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* These sphincters help to regulate the passage of materials be-
tween these organs.

+ Small intestine is the longest organ in the alimentary canal. It is
divided into three regions: duodenum, jejunum and ileum.

*  The duodenum: C shaped curve, around the head of the pancre-
as.

*  The jejunum is middle part of the small intestine. The ileum is the
terminal part of the small intestine.

+ The surface area of the small intestine is greatly increased by
permanent circular folds and villi.

+  The villi are tiny finger like projections of the intestinal wall.

+  Most of the digestion is completed in the duodenum. The major
sites for nutrient absorption are jejunum and ileum.

(b) Describe the functions carried out by each of these.

Functions of stomach

*  Act as a temporary reservoir for food due to high convolution and
very elastic wall.

+ Mechanical digestion of food by churning action due to muscular
contraction.

*  Produce gastric juice which starts the chemical digestion of pro-
teins to polypeptide by pepsin

+  Absorption of some materials such as water, alcohol and some
drugs

+  Non specific defense-HCl kills microbes

« Small jets of gastric contents push out through pyloric sphincter
as chyme

+  Secretion of gastrin hormone which regulates digestion in the
stomach.

¢+ Function of small intestine.

*  Carbohydrate digestion

*  Carbohydrates to monosaccharides

*  Protein digestion

+  Proteins to amino acids.

+ Lipid digestion.

+  Lipids to monoglycerides and fatty acids.

*  Active and passive absorption of monosaccharides, amino acids,
glycerol and fatty acids.

+  Recovery of water and ions mostly occur in the small intestine.

—_—
o
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Explain how chyme is passed from the stomach to the small
intestine.

*  Transport of chyme to small intestine

* Transport of stomach content to pylorus by peristalsis.

*  Strong contractions in transport release liquid food in small vol-
umes in to small intestine.

4, (a). Describe the basic structure of large intestine of man and
briefly describe function carryout by it.

Answer

1. Large intestine is the terminal end of the alimentary canal.

2. Itis divided into three regions: colon cecum and rectum.

3. The small intestine is connected to the large intestine ata ‘T’
shaped junction.

4. One arm of the T’ junction is colon and the other arm is a small
pouch called cecum.

5. Afinger like projection in the cecum is called the appendix.

6. The colon leads to the rectum and anus.

7. Cecum is important for fermentation of indigested materials by
microbes especially in animals that eat large amount of plant
matter.

8. In addition to nutrient absorption, recovery of water and ions
mostly occur in the small intestine.

9. In addition to the water intake (about 2 L) digestive juices add
more water (about 7 L) into the small intestine.

10. Most of this water is reabsorbed via osmosis.

11. The colon: completes the reabsorption of water,

12. synthesize some vitamin B complexes, Vitamin K and folic acid
with the help of microbes

13. and move feces (consists of undigested matter such as fibres)
along the colon by peristalsis.

14. The rectum stores feces until they are eliminated.

15. Presence of two sphincters between the rectum and anus can
regulate feces movement.

16. Strong contractions in the colon trigger the defecation.

16x3 =48
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Competency Level 5.2.1 : Explores heterotrophic nutrition in animals

Nutrition in Animals

* Heterotrophic nutrition is the process by which the organisms obtain organic food molecules by ingesting oth-
er organisms or by substances derived from other organisms.

*  Other than animals, fungi and majority of bacteria are heterotrophs.

*  There are two type of heterotrophic nutrition namely, holozoic nutrition and symbiosis.

Ko
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1.

Describe what happens to a carbohydrate meal ingested by
man.

In the buccal cavity of man;
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Food is chewed (by teeth) and mechanical brake down
mixed with saliva.

Digestion of (cooked) starch.

By salivary amylase/ ptyalin.

Food bolus is formed and

is passed to pharynx.

Bolus is swallowed.

Involuntarily.

Passes to esophagus and.

Then passes to the stomach.

In the stomach

Bolus is broken and

Mixed with gastric juices.

Digestion of starch stops

Due to low pH.

Food stored temporarily and

Passes to small intestine /duodenum.

In the duodenum/Small intestine.

Food (Chyme) is mixed with intestinal juice.

and pancreatic juice.

pH is increased.

Starch is digested/ Broken down to maltose

By pancreatic amylase.

Intestinal disaccharidases catalyze the conversion of disaccha-
rides into monosaccharides.

Maltose is digested / broken down to glucose

by maltase.

Sucrose is digested / broken down to glucose and fructose.
By sucrose.

Lactose is digested / broken down to glucose and galactose
By lactase.

Monosaccharides absorbed into the cell of the epithelium of the
small intestine.

Actively

or passively

by carriers.

Some disaccharides are absorbed into epithelial cells.

and digested to monosaccarides (within cells).

These monosaccharides pass into stream/ blood capillaries villi.
These are then used for metabolism/ to release energy / for
respiration / converted to glycogen.

Undigested carbohydrates/ matter passes to large intestine.
And to rectum and.

(a) Describe the basic structure of the small intestine.

Small intestine is the longest organ in the alimentary canal.

It is divided into three regions: duodenum, jejunum and ileum.
The duodenum is the C shaped curve of the initial part of the
small intestine, which is located around the head of the pancre-
as.

The jejunum is middle part of the small intestine.

The ileum is the terminal part of the small intestine.

For effective absorption, the surface area of the intestinal wall
has been increased with three structural modifications:

heavy permanent foldings,

finger projections called villi in the intestinal wall

and finger like microscopic projections called microvilli in the
epithelial cells of the villi.

These micro villi are exposed into the intestinal lumen, it gives
the appearance of brush (brush border).

Most of the digestion is completed in the duodenum.

The major sites for nutrient absorption are jejunum and ileum.
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(b)  Briefly explain the functions of the small intestine of man.

20. Pancreatic amylase catalyze the conversion of polysaccharide
(starch) into disaccharides.

21. Intestinal disaccharidases catalyze the conversion of disaccha-
rides into monosaccharides.

22. Tripsin and Chymotripsin catalyse the conversion of small poly-
peptides into smaller polypeptides.

23. These smaller polypeptides are converted to small peptides and
amino acids by the catalytic action of Panceratic carboxypepti-
dases.

24, Proteases secreted by the intestinal epithelium (Dipeptidases,
Carboxypeptidases and Aminopeptidases) catalyse the conver-
sion of small peptides into amino acids.

25. In digestion of fats (triglycerides), bile salts emulsify fats.

26. Pancreatic lipase catalyse the conversion of these fats into fatty
acids.

27. Intestinal Lipase is also involved in digestion of fats into fatty
acids and glycerols

28. Digestion of nucleic acids start in the small intestine.

29. Pancreatic nucleases catalyse the conversion of DNA and RNA
into nucleotides

30. These nucleotides are eventually converted into nitrogenous
bases, Pentose sugars and phosphates

31. by the catalytic action of intestinal Nucleotidases, Nucleosidase
and Phosphatasest

32. Absorption in the small intestine

33. Fructose is absorbed by facilitated diffusion.

34. Amino acids, small peptides, vitamins, and most glucose mole-
cules are actively transported into the epithelial cells,

35. Fatty acids and monoglycerides are absorbed into the cell
through microvilli.

36. Within the cells triglycerides are reformed and they are incoop-
erated into water soluble globules called chylomicrons.

37. These chylomicrons are transported into the lacteal and then
into the blood vessels through lymphi

38. In addition to the water intake (about 2 L) digestive juices add
more water (about 7 L) into the small intestine.

39. Most of this water is reabsorbed via osmosis.

Any 36 x 4 marks = 144 marks

Basic plan in a cross section = 3 marks,

Wall of small intestine = 3 marks

3. (a) Describe the external and internal appearance of the humag
stomach, duodenum and small intestine.

Stomach

* The stomach is a J- shaped dilated sac in the abdominal cavity.

