, use the scientificallycorrect termwhereverpossible.
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