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6.1.1Digestion

Introductionto Digestion

The digestive systemis anexample of anorgansysteminwhich several organs work togetherto
digestand absorbfood
Digestionis aprocessinwhichrelativelylarge,insoluble moleculesinfood (suchas starchand
proteins) are brokendowninto smaller, soluble molecules that canbe absorbed into the
bloodstreamand delivered to cellsinthe body
These small,soluble molecules (such as glucose and amino acids) are used eitherto release
energy (viarespiration) to the cells,orto provide cells with materials with which they can build
other molecules to grow, repairand function
The humandigestive systemis made up of the organs that form the alimentary canal,and
accessoryorgans
= The alimentarycanalis the channel orpassage throughwhichfood flows through the body,
starting atthe mouthand ending at the anus
= Digestionoccurs withinthe alimentary canal
= Accessoryorgans produce substances thatare needed fordigestionto occur(suchas
enzymes and bile) but food does not pass directlythroughthese organs
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The human digestive system includes the organs of the alimentary canal and
accessory organs that work together to break large insoluble molecules into
small soluble molecules
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Peristalsis

= Peristalsisis series of muscle contractions inthe walls of the oesophagus orsmallintestine
that pass like awave along the alimentary canal
= Thiswave forces the bolus of food alongthe alimentary canal
= These contractions are controlled unconsciouslybythe autonomic nervous system

= Peristalsisis controlled bycircular and longitudinal muscles
= Thesemuscles are smoothmuscle (not striated)
= Circularmuscles contractto reduce the diameter of the lumenofthe oesophagus orsmall
intestine
= This prevents the food movingbackwards towards the mouth

= Longitudinalmuscles contracttoreduce thelengthofthat sectionthe oesophagus orthe
smallintestine
= Thisforcesthefood forwards throughthe alimentarycanal

= Oncethebolus hasreached the stomach,itis churned into aless solid form, called chyme, which
continues onto the smallintestine

= Mucusis produced to continuallylubricate the food mass and reduce friction

= |nthe smallintestine peristalsis is slow compared to the peristalsis thatoccurs inthe
oesophagus.ltalso aids digestion by churning up the food with enzymes as it pushes it along the
gut

Circular and longitudinal muscles in the alimentary canal contract rhythmically to move the bolus along in
awave-like action
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Pancreatic Juices

= The pancreasis agland made up of two types of tissue
= The first type of tissue secretes the hormones insulinand glucagoninto the blood
= The secondtype oftissue synthesises and secretes digestive enzymes into the lumenof
the smallintestine
= Enzymes are synthesised ontheribosomes of the rough endoplasmic reticulum.They
are thenprocessed withinthe Golgi apparatus before being secreted byexocytosisinto
the lumenofthe smallintestine

= Secretionof pancreatic enzymes is stimulated by the release of hormones into the stomachand
intestinesinresponse toingestionoffood
= Thisis anautomaticresponse of the autonomic nervous system

= The enzymes found inpancreatic juiceinclude amylase, lipase,phospholipase,and protease
enzymes.

The structure of the pancreas

= Digestive enzymes are produced inspecialised gland cells which are known as acinar cells
= Thesecellsarelocatedinclusters around the ends of tubes called ducts
= Ductsjointogetherto formlargerducts and eventually,one pancreatic duct
= Thisis where the pancreatic juices, containingenzymes, are secreted into the duodenum of
the smallintestine

Page 4 of 22
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Acinar cells synthesise and secrete pancreatic enzymes into the ducts and the pancreatic duct secretes
the pancreaticjuice into the small intestine
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Enzymesin SmallIntestine Digestion

= Enzymes arerequired to carryout the hydrolysis reactions required to digestlarge insoluble
macromolecules into small, soluble,monomers
= The enzymes found inpancreatic juice include:
= Amylase - forthe partial digestionof starchinto maltose
= Lipase -fordigestionoftriglycerides into fattyacids and glycerol/monoglycerides
= Phospholipase -fordigestionof phospholipidsinto fattyacids, glyceroland phosphate
= Protease -forthe partialdigestionof proteins and polypeptidesinto shorterpeptides

= Aswellas those enzymes found in pancreatic juices,enzymes are also produced inthe walls of
the smallintestine
= These enzymes break the products of pancreatic enzyme digestiondowninto
monomers,e.g.