* The inner surface of the stomach is highly folded and contains
large number of pits that leads to gastric glands.

*  The stomach wall is very elastic. Distal part of the stomach con-
nects with the small intestine.

* Sphincters are found at the junctions between esophagus and
stomach (cardiac sphincter) and stomach and the small intesting
(pyloric sphincter).

*  They are made up of circular smooth muscles.
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Holozoic nutrition
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Main stages in holozoic nutrition/Food Processing

1. Ingestion:

* This is the first stage where the act of eating or feeding happens.

*  Food sources differ among animal species and they possess different modes of ingestion according to the diet
or environment.

2. Digestion:

¢ Food is broken down into molecules small enough to pass through the membranes and enter the cells of or-
ganisms.

*  Digestion could occur mechanically (by teeth or muscle contractions) and chemically (by enzymes).

*  During mechanical digestion, food is broken down in to smaller fragments thus increase the surface area for
efficient chemical digestion.

¢ During chemical digestion enzymes break bonds in large molecules into small molecules.

*  The last two stages of food processing occur after the food is digested.

3. Absorption:
* In this stage, the animal’s cells take up small molecules. Eg. simple sugars, amino acids

4, Assimilation:
¢ Assimilation is the process of utilization of absorbed nutrients for various functions of the body.

5. Elimination: In this process undigested materials are passed out from the alimentary canal.
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Feeding Mechanisms of animals

Filter feeders:

Eg. Clams and oysters - feed on small pieces of food in the water that passes over their gills.
Cilia in the gills sweep the food particles to the animal’s mouth in a film of mucus.
Whales - Filter feeding of Baleen whales.

Exhalant siphon

Flankron

Shell 2 Toad particles

N

Fout
alll plates

Mantle cavity

Fluid feeders:
¢ They suck nutrient rich fluid from a living host using well adapted mouth parts.
Eg: Mosquitoes - Suck human blood,
Aphids — Suck phloem sap of plants,
Bees and humming birds suck - Honey from flowers

Aphid faading on 2 small branch Aphid's stylat inserted inta a phiosm cell

LB
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(D) (i) What is the dental formula of a human adult ?

(iii) Name two water soluble vitamins.

(@l e G (D) snmaaunanmmmw T

(iv) Name the vitamin which is essential for theclo  ng of blood in man.

(v) Name a disorder of the digestive system in man resulting from insu  cient fibre in the diet.

Essay Aid

AL/2000

1.

Describe what happens to a carbohydrate meal ingested by man.

2011 old

2

(a) Describe the basic structure of the small intestine.
(b) Briefly explain the functions of the small intestine of man.

AL/92 Zoo

3.

(a) Describe the external and internal appearance of the human stomach and small intestine.
(b) Describe the functions carried out by each of these.
(c) Explain how chyme is passed from the stomach to the small intestine.

Model Question
4.  (a). Describe the basic structure of large intestine of man and briefly describe function carryout by it.

%‘?} advanced level ~Live Biology |§wlogy‘sampath Lankadheera @

Substrate feeders:

+  These animals live inside their food source or on the food source eating its way through the food.
Eg. The leaf miner caterpillar - eating through the soft tissues of a leaf

Maggots (fly larvae) - Burrow into animal carcasses

Caterpillar Feces

Bulk feeders:
+  Animals which eat comparatively large pieces of food.
* These animals have different types of adaptations to tear the food or to capture the pray
Eg. jaws, teeth, tentacles, claws, poisonous fangs.
Most animals including human

Symbiosis
* Thisis an ecological relationship between organisms of two different species that live closely together.
* Itis divided into three groups such as Mutualism, Parasitism and Commensalism

Mutualism:

Eg. Cellulose digesting microorganisms in Ruminants and Termites
Human and intestinal bacteria producing vitamin K

@ Rumen. When
the cow first chews
and swallows a
mouthful of grass,
boluses (green
arrows) enter the

© Reticulum. Some boluses also enter the reticulum. In both the
rumen and the reticulum, mutualistic prokaryotes and protists
(mainly ciliates) go to work on the cellulose-rich meal. As by-
products of their metabolism, the microarganisms secrete fatty
acids. The cow periodically regurgitates and rechews the cud (red
arrows), which further breaks down the fibers, making them more
accessible to further microbial action.

