The Big Book of Digestion

Digestion:  Process of changing complex solid material to small, simpler soluble forms, which can be absorbed into the circulatory system where nutrients are transported to individual cells.

2 Types:  

Mechanical – structures and organs function to move, moisten, and physically break apart food particles in order to increase the surface available for chemical digestion

Chemical – enzymes chemically break down complex food into smaller, simpler molecules that can pass through cell membranes.  

· Three general types of enzymes: carbohydrases, lipases, and proteinases
· Enzyme function is dependent on optimal conditions of pH, temperature, and presence of accessory molecules.

The human digestive system (a.k.a alimentary canal, gastrointestinal tract) consists of a number of different specialized structures that carryout digestion.

1.  THE MOUTH (Oral Cavity)

	Mechanical breakdown


teeth - grind, cut, tear food


tongue - squishes (chews) food, makes a bolus, mixes food with saliva


saliva - moistens and dissolves some foods

Chemical breakdown


saliva - contains- salt, water, mucous, amylase and a mild bactericide


amylase - breaks starch down to form maltose


Teeth:  Mechanical Digestion

There are three (3) types of teeth that masticate (chew) the food.

1. canines – cutting (tear flesh)

2. molars – grind (plant material)

3. incisors – bite and cut food
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Comparisons of Teeth and Type of Diet

HERBIVORE: SHEEP

        CARNIVORE: DOG

OMNIVORE: HUMAN
Tongue:  Mechanical Digestion

· contains projections called papillae that contain our taste buds for sweet, sour, bitter, and salt sensations.   

· positions the food on the molars for effective chewing
· pushes food against hard palate of the mouth
· When the food is the right consistency, the tongue rolls in to a ball called a bolus and moves it to the back of the mouth.
· The bolus is passed into the pharynx for swallowing
Saliva:  Mechanical and Chemical Digestion

· saliva is produced by three pairs of glands adjacent to the oral cavity.  Each gland produce and secrete (about 1.7 L/day) saliva into the mouth, through short ducts.

Salivary glands:    
1.  parotid gland (under the ear)

2.  sublingual gland (under the tongue)

   



3.  submaxillary gland (under jaw joint)

Chemical Digestion in the Mouth:

	Digestive Agent
	Digestive Action

	water (99%) with inorganic ions and mucous proteins dissolved in it
	- 
moistens and softens food
- 
mucin (protein) lubricates membrane of oral cavity

- 
adjusts the pH balance within the mouth

	amylase
	- 
breaks down starch ( maltose 

	maltase
	- 
breaks down maltose ( glucose


Swallowing
· A number of different structures assist in swallowing; the process by which the bolus is forced into the esophogus.
	Structure
	Function

	hard palate
soft palate
uvula
	- 
separates the nasal chamber and the mouth cavity

- 
during swallowing, the uvula moves up to block the entrance to the nasal passage and open the passage to the pharynx

-
if you hiccup or laugh while drinking, the uvula cannot block the nasal passage and liquid comes out your nose

	pharynx
(nasoesophageal pharynx)
	-
joins nasal cavity with oral cavity (mouth)

-
joins oral cavity to the esophagus

	epiglottis
	-
closes off opening to the trachea (airway to lungs)

	trachea
	-
moves up to meet the epiglottis, forcing it up to close off the opening to the airway
-
Choking:  food enters the trachea and blocks the airway

	pharynx
	-
muscles contract, forcing food down into the esophagus
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2.  THE ESOPHAGUS

The esophagus is a muscular, collapsible tube (about 25 cm long), that connects the pharynx with the stomach.  Chemical digestion started in the mouth continues.

Functions:

1. To transport food to the stomach

2. To secrete mucin (mucus)
	The esophagus and remainder of the digestive tract is made up of four (4) tissue layers:

1. mucosa – smooth inner layer of epithelial cells; secrete mucin  for lubrication

2. submucosa – consists of connective tissue, nerve cells, and blood vessels, glands, and lymph vessels.

3. muscularis– contains layers of muscle tissue arranged longitudinal (lengthwise) and circular (around).

4. serosa – outermost layer of thin tissue, acts as a sling keeping structure in place.


The food moves through the esophagus (and the rest of the digestive tract) by peristalsis.

Peristalsis – rhythmic muscular contractions (see diagram)

· circular muscles contract behind the bolus of food, squeezing it, forward

· longitudinal muscles contract in front of the bolus, shortening the tube.
· Occurs at a rate of 2-4 cm/sec, thus bolus reaches the stomach in 6 seconds.

Structure of the Esophagus 
Peristalsis
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3.  THE STOMACH (Mechanical and Chemical Digestion)

The stomach is a muscular, J-shaped, sac-like structure, that expands as it fills with food.

The shape and actual location of the stomach is determined by several factors:  the amount of food (can hold about 1.5 L of materials), stage of digestion, body position and pressure exerted by the intestines.  

The bolus enters the stomach via the cardiac sphincter, a thickened, circular muscle, which contracts and relaxes to control the flow of food into the stomach.
Structure of the Stomach:

There are still four layers, but we’ll look at the specific features of two here.

1.  Mucosa layer: This is the inner layer which is folded into long ridges called rugae

· Rugae are full of gastric glands that secrete gastric juices into the gastric pits created by the folding
mucous cells secrete mucin (protein) that protects the stomach lining from HCl
chief cells secrete pepsinogen (more about this later)
pariental cells secrete HCl (more about this later)
· the expansion and relaxation of the rugae helps to mechanically break down bolus.
2.  Muscularis layer: Three sets of muscle contract rhythmically to emulsify (break down) the food (mechanical digestion) and to mix it with the gastric juice (chemical digestion) 
Muscles:
1.  Longitudinal
2.  circular and 
3.  oblique (diagonal muscle layer not found in other muscularis layers of the digestive system)
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Chemical Digestion in the stomach:

There are 35,000 gastric glands in the stomach which produce gastric juice!  Gastric juice contains the following digestive chemicals:

	Digestive Agent
	Digestive Action

	hydrochloric acid (HCl)
	-
loosens tough fibrous material and kills bacteria

	pepsinogen
	-
converted to pepsin, which breaks down proteins into small polypeptides 

	lipase
	-
breaks down triglycerides (lipids) into fatty acids and glycerol (the subunits)


(also rennin in babies to clot milk)
Note:  Broken down food mixed with gastric juices is called chyme.  The pyloric sphincter controls the flow of food leaving the stomach.  Drugs like Asprin and alcohol are absorbed into the blood stream from the stomach.

4.  THE SMALL INTESTINE (Chemical digestion and absorption)

The small intestine, although only 2.5 cm wide, is a coiled tube approximately 7 m long!

· It fills most of the lower half of the abdomen and is arranged in loops so that it all fits.
· The small intestine is divided into three (3) parts:

1. Duodenum  (20-35 cm long)

2. Jejunum (3 m)

3. Ileum (4 m)

Chemical Digestion In The Small Intestine
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 Accessory Organs
The mammalian digestive tract includes a number of different accessory glands that secrete digestive juices into the tract through ducts to assist in chemical digestion.  The accessory glands/organs are: three pairs of salivary glands, the pancreas, the liver, and the gall bladder.  

Note: food never enters any of these accessory organs. Their role is to produce and secrete enzymes into the digestive system to assist in chemical digestion. 

1.
Pancreas:  is a feather-shaped organ located behind the stomach which has two major functions:
1.   to regulate blood sugar levels (insulin)
2.   to produce pancreatic juice (we’ll focus on this here.)

Pancreatic juices (which contain over 28 digestive enzymes) are produced by specialized cells inside the pancreas and then secreted into the duodenum of the small intestine via the pancreatic duct.

