Digestion and Nutrition

Digestion

· The mechanical and chemical breakdown of foods and the absorption of the resulting nutrients by cells

Digestive System

· Alimentary canal

· Accessory organs which secrete substances into the alimentary canal

· Long tube, open at each end, with a surface area of 186 square meters

Alimentary Canal

· Mucosa—deepest layer.  Composed primarily of epithelial tissue.  Many tiny projections extending into the lumen.  Secretes digestive juices and absorbs nutrients

· Submucosa—composed of loose connective tissue, glands, blood vessels, lymphatic vessels, and nervous tissue.  Its vessels nourish surrounding tissues and carry away absorbed materials

· Muscular layer—moves food through the alimentary canal.  Two layers of smooth muscle. Circular muscles decrease the diameter of the lumen.  Longitudinal muscles shorten the tube

· Serosa—visceral peritoneum.  Outer covering of the alimentary canal.  Secretes serous fluid, lubricating the intestine and the abdominal wall.  

Movements in Gut

· Mixing movements occur when muscles in a segment of the tube contract rhythmically.

· Propelling movements are wavelike contractions called peristalsis.
Mouth 

· Receives food and begins digestion by mechanically reducing the size of the solid particles and mixing them with saliva.

· Oral cavity—chamber between palate and tongue

· Vestibule—space between teeth, cheeks, and lips.

Tongue

· Covered by mucous membrane

· Frenulum—connects the midline of the tongue to the floor of the mouth

· Primarily skeletal muscle

· Papillae on the surface provide friction for handling food and contain taste buds.

Palate

· Forms the roof of the oral cavity

· Anterior hard palate

· Posterior soft palate

· Uvula—cone-shaped projection dangling from the soft palate

Tonsils 

· Lymphatic tissue that helps fight infection

· Lingual, palatine, pharyngeal (adenoids)

Salivary Glands

· Secrete saliva which serves to moisten food, digest carbohydrates, and dissolve foods so that they can be tasted

· Comprised of serous cells and mucous cells.

· Serous cells secrete amylase which begins breaking down carbohydrates.

· Mucous cells secrete mucus which binds the food particles together and lubricates them for swallowing.

· Parotid glands—located anterior and inferior to each ear.  Many serous cells. Watery secretions rich in amylase.

· Submandibular glands—located on the floor of the mouth along the inside surface of the lower jaw.  Primarily serous cells, with some mucous cells.  Secretions more viscous than those of the parotid gland

· Sublingual glands—smallest salivary glands.  Located on the floor of the mouth inferior to the tongue.  Primarily mucous cells.  Secretions thick and stringy

Teeth

· Deciduous teeth—primary teeth that erupt beginning at age 6 months. Primary dentition

· Secondary dentition—permanent teeth

· Incisors—chisel-shaped teeth whose sharp edges bite off large pieces of food

· Cuspids—cone-shaped teeth that grasp and tear food

· Bicuspids and molars—flattened teeth that grind food particles

· Crown—portion of the tooth above the gumline

· Root—portion of the tooth below the gumline

· Enamel—glossy white substance that covers the crown.  Hardest substance in the body

· Dentin—bonelike material deep to the enamel.  Surrounds the pulp cavity.

· Pulp cavity—contains blood vessels, nerves, and connective tissue

· Root canal—passageway through which the blood vessels and nerves enter the pulp cavity

Pharynx

· Passageway that connects the nasal and oral cavities with the esophagus

· Nasopharynx—communicates with the nasal cavity and provides a passageway for air during breathing

· Orophayrnx—posterior to the soft palate and inferior to the nasophayrnx.  Passageway for food moving downward from the mouth and for air moving to and from the nasal cavity

· Laryngopharynx—inferior to the oropharynx.  Passageway to the esophagus.

Swallowing Mechanism

· Chew food into a bolus.

· Force food into pharyngeal opening, triggering the swallowing reflex.

· Peristalsis transports food in the esophagus to the stomach.

Second Stage in Detail

· Soft palate raises, preventing food from entering the nasal cavity.

· Epiglottis covers trachea so that food stays out of respiratory system.

· Tongue pressed against soft palate, forcing food into pharynx.

· Muscles in lower portion of pharynx relax, opening the esophagus.

· Peristaltic wave begins, forcing food into the esophagus.

Esophagus

· Tube from the pharynx to the stomach

· Passes through the diaphragm at the esophageal hiatus

· Cardiac sphincter joins the esophagus to the stomach.  It is usually closed to prevent regurgitation.

Stomach

· J-shaped, pouchlike organ that hangs inferior to the diaphragm in the upper left corner of the abdominal cavity.

· Receives food, mixes food with gastric juice, initiates protein digestion, limited absorption

· Rugae—thick folds of mucosal and submucosal layers found on the inner lining.  Disappear when the stomach is distended.

