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6.1.1Digestion V4

Your notes

Introduction to Digestion

= The digestive systemis an example of an organ systemin which several organs work together to digest
and absorb food
= Digestionis aprocessinwhichrelatively large, insoluble molecules in food (such as starch and
proteins) are broken downinto smaller, soluble molecules that can be absorbed into the bloodstream
and delivered to cellsin the body
= These small, soluble molecules (such as glucose and amino acids) are used eithertorelease energy
(viarespiration) to the cells, or to provide cells with materials with which they can build other molecules
to grow, repair and function
= The human digestive systemis made up of the organs that form the alimentary canal, and accessory
organs
= Thealimentary canalis the channel or passage through which food flows through the body,
starting at the mouth and ending at the anus
= Digestion occurs within the alimentary canal
= Accessory organs produce substances that are needed for digestion to occur (such as enzymes
and bile) but food does not pass directly through these 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

Peristalsis is series of muscle contractions in the walls of the oesophagus or small intestine that pass
like a wave along the alimentary canal

= Thiswave forces the bolus of food along the alimentary canal

= These contractions are controlled unconsciously by the autonomic nervous system

Peristalsis is controlled by circular and longitudinal muscles
These muscles are smooth muscle (not striated)
= Circular muscles contract to reduce the diameter of the lumen of the oesophagus or small
intestine
= This prevents the food moving backwards towards the mouth

= Longitudinal muscles contract to reduce the length of that section the oesophagus or the small
intestine

= This forces the food forwards through the alimentary canal

Once the bolus has reached the stomach, itis churnedinto aless solid form, called chyme, which
continues on to the smallintestine

Mucus is produced to continually lubricate the food mass and reduce friction
In the small intestine peristalsis is slow compared to the peristalsis that occurs in the oesophagus. It
also aids digestion by churning up the food with enzymes as it pushes it along the gut
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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 /

Your notes
= Thepancreasis agland made up of two types of tissue

= The first type of tissue secretes the hormones insulin and glucagon into the blood
= The second type of tissue synthesises and secretes digestive enzymes into the lumen of the small
intestine
= Enzymes are synthesised on the ribosomes of the rough endoplasmic reticulum. They are then
processed within the Golgi apparatus before being secreted by exocytosis into the lumen of
the smallintestine

= Secretion of pancreatic enzymes s stimulated by the release of hormones into the stomach and
intestinesinresponse to ingestion of food
= Thisis an automatic response of the autonomic nervous system

= The enzymes found in pancreatic juice include amylase, lipase, phospholipase, and protease
enzymes.

The structure of the pancreas

= Digestive enzymes are produced in specialised gland cells which are known as acinar cells
= Thesecellsarelocatedin clusters around the ends of tubes called ducts
= Ductsjointogetherto formlarger ducts and eventually, one pancreatic duct
= Thisis where the pancreatic juices, containing enzymes, are secreted into the duodenum of the
smallintestine

Page 6 of 28

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

BILE DUCT
FROM LIVER

s

Your notes

DUODENUM HORMONES SECRETED
OF THE SMALL: INTO THE BLOOD
INTESTINE e.g. INSULIN AND
GLUCAGON
PANCREATIC
DUCT
» PANCREAS
ISLETS OF LANGERHANS
*(PRODUCING HORMONES-
SMALL DUCT
MERGES INTO s GLUCAGON AND INSULIN)

LARGER DUCT ACINAR CELLS
-PRODUCE AND SECRETE

DIGESTIVE ENZYMES

° ACINAR CELL

DUCT T s Z - {-DIGESTIVE ENZYMES

1 ACINUS

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 /

Your notes

= Enzymes are required to carry out the hydrolysis reactions required to digest large insoluble
macromoleculesinto small, soluble, monomers
= The enzymes found in pancreatic juice include:
= Amylase - for the partial digestion of starch into maltose
= Lipase - fordigestion of triglycerides into fatty acids and glycerol/monoglycerides
= Phospholipase - for digestion of phospholipids into fatty acids, glycerol and phosphate
= Protease - for the partial digestion of proteins and polypeptidesinto shorter peptides

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

Nucleases break down nucleic 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, are immobilised and are attached to the membrane of the epithelial
cells where they digest substrate molecules as the food is forced through the smallintestine
= These enzymes are examples of integral proteins

= Some substances that we consume, such as cellulose, may remain undigested as humans are unable
to produce the enzymesrequired
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Image showing maltase enzyme attached to the cell-surface membrane of an epithelial cell

Enzymes of the Digestive System Table
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Substrate Product Enzymes involved
Starch Mal+tose Amylase
Triglycerides Fatty acids & glycerol Lipase

Or
Fatty acids & monoglycerides

Phospholipids

Fatty acids, glycerol
& phosphate

Phospholipase

Proteins Shorter polypeptides Protease

DNA and RNA Nucleotides Nucleases
Maltose Glucose Maltase
Lactose Glucose & galactose Lactase
Sucrose Glucose & fructose Sucrase
Peptides Dipeptide Exopeptidases
Dipeptides Amino acids Endopeptidases
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Small Intestine Digestion

Digestion of proteins

= Pancreatic juice 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 within the cell surface membrane of the epithelial cellsin
the smallintestine. These enzymes hydrolyse dipeptides into amino acids which are releasedinto the
cytoplasm of the cell

ﬂ INSIDE CELL-SURFACE ﬂ

LUMEN OF THE GUT MEMBRANES OF EPITHELIAL CELL

POLYPEPTIDES D AMINO ACIDS

ENDOPEPTIDASE EXOPEPT|IDASE DIPEPTIDASE

J J

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

Emulsification of lipids

= When fatty liquid arrives in the small intestine bile (containing bile salts), which has been made in the
liverand storedin the gallbladder, is secreted
= The bile salts bind to the fatty liquid and break the fatty droplets into smaller ones via emulsification
= Emulsification helps toincrease the surface area of the fatty droplets for action of digestive
enzymes

Digestion of lipids

= Thedigestion of lipids takes place solely in the lumen of the small intestine
= Lipase enzymes break down lipids to glycerol and fatty acids
= Lipids canalso be broken downinto monoglycerides and fatty acids

= Lipase enzymes are produced 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.

Digestion of starch

= Starchisamacromolecule made up of many a-glucose molecules bonded togetherin condensation
reactions
= There are two main types of starch
= Amylose - an unbranched molecule containing [popoverid="tpMGiuKDIISd8vkG" label="1,4
glycosidic bonds" only]
= Amylopectin - a branched molecule with 1,4 and 1,6 glycosidic bonds

= Thedigestion of starch begins in the mouth and the small intestine with the enzyme amylase
= Amylaseis a carbohydrase that is made in the salivary glands, the pancreas and the small intestine
= |thydrolyses the 1,4 glycosidic bonds found in both amylose and amylopectin
= Amylase action breaks starch down into maltose
= Amylaseisunable to digest the 1,6 bonds found in amylopectin; as a result, short strands of
amylopectin (containing these bonds) are produced. These short strands are called dextrins.

= The next stage of starch digestioninvolves enzymes immobilised in the membranes of the microvilli
e.g.
= Maltase - a disaccharidase which hydrolyses maltose into glucose
= Dextrinase - digests the 1,6 glycosidic bonds found in dextrins

= Afterdigestion, the monosaccharides canbe absorbed into epithelial cells of the smallintestine which
pass theminto the blood stream
= Glucoseis absorbed by co-transport with sodiumions into the epithelium cells
= |tthen moves by facilitated diffusion into the spaces between villus cells, before entering the villus
capillaries
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= Notethat thelining of the smallintestine is folded and there are microvilli present. This increases the /

surface area for proteins such as membrane-bound disaccharidases and co-transporters
Your notes
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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 which break down DNA and RNA into nucleotides
= They break the phosphodiester bonds between the nucleotide bases
= These canthenbe absorbedinto the blood

The products of digestion

= The products of digestion travel via the hepatic portal veininto the liver
= Theliverabsorbs excess glucose and storesit as glycogen
= Glycogen has a similarbranched structure to amylopectin but is more branched due to having a
higher proportion of 1,6 glycosidic bonds
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6.1.2 Villi & Absorption V4

Your notes

Villi: Increasing the Surface Area

= Theileumis adapted forabsorption
= |tisverylong
= |thas ahighly folded surface
= |thas millions of villi (singular villus)
= Fingerlike projections on the internal intestinal walls
= The epithelium of each villus is covered in microvilli
= Foldings of the cell surface membrane of the epithelial cells
= Allof these features significantly increase the surface area of the ileum, allowing absorption to take

place faster
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% CELL
) o
BLOOD 5 s
CAPILLARY o & 5
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ARTERIOLE 2 : SURFACE OF THE
- - g EPITHELIUM GIVE A
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A villus is covered in microvilli which provide a huge surface area to maximise absorption in the small /
intestine
Your notes

Villi: Absorption

= Absorption takes placeintheileum
= Absorptionis the movement of digested food molecules, vitamins and mineral ions from the
digestive systeminto the blood and lymph
= Thisincludes the following products of digestion:
= Simple monosaccharides e.g. glucose, fructose, galactose
= Amino acids
= Fatty acids, monoglycerides and glycerol
= Nucleotide bases

= Andthe following additional substances:
= Mineralions e.g. calcium, potassium, sodium
= Vitamins e.g.vitamin C

= Wateris absorbedinboth the smallintestine and the colon, but most absorption of water occursin
the smallintestine

Absorption of unwanted substances

= The epithelium provides a barrier to prevent absorption of some harmful substances
= However, some unwanted substances can still passinto the blood. Thisincludes:
= Some harmless chemicals found in food colourings and flavours; these are removed by the kidney
andlostinthe urine
= Smallnumbers of bacteria - these are engulfed and digested by phagocytes in the blood
= Some other harmful substances - these are removed from the blood and broken down by the liver

O Examiner Tip

There are three key parts to the small intestine, and whilst your syllabus does not specify you know any
of the termsitis agoodidea to be familiar with them.

Most oftenreferred to in exam questions are the duodenum and the ileum.

= The duodenumis the first part of the small intestine and connects to the stomach.

= Theileumisthelast part of the smallintestine and connects to the colon (the large intestine).
Not oftenreferred tois the middle section of the smallintestine, known as the jejunum. All three parts
areinvolvedin the digestion and absorption of nutrients.
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Dialysis Tubing Experiment /

L . S e . Your notes
Investigating the absorption of the products of digestion using dialysis tubing

= Dialysis tubing (sometimesreferred to as Visking tubing) is a non-living, partially permeable
membrane made from cellulose

= |tissometimesusedto model the process of digestion and absorption that occursin the small
intestine

= Poresinthe membrane are small enough to prevent the passage of large molecules (such as starch
and sucrose) but allow smaller molecules (such as glucose) to pass through by diffusion

e A
THREADS TIGHTLY DIALYSIS TUBING
TIED AT THE ) MEMBRANE
TWO ENDS N 4

STARCH AND
AMYLASE SOLUTION

| BEAKER

WATER ~——[DISTILLED WATER
AT 40C

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
= 10 ml1% starch solution

= Tieup the tubing tightly with a piece of thread
= Suspend the tubingin a beaker of waterforaset period of time at 40°C
= Take samples from the liquid outside the dialysis tubing at regularintervals and test for the presence of
starch and glucose
= lodineisusedto test forthe presence of starch. Ablue-black colouris producedin the presence
of starch
= Benedict'sreagentis usedto test forthe presence of glucose. An orange-red precipitate is
formedinthe presence of glucose when Benedict's solutionis added and the solutionis heated to
90°C orabove

= Repeatthe same methodin a second dialysis tube (tube 2) with a mixture of:
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= Imldistilled water
= 10 ml1% starch solution

Results

= Tubel:
= The amylase presentinside the dialysis tube breaks down starch into glucose
= Overtime the concentration of glucose in the liquid outside the dialysis tube shouldincrease as
more starchis digested
= Glucose is small enough to diffuse across the partially permeable membrane
= The amount of precipitate produced from the Benedict's reagent test willincrease over time

= No starch should be foundin the liquid outside the dialysis tubing
= Starchmolecules are too large to diffuse across the partially permeable membrane
= Theiodine test willbe negative

= Tube2:
= Without amylase present, the starch is not broken downinto glucose
= The glucose tests done on the water outside the dialysis tube show no glucose is present as no
precipitate is formed
= Starchmolecules are too large to diffuse across the partially permeable membrane, so the iodine
test willbe negative

Limitations

= This testis qualitative, so does not show the rate of enzyme activity
= Therate of digestion canbe investigated quantitatively by using the semi-quantitative Benedict’s
test
= Comparisons can be made at time intervals using a set of colour standards (known glucose
concentrations) or a colorimeter to give a quantitative set of results
= Agraphcould be drawn showing how the rate of diffusion changes with the concentration
gradient between the inside and outside of the tubing

Other investigations using dialysis tubing

= Dialysis tubing can also be used to investigate other features of digestion such as
= The effects of different factors on the rate of digestive enzyme activity
= |nvestigating the effect of pH
= Eg. multiple dialysis tubings are set up containing solutions of starch and amylase kept at
different pH levels using buffer solutions

= |nvestigating the effect of temperature
= Eg. multiple dialysis tubings are set up in water baths of different temperatures

= The effect of membrane permeability on absorption
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= E.g.using colatoshow how some smaller particles (glucose) can diffuse through the partially
permeable membrane whilst larger molecules (food colouring) cannot

Using Models to Represent Real Life

NOS: Use models as representations of the real world; dialysis tubing can be used to model
absorptioninthe intestine

= Models are often used to study living systems which may be too complicated to observe inreality and
achieve meaningful results
= There may be too many factorsinfluencing a system at any one time

= Scientists may have access to specialist equipment that enables them to carry out computer based
models e.g. the Dynamic Gastric Model, used to analyse factors influencing digestion
= |tisalsopossible to model some systems using much simpler equipment, such as the dialysis tubing
model from the experiment above
= The dialysis tubing membrane is used to represent the membrane of the smallintestine:
= |tisanaccurate modelbecause both are partially permeable so smaller particles can pass
through the membrane whilst larger particles cannot; the membrane therefore allows the
passive movement of solutes in diffusion, and water molecules in osmosis
= However, the smallintestine has amuch larger surface area due to the presence of villi
= Additionally, dialysis tubingis limited in the processes it can mirror and cannot show active
transport

= Distilled wateris used torepresent blood:
= Thisisa good modelbecause both have aninitially low solute concentration
= However, the distilled water does not flow in the same way as blood and so does not maintain
the concentration gradient as blood does

Page19 of 28

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

6.1.3 Absorption

Methods of Absorption

= Digestion breaks down foodinto smaller, soluble molecules
= These products of digestion then pass from the lumen of the intestine into the blood
= They pass through the microvilli of the cell surface membrane and into the epithelium cells
= Thenthey move through the cell surface membrane that separates the epithelium cells from the
blood;into the blood capillaries and lacteal (lymph vessels within the villus)

= Differentmechanisms are required in the process of absorption including diffusion, active transport,
exocytosis, and facilitated diffusion
=  Amino acids and monosaccharides both use facilitated diffusion, active transport and co-
transport proteins in order to move across the epithelialmembrane
= Lipids are absorbedin a different way using simple diffusion, facilitated diffusion and exocytosis

Absorption of amino acids

= Specific amino acid co-transport proteins (a type of carrier protein) are found within the cell-surface
membrane of the epithelial cells lining the ileum
= They transport amino acids only when there are sodiumions present
= Forevery sodiumion thatis transportedinto the cell, an amino acid is also transported in
= This occurs via facilitated diffusion, which requires the movement of molecules down their
concentration gradient

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

= The concentration gradient of sodiumions from the lumen of the ileuminto the epithelial cellis
maintained by the active transport of sodiumions out of the cell and into the blood via a sodium-
potassium pump at the capillary end 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.

Absorption of monosaccharides

= Glucoseis polarso cannot passinto the blood by diffusion
= The glucose carrier proteins in the cell-surface membrane of the smallintestine workin a similar way to
the amino acid carrier proteins
= Sodiumions and glucose molecules are co-transported into the epithelial cells via facilitated
diffusion
= Thisis a passive process but depends on the concentration gradient of sodiumions from the
lumen of theileum into the epithelial cell
= The gradientis maintained by the active transport of sodium ions out of the celland into the
blood via a sodium-potassium pump at the capillary end of the cell

= The glucose molecules diffuse across the epithelial cell and enter the capillary by facilitated
diffusion through a glucose channel protein
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The co-transport of sodium ions and glucose in the small intestine. Both facilitated diffusion and active
transport are involved in the process.

Absorption of lipids

= The products of lipid digestion are fatty acids, monoglycerides, and glycerol
= Absorption of these productsis different from the absorption of monosaccharides and amino acids
= Fatty acids and monoglycerides can enter the epithelial cell by simple diffusion
= They are non-polarmolecules so they can diffuse through the phospholipid bilayer of the cell
surface membrane

= Fatty acids also move by facilitated diffusion through fatty acid transport proteins

= |nside the epithelial cell, fatty acid chains recombine with monoglycerides or glycerol to form
triglycerides, which are unable to diffuse back into the lumen

= Thetriglycerides are packaged up with cholesterol and encased in phospholipids and proteins to
form lipoproteins

= Thesedroplets then enter the lacteal or capillaries via exocytosis
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FATTY ACIDS AND MONOGLYCERIDES Your notes
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:::::

Lipids are absorbed in the small intestine through a combination of simple diffusion, facilitated diffusion
and exocytosis
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6.1.4 Skills: Digestion & Absorption /

Your notes

Digestive System Diagram

Human Digestive System

= The human digestive systemincludes the following:

Glands - the salivary glands, and glands in the pancreas that produce digestive juices
The stomach and smallintestine - the sites of digestion

Theliver - produces bile

Smallintestine - the site of absorption of the products of digestion

Large intestine - the site of water absorption

Tips for drawing an annotated digestive system diagram

= Asimple annotated diagram should include some clear features:

The junctions between each section should be obvious and unobstructed or covered by other
parts of your drawing, thisincludes the following junctions:

= Betweenthe stomach and oesophagus

= Betweenthe stomach and smallintestine

= Betweenthe pancreas, smallintestine and gall bladder

The shapes of organs should be approximately true to form e.g. the stomach should be aj-shaped
sac

The liver should be the largest organrepresented and located to the left of the stomach
The diameter of the small intestine needs to be obviously smaller than the diameter of the large
intestine
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» OESOPHAGUS
Your notes
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A diagram of the key components of the human digestive system

©O Examiner Tip

Draw your diagrams using a dark pen or pencil to ensure that all components are clear (remember that
your paper will be scanned for marking, so your drawing will need to show up clearly after scanning).
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Small Intestine: Identifying Tissue Layers

= The wall of the smallintestine is made up of several layersincluding the following:

Serosa - an outer coat which includes amembrane and connective tissue

Muscle layer - including longitudinal muscle tissue in the outermost layer with a layer of circular
muscle tissue ontheinside

Sub-mucosa - connective tissue containing blood and lymph vessels

Mucosa - the lining of the smallintestine, composed of epithelium which is folded to form the villi

VILLUSB\ /EMICROVILU

MUCOSA

THE INTESTINAL

LINING INCLUDING
THE EPITHELIUM

% @0 SUB—MUCOSA
o0 <]
e 0 090555 8 CONTAINS BLOOD
CIRCULAR 0% 0022030 208 %°¢ 500 4035 "AND LYMPH
MUSCLE B8 VESSELS

LONGITUDINAL] ?M

MUSCLE co ® o g 00 © g o SEROSA

= ) AN OUTER
MUSCLE COAT

LAYER

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. Seenin both ,

longitudinal section and cross section
Your notes
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