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Unit - II
NUTRITION AND DIGESTION

• 2.1 Structure and Function of Digestive glands
• SALIVARY GLANDS
• In the buccal cavity of most vertebrates four pairs

of salivary glands are present.
• These are infra-orbital, parotid, sub-lingual and

sub-maxillary glands.
• In human there are only three pairs of salivary

glands i.e parotid glands, sub-mandibular or sub-
maxillary glands and sub-lingual glands.

• One of each pair remains on one side and open
into the oral cavity.



• Histologically, salivary glands are typical racemose
glands consisting of lobules which are made up of
alveoli and the interlobular septum.

• Each alveolus are enclosed by basement membrane
upon which the gland cells are arranged.

• Salivary gland may contain either mucous cells or
serous cells and accordingly the glands may be of
following type-

• The parotid gland is composed entirely of serous cells.
• The sub-lingual gland is predominantly of the mucous

type.
• The sub-mandibular or sub-maxillary gland is mixed

type, but in man it is of serous type.



• Mucous cells secrete mucus while serous cells
secrete enzymes, salivary amylase (ptyalin).

• The enzymes are found in serous cells in the
form of zymogen granules.

• The secretion of the serous gland is thin,
watery, poor in solid but rich in enzyme while
the secretion of the mucous glands is thick
and viscid containing mucus.



• Parotid gland

• These are the largest of the salivary glands.

• It is found lying one on each side of the face below and
infront of the ears embedded in the muscles.

• The secretion of each parotid gland passes via duct of
parotid gland known as Stensen duct which open into
the mouth cavity opposite the site of second upper
molar tooth.

• The parotid glands are purely serous so they secrete
zymogen granules.

• The disease called mumps is an infection of the parotid
gland that causes swelling and irritation.



• Sub-maxillary (Sub-mandibular) glands
• These glands are found within the angles of lower

jaw.
• The sub-maxillary gland opens by duct of sub-

maxillary gland or Wharton’s duct.
• Their secretion passes through Wharton’s duct

and open into the floor of mouth one on each
side of fernulum of tongue.

• These glands contain both types of cells (mixed
type) but in man they are predominantly of
serous type.





• Sub-lingual glands

• They are found embedded in the mucous
membrane in the floor of buccal cavity under the
tongue.

• The sublingual glands open by several fine ducts
upon the floor of the mouth by the side of the
fernulum.

• These ducts are called duct of Rivinus. The sub-
lingual gland is predominantly of mucous type.



The position of the salivary glands. 



Saliva

• Saliva is the mixed secretion of the parotid, 
sub-maxillary and sub-lingual gland (salivary 
gland). 

• About 1200 to 1500 ml of saliva is secreted 
per day. Saliva is viscous, colourless, cloudy 
liquid due to presence of cells and mucin. 

• The average pH is 6.0 to 7.05. 

• It is constantly secreted in small quantity to 
keep the buccal cavity moist.



Composition of saliva

• Human saliva has the following composition
i.e Water - 99.5% and Solids- 0.5%

• The solids include following components-

• Cellular components:

The cellular components of saliva are
desquamated epithelial cells of the oral
mucosa, leucocytes and numerous bacteria.
Yeast cells and sometime protozoan like
Amoeba salivaricus are also found.



• Inorganic salts (0.2%): It consists of NaCl, KCl, Sodium
phosphate, Calcium carbonate, Calcium phosphate,
Potassium thiocyanate. Smoker’s saliva is rich in
thiocyanate.

• Organic components (0.3%): It includes-
• Enzymes: Ptyalin (Salivary amylase) lipase, carbonic

anhydrase, phosphatase and a bacteriolytic enzyme
lysozyme.

• Mucin
• Urea, amino acids, cholesterols and vitamins (in small

amount)
• Soluble specific blood group substances.
• Gases: Saliva contains about 1 ml of oxygen, 2.5 ml

nitrogen and 50 ml of CO2 per 100 ml of saliva.



Function of Saliva

• The saliva has a number of functions
• 1) Mechanical function: 
• It keeps mouth moist and helps in speech. 
• It helps in process of mastication of food and in 

preparing it into a bolus and also helps in swallowing 
by lubricating action.

• It dilutes hot and irritant substances and thus prevents 
injury to mucous membrane. 

• It keeps mouth and teeth clean by keeping them free 
of food materials. 

• It makes food delicious to taste



• 2)  Digestive function: saliva contains two enzymes i.e salivary 
amylase and maltase. 

• a. The salivary amylase or ptyalin digests starch into maltose 
through following steps-

• Boiled starch
• ↓ Ptyalin
• Soluble starch
• ↓ Ptyalin
• Erythrodextrin + Maltose
• ↓ Ptyalin
• Achrodextrin + Maltose
• ↓ Ptyalin
• Isomaltose and Maltose
• b. Maltase converts maltose into glucose



• 3) Excretory function:

• Saliva excretes urea, some heavy metals like
Hg, Pb, Bi, As etc, thiocyanates and certain
drugs like iodiode etc

• 4) Help in sensation of taste:

• Taste is a chemical sensation. It acts as a
solvent. It dissolves the soluble substances
such as sugar and salt thus help in taste of the
food.



• 5) Help in water balance:

• It helps in the water balance of body. Saliva keeps
the mouth moist. When the water content of the
mouth is low, then the saliva is secreted by the
gland. This gland stimulated thirst receptors in
the throat causing sensation of thirst.

• 6) Helps in heat loss:

• This is mainly found in animals such as dog,
sheep etc. When they become hot or excited,
more saliva is secreted causing greater heat loss.



• 7) Buffering action:
• Mainly bicarbonate and to some extent

phosphate and mucin present in saliva acts as
buffer. Buffer in saliva also helps to neutralize
gastric acid and relieve heart burn when gastric
juice regurgitated into the oesophagus.

• 8) Bacteriolytic action:
• Cell membrane of bacteria contains

polysaccharides. Lysozyme, the enzyme present
in saliva is polysaccharides thus it dissolves the
cell wall of many bacteria and finally kills them.



Control of Salivary secretion:
• The secretion of saliva is generally co-ordinated with the

intake of food.
• Olfactory and gustatory stimuli initiate the nervous reflex

which results in the stimulation of salivary secretion.
• Secretion from salivary gland cells is controlled by

parasympathetic nerve fibres (Hilton and Lewis, 1957)
which stimulates salivary secretion while sympathetic
nervous system inhibits salivary secretion.

• Salivary secretion increases either by: i). taste of food
within 20-30 seconds (inborn reflex) or ii) by sight, smell or
thought of food (psychic or conditioned reflex).

• Dry food, particularly if finely ground is a powerful stimulus
for the mouth receptors and causes secretion of greater
amounts of saliva than does moist food.



GASTRIC GLAND

• The wall of the stomach has numerous deeply
pitted gastric glands which secrete gastric juice.

• Each gastric gland is simple or branched tubular
gland formed by the folding of inner epithelium
of gastric mucosa.

• These glands open into the cavity of stomach by
fine opening.

• These glands are lined by single layer of epithelial
cells which are variously modified.



• The gastric glands on the basis of their distribution in the stomach are 
classified into following types-

• Cardiac gland-

• These glands are present in the cardiac part of stomach. They are 
single or tubular racemose glands lined by small columnar granular 
cells. These glands secrete mucous which makes the food soft and 
slippery for onward movement.

• Fundus gland-

• They are found in the fundus part of stomach. These glands are 
compound tubular glands lined with columnar epithelial cells. The 
cells are modified into chief cells (peptic cells or zymogen cells) 
parietal cells (oxyntic cells) and goblet cells (mucous cells). The chief 
cells secrete gastric enzymes, parietal cells secrete HCl acid and goblet 
cells secret mucous. 

• Pyloric gland-

• These glands are present in the pyloric part of stomach. These are 
compound convoluted tubule-alveolar glands. The ducts of these 
glands are lined by columnar cells and the tubules by cubical cells. 
The central cells of pyloric gland cells secrete enzymes pepsin as well 
as enzyme rennin (milk crudling enzyme). 



Composition of Gastric juice-

• About 500-1000 ml gastric juice is secreted per
meal (1200 ml-1500 ml per day).

• It is acidic in reaction. Its pH ranges from 1 to 2.

• It contains about 99.45% water and 0.55% solids.
The solid includes-

• Inorganic substances (0.15%) - NaCl, KCl, CaCl2,
Ca3 (PO4)2, Mg(PO4)2, HCO3 etc.

• Organic (0.90%) - Mucus and enzymes such as
pepsin, gastric rennin, gastric lipase, gelatinase,
lysozymes, urease, carbonic anhydrase etc.
Gastric juice also contains HCl.



Function-

• The enzyme pepsin along with HCl digests proteins into 
peptones. 

• Gastric rennin coagulates milk protein (caseinogen) 
thus prevents rapid passage of milk from the stomach.

• Gastric lipase digests simple fats. 

• HCl acts as an antiseptic and causes some hydrolysis of 
all the food stuffs. 

• Toxins, heavy metals and certain alkaloids are excreted 
through gastric juice.

•







Control of secretion of Gastric juice
• Gastric secretion is controlled by many factors which are divided into three 

phases-
• Cephalic phase-
• Stimulation by the sight, taste, odour of food results in a psychic secretion 

of gastric juice even before the food enters the stomach. It is partly under 
the control of the nervous system by vagus nerves.

• Gastric phase-
• The presence of food in the stomach is itself capable of stimulating the 

gastric glands for continuous secretion of gastric juice.
• Certain component of food especially meat and soup made from meat are 

active as secretagogues. These materials exert their action indirectly by 
causing the liberation of gastrin hormone by the mucosal cells of the pyloric 
stomach. The gastrin stimulates gastric gland which secret gastric juice. 

• Intestinal Phase-
• When the products of gastric digestion leave the stomach and enter the 

duodenum, they have a stimulating effect on gastric secretion. The 
mechanism of this action is not yet clear but it is due to substances present 
in foods. Presence of acid or fat in the duodenum inhibits gastric secretion. 

• Gastric Emptying-
• As soon as acidic chyme enters the duodenum presence of fats and HCl acid 

in the intestine stimulates intestinal mucosa to secrete a hormone called 
enterogastrones which inhibits the production of gastric juice and also HCl. 





• INTESTINAL GLAND
• The small intestine is divided into three parts i.e duodenum, ileum 

and jejunum. The inner surface of the small intestine contain two 
types of glands i.e Brunner’s gland or Duodenal gland and Intestinal 
gland

• Brunner’s gland-
• These glands are found in the sub-mucosa of the duodenum. Their 

ducts open into the mucosal surface of duodenum. These glands 
secrete an alkaline secretion which contains mucin and a proteolytic 
enzyme. Mucous secretion is controlled by hormone called 
duocrinin which is secreted by mucosal cells of duodenum. Mucin 
makes the food slippery while proteolytic enzymes completes the 
protein digestion. 



• Intestinal Glands-

• These glands are also called as Crypts of 
Liberkuhn. These glands are found throughout 
the small intestine. They are simple tubular 
glands which open into the space between 
neighboring villi. They contain a number of 
different types of cells which are found near 
the base of Crypts of liberkuhn are goblet 
cells, paneth cell and argyrophil cells



• Secretion of intestinal glands is known as succus entericus. It is alkaline 
liquid. Its pH is about 7.6. It contains about 98.5% water and 1.5% solids. 
The solids are-

• i) Inorganic constituents (1%) - Salts of sodium, potassium, calcium and 
magnesium, bicarbonate, phosphate etc

• ii) Organic constituents (0.5%) - The important enzymes are-
• Erepsin- converts with polypeptide and dipeptide to give amino acids
• Enterokinase- converts inactive trypsinogen into active trypsin
• Invertase- converts fructose into glucose
• Maltase- converts maltose into glucose
• Lactase- converts lactose into glucose and galactose
• Lipase- converts fats into fatty acid and glycerols
• Phospholipase- converts phospholipid into fatty acid and glycerols
• Phosphates- convert organic phosphatase into free phosphate
• Polynucleotidase- converts nucleic acid into nucleotides
• Nucleosidase- converts nucleotides into purine or pyrimidine and pentose 

sugar. 
• Succus entericus complete the digestion of various food components with 

the help of different enzymes. 



• Control of Succus entericus secretion

• The secretion of succus entericus from the 
intestinal mucosa is partly under the control of 
the nervous system and partly under hormonal 
control. Mechanical stimuli reflexely cause 
secretion of succus entericus. This secretion and 
acidic chyme probably stimulates intestinal 
mucosa to secret a hormone called enterocrinin
which is carried by blood to the intestinal glands 
and stimulates them to secret succus entericus. 





LIVER

• Liver is the largest organ in the body.

• It is dark red and spongy.

• It is lying in upper abdomen below the
diaphragm of the right side.

• It weighs about 1.5 to 2 kg.

• It acts as well equipped biochemical
laboratory where metabolism of all nutritional
substance such as carbohydrate, proteins, fats,
vitamins and mineral takes place as well as
heat is produced.





Anatomy and Histology:

• Liver is both a secretary as well as excretory gland.

• It is situated in the upper right side of abdominal
cavity.

• It is made up of many lobes.

• Each lobe is made up of many hexagonal lobules which
is the basic functional unit of the liver.

• Under the microscope each lobule is found to be
composed of rows of hexagonal cells radiating from the
centre like the spoke of a wheel.

• The centre is occupied by central vein (intra-lobular).

• The lobules are separated from one another by a
connective tissue sheath called Glisson’s capsule.



• In the Glisson’s capsule branches of hepatic artery and
hepatic portal vein are present.

• Two or more rows of hepatic cells form hepatic cord.
• Between the hepatic cords blood sinusoids are present called

hepatic sinusoids into which branches of hepatic artery and
hepatic portal vein open.

• Sinusoids open in to central vein.
• The sinusoids are lined by a layer of endothelial cells.
• In the sinusoids present phagocytic cells called as kupffer’s

cells.
• It digests the dead RBCs.
• Each hepatic cord encloses a bile capillary.
• Many bile capillaries join to form bile ductules.
• The bile ductules are present in Glisson’s capsule.
• Thus the liver cells has on one side a hepatic sinusoid going

to join the central vein and on the other side a bile capillary
going out of the lobules to join bigger bile ducts.





• From the liver lobe bile duct comes out.

• The bile ducts join together to form common bile
duct which opens into the duodenum through
the ampulla of vater.

• Through the same ampulla pancreatic duct also
opens into the duodenum.

• From the upper part of common bile duct, cystic
duct arises which ends in gall bladder.

• The gall bladder is oval, thin walled bag like
structure attached to the liver lobe.

• Bile is stored temporarily in the gall bladder.





Function of Liver

• Liver is an essential organ of the body.
• It performs many functions; some important 

functions are as follows-
• Secretion of bile: 
• Bile is secreted continuously from liver cells (hepatic 

cells). 
• It is stored in gall bladder. 
• It is an alkaline liquid, bitter in taste. 
• About 500 to 1000 ml bile is secreted daily. 
• It is yellowish green in colour. 
• It is alkaline. 
• Its pH is 7.8 to 8.6.



Composition of Bile
• Bile contains about 98% water.
• Bile from gall bladder is more concentrated.
• The chief solid presents in bile are protein, inorganic salts,

bile salts (sodium taurocholate and sodium glycocholate)
bile pigment (biliverdin, bilirubin), cholesterol, lecithin and
traces of fatty acids.

• Bile pigments are formed from haemoglobin of broken
down RBC.

• They are excretory substance.
• Bile salts make the medium of intestine alkaline.
• Fat soluble vitamins such as A, D, E, K are absorbed in the

intestine in the presence of bile salt only.
• Bile salts also help in the digestion and absorption of fatty

acids.
• Bile salts activate inactive lipase.



In connection with blood and 
circulation

• Liver stores large amount of blood thus helps to regulate
blood volume.

• It manufactures plasma proteins which are necessary for
regulation of osmotic pressure, viscosity and coagulation of
blood.

• RBCs are formed in liver during foetal life.
• RBCs are destroyed in liver in adult life.
• It manufactures heparin which prevents intravascular

clotting.
• It transfers blood from postal to systemic circulation.
• It stores iron, vitamin B12 and CO and thus helps in the

formation of haemoglobin.
• It manufactures prothrombin and fibrinogen and thus helps

in clotting of blood.



Carbohydrate regulating mechanisms

• Liver acts as main center for carbohydrate
regulation.

• When there is rise in blood sugar level, the excess
of glucose is converted into glycogen and stored
in liver. This process is called as glucogenesis.

• Glycogen acts as reserve energy material.

• When the glucose supply is not sufficient, the
liver glycogen is broken down into glucose.

• This process is called as glucogenolysis.

• Liver also convert certain non carbohydrate
substance into glucose or glycogen by a process
called as gluconeogenesis.



In relation with Fat metabolism
• It stores fats.

• The fats are released for energy production by beta
oxidation of fatty acids.

• Liver also converts carbohydrate and protein into fat
while excess of fats is converted into carbohydrate
during energy loss.

• Cholesterols are synthesized from acetate in liver.

• It is site of ketone body formation.

• It is site of synthesis of phospholipids.

• Glycerol is oxidized in liver.

• Unused free fatty acids released from fat are converted
into triglycerides and other lipids to meet energy
requirement.

• Fat, soluble vitamins i.e A, D, E, K are stored in liver.



In relation with vitamins

• It manufactures prothrombin with the help of
vitamine K.

• It forms vitamin A from carotene and stores
vitamin A and D.

• It also stored vitamin B12.



In relation with Protein metabolism

• It is the site of breakdown for protein metabolism.

• Amino acids from the digested food are converted into
protein by protein synthesis.

• Liver is able to synthesis non-essential amino acids by
transamination reactions.

• The excess amino acids present in the blood are broken
down in the liver by deamination process.

• Liver also synthesis waste products like urea, uric acid
(nitrogenous waste products)

• It manufactures various types of protein such as
plasma protein.

• It breaks hemoglobin of old RBC.



Excretory function

• Certain heavy metals are temporarily fixed by
liver cells which are then excreted in the bile.

• Various toxins, bacteria and drugs are excreted
through bile.

• Cholesterol and bile pigments are excreted in
the bile.



Detoxification and Protective function

• Liver is the site of detoxification of different
toxic substances either produced in the body
or taken along with food.

• During action of bacteria in intestine toxic
substance are produced which are detoxicated
by liver.

• Kupffer’s cells remove foreign particles from
the blood streams.



• Heat regulation
• Liver produces large amount of heat and take 

part in heat regulation.
• Destructive site
• Liver is the site for destruction of old RBCs. The 

haemoglobin from the RBCs is released and iron 
is separated. The rest of haemoglobin undergoes 
chemical changes to form bile pigments bilirubin 
and biliverdin.

• Alcohol Metabolism
• The alcohol metabolism mainly occurs in the liver.
•



Control of bile Secretion

• There are several statements about the control of bile 
secretion. The important are as follows-

• Nervous Control-
• It has been suggested that vagus nerve when 

stimulated causes secretion of bile juice. 
• Chemical Control-
• When acidic chyme enters into duodenum its mucosal 

cells secretes a hormone called cholecystokinin which 
circulates along with the blood and cause contraction 
of gall bladder. Thus the bile stored in gall bladder is 
released.

• Secretin also provokes bile production.



PANCREAS

• Pancreas is one of the most important digestive gland. 

• It is an irregular, pinkish, grey coloured gland located in 
the loop of duodenum. 

• The pancreas is both an endocrine as well as exocrine 
gland. 

• It is devoid of distinct connective tissue capsule. 

• It is covered by a fine layer of the loose tissue which 
passes into the gland as septa and sub divided the 
gland into many lobules. 

• It secretes an alkaline fluid i.e pancreatic juice and 
pancreatic enzymes. 

• The pancreatic juice is released in the duodenum by 
pancreatic duct known as duct of Wirsung. 





Exocrine part-

• The exocrine part of pancreas forms the main 
mass of tissue. 

• It consists of numerous lobules or acini.  

• The main excretory duct of the gland extends the 
entire length of the gland and called as duct of 
Wirsung. 

• This duct gives out many intralobular ducts 
throughout its length. 

• The duct of Wirsung along with the common bile 
duct opens into ampulla of vater and discharge 
the secretion into the duodenum through the 
sphincter of oddi.



• Each acinus is having a central cavity lined by
single layer of pyramidal shaped cells.

• The cytoplasm of cells contains secretary
granules (zymogen granules) towards the
luminal side and nucleus towards the base.

• The zymogen granules contain proenzyme.

• The acini secrete pancreatic juice.

• The pancreatic juice contain enzymes and
sodium bicarbonates



Endocrine part-

• Pancreas consists of compact masses of small 
cells called Islet of Langerhans. 

• These islets are scattered throughout the 
substance of pancreas.

• The islet of Langerhans contains two types of 
cells-

• i) Alpha Cells → which secrete a hormone called 
glucagon and

• ii) Beta -Cells → which secrete a hormone called 
insulin.

• Both these hormones control the blood glucose 
level and carbohydrate metabolism



Pancreatic juice

• About 500 ml pancreatic juice is produced 
during meals and about 1500 ml is produced 
per day. 

• It is an alkaline liquid. 

• Its pH is about 7.5 to 8.4.



Composition of Pancreatic Juice

• It contains 98% water and 2% solid substances.

• The solid substances include many enzymes such
as trypsin, chymotrypsin, carboxypeptidase,
amylase (amylopsin), lipase (steapsin), sucrase,
maltase, lactase, ribonuclease,
deoxyribonuclease etc. which help in digestion of
proteins, carbohydrate and fats.

• The pancreatic juice also contains sodium
bicarbonate (NaHCo3) and di-sodium hydrogen
phosphate (Na2HPO4).

• These basic salts make the pancreatic juice
alkaline.



Functions of Pancreatic Juice

• Neutralizing action

• Being alkaline, it neutralized acidity of chyme 
and makes the medium of intestine alkaline. 

• Digestive function

• Due to the presence of many enzymes, 
pancreatic juice helps in the digestion of 
proteins, carbohydrates and fats. 



Control of Secretion of Pancreatic juice

• Pancreatic secretion is under nervous as well as hormonal control.
• Nervous Control-
• Pancreatic secretion starts 1 to 2 minutes after taking food.
• It is a reflex response.
• The stimulus for this reflex arises in the mouth during mastication

as well as in the stomach when food enters into the stomach.
• Chemical Control-
• When acidic chyme enters the duodenum, the wall of duodenum

produces an inactive substance called prosecretin which on coming
in contact with HCl is converted into active form called secretin. The
secretion is circulated through blood and stimulates pancreas to
secrete pancreatic juice.

• Another hormone called pancreozyme is also secreted by mucosal
cells of duodenum. It stimulates the pancreas to secrete pancreatic
juice rich in enzymes. Thus the secretion controls the volume of
pancreatic juice while pancreozyme controls the amount of enzyme
in the pancreatic juice



GASTROINTESTINAL HORMONES

• Gastrointestinal tract (GIT) has secreted
biologically active polypeptides in the mucosa
called gastrointestinal hormone (GIT
hormones).

• The peptide hormones of the GIT are
responsible for the absorption of digested
nutrients.

• Based on physio-anatomical similarities GIT
hormones are classified into 2 types: Gastrin
family and Secretin family



• Gastrin family of hormones: It includes Gastrin and
CCK-PZ

• Gastrin: It is secreted by the gastrin cells or G-cells of
gastric mucosa.

• It is secreted as progastrin (inactive) which get
converted to gastrin (active) by HCl.

• It promotes the secretion of the gastric juice, increases
gastric motility and promotes the growth of gastric
mucosa.

• It also plays a role in the constriction of the lower
oesophageal sphincter and ileocecal sphincter.

• It occurs in 3 forms i.e G34, G17 and G14, containing
34, 17 and 14 amino acids respectively.

• Out of which G17 (MW 2000) is the principal form with
respect to gastric acid secretion.

• It has half life of 2-3 minutes in the circulation and is
inactivated mainly in the kidney and small intestine.



Cholecystokinin-Pancreozymin (CCK-PZ):
• Previously it was thought that two separate hormones are released

from the duodenal mucosa, one CCK which causes contraction of
the gall bladder to release bile and second PZ which stimulates the
secretion of pancreatic juice.

• However, it has been found that a single hormone is released from
the duodenal mucosa to carry out both the above function hence
the name “CCK-PZ”.

• It is a polypeptide hormone made up of 33 amino acids.
• It is produced by granular mucosal cells of upper part of small

intestine, the duodenum and jejunum.
• It causes contraction of gall bladder to release bile.
• It also causes secretion of pancreatic juice rich in enzymes by

causing discharge of zymogen granules from the pancreatic acinar
cells.

• It also increases the secretion of Enterokinase (enteropeptidase)
from the duodenum and may also increase the motility of small and
large intestine.

• It produces trophic effect (increased growth) on pancreas.



• Secretin family of hormones: It includes secretin, Gastric inhibitory
polypeptide (GIP), Vasoactive intestinal peptide (VIP) etc.

• Secretin:

• It was the 1st hormone discovered by Bayliss and Starling.

• It is a polypeptide hormone with MW 5000.

• It consists of 27 amino acids, structure resembling that of
glucagon.

• It is produced by argentaffin cells in the crypts of the mucosa of
upper part of small intestine, duodenum and jejunum.

• It is secreted as prosecretin (inactive) which get converted by
gastric HCl into secretin (active).

• It acts on the duct cells of pancreas to produce pancreatic juice. It
is also responsible for inhibiting the secretion of gastric juice.

• It promotes normal growth and maintenance of pancreas and
enhances effect of CCK-PZ.

• It along with CCK-PZ causes contraction of pyloric sphincter and
delay gastric emptying.

• Thus, preventing the reflux of duodenal contents into the stomach.



Gastric inhibitory peptide (GIP)
• It is produced by cells in the mucosa of the 

duodenum and jejunum in response to 
presence of glucose and fat. 

• GIP has slight to moderate effect on inhibiting 
gastric secretion that is why called GIP. 

• The release of GIP is stimulated by the 
presence of the glucose in the gut.

• It stimulates beta cells of pancreas to increase 
insulin secretion therefore also called glucose-
dependent insulinotropic polypeptide. 



Vasoactive intestinal peptide (VIP)
• It is found in nerves in the GIT, blood, brain

and autonomic nerves.

• It is released from jejunum in response to
fatty meals.

• It increases intestinal secretions of
electrolytes and water.

• It relaxes intestinal smooth muscle including
sphincters.

• It inhibits gastric acid secretion. It dilates
peripheral blood vessels.



2.3 DIGESTION OF PROTEINS, 
CARBOHYDRATES AND LIPIDS

Digestion
• It is defined as enzymatic process of hydrolysis by which complex and

larger food particles are converted in the gut into a simple form suitable
for absorption and assimilation.

• These are four digestive juices i.e. saliva, gastric juice, pancreatic juice
and succus entericus.

• Bile may be considered as 5th digestive juice though it does not contain
any enzyme but it is essential for digestion.

• Digestion is carried out by enzymes with the help of various other factors.
• Except the milk coagulating enzyme all other digestive enzymes performs

their functions by process of hydrolysis.
• One digestive juice does not possess all the enzymes necessary for the

digestion of all the component of food completely.
• For this reason digestion is carried out in “relays” i.e one digestive juice

digest upto a certain stage further digestion is carried out by the next one
and in this way the process goes on till digestion is completed.



Digestion of Protein

• Introduction
• In the diet protein is a must (indispensable).
• Adult requires 0.5 to 0.8 gm protein per kg of body weight per

day, while growing children requires 4 gm of protein per kg of
body weight per day.

• Proteins are absorbed in the form of amino acid. Therefore
proteins are digested to amino acid before their absorption.

• The different forms of protein which are taken in diet are as
follows-

• i) Various types of albumins and globulin. This is chief form of
food protein.

• ii) Nucleoprotein
• iii) Caseinogen (milk protein)
• iv) Mucin
• v) Elastin
• vi) Collagen and gelatin



• Of these proteins, elastin cannot be digested.

• All the other varieties are broken down upto the
stage of amino acid by endopeptidases e.g pepsin,
trypsin and chymotrypsin and by the exopeptidases
e.g carboxypeptidase in the lower part of the
intestinal tract.

• Protein digestion starts in the stomach by gastric
juice and completed in the intestine by succus
entericus.

• Saliva does not contain any proteolytic enzyme.

• Proteins are mainly digested in stomach and
intestine.

• Brief details of protein digestion are as follows:



Action of Gastric juice

• Gastric juice is secreted by gastric glands which contain HCl
acid, mucous and enzymes such as pespsinogen, prorennin
etc.

• Pepsinogen and prorennin are present in the inactive form.
• Pepsinogen is activated by HCl acid into pepsin (active

form).
• Prorennin is activated by the HCl acid into rennin.
• Once the pepsin is formed the remaining pepsinogen is

autocatalysed into pepsin.
• Pepsin is a powerful proteolytic enzyme.
• It digests proteins in the presence of HCl acid upto peptone

only.
• Pepsinogen (inactive) Pepsin (active)
• More pepsinogen autocatalysed Pepsin
• Protein + Pepsin Proteose + Peptones



• Rennin enzyme causes the coagulation of milk.

• In the presence of calcium salt rennin changes
casein of milk to calcium paracaseinate (curdling
of milk).

• Calcium paracaseinate is digested by pepsin into
peptones, proteoses and polypeptides.

• Prorennin (inactive) Rennin (active)

• Caseinogen (soluble milk protein) + Rennin
Insoluble Casein (Calcium paracaseinate) +

whey

• Calcium paracaseinate + Pepsin Proteoses
+ Peptones



Action of Pancreatic juice
• Pancreatic juice is produced by pancreas.
• It is stimulated by two hormones i.e secretin and pancreozyme. 
• Pancreatic juice also contains many proteolytic enzymes such as 

trypsinogen, chymotrypsinogen and carboxypeptidase. 
• Trypsinogen and chymotrypsinogen are present in inactive form.
• Inactive trypsinogen is activated by enterokinase (present in 

succus entericus) into active trypsin. 
• Once the trypsin is formed remaining trypsinogen is 

autocatalysed into trypsin.
• Trypsinogen (inactive)      enterokinase Trypsin (active)
• Trypsinogen               autocatalysed Trypsin
• Chymotrypsinogen (inactive)+ Trypsin Chymotrypsin 

(active)



• Chymotrypsinogen is activated by trypsin into
chymotrypsin.

• Trypsin and chymotrypsin are protein digesting
enzymes.

• It act on peptones and proteose and convert
them into polypeptide and dipeptides.

• Chymotrypsin helps to digest milk protein.
Carboxypeptidase digests polypeptide into
tripeptides.

• peptone + proteose  Peptides of various 
chain (small polypeptides) and few free amino 
acids polypeptide 

• Polypeptides lower peptides and 
free amino acids



Action of Succus entericus
• Succus entericus is secreted by intestinal gland.

• Succus entericus contains erepsin which is a
complex proteolytic enzyme which converts
albumin and peptones into amino acid.

• The enzyme completes the digestion of food
protein started by pepsin and trypsin.

• Peptides Free amino acids

• Other proteolytic enzymes present in succus
entericus are polypeptidase, tripeptidase,
dipeptidase and protease which digest
polypeptides, tripeptides dipeptides and
proteoses respectively into amino acids.



Digestion of Nucleoproteins

• The proteolytic enzymes pepsin and trypsin hydrolyse
nucleoprotein into their protein and prosthetic part
nucleic acid component.

• Proteins are digested by proteolytic enzymes while
nucleic acids are digested by pancreatic ribonuclease
and deoxyrionuclease first into nucleotides and
ultimately into pentose sugar, phosphate group and
nitrogenous bases.

• Nucleoprotein Removes protein portion 
which is digested together with other food proteins

• Free Nucleic acid (RNA and DNA) 
Nucleotides and Nucleosides

• Nucleotides and Nucleosides pentose sugar, 
phosphate group and Nitrogenous bases.



Absorption of Amino acids
• D- amino-acids are absorbed solely by passive diffusion only, while L- amino acids

are actively transported. L-amino acids are absorbed more rapidly than D- isomers.
• Absorption of both D and L isomers is coupled to Na+ transport like cotransport of

glucose and Na+ .
• The transported amino-acids accumulate in the mucosal cell and from these cells

they enter the intestinal capillaries passively by simple diffusion and facilitated
diffusion, then via portal vein they reach the liver and general circulation.
Therefore after ingestion of a protein meal, there occurs a sharp rise in the free
amino acids contents of the portal blood which provides the whole body
requirements of proteins.

• Absorption of amino-acids is rapid in the duodenum and jejunum but slow in the
ileum. Of the total protein digested, approximately 50% comes from ingested food,
25% from proteins in digested juices and 25% from desquamated mucosal cells.
Only 2-5% of the proteins in the small intestine escape from digestion and
absorption.

• Some of the ingested proteins enter the colon and are finally digested by bacterial
action. Protein absorption decreases with age. In infants, moderate amounts of
undigested proteins are also absorbed.

• The proteins antibodies in maternal colostrums that contribute to passive
immunity against infections enter the circulation from the intestine.

• Absorption of foreign proteins from the intestine into circulation provokes the
formation of antibodies and allergic symptoms may develop after eating certain
foods.



Digestion of carbohydrates
• Introduction

• Food stuff contains carbohydrate as one of the component.
Carbohydrates are eaten mostly as oligosaccharides or
polysaccharides and to some external as monosaccharides.
Monosaccharides should be absorbed into the portal vein by
intestinal mucosa so polysaccharide and oligosaccharides
are to be digested. In an adult daily intake of carbohydrate
ranges from 300 to 800 gm per day which generally supplies
1000 to 2500 calories.

• The different forms of carbohydrate found in diet are-
• Oligosaccharide (Disaccharides) lactose, maltose, sucrose
• Polysaccharides :- starch, dextrin, glycogen and cellulose
• Monosaccharides :- glucose and fructose
• Digestion of polysaccharides and oligosaccharide starts in

the buccal cavity with the help of saliva and is completed in
the intestine with the help of success entericus.

• The details of carbohydrates digestion are as follows-



1. Action of Saliva

• Saliva contains an enzyme called salivary
amylase (ptyalin) and traces of maltase (its
presence in saliva is doubtful).

• Ptyalin acts on boiled starch only. For its
reaction it requires slightly acidic medium (pH-
6.5) but it can also act in neutral or slightly
alkaline medium.

• Strong acid such as gastric juice destroys
ptyalin.

• Effects of salts (such as chlorides) are
necessary for ptyalin action. Ptyalin digests
starch upto the maltose only.



Boiled Starch
↓ Ptyalin

Soluble Starch
↓ Ptyalin

Erythrodextrin + Maltose
↓ Ptyalin

Achrodextrin + Maltose
↓ Ptyalin

Maltose + Isomaltose
• Digestion of starch starts in the mouth by the

action of ptyalin may continue in the
stomach until the concentration of HCl
becomes high.



2. Action of Gastric juice

• Gastric juice does not possess any
carbohydrate splitting enzyme but HCl which
is present in gastric juice can hydrolysis
sucrose to some extent.



3. Action of Pancreatic juice 

• Pancreatic juice contains two enzymes
acting on carbohydrate-

• i) Pancreatic amylase and
• ii) Pancreatic maltase (present in traces)
• Pancreatic amylase acts on starch and

dextrin. Hopkins has divided the amylases
into two groups-

• i.α-amylase or endoamylase (animal origin)
and

• ii. Β- amylase or exoamylase (plant origin)
• Pancreatic amylase act on starch and

converts it into maltose faster than salivary
amylase (ptyalin)



• Action of pancreatic amylase occurs in neutral or
slightly acidic medium (pH-6.7 to 7.0).

• Optimum temperature required for their action
is about 45oC.

• Salts and chlorides ions are essential for its
action.

• Pancreatic amylase is not present in the
pancreatic juice of infants upto the age of about
6 months hence, during this period the baby
should not be given any starchy food.

• The pancreatic amylase converts starch and
dextrin in to maltose.

• Pancreatic maltase if present converts maltose
into glucose and fructose.



4. Action of Succus Entericus
• Succus entericus is secreted by intestinal glands and

it contains various carbohydrates splitting enzymes
such as sucrase, lactase, maltase and traces of
amylase. Succus entericus acts in alkaline medium
(pH 7.6)

• i) Sucrase (Invertase): Acts on sucrose producing one
molecule of fructose and one molecule of glucose.

• ii) Lactase: Acts on lactose producing one molecule
of glucose and one molecule of galactose.

• iii) Maltase: Acts on maltose producing two and of
glucose.

• iv) Amylase: Traces of this enzymes present in the
succus entericus. It acts on starch and dextrin which
might have escaped from pancreatic digestion.



• The digestible carbohydrates are all
converted into monosaccharides which are
absorbed. The process of starch digestion is
slow, so monosaccharides are slowly
produced as observed by restricting
disaccharides in the diet. Thus their
absorption becomes slow and a high rise of
blood sugar is prevented.



Absorption of carbohydrate
• Monosaccharides which are formed either in the gut lumen or in the 

brush border of the epithelial cells are absorbed from the jejunum and 
upper ileum. Negligible absorption also occurs in stomach and colon. In 
general, carbohydrates are completely absorbed at 100 cm from the 
duodenum i.e before the remains of a meal reach the terminal ileum.

• The process of absorption includes monosaccharides movements across 
the cell into the blood capillaries by simple diffusion and active transport.

• Simple diffusion- It occurs when concentration of sugar in the gut excess 
that in the blood.

• Active transport- This causes absorption of sugars against their 
concentration gradient into the blood, which require energy. Energy 
required for the process is supplied from cellular metabolism.

• Maximum rate of glucose absorption from the intestine is about 120 
gm/hour. The rate of absorption of monosaccharides is variable; it is 
fastest with glucose and galactose, intermediate with fructose and slowest 
with mannose or pentoses. Some disaccharides are absorbed as such into 
the epithelial cells, there to be hydrolyzed by maltase and sucrase present 
in the brush border of the villi. Galactose absorption from the GIT occurs 
by the same mechanism which transports glucose, whereas fructose is 
transported by facilitated diffusion. Some fructose is converted to glucose 
in the mucosal cells. Pentoses are absorbed by simple diffusion.





Digestion of Lipids

• Different forms of lipids taken in the diet are-

1. Neutral fats

2. Phospholipids

3. Cholesterols

4. Free cholesterols

5. Fatty acids and glycerol

• Free cholesterol, fatty acid and glycerol do not require
any digestion because they are absorbed as such.

• The first 3 groups i.e neutral fats, phospholipids and
cholesterides are digested in the alimentary canal.

• The neutral fats are digested into fatty acid and
glycerol.



• Normal Indian lipid diet contain 20-30 g/day.

• In developed countries contain 60-150 g/day.

• Hydrolysis of fats taken place in stages.

• After complete hydrolysis fat molecule given rise
to three molecules of fatty acids and one
molecules of glycerol.

• Saliva does not contain any lipolytic enzyme.
Digestion of fat starts in the stomach and ends in
the intestine.

• Brief details of digestion of lipids are as follows-



Action of Gastric juice

• Gastric juice secreted by gastric juice contain
fat digesting enzyme called gastric lipase.

• It acts best in slightly acidic medium.

• It breaks neutral fats into one molecule of
glycerol and three molecules of fatty acids.

• It mainly act on emulsified fat i.e. egg yolk,
milk etc.

• Digestion of fat in stomach is not significant
because fat is mainly digested in intestine.



Action of Pancreatic juice
• Fat digestion is mainly carried out in duodenum by pancreatic

lipase (steapsin).
• According to some workers pancreatic lipase is of two

different types – one acting on glycerol ester of lower fatty
acids and the other acting on glycerol esters of higher fatty
acids.

• Since fat is insoluble, pancreatic lipase acts on emulsified fats.
• Emulsification of fats takes place with the help of bile salts

present in the bile secreted by liver.
• Pancreatic lipase acts in alkaline medium (pH-8.0).
• Presence of fats in duodenum liberates enterogastrone which

inhibits gastric secretion.
• Fats also stimulate bile secretion as well as bile expulsion.
• The pancreatic lipase hydrolysis fats into fatty acids and

glycerol.
• Fat digestion is mainly completed by pancreatic lipase



Action of Succus entericus

• Succus entericus also contain another lipase.

• Under normal condition fat digestion is almost
completed by pancreatic juice, therefore this
lipase is of little importance.

• It is required only to digest little quantity of fat
which might have escaped pancreatic digestion.

• This lipase also digests fat into fatty acid and
glycerols.

• Fats       Triglycerides      Diglycerides
Monoglycerides



Absorption of Fats
• Pancreatic electrolytes, monoglycerides, fatty acids and bile salts interact

to form polymolecular aggregates called micelles. Micelles themselves are
passively absorbed along their concentration gradient into the luminal
brush border, where the bile salts are detached to return to the intestinal
lumen, finally to be actively reabsorbed more distally in the ileum. Fat
absorption is greatest in the upper part of the small intestine but
appreciable amounts are also absorbed from the ileum. Movements of
villi, compress the lacteals and villus capillaries, this increase the
mobilization of lipids towards the thoracic duct and portal vein
respectively. Cholesterol is absorbed directly into the lymphatics and
reconverted (esterified) therefrom as cholesterol esters. Its absorption
requires presence of bile, fatty acids and pancreatic juice. It is mainly
absorbed from the distal small intestine. Non-absorbable plant sterols
such as those found in soyabeans reduce the absorption of cholesterol by
combining with cholesterol for esterification with fatty acids. On a
moderate fat intake, more than 95% of the ingested fat is absorbed. Only
5-6% is excreted in stools, much of this faecal fat is derived from cellular
debris and microorganisms. The process involved in fat absorption is not
mature at birth, therefore, infants faecal fat content is 10-15% of the
ingested fat.




