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STSTEPHEN’SCOLLEGEBAJJA
S.3BIOLOGYTOPICALNOTES

Aswestayhomesafelyinthiscovid-19break,let’susetheremainingdays
togothruthistopic.Wetakenoteofwhathasnotbeensocleartous,such
thataswemeet,wehaveamoreproductivediscussionaboutthesame.

GASEOUSEXCHANGE
Thisistheuptake/releaseofrespiratorygasesbetweentheorganism and
theenvironment.Ittakesplaceacrossspecializedsurfacescalled
respiratorysurfaces.Gaseousexchangehelpsanorganism togetridof
CO2producedduringrespirationwithincellsandatthesametimeobtain
oxygenneededforaerobicrespirationtooccur.
Note:Breathingisdifferentfrom gaseousexchange.Breathingisanactive
processinvolvingmovementofairinandoutofthebodywhereasgaseous
exchangeisapassiveprocessinvolvingpassageofairthroughrespiratory
surfaces/gaseousexchangesurfaces.

Characteristicsofagoodrespiratorysurface
Respiratorysurfacesaresiteswheregaseousexchangetakesplaceinthe
bodyoftheorganism.Respiratorysurfacespossessthefollowing
characteristics:
 Theyhavealargesurfaceareatovolumeratiotoenablerapid

diffusionofgases.Thisisachievedbyfoldingorbranchingof
structurestoform alveoliinlungs,gillfilamentsinthegillsand
tracheolesininsects.

 Theyaremoisttoalloweasydiffusionofgases.
 Theyarethinwalledtoreduceonthedistanceoverwhichdiffusion

hastotakeplace.
 Theyhavearichnetworkofbloodcapillariesforeasytransportation

ofgasestotherespiringtissues.
 Theyarewellventilatedtomaintainahighconcentrationgradient

thatfavoursdiffusionofgases.

Note;respiratorysurfacesofinsectsarenotsuppliedwithanetworkof
bloodcapillariesbecausethebloodofinsectsdoesnottransportgases.
Thegasesaretransportedinthetracheoletubes.

GASEOUSEXCHANGEINPLANTS
Plantsdonothaveaspecialrespiratorysurfaceforgaseousexchange.
Theyusesimpleporesi.e.stomataoftheleavesandlenticelsofthestems
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forgaseousexchange.
Gasescirculateintheplantbysimpleprocessofdiffusionduetoabundant
largeintercellularspacesthatmakediffusionfaster.
Plantsdonotneedspecialrespiratorysurfacesandbloodtransportsystem
because:
TheyutilizeCO2producedbytheplantcellsforphotosynthesisthus
preventingaccumulation.
Plantsproduceoxygenasabi-productofphotosynthesiswhichisthen
usedinrespiration.
Plantshavenumerousstomataandlenticelsthatfavourfastgaseous
exchange.
Theyhavelargeintercellularspacesthatfavourfastcirculationofgases
withoutblood.
Theyhavelowdemandforoxygenduetotheirlowmetabolicratebecause
theyarelessactivesincetheyareimmobile.

GASEOUSEXCHANGEINSIMPLEORGANISMS
Smallorganismslikeamoeba,paramecium,hydraandjellyfishhavealarge
surfaceareatovolumeratio.Insuchorganismsgaseousexchangetakes
placeoverthewholebodysurface.Becauseoftheirsmallbody
volume/size,diffusionaloneisenoughtotransportoxygenintoandCarbon
dioxideout,oftheirbodies.

Largerorganismssuchasinsectsandvertebrateshaveasmallsurface
areatovolumeratio.Intheseorganisms,gaseousexchangetakesplacein
aspecializedregionofthebodyknownasarespiratorysurface.The
respiratorysurfaceispartoftherespiratoryorgan.Itistheactualsite
wheregaseousexchangetakesplace.

Surfaceareatovolumeratioandgaseousexchange
Surfaceareatovolumeratioisanimportantaspectingaseousexchange.
Itisobtainedbycalculatingthetotalsurfaceareaanddividingitbythe
volumeoftheobjectinquestion.

ConsidertwoboxesAandBbelow
BoxAissmallerthanboxB.wecanworkoutthesurfaceareatovolume
ratioofeachboxtoprovethatsmallerobjectshavealargersurfaceareato
volumeratiothanbigones.
StartingwithboxA

 Totalsurfacearea.
A=2(2X1)+2(1X2)+2(2X2)
A=4+4+8
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A=16cm2

 VolumeofA
V=LXWXH
V=2X1X2
V=4cm3

SurfaceareatovolumeratioofA
=4

BoxB
 Totalsurfacearea.

A=2(3X2)+2(3X4)+2(2X4)
A=12+24+16
A=52cm2

 VolumeofB
V=LXWXH
V=4X2X3
V=24cm3

SurfaceareatovolumeratioofB
=2.3

ThesurfaceareatovolumeratioofAislargerthanthatofB.
Thereforethesurfaceareatovolumeratioofsmallerorganismsislarger
thanthatoflargerorganisms.Thisfacilitatesafasterrateofdiffusionto
ensurethatallbodytissuesaresuppliedwithrespiratorygases.
Smallerorganismsalsohaveashortdiffusiondistancei.e.ittakesless
timeforgasestomovetoallpartsoftheirbody.Mostofthem aresingle
celledandsomehaveonlyonelayerofcells.

Largerorganismsontheotherhandhaveasmallersurfaceareatovolume
ratio.Thisreducestherateofdiffusionanddiffusionalonecannotmeet
therespiratorydemandsoftheirlargebodies.

Theyalsohavealargediffusiondistancebecausetheyhaveverymany
layersofcells.Duetothislargeorganismshavedevelopedmechanisms,
whichreduceonthediffusiondistanceandincreasethesurfaceareato
volumeratio.

Mammalshavedevelopedabloodcirculatorysystem,whichtransports
bloodcontainingrespiratorygasesthroughhighlybranchedbloodvessels
toallcellsofthebody.

2cm
1cm

2cm

3cm

2cm

4cm
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Insectshavedevelopedatrachealsystem,whichhasfinelydividedtubes
knownastracheoles,whichcarryrespiratorygasestoandfrom allcellsin
thebodyoftheinsect.

Examplesofrespiratorysurfacesandcorrespondingrespiratoryorgans
Animal Respiratoryorgan Respiratorysurface

Amphibians

Tadpoles

Birds

Fish

Insects

Mammals

Lungs

Amphibians

Skin

Amphibians

Buccalcavity

Gills

Lungs

Gills

Trachealsystem

Lungs

Alveolus

Skinsurface

Buccalcavity

epithelium

Gillfilaments

Alveolus

Gillfilaments

Tracheoles

Alveolus

NB:themovementoftherespiratorymedium (airorwater)toandfrom
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respiratorysurfaceiscalledventilation(breathing).

GASEOUSEXCHANGEININSECTS
Therespiratoryorgansofinsectsconsistofanetworkoftubesknownas
trachealtubes,whichmakeupthetrachealsystem.Thesetubesreachall
thebodytissues.

Thetrachealsystem ofinsects

Ventilationmechanism
Inhalation:
Whentheabdominalwallexpands,theinternalpressurereducesandthe
volumeincreases.
Thisforcesaircontainingoxygenintotheinsectthroughthespiracles,to
thetracheaandthenthetracheoles.
Betweenthetracheolesandmusclesoftheinsect,gaseousexchange
occurswithoxygenenteringintothetissuesandCO2releasedfrom tissues,
diffusingintothefluidinthetracheoles
Exhalation:
Abdominalwallcontracts,internalvolumedecreaseswhilepressure
increases,forcingairwithahighconcentrationofcarbondioxideinthe
tracheolesoutoftheinsectthroughthespiracles.

GASEOUSEXCHANGEINFISH
Fishuseswaterasamedium ofgaseousexchangeandtheirrespiratory
surfaceistheinternalgill.
Fishabsorbdissolvedoxygenfrom waterbyuseofgills.Inmostfishthere
isapairofgillsoneachsideofthebodyandinbonyfishthegillsare
coveredbyagillplatealsocalledtheoperculum.

Structureofthegill
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Partsofthegill:
1.Gillbar:thisprovidesanattachmentandsupporttothegillfilaments.
2.Gillraker:Thesearehardprojectionsfrom thegillbar.
Theytrapfoodsuspendedinwater.
Theyprotectthegillfilamentbyfilteringoutsandparticlesinwaterbefore
reachingthegillfilament.
3.Gillfilaments:
Thesearesitesofgaseousexchangeinthefish.
 Theyarefinger-likeprojectionsthatincreasethesurfaceareafor

gaseousexchange.
 Theyhaveanetworkofcapillarieswhosebloodmovesinthe

oppositedirectionwithwater(countercurrentflow)tomaintaina
highconcentrationgradientbycarryingawaythediffusedgases.

 Filamentshaveathinmembrane
 Theyarewellventilated.
 Theyarenumeroustoincreasethesurfacearea.

