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DIGESTIVE SYSTEM / LEC 3 

Digestion and Absorption in the Gastrointestinal Tract  

Digestion of the Various Foods by Hydrolysis 

Hydrolysis of Carbohydrates  almost all the carbohydrates of the diet 

are either large polysaccharides or disaccharides, which are combinations 

of monosaccharides bound to one another by condensation. This means 

that a hydrogen ion (H+) has been removed from one of the 

monosaccharides, and a hydroxyl ion (-OH) has been removed from the 

next one. The two monosaccharides then combine with each other at 

these sites of removal, and the hydrogen and hydroxyl ions combine to 

form water (H2O).  When carbohydrates are digested, the above process 

is reversed and the carbohydrates are converted into monosaccharides. 

Specific enzymes in the digestive  juices of the gastrointestinal tract 

return the hydrogen and hydroxyl ions from water to the polysaccharides 

and thereby separate the monosaccharides from each other. This process, 

called hydrolysis . 

Hydrolysis of Proteins  Proteins are formed from multiple amino acids 

that are bound together by peptide linkages. At each linkage, a hydroxyl 

ion has been removed from one amino acid and a hydrogen ion has been 

removed from the succeeding one; thus, the successive amino acids in the 

protein chain are also bound together by condensation, and digestion 

occurs by the reverse effect : hydrolysis. That is, the proteolytic enzymes 

return hydrogen and hydroxyl ions from water molecules to the protein 

molecules to split them into their constituent amino acids. 

Hydrolysis of Fats almost the entire fat portion of the diet consists of 

triglycerides (neutral fats), which are combinations of three fatty acid 

molecules condensed with a single glycerol molecule. During 

condensation, three molecules of water are removed. Digestion of the 

triglycerides consists of the reverse process: the fatdigesting enzymes 

return three molecules of water to the triglyceride molecule and thereby 

split the fatty acid molecules away from the glycerol. Here again, the 

digestive process is one of hydrolysis. 

Therefore, the chemistry of digestion is simple because, in the case of all 

three major types of food, the same basic process of hydrolysis is 

involved. The only difference lies in the types of enzymes required to 

promote the hydrolysis reactions for each type of food.  
  

 

 



 

Basic Principles of Gastrointestinal Absorption 

Anatomical Basis of Absorption 

The total quantity of fluid that must be absorbed each day by the 

intestines is equal to the ingested fluid (about 1.5 liters) plus that secreted 

in the various gastrointestinal secretions (about 7 liters). This comes to 

a total of 8 to 9 liters. All but about 1.5 liters of this is absorbed in the 

small intestine, leaving only 1.5 liters to pass through the ileocecal valve 

into the colon each day. The stomach is a poor absorptive area of the 

gastrointestinal tract because it lacks the typical villus type of absorptive 

membrane, and also because the junctions between the epithelial cells are 

tight junctions. Only a few highly lipid-soluble substances, such as 

alcohol and some drugs like aspirin, can be absorbed in small quantities. 

 

Absorptive Surface of the Small Intestinal Mucosa Villi. 

The absorptive surface of the small intestinal mucosa, showing many 

folds called valvulae conniventes (or folds of Kerckring), which increase 

the surface area of the absorptive mucosa about threefold. These folds 

extend circularly most of the way around the intestine and are especially 

well developed in the duodenum and jejunum, where they often protrude 

as much as 8 millimeters into the lumen. Also located on the epithelial 

surface of the small intestine all the way down to the ileocecal valve are 

literally millions of small villi. These project about 1 millimeter from the 

surface of the mucosa . The villi lie so close to one another in the upper 

small intestine that they touch in most areas, but their distribution is less 

profuse in the distal small intestine. The presence of villi on the mucosal 

surface enhances the total absorptive area another 10-fold. Finally, each 

intestinal epithelial cell on each villus is characterized by a brush border, 

consisting of as many as 1000 microvilli 1 micrometer in length and 0.1 

micrometer in diameter protruding into the intestinal chyme; these 

microvilli are shown in the electron micrograph . the villi, and the 

microvilli increases the total absorptive area of the mucosa perhaps 1000-

fold, making a tremendous total area of 250 or more square meters for the 

entire small intestine—about the surface area of a tennis court. 

 

Absorption in the Small Intestine 

Absorption from the small intestine each day consists of several hundred 

grams of carbohydrates, 100 or more grams of fat, 50 to 100 grams of 

amino acids, 50 to 100 grams of ions, and 7 to 8 liters of water. The 

absorptive capacity of the normal small intestine is far greater than this: 

as much as several kilograms of carbohydrates per day, 500 grams of fat 

per day, 500 to 700 grams of proteins per day, and 20 or more liters of 



water per day.The large intestine can absorb still additional water and 

ions, although very few nutrients. 

Absorption of Water : Isosmotic Absorption: Water is transported 

through the intestinal membrane entirely by diffusion. Furthermore, this 

diffusion obeys the usual laws of osmosis. Therefore, when the chyme is 

dilute enough, water is absorbed through the intestinal mucosa into the 

blood of the villi almost  entirely by osmosis. 

Absorption of Ions : Active Transport of Sodium: Twenty to 30 grams 

of sodium are secreted in the intestinal secretions each day. In addition, 

the average person eats 5 to 8 grams of sodium each day. Therefore, to 

prevent net loss of sodium into the feces, the intestines must absorb 25 to 

35 grams of sodium each day, which is equal to about one seventh of all 

the sodium present in the body.  

Absorption of Chloride Ions in the Duodenum and Jejunum: In the 

upper part of the small intestine, chloride ion absorption is rapid and 

occurs mainly by diffusion  that is, absorption of sodium ions through the 

epithelium creates electronegativity in the chyme and electropositivity in 

the paracellular spaces between the epithelial cells.Then chloride ions 

move along this electrical gradient to “follow” the sodium ions. 

Absorption of Bicarbonate Ions in the Duodenum and Jejunum: 

Often large quantities of bicarbonate ions must be reabsorbed from the 

upper small intestine because large amounts of bicarbonate ions have 

been secreted into the duodenum in both pancreatic secretion and 

bile.The bicarbonate ion is absorbed in an indirect way as follows:When 

sodium ions are absorbed, moderate amounts of hydrogen ions are 

secreted into the lumen of the gut in exchange for some of the sodium. 

These hydrogen ions in turn combine with the bicarbonate ions to form 

carbonic acid (H2CO3), which then dissociates to form water and carbon 

dioxide. 

Absorption of Carbohydrates : Essentially all the carbohydrates in the 

food are absorbed in the form of monosaccharides; only a small fraction 

are absorbed as disaccharides and almost none as larger carbohydrate 

compounds. By far the most abundant of the absorbed monosaccharides 

is glucose, usually accounting for more than 80 per cent of carbohydrate 

calories absorbed. The reason for this is that glucose is the final digestion 

product of our most abundant carbohydrate food, the starches. The 

remaining 20 per cent of absorbed monosaccharides are composed almost 

entirely of galactose and fructose, the galactose derived from milk and the 

fructose as one of the monosaccharides digested from cane sugar. 

Absorption of Proteins :   

Most proteins, after digestion, are absorbed through the luminal 

membranes of the intestinal epithelial cells in the form of dipeptides, 

tripeptides, and a few free amino acids. The energy for most of this 



transport is supplied by a sodium co-transport mechanism in the same 

way that sodium co-transport of glucose occurs. That is, most peptide or 

amino acid molecules bind in the cell’s microvillus membrane with a 

specific transport protein that is called co-transport (or secondary active 

transport) of the amino acids and peptides. A few amino acids do not 

require this sodium co-transport mechanism but instead are transported 

by special membrane transport proteins in the same way that fructose is 

transported, by facilitated diffusion. 

Absorption of Fats : when fats are digested to form  monoglycerides and 

free fatty acids, both of these digestive end products first become 

dissolved in the central lipid portions of bile micelles. Because the 

molecular dimensions of these micelles are only 3 to 6 nanometers in 

diameter, and because of their highly charged exterior, they are soluble in 

chyme. In this form, the monoglycerides and free fatty acids are carried to 

the surfaces of the microvilli of the intestinal cell brush border and then 

penetrate into the recesses among the moving, agitating microvilli. Here, 

both the monoglycerides and fatty acids diffuse immediately out of the 

micelles and into the interior of the epithelial cells, which is possible 

because the lipids are also soluble in the epithelial cell membrane. This 

leaves the bile micelles still in the chyme, where they function again and 

again to help absorb still more monoglycerides and fatty acids. 

 

Absorption in the Large Intestine: Formation of Feces 

About 1500 milliliters of chyme normally pass through the ileocecal 

valve into the large intestine each day. Most of the water and electrolytes 

in this chyme are absorbed in the colon, usually leaving less than 100 

milliliters of fluid to be excreted in the feces. Also, essentially all the ions 

are absorbed, leaving only 1 to 5 milliequivalents each of sodium and 

chloride ions to be lost in the feces. Most of the absorption in the large 

intestine occurs in the proximal one half of the colon, giving this portion 

the name absorbing colon, whereas the distal colon functions principally 

for feces storage until a propitious time for feces excretion and is 

therefore called the storage colon. 

Absorption and Secretion of Electrolytes and Water : The mucosa of 

the large intestine, like that of the small intestine, has a high capability for 

active absorption of sodium, and the electrical potential gradient created 

by absorption of the sodium causes chloride absorption as well.The tight 

junctions between the epithelial cells of the large intestinal epithelium are 

much tighter than those of the small intestine. This prevents significant 

amounts of back-diffusion of ions through these  junctions, thus allowing 

the large intestinal mucosa to absorb sodium ions far more completely 

that is, against a much higher concentration gradient than can occur in the 

small intestine. This is especially true when large quantities of 



aldosterone are available because aldosterone greatly enhances sodium 

transport capability . 

Absorption Capacity of the Large Intestine : The large intestine can 

absorb a maximum of 5 to 8 liters of fluid and electrolytes each 

day.When the total quantity entering the large intestine through the 

ileocecal valve or by way of large intestine secretion exceeds this amount, 

the excess appears in the feces as diarrhea. As noted earlier in the chapter, 

toxins from cholera or certain other bacterial infections often cause the 

crypts in the terminal ileum and in the large intestine to secrete 10 or 

more liters of fluid each day, leading to severe and sometimes lethal 

diarrhea. 

Composition of the Feces : The feces normally are about three-fourths 

water and one-fourth solid matter that itself is composed of about 30 per 

cent dead bacteria, 10 to 20 per cent fat, 10 to 20 per cent inorganic 

matter, 2 to 3 per cent protein, and 30 per cent undigested roughage from 

the food and dried constituents of digestivejuices, such as bile pigment 

and sloughed epithelial cells. The brown color of feces is caused by 

stercobilin and urobilin, derivatives of bilirubin.The odor is caused 

principally by products of bacterial action; these products vary from one 

person to another, depending on each person’s colonic bacterial flora and 

on the type of food eaten. The actual odoriferous products include indole, 

skatole, mercaptans, and hydrogen sulfide. 

 

 

 
 

 


