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Structure of Mammalian Digestive System
➢ Digestive system: In mammals it is responsible for the chemical
breakdown of food and its absorption from the gut. Therefore contributes
to homeostasis by transferring nutrients, water, and electrolytes from the
external environment to the internal environment.
➢ Living cells depend on a continuing flow of nutrients to sustain their
metabolic needs. Carbohydrates, fats, and proteins represent the main fuels;
they are broken down into absorbable units (specifically simple sugars, fatty
acids, and amino acids), which are then used by cells to produce ATP to
carry out their particular energy-dependent activities, such as active
transport, contraction, synthesis, and secretion.
➢ Animal digestion is evolved from an intracellular to an extracellular process
in a specialized sac or tube connected to the environment.
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❖ There are four basic digestive processes: motility, secretion, digestion and
absorption. (Fig. 1)
o Motility- refers to the muscular contractions within the gut tube that mix
(Mixing movements) and move forward (Propulsive movements) the
contents of the digestive tract.
o Secretion- a number of digestive juices are secreted into the digestive tract
lumen by exocrine glands located along the route, each with its own specific
secretory products.
o Digestion – a process in which non-diffusible foods are converted into
diffusible foods with the help of digestive enzymes. This is carried out by
process of hydrolysis, using water molecules for cleavage. The enzymes which
bring about digestion are called as hydrolases.
o Absorption- the process of transferring nutrients along with water, vitamins,
and electrolytes, from the digestive tract lumen into the blood, which occurs
mainly in the middle to posterior sections of most digestive systems.
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Structure of Mammalian Digestive System
❖ Digestive system of mammals consists of gastrointestinal tract or alimentary canal and
accessory digestive glands, which helps in process of digestion. In addition to this, it helps
in process of osmoregulation , endocrine secretions, immune functions and the elimination of

toxins.

▪ The gastrointestinal tract of mammals is a continuous tube running from mouth to anus. The
major organs of alimentary canal are : mouth, buccal cavity, pharynx, esophagus, stomach (and
rumen in ruminants), small intestine, large intestine, anus. (Fig. 2 & 3).
▪ Digestive glands consists of: salivary glands, liver, gallbladder, and pancreas.

Fig. 2: Human Digestive System

Fig. 3: Digestive System of Cavia (Guinea pig)
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A. GASTROINTESTINAL TRACT OR ALIMEMTARY CANAL:
The alimentary canal begins from the mouth and ends at anus.
1. MOUTH:
The mouth consists of two regions, the Vestibule and the Oral/Buccal cavity (Fig: 4, 5 & 6).
It initially receives the food entering the gut. Oral cavity helps to produce rounded mass food
particles called Bolus.
1.a: Vestibule: is the area between the teeth, lips and cheeks. . It is a transverse aperture and is
guarded by two soft and movable lips and cheeks. The upper lip is provided with a cleft in the
middle. The muscular lips aid in Prehension, the seizing and conveying of food to the mouth
e.g, horses uses its lips to move foodstuffs into the mouth. The lips also serve nondigestive
functions. They are important in Communication; e.g, facial expression and the articulation
of many sounds depend on a particular lip formation.
1.b: Buccal cavity: It consists of following parts- Palate, Tongue, Jaws & Teeth
❖ Palate- forms the arched roof of the buccal cavity, separates the mouth from the nasal
passages. The anterior portion of the palate is called hard palate. The supporting bones
present at this portion make it hard. As no supporting bone is present in the the posterior
portion of the palate therefore it is soft and is known as soft palate. Its presence allows
breathing and chewing or sucking to occur simultaneously. In some primates, including
humans, soft palate contains a hanging projection called Uvula, which plays an important role
in sealing off the nasal passages during swallowing.
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Fig:4

Fig: 5

Figs. 4 & 5: Structure of Human mouth

Fig: 6

Fig. 6: Structure of mouth of Cavia
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❖ Tongue- is muscular and movable part that forms the floor of the buccal cavity. The anterior
end of the tongue is free and the posterior end is attached with the floor , by the hyoid bone
(U- shaped bone between the lower jaw and larynx). upper surface of the tongue is rough and
contains numerous papillae or taste buds, which are also dispersed in soft palate, throat, and
linings of the cheeks. Tongue consists of voluntarily controlled skeletal muscles that form a
muscular hydrostat. Movement of tongue are important in guiding food within the mouth
during chewing and swallowing, mixes food with saliva, play an important role in vocalization.
Tongue also continually synthesizes an antimicrobial peptide, therefore tongues are rarely
infected and heal quickly after injury.
❖ Jaws & Teeth- Both the jaws (maxilla- upper jaw & mandible- lower jaw) are provided with
teeth, which are firmly embeded in and protrude from the jawbones. Teeth are among the
most distinctive feature of mammal species. Tooth consists of two parts, crown and root.
Crown is exposed part covered by Enamel, and the root remains embedded in a socket in
the jaws. Enamel is the hardest structure, made up of calcium phosphste , in mammals. The
tooth is made up of a substance, called Dentine, which is produced by cells called
odontoblasts . Each tooth bears an inner Pulp cavity. This cavity remains filled up with jellylike pulp, blood vessels and nerves. A layer of connective tissue that binds the roots of the
teeth firmly to the gums and jawbone is called cementum. The tissue that helps hold the
teeth tightly against the jaw called as periodontal ligament. (Fig: 7).
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Fig. 7: Structure of tooth in mammals
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❖ Teeth in Mammlals are Thecodont (found in sockets), Heterodont (different types
such as incisors- cutting teeth, canines -piercing and tearing teeth, premolars and
molars – crushing and grinding teeth and Diphydont (two successive sets of teeth)
except elephants, kangaroos and mantees all of which are Polyphyodonts (develop
many sets of teeth).
❖ Dental formula of old world primates including humans is 2.1.2.3/2.1.2.3, total 32
in number for adults and 2.1.0.2/2.1.0.2, total 20 in number for young ones.
❖ Elephants’ tusks are modified upper incisors, used for diging food up and fighting.
❖ Walrus tusks are modified canine teeth that grow continuously throughout life.
❖ Herbivores have a long Diastema, or gap i.e, Canines are absent between the incisors
and premolars on each side that allows ready manipulation of food by the tongue.
❖ Ruminants have unique dentition; the upper incisors and canines are absent, replaced
by dental pads. The lower incisors bite against the dental pad or hard gum in the
upper jaw. They manipulate food into the mouth with the tongue and lips and then
cut or tear it with their lower incisors and dental pads.
❖ The teeth of rabbits and lower incisors of possums, koalas and rodents, grow
continuously throughout their lifetime, a consequence of abrassive high fiber diets,
which continually wear down the enamel coating.
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❖ The teeth help in mastication (chewing) of food, however carnivores normally
swallow food without chewing and mixing the contents with saliva. Ruminants
chew the food only briefly before swallowing, sufficiently grinding the forage
into particles just small enough to be formed into a food bolus. Only when
ruminants regurgitate ( movement of a food bolus from the stomach back to the
mouth) is the food then thoroughly masticated . In contrast, the horse
thoroughly masticates its food prior to swallowing.
❖ The purposes of mastication are:
(1) To grind and break food up into smaller pieces to facilitate swallowing and to
increase the food surface area on which salivary enzymes will act,
(2) To mix food with saliva, and
(3) To stimulate the taste buds, which reflexly increases salivary, gastric, pancreatic,
and bile secretion to prepare for the arrival of food in the lower digestive tract.
❖ The act of chewing is regulated by a chewing centre in the medulla oblongata.
The presence of food in the oral cavity activates mechanoreceptors that, via
afferent pathways to this center, activate motor neurons that open the oral cavity
while inhibiting the neurons that cause the closure of the cavity.
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❖ Mouth and buccal cavity produces secretion called Saliva by salivary glands , which
contain enzyme called Salivary Amylase or Ptylin. Mammalian saliva consists of about
99.5% H2O , 0.5% electrolytes and protein. Salivary glands are located outside the oral
cavity and discharge saliva through short ducts into the mouth & buccal cavity.
Functioning of Saliva:
• Moistening food particles
• Digestion of starch
• Defense against bacterial infections. —
i) Lysozyme- cause lysis of bacteria.
ii) Salivary agglutin- a glycoprotein that complexes with IgA antibodies and then
binds to bacteria.
iii) Lactoferrin- which tightly binds to iron needed for bacterial multiplication.
iv) Rinsing away material that may serve as a food source for bacteria.
• Taste; saliva is a solvent for molecules that stimulate taste buds.
• Neutralization of acidic foods, as it is rich in bicarbonate buffers.
• Thermoregulation, used as a means of temperature control in animals without sweat
glands. e.g., Kangaroos actually spread saliva over their bodies, when outside temperatures
approach lethal limits.
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2. PHARYNX or THROAT
❖ Buccal cavity leads to another chamber, called Pharynx, it acts as a common passageway for both
the digestive system (by serving as the link for passing food between the mouth and esophagus)
and the respiratory system (by providing access between the nasal passages and trachea for air).
The dorsal part of the pharynx is called Nasopharynx and the ventral part is called Buccopharynx.
Paired internal nostrils and Eustachian tubes enter into the nasopharynx region. The posterior
margin of the soft palate extends into the nasopharynx as velum. The two sides of the velum are
with a peculiar lymphoid tissue, called tonsil.
❖ A slit, called glottis, is present, on the floor of the buccopharynx just posterior to the tongue.
Glottis communicates with the respiratory tube(larynx) and is guarded by a cartilaginous flap,
called Epiglottis. Posteriorly, the buccopharynx opens into the esophagus through an aperture,
called gullet.
❖ In some animals, such as horses, the nasal and tracheal tubes line up so precisely that they can
breathe and drink at the same time, with the water passing to the left and right of the respiratory
connection.
❖ In humans respiratory passages must be temporarily sealed off, therefore respiration is briefly
inhibited so that futile respiratory efforts are not attempted. With the larynx and trachea sealed
off, pharyngeal muscles contract to force the bolus into the esophagus.
❖ The pressure of the bolus in the pharynx stimulates pharyngeal pressure receptors, which send
affarent impulses to the swallowing centre located in the medulla. This centre then reflexly
activates in the appropriate sequence , the muscles that are involved in swallowing.
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3. ESOPHAGUS
❖ Esophagus is long muscular tube that extends between the pharynx and stomach running
along the mid-ventral line of the neck and thoracic region and after passing through the
diaphragm opens into the stomach.
❖ In ruminants and dogs the entire musculature of the esophagus is skeletal, whereas in
humans it is entirely smooth muscle. In the horse and cat, the bottom third of the esophagus
is smooth muscle.
❖ It is guarded by Pharyngoesophageal sphincter at upper end and Gastroesophageal sphincter
(cardiac sphincter) at lower end.
❖ Pharyngoesophageal sphincter remains closed to prevent large volumes of air from entering
the esophagus and stomach during breathing. Otherwise digestive tract would be subjected to
large volumes of gas, which would lead to excessive Eructation (Burping). This sphincter
opnes only during swallowing.
❖ Ruminants have another sphincter called Nasopharyngeal sphincter, at junction between the
nasal cavity and the throat. This sphincter remains closed, therefore most of the gases from
rumen are diverted into trachea and are ultimately expelled with normal respiratory activity.
Gases produced by ruminants are currently of Global concern [ 65% CO2, 27% methane,
7% nitrogen, 0.5%oxygen and 0.2% hydrogen, in addition to trace amount of hydrogen
sulfide.
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❖ Gastroesophageal sphincter prevents reflux
of gastric contents. If gastric contents do
flow back into the esophagus despite the
sphincter , the acidity of these contents
irritates the esophagus, causing the
esophageal
discomfort
known
as

Heartburn.

❖ Esophagus secrets mucus that is entirely
protective and lubricates food.
❖ In humans and dogs there arises a condition
called Achalasia, in which the lower
esophageal sphincter fails to relax during
swallowing but instead contracts more
vigorously. Here food accumulates in the
esophagus. The underlying defect is
apparently the result of damage to the
myenteric nerve plexus in the region of the
gastroesophageal sphincter.
❖ Peristaltic waves push the food through the
esophagus. (Fig: 8)

Fig. 8: Peristalsis in the esophagus
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4. STOMACH
❖ Stomach stores food , begins protein digestion and forms chyme.
❖ In monogastric mammals , the stomach is simple, muscular, saclike chamber lying between the
esophagus and small intestine.
❖ In most of the mammals it is simple tubular expansion of the digestive tract.
❖ In humans: Stomach is a highly muscular and glandular sac divided into three sections
based on anatomic, histologic and functional distinctions (Fig; 9).
❖ The Dorsal region, or the Fundus- responsible for the storage of ingested food and
adaptation to changes in volume. It faces towards the esophagus therefore is also called as
cardiac end.
❖ The Body or corpus – is the middle or main part of stomach. Here the digesta is mixed with
gastric secretions. The smooth muscle layers in the fundus and corpus are realtively thin , but
the lower portion of the stomach, the antrum, has much heavier musculature that is used to
regulate expulsion of food into the small intestine as well as mix the contents.
❖ The Pyloric part – is the terminal portion of the stomach consists of a Pyloric sphincter,
which acts as a barrier between the stomach and upper part of the small intestine, the
duodenum.
❖ The inner concave side of the stomach is called lesser curvature and the outer convex surface
is called greater curvature. Because of a twisting, the cardiac end has taken a position towards
the left and the pyloric end has taken a position towards the right in the abdominal cavity.
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❖ .

Fig. 9: Anatomy of the Human stomach
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Functions of stomach
There are three main functions of stomach.
1. Storage: Most important function is to store ingested food untill it can be emptied into the
small intestine at a rate appropriate for optimal digestion and absorption .
e.g, carnivores consume meal that then take hours to digest and absorb. Because the small
intestine is the primary site for this digestion and absorption, It is important that the stoamch
store the food and meter it into the duodenum at a rate that does not exceed the small
intestines capacities.
2. Digestion: The stomach secretes hydrochloric acid ( HCl) and enzymes that begin protein
digestion.
3. Chyme formation: Through mixing movements , the ingested food is pulverized and mixed
with gastric secretions to produce a thick, liquid mixture known as Chyme before they can be
emptied into the duodenum.
❖ The four basic digestive processes – motility , secretion, digestion and absorption-- relate to
the stomach.
❖Motility : the four aspects of gastric motility are ; (1) Gastric filling, (2) Gastric storage, (3)
Gastric mixing, (4) Gastric emptying. (Fig: 10)
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1. A peristaltic contraction originates in the upper 5. When the peristaltic contraction reaches the
fundus and sweeps down toward the pyloric
pyloric sphincter, the sphincter is tightly
sphincter.
closed and no further emptying takes place.
2. The contraction becomes more vigorous as it 6. When chyme that was being propelled
reaches the thick-muscled antrum.
forward hits the closed sphincter, it is
3. The strong antral peristaltic contraction propels
tossed back into the antrum. Mixing of
the chyme forward.
chyme is accomplished as chyme is
4. A small portion of chyme is pushed through the
propelled forward and tossed back into the
partially open sphincter into the duodenum. The
antrum with each peristaltic contraction.
stronger the antral contraction, the more chyme is
Fig: 10; Stomach motility states
emptied with each contractile wave.
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❖ Variations between different animal groups
with simple stomachs are based on the
distribution and composition of the
epithelium lining of the stomach. There
are also glandular differences in the
mucosa of these regions.
❖The stomach of rats: is divided into
two separate compartments.
i). Forestomach: Thin-walled, non-glandular
section that receives the esophagus and
serves as a holding chamber for food. Its
walls are similar to those of the esophagus.
ii). Corpus: Thick-walled, glandular section.
Its walls have secretory glands that
produce digestive enzymes and mucus.
Digestion begins in the corpus. The
pyloric sphincter controls the movement
of food from the corpus to the intestines
(specifically, the duodenum).

Fig. 11.a: Rat stomach

Fig. 11.b: Rat stomach opened along the
greater curvature of the stomach
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❖ Stomach in Ruminants (Rumen)
❖ Ruminants are a group of animals that have achieved the highest degree of specialization in fermenting
plant material.
❖ Ruminants, so named because they ruminate (chew the cud), also voluntarily regurgitate partially
digested food back into the mouth to complete the mechanical grinding of the ingested plant material.
This has often been thought of as an evolutionary development that has allowed ruminants (often prey
animals) to consume feed in haste and later mechanically process their food during leisure times of
safety.
❖ Ruminant species have evolved a stomach of sufficient size and motility to house a population of
microbes able to break down cellulose and other complex polysaccharides into end products of
fermentation, which meet the nutritional requirements of the host animal.
❖ Ruminants are among the most widely distributed groups of mammals on Earth, having adapted to
Arctic, desert, and tropical environments. e.g, The rumen of a Scottish Highland cow enables it to
survive under conditions of low food quality and availability.
❖ The stomach of true ruminants (Ruminantia), which includes cattle, sheep, goats, deer, giraffe, and
antelope, is divided into four compartments, which occupy approximately three quarters of the
abdominal cavity. The forestomach (the pregastric region) consists of three chambers: the rumen,
reticulum, and omasum, each of which is involved in the storage and passage of ingested food (Fig12;
a&b) and the abomasum which is the acid-secreting region of the stomach, functions in the digestion
of protein and lysis of rumen microbes.
❖ Pseudoruminants (Tylpoda), including llamas and camels, have a three-compartment stomach, the
omasum being absent.

Structure of Mammalian Digestive System

Fig. 12.a: Stomach of a nonselective feeder, Ox.

Fig. 12.b: Stomach of an antelope

Fig. 12. a & b: Structure of stomach in ruminants
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5. SMALL INTESTINE
❖ It is a tube that lies coiled within abdominal cavity, extending between the stomach and the
large intestine .
❖ It is divided into three regions: Duodenum, Jejunum and Ileum.
❖ It is a site at which most of the digestion and absorption of nutrients takes place in
mammmals.
❖ In ruminants the pregastric absorption of some nutrients occurs through the lining of the
ruminoreticulum.
❖ The digestive tract wall has the same general structure throughout most of its length from the
esophagus to the anus, with some local variations characteristic for each region.
❖ A cross section of the small intestine ( Fig: 13) reveals four major tissue layers. From the
innermost layer os the tract outward, they are: the mucosa, the submucosa, the muscularis

externa and the serosa.

i) The mucosa; lines the luminal surface of the digestive tract . It is divided into three layers
a. A mucous membrane – an inner epithelial layer that serves as a protective surface as well as
being modified in particular areas for secretion and absorption. It contains exocrine cells for
secreting digestive juices, endocrine cells for secreting gastrointestinal hormones, and
epithelial cellls specialized for absorption of digested nutrients.
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b. The lamina propria– a thin middle layer of connective tissue on which the epithelium rests. Small
bloood vesels, lymph vesssels, and nerve fibers passs through the lamina propria, and it houses the
gut- associated lymphoid tissue (GALT), which is important in the defense against intestinal
bacteria.
c. The muscularis mucosa, a sparse outer layer of smooth muscle that lies adjacent to the submucosa.
2. The submucosa , is a thick layer of connective tissue that provides the digestive tract with its
distensibility and elasticity. It contains the larger blood and lymph vesels, both of which send
branches inward to the mucosal layer and outward to the surrounding thick muscle layer. Also a
nerve network known as the submucosal plexus lies within the submucosa.
3. Muscularis externa, surriounds the submucosa. It is the major smooth muscle coat of the digestive
tube. It consists of two layers- an inner circular layer ( constricts the lumen)and an outer
longitudinal layer (shortens the tube). Together contractile activity of there layers produce
propulsive and mixing movements. Between the two muscle layers there is another nerve network ,
the myenteric plexus, which, along with the submucous plexus, helps regulate local gut activity.
4. The serosa, is the outer connective tissue covering of the digestive tract, which secretes a serous fluid
that lubricates and prevents friction between the digestive organs and surrounding viscera. The
serosa is continuous with mesentery, which suspends the digestive organs from the inner wall of the
abdominal cavity like a sling. This attachment provides relative fixation, supporting the digestive
organs in proper position, while still allowing them freedom for mixing and propulsive movemnts.

Structure of Mammalian Digestive System

Fig. 13: Tissue structure of the mammalian digestive tract (Small intestine).
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❖ The mucous lining of small intestine is remarkably well adapted to its special absorptive
function , for two reasons:
1. It has a very large surface area– by the following threee modifications;
a. folds, b. villi. C. microvilli (forms brush border).
a. Folds: The inner surface of the small intestine is arranged in circular folds that are visible to
the naked eye and that increase the surface area Threefold.
b. Villi: Projecting from this folded surface are microscopic, fingerlike projections known as villi,
which give the lining a velvety appearance and increase the surface area by another 10 times .
Epithelial cells cover the surface of each villus. Villi are dynamic and readily change
dimensions in response to numerous dietary factors.
c. Microvilli : Even smaller, hairlike projections known as microvilli arise from the luminal
surface of these epithelial, increasing the surface area another 20-fold in a formation called
the brush border. It is within the membrane of this brush border that the enzymes of the
small intestine perform their functions.
❖ Arising from the surface of the microvilli is the Glycocalyx, a meshwork of carbohydrate-rich
filaments. These filaments are components of the digestive enzymes that project into the
lumen of the small intestine.
❖ Each epithelial cell has as many as 3,000 to 6,000 of these microvilli which are visible only
with an electron microscope.
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❖ Generally villi are longest in jejunum and progressively decrease in length through the ileum.
❖ Altogether they provide the small intestine with a luminal surface area about 600 times
greater than it would have if tube were lined by flat surface. If the surface area of human
small intestine were spread out flat, it would cover an entire tennis court.
2. The epithelial cells in this linning have a variety of Specialized transport mechanism- structure
of villus aid transepithelial transport

Strcuture of Villus
• Epithelial cells that cover the surface of the villus- these epithelial cells have , within their
luminal brush borders, carriers for absorption of specific nutrients and electrolytes from the
lumen as well as the brush border digestive enzymes that complete carbohydrate and protein
digestion.
• A capillary network– each villus is supplied by an arteriole that breaks up into a capillary
network within the villus. The capillaries rejoin to form a venule that drains away from the
villus.
• A terminal lymphatic vessel– each villus is supplied by a single, blind ended lymphatic known
as central lacteal, which occupies the center of the villus core.
❖ During the process of absorption, digested substances enter the capillary network or the
central lacteal. Intestinal absorption may be an active or passive process.
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❖Segmentation contractions mix and slowly propel the chyme (Fig. 14)
➢Segmentation in small intestine helps in motility, causes continuous contractions folllowed by
relaxations. In this way chyme is chopped, churned and thoroughly mixed. This mixing serves
the dual functions of mixing the chyme with the digestive juices secreted into the smallintestine lumen and exposing all the chyme to the absorptive surfaces of the small intestine
mucosa.
➢Segmentation contractions are initiated by the small intestines Pacesetter cells, which produce a
basic electrical rhythm (BER), smilar to the gastric BER responsible for peristalsis in the
stomach.
➢The intensity of segmentation contractions can be influenced by the hormone Gastrin and by
extrinsic nerve activity. All these factors influence the excitability of the small intestines
smooth muscle cells by moving the “resting “ potential around which the BER oscillates closer
to or farther from threshold.
➢Duodenum starts to segment primarly in response by the presence of chyme.
➢Segmentation of empty ileum , in contrast, appears to be brought about by Gastrin, which is
secreted in response to the presence of chyme in the stomach, a mechanism known as
Gastroileal reflex, extrinsic nerves can modify the strength of these contractions.
➢Para sympathetic stimulation enhances segmentation, whereas sympathetic stimulation
depresses segmental activity.
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❖ Frequency of segmentation declines along the
length of the small intestine this allows forwad
slow progression of Chyme. The pacesetter cells
in the duodenum spontaneously depolarize at a
faster rate than those farther down the tract,
with the pacesetter cells in the terminal ileum
exhibiting the slowest rate of spontaneous
depolarization. e.g, the rate of segmentation in
the human duodenum is 12/min, compared to a
rate of only 9/min in the terminal ileum. As a
result, more Chyme on average is pushed
forward very slowly down the small intestine
than is pushed backward. This slow movement is
advantageous because it allows ample time for
the digestive and absorptive processes to take
place. The contents usually take three to five
hours to move through the human small
intestine

Fig.14: segmentation in small
intestine
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❖The migrating motility complex sweeps the intestine clean between meals
➢when most of the meal has been absorbed , segmentation contractions cease and are replaced
by the migrating motility complex, or “ intestinal housekeeper”. This between meal motility
consists of weak, repetitive peristaltic waves that move a short distance down the intestine
before dying out. These waves start at the stomach and take about 100 to 140 minutes in
humans to gradually migrate from the stomach to the end of the small intestine, with each
contraction “ sweeping” any remnants of the preceding meal plus mucosal debris and bacteria
forward toward the colon, just like a good housekeeper.
➢After the end of the small intestine is reached, the cycle begins again and continues to repeat
itself untill the next meal.
➢The hormone Motilin released by the intestinal crypt cells, plays a role in stimulating this
migrating motility complex. When the next meal arrives, segemental activity is triggered again,
and the migrating motility complex ceases.
❖Ileocecal juncture (Fig: 15)
➢It prevents contamination of small intestine by colonic bacteria. Present between the small
intestine and large intestine, the last portion of ileum empties into the cecum.
➢The juncture contains ileocecal valve and ileocecal sphincter.
➢Ileocecal valve is valvelike fold of tissue protrude from the ileum into the lumen of the cecum.
When the ileal contents are pushed forward, this valve is pushed open, but the folds of tissue
are forcibly closed when the cecal contents attempt to move backward.
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❖ Ileocecal sphincter is formed by smooth muscles within the last several centimeters
of the ileal wall, which becomes thick to form a sphincter, which is under the neural
and hormonal control.
❖ The digestive tract of numerous carnivorous mammals , including some species of
bats and marsupials, lack a constriction or valve between the small and large intestine.
These animals also lack a cecum. e.g, the short terminal segment of the large intestine
of a mink is slightly larger than the small intestine and lacks a sphincter or valve at
the junction between the two segments.
❖ In horses, there is a sphincter at both the ileocecal and cecocolic junction , that
ensures that the intestinal contents enter the cecum before passage through the colon.
❖ The exocrine glands in mucosa of small intestine secrete large volumes of an aqueous
salt and mucus solution known as Succus entericus (Succus-juice; entericus- of the
intestine; about 1.5 liters in humans).
❖ The luminal surface of the mammalian small intestine epithelial cells has brush
border which secrete enzymes. These enzymes function within the borders of the
epithelial cells instead of being secreted directly into the lumen.
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Fig. 15: Control of ileocecal valve /sphincter (humans)
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❖The different categories of enzymes are:
1. Enterokinase, which activates the pancreatic enzyme trypsinogen
2. The diasaccharidases ( maltase, sucrase, lactase) which complete carbohydrate digestion by
hydrolyzing the remaining diasaccharides ( maltose, sucrose, lactose) into their constituent
monosaccharides.
3. The aminopeptidases, which hydrolyze the small peptide fragments into their amino acid
components, thereby completing protein digestion.
❖ Thus, carbohydrate and protein digestion are completed at the brush border of small
intestine.
❖ These enzymes may varry in mammals , like in ruminants the microbes present in
reticulorumen scavenge most of the carbohydrates, the concentrations of diasaccharidases in
the small intestine are low, with sucrase not synthesised at all.
❖ In certain mammals like rodents, whose diet normally conatin chitin have evolved a chitinase
enzyme in their gastric mucosa.
❖ The small intestine is highly adaptable for its primary role in absorption. i e. all products of
carbohydrates, protein, and fat digestion as well as most of the ingested electrolytes, vitamins,
and water are absorbed indiscriminately.
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❖ The length of the small intestine and the types and densities of its tranporters are remarkably
matched to typical diets of species. For instance, herbivores typically have a higher density of
intestinal glucose transporters than do carnivores. Cats have exceptionally high levels of intestinal
taurine and arginine transporters.
❖ Most absorption occurs in theduodenum and jejunum, very little occurs in the ileum.
❖ Vit B12 and bile salts are are absorbed in the terminal portion of the ileum.

The mucosal lining experiences rapid turnover;

❖ Dipping down into the mucosal surface between the villi are shallow invaginations known as Crypts
of Lieberkuhn. These crypts secrete water and electrolytes , which along with the mucus secreted by
the cells on the villus surface , constitute the Succus Entericus. They also secrete the hormone
Motilin.
❖ They also function as stem cell “nurseries”. The epithelial cells lining the small intestine slough
off and are replaced at a rapid rate as a result of high mitotic activity in the crypts. In humans the
epithelial lining of the small intestine is replaced approximately every three days.
❖ Dogs infected with canine parvovirus exhibit a high mortality because the virus attacks and
destroys the rapidly dividing cells found in the crypts. Bacteria residing in the intestine can then
cross the blood stream, causing Sepsis, a systemic inflammatory state.
❖ In addition to the stem cells , Paneth cells are found in the crypts. They serve as defensive function,
safe guarding the stem cells . They produce two chemicals that thwart bacteria;
i). lysozyme, the bacterial lysing enzyme also founfd in saliva.
ii). Defensins, small antimicrobial proteins .
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❖ 6. LARGE INTESTINE:
❖ Large intestine: consists of cecum, colon and rectum or cloaca. (Fig: 16)
❖ Cecum: Separates small intestine from large intestine. At the bottom of the caecum is small, finger like
projection called vermiform appendix, in humans and some apes.
❖ Vermiform appendix, is a lymphoid tissue that stores lymphocytes but that has no direct digestive
function. It is thought to be remnant of a larger caecum in ancestral primates and has long been thought
to be vestigial. Recent studies indicate that it may serve as a refuge for symbiotic bacteria, which may
repopulate the main tract if symbionts there have been killed off by diseases or toxins. However, since
the appendix is prone to obstruction from trauma, infections, and foreign bodies – which can lead to
lethal swelling and rupture- it is not an optimal adaptation, there causes a disease called vermiform
appendicitis.
❖ Colon: Makes up most of the mammalian large intestine. Colon of mammals if proportionately longer
than that of other vertebrates. It is divided into three distinct regions: ascending colon, transverse colon
and descending colon –sigmoid colon.
i). Ascending colon: is dramatically modified in both size and structure e.g., in ruminants and pigs it is
much elongated and organized into coils. In horses it is markedly enlarged and occupies a considerable
portion of the abdominal cavity.
ii). Transverse colon: is comparatively short.
iii). Descending colon: is continuous with the rectum
❖ Rectum : Rectum means straight, terminal part of large intestine.
❖ Cloaca: In some mammals the large intestine terminates, along with the renal and reproductive systems
in a structure called cloaca. e.g., Monotreme mammals (Platypus, Echidnas or spiny ant eater).
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Fig. 16: Large intestine ( humans)
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❖Functions of Large Intestine

➢The large intestine serves as a temporary storage site for excreta, functions in electrolyte and
fluid balance, and harbors microbes for fermentation and production of volatile fatty acids.
➢ The colon of human normally receives about 500ml of Chyme from small intestine each day.
➢As most digestion and absorption have been accomplished in the small intestine, the contents
delivered to the colon consist of indigestible food residues (such as cellulose), unabsorbed
biliary components, and the remaining fluid.
➢The colon extracts more H2O and salt from the contents, so it is important in fluid –
electrolyte balance. Sodium is actively absorbed , Cl- follows passively down the electrical
gradient, and H2O follows osmotically.
➢The primary function of large intestine is to store fecal material or excreta before defecation.
➢Cellulose and other indigestible substances in the diet provide bulk and help maintain regular
bowel movements by contributing to the volume of the colonic contents.
➢Symbiotic microbes live in the cecum and colon in most of the species, where they syntesize
some vitamins such as vitamin K, although in non ruminants only vitamin K is produced in
significant quantities. Microbes also make volatile fatty acids (VFAs; fatty acids with 6 or
fewer carbons).
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❖Diet composition governs variation in structure of the large intestine

➢Carnivores (such as cats and dogs ) tend to have the simplest digestive tracts, with
comparatively short, unstructured colons.
➢Ominvores and herbivores that ingest considerable amounts of complex polysaccharides,
notably rabbits and horses, the structure of the large intestine tends to be more complex.
➢Generally the caeca and/ or the colon are Sacculated (having expandable side sacs) and
voluminous, providing a site for microbial digestion. Exceptions include the kangaroo and
sheep, whose caecum and colon are neither sacculated nor particularly enlarged.
➢Sacculations are formed when the outer longitudinal smooth-muscle layer of the colon does
not completely surround the large intestine. In these animals, it consists of separate,
conspicuous, longitudinal bands of muscle, the Taeniae coli, which run the length of the
cecum and large intestine.
➢Most animals with taeniae have three, but a horse has four.
➢Approximately half of the proximal coiled region of the pig colon has two taeniae, whereas
the remainder is without. These taeniae coli are actually shorter than the underlying circular
smooth-muscle and mucosal layers would be if the latter were stretched out flat. Because of
this, the underlying layers are gathered into pouches or sacs called Haustra, The haustra are
not merely passive gathers, however; they actively change location as a result of contraction of
the circular smooth-muscle layer.
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➢ Haustral contractions prolong the retention of digesta. Most of the time, movements of the large
intestine are slow and nonpropulsive. The colon’s primary method of motility are haustral
contractions initiated by the autonomous rhythmicity of colonic smooth muscle cells. These
contractions, which throw the large intestine into haustra, are similar to small intestine
segmentations but occur much less frequently.
➢ Whereas human small-intestine segmentation occurs at rates of between 9 and 12 contractions per
minute, there may be 30 minutes between haustral contractions.
➢ Haustral sacs cause contractions followed by relaxations, which form nonpropulsive movements that
slowly shuffle the contents back-and-forth, so to expose the colonic contents to the absorptive
mucosa. By prolonging the retention of the colonic contents, more time is made available for
microbial digestion. This is particularly important in the pig and horse because they lack a rumen
in which to digest dietary cellulose.
➢ Locally mediated reflexes involving the intrinsic plexuses largely control haustral contractions.
➢ Peristaltic contractions also propel the flow of intestinal and cecal contents toward the rectum.
➢ A pacemaker in the midcolon region generates slow waves, which travel both directions along the
colon, which contributes to the net movement of ingesta along the colon. In addition to the
haustral contractions, which impede the flow of ingesta, are the Antiperistaltic contractions,
which function primarily to fill the cecum. Generally they originate from pacemakers in the
proximal region of the colon. These contractions are important in most herbivores and pigs, in
which their mixing action enhances microbial digestion of cellulose and absorption of fermentation
products, such as volatile fatty acids.
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➢Because of this slow colonic movement, bacteria have time to grow and accumulate in the large
intestine. In contrast, contents in the small intestine are normally moved through too rapidly
for bacteria to proliferate. Not all ingested bacteria are destroyed by salivary lysozyme and
gastric HCl, so the surviving anaerobic bacteria continue to thrive in the large intestine. Most
colonic microorganisms are generally harmless in this location (and some are beneficial),
surviving on any remaining protein and polysaccharides in the digesta.
❖Postgastric fermentation is not as efficient as pregastric fermentation in obtaining nutrients
➢ Postgastric fermentation occurs in all animals but is particularly well developed in some
species such as the horse, whale, elephant, possum, and koala.
➢ The site of the fermentation chamber is the combined colon and upper cecum.
➢Because the cecum and colon do not absorb nutrients as efficiently as the small intestine, the
quality of these animals’ diet is more important in sustaining normal metabolic activity.
Recycling of nitrogen is also less important in mammalian postgastric fermenters. Thus, when
dietary sources become scarce, ruminants have a survival edge over nonruminant herbivores.
➢The environment within the colon/cecum of postgastric fermenters must be able to support a
substantial microbe population in a buffered environment. In the horse, large quantities of
bicarbonate and phosphate buffers are secreted by the ileum and transferred to the cecum, an
action comparable to the role of the salivary gland in ruminants. The animal must also be able
to absorb the products of fermentation as well as to reclaim as much fluid as possible from the
digesta before it is excreted.
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❖Coprophagy:
➢ A solution to obtaining nutritional benefit from protein and vitamin synthesis by microbes in
the large intestine is the practice of Coprophagy (Greek Copros or “feces” and Phagein “to
eat”). Many species practice coprophagy under specific conditions. For example, some species
that lack a pregastric digestive system, such as rabbits, hamsters, and capybara, produce two
types of fecal material. The soft fecal pellets produced in the nighttime are reingested, thus
making the products of cecal fermentation available for digestion and absorption. Delivery of
the soft feces is accomplished by inhibition of motility in the proximal colon associated with
hyperactivity of the distal region close to the anus. In the rabbit, the soft fecal pellets contain
over 50% bacteria and provide adequate intake of Vitamin B12. The second type of feces is a
dark, hard pellet, which is not reingested.
➢ Many hindgut digestors practice coprophagy when very young. Colts, young elephants,
pandas, koalas, and hippos practice it in order to establish a microbe population in the
hindgut, then abandon this practice as adults.

❖Mass movements propel colonic contents long distances
➢ Mass movements, are massive contractions that drive the colonic contents into the
distal portion of the large intestine, where material is stored until defecation occurs.
➢ In the dog, mass movements originate near the ileocecal valve and can evacuate the ingesta the
entire length of the colon, whereas in the cat the movements are generated lower in the colon.
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➢When food enters the stomach, mass movements occur in the colon primarily by means of
the Gastrocolic reflex, which is mediated from the stomach to the colon by Gastrin and by
the extrinsic autonomic nerves. Thus, when a new meal enters the digestive tract, reflexes are
initiated to move the existing contents farther along down the tract to make way for the
incoming food. The Gastroileal reflex moves the remaining small-intestine contents into the
large intestine, and the Gastrocolic reflex pushes the colonic contents into the rectum,
triggering the Defecation reflex.
❖Feces are eliminated by the Defecation reflex :
➢When mass movements of the colon move fecal material into the rectum, the resultant
distension of the rectum stimulates stretch receptors in the rectal wall, thus initiating the
Defecation reflex. This reflex causes the internal anal sphincter (which consists of smooth
muscle) to relax and the rectum and sigmoid colon to contract more vigorously. If the
external anal sphincter (which consists of skeletal muscle) is also relaxed, defecation occurs.
Being skeletal muscle, the external anal sphincter is under voluntary control.
➢The initial distension of the rectal wall is accompanied by the conscious urge to defecate. If
circumstances are unfavorable for defecation, voluntary tightening of the external anal
sphincter can prevent defecation despite the defecation reflex. When defecation does occur,
voluntary straining movements that involve simultaneous contraction of the abdominal
muscles and a forcible expiration against a closed glottis usually assist it. This maneuver
brings about a large increase in intra-abdominal pressure, which helps eliminate the feces.
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➢ Defecation is also a normal response to fear, presumably in response to activation of neural
centers in the brain.

❖Large-intestine secretion is protective in nature
➢ The large intestine does not secrete any digestive enzymes. Colonic buffers consist of an alkaline
(HCO3− and PO 4 3−) mucous solution, whose function is to protect the large intestine mucosa
from mechanical and chemical injury.
➢ In the horse and pig, pancreatic HCO3− is of sufficient volume so as to contribute to the
buffering capability in the colon.
➢ In ruminants, considerable amounts of PO4 3− are secreted in the saliva, whereas in non
ruminants, the source of PO4 3− is the diet. The uptake of PO 4 3− is low in the intestine, with the
result that its concentration increases as the colon absorbs fluid. The mucus provides lubrication
to facilitate passage of the feces, whereas the buffers neutralize acids produced by local bacterial
fermentation.

❖The large intestine converts the luminal contents into feces
➢ Fecal material normally consists of undigested cellulose and other unabsorbed food residues,
bilirubin (or biliverdin), small amounts of salt and water, and bacteria.
➢ some absorption takes place within the vertebrate colon, but not to the same extent as in the
small intestine. Because the luminal surface of the colon is fairly smooth, it has considerably less
absorptive surface area than the small intestine. In many vertebrates, specialized transport
mechanisms are not present in the colonic mucosa for absorption of glucose or amino acids, as
there are in the small intestine
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7. ANUS:
The terminal part of the alimentary canal is represented by an aperture, called Anus. The anus is
guarded by sphincter muscle. Anus is meant for Defecation process.
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Good Luck

