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Digestion and Nutrition:  Chapter 32			Updated 29 February 2012
Updated from 2011 Book (15th Edition)
Terms to know:
Autotroph – an organism that makes its organic nutrients from inorganic raw materials
Heterotroph – an organism that must obtain both organic and inorganic raw materials from the environment in order to live;  includes most animals, fungi, and those plants and microorganisms that do not have photosynthesis
Chemotroph – an organism that derives nourishment from inorganic substances without using chloropyll
Phototroph – an organism capable of using carbon dioxide in the presence of light as a source of metabolic energy
Carnivore – an organism that eats other animals
Herbivore – an organism that eats plants
Omnivore – an organism that eats both plants and animals
Saprophagous – feeding on decaying matter
Tooth Structure – see Fig. 32.4. p. 714
· Crown – top part of tooth above gumline
· Root – under gumline;  holds tooth in the socket
· Enamel – outer, hard covering on tooth
· Dentine – inner part of tooth
· Cementum – outer cover on root;  holds tooth in the socket
· Root canal – holds nerves and blood vessels of the tooth
Kinds of Teeth –
· Incisors – for biting, cutting, and stripping
· Canines – for seizing, piercing, and tearing
· Premolars – grinding and crushing
· Molars – grinding and crushing

See Fig. 32.5, p. 714 to show different kinds of teeth – fox, woodchuck, and deer
Digestion in Vertebrates – vertebrates have an alimentary canal and extracellular digestion in the lumen of the alimentary canal
Action of Digestive Enzymes – 
· Digestive enzymes are hydrolytic enzymes (or hydrolases)
· They split food molecules by hydrolysis, i.e., they break chemical bonds by adding water:

                      digestive 
· R –R +H2O --------------- R–OH + H-R
                      enzyme
Motility in Alimentary Canal -
-	peristalsis – food is pushed down the gut with waves of contraction of circular muscle 
	behind and relaxation in front of the food mass (called a bolus ) – see Fig. 32.8, p. 716

-	segmentation – is a gut movement characterized by the alternative constriction of rings 
	of smooth muscle of the intestine that constantly divides and squeezes contents back and 
	forth – see Fig. 32.8A, p. 716) 

Passage of Food – buccal cavity (mouth cavity) -> pharynx (throat area) -> esophoagus -> cardiac sphincter -> stomach -> pyloric sphincter -> duodenum -> jejunum -> ileum -> large intestine -> rectum
(In Birds – a crop is at the end of the esophagus and used for food storage before digestion;  the gizzard is a muscular structure that grinds food with the help of embedded grit and stones)
Salivary glands – secrete mucus to assist in swallowing;  they often secrete salivary enzymes to begin digestion – such as salivary amylase (in primates) which is a carbohydrate-splitting enzyme that begins hydrolysis of plant and animal starches as soon as they have been ingested;  starch is later digested more in the small intestine
Gastric juice – in humans, about 2 liters of gastric juice is produced by glands in the stomach walls;  3 types of cells line these glands:
· Goblet cells – secrete mucus
· Chief cells  - secrete pepsinogen which is a precursor to pepsin, a protease (protein- splitting enzyme) (must have acidic pH 1.6-2.4) in order to produce pepsin)
· Parietal cells (= oxyntic cells) – secrete hydrochloric acid

Rennin – is a milk-curdling enzyme found in stomachs of ruminant animals (probably in many more mammals) – by clotting and precipitating milk proteins, it slows movement of milk though the stomach
· Human infants, lacking rennin, digest milk proteins with acidic pepsin, just as adults do

· NOTE:  do not mistake RENNIN (above) for RENIN (which is an enzyme produced by vertebrate kidneys)
Bile – the liver secretes bile into the bile duct, which drains into the upper intestine (duodenum)
· Between meals, bile collects in the gallbladder

· Bile contains water, bile salts, and pigments, but no enzymes

· Bile salts emulsify fats (i.e., they break fats into tiny droplets for further digestion later)

· The yellow-green color of bile is produced by bile pigments which are breakdown products of hemoglobin from aged red blood cells;  bile pigments also give feces its characteristic color
Pancreatic Juice –  is released into the upper part of the duodenum and it neutralizes acidity – (see below);  it contains:
· Trypsin and chymotrypsin (both proteases)– continue enzymatic digestion of proteins begun by pepsin, which is now inactivated by the alkalinity of the intestine
· Carboxypeptidase – removes amino acids from carboxyl ends of polypeptides
· Pancreatic lipase – hydrolyzes fats into fatty acids and glycerol
· Pancreatic amylase – is a starch-splitting enzyme identical to salivary amylase in its action
· Nucleases – degrade RNA and DNA into nucleotides
NOTE:  both bile and pancreatic juice both are secreted into the duodenum where the acidic contents are released from the stomach through the pyloric valve;  both bile and pancreatic juice have a high bicarbonate content, especially pancreatic juice, which effectively neutralizes gastric acid, raising the pH of the liquefied food mass, now called chyme, from pH 1.5 to 7 as it enters the duodenum
Membrane Enzymes – cells lining the intestine have other digestive enyzmes (which you do not have to know, but they are listed on page 721)
Absorption – most digested foodstuffs are absorbed from the small intestine (not the stomach);  however, alcohol and lipid-soluble drugs are mostly absorbed in the stomach
· Villi – fingerlike projections which make more surface area for absorption on the lining of the small intestine (see Fig. 32.13, p. 720)

Lacteals – lymph vessels in the villi – for fat absorption;  fat goes into lacteals, then into lymph vessels, then into blood

Large intestine – much water is reabsorbed here


Regulation of Food Intake – 
· Hunger center – is located in the brain in the hypothalamus and brain stem – regulates the intake of food (a drop in blood glucose stimulates a craving for food)
· White fat – this fat makes up the bulk of body fat and is adapted for storage of fat derived mainly from surplus carbohydrates and fats in the diet – it is distributed throughout the body – especially in the deep layers of skin
· Brown fat – is highly specialized for mediating nonshivering and diet-induced thermogenesis rather than the storage of fat;  unique to placental mammals and 
well-developed in hibernating species of rats and rodents (but it also occurs in nonhibernating species such as rabbits, artiodactyls, carnivores, and primates, including humans)

Regulation of Digestion – see Fig 32.15, p. 723 showing the major hormones of digestion 
Nutritional Requirements - 
· Foods must include (see Table 32.1, p. 724):
· Carbohydrates
· Proteins
· Fats
· Water
· Mineral salts
· vitamins (note fat-soluble ones:  A, D, E, and K;  others water-soluble)


Artherosclerosis – narrowing of arteries (associated with fatty diets) characterized by fatty plaques forming in the inner linings of arteries
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