Mechanism ofventilationinbonyfish
Ventilationinbonyfishoccursintwophasesi.e.inhalationandexhalation.

Inwardmovementofwater
Thisistheprocessbywhichwatercontainingdissolvedoxygenisallowed
intothebodyofthefish.
 Thefishclosestheoperculum (gillcover).
 Themouthopens.
 Itthenlowersthefloorofthemouthcavity.Thisincreasesvolumeof

themouthcavityandlowersitspressurebelowthatofthe
surroundingwater.

 Waterflowsintothemouthcavitythroughthemouth.
 Itthenclosesthemouthandrisesthebuccalcavitytodecreasethe

volumeandincreasethepressureinthebuccalcavity.
 Meanwhilethegulletisclosed.
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 Thismakesthewatercurrenttoflowintothegillchamber.
 Aswaterpassesoverthegillfilament,gaseousexchangetakesplace

i.e.oxygendiffusesintobloodwhileCO2diffusesfrom bloodintothe
water.

Outwardmovementofwater:
Forwatertoflowoutaftergaseousexchange,
 theoperculum musclerelaxthenwaterflowsout.
 Meanwhilethebuccalfloorisstillraisedandthemouthisstillclosed.
 Thebuccalfloorthenlowerstorepeatthecycle.

GASEOUSEXCHANGEINAMPHIBIANS

a)Tadpole
Tadpolesfirstuseexternalgillsandlaterinternalgillsassurfaceof
gaseousexchange.
Thetadpoletakesinwaterthroughthemouthandthewaterpassesover
thegillsandthenoutofthebodythroughthegillslit.
Theoxygendiffusesfrom thewaterintothebloodwhileCO2diffusesfrom
bloodintowater.

b)Adultamphibians
Inadultsgaseousexchangetakesplacethroughthe;
1.Skin.
2.Liningofthemouthcavity.
3.Lungs.

Amphibiansdependmostlyontheirskinandbuccalcavityfortheir
gaseousexchangewhiletheyareinwater.Lungsareonlyusedwhenon
landorwhenthewaterdriesandtheamphibianhastoremaininmud.

1.Theskin
Theskinisthinwalled,moistandhasagoodnetworkofbloodcapillaries.
Theskinactsasarespiratorysurfacewhentheamphibianisinandoutof
water.It’susedwhentheoxygenneedislow.
Onland,theatmosphericoxygendissolvesinthelayerofmoistureand
thendiffusesacrosstheskinintotheblood.
Atthesametime,CO2diffusesfrom thebloodintotheatmosphericair.
Inwater,theoxygendissolvedinit,diffusesfrom thewateracrosstheskin
intoblood.CO2diffusesfrom bloodintowater.

2.Thebuccalcavity
Thebuccalcavityhasathinliningwhichiskeptmoist.Italsohasagood
networkofbloodcapillaries.Thecavityisventilatedinthefollowingways.
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Duringinhalation:
 Themouthcloses.
 mouthfloorlowers.
 Thisincreasesthevolumeofthebuccalcavity.
 Thepressureinthebuccalcavityreduces.
 Thisforcestheairfrom theatmospherethroughthenostrilsintothe

buccalcavity.
 Oxygendiffusesthroughthethincavitymembraneintobloodwhile

Carbondioxidediffusesfrom bloodintothebuccalcavity.
Duringexhalation:
 Themusclesofthefloorofthebuccalcavityrelax.
 Thefloorofthemouthraises.
 Thisleadstoareductioninvolumeofthemouthcavityandan

increaseinpressurewithinthemouthcavity.
 Airthenmovesouttotheatmospherethroughthenostrils.

3.Thelungs
Thelungsconsistofsacssuppliedbyagoodnetworkofbloodcapillaries.
Theyhavealargesurfacearea.
Itissuppliedwithalotofbloodcapillaries
Itisthinwalled.
Ventilationofthelungsoccursinthefollowingstages;

Inspiration:
 Themouthcloses
 Thenostrilsopen.
 Theglottisclosestheentranceintothetrachea.
 Musclesofthefloorofthebuccalcavitycontracttolowerthemouth

floor.Thisincreasesthevolumeandreducesthepressurewithinthe
buccalcavity.

 Airentersthroughthenostrilsintothebuccalcavity.
 Thenostrilsclose,themusclesofthefloorofthebuccalcavityrelax

toraisethefloorofthebuccalcavity,whilethoseoftheabdominal
cavitycontract.

 Thiscausesthevolumeofthebuccalcavitytoreduceandthatofthe
abdominalcavitytoincrease.