@) Abomasum. The cud, containing great
numbers of microorganisms, finally passes
to the abomasum for digestion by the cow’s
own enzymes (black arrows).

©) Omasum. The cow then reswallows
the cud (blue arrows), which moves to
the omasum, where water is removed.

S .
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Parasitism:

* ltis a close association between two living organisms of different species which is beneficial to one (parasite)
and harmful to the other (host).

*  Parasites live either within or on the host and derive its nourishment
Eg. Tape worm and humans, Lice and humans

1. Human (primary host)
eats undercooked pork
containing tapeworm cysts

3. Tapeworm matures in intestine,
and produces a long series of

each containing thousands of eggs

4, Proglottids are shed from end of
worm and passed in feces

2. Larvae emerge from
cysts and attach to
intestinal wall

Head (scolex)

. Adult tapeworm

5. Pig (intermediate host)
eats food contaminated

7. Larvae form cysts by infected feces

in muscle tissue

6. Larvae hatch in pig intestine
and migrate via blood vessels
to muscle tissue

Commensalism:
* Itis a close association between two living organisms of different species which is beneficial to one and does
not affect the other (neither harmful or beneficial)
Eg. Barnacles attached to whales
Cow and crane
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Name the structures labelled as a, b, ¢, d and e and state one major function of each of these structures.
Structure Function

T8 cnnransiass s R

(ii) b
(i) € vevrrrene
(v) e

(c) (i) Name the sites in the human small intestine where the following enzymes act.

Enzyme Site

Maltase

Nucleotidase

(i) Which one of the enzyme to activate remaining pepsinogen?

R
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(i)  How is the surface area for absorption increased in the small intestine of man?

1999 Zoology
1T..A (i) What is an alimentary canal?

B. Questions (i) - (v) are based on the simplified diagram of a part of the small intestine of man given below.
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Competency Level 5.2.2 : Relates the structure of the hum and digestive system to its functions

Human Digestive System

Structure and function of the human digestive system

*  Human digestive system consists of alimentary canal and associated glands.

* The alimentary canal consists of the following parts: oral cavity, pharynx, esophagus, stomach, small intestine,
large intestine, rectum and anus.

* The associated glands include salivary glands, pancreas and liver.

Mouth
Salivary
Esophagus—t glands
Gall-
bladder <tomach
Small
intestine
Pancreas
Large
intestine
Rectum
Anus
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Fig 5.8: Human digestive system
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(v)

What is the function of ptyalin present in human saliva?

In which part of the human alimentary canal are the smooth muscle layers most developed?

(ii)

Name the main type of tissue found in the submucosa of the human alimentary canal.

(iii)

How are the contents in the stomach prevented from entering the oesophagus in man?

(iv)

v)

State three functions of the human gastric juice other than digestion.
1
2
3

What is the function of the Brunner’s glands?

C (i)

Part

Q 0o m o

Name the parts labeled as a, b, c and d in the above diagram and state the main function of each of
these parts
Main function

MEMORY MAXIMIZING PROGRAM L)




22. Select the incorrect statement regarding human saliva.
(1) It is a mixture of salivary and oral mucus glands secretions. (2) It contains more than one enzyme.

(3) Some nitrogenous waste products found in it. (4) It aids in speech.

(5) It is essential for complete digestion of starch. (AL/2009)
23. Which one of the following statements regarding the digestive enzymes of man is incorrect?

(1) Amylase converts starch into maltose. (2) Lipase converts fats into fatty acids and glycerol.

(3) Pepsin converts proteins into amino acids. (4) Lactase converts lactose into glucose and galactose.

(5) Chymotrypsin converts small polypeptides into smaller polypeptides. (AL/2003)

24. Which one of the following statements is correct regarding the human alimentary canal?
(1) Intestinal glands are found in the villi.
(2) Most of the consumed vitamins are absorbed in the small intestine.
(3) Protein digestion begins in the buccal cavity.
(4) Muscle layers are most developed in the small intestine
(5) Colon is the main site of production of vitamin By,. (AL/2004)

25. ldentify the proteolytic enzyme which acts in alkaline medium.
(1) Trypsin (2) Pepsin (3) Protease (4) Renin (5) None

26.  Which of the following is not a secretion of pancreas?
(1) Pepsinogen (2) Trypsinogen (3) Chymotrypsenogen (4) Lipase (5) Amylase

2007 AL Paper
2. A i) What is meant by nutrition?
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Mouth/ Oral cavity:

*  Oral cavity consists of the tongue, teeth and salivary glands.

* Ingestion and initial steps of digestion are carried out in the oral cavity.

= Inthe mouth both mechanical and chemical digestion is carried out.

*  There are four types of teeth in the mouth: incisors, canines, premolars and molars.
*  Food is cut, mashed and ground by different types of teeth with different shapes.

*  This makes it easier to swallow food and increase the surface area for digestion.

Milk teeth

Incisors, ] =2 i ]
Canines, C = | uxzwzu
Molars, M=2 | 212

Permanent teeth
Incisors, =2
Canines, =1 2:3512-32
Premolar, PM =2
Molars, M=3
UF:-[:'.‘Q" Jaw

molars I lars 3 yremolars molars

molars p olar n yremolar molars

lower jaw
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Salivary glands

= Salivary glands release saliva into the oral cavity through ducts.
*  Releasing saliva into the oral cavity occurs when food enters the oral cavity due to a nervous reflex.

*  Saliva is also released into the mouth before food is ingested due to various other stimuli.
Eg. Sight, odor of food, etc.

*  Saliva contains water, amylase, mucus (a viscous mixture of salts, cells and slippery glycoprotein called mu-
cins).
*  In addition to that, saliva composed of buffers and anti microbial components.

Parotid gland and its duct

Tongue

Opening of submandibular duct

Sublingual gland

Submandibular gland

Sternocleidomastoid muscle

‘\‘ \ \\
M —

Functions of the saliva

1. Salivary amylase:
*  Chemical digestion of polysaccharides (Eg. Starch) into smaller polysaccharides and disaccharide maltose.

2. Water:
* Liquefy food and provide watery medium for chemical digestion. Aids in taste reception.

3. Mucus:
¢ Lubrication of food which makes it easier for swallowing. Clean the mouth and protects the lining of the
mouth from abrasion.

4. Antimicrobial substances such as immunoglobulin and lysozymes:
Protect against bacteria that enter the mouth.
«  Buffers prevent tooth decay by neutralizing acid

11.

12.

13.

14.

Select the false statement:
(1) Stomach is a reservoire for food. (2) Churning due to muscular contraction (3) Hcl kills microbes
(4) Small jets of gastric content push out (5) Stomach absorb some alcohol

Which of the following is not a secretion of pancreas?
(1) Pepsinogen (2) Trypsinogen (3) Chymotrypsenogen (4) Lipase (5) Amylase

Identify the smallest salivary gland of man.
(1) Parotid (2) Sublingual  (3) Submaxillary (4) Submandibular (5) Parotid and sublingual

Find incorrect statement regarding anatomy of small intestine?

(1) Longest organ (2) lleum a part of it (3) Permanent foldings present (4) Villi present (5) Major site of absorption lleum

Questions Nos. 15 and 16 are based on the following table. In this table column 1 indicates digestive enzyme of man. Column

2

19.

20.

21.

indicates the main sites of their production and Column 3 indicates the substrates on which they act.

Column 1 enzyme Column 2 main site of production Column 3 substrate

A = lipase E = stomach P =trypsiogen
B = rennin F=small intestine Q = lipids
C = enterokinase G = pancreas R = caseinogen

Which of the following indicates the correct order of main sites of production of enzymes A, B and C?
(1) F, G, E (2)E,G,F(3)G,E,F(4)G,FE(S)FEG (AL/2000)
Which of the following indicates the correct order of substrates of enzymes A, B and C?
(1)Q,PR (2) R,Q,P (3)PR,Q (4) Q,R,P (5)R,PQ (AL/2000)
. Select the incorrect statement regarding human saliva.
(1) It is a mixture of salivary and oral mucus glands secretions. (2) It contains more than one enzyme.
(3) Some nitrogenous waste products found in it. (4) It aids in speech.
(5) It is essential for complete digestion of starch. (AL/2009)
. Which one of the following statements regarding the digestive system of man is correct?
(1) Skeletal muscle fibres are present in the muscularis mucosa of some regions of the gut.
(2) Gastric cavity is lined by cuboidal epithelium.
(3) Lipase is present in interstinal juice and pancreatic juice.
(4) The most proximal part of the large intestine is the ascending colon.
(5) Pancreatic juice contains the enzymes that act on disaccharides.

Which of the following statements regarding human stomach is correct?
(1) It is involved in mechanical and chemical digestion of food.

(2) Non specific defence by HCI

(3) Secretion of Gastric hormones regulate digestion

(4) Phyloric sphincter release chyle.

(5) It is the broadest part of the alimentary tract. (AL/2013/0ld/17)

Human stomach

(A) is located in the upper right region of the abdominal cavity.

(B) contains endocrine and exocrine tissues.

(C) secretes enzymes that are functionally similar to those in saliva.
(D) absorbs a small amount of end-products of lipid digestion.

(E) contains a fluid which has a pH value of around 4-5. (AL/2015/43)
Function of which one of the following enzymes of man cannot be substituted by any other enzyme?

(1)Dipeptidase (2) Trypsin (3) Chymotrypsin (4) Carboxypeptidase (5) Maltase (AL/2013/9)

)%‘:7} advanced level  Live Biology |§w@?Sampath Lankadheera @
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PACTICAL NO.24

Explaining the structure of human digestive system using diagrams and models
Objectives

Students should be able to
* relate the functions of each part of the alimentary canal of man,
* relate the functions of each part to its structure.

Materials and equipment

*  Chart / model/computer animations to illustrate clearly the entire alimentary canal.
*  Prepared slides containing T.S. of liver and T.S. of pancreas.

*  Light microscopes

Instructions

*  Provide students with wall charts/ models/computer illustrations to observe the major parts of the alimentary
canal.

*  Direct students to examine the gross external morphology of the stomach, small intestine, large intestine and
rectum.

*  Let students to observe charts/slides/models/computer illustrations of T.S of liver and T.S of pancreas.
* Instruct students to make appropriate short notes and illustrative sketches in respect of all above observa-

tions.
MCQ
1. Human nutrition can be rightly termed:
(1) Herbivorous (2) Carnivorous (3) Omnivorous (4) Sanguinivorous (5) None

2. The stomach of man is divided into
(1) Rumen, pyloric, cardiac segments (2) Cardiac and pyloric (3) Cardiac, fundic and pyloric segments
(4) Fundic and pyloric segment  (5) Rumen, Reticulum, Omasum, Abomasum

3. Identify the gastric gland cell which secretes pepsinogen:

(1) Paneth cell (2) Zymogen cells  (3) Oxyntic cells (4) Kupffer cells (5) Brunners cells

4.  Which of the following enzyme is not secreted by intestinal glans:
(1) Dipeptidase  2) Nucleosidase (3) Phosphatase (4) Lipase (5) Peptidas

5. How many teeth in humans are deciduous and fall during childhood?
(1) 20 (2)32 (3) 18 (4) 10 (5) 25

6. The partially digested food that exits from stomach to small intestine is called
(1) Bolus (2) Chyme (3) Chyle (4) Succus entericus (5) Faeces

7. Which one of the following statements is incorrect regarding human colon?
(1) It has no circular intestinal folds. (2) It secretes mucus. (3) It is the site where faeces is formed.
(4) It is the main site in the body where water resorption occurs.
(5) Its wall has three longitudinal muscle bands. (AL/2007)

8. Identify the proteolytic enzyme which acts in alkaline medium.
(1) Trypsin (2) Pepsin (3) Protease (4) Renin (5) None

9. Trypsinogen is produced by
(1) Stomach cells (2) Gastric glands (3) Duodenum (4) Pancreatic Islets (5) Intestinal glands

10. Which of the following is necessary for the digestion of protein:
(1) Optimum temperature (2) Buffered pH (3) Enzymes (4) Cofactors and coenzymes (5) Metal ions

Tongue
*  Composed of skeletal muscles.
*  Helps to mix the food with saliva and make bolus of food that makes easier for swallowing.
*  Then helps to push the bolus into the posterior part of the oral cavity and into the pharynx.

Inferior surface
of tongue

Frenulum

Duct of salivary
gland

Pharynx
* A common passage of the respiratory tract and the digestive tract. The pharynx leads to the esophagus.

Esophagus
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Bolus of
food

Tongue
Epiglottis
Pharynx up
\ Esophageal
Glottis sphincter

contracted

Tolungs  To stomach

(a) Trachea open

Esophageal
) . sphincter
Epiglottis relaxed
down

Glottis up
and closed

(b) Esophagus open
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Large intestine

Functions of the large intestine

*  The colon completes the reabsorption of water, synthesize some Vitamin B complexes, Vitamin K and folic
acid with the help of microbes and move feces (consists of undigested matter such as fibers) along the colon
by peristalsis.

*  The rectum stores feces until they are eliminated. Presence of two sphincters between the rectum and anus
can regulate feces movement. Strong contractions in the colon trigger the defecation.
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Stomach/Gaster

*  The stomach is aJ - shaped dilated sac in the abdominal cavity.

*  The stomach wall is very elastic.

*  Distal part of the stomach connects with the small intestine.

*  Sphincters are found at the junctions between esophagus and stomach (cardiac sphincter) and stomach and
the small intestine (pyloric sphincter).

*  They are made up of circular smooth muscles.

*  These sphincters help to regulate the passage of materials between these organs.
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Fat digestion

+ Digestion of fats (triglycerides) starts in the small intestine.

+  First bile salts emulsify fats. Next Pancreatic lipase catalyse the conversion of these fats into fatty acids, glycer-
ol and monoglycerides.

Nucleic acid digestion

*  Digestion of nucleic acids start in the small intestine.

*  Pancreatic nucleases catalyse the conversion of DNA and RNA into nucleotides.

* These nucleotides are eventually converted into nitrogenous bases, sugars and phosphates by the catalytic
action of intestinal Nucleotidases, Nucleosidases and Phosphatases.

Absorption in the small intestine

*  For effective absorption, the surface area of the intestinal wall has been increased with three structural modi-
fications: heavy permanent foldings, finger like projections called villi in the intestinal wall and finger like mi-
croscopic projections called microvilli in the epithelial cells of the villi.

*  These micro villi are exposed into the intestinal lumen, it gives the appearance of brush (brush border).

*  Transport of the nutrients across the epithelium may be active or passive. For example Fructose is absorbed
by facilitated diffusion. Amino acids, small peptides, vitamins, and most glucose molecules are actively trans-
ported into the epithelial cells.

¢ Then these nutrients from the epithelial cells are transported into the blood capillaries in the villi. Those blood
capillaries are converged into the hepatic portal veins.

*  These nutrients are carried in to the liver via the hepatic portal veins. From the liver, this nutrient filled blood
is transported into the tissues.

¢ But absorption of some products of fat digestion takes place in a different pathway:

*  Fatty acids and monoglycerides are absorbed into the cell through microvilli.

+  Within the cells triglycerides are reformed and they are incooperated into water soluble globules called chylo-
microns.