Nucleases break downnucleic acids
Lactase digestslactose

Sucrase digests sucrose

Maltase digests maltose
Dipeptidase digests dipeptides

= Some enzymes are secreted from the epithelial cells into the intestinal lumen with partially
digested food
= Otherenzymes e.g.maltase, areimmobilised and are attached to the membrane of the
epithelial cells where theydigest substrate molecules as the food is forced through the
smallintestine
= These enzymes are examples of integral proteins

= Some substances thatwe consume,suchas cellulose, mayremainundigested as humans are
unable to produce the enzymes required

Image showing maltase enzyme attached to the cell-surface membrane of an epithelial cell

Enzymes of the Digestive SystemTable
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Small Intestine Digestion
Digestion of proteins

= Pancreaticjuice contains endopeptidases and exopeptidases
= Endopeptidases hydrolyse peptide bonds within polypeptide chains to produce
dipeptides
= Exopeptidases hydrolyse peptide bonds at the ends of polypeptide chains to produce
dipeptides

= |astly,there are dipeptidase enzymes found withinthe cell surface membrane of the epithelial
cellsinthe smallintestine.These enzymes hydrolyse dipeptides into amino acids which are
released into the cytoplasmof the cell

Image showing the digestion of protein by several enzymes
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Image showing dipeptidase inside the cell-surface membrane of an epithelial cell

Emulsificationof lipids

= Whenfattyliquid arrives inthe smallintestine bile (containing bile salts), whichhas beenmade in
the liverand stored inthe gallbladder,is secreted
= The bile salts bind to the fattyliquid and break the fattydroplets into smallerones via
emulsification
= Emulsificationhelps to increase the surface areaof the fattydroplets foractionof
digestive enzymes

Digestion of lipids

= Thedigestionoflipids takes place solelyinthe lumenof the smallintestine
= |lipase enzymes break downlipids to glyceroland fatty acids
= Lipidscanalso be brokendowninto monoglycerides and fatty acids

= |lipase enzymes are produced inthe pancreas and secreted into the smallintestine
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Image showing the digestion of lipids by lipase enzymes in the lumen of the gut.
Digestion of starch

= Starchisamacromolecule made up of manya-glucose molecules bonded togetherin
condensationreactions
= There are two maintypes of starch
= Amylose -anunbranched molecule containing [popoverid="tpMGiuKDIISd8vkG" label="1,4
glycosidic bonds" only]
= Amylopectin-abranched molecule with1,4 and 1,6 glycosidic bonds

= Thedigestionofstarchbeginsinthe mouthand the smallintestine withthe enzyme amylase

= Amylaseis acarbohydrase thatis made inthe salivaryglands, the pancreas and the small
intestine

= |thydrolysesthe 1,4 glycosidic bonds found inbothamylose and amylopectin

= Amylase actionbreaks starchdowninto maltose

= Amylaseis unable to digestthe 1,6 bonds found inamylopectin;as aresult,short strands of
amylopectin(containing these bonds) are produced.These short strands are called
dextrins.

= Thenextstage of starchdigestioninvolves enzymes immobilised inthe membranes of the
microvillie.g.
= Maltase - adisaccharidase which hydrolyses maltoseinto glucose
= Dextrinase - digests the 1,6 glycosidic bonds found indextrins
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= Afterdigestion,the monosaccharides canbe absorbed into epithelial cells of the smallintestine
which pass theminto the blood stream
= Glucoseis absorbed byco-transport withsodiumions into the epitheliumcells
= |tthenmoves byfacilitated diffusioninto the spaces betweenvillus cells, before entering
the villus capillaries

= Note that the lining of the smallintestineis folded and there are microvillipresent.This increases
the surface areaforproteins suchas membrane-bound disaccharidases and co-transporters

Image showing the digestion of starch by enzymes. Amylase is a carbohydrase enzyme and maltaseis a
disaccharidase enzyme.

Digestion of nucleic acids

= Nucleases are enzymes whichbreak down DNA and RNA into nucleotides
= Theybreakthe phosphodiesterbonds betweenthe nucleotide bases
= Thesecanthenbe absorbed into the blood

The productsof digestion
= The products of digestiontravelviathe hepatic portal veininto the liver

= Theliverabsorbs excess glucose and storesitas glycogen

= Glycogenhas asimilarbranched structure to amylopectinbutis more branched due to
having a higherproportionof 1,6 glycosidic bonds
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6.1.2Villi & Absorption

Villi: Increasing the Surface Area

= Theileum(the second sectionofthe smallintestine)is adapted forabsorption
= |tisverylong
= |thas ahighly folded surface
= |thas millions of villi(singular villus)
= Fingerlike projections ontheinternalintestinal walls

= The epitheliumofeachvillusis covered in microvilli
= Foldings of the cell surface membrane of the epithelial cells

= Allofthese features significantlyincrease the surface areaof the ileum, allowing absorptionto
take place faster

A villus is covered in microvilli which provide a huge surface area to maximise absorption in the small
intestine
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Villi: Absorption

= Absorptiontakes placeintheileum

= Absorptionis the movement of digested food molecules, vitamins and mineralions fromthe
digestive systeminto the blood and lymph

= Thisincludes the followingproducts of digestion:

Simple monosaccharides e.g.glucose, fructose,galactose
Amino acids

Fatty acids, monoglycerides and glycerol

Nucleotide bases

= And the followingadditional substances:

Mineralions e.g.calcium,potassium,sodium
Vitamins e.g.vitamin C

= Wateris absorbed inboth the smallintestine and the colon,but most absorptionof water
occursinthe smallintestine

Absorption of unwanted substances

= The epitheliumprovides abarrierto preventabsorptionof some harmful substances
= However,some unwanted substances canstill passinto the blood. Thisincludes:

Some harmless chemicals found infood colourings and flavours;these are removed by the
kidney and lostinthe urine

Smallnumbers of bacteria -these are engulfed and digested by phagocytesinthe blood

Some otherharmfulsubstances - these are removed fromthe blood and brokendown by
the liver
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Dialysis Tubing Experiment

Investigating the absorption of the productsof digestionusing dialysistubing

Dialysis tubing (sometimes referred to as Visking tubing) is anon-living, partially permeable
membrane made fromcellulose

Itis sometimes used to modelthe process of digestionand absorptionthat occursinthe small
intestine

Poresinthe membrane are smallenough to prevent the passage of large molecules (such as
starchand sucrose)but allow smaller molecules (such as glucose) to pass through by diffusion

Dialysis tubing can be used to model the epithelium of the small intestine

Method

Fillasection of dialysis tubing (tube 1) with a mixture of:
= 1ml1% amylase solution
= 10ml1% starchsolution

Tie up the tubing tightly with a piece of thread
Suspend the tubinginabeakerofwaterforasetperiod of time at40°C
Take samples fromthe liquid outside the dialysis tubing at regularintervals and test for the
presence of starchand glucose
= Jodineisusedto testforthe presence of starch.Ablue-blackcolouris producedinthe
presence of starch
= Benedict'sreagentisusedto testforthe presence of glucose.Anorange-red precipitate
isformed inthe presence of glucose whenBenedict's solutionis added and the solutionis
heated to 90°C orabove

Repeat the same method inasecond dialysis tube (tube 2) with a mixture of:
= Imldistilled water
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= 10ml1% starchsolution
Results

= Tubel:

= The amylase presentinside the dialysis tube breaks downstarchinto glucose
= Overtime the concentrationof glucoseinthe liquid outside the dialysis tube should
increase as more starchis digested
= Glucoseis smallenoughto diffuse across the partiallypermeable membrane

= The amount of precipitate produced fromthe Benedict's reagent test willincrease over
time

= No starchshould be found inthe liquid outside the dialysis tubing

= Starchmolecules are too large to diffuse across the partially permeable membrane
= Theiodine testwillbe negative

= Tube2:
= Without amylase present, the starchis not brokendowninto glucose

= Theglucosetestsdone onthe wateroutside the dialysis tube show no glucose is present
as no precipitateis formed

= Starchmolecules are too large to diffuse across the partially permeable membrane, so the
iodine test willbe negative

Limitations

= Thistestis qualitative,so does notshow therate of enzyme activity
= Therate of digestioncanbe investigated quantitatively byusing the semi-quantitative
Benedict's test
= Comparisons canbe made at time intervals usingasetof colourstandards (known
glucose concentrations) oracolorimeter to give a quantitative set of results
= Agraphcould be drawnshowinghow the rate of diffusion changes with the
concentration gradient betweenthe inside and outside of the tubing

Otherinvestigationsusing dialysistubing

= Dialysis tubingcanalso be used to investigate otherfeatures of digestionsuchas
= Theeffects of differentfactors ontherate of digestive enzyme activity
= |nvestigatingthe effectofpH

= Eg.multiple dialysis tubings are set up containing solutions of starch and amylase
kept atdifferent pHlevels usingbuffersolutions

= |nvestigatingthe effectoftemperature
= Eg.multiple dialysis tubings are set upinwaterbaths of different temperatures

= The effectof membrane permeability onabsorption
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= E.g.usingcolato showhowsome smallerparticles (glucose) candiffuse throughthe
partiallypermeable membrane whilstlargermolecules (food colouring) cannot

Using Models to Represent Real Life

NOS: Use modelsasrepresentationsof thereal world; dialysistubing canbe used to
modelabsorptionintheintestine

= Models are oftenused to studyliving systems whichmaybe too complicated to observein

realityand achieve meaningful results
= There maybe too manyfactorsinfluencingasystematanyone time

= Scientists mayhave access to specialistequipment that enables themto carryout computer
based models e.g.the Dynamic Gastric Model,used to analyse factors influencing digestion
= |tisalso possibleto modelsome systems usingmuch simplerequipment, such as the dialysis
tubingmodelfromthe experiment above
= The dialysis tubingmembrane is used to represent the membrane of the smallintestine:
= [tisanaccurate modelbecause bothare partially permeable so smallerparticles can
pass through the membrane whilst larger particles cannot;the membrane therefore
allows the passive movement of solutes indiffusion,and watermolecules inosmosis
= However, the smallintestine has amuchlarger surface areadue to the presence of villi
= Additionally, dialysis tubingis limited in the processes it can mirrorand cannot show
active transport

= Distilled wateris usedtorepresentblood:
= Thisisagood modelbecause bothhave aninitiallylow solute concentration
= However, the distilled waterdoes not flowinthe same wayas blood and so does not
maintainthe concentrationgradient as blood does
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6.1.3 Absorption

Methods of Absorption

= Digestionbreaks downfood into smaller,soluble molecules
= These products of digestionthenpass fromthe lumenof theintestine into the blood
= Theypass through the microvilliof the cell surface membrane and into the epitheliumcells
= Thentheymove throughthe cell surface membrane that separates the epitheliumcells from
the blood;into the blood capillaries and lacteal (lymph vessels within the villus)

= Differentmechanisms are required inthe process of absorptionincluding diffusion, active
transport,exocytosis,and facilitated diffusion
= Amino acids and monosaccharides bothuse facilitated diffusion, active transport and co -
transport proteinsinorderto move across the epithelial membrane
= Lipids are absorbed inadifferent wayusingsimple diffusion, facilitated diffusionand
exocytosis

Absorptionof amino acids

= Specific amino acid co-transport proteins (atype of carrierprotein) are found withinthe cell-
surface membrane of the epithelial cells lining the ileum
= Theytransportamino acids onlywhen there are sodiumions present
= Foreverysodiumionthatis transportedinto the cell,anamino acid is also transported in
= This occurs viafacilitated diffusion, whichrequires the movement of molecules downtheir
concentrationgradient

= Amino acids diffuse across the epithelial celland then pass into the capillaries via facilitated
diffusion

= The concentrationgradient of sodiumions fromthe lumenoftheileuminto the epithelial cellis
maintained by the active transport of sodiumions out of the celland into the blood viaa
sodium-potassiumpump at the capillaryend of the cell
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The co-transport of sodium ions and amino acids in the ileum. Both facilitated diffusion and active
transport are involved in the process.

