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2.2.1 Carbohydrates

Complex Carbohydrates

Mo no saccharides  can jo in to gether via co ndensatio n reactio ns  to  fo rm disaccharides

A co ndensatio n reactio n is o ne in which two  mo lecules jo in to gether via the fo rmatio n o f a

new chemical bo nd, with a mo lecule o f  water being released  in the pro cess

The new chemical bo nd that fo rms between two  mo no saccharides is kno wn as a glyco sidic

bo nd

To  calculate the chemical fo rmula o f a disaccharide, yo u add all the carbo ns, hydro gens and

o xygens in bo th mo no mers then subtract 2 H and 1 O (fo r the water mo lecule lo st)

Co mmo n examples o f disaccharides include:

Malto se (the sugar fo rmed in the pro ductio n and breakdo wn o f starch)

Sucro se  (the main sugar pro duced in plants)

Lacto se  (a sugar fo und o nly in milk)

All three o f the co mmo n examples abo ve have the fo rmula C H O

Co mmo n Disaccharides and their Mo no saccharide Mo no mers Table

12 22 11
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Exam T ip

Galacto se and fructo se are mo no saccharides and actually have the same mo lecular fo rmula as

gluco se. Ho wever, the ato ms that make up these three mo no saccharides are arranged in

different ways, meaning they each have slightly different mo lecular structures, giving them

slightly different pro perties. Fo r example, fructo se is sweeter in taste than gluco se. The three

sugars are iso mers.
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Polysaccharides: Structure & Function

Starch, cellulo se  and glyco gen are po lysaccharides

Po lysaccharides are macro mo lecules that are po lymers  fo rmed by many mo no saccharides

jo ined to gether by glyco sidic  bo nds

The bo nds fo rm fro m co ndensatio n reactio ns, resulting in po lysaccharide chains

These chains may be:

Branched o r unbranched

Fo lded (making the mo lecule co mpact which is ideal fo r sto rage eg. starch and glyco gen)

Straight (making the mo lecules suitable to  co nstruct cellular structures e.g. cellulo se) o r

co iled

Starch and glyco gen are sto rage po lysaccharides because they are:

Co mpact  (so  large quantities can be sto red)

Inso luble  (so  will have no  o smo tic effect)

The mo no saccharide gluco se lo wers the o smo larity o f a cell causing water to  mo ve into

cells

If to o  much water enters an animal cell it will burst

Plant cells have develo ped thicker cell walls to  prevent this

Cellulo se  is a structural po lysaccharide because it is:

Stro ng and durable

Inso luble  and slightly elastic

Chemically inert  (hardly any o rganisms po ssess enz ymes that can hydro lyse it)

Is an ideal material fo r plant cell walls

The main co nstituent o f dietary fibre  fo r animals that eat plants

St arch

Starch is the sto rage  po lysaccharide o f plants

It is sto red as granules in plastids (e.g. chlo ro plasts)

Due to  the many mo no mers in a starch mo lecule, it takes lo nger to  digest than gluco se

Starch is co nstructed fro m two different  po lysaccharides:

Amylo se (10 - 30%  o f starch)

Unbranched  helix-shaped chain with 1,4 glyco sidic bo nds between α-gluco se

mo lecules

The helix shape enables it to  be mo re co mpact  and thus it is mo re resistant to  digestio n
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Amylose – one of the two polysaccharides that is used to form starch (the storage polysaccharide in

plants)

Amylo pectin (70 - 90%  o f starch)

1,4 glyco sidic bo nds between α-gluco se mo lecules as well as 1,6 glyco sidic bo nds  creating

a branched  mo lecule

The branches result in many terminal gluco se mo lecules  that can be easily hydro lysed, fo r

use during cellular respiratio n o r added to  fo r sto rage

Page 5 of 26
For more help visit our website www.exampaperspractice.co.uk



Amylopectin – one of the two polysaccharides that is used to form starch (the storage polysaccharide in

plants)

Glycogen

Glyco gen is the sto rage  po lysaccharide o f animals  and f ungi, it is highly branched and no t co iled

Liver and muscles  cells have a high co ncentratio n o f glyco gen present as visible granules as the

cellular respiratio n rate is high in these cells (due to  animals being mo bile)

Glyco gen is mo re branched  than amylo pectin making it mo re co mpact  which helps animals

sto re the mo lecule mo re efficiently
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The branching enables mo re f ree ends  where gluco se mo lecules can either be added o r

remo ved allo wing fo r co ndensatio n and hydro lysis reactio ns to  o ccur mo re rapidly – thus the

sto rage o r release o f gluco se can suit the demands o f the cell

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

Cellulose

Cellulo se is a po lymer o f β-gluco se  mo no mers

β-gluco se differs very slightly in structure to  α-gluco se

The hydro xyl gro up o n the C1 ato m sits abo ve the carbo n ring in β-gluco se, whereas it sits belo w

the ring in α-gluco se
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A comparison of the structure of alpha-glucose and beta-glucose
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Alpha-gluco se and beta-gluco se are iso mers

This seemingly mino r example o f  iso merism has f ar-reaching co nsequences  o n the functio ns

o f the po lymers

It means that in o rder to  fo rm a glyco sidic bo nd with a mo lecule o f β-gluco se, the next mo lecule

o f β-gluco se in the chain must invert itself

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

This results in a chain o f repeatedly inverted  β-gluco se mo no mers

The alternating pattern o f the mo no mers allo ws the chain to  gro w in lo ng, straight lengths  which

gives great fibro us strength

Hydro gen bo nding o ccurs between strands o f β-gluco se mo no mers, adding strength to  the

po lymer

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 o f  Po lysaccharides Table

Exam T ip

Be clear abo ut the differences between starch (amylo se and amylo pectin), cellulo se and

glyco gen.
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2.2.2 Fatty Acids

Fatty Acids: Types

Triglycerides are a fo rm o f lipid, made up o f o ne mo lecule o f glycero l with three f atty acids

attached to  it

These fatty acids have lo ng hydro carbo n ‘tails’

Fatty acids o ccur in two  fo rms:

Saturated  fatty acids

Unsaturated  fatty acids

Unsaturated fatty acids can be mo no unsaturated  o r po lyunsaturated

The difference between these fatty acid types is fo und in their hydro carbo n tails

Sat urat ed f at t y acids

In saturated fatty acids, the bo nds between the carbo n ato ms in the hydro carbo n tail are all single

bo nds

The fatty acid is said to  be ‘saturated’ with hydro gen

This means that each carbo n ato m in the hydro carbo n tail (except fo r the final carbo n ato m) is

bo nded to  two  hydro gen ato ms

Saturated fatty acids can be synthesised industrially  by hydro genatio n (reactio n with hydro gen

gas) o f unsaturated fatty acids

All the carbo n-to -carbo n bo nds are single bo nds  in saturated fatty acids

An example of a saturated fatty acid
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Unsat urat ed f at t y acids

In unsaturated fatty acids, the bo nds between the carbo n ato ms in the hydro carbo n tail are no t all

single bo nds

There is at least o ne carbo n-carbo n do uble bo nd; a fatty acid with o ne C=C do uble bo nd is

kno wn as mo no unsaturated fatty acid

In so me unsaturated fatty acids, there are many  carbo n-carbo n do uble bo nds; these are

kno wn as po lyunsaturated  fatty acids

These do uble bo nds can cause the hydro carbo n tail o f unsaturated fatty acids to  kink (bend

slightly), meaning they are no t as straight as saturated f atty acids

The fatty acid is said to  be ‘unsaturated’ because the hydro carbo n tail do es no t co ntain the

maximum number o f  hydro gen ato ms  po ssible

This is because each carbo n ato m in a carbo n-carbo n do uble bo nd can o nly bo nd to  o ne

hydro gen ato m (instead o f two )

An example of a monounsaturated fatty acid
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An example of a polyunsaturated fatty acid

Exam T ip

Yo u do n't need to  kno w the names o f vario us fatty acids, but yo u sho uld be able to  reco gnise

fro m a diagram whether a fatty acid is saturated, mo no unsaturated o r po lyunsaturated (lo o k fo r

any carbo n-carbo n do uble bo nds)!
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Unsaturated Fatty Acids

T he different  isomers of  unsat urat ed f at t y acids

A single C-C bo nd in a hydro carbo n chain is able to  ro tate alo ng its axis so  that ro tatio n o f o ne

part o f the mo lecule in relatio n to  o thers is po ssible

The ro tatio n may cause co nfo rmatio nal changes in mo lecules but they all remain identical

Ho wever, when there is a C=C do uble bo nd  in a hydro carbo n chain, no  ro tatio n is po ssible

This causes iso mers  o f fatty acids to  be fo rmed, each with different pro perties

The iso mers are labelled cis  and trans  iso mers

Cis-isomers

At a C=C do uble bo nd, the attached hydro gen ato ms are o n the same side  o f the hydro carbo n

chain as each o ther

This causes a kink in the f atty acid chain which means the fatty acid chains are less tightly

packed to gether, lo wering their melting po int (less kinetic energy is needed to  break them

apart)

Triglycerides that co ntain cis-unsaturated fatty acids are liquid  (o ils) at ro o m temperature

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

Trans-isomers
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At a C=C do uble bo nd, the attached hydro gen ato ms are o n the o ppo site sides  o f the

hydro carbo n chain to  each o ther

The lack o f bend in the hydro carbo n chain allo ws them to  pack mo re clo sely to gether

meaning they have a higher melting po int (this pro perty makes them mo re attractive to  fo o d

manufacturers)

Triglycerides that co ntain trans-saturated fatty acids are so lid  are ro o m temperature

The Structure of a Trans-Unsaturated Fatty Acid
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Fatty Acids: Health Risks

T he use of  t rans-f at t y acids in t he f ood indust ry

Trans-fatty acids o ccur in small quantities in natural pro ducts such as dairy  and red meat

Artificial trans-fats (which co ntain trans-fatty acids) are made industrially by the hydro genatio n

o f liquid vegetable o ils

Trans-fats are f avo ured by f o o d manuf acturers  fo r co mmercial reaso ns

They are mo re so lid at ro o m temperature

They create mo re stable emulsio ns  in sho rtening agents

Fo o d pro ducts with trans-fats appear (in their retail packaging) drier and less 'greasy' to

co nsumers

Alleged taste  benefits (tho ugh this is subjective)

They can be reused  mo re times eg. in large-scale deep-fat fryers

Many co untries have legislated to  restrict the use o f  trans-f ats  in the fo o dservice industry

Many fo o ds that co ntains trans-fats (o ften labelled as 'partially hydro genated vegetable o ils')

are so ld as pro cessed pro ducts in supermarkets

Biscuits/co o kies

Cakes

Do ughnuts

Pie crusts

Crisps

Piz z a bases

Certain kinds o f margarine and spreads

Trans-f at t y acids have associat ed healt h risks

The two  types o f fat that lead to  health pro blems are namely saturated f ats  and trans-f ats

Do cto rs reco mmend limiting yo ur intake o f these types o f fats

Trans-fats alter the balance o f vario us types o f cho lestero l

They increase lo w-density lipo pro tein (LDL) levels in circulatio n (so -called 'bad'

cho lestero l)

They decrease high-density lipo pro tein (HDL) levels in circulatio n (so -called 'go o d'

cho lestero l)

LDLs are kno wn to  increase the risk o f  co ro nary heart disease, blo o d clo tting and stro kes

Do cto rs reco mmend that the bulk o f fats intake sho uld co me fro m mo no unsaturated f ats,

which reduce  LDL levels

Omega-3 fats and o ils are a well-publicised so urce o f mo no unsaturated fats; these are

fo und in fish, pulses and certain nuts
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Excess consumption of trans-fatty acids and saturated fats can lead to the buildup of cholesterol and the

blockage of coronary arteries, causing Coronary Heart Disease (CHD)

Evaluat ing claims

Evidence fo r the claims surro unding the health risks asso ciated with trans-fats o ften co mes

fro m 'co ho rt studies'

Eg. Greenland Eskimo s, who se diet is rich in o ily fish and meat, have a very lo w incidence o f

heart disease

Other epidemio lo gical studies  can establish co rrelatio ns between diet and incidence o f

disease
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Whilst it  is rare to  find a direct causal link between fat intake and heart disease, the many claims

abo ut fats suggest stro ngly  that trans-fats have an o verall detrimental effect  o n health when

co nsumed in high quantities

Other co nditio ns linked to  trans-fats include

Allergy

Breast cancer

Co lo nic cancer

Cardio vascular diseases

Premature birth

Preeclampsia (a co nditio n asso ciated with pregnancy)

Diso rders o f the nervo us system

Visio n defects in infants

Diabetes

Obesity

Exam T ip

It is impo rtant to  remember that co rrelatio n do es no t always mean causatio n

Co rrelatio n is an asso ciatio n o r relatio nship between variables

Causatio n o ccurs when o ne variable has an influence o r is influenced by, ano ther

There is a clear distinctio n between co rrelatio n and causatio n: a co rrelatio n do es no t

necessarily imply a causative relatio nship
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2.2.3 Lipids

Long Term Storage

Lipids are excellent  st orage compounds

Lipid macro mo lecules, like carbo hydrates, co ntain carbo n, hydro gen and o xygen ato ms

