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What do animals need to live?

 Animals make energy
using:

 food

 oxygen

 Animals build bodies
using:

 food for raw materials
 amino acids, sugars, 

fats, nucleotides 

 ATP energy for synthesis

O2

food

ATP

mitochondria
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Different diets; different lives

 All animals eat other organisms

 Herbivores

 eat mainly plants

 gorillas, cows, 

rabbits, snails

 Carnivores

 eat other animals

 sharks, hawks, spiders, snakes

 Omnivores

 eat animals & plants

 cockroaches, bears, raccoons, humans

 humans evolved as hunters, scavengers & gatherers
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Getting & Using Food
 Ingest

 taking in food

 Digest
 mechanical digestion

 breaking up food into smaller pieces

 chemical digestion

 breaking down food into molecules small 
enough to be absorbed into cells

 enzymes

 Absorb
 absorb nutrients across cell membranes

 diffusion

 active transport

 Eliminate
 undigested material passes out of body

intracellular
digestion

extracellular
digestion
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Digestive systems

Everybody’s got one!
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Human digestive system
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24.1 Anatomy of the Digestive System

 Digestive tract: also 
called alimentary tract or 
canal

GI tract: technically 
refers to stomach and 
intestines

 Accessory organs

Primarily glands, 
secrete fluids into tract
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24.1 Anatomy of the Digestive System

 Regions

 Mouth or oral cavity with salivary 
glands and tonsils

 Pharynx (throat) with tubular 
mucous glands

 Esophagus with tubular mucous 
glands

 Stomach with many different kinds 
of glands that are tubular

 Small intestine (duodenum, ileum, 
jejunum) with liver, gallbladder and 
pancreas as major accessory organs

 Large intestine including cecum, 
colon, rectum and anal canal with 
mucous glands

 Anus
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24.2 Functions of the Digestive System

1. Ingestion: introduction of food into stomach

2.Mastication: chewing. Chemical digestion requires 

large surface area so breaking down large particles 

mechanically facilitates chemical digestion.

3. Propulsion

 Deglutition: swallowing

 Peristalsis:  moves material through digestive 
tract . A wave of circular smooth muscle 
relaxation moves ahead of the bolus of food or 
chyme allowing the digestive tract to expand. 
Then a wave of contraction of the circular smooth 
muscles behind the bolus of food or chyme
propels it through the digestive tract.

 Mass movements in large intestine
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A wave of smooth muscle relaxation 

moves ahead of the bolus, allowing 

the digestive tract to expand.

A wave of contraction of the smooth 

muscle behind the bolus propels it 

through the digestive tract.
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Mixing: Segmental contractions
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Secretion or food

Contraction waves

Contraction waves

A secretion introduced into the

digestive tract or food within the

tract begins in one location.

Segments of the digestive tract

alternate between contraction

and relaxation.

Material (brown) in the intestine is

spread out in both directions from

the site of introduction.

The secretion or food is spread out

in the digestive tract and becomes more 

diffuse (lighter color) through time.
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Functions, cont.

4. Secretion: lubricate, liquefy, digest

 Mucus: secreted along entire digestive tract, lubricates food and 

lining, coats lining and protects from mechanical digestion, from 

acid and from digestive enzymes.

 Water: liquefaction makes food easier to digest and absorb via 

hydrolysis reactions

 Bile: emulsifies fats

 Enzymes: chemical digestion

5. Digestion: Mechanical and chemical

6. Absorption: Movement from tract into circulation or 

lymph

7. Elimination: Waste products removed from body; feces. 

Defecation
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Oral cavity

Pharynx
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TABLE 24.1 Functions of the Digestive System

Functions

Ingestion. Solid food and fluids are taken into the digestive tract through the oral cavity.

Taste. Tastants dissolved in saliva stimulate taste buds in the tongue.

Mastication. Movement of the mandible by the muscles of mastication causes the teeth to break food into smaller pieces. The tongue and 

cheeks help place the food between the teeth.

Digestion. Amylase in saliva begins carbohydrate (starch) digestion.

Swallowing. The tongue forms food into a bolus and pushes the bolus into the pharynx.

Communication. The lips, cheeks, teeth, and tongue are involved in speech. The lips change shape as part of facial expressions.

Protection. Mucin and water in saliva provide lubrication, and lysozyme (an enzyme that lyses cells) kills microorganisms. Nonkeratinized

stratified squamous epithelium prevents abrasion.

Swallowing. The involuntary phase of swallowing moves the bolus from the oral cavity to the esophagus. Materials are prevented from 

entering the nasal cavity by the soft palate and kept out of the lower respiratory tract by the epiglottis and vestibular folds.

Breathing. Air passes from the nasal or oral cavity through the pharynx to the lower respiratory tract.

Protection. Mucus provides lubrication. Nonkeratinized stratified squamous epithelium prevents abrasion.

Propulsion. Peristaltic contractions move the bolus from the pharynx to the stomach. The lower esophageal sphincter limits reflux of the 

stomach contents into the esophagus.

Protection. Glands produce mucus, which provides lubrication and protects the inferior esophagus from stomach acid.

Storage. Rugae allow the stomach to expand and hold food until it can be digested.

Digestion. Protein digestion begins as a result of the actions of hydrochloric acid and pepsin.

Absorