
[Type here] 
 

1 | P a g e   

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 

 
 

 

 

 

 

 

 
 



[Type here] 
 

2 | P a g e   

In this lecture we will talk about digestion and absorption of food in the 

alimentary tract. But first of all we have some important points to 

consider: 

 Most of absorption and digestion mechanisms occur at the level 

of the small intestines. 

 Most of the nutrients are absorbed in the upper part of the small 

intestines, before the food reaches the ileum. 

 The colon is responsible for water and electrolytes reabsorption 

only. 

 The small intestines have a very special structure to help with 

food absorption: 

1. There are folds of mucosa and submucosa in the small intestines 

called Folds of Kerckring (or Circular Folds). Those fold will help in 

increasing the overall surface area for absorption about three 

times. 

2. The small intestines also have a special capillary like structure that 

helps in increasing the surface area for absorption called Villi. 

Those are finger-like projections that increases the surface area 

about 10 times. 

Villi are highly capillarized and have a big lymphatic vessel in the 

middle (centre) called the central lacteal. These lacteals are 

important in lipid transportation. 

3. In addition to villi mucosal cells have also microvilli which are 

finger like projections from the membrane of the epithelial cells, 

those will increase the surface area 20 folds. Those cells are called 

brush-border cells. 

The overall increment of the surface area is about 600 folds. 

4. The Smooth muscle cells of the muscularis mucosa changes the 

shape of the mucosa by shortening and elongating it, in order to 

get better absorption. 

5. There are some enzymes that are attached to the microvilli called 

brush border enzymes. those enzymes have a role in further 

digestion across the brush border. An important example is 

Enterokinase which turns trypsinogen to active trypsin as we said 

before. There are many other enzymes that we will talk about in 

the following pages. 
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 In some pathological disorders, mucosal cells might undergo 

atrophy which will decrease the surface area. This will lead to 

malabsorption syndromes. 

Carbohydrates 
 

1. Digestion: 
Most of the carbohydrates are ingested in the form of starch. 

We also ingest carbohydrates as sucrose (form fruits for ex.), 

lactose (from milk) and cellulose. However, cellulose cannot be 

digested in our bodies because we don’t have the required 

enzymes to break the β (1-4) linkages. 

a) The digestion of starch begins at the level of the mouth with 

the enzyme Ptyalin. This enzyme is an amylase that will cut 

at each two α (1-4) links. The result is a disaccharide called 

Maltose and if there was a ramification point – triose with 3 

glucose molecules- (1-6) linkage it will result in dextrins. 

This enzyme however is not active at acidic pH so it will stop 

working as the food mix with the gastric juice. The digestion 

continues in the stomach in the center of the food mass 

only which are not exposed to the acid and where the pH is 

still above 4. 

b) The Pancreatic amylase will continue the digestion at the 

level of duodenum. it will make starch into maltose, 

maltotriose " 3 glucose molecules "and alpha limit 

dextrins. 

c) At the level of small intestines 4 enzymes are found in the 

brush border will complete the digestion of carbohydrates: 

1) Lactase split lactose → glucose + galactose 

2) Sucrase split sucrose → fructose + glucose. 

3) Maltase split maltose, glucose polymers →glucose. 

4) - Dextrinase attacks at alpha 1,6 linkage→ maltose 

+ glucose. 

** After all these processes of digestion the formed 

monomers will be ready for the next step (absorption). 

2. Absorption: 

a) Glucose: it can be absorbed by two ways: 
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1)  By secondary active co-transport via special carriers 

at the brush border which are Na+ dependent. 

2) If the concentration of glucose in the lumen is high 

enough to dissolve in water, it will move with water 

via the paracellular spaces between tight junctions. 

This is called absorption by solvent drag. 

b) Galactose: it is also absorbed by secondary active co- 

transport via special Na+ dependent carriers. 

c) Fructose: it is absorbed by facilitated diffusion by Na+ 

independent carriers. 

Summary: Absorption of glucose entails transport from the intestinal 

lumen, across the epithelium and into blood. The transporter that 

carries glucose and galactose into the enterocyte is the sodium- 

dependent hexose transporter. Fructose is not co-transported with 

sodium. 

 In some people lactase enzyme is deficient or missing which will 

result in a pathological condition called lactose intolerance, which 

is the inability to digest the lactose sugar ,so when a patient 

ingests lactate products the lactose will not be digested and he 

will suffer from osmotic diarrhea. 

In very rare cases, lactose intolerance is inherited. A defective 

gene can be passed from the parents to a child, resulting in the 

complete absence of lactase in the child. This is referred to as 

congenital lactose intolerance. 

In this case, the baby will be intolerant of breast milk. They will 

have diarrhea as soon as human milk or a formula containing 

lactose is introduced. The diarrhea can cause dehydration and 

electrolyte loss. This condition can be treated easily by giving the 

baby a lactose-free infant formula instead of milk. 

Proteins 
 

1. Digestion: 

a) The digestion of proteins starts at the level of the stomach 

by the enzyme pepsin which is an endopeptidase. This 

enzyme works at acidic medium, so it will stop working in 

the duodenum and that’s why it has a little activity over 

proteins (20% only). 
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b) At the duodenum, another set of peptidases works on the 

peptides: 

1) Trypsin: an endopeptidase. 

2) Chymotrypsin: also an endopeptidase. 

3) Carboxypeptidase: an exopeptidase that act over the 

C-terminus. 

4) Aminopeptidase  

The final product of those enzymes are mostly small 

peptides with some amino acids. 

c) The digestion continues in the small intestines by the brush 

border enzyme aminopeptidase that will cut at the N- 

terminus, one amino acid at a time. The products are mostly 

single amino acids with some small peptides remaining 

(those small peptides can be absorbed at this level of 

digestion, unlike the carbohydrates which cannot be 

absorbed unless monomers are formed) 

d) The digestion of small peptides will continue inside the 

absorptive cells after absorption by Intracellular 

peptidases. 

 Note : there is isoforms of aminopeptidases "pancreatic and brush border 
aminopeptidases"  
 

2. Absorption: There are 2 mechanisms for absorption: 

a) The first one is for Small peptides, which are absorbed by 

Na+ dependent carriers. 

b) The second mechanism is for amino acids, about five or 

six types are known until now. Those carriers can be Na+ 

dependent or independent. 

 

* Na+ dependent carriers: 3 different carriers: 
 

1. For neutral amino acids. 

2. Proline and hydroxyproline. 

3. Phenylalanine and methionine. 

 

*Na+ independent carriers: for basic and neutral aminoacids. 
 



[Type here] 
 

6 | P a g e   

Lipids 

1-digestion 
Lipids in aqueous environments form big droplets because they are 

hydrophobic. Here comes the role of bile salts (amphipathic molecules) which 

will make those droplets smaller until they can form micelles – small particles 

that have hydrophobic core inside and hydrophilic shield - . This process is 

called emulsification. 

Lipases can’t act on the core of micelles, they act only on the 

surface. And that is the importance of emulsification; it makes the 

surface area larger. 

1. Once emulsified, pancreatic lipase and co-lipase can act on the 

water/oil interface to hydrolyze the 1st and 3rd ester linkages of 

the tri- glyceride between glycerol and fatty acids. The result of this 

digestion is: two free fatty acids and a 2-monoglyceride 

2. Absorption: 

Because they are hydrophobic, fatty acids and monoglycerides can 

move easily across the membrane by simple diffusion through the 

lipid by layer structure (no carriers). 

 

- Once inside the epithelium, 

FFA + monoglycerides reform Triglycerides again. (this process 

need ATP and Co-A). 

 

Triglycerides (80-90%) + cholesterol (3%) + phospholipids (10%) + 

B- lipoprotein (5%) are combined together to form chylomicrons 

(60-750nm diameter). 

- The chylomicrons are expelled from the epithelial cells by exocytosis. It 

diffuses through the extracellular space and is removed from the villus 

by lacteals (the terminal lymphatic vessel) and lymphatic circulation. 

Then enters the circulation at the thoracic duct. 

- Some glycerol molecules which are not esterified into triglyceride and 

short chain fatty acids pass directly through the epithelial cells and 

removed from the villus by diffusion into blood capillaries. 

 If there was a problem in lipid digestion and/or absorption this will 

make the concentration of lipids increase in the stool. This case is 

called steatorrhea. 


