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DIGESTION AND ABSORPTION 
 

 Plants are autotrophs as they synthesize their food from inorganic sources on their own. 
 Animals are heterotrophs as they take nutrition from autotrophic plants and take high energy organic 

molecules as food. 
 

Table  : Types of Food Relative to their Nature of Nutrients and Basic Functions 

Major Food  Nutrient  Function 

Sugar, glucose, sugarcane, honey and milk  

Carbohydrates  

Energetic  

Sugars  

Wheat, bread, maize, corn, rice and potatoes  Starch 

Butter, lard, sunflower oil, seeds and vegetable oils,  
Lipids  

Fats and oil  
nuts, almonds, cheese, liver oils and egg-yolk   

Flesh (meat, chicken, fish), milk, pulses, cereals,  

Proteins  
Amino acids  

egg (albumen and yolk) and cheese   

Table salts, pickles and butter  

Minerals   

Sodium  

Table salts, pickles and butter  Chlorine  
Jaggary, banana, date and potato  Potassium  

Milk, cheese, curd, fish, eggs, pulses, carrot, cabbage and dark green 
leaves  Calcium Constructive  

Meat, fish, milk, cheese, egg, pulses and cereals  Phosphorus  
Meat, liver, egg-yolk, fish, green leaves, nuts, fig,  Iron  
and pulses    
Sea-fish, sea-weed, onion and iodised table salt  Iodine 

Cod and shark liver oil, liver, kidneys, egg-yolk, green and yellow 
vegetables (carrot, mango,  lettuce, cabbage), tomato, yeast, milk 
and butter  

Vitamins   

A (Retinol)   
 

Whole cereals, dried beans, pork meat, egg-yolk, yeast  B1 (Thiamine)  

Meat, liver, fish, milk, egg, cheese, legumes and green leafy 
vegetables  

B2 (Riboflavin)  
 

Protective Pulses, cereals, meat, liver,fish, intestinal  bacteria and yeast (Also 
synthesised in the  human body from the amino acid, tryptophan)  

PP (Pellagra 
preventing or 
nicotinamide)  

 
 

Citrus fruits, vegetables, tomato, and peppers  C (Ascorbic acid)  

Cod and shark liver oil, chicken, egg-yolk, milk,  butter, etc. (Also 
synthesised in human skin in  presence of sunlight)  

D (Calciferol)  
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 DIGESTIVE SYSTEM  
 

 To perform all functions, one needs energy which comes from food. Digestion is conversion of complex 
macromolecules ( food materials) into absorbable form. 

 Human digestive system includes: alimentary canal or gut and accessory glands. 
 
 
 Alimentary Canal 

 It is a muscular tube from mouth to anus with many specialized sections in between. 
 It is divided into following parts: 

o Mouth and buccopharangeal cavity 
o Oesophagus 
o Stomach 
o Small intestine (duodenum, jejunum and ileum) 
o Large intestine (caecum, colon and rectum) 

 It is connected with digestive glands by means of ducts. 
 Mouth is an opening which is surrounded by upper and lower lips. 
 Mouth opens into buccopharyngeal cavity which is a space between cheeks and gums. 
 It is bordered by cheeks and palate. 
 Hard palate makes anterior roof while soft palate makes posterior roof, 
 There is a pair of jaws, upper one is maxilla and lower one is mandible. 
 Humans have four types of teeth, such dentition is known as heterodont. 
 The arrangement of teeth in each half of jaw is as follows: 

o 2 incisiors: chisel like teeth and used for cutting and chopping of food 
o 1 canine: sharp pointed and used for tearing and shearing of food 
o 2 premolars: triangular shaped and meant for chewing and crushing. 
o 3 molars or cheek teeth: rectangular in shape and meant for chewing and crushing of food. 

.   
 Dental formula oh adult human is 2123/2123 {I C Pm M/I C Pm M}. 
 Here I stands for incisiors, C stands for canines, Pm stands for premolar and M stands for molar. 
 Teeth are differentiated in three parts: crown, neck and root. 
 Crown is covered by enamel which is hardest substance of animal kingdom. 
 Enamel is made up of calcium phosphate. 
 Crown is involved in chewing. 
 Neck is embedded inside the gums. 
 Root is inserted in the socket of jaw bone. Such dentition is known as thecodont. 
 Human teeth are diphyodont as two sets of teeth come during life span of a person; milk teeth and 

permanent teeth. 
 From crown to root, the blood supply and neural network is present in central pulp made up of bony 

dentine. 
 Buccal cavity has tongue and salivary glands also. 
 Tongue is attached to the floor of buccal cavity by styloid process and hyoid bone. 
 Tongue has taste buds. 

 
 Oral cavity opens into the oesophagus through pharynx. 
 Epiglottis is a flap which takes care of closure of trachea during swallowing of food. 
 Oesophagus is also known as food pipe and it has oesophageal sphincter at its base which controls the 

opening of oesophagus into the stomach. 
 Stomach is a J shaped organ which is situated in upper portion of abdominal cavity. 
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 It is the widest part of gut. 
 It has two openings: cardiac receives the food from oesophagus while pyloric which is guarded by sphincter 

sends food to duodenum of small intestine. 
 It is differentiated into three parts: fundus (upper part), body (middle part) and pylorus or antrum (lower 

part). 
 Bile duct which carries secretions from pancreas and liver opens in duodenum. 
 Duodenum joins with coiled jejunem and jejunem in turn joins with highly coiled part ie ileum. 
 Ileum is 7m long and 2-3 cm wide. 
 Ileum opens into first part of large intestine ie colon which is pretty wide. 
 Caecum is present at a position where ileum opens into colon. 
 Caecum has no role in digestion from which arises a finger like structure known as appendix and is a vestigial 

organ. 
 Colon is differentiated into three parts: ascending, transverse and descending colon. 
 Colon opens into rectum. 
 It stores the faeces and opens into anal canal. 

 
 Gut is made up of four layers from inner to outer side: 

o Mucosa: consists of secretory and absorptive cells. 
o Submucusa: it has nerves, lymph vessel and blood vessel and made up of lose connective tissue. 
o Muscle layer: made up of circular inner layer and longitudinal outer layer. 
o Serosa: made up of white fibrous connective tissue. 

  
 

 Mucosa has finger like outgrowths in lumen known as villi. 
 Mucosa also has mucosal cells ie goblet cell or mucous cell. 
 Mucus lubricates the mucosal surface to protect it from friction and getting digested. 
 Surface of villi has many bristle like structures which is known as microvilli or brush border. 
 Villi have blood supply, lymph supply and nerves. 
 Largest lymph vessel is central lacteal. 
 Submucosal pits are called crypts of Leiberkuhn. 

 
 
 
 Digestive Glands 

 There are 3 pairs of salivary glands: 
o Parotid glands: this is the largest salivary gland present in the cheek. Infection of this gland is 

known as mumps. 
o Submandibular and sublingual gland open on the floor of buccal cavity. These 3 together constitue 

saliva 
 

 Liver is the largest gland of body located in the upper side of the abdominal cavity. 
 It weighs 1.5 Kgs and it is a mesocrine glnad. 
 Gall bladder is a storing organ and is situated below right lobe of the liver. 
 Pancreas is soft, lobulated and elongated organ. 
 It is located at the junction of stomach and duodenum. 
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 DIGESTION OF FOOD 

 Saliva comprises of water electrolytes, salivary amylase or ptyalin and lysozymes ie antibacterial agent. 
 Tongue helps teeth in chewing the food and mix the food with the saliva. 
 Now the food is called blous which is swallowed into the oesophagus with the help of tongue, soft palate, 

pharynx and oesophagus. 
 Peristalsis is a type of movement of wave of constrictions in oesophagus which pushes the food down the 

gut. 
 Peristalsis is initated by contraction of circular muscles of muscularis layer followed by contraction of 

longitudinal muscles and followed by relaxation of circular muscle lining. 
 After that food is controlled by oesophageal sphincter. 
 Exocrine secretions of salivary glands, gastric and intestinal cells comprise of water, ions, mucus and 

enzymes. 
 Ptyalin of saliva hydrolyses the starch into a disaccharide ie maltose. 
 Bicarbonate ions of saliva act as a buffer and neutralize the acids in food. 
 Thiocyanate ions have antimicrobial property that kills food- microbes. 
 30 % of food is hydrolyzed in the mouth. 
 Stomach stores the food for half an hour. 
 Digestion of carbohydrates starts from the buccal cavity. 
 Stomach breaks the food into small pieces by churning movement (a kind of muscular contraction). 
 Gastric secretions have HCl, pepsinogen and mucus. 
 Mucus protects the stomach lining from pepsin and HCl. 
 Parietal cells which secrete HCl and intrinsic factor is also known as oxyntic cells. 
 Peptic/ chief/ zymogenic glands secrete pespsinogen. 
 Pyloric tubular glands secrete mucus. Pepsinogen and gastrin. 
 HCl lowers the pH of stomach which inactivates salivary amylasesand kills microbes. 
 This lower pH is necessary for conversion of zymogen pepsinogen to active form pepsin. 
 The pH of stomach is 1.5 to 2.5. 
 Pepsin is a proteolytic enzymes and acts on proteins to convert them in peptides. 
 And bicarbonate ions and mucus lowers the pH of stomach near its walls. 
 Now food entesr in duodenum as chyme. 
 Segmentation is a kind of mixing which helps in mixing of pancreatic digestive enzymes, pancreatic 