· Pyloric sphincter—valve that controls gastric emptying.

Gastric Secretions

· Mucosa of stomach is lined with many small openings called gastric pits.  Gastric pits are at the ends of tubular gastric glands.

· Gastric glands contain 3 types of secretory cells.

· Goblet cells occur near the openings of the gastric pits.

· Chief cells are deeper in the gastric glands, and secrete digestive enzymes.

· Parietal cells release HCl and intrinsic factor.

· The products of the mucous cells, chief cells, and parietal cells together form gastric juice.

· Gastric juice contains pepsin, an enzyme that digests protein.  Chief cells secrete pepsinogen, which is then pepsin once it hits the stomach acid.  The mucus lining of the stomach prevents pepsin from digesting the stomach wall.

· Gastric juice also contains intrinsic factor which is secreted by the parietal cells.  Intrinsic factor helps the intestine to absorb vitamin B12.

Regulation of 
Gastric Secretions

· When a person eats, the parasympathetic nervous system is stimulated.

· The vagus nerve releases ACh,at the stomach, stimulating the gastric glands to release gastric juice.

· Vagus nerve also stimulates nerves in the stomach to release the peptide hormone gastrin, which increases the secretory activity of the gastric glands.

· As food moves into the small intestine, acid triggers sympathetic nerves which inhibit gastric juice secretion.

· As the food passes into the small intestine, lipids and fats trigger the release of the peptide hormone cholecystokinin (CCK).  CCK decreases gastric motility as the small intestine fills with food.

Gastric Absorption

· Gastric enzymes begin to break down protein, but the stomach does not absorb many digestive products.

· Stomach can absorb some water, certain salts, alcohol, and some lipid soluble drugs.

Pancreas 

· Functions as an exocrine gland by secreting pancreatic juice

· Located alongside the duodenum

· Pancreatic acinar cells secrete pancreatic juice into the pancreatic duct, which empties into the duodenum.

Pancreatic Juice

· Contains enzymes that digest carbohydrates, fats, nucleic acids, and proteins.

· Pancreatic amylase breaks starch or glycogen down into disaccharides.

· Pancreatic lipase breaks triglyceride molecules down into fatty acids and glycerol.

· Pancreatic nucleases break DNA and RNA down into nucleotides.

Regulation of 
Pancreatic Secretion

· The nervous and endocrine systems regulate the secretion of pancreatic juices.

· When parasympathetic impulses stimulate the stomach, other parasympathetic impulses stimulate the pancreas to release digestive enzymes.

· As acidic chyme enters the duodenum, the mucosa releases the peptide hormone secretin into the blood.  Secretin stimulates the pancreas to release bicarbonate ions in order to neutralize the acid.

· Proteins and fats in the duodenum trigger the release of CCK into the bloodstream, stimulating the pancreas to release more digestive enzymes.

Liver

· Located in upper right quadrant of abdominal cavity

· Inferior to diaphragm

· Partially enclosed by ribs

· Highly vascularized

· Enclosed in a fibrous capsule

· Divided into a right lobe and a smaller left lobe.

· Each lobe is separated into many functional units called hepatic lobules.

· Each lobule consists of many hepatic cells radiating outward from a central hepatic vein.

· Hepatic sinusoids receive blood from the hepatic portal vein.  The newly absorbed nutrients feed the liver cells.

· Large phagocytic cells called Kupffer cells remove bacteria and toxins from the blood.

· Bile canals are located within the hepatic lobules.  They receive secretions from the hepatic cells.

· Hepatic ducts are formed when bile canals converge.  Hepatic ducts merge into the common hepatic duct.

Liver Functions

· Maintain normal blood sugar levels

· Oxidation of fatty acids

· Synthesis of cholesterol

· Converting carbohydrate and protein into fat

· Deamination of amino acids

· Synthesis of plasma proteins such as clotting factors

· Storage of glycogen, iron, vitamins A, D, and B12.

· Removal of damaged erythrocytes

· Phagocytosis of foreign particles

· Detoxification of alcohol

· Secretion of bile

Bile

· Yellowish-green liquid secreted by liver cells

· Contains water, bile salts, bile pigments, cholesterol, electrolytes

· Bile salts are the only substances with a digestive function.

Bile Salts

· Aid digestive enzymes

· Break fat globules into smaller droplets in a process called emulsification.  Emulsification increases the surface area of the fat globule.

· Lipases can then digest the fat more effectively.

· Enhance absorption of fatty acids, cholesterol, and the fat-soluble vitamins A, D, E, and K.

· Lack of bile salts leads to poor lipid absorption and vitamin deficiencies.

Gallbladder

· Sac on the inferior surface of liver

· Stores bile until it is needed

Cholesterol in the bile may form crystals called gallstones.  A cholecystectomy removes the gallstones and gallbladder.

Regulation of Bile Release

· Proteins and fats in the small intestine stimulate the release of CCK.

· CCK triggers the bile to be released into the duodenum.

Small intestine

· Most important absorbing organ of the alimentary canal.

· Tubular organ extending from the pyloric sphincter to the large intestine

· Receives secretions from the pancreas and liver

· Completes the digestion of chyme

· Absorbs the products of digestion

· Transports the residues to the large intestine

· Duodenum—the first 25cm of the small intestine

· Jejunum—the next portion of the small intestine

· Ileum—the most distal portion of the small intestine

Structure of 
Small Intestine Wall

· Many villi project into the lumen.

· Villi composed of simple columnar epithelium.

· Villi increase surface area available for absorption.

· Villi most numerous in the duodenum and proximal portion of jejunum.

· Blood capillaries and a lacteal carry away absorb nutrients.  Lacteals receive fats.

· An intestinal gland is located at the base of each villus as it adjoins the neighboring villus.

· Plicae—transverse folds in the wall of the intestine.  Increases surface area.

Secretions of 
Small Intestine

· Intestinal gland secretes large quantities of a watery fluid that the villus quickly reabsorbs.  This fluid carries digestive products into the villus.

· Some epithelial cells of the intestinal mucosa have digestive enzymes embedded in the luminal surfaces of the villi.

· Peptidases—split peptides into amino acids

· Sucrase, maltase, lactase—split disaccharides into monosaccharides

· Intestinal lipase—splits fats into fatty acids and glycerol.

Absorption in 
Small Intestine

· Carbohydrate digestion begins with salivary amylase, and enzymes from the pancreas and intestinal mucosa finish the process.  Blood capillaries in the villus carry away monosaccharides.  Sugars are absorbed by facilitated diffusion or active transport.

· Protein digestion begins in the stomach with pepsin.  Enzymes from the pancreas and small intestine finish the process.  Amino acids are actively transported into the villus and carried away by the blood.

· Fats are digested almost entirely by enzymes from the intestinal mucosa and pancreas.  Fatty acid and glycerol molecules are absorbed into the villus and then reassembled.  Protein carriers are attached to the fat to form chylomicrons, which are then transported via the lacteal to the blood.

Large Intestine

· Absorbs water and electrolytes from chyme remaining in the alimentary canal

· Forms and stores feces

· Joined to the small intestine by the ileocecal sphincter

· The color of feces arises from bile pigments, and the smell from compounds produced by bacteria in the large intestine.

Nutrition

· Nutrition—the study of nutrients and how the body uses them

· Nutrients—include carbohydrates, lipids, proteins, vitamins, minerals, and water

· Essential nutrients—nutrients that human cells cannot synthesize, such as certain amino acids

Carbohydrates

· Primary energy supply for cells

· Include starch from grains and vegetables, glycogen from meats, disaccharides from cane sugar, molasses and beets, and monosaccharides from honey and fruits.

· Cellulose is a complex carbohydrate in plants that humans can’t digest.  It is also called fiber.

· The monosaccharides glucose, fructose, and galactose are absorbed from the intestine.  The liver then converts fructose and galactose into glucose, which is used by cells in the body.

Lipids

· Fats, phospholipids, cholesterol, triglycerides (most common dietary fat)

· Store energy

· Contain twice as much chemical energy as carbohydrates or proteins

· Beta oxidation is the process by which fatty acids are converted into acetyl coenzyme A, which is then used in the citric acid cycle.

· The liver can convert fatty acids from one form to another, but it cannot synthesize certain fatty acids known as essential fatty acids.

· Linoleic acid is an essential fatty acid found in corn, cottonseed, and soy oils.

· Cholesterol is used as a structural material for cell membranes and as a starting material for steroid hormones.

· Adipose tissue stores excess triglycerides.

Proteins

· Composed of amino acids

· Are enzymes, clotting factors, keratin of the skin, hormones, and antibodies

· Comprise actin and myosin

Proteins as Energy Source

· Amino acids must have their nitrogen removed in a process called deaminated.

· The nitrogen then forms the waste product urea.

· The deaminated amino acids are used to synthesize carbohydrates.

· These carbohydrates then enter glycolysis and the citric acid cycle.

Essential Amino Acids

· Cannot be synthesized by cells

· Must be consumed in the diet

· Are present in complete proteins, such as milk, meat, and eggs

Vitamins

· Function as coenzymes

· Classified as either fat-soluble or water soluble

· Fat-soluble vitamins are A, D, E, K.  They withstand cooking.

· Water-soluble vitamins B and C.  They break down with cooking.

Minerals

· Elements other than carbon that are essential for human metabolism

· Phosphorous, iron, iodine, calcium, sodium, chlorine, potassium

· Calcium and phosphorous account for 75% by weight of all of the minerals in the body.