Absorptionof monosaccharides

= Glucoseis polarso cannotpassinto the blood bydiffusion
= Theglucose carrier proteinsinthe cell-surface membrane of the smallintestine workinasimilar
wayto the amino acid carrierproteins
= Sodiumions and glucose molecules are co-transported into the epithelial cells via
facilitated diffusion
= Thisis apassive process but depends onthe concentrationgradient of sodiumions
fromthe lumenof theileuminto the epithelial cell
= The gradientis maintained bythe active transport of sodiumions out of the celland into
the blood viaasodium-potassiumpump at the capillaryend of the cell

= The glucose molecules diffuse across the epithelial cell and enterthe capillary by facilitated
diffusionthroughaglucose channel protein
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The co-transport of sodiumions and glucose in the small intestine. Both facilitated diffusion and active
transport are involvedin the process.

Absorption of lipids

= The products of lipid digestionare fatty acids, monoglycerides, and glycerol
= Absorptionof these products is different from the absorption of monosaccharides and amino
acids
= Fatty acids and monoglycerides canenterthe epithelial cell by simple diffusion
= Theyare non-polarmolecules so theycandiffuse through the phospholipid bilayerof the cell
surface membrane

= Fattyacids also move by facilitated diffusionthrough fattyacid transport proteins

= Inside the epithelial cell, fatty acid chains recombine withmonoglycerides orglycerolto form
triglycerides, which are unable to diffuse backinto the lumen

= The triglycerides are packaged up withcholesteroland encased inphospholipids and proteins
to formlipoproteins

= Thesedroplets thenenterthelacteal orcapillaries viaexocytosis
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Lipids are absorbed in the small intestine through a combination of simple diffusion, facilitated diffusion
and exocytosis

6.1.4 Skills: Digestion & Absorption

Digestive System Diagram
Human Digestive System

= The humandigestive systemincludes the following:
= Glands - the salivaryglands, and glands in the pancreas that produce digestive juices
= The stomachand smallintestine - the sites of digestion
= Theliver - produces bile
= Smallintestine - the site of absorptionof the products of digestion
= Largeintestine - the site of waterabsorption

Tipsfordrawing anannotated digestive systemdiagram

= Asimple annotated diagramshould include some clearfeatures:
= Thejunctions betweeneachsectionshould be obvious and unobstructed orcovered by
otherparts of yourdrawing, this includes the followingjunctions:
= Betweenthe stomachand oesophagus
= Betweenthe stomachand smallintestine
= Betweenthe pancreas,smallintestine and gallbladder

= The shapes oforgans should be approximatelytrue to forme.g.the stomachshould be aj-
shaped sac

= Thelivershould be the largest organrepresented and located to the left of the stomach

= The diameter of the smallintestine needs to be obviously smaller than the diameter of the

large intestine
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A diagram of the key components of the human digestive system

O ExamTip

Draw yourdiagrams usingadark penorpencilto ensure that allcomponents are clear(remember

that your paperwill be scanned formarking, so yourdrawing willneed to show up clearly after
scanning).
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Smallintestine: Identifying Tissue Layers

= Thewallof the smallintestine is made up of severallayers including the following:

Serosa-anoutercoatwhichincludes amembrane and connective tissue

Muscle layer - includinglongitudinal muscle tissue in the outermost layerwith alayerof
circularmuscle tissue ontheinside

Sub-mucosa-connective tissue containing blood and lymph vessels
Mucosa-theliningofthe smallintestine,composed of epitheliumwhichis folded to form
the villi

The layers of tissue in the wall of the small intestine
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The layers of tissue in the wall of the small intestine as viewed undera microscope. Seeninboth
longitudinal section and cross section
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