bicarbonates, hepatic bile juices with chyme. 
 All digestive enzymes are in their precursor form. 
 Trypsin in trypsinogen; chymotrypsin in chymotrypsinogen; carboxypeptidases in the form of 

procarboxypeptidases are there. 
 Pancreatic juices enter the duodenum via pancreatic duct. 
 Intestinal mucosa secretes enterokinase which activates the trypsinogen to trypsin. 
 Now this trypsin further activates other precursor enzymes. 
 Bicarbonate ions from acinar cells of pancreas are to neutralize the pH of chyme. 
 Bile is firstly stored and concentrated into gall bladder. 
 Bile pigments, bile salts, cholesterol and phospholipids together make up bile juice. 
 By stimulus of food it is squeezed into cystic and common bile duct. 
 Bile salts emulsify the fat droplets such a way that it acquires a greater surface area. 
 Lipases target the fat drplets and convert them in fatty acids and glycerol.   
 Bile pigments are biliverdin and bilirubin. 
 These are the non- iron products of dead erythrocytes. 
 To neutralize the low pH of chyme, brunner’s gland also secretes alkaline and watery mucoid fluid. 
 Brunner’s gland is present in duodenum and work after getting stimuli from the vagus nerve and secretin 

hormone. 
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Table  : An Overview of the Action of Major Enzymes in Humans 
 

Enzyme  Site of Action  Substrate  Products of Action  

Salivary Juice (Salivary Gland)  

Salivary amylase or Ptyalin  Mouth and Stomach  Starch  Disaccharides  
Gastric Juice (Stomach)  

(a)  Pepsinogen : pepsin Stomach  Proteins  Large peptides  

 Pancreatic Juice (Pancreas)  

(a)  Pancreatic α-amylase 
(Duodenum) 

Small intestine  Starch/ Glycogen  Disaccharides  

(b)  Trypsinogen : trypsin do  Proteins  Large peptides  

(c)   Chymotrypsin do  Proteins  Large peptides  

(d)  Elastase do  Elastin  Large peptides  

(e)  Carboxypeptidases  do  Large peptides  Oligopeptides  

(f)  Aminopeptidase  do  Large peptides  Oligopeptides  

(g)  Lipase  do  Triglycerides  Monoglycerides fatty 
acids, glycerol  

(h) Nucleases  do  Nucleic acids  Nucleotides  

Intestinal Juice (Small Intestine)  

a) Enteropeptidase or 
enterokinase  

Duodenum  Trypsinogen  Trypsin  

b)  Peptidase  do  Oligopeptides  Amino acids  

c) Disaccharidases  do  Disaccharides  Monosaccharides  

d)  Nucleotidase  do  Nucleotides  Nucleosides phosphoric 
acid  

e) Nucleosidases  do  Nucleosides  Sugars, purines 
pyrimidines 

 
 Enterocytes present in crypts of leiberkuhn secrete water and electrolytes.(A) 
 Goblet cells secret mucus(B) 
 Brunner’s gland secretes bicarbonate ions.(C) 
 Pancreas secretes pancreatic juices.(D) 
 These A,B,C,D together make up succus entricus or intestinal juice. 

 
 
 
 ABSORPTION OF DIGESTED PRODUCTS  
 

 After the formation of absorbable form of food, it is transported to the cells of body via blood. 
 The absorption of simpler units of food by the intestinal mucosa is facilitated by presence of villi 
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 Simple diffusion occurs along the brush border of villi along the concentration gradient. 
 E.g. fatty acids, glycerol cholesterol etc. 
 Water and water soluble substances are absorbed by osmosis. 
 Fructose and some amino acids are absorbed by facilitated diffusion. 

E.g absorption of sugar coupled with concentration gradient of Na ions. 

 
 Active transport requires energy in the form of ATP. 
 This ATP is derived from some carrier protein which acts as ATP hydrolyzing enzyme. 
 This way food is absorbed by intestinal capillary beds. 
 Now it enters to liver circulation through which to the entire body. 
 The fatty acids and glycerol together form water soluble micelles. 
 Micelle is a combination of fatty acid, glycerol and cholesterol. 
 Now from micelles, fatty acid glycerol, water etc are absorbed by facilitated diffusion and in intestinal cell 

they will form triacylglycerols (TAGs). 
 These TAGs combine with phospholipids and cholesterol and form chylomicrons. 
 Chylomicrons are water soluble fat globules which are coated by protein. 
 Chylomicrons are released in lymphatic capillary. 
 Now via central lacteal of lymphatic system they spread throughout the body.  

Most of the substances are absorbed in small intestine. 
 Around 1500 mL of chyme reaches to large intestine every day. 
 Most of the water, electrolytes and ions are absorbed by osmosis in colon. 
 E.coli.lives in colon on undigested food. 
 Bacteria release vitamin B12, K, thiamin and riboflavin which are absorbed by mucosal cells of colon. 
 The process of excreting undigested solid food matter is known as egestion. 
 Faeces comprise of 30 % dead bacteria, 30 % undigested roughage, 10-20 % fat, 2-3 % proteins etc. 

 
 DISORDERS OF DIGESTIVE SYSTEM 
 
 

 Malnutrition is the imbalance in the diet of an individual which can be in form of undernutrion and 
overnutrition. 

 Undernutrition is a state of insufficiency of food to meet the body requirements. 
 Overnutrition is a state of intake of food more than body requirements such that this food stores in the 

form of fat. 
 
 

Table  : Nutritional Disorders due to Deficiency of Dietary Component 
 

Nutrient  Name of Deficiency  Deficiency Symptoms 
Proteins  
Protein  Kwashiorkor  Wasted muscles, thin limbs, retarded  growth of body 

and brain, oedema, pot  belly and diarrhoea.   
 

Protein and 
Carbohydrate  

Marasmus  Impaired growth and replacement of tissue proteins, 
thin limbs and prominent  ribs (emaciated body), dry, 
wrinkled and thin skin, diarrhoea.  
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Minerals 
 

Iodine  Goitre  Swelling of the thyroid gland, reduced  mental 
function, increased risk of  stillbirths, abortions and 
infant deaths.  

Iron  Anaemia, failure  
to mature RBC  

Low haemoglobin condition, weakness, tiredness, 
reduced learning ability, increased risk of infection and 
even death  during childbirth.  

 
Vitamins 

 
Ascorbic Acid (C)  Scurvy (failure to form 

connective tissue)  
Bleeding gums, loose teeth, anaemia, painful and 
swollen joints, delayed healing of wounds, and 
emaciation.  

Biotin  Dermatitis  Scaly skin, muscle pains and weakness.  
Calciferol (D)  Rickets in children 

Osteomalacia in adults  
Weak and soft bones, distorted skeleton, poor 
muscular development.  

Cyanocobal-amine 
(B12)  

Pernicious anaemia  Large, immature and nucleated RBC devoid of 
haemoglobin.  

Folic Acid  Macrocytic anaemia, 
malformed RBC  

Impairment of antibody synthesis, stunted growth.  

Menadione (K)  Severe bleeding  Slow or delayed blood clotting and haemorrhage (blood 
loss).  

Niacin (nicotinic 
acid, nicotin-amide)  

Pellagra and canine disease 
(black tongue)  

Scaly, pigmented skin, irritation of the GI tract 
(diarrhoea).  

Pyridoxine (B6)  Dermatitis  Convulsions, impairment of antibody synthesis.  

Retinol (A)  Night blindness  Dry, brittle or keratinised epithelia of skin, respiratory 
and urinogenital tracts, especially among children.  

Riboflavin (B2)  No specific disease 
Ariboflavinosis  

Digestive disorder, burning sensation of the skin and 
eyes, lesions at the corners of the mouth, headaches, 
mental depression.  

Tocopherol (E)  Haemolytic Anaemia  RBC devoid of haemoglobin.  
Thiamine (B1)  Beriberi  Loss of appetite, fatigue, muscle atrophy, paralysis, 

mental confusion, cardiac oedema.  
 

 Hypercholesterolemia is a disorder which occurs due to excess of saturated fats. This will lead to deposition 
of cholesterol in arteries, because of that blood pressure increase. 

 Excess intake of calories lead to obesity, a form of overnutrition. 
 High intake of minerals and fat-soluble vitamins is toxic as they are stored in the body. 
 Ejection of food stored in stomach via mouth is known as vomiting. 
 Diarrhoea is a state in which motions are frequent and are with increased liquidity. 

 
 


