IB Biology HL:  6.1 Digestion and absorption
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The pancreas secretes enzymes into the lumen of the small intestine.  Enzymes digest most macromolecules in food into monomers in the small intestine.

Most food is solid and in the form of large complex molecules which are insoluble and chemically inert (not readily usable)
· As food was synthesized by other organisms, it contains materials not suitable for human tissue - these need to be separated and removed
· Large molecules need to be broken down into smaller molecules that can be readily absorbed across membranes and into cells.  This process is hydrolysis.
· Small molecules can be reassembled into new products (e.g. amino acids can be reassembled to make new proteins).  This process is synthesis.
[image: image2.jpg]_ Digestion |

Insoluble Food Molecule Soluble Products




· Enzymes are biological catalysts which speed up the rate of a chemical reaction (e.g. digestion) by lowering the activation energy
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The contraction of circular and longitudinal muscle of the small intestine mixes the food with 

enzymes and moves it along the gut.

Therefore in the intestines the 

food is moved very slowly to allow 

time for digestion.

Peristalsis moves food through the alimentary canal

In the small intestine peristalsis 

also mixes food with enzymes and 

forces the products of digesiton

into contact with the wall of the 

intestine

1. Contraction of 

longitudinal 

muscle expand 

the lumen in 

front of the 

food giving it 

space to move 

into.

2. Contraction of 

circular muscles 

behind the food 

propels it 

forwards.

n.b. The contractions are controlled 

unconsciously by the enteric nervous system

http://www.austincc.edu/rfofi/NursingRvw/NursingPics/DigestivePics/Picture4.jpg

http://www.bbc.co.uk/schools/gcsebitesize/scie

nce/add_edexcel/common_systems/digestionre

v2.shtml


· Enzymes allow digestive processes to occur at body temperature and at sufficient speed to meet the organism's survival requirements
· Enzymes are specific for a given substrate and so can allow digestion of certain molecules to occur independently of others
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The pancreas synthesises the three main types of digestive enzyme:
· amylase to digest carbohydrates, e.g. starch

· lipases to digest lipids, e.g. triglycerides

· proteases to digest polypeptides

Pancreatic juice containing the enzymes is released into the upper region of the small intestine (duodenum) via the pancreatic duct 
The small intestine is where the final stages of digestion occur.  The wall of the small intestine produces a variety of other enzymes to complete digestion (nucleases, maltase, lactase, sucrose, proteases, etc.).  Some substances are not digested because humans lack the necessary enzyme (cellulose).
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Production of an annotated diagram of the digestive system.

 There are two major groups of organs that comprise the human digestive system:
· Alimentary Canal:  Contains organs through which the food actually passes (esophagus, stomach, small intestine, large intestine, etc.)
· Accessory Organs:  Organs that assist in digestion but no food passes through them (liver, pancreas, gall bladder, salivary glands, etc.)
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Mouth – mechanical digestion of food by chewing and mixing with saliva, which contains lubricants and enzymes that start starch digestion
Esophagus – movement of food by peristalsis from the mouth to the stomach
Stomach – food enters through esophagus, called a bolus.  Food moves through contractions called peristalsis.  The stomach is a temporary storage tank where protein digestion begins.
[image: image19.png]energy of molecules

normal reaction

activation
energy

enzyme-catalysed

reaction energy change

of reaction

substrate —————————— product
progress of reaction





Contains gastric glands which secrete digestive juices for chemical digestion.
Acids create a low pH environment (pH~1-2) that denatures proteins and kills pathogens in foods, while proteases like pepsin hydrolyze large proteins.
Releases a hormone (gastrin) that regulates stomach secretions
The mechanical action of the stomach (churning) promotes digestion by mixing the food
Food turns into a creamy paste called chyme
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Small Intestine
Final stages of digestion of lipids, carbohydrates, proteins 

and nucleic acids.  Stomach acid neutralized.

The pancreas and gall bladder (via the bile duct) both secrete 
substances into the small intestine to aid in digestion
The small intestine is lined with smooth muscle to allow mixing & 
moving of digested food via segmentation and peristalsis
Contains small pits (crypts of Lieberkuhn) that secrete intestinal 
juices.  Contain infoldings called villi, to increase surface area 
and optimize rate of absorption.
Usable food substances (e.g. nutrients) are absorbed into the 
bloodstream.  

Pancreas – secretion of lipase, amylase and protease
Liver – secretion of surfactants in bile to break up lipid droplets

Gall bladder – storage and regulated release of bile
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Together, these folds provide a huge surface area for absorption. Between the villi there are crypts, called crypts of Lieberkuhn, which extend down to the muscularis mucosae. These crypts are short glands.  An intestinal gland is located in the epithelial lining of the small intestine AND colon.  
Large Intestine
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Absorbs water and dissolved minerals from the indigestible
food residues.

Further digestion of carbohydrates by symbiotic bacteria.

Converts what remains from a fluid state into a semi-solid 
feces.  The feces is stored in the rectum and eliminated 
out of the anus.
Distinguish between absorption and assimilation:
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Absorption:  The movement of a fluid or dissolved substances across a membrane
Assimilation:  The conversion of nutrients into fluid or solid parts of an organism
Hint:  Absorption is taking it into something; assimilation is making it a part of something
Absorption occurs when food molecules pass through the intestinal epithelium of the villi and into the body tissues (including blood).   Assimilation occurs when the food molecules becomes part of the tissue. Therefore, absorption is followed by assimilation

Villi increase the surface area of epithelium over which absorption is carried out.  Villi absorb monomers formed by digestion as well as mineral ions and vitamins.
Microvilli:  Greatly increase the surface area of the villus, allowing for a greater rate of absorption
Rich capillary networks:  Help maintain a concentration gradient for absorption by rapidly transporting absorbed products away
Single epithelial layer:  Ensures minimal diffusion distance between the intestinal lumen and capillary network 
Lacteals:  Absorb lipids from the intestine into the lymphatic system (which are later reabsorbed back into normal circulation)
Intestinal crypts:  Located between villi and release juices that act as a carrier fluid for nutrients
Membrane proteins / mitochondria:  High amounts to enable active transport into cells (contents then passively diffuse into bloodstream)
Villus cells absorb the products of digestion of macromolecules in food:

· Monosaccharides

· Amino acids

· Fatty acids, monoglycerides and glycerol

· Nucleotide bases

Also absorb (not digested but present in food):

· Mineral ions

· Vitamins
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Villi increase the surface area of epithelium over which absorption is carried out.

Adaptations to Absorption

Getting digested food molecules into the 

blood from the lumen of the ileum. 

Single-cell layer of epithelial cells

Short path for diffusion.

Capillaries close to epithelium

Short path for diffusion, rich supply of blood. 

Lacteals (lymph vessels)

Allow for rapid absorption and transport of lipids. 

Rich blood supply

Maintains concentration gradients between 

lumen and blood. 

Many villi protrude into the lumen, greatly 

increasing the surface area for absorption. 

Images from: http://en.wikipedia.org/wiki/Intestinal_villi

Microvilli on the surface of 

each cell increase surface 

area even further. 
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Identification of tissue layers in transverse sections of the small intestine viewed with a microscope or in a micrograph.


[image: image14.emf]http://medcell.med.yale.edu/systems_cell_biology_old/gi/im

ages/small_intestine.jpg

http://www.cals.ncsu.edu/course/zo250/brush_border.gif

http://medcell.med.yale.edu/systems_cell_biology_old

/gi/images/ileum.jpg

http://medcell.med.yale.edu/systems_cell_biology_ol

d/gi/images/villus.jpg

Essential idea: The structure of the wall of the small 

intestine allows it to move, digest and absorb food.

6.1 Digestion and absorption

By Chris Paine

https://bioknowledgy.weebly.com/

1. Low power light microscope image: cross section 

of the ileum shows both the folded nature of the 

inner wall and the outer muscular layers helping to 

food along and increasing the surface area in 

contact with digested food.

2. Magnification increased: 

intricate folded nature of the 

walls becomes clear. 

3. Magnification increased further: an individual villus 

can be distinguished. The specialised cells are key in 

both the processes of digestion and absorption, e.g. 

goblet cells secrete enzymes into the lumen.

4. An electron micrograph at 

very higher magnification: the 

microvilli on the surface of a 

single villus can be seen, they 

further increase the surface area 

available for absorption.



[image: image15.emf]6.1.S2 

Identification of tissue layers in transverse sections of the small intestine viewed with a 

microscope or in a micrograph.

The small intestine contains four distinct tissue 

layers from the lumen

http://www.dartmouth.edu/~anatomy/Histo/lab_5/GI/DMS132/popup.html

Muscular layer

longitudinal

circular

Mucosa – inner lining, includes villi

Submucosa – connective tissue (between the 

mucosa and muscle)

Muscular layer –

inner circular and 

outer longitudinal 

muscle perform 

peristalsis

Serosa – protective 

outer layer

Epithelial cells –

single outer layer of 

cells on each villus 

(see 6.1.U4)


Different methods of membrane transport are required to absorb different nutrients.

	Method of transport 
	Nutrients 
	Outline 

	Simple diffusion 
	Lipids 
	Lipids are non-polar and therefore can pass freely through hydrophobic core of the plasma membrane into the epithelial cells (down the concentration gradient ) 

	Facilitated Diffusion
	Fructose, vitamins 
	Water-soluble (hydrophilic) molecules use channel proteins to pass phospholipid bilayerand enter the epithelial cells (down the concentration gradient) 

	Active Transport
	Glucose, amino acids and mineral ions 
	Protein pumps use ATP to move molecules against the concentration gradient into the epithelial cells 

	Endocytosis (Pinocytosis) 
	Antibodies from breast milk 
	The plasma membrane folds inward to form vesicles to absorb larger molecules without digesting them 



[image: image16.emf]6.1.A1 Processes occurring in the small intestine that result in the digestion of starch and transport of the 

products of digestion to the liver.

http://etravelweek.com/hmattachments/1_200907180843167cXQr.gif

Starch consists of amylose (by 1,4 bonds) and amylopectin (by 1,4 bonds and 

occasional by 1,6 bonds)

Amylase breaks 1,4 bonds in chains of four or 

more monomers producing maltose

Dextrinase breaks the 1,6 bonds that 

amylase cannot deal with forming 

glucose monomers 

Maltase digests maltose 

into glucose monomers


[image: image17.emf]6.1.A1 Processes occurring in the small intestine that result in the digestion of starch and transport of the 

products of digestion to the liver.

The digested glucose is absorbed and then transported to various body tissues

1. Glucose is co-transported* with 

sodium ions into the epithelial 

cells (of the villus).

2. Glucose moves by facilitated 

diffusion into the lumen of the 

villus.

3. Glucose then diffuses a short 

distance into the adjacent 

capillaries where it dissolves 

into the blood plasma.

4. Blood in the capillaries moves to 

to venules then to the hepatic 

portal vein which transports the 

glucose to the liver.

5. The liver absorbs excess glucose 

which it converts to glycogen for 

storage.

http://www.rpi.edu/dept/chem-eng/Biotech-Environ/Membranes/bauerp/co.gif

Extension: co-transport of glucose is a form of active 

transport. Explain why using the diagram above. 


Use of dialysis tubing to model absorption of digested food in the intestine.
Red dots=glucose, blue dots=starch: Starch molecules are too large to fit through the pores of the dialysis (visking) tubing.  This model is useful for diffusion and osmosis but not for active transport and other processes that occur in living cells.
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Essential idea: The structure of the wall of the small intestine allows it to move, digest and absorb food.

6.1 Digestion and absorption

By Chris Paine

https://bioknowledgy.weebly.com/ 

1. Low power light microscope image: cross section of the ileum shows both the folded nature of the inner wall and the outer muscular layers helping to food along and increasing the surface area in contact with digested food.

2. Magnification increased: intricate folded nature of the walls becomes clear. 

3. Magnification increased further: an individual villus can be distinguished. The specialised cells are key in both the processes of digestion and absorption, e.g. goblet cells secrete enzymes into the lumen.

4. An electron micrograph at very higher magnification: the microvilli on the surface of a single villus can be seen, they further increase the surface area available for absorption.
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6.1.U4 Villi increase the surface area of epithelium over which absorption is carried out.

Adaptations to Absorption

Getting digested food molecules into the blood from the lumen of the ileum. 





Single-cell layer of epithelial cells

Short path for diffusion.

Capillaries close to epithelium

Short path for diffusion, rich supply of blood. 

Lacteals (lymph vessels)

Allow for rapid absorption and transport of lipids. 

Rich blood supply

Maintains concentration gradients between lumen and blood. 



Many villi protrude into the lumen, greatly increasing the surface area for absorption. 

Images from: http://en.wikipedia.org/wiki/Intestinal_villi



Microvilli on the surface of each cell increase surface area even further. 
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6.1.A1 Processes occurring in the small intestine that result in the digestion of starch and transport of the products of digestion to the liver.



http://etravelweek.com/hmattachments/1_200907180843167cXQr.gif

Starch consists of amylose (by 1,4 bonds) and amylopectin (by 1,4 bonds and occasional by 1,6 bonds)

Amylase breaks 1,4 bonds in chains of four or more monomers producing maltose

Dextrinase breaks the 1,6 bonds that amylase cannot deal with forming glucose monomers 

Maltase digests maltose into glucose monomers
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6.1.A1 Processes occurring in the small intestine that result in the digestion of starch and transport of the products of digestion to the liver.

The digested glucose is absorbed and then transported to various body tissues



Glucose is co-transported* with sodium ions into the epithelial cells (of the villus).

Glucose moves by facilitated diffusion into the lumen of the villus.

Glucose then diffuses a short distance into the adjacent capillaries where it dissolves into the blood plasma.

Blood in the capillaries moves to to venules then to the hepatic portal vein which transports the glucose to the liver.

The liver absorbs excess glucose which it converts to glycogen for storage.



http://www.rpi.edu/dept/chem-eng/Biotech-Environ/Membranes/bauerp/co.gif

Extension: co-transport of glucose is a form of active transport. Explain why using the diagram above. 
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6.1.S2 Identification of tissue layers in transverse sections of the small intestine viewed with a microscope or in a micrograph.





The small intestine contains four distinct tissue layers from the lumen

http://www.dartmouth.edu/~anatomy/Histo/lab_5/GI/DMS132/popup.html

Muscular layer

longitudinal

circular

Mucosa – inner lining, includes villi

Submucosa – connective tissue (between the mucosa and muscle)

Muscular layer – inner circular and outer longitudinal muscle perform peristalsis

Serosa – protective outer layer

Epithelial cells – single outer layer of cells on each villus (see 6.1.U4) 
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6.1.U1 The contraction of circular and longitudinal muscle of the small intestine mixes the food with enzymes and moves it along the gut.

Therefore in the intestines the food is moved very slowly to allow time for digestion.

Peristalsis moves food through the alimentary canal

In the small intestine peristalsis also mixes food with enzymes and forces the products of digesiton into contact with the wall of the intestine

Contraction of longitudinal muscle expand the lumen in front of the food giving it space to move into.



Contraction of circular muscles behind the food propels it forwards.

n.b. The contractions are controlled unconsciously by the enteric nervous system



http://www.austincc.edu/rfofi/NursingRvw/NursingPics/DigestivePics/Picture4.jpg

http://www.bbc.co.uk/schools/gcsebitesize/science/add_edexcel/common_systems/digestionrev2.shtml
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