 Pressureinthebuccalcavityincreasesandthatinthelungs
decreases.

 Itopenstheglottisandairmovesfrom themouthcavityintothe
lungsthroughthetrachea.

 Oxygendiffusesfrom thelungsintobloodandCarbondioxidefrom
thebloodintothelungs.
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
Exhalation:
Forexhalation,
 Theabdominalmusclesrelaxtoreducethevolumeofthelungswhile

thefloorofthemouthcavityisloweredtoincreaseitsvolume.
 Thiscreatesahigherpressureinthelungsandlowpressureinthe

buccalcavity.
 Wasteairisforcedfrom thelungsintothebuccalcavity
 Thevalvetothelungs(glottis)closesandnostrilsopen.
 Musclesofthefloorofthemouthcavityrelaxraisingthefloorand

increasingpressureinthebuccalcavity.
 Wasteairisforcedfrom thecavitythroughthenostrilstothe

atmosphere.

GASEOUSEXCHANGEINMAMMALSe.g.man
Therespiratoryorgansinmanarelungsandtherespiratorysurfacesare
thesaclikestructurescalledalveoli.
Therespiratorytract(airpassage)

Airentersthroughthenostrilsintothenasalcavitywhereitiswarmedto
bodytemperature.
Itbeginsfrom thenostrilsintothebackofthemouth,thenintothepharynx
from whichitgoesintothelarynxandthentothetrachea.From here,it
travelsthroughthebronchus,bronchiolesandlastlytothealveolus.
Themembraneofthenasalcavityiscoveredwithciliabetweenwhichare
gobletcells,whichproducemucus.
Dustandgermsinhaledfrom theatmospherearetrappedinmucusandare
carriedbythebeatingactionofciliatowardsthebackofthemouthwhere
theyareswallowed.
Thishelpstopreventdustandgermsfrom enteringthelungs.Therefore,by
thetimeairreachesthelungsitisdustandgerm free,warm andmoist.Itis
drawnfrom thenasalcavityintothetrachea(windpipe).

Thetrachea
Thisisatuberunningfrom thepharynxtothelungs.Itisalwayskeptopen
bythecircularringsofcartilagewithinit.Thecartilagepreventsthetrachea
from collapsingincasethereisnoair.
Ciliaandgobletcellsextendintothetracheatodrawgermsanddustoutof
tracheaintothemouthwheretheyarelost.
Atthelowerend,thetracheadividesintosubtubescalledbronchi,which
penetratefurtherintothelungsanddividerepeatedlytoform smalltubes
calledbronchioles.
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Thebronchiolesdivideintomanysmalltubescalledalveolarducts,which
endinairsacscalledalveoli.
Thealveoliaretherespiratorysurfacesofmammals.Thereareabout300
millionalveoliinahumanlung.Thisincreasesthesurfaceareaoverwhich
gaseousexchangetakesplace.

Locationofthelungsinthebody
Theyarelocatedinthethoraciccavity,enclosedbythoraxwalland
diaphragm.

Thealveoli
Analveolusisasac-likestructure.Theoutersurfaceofthealveolusis
coveredwithanetworkofbloodcapillaries.Thealveolusismoistandthin
walled.Theoxygeninthealveolusdiffusesintobloodinthecapillariesand
itiscarriedaroundthebody.Atthesametime,Carbondioxidediffuses
from bloodintothealveolusandtravelsthroughthealveolarducttothe
bronchiolesthentothebronchiandtracheaandoutthroughthenostrils.

Themammalianlung
Thesearetwoelasticspongy-likestructureslocatedwithinthethoracic
cavityandprotectedbytheribcage.Betweentheribsareintercostal
muscles,whichmovetheribcage.Belowthelungsisamuscularsheetof
tissuecalledthediaphragm.

Breathingmechanism inmammals/lungventilation
Thebreathingmechanism inmammalsinvolvestwosub-processesthat
areinspirationandexpiration.
Inspiration:
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Thisistheprocessbywhichairisallowedintotherespiratoryorgans
(lungs).
 Theexternalintercostalmusclescontract.
 Theinternalintercostalmusclesrelax.
 Thismakestheribcagetomoveoutwardsandupwards.
 Thediaphragm contractsandflattens.
 Thisincreasesthevolumeofthethoraciccavityandreducesthe

pressureinitbelowthatoftheatmosphere.
 Thiscausesairtoenterfrom theatmospherethroughthenostril,

trachea,bronchi,andbronchiolesuntilitreachesthealveoli.


Expiration:
Theinternalintercostalmusclescontract
 Theexternalmusclesrelax.
 Thismakestheribcagetomovedownwardsandinwards
 Thediaphragm becomesdome-shaped.
 Thisreducesthevolumeofthethoraciccavityandincreasesits

pressurebeyondthatoftheatmosphere.
 ThisforcesthelungstocontractandreleaseCarbondioxidethrough

thebronchi,tracheaandoutthroughthenostrils.

Gaseousexchangeinthealveolus

Thistakeplaceacrosswallsofalveoliandbloodcapillariesbydiffusion.
Duringinspiration,airistakenintothelungsfillingthealveoli.Thisair
containsmoreoxygenandlowCO2concentration.Oxygenininspiredair
dissolvesinthemoistureofthealveolarepithelium anddiffusesacross
thisandcapillarywallsintotheredbloodcellsofblood.Insidethered
bloodcell,oxygencombineswithhaemoglobintoform oxyhaemoglobin
andcarriedinthisform.Atthesametime,CO2whichwascarriedas
bicarbonateioninblooddiffusesfrom itthroughthecapillarywallsintothe
alveoli.Itleavesthelungsinexpiredair.
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Changesinthecompositionofgasesinbloodacrossthealveolus
Volumeofgascarriedby100ccofblood
Gas Enteringlungs Leavinglungs

Nitrogen 0.9cc 0.9cc

Oxygen 10.6cc 19.0cc

Carbondioxide 58.0cc 50.0cc

Thebloodthatflowstowardsthelungscontainsalargervolumeofcarbon
dioxideandlessoxygen.Butasitleavesthelungs,oxygenisaddedintoit
andsomeCO2isgivenoffinthelungs.Thisindicatesexchangeofgases
withinthelungs.
Changesinapproximateaircompositionduringbreathing
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Component Inhaled Exhaled

Nitrogen 79% 79%

Oxygen 21% 17%

Carbondioxide 0.03% 4%

Watervapour Lesssaturated

(variable)

Saturated

Temperature Atmospheric

temperature

Bodytemperature

Althoughnitrogenisexchangedwithinthelungsandbloodplasma,itplays
nopartinchemicalreactionsofthebodyhenceitscompositionremains
thesameininspiredandexpiredair.
Inhaledairhasmoreoxygencomparedtoexhaledairbecauseitistakenup
fortheprocessofrespiration,whichproducesoutCO2.Henceexhaledair
containsmoreCO2thaninhaledair.Howevertheprocessofgaseous
exchangeinalveolidoesnotremoveallthecarbondioxideandoxygenin
air.

Question:outlinethedifferencesbetweeninhaledandexhaledair.

Experimenttodemonstratebreathinginmammals
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Materials
 Glasstubing,
 Cork,
 Rubbertubing,
 Ytube,

 Belljar,
 Twoballoons,
 Rubbersheetand
 Thread.

Procedure
Getabelljarandfixacorkwithglasstubinginitsmouth.
UsearubbertubingtoconnectaYtubetotheglasstubinginsidethebell
jar.
TieballoonsoneachendoftheYtubetoactaslungs.
Tiearubbersheetusingarubberbandattheopenendofthebelljartoact
asadiaphragm.
Tietheendofarubbersheetusingapieceofthread.
Note
Thebelljaractsasthethoraciccavityanditswallsastheribcage.The
glasstubingactsasthetracheaandtheendsoftheYtubeactasthe
bronchi.
Pulltheendoftherubbersheetusingthethreadtorepresentinhalation
andreleaseittorepresentexhalation.
Setup

Observation
Whenthethreadispulled,therubbersheetstretches.Thisincreasesthe
volumeinthebelljarandreducesthepressure.Airentersfrom outthrough
theglasstubetotheYtubeandinflatestheballoons.
Whenthethreadisreleased,therubbersheetreturnstoitsnormalflat
shape.Thisreducesthevolumeinthebelljarandincreasesthepressure.
AirisforcedoutoftheballoonsthroughtheYtubeandglasstubing.This
deflatestheballoons.

Conclusion:Pullingofthethreadrepresentsinspirationanditsrelease
representsexpiration.
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ExperimenttoshowthatexpiredaircontainsCarbondioxide.
Materials
 Twotesttubes,
 Twocorks,
 T-Tube,

 Tworightangledcapillary
tubesand

 Limewater

Procedure
PlacetheTtubeinthemouthandbreatheinandoutnormally.
Airismadetopassintothelungsfrom testtubeAandoutthroughtest
tubeB.inhalationairisgotfrom theatmospherethroughthecapillarytube
andlimewaterintubeA.
ExhaledairpassesthroughlimewaterandcapillarytubeattheBend.

Setupoftheexperiment

Observation
LimewaterintubeBturnsmilkywhilethatinAremainsclear.

Conclusion
ExpiredaircontainsCarbondioxide.

Explanation
ItisonlyCarbondioxide,whichcanchangethecolourlesslimewaterto
milky.ThereforesinceBhadexpiredair,itprovesit.

RESPIRATIONANDGASEOUSEXCHANGE
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TISSUERESPIRATION
Thisisthebreakdownoffoodsubstancestoreleaseenergy.Itoccurswith
thehelpofenzymes.Themajorfoodrespired(respiratorysubstrate)isa
carbohydrate(glucose).Allothercompoundsareconvertedintoa
carbohydratebeforetheyarerespired.
TheenergyreleasedisstoredasATP(Adenosinetriphosphate).
ATPishighlyenergyrichcompoundformedbetweenachemicalbond
betweenADP(Adenosinediphosphate)andinorganicphosphategroups,
i.e.

ADP+Pi ATP

IftheenergystoredasATPisrequiredbythebody,ATPissuddenlybroken
downintoADPandPitoreleaseenergyforthebodyactivitiesi.e.

Theenergyreleasedisusedbythebodyforvariousactivitiesi.e.
 Maintainingbloodcirculation
 Bringaboutbreathingmovement
 Forproducingsound
 Transmissionofnerveimpulsesfrom oneparttoanother.
 Synthesisofbloodproteins
 Maintainingtheconstantbloodtemperature
 Celldivisioneithermitosisormeiosisleadingtogrowth
 Activetransportofmaterialsintooroutsidethecell.
 Secretionofvariousmaterialslikehormones,enzymes,etc.

TYPESOFRESPIRATION.
1.Aerobicrespiration.
2.Anaerobicrespiration

AEROBICRESPIRATION
Thisisthebreakdownoffoodtoreleaseenergyinthepresenceofoxygen.
Thistypeofrespirationproducesenergy,Carbondioxideandwater.Thisis
themostefficientprocessbywhichenergyisproducedbecausethereis
completebreakdownoffoodanditthereforeproducesmoreenergy.
Equationforaerobicrespiration

ATP ADP+Pi+energy
ATPase

enzyme

C6H12O6 + 6O2 6CO2 + 6H2O +
Energy
Glucose oxygen Carbondioxide water
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TheCarbondioxideproduceddiffusesfrom thetissuesintothebloodand
itistransportedtothelungsforexpirationthroughthetracheaandnostrils.

InplantstheCarbondioxideproducediseitherlosttotheatmosphere
throughstomataonleavesorlenticelsinstemsorusedinphotosynthesis
toproducefood.

EXPERIMENTTODEMOSTRATETHATLIVINGORGANISMSUSEOXYGEN
INAEROBICRESPIRATION
Materials:

 Conicalflask
 Deliverytube
 Beaker

 Sodium hydroxidesolution
 Water
 Germinatingseeds

Procedure:
Somegerminatingseedsareplacedinaconicalflaskinwhichatesttube
containingsodium hydroxideisenclosed.
Adeliverytubeisthenconnectedtotheconicalflaskwithoneend
deepedinabeakercontainingwater.
Thesetupislefttostandandobservationsaremadeonthelevelofwater
inthedeliverytube.

Setupoftheexperiment

Observation:
Aftersometime,waterisseentohaveriseninthedeliverytube.

Conclusion:
Oxygenisusedinaerobicrespiration.

Explanation:
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Astheseedsrespire,theyuseoxygenandproduceCO2.However,theCO2

isabsorbedbythesodium hydroxidesolutionthusit’snotaddedbackto
theairintheflaskhencethere’sadecreaseintheoriginalvolumeofairin
theflask.

EXPERIMENTTOSHOW THATLIVINGORGANISMSLIBERATECO2DURING
AEROBICRESPIRATION
Materials
Sodalime(sodium hydroxide),
Limewater,
Filterpump,

Toad,
Twodeliverytubes,
ThreeflasksandCorks.

Procedure
Arat/lizard/frog/smallpottedplantisusedasanaerobeandthe
experimentisfixedasshownbelowandlefttostandfor40minutes.
Thepurposeofsodium hydroxideistoabsorbCO2from theincomingair.
LimewaterinflaskAisusedtoconfirm theabsenceofCO2intheincoming
air.
LimewaterinflaskCisusedtotestforthepresenceofCO2inexhaledair.
Thefilterpumpensuresonedirectionofair.
Setup

Observation
LimewaterinflaskBturnedmilkywhilethatinflaskAremainedclear.

Conclusion
Thelivingorganism givesoutCarbondioxideduringrespiration.
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ANAEROBICRESPIRATION
Thisisthebreakdownoffoodtoreleaseenergyinabsenceofoxygen.
Inthisprocessthefoodisnotcompletelybrokendownbutpartofit
remainsinform ofalcoholinplantsandlacticacidinanimals.
ThisprocessreleasesCarbondioxide,energyandlacticacidinanimalsor
ethanolinplants.
Theincompletebreakdownoffoodresultsintolessenergyreleasedfrom
thesameamountoffood.
Mostoftheenergyremainsblockedintheintermediatesubstances
(ethanolandlacticacid).Whenoxygenisprovidedlacticacidcanbefurther
brokendowntoreleasetheremainingenergy.
Equationtoshowanaerobicrespirationinplants

OXYGENDEBT
Duringvigorousactivitiestheoxygensupplytomusclesmaynotbeenough
tomeettheenergydemandsoftheorganism.Intheprocesstheproducts
ofanaerobicrespirationaccumulate.Asaresulttherateofbreathingofthe
individualincreasesevenafteranexercisetoprovideextraoxygenrequired
tooxidisetheaccumulatedlacticacidtoCO2,waterandenergy.
Inthisconditiontheorganism issaidtobeinanoxygendebt.Oxygendebt
thereforeistheamountofoxygenneededtobreakdowntheaccumulated
lacticacidinmusclesaftervigorousexercises.
Equationforanaerobicrespirationinanimals

Graphshowingchangeinlacticacidandconcentrationduringandafter

C6H12O6 2CH3CH(OH)COOH + CO2 +150kj

(energy)

Glucose lacticacid carbondioxide
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exercise

Lacticacidincreasesrapidlyduringanexercisetilltheend.Thisisdueto
increasedrateofanaerobicrespirationduetolackofenoughoxygen
supply.

C6H12O6 2CH3CH(OH)COOH+CO2+150kj(energy)
Glucose lacticacid

Attheendoftheexercise,lacticacidcontentinmusclesdropssuddenly
becauseitisbeingoxidizedtoCO2,waterandmoreenergyintheliver.The
oxygenusedinbreakingdownthislacticacidisattainedbybreathing
deeply.

Anaerobicrespirationinplants
Whenplantsrespirewithoutoxygen,glucoseisbrokendownintoethanol,
CO2,andenergy.
C6H12O6 C2H5OH + CO2 + Energy(118kj)
Glucose ethanol Carbondioxide

Littleenergyisproduced,muchofitstilllockedinthepartiallybroken
ethanol.

Anaerobicrespirationinyeast
Theform ofanaerobicrespirationcarriedoutbyyeastisknownas
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fermentation.
Fermentationisanyform ofanaerobicrespirationinsolutionform.
Inyeast,fermentationleadstoproductionofethanol,CO2andenergy
whichisachiefproduct.Theenzymewhichisinvolvediszymase.
C6H12O6 C2H5OH+ CO2 + Energy(118kj)
Glucose ethanol Carbondioxide

Applicationofanaerobicrespiration
 Theprocessiscommerciallyexploitedinbeerbrewingtoproduce

alcohol
 Itisalsousedinbakingofbreadtoraisedough.
 Inthemanufactureofbiogaswhichisusedasafuel
 Intheconversionofmilkintoitsvariousproductsegghee

ExperimenttoshowthatCO2isgivenoffduringanaerobic
respiration/fermentation
Materials:
 Twotesttubes,
 Deliverytubes,
 Yeast,

 Glucose,
 Oiland
 Limewater.

Procedure
 Boilabout20cm3ofglucosesolutiontodriveoffoxygenfrom itand

allowittocooltoroom temperature.
 Addalayerofoiloverglucosesolutiontopreventoxygenfrom

dissolvinginit.
 Addasmallquantityofyeastsuspensiontotheglucosesolution

usingapipette.
 Pourlimewaterinonetesttube.
 Usingadeliverytubeandrubberbangsfixthedeliverytubeinthetest

tubeasshownbelow.
 Leavetheexperimenttostandinawarm placeforanhour.

Setup
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Setupacontrolexperimentinthesamewaybutusingaboiledyeast
suspensionorwithoutyeastorwithoutglucose.

Observation
Bubblesofagasareseeninlimewaterandlimewaterturnsmilky.

Conclusion
Carbondioxideisproducedduringanaerobicrespiration.

Explanation
Yeastbreaksdownglucoseinabsenceofoxygentoproduceethanol,CO2

andsomeheat.
TheCO2producedturnslimewatermilkybyreactingwithcalcium
hydroxidetoform insolublecalcium carbonate.

Experimenttodemonstratetheliberationofheatduringfermentationof
yeastOR
Experimenttoshowtheproductionofenergyinabsenceofoxygen
(anaerobicrespiration)
Materials:
 10%glucosesolution
 10%yeastsuspension
 2vacuum/thermosflasks
 2thermometers

 Cookingoil
 Waterbath
 Cottonwool
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Procedure:
 100ccofglucosesolutionisboiledinabeakeroverawaterbathso

astodriveoutanydissolvedoxygenandthenallowedtocool.
 50ccofglucosesolutioniseachpouredineachflaskandsmall

quantitiesofoilareaddedtoprevententryofoxygenintotheglucose
solution.

 Yeastsolutionisaddedbelowtheoillayerofoneoftheflasksusing
adropper/pipette.

 Athermometerisplacedineachflaskandkeptinsolutionwith
cottonwoolasshownbelow.

 Thethermometerreadingsarerecordedhourlyatintervalsforsome
time.

Observation:
Aftersometime,thetemperaturerisesinflask.AsteadilywhileinB,the
temperatureremainsthesame.

Conclusion:
ThetemperaturerisesinflaskAduetoanaerobicrespirationofglucoseby
producingheat.
InB,there’snoyeasttorespireanaerobicallyhencenoheatisproduced.

Experimenttoshowthatenergy(heat)isreleasedbygerminatingseeds
duringrespiration
Materials:
Vacuum flask,
Germinatingseeds,
Cottonwooland

Thermometer.
Sodium hypochloritesolution

Procedure
Theseedsaresockedinwaterfor24hours.
Onegroupofseedsisthenkilledbyboilingthem inwater.
Bothsetsofseedsaresockedinformalinfor15minutesinordertokillany
bacterialandfungalspores.
Placemoistgerminatingseedsinoneflask.
Placetheboiledseedsinanotherflask.
Insertathermometerineachoftheflaskspluggedwithcottonwool.
Fixthetwoflasksonaretortstandinanupsidedownpositionsothatthe
seedsarenearthethermometerbulbasshownbelow.
Setup
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Observation
Afterthreedaysthetemperatureinthegerminatingseedsishigherthan
thatoftheboiledseeds.Thatoftheboiledseedsremainsconstant.

Conclusion
Germinatingseedsgiveoutheat.

Explanation
Duringgerminationoxygenisabsorbedtocarryoutrespiration,whichgives
outenergyinform ofheat.

Similaritiesbetweenaerobicandanaerobicrespiration
1)Bothrequireglucoseasarawmaterial.
2)Bothproduceenergy.
3)BothproduceCarbondioxide.
4)Bothtakeplaceinlivingcells.

Differencesbetweenaerobicandanaerobicrespiration
Aerobicrespiration Anaerobicrespiration

Acommonmodeofrespirationin Rareprocesslimitedtofewplants
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bothplantsandanimals andanimals

ProducesmoreCarbondioxide ProduceslessCarbondioxide.

Occursthroughoutlife Occurstemporaryinveryactive

muscles

Liberateslargequantitiesofenergy Liberateslessenergy

Productsarewater,Carbondioxide

andenergy

ProductsareCarbondioxide,energy

andalcoholorlacticacid.

Completebreakdownoffood Incompletebreakdownoffood.

Oxygenisused Oxygenisnotused.

Importanceofrespiration
1)Respirationproducesenergythatisusedtorunthevariousactivitiesin
thebody.
2)Itisexploitedcommerciallyinbaking,brewingandmakingofdairy
productssuchascheese,yoghurtandbutter.

Similaritiesbetweenrespirationandphotosynthesis
1)Bothtakeplaceinlivingcells.
2)Bothinvolveenzymes.
3)Bothinvolveoxygen,Carbondioxideandglucose.
4)Bothinvolveenergy.
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Differencesbetweenrespirationandphotosynthesis
Respiration Photosynthesis

Oxygenisabsorbed Carbondioxideisreleased

Takesplaceinlightanddarkness Needslighttotakeplace

Energyisreleased Energyisabsorbed

Doesnotrequirechlorophyll Itrequireschlorophyll

Takeplaceinplantsandanimals Takesplaceinplantsonly.

END


