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6.1.1 Digestion

Introduction to Digestion

The digestive system is an example o f an o rgan system in which several o rgans wo rk to gether to

digest and abso rb fo o d

Digestio n is a pro cess in which relatively large, inso luble mo lecules  in fo o d (such as starch and

pro teins) are bro ken do wn into  smaller, so luble mo lecules  that can be abso rbed into  the

blo o dstream and delivered to  cells in the bo dy

These small, so luble mo lecules (such as gluco se  and amino  acids) are used either to  release

energy  (via respiratio n) to  the cells, o r to  pro vide cells with materials with which they can build

o ther mo lecules to  gro w, repair and f unctio n

The human digestive system is made up o f the o rgans that fo rm the alimentary canal, and

accesso ry o rgans

The alimentary canal is the channel o r passage thro ugh which fo o d �o ws thro ugh the bo dy,

starting at the mo uth and ending at the anus

Digestio n o ccurs within the alimentary canal

Accesso ry o rgans pro duce substances that are needed fo r digestio n to  o ccur (such as

enz ymes  and bile) but fo o d do es no t pass directly thro ugh these o rgans
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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

Peristalsis is  series o f  muscle co ntractio ns in the walls o f  the o eso phagus o r small intestine

that pass like a wave  alo ng the alimentary canal

This wave fo rces the bo lus o f fo o d alo ng the alimentary canal

These co ntractio ns are co ntro lled unco nscio usly by the auto no mic nervo us system

Peristalsis is co ntro lled by circular and lo ngitudinal muscles

These muscles are smo o th muscle (no t striated)

Circular muscles  co ntract to  reduce the diameter o f the lumen o f the o eso phagus o r small

intestine

This prevents the f o o d mo ving backwards  to wards the mo uth

Lo ngitudinal muscles  co ntract to  reduce the length o f that sectio n the o eso phagus o r the

small intestine

This f o rces the f o o d f o rwards  thro ugh the alimentary canal

Once the bo lus has reached the sto mach, it is churned into  a less so lid fo rm, called chyme, which

co ntinues o n to  the small intestine

Mucus  is pro duced to  co ntinually lubricate  the fo o d mass and reduce frictio n

In the small intestine  peristalsis is slo w co mpared to  the peristalsis that o ccurs in the

o eso phagus. It also  aids digestio n by churning up the fo o d with enz ymes as it pushes it alo ng the

gut

Circular and longitudinal muscles in the alimentary canal contract rhythmically to move the bolus along in

a wave-like action
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Pancreatic Juices

The pancreas is a gland made up o f two  types o f tissue

The �rst type o f tissue secretes the ho rmo nes insulin and glucago n into  the blo o d

The seco nd type o f tissue synthesises  and secretes digestive enz ymes into  the lumen o f

the small intestine

Enz ymes are synthesised o n the ribo so mes  o f the ro ugh endo plasmic reticulum. They

are then pro cessed within the Go lgi apparatus befo re being secreted by exo cyto sis into

the lumen o f the small intestine

Secretio n o f pancreatic enz ymes is stimulated by the release o f ho rmo nes  into  the sto mach and

intestines in respo nse to  ingestio n o f fo o d

This is an auto matic respo nse o f the auto no mic nervo us system

The enz ymes f o und in pancreatic juice  include amylase, lipase, pho spho lipase, and pro tease

enz ymes.

T he st ruct ure of  t he pancreas

Digestive enz ymes are pro duced in specialised gland cells which are kno wn as acinar cells

These cells are lo cated in clusters aro und the ends o f tubes called ducts

Ducts jo in to gether to  fo rm larger ducts and eventually, o ne pancreatic duct

This is where the pancreatic juices, co ntaining enz ymes, are secreted into  the duo denum o f

the small intestine
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Acinar cells synthesise and secrete pancreatic enzymes into the ducts and the pancreatic duct secretes

the pancreatic juice into the small intestine
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Enzymes in Small Intestine Digestion

Enz ymes are required to  carry o ut the hydro lysis  reactio ns required to  digest large inso luble

macro mo lecules into  small, so luble, mo no mers

The enz ymes f o und in pancreatic juice  include:

Amylase  - fo r the partial digestio n o f starch into  malto se

Lipase  - fo r digestio n o f triglycerides into  fatty acids and glycero l/mo no glycerides

Pho spho lipase - fo r digestio n o f pho spho lipids into  fatty acids, glycero l and pho sphate

Pro tease  - fo r the partial digestio n o f pro teins and po lypeptides into  sho rter peptides

As well as tho se enz ymes fo und in pancreatic juices, enz ymes are also  pro duced in the walls o f

the small intestine

These enz ymes break the pro ducts o f pancreatic enz yme digestio n do wn into

mo no mers, e.g.

Nucleases break do wn nucleic acids

Lactase digests lacto se

Sucrase digests sucro se

Maltase digests malto se

Dipeptidase digests dipeptides

So me enz ymes are secreted fro m the epithelial cells  into  the intestinal lumen with partially

digested fo o d

Other enz ymes e.g. maltase, are immo bilised and are attached to  the membrane  o f the

epithelial cells where they digest substrate mo lecules as the fo o d is fo rced thro ugh the

small intestine

These enz ymes are examples o f integral pro teins

So me substances that we co nsume, such as cellulo se, may remain undigested  as humans are

unable to  pro duce the enz ymes required

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

Enz ymes o f  the Digestive System Table
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Small Intestine Digestion

Digest ion of  prot eins

Pancreatic juice  co ntains endo peptidases and exo peptidases

Endo peptidases hydro lyse peptide bo nds within po lypeptide chains to  pro duce

dipeptides

Exo peptidases hydro lyse peptide bo nds at the ends  o f po lypeptide chains to  pro duce

dipeptides

Lastly, there are dipeptidase  enz ymes fo und within the cell surface membrane o f the epithelial

cells in the small intestine. These enz ymes hydro lyse dipeptides into  amino  acids  which are

released into  the cyto plasm o f 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

Em ulsi�cat ion of  lipids

When fatty liquid arrives in the small intestine bile  (co ntaining bile salts), which has been made in

the liver and sto red in the gallbladder, is secreted

The bile salts bind to  the fatty liquid and break the fatty dro plets into  smaller o nes via

emulsi�catio n

Emulsi�catio n helps to  increase the surf ace area o f the fatty dro plets fo r actio n o f

digestive enz ymes

Dig est ion of  lipids

The digestio n o f lipids takes place so lely in the lumen o f  the small intestine

Lipase enz ymes break do wn lipids to  glycero l and f atty acids

Lipids can also  be bro ken do wn into  mo no glycerides and f atty acids

Lipase enz ymes are pro duced in the pancreas  and secreted into  the small intestine 
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Image showing the digestion of lipids by lipase enzymes in the lumen of the gut.

Digest ion of  st arch

Starch is a macro mo lecule made up o f many α-gluco se  mo lecules bo nded to gether in

co ndensatio n reactio ns

There are two  main types o f starch

Amylo se - an unbranched mo lecule co ntaining [po po ver id="tpMGiuKDIISd8vkG" label="1,4

glyco sidic bo nds" o nly]

Amylo pectin - a branched mo lecule with 1,4 and 1,6 glyco sidic bo nds

The digestio n o f starch begins in the mo uth and the small intestine with the enz yme amylase

Amylase  is a carbo hydrase that is made in the salivary glands, the pancreas and the small

intestine

It hydro lyses  the 1,4  glyco sidic bo nds  fo und in bo th amylo se and amylo pectin

Amylase actio n breaks starch do wn into  malto se 

Amylase is unable  to  digest the 1,6 bo nds  fo und in amylo pectin; as a result, sho rt strands o f

amylo pectin (co ntaining these bo nds) are pro duced. These sho rt strands are called

dextrins.

The next stage o f starch digestio n invo lves enz ymes immo bilised  in the membranes o f  the

micro villi e.g.

Maltase  - a disaccharidase which hydro lyses malto se into  gluco se

Dextrinase - digests the 1,6 glyco sidic bo nds fo und in dextrins
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After digestio n, the mo no saccharides can be abso rbed into  epithelial cells o f the small intestine

which pass them into  the blo o d stream

Gluco se is abso rbed by co -transpo rt  with so dium io ns  into  the epithelium cells

It then mo ves by f acilitated di�usio n into  the spaces between villus cells, befo re entering

the villus capillaries

No te that the lining o f the small intestine is fo lded and there are micro villi present. This increases

the surface area fo r pro teins such as membrane-bo und disaccharidases and co -transpo rters

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

disaccharidase enzyme.