	Digestive Agent
	Digestive Action

	carbohydrases
	-
starch ( maltose ( glucose

-
sucrose ( glucose + fructose

-
lactose ( glucose + galactose

	peptidases
	-
recall pepsin in the stomach has proteins( polypeptides

-
break down polypeptides ( amino acids 

	sodium bicarbonate
	-
neutralizes HCl from stomach

	lipase
	-
along with bile, breaks down lipids( fatty acid + glycerol


2.
Liver:  Largest organ in the body, located just below the diaphragm on the right side.  The liver has numerous important functions:

1. production of bile (up to 450 ml/day)

2. storage of glycogen
3. detoxification of alcohol, drugs, and other toxic substances

4. manufacture of blood proteins (blood clotting, albumin, globulin)

5. storage of fat-soluble vitamins

6. recycling of iron from haemoglobin

Bile is a yellow-green fluid that contains a number of different components help to emulsify (breakdown) fats into smaller globules so that lipases can digest the lipids further.  It also aids in the neutralization of stomach acids.
After being produced by the liver, bile is secreted into the common bile duct and sent to either the duodenum to help digestion or to the gall bladder for storage.
Liver and Nutrient Balance:  The liver is very important in the maintenance of homeostasis in the body by storing and releasing nutrients as required.  As a result, our bodies do not experience large changes in our internal chemical environment.

3.
Gall Bladder:  a small, green organ located just behind the liver which stores bile in concentrated form (bile salts).  When required, the bile is sent to the duodenum via the common bile duct.  Blockage of this duct causes bile to enter the blood stream leading to jaundice.

Absorption of Nutrients in the Small Intestine
The products of digestion must cross the digestive tract lining to be delivered to the body. While a small amount of absorption takes place in the stomach and large intestines, most of the absorption occurs in the latter regions of the small intestine (jejunum and ileum).

There are four (4) structural layers (similar to esophagus)

	Structure
	Function

	serosa (called mesentery)
	-
thin membranous sheet that holds the loops in place to prevent tangling

	muscularis layer
	-
longitudinal and circular muscles move chime by peristalsis

	submuscosa 
	-
rich in blood vessels, lymph vessels, and nerves

	mucosa 
	-
inner layer, extensively folded to increase the surface area for absorption
-
surface of folds are further folded into villi ( each villi is lined with cells that have a further folded surface, called microvilli which trap nutrients for absorption
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· penetrating the hollow core of each villus (singlular) are blood capillaries and a large lymph vessel network called a lacteal
· nutrients are absorbed by diffusion or active transport across the microvilli into the lacteal
· amino acids (diffusion) and sugars enter (active) and are transported by the blood, fatty acids and glycerol are absorbed and transported by the lymphatic system
5.  THE LARGE INTESTINE (aka the Colon)

Although not as long as the small intestine, it has a larger diameter (hence the name).  
Functions of Large Intestine:
1. recover water (major function)

2. the absorption of minerals
3. production of certain vitamins

4. to form and expel stool
Structure of the large intestine: divided into four (4) major sections (~1.5 m long total):

· caecum: blind pouch which contains appendix (6-8 cm long)

· colon (further divided into ascending, transverse, and descending colon)

· sigmoid colon and rectum (expels stool into anus)
· anal canal 
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· chyme leaves the ileum and enters the large intestine via the ileocecal valve
· bacteria and other micro-organisms which feed on the food residues produce certain water soluble vitamins (B-12) and vitamin K as part of their metabolism

· these vitamins, in addition to residual minerals and water, are then absorbed by the colon
· the contents of the large intestine are moved by peristalsis to the rectum
· the mass of indigestible material that remains is known as stool (feces)
· stool passes through the rectum and anal canal and out of the body through the anus which contains rings of strong muscle called the anal sphincter that allow the body to control the elimination of waste 






� EMBED Word.Picture.8  ���







































































[image: image12.png]STOMACH

uver
Cystic duet

Hepatic duct

Common bile duct

GALLBLADDER

DUODENUM

PANCREAS

Poncreatic duct

Pyloric sphincter



_1352476242

_1272624890.doc
[image: image1.png]diastema  homy pad

incisors

mofars  premolars