+  These chylomicrons are transported into the lacteal and then into the blood vessels through lymph.

* Then they are transported throughout the body via the circulatory system.

* In addition to nutrient absorption, recovery of water and ions mostly occur in the small intestine.

* Inaddition to the water intake (about 2L) digestive juices add more water (about 7L) into the small intestine.
Most of this water is reabsorbed via osmosis.
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Chemical digestion in the small intestine

*  Glands of the intestinal wall secrete enzymes such as Disaccharidases, Dipeptidases, Carboxypeptidases, Ami-
nopeptidases, Nucleotidases, Nucleosidases and Phosphotases.

+  Some of these enzymes are secreted to the lumen and others are bound to the surface of the epithelium.

¢ Two hormones namely cholecystokonin and secretin secreted by duodenum stimulates the release of pancre-
atic juice and the bile.

e Pancreatic juice contains enzymes such as Trypsin, Chymotrypsin, Pancreatic amylase, Pancreatic Carboxypep-
tidases, Pancreatic Nucleases and Pancreatic Lipases.

* In addition it also contains bicarbonates.

*  The liver secretes Bile which is stored in the gall bladder until released into the duodenum.

*  The Bile contains Bile salts which act as emulsifiers that help in fat digestion and absorption.

Carbohydrate digestion

*  Pancreatic amylase catalyze the conversion of polysaccharides (Eg. Starch) into disaccharides. Intestinal disac-
charidases catalyze the conversion of disaccharides into monosaccharides.

Protein digestion

¢ Tripsin and Chymotripsin catalyse the conversion of small polypeptides into smaller polypeptides.

*  These smaller polypeptides are converted to small peptides and amino acids by the catalytic action of Pancer-
atic carboxypeptidases.

*  Proteases secreted by the intestinal epithelium (Dipeptidases, Carboxypeptidases and Aminopeptidases) cata-
lyse the conversion of small peptides into amino acids.
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Abdominal aorta  Oesophagus

Diaphragm

Liver (cut edge)

(outline of)

Stomach

Inferior vena cava

Right adrenal gland Left adrenal gland

Right kidney Splogn

Head of pancreas

Transverse colon (cut)
Left kidney

Descending colon
Ascending colon

Duodenum Beginning of jejunum
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* The inner surface of the stomach is highly folded and contains large number of pits that leads to gastric
glands.

Gastric Glands
*  Gastric glands contain three types of cells: mucus cells, chief cells and parietal cells.
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Chemical digestion in the stomach

*  Pepsinogen is initially converted into pepsin by HCI.
¢ These activated pepsin help to activate remaining pepsinogen molecules.
*  This activated pepsin initiates the chemical digestion of proteins in the stomach.
¢  The churning action of the stomach facilitates the chemical digestion.
*  This is a series of muscle contraction and relaxation. This process mixes the swallowed food with gastric juice.
*  Proteins are hydrolyzed to small polypeptides by pepsin. In the stomach food is mixed with gastric juice form-
ing chyme (partially digested semisolid, acidic, food mass).
¢  The stomach lining is protected from the digestion of HCl and pepsin in several ways:
1. Enzymes are secreted in to the lumen as an inactive enzyme.
2. Gastric glands secrete mucus that protect against self-digestion of the stomach lining.
3. Every three days, cell division adds a new epithelial cell layer which replaces the destroyed/ damaged
cells in the lining of the stomach.

Functions of the Stomach
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Small intestine

* |tis the longest organ in the alimentary canal.

* Itis divided into three regions: duodenum, jejunum and ileum.

*  The duodenum is the C shaped curve, which is located around the head of the pancreas.

*  The jejunum is middle part of small intestine.

*  The ileum is the terminal part of the small intestine.

*  The surface area of the small intestine is greatly increased by permanent circular folds and villi.
«  The villi are tiny finger like projections of the intestinal wall.

*  Most of the digestion is completed in the duodenum.

*  The major sites for nutrient absorption are jejunum and ileum.

Fig 5.9: Structure of the villus
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