Digest ion of  nucleic acids

Nucleases  are enz ymes which break do wn DNA and RNA into  nucleo tides

They break the pho spho diester bo nds  between the nucleo tide bases

These can then be abso rbed  into  the blo o d

T he product s of  digest ion

The pro ducts o f digestio n travel via the hepatic po rtal vein into  the liver

The liver abso rbs excess gluco se  and sto res it as glyco gen

Glyco gen has a similar branched structure to  amylo pectin but is mo re branched  due to

having a higher pro po rtio n o f 1,6 glyco sidic bo nds
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6.1.2 Villi & Absorption

Villi: Increasing the Surface Area

The ileum (the seco nd sectio n o f the small intestine) is adapted fo r abso rptio n

It is very lo ng

It has a highly f o lded surf ace 

It has millio ns o f  villi (singular villus)

Finger like pro jectio ns o n the internal intestinal walls

The epithelium o f each villus is co vered in micro villi

Fo ldings o f the cell surface membrane o f the epithelial cells

All o f these features signi�cantly increase the surf ace area o f the ileum, allo wing abso rptio n to

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

Abso rptio n takes place in the ileum

Abso rptio n is the mo vement o f  digested f o o d mo lecules, vitamins and mineral io ns f ro m the

digestive system into  the blo o d and lymph

This includes the fo llo wing pro ducts o f  digestio n:

Simple mo no saccharides e.g. gluco se, fructo se, galacto se

Amino  acids

Fatty acids, mo no glycerides and glycero l

Nucleo tide bases

And the fo llo wing additio nal substances:

Mineral io ns e.g. calcium, po tassium, so dium

Vitamins e.g. vitamin C

Water is abso rbed in bo th the small intestine  and the co lo n, but mo st abso rptio n o f  water

o ccurs in the small intestine

Absorpt ion of  unwant ed subst ances

The epithelium pro vides a barrier to  prevent abso rptio n o f so me harmful substances

Ho wever, so me unwanted substances  can still pass into  the blo o d. This includes:

So me harmless chemicals  fo und in fo o d co lo urings and �avo urs; these are remo ved by the

kidney  and lo st in the urine

Small numbers o f bacteria - these are engulf ed  and digested by phago cytes  in the blo o d

So me o ther harmf ul substances - these are remo ved fro m the blo o d and bro ken do wn by

the liver
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Dialysis Tubing Experiment

Invest igat ing t he absorpt ion of  t he product s of  digest ion using dialysis t ubing

Dialysis tubing (so metimes referred to  as Visking tubing) is a no n-living, partially permeable

membrane made fro m cellulo se

It is so metimes used to  mo del the pro cess o f digestio n and abso rptio n that o ccurs in the small

intestine

Po res in the membrane are small eno ugh to  prevent the passage o f  large mo lecules  (such as

starch and sucro se) but allo w smaller mo lecules  (such as gluco se) to  pass thro ugh by di�usio n

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

Met hod

Fill a sectio n o f dialysis tubing (tube 1) with a mixture o f:

1 ml 1%  amylase so lutio n

10 ml 1%  starch so lutio n

Tie up the tubing tightly with a piece o f thread

Suspend the tubing in a beaker o f water fo r a set perio d o f time at 40°C

Take samples fro m the liquid o utside the dialysis tubing at regular intervals and test f o r the

presence o f  starch and  gluco se

Io dine  is used to  test fo r the presence o f starch. A blue-black co lo ur is pro duced in the

presence o f starch

Benedict's reagent is used to  test fo r the presence o f gluco se. An o range-red precipitate

is fo rmed in the presence o f gluco se when Benedict's so lutio n is added and the so lutio n is

heated to  90°C o r abo ve

Repeat  the same metho d in a seco nd dialysis tube (tube 2) with a mixture o f:

1 ml distilled water
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10 ml 1%  starch so lutio n

Result s

T ube 1:

The amylase  present inside the dialysis tube breaks do wn starch into  gluco se

Over time the co ncentratio n o f  gluco se  in the liquid o utside the dialysis tube sho uld

increase  as mo re starch is digested

Gluco se is small eno ugh to  di�use acro ss  the partially permeable membrane

The amo unt o f precipitate pro duced fro m the Benedict's reagent test will increase o ver

time

No  starch sho uld be fo und in the liquid o utside the dialysis tubing

Starch mo lecules are to o  large to  di�use acro ss  the partially permeable membrane

The io dine test will be negative

T ube 2:

Witho ut amylase present, the starch is no t bro ken do wn into  gluco se

The gluco se tests do ne o n the water o utside the dialysis tube sho w no  gluco se is present

as no  precipitate  is fo rmed

Starch mo lecules are to o  large to  di�use acro ss  the partially permeable membrane, so  the

io dine test will be negative

Lim it at ions

This test is qualitative, so  do es no t sho w the rate o f enz yme activity

The rate o f digestio n can be investigated quantitatively  by using the semi-quantitative

Benedict’s test

Co mpariso ns can be made at time intervals using a set o f co lo ur standards (kno wn

gluco se co ncentratio ns) o r a co lo rimeter to  give a quantitative set o f results

A graph co uld be drawn sho wing ho w the rate o f di�usio n changes with the

co ncentratio n gradient between the inside and o utside o f the tubing

Ot her invest igat ions using dialysis t ubing

Dialysis tubing can also  be used to  investigate o ther features o f digestio n such as

The e�ects o f di�erent f acto rs  o n the rate o f digestive enz yme activity

Investigating the e�ect o f pH

Eg. multiple dialysis tubings are set up co ntaining so lutio ns o f starch and amylase

kept at di�erent pH levels using bu�er so lutio ns

Investigating the e�ect o f temperature

Eg. multiple dialysis tubings are set up in water baths o f di�erent temperatures

The e�ect o f membrane permeability o n abso rptio n
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E.g. using co la to  sho w ho w so me smaller particles (gluco se) can di�use thro ugh the

partially permeable membrane whilst larger mo lecules (fo o d co lo uring) canno t

Using Models to Represent Real Life

NOS: Use models as represent at ions of  t he real world; dialysis t ubing can be used t o
model absorpt ion in t he int est ine

Mo dels are o ften used to  study living systems  which may be to o  co mplicated  to  o bserve in

reality and achieve meaningful results

There may be to o  many facto rs in�uencing a system at any o ne time

Scientists may have access to  specialist equipment that enables them to  carry o ut co mputer

based mo dels e.g. the Dynamic Gastric Mo del, used to  analyse facto rs in�uencing digestio n

It is also  po ssible to  mo del so me systems using much simpler equipment , such as the dialysis

tubing mo del fro m the experiment abo ve

The dialysis tubing membrane  is used to  represent the membrane o f the small intestine:

It is an accurate mo del because bo th are partially permeable so  smaller particles can

pass thro ugh the membrane whilst larger particles canno t; the membrane therefo re

allo ws the passive mo vement o f so lutes in di�usio n, and water mo lecules in o smo sis

Ho wever, the small intestine has a much larger surf ace area due to  the presence o f villi

Additio nally, dialysis tubing is limited in the pro cesses it can mirro r and canno t sho w

active transpo rt 

Distilled water is used to  represent blo o d:

This is a go o d mo del because bo th have an initially lo w so lute co ncentratio n

Ho wever, the distilled water do es no t �o w in the same way as blo o d and so  do es no t

maintain the co ncentratio n gradient as blo o d do es
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6.1.3 Absorption

Methods of Absorption

Digestio n breaks do wn fo o d into  smaller, so luble mo lecules

These pro ducts o f digestio n then pass fro m the lumen o f the intestine into  the blo o d

They pass thro ugh the micro villi o f the cell surface membrane and into  the epithelium cells

Then they mo ve thro ugh the cell surface membrane that separates the epithelium cells fro m

the blo o d; into  the blo o d capillaries  and lacteal (lymph vessels within the villus)

Di�erent mechanisms are required in the pro cess o f abso rptio n including di�usio n, active

transpo rt, exo cyto sis, and f acilitated di�usio n

Amino  acids  and mo no saccharides  bo th use facilitated di�usio n, active transpo rt and co -

transpo rt pro teins in o rder to  mo ve acro ss the epithelial membrane

Lipids  are abso rbed in a di�erent way using simple di�usio n, facilitated di�usio n and

exo cyto sis

Absorpt ion of  am ino acids

Speci�c amino  acid co -transpo rt pro teins  (a type o f carrier pro tein) are fo und within the cell-

surface membrane o f the epithelial cells lining the ileum

They transpo rt amino  acids o nly when there are so dium io ns  present

Fo r every so dium io n that is transpo rted into  the cell, an amino  acid is also  transpo rted in

This o ccurs via f acilitated di�usio n, which requires the mo vement o f mo lecules do wn their

co ncentratio n gradient

Amino  acids di�use acro ss the epithelial cell and then pass into  the capillaries via f acilitated

di�usio n

The co ncentratio n gradient o f so dium io ns fro m the lumen o f the ileum into  the epithelial cell is

maintained by the active transpo rt o f  so dium io ns  o ut o f the cell and into  the blo o d via a

so dium-po tassium pump  at the capillary end o f the cell
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The co-transport of sodium ions and amino acids in the ileum. Both facilitated di�usion and active

transport are involved in the process.