Ho wever, unlike carbo hydrates, lipids co ntain a lo w pro po rtio n o f  o xygen

Mo re o f the o xygen required fo r their respiratio n has to  co me fro m the air

This allo ws lipids to  be energy-dense, maximising the energy co ntent per gram versus

carbo hydrates

They co ntain 2× mo re energy per gram than mo st carbo hydrates

Less bo dy mass  is required to  sto re a given amo unt o f energy

Lipids are inso luble  so  do  no t affect o smo sis, so  do  no t risk upsetting the water balance o f the

o rganism

When lipids are respired, a lo t o f  water is pro duced  co mpared to  the respiratio n o f

carbo hydrates

This is called metabo lic water and can be used as a dietary water so urce  when drinking

water is unavailable

A camel's hump  is no t a water sac, it is a lipid-rich sto rage o rgan that yields metabo lic

water fo r the camel in its dry desert habitat

A bird's egg also  makes use o f lipid-rich yo lk to  pro vide energy and metabo lic water to

the gro wing chick

All these features make lipids ideal f o r lo ng term energy sto rage

Forms of  lipid st orage

In animals, lipids are sto red in vario us areas

Subcutaneo us  fats are sto red belo w the skin

Visceral fats are sto red aro und the majo r internal o rgans

There are genetic  and gender differences  between ho w individuals sto re fat

Fat is sto red in adipo se cells, which are specialised to  co ntain large glo bules o f fat

Adipo se cells shrink when the fat is respired to  generate metabo lic energy

In many plants, seeds  have evo lved to  sto re fats to  pro vide energy fo r a gro wing seedling plant

Olives, sunflo wers, nuts, co co nuts  and o ilseed rape  are go o d examples o f cro ps who se o ils

are harvested fo r edible o il pro ductio n by humans

Ot her roles of  lipids

As well as energy sto rage mo lecules, lipids have a number o f  o ther ro les

Physical pro tectio n o f  so f t o rgans  eg. visceral fat aro und the heart

T hermal insulatio n fro m subcutaneo us fat eg. whale blubber

Subcutaneo us fat as a buo yancy aid  eg. in seals (fat is less dense than water so  assists

�o tatio n)

Waterpro o �ng secretio ns  eg. birds' preening glands o r waxy cuticles o n leaf surfaces

Electrical insulatio n eg. the myelin sheath aro und certain nerve axo ns

Certain pho to synthetic pigments  eg. caro teno ids

Glyco lipids, typically as cell-surface reco gnitio n mo lecules/recepto rs
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Exam T ip

Ensure that yo u are familiar with the structure o f a triglyceride and that yo u can reco gnise whether

the fatty acids are saturated o r unsaturated.

Lipids: Health Claims

Lipids have been asso ciated with po o r health fo r a lo ng time, even tho ugh they perfo rm vital

functio ns in tissues and o rgans

High-fat diets tend to  supply mo re chemical energy  than an individual needs

Co nsuming excess fat can cause an individual to  beco me o verweight  o r o bese due to  the

sto rage o f  f at  in adipo se tissue

Bo dy Mass Index (BMI) is a ro ugh and ready measure o f a perso n's mass in relatio n to  their height

The calculatio n o f BMI is as fo llo ws

A BMI belo w 18.5 is co nsidered underweight

A BMI 18.5−24.9 is co nsidered no rmal

A BMI o f 25.0−29.9 is co nsidered o verweight

A BMI o f 30.0−39.9 is co nsidered o bese

A BMI o f 40.0 o r mo re is co nsidered mo rbidly o bese

BMI is a crude measurement  as it wo rks against individuals who  are heavily muscular but who  are

also  extremely lean

Overweight and o bese peo ple have a higher risk o f develo ping type II diabetes  and high blo o d

pressure and co ro nary heart disease

Because many risk facto rs co mbine in the prevalence o f these co nditio ns, lipids are by no

means the o nly cause

NOS: Evaluat ing claims; healt h claims made about  lipids in diet s need t o be assessed

Po pular literature, TV and so cial media make claims abo ut vario us f o o ds  and their health

bene�ts

A fo o d pro duct labelled, 'Lo w Sugar' may in fact co ntain a lo t o f trans-fats but hides that

inf o rmatio n, o r do esn't label it at all!

Many health claims are based o n pseudo science, o r backed up with o nly very small trials o r small

samples siz es

Only scienti�cally co ntro lled studies  are able to  pro ve causal links  between fo o d cho ices and

health risks

Techniques such as rando mised clinical trials  pro vide data to  inf o rm go vernment po licy  and

co nsumers abo ut their fo o d cho ices

There remain co mplex challenges  fo r co nsumers, fo o d pro ducers and go vernments to  ensure a

fo o d supply that puts peo ple at least risk o f  disease  whilst ensuring that eno ugh fo o d is

pro duced
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Formation of Lipids

Triglycerides are fo rmed by esterificatio n

An ester bo nd  fo rms when the hydro xyl (-OH) gro up o f the glycero l bo nds with the carbo xyl

gro up (-COOH) o f the fatty acid

The fo rmatio n o f an ester bo nd is a co ndensatio n reactio n

Fo r each ester bo nd fo rmed a water mo lecule is released

T hree f atty acids  jo in to  o ne glycero l mo lecule to  fo rm a triglyceride

Therefo re fo r o ne triglyceride to  fo rm, three water mo lecules  are released
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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 learning to o ls  exist that can pro vide visualisatio ns  o f large bio mo lecules

Mo use functio ns can z o o m and ro tate  mo lecules

Many o f these make use o f JMo l so ftware, a database o f large mo lecules that can be visualised in

near-3D

The di�erences between cellulo se, starch and glyco gen can be o bserved in clo se to  3−D

quality

An Internet search fo r 'mo lecular visualisatio n so f tware' will identify so me go o d o ptio ns

Features include

Lo ading multiple mo lecules to  sho w independent mo vement

Surf ace to po graphy; as many bio lo gical reactio ns are o n a theme o f 3−D shapes �tting

to gether

Cavity visualisatio n; has applicatio ns when lo o king at structures eg. channel pro teins in

membranes

The appearance o f  ato ms can be adapted  to  �ll space o r sho w gaps in mo lecules  eg. the

helical nature o f amylo se

Having a visualisatio n o f these mo lecules helps to  understand ho w they have evo lved to  f ul�l

their speci�c f unctio ns
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2.2.5 Skills: Calculating BMI

Body Mass Index Calculations

Bo dy Mass Index (BMI) is a ro ugh and ready measure  o f a perso n’s mass in relatio n to  their height

The calculatio n o f BMI is as fo llo ws

A BMI belo w 18.5 is co nsidered underweight

A BMI 18.5-24.9 is co nsidered no rmal

A BMI o f 25.0-29.9 is co nsidered o verweight

A BMI o f 30.0-39.9 is co nsidered o bese

A BMI o f 40.0 o r mo re is co nsidered mo rbidly o bese

BMI is a crude measurement as it wo rks against individuals who  are heavily muscular but who  are

also  extremely lean; their BMI might be an o verestimate

BMI may also  be misleading in the case o f elderly peo ple who  have lo st a lo t o f muscle mass; their

BMI might be an underestimate

Worked example

Calculate the Bo dy Mass Index (BMI) fo r an adult male who se mass is 77.3kg and who  is 1.73m in

height.

Co mment o n whether his BMI wo uld be regarded as healthy o r no t.

Step 1: Ensure that mass and height are expressed in the co rrect units 

Mass units are kg - this is co rrect

Height units are in metres - this is co rrect

Step 2: Use the f o rmula
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This man's BMI falls just into  the 'o verweight' catego ry (25.0 - 29.9). It is no t po ssible to  judge his

health by this measure alo ne, but if his BMI has been trending upwards o ver recent time, this might

suggest to  a do cto r that there is an underlying cause o f his weight gain.

A nomogram can help t o calculat e BMI

A no mo gram is a two -dimensio nal chart  that allo ws rapid estimatio n o f BMI by reading o ff two

scales, o ne fo r mass and o ne fo r height

A line is drawn, between the two  scales, that intersects a third axis  in the middle

This reveals the BMI

This remo ves the need f o r a calculatio n and requires no  mathematical expertise

Because the relatio nships between mass, height and BMI are all fixed, they can be represented o n

a chart like this

No mo grams have been largely superseded  by rapid o nline calculato rs  o r smartpho ne apps, but

still have a use

Fo r example, do cto rs  and health wo rkers  will o ften have a BMI no mo gram o n the wall o f their

o ffice fo r rapid reference when co nsulting a patient
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A BMI nomogram. A line can be drawn from the height scale to the mass scale. Where the line intersects

the BMI scale is the person’s BMI (26 in this case)

Exam T ip

We co mmo nly discuss a perso n's siz e as 'weight', tho ugh strictly speaking, we sho uld refer to

their 'mass'. In yo ur written answers, use the scientifically co rrect term wherever po ssible.
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