Absorpt ion of  m onosaccharides

Gluco se is po lar so  canno t pass into  the blo o d by di�usio n

The gluco se carrier pro teins  in the cell-surface membrane o f the small intestine wo rk in a similar

way to  the amino  acid carrier pro teins

So dium io ns and gluco se mo lecules are co -transpo rted  into  the epithelial cells via

f acilitated di�usio n

This is a passive pro cess  but depends o n the co ncentratio n gradient  o f so dium io ns

fro m the lumen o f the ileum into  the epithelial cell

The gradient is maintained by the active transpo rt o f  so dium io ns  o ut o f the cell and into

the blo o d via a so dium-po tassium pump  at the capillary end o f the cell

The gluco se mo lecules di�use acro ss the epithelial cell and enter the capillary by f acilitated

di�usio n thro ugh a gluco se channel pro tein
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The co-transport of sodium ions and glucose in the small intestine. Both facilitated di�usion and active

transport are involved in the process.

Absorpt ion of  lipids

The pro ducts o f lipid digestio n are f atty acids, mo no glycerides, and  glycero l

Abso rptio n o f these pro ducts is  di�erent  fro m the abso rptio n o f mo no saccharides and amino

acids

Fatty acids and mo no glycerides can enter the epithelial cell by simple di�usio n

They are no n-po lar mo lecules so  they can di�use thro ugh the pho spho lipid bilayer o f the cell

surface membrane

Fatty acids also  mo ve by f acilitated di�usio n thro ugh fatty acid transpo rt pro teins

Inside the epithelial cell, f atty acid chains  reco mbine with mo no glycerides o r glycero l to  fo rm

triglycerides, which are unable to  di�use back into  the lumen

The triglycerides  are packaged up with cho lestero l and encased in pho spho lipids and pro teins

to  fo rm lipo pro teins

These dro plets then enter the lacteal o r capillaries via exo cyto sis
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Lipids are absorbed in the small intestine through a combination of simple di�usion, facilitated di�usion

and exocytosis

6.1.4 Skills: Digestion & Absorption

Digestive System Diagram

Human Digest ive Syst em

The human digestive system includes the fo llo wing:

Glands  - the salivary glands, and glands in the pancreas that pro duce digestive juices

The sto mach and small intestine  - the sites o f digestio n

The liver - pro duces bile

Small intestine  - the site o f abso rptio n o f the pro ducts o f digestio n

Large intestine  - the site o f water abso rptio n

T ips f or drawing an annot at ed digest ive syst em diagram

A simple anno tated diagram sho uld include so me clear features:

The junctio ns between each sectio n sho uld be o bvio us and uno bstructed  o r co vered by

o ther parts o f yo ur drawing, this includes the fo llo wing junctio ns:

Between the sto mach and o eso phagus

Between the sto mach and small intestine

Between the pancreas, small intestine and gall bladder

The shapes o f o rgans sho uld be appro ximately true to  f o rm e.g. the sto mach sho uld be a j-

shaped sac

The liver sho uld be the largest o rgan represented and lo cated to  the lef t o f  the sto mach

The diameter o f  the small intestine  needs to  be o bvio usly smaller than the diameter o f  the

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

Exam T ip

Draw yo ur diagrams using a dark pen o r pencil to  ensure that all co mpo nents are clear (remember

that yo ur paper will be scanned fo r marking, so  yo ur drawing will need to  sho w up clearly after

scanning).
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Small Intestine: Identifying Tissue Layers

The wall o f the small intestine is made up o f several layers including the fo llo wing:

Sero sa - an o uter co at which includes a membrane and co nnective tissue

Muscle layer - including lo ngitudinal muscle tissue in the o utermo st layer with a layer o f

circular muscle tissue o n the inside

Sub-muco sa - co nnective tissue co ntaining blo o d and lymph vessels

Muco sa - the lining o f the small intestine, co mpo sed o f epithelium which is fo lded to  fo rm

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 under a microscope. Seen in both

longitudinal section and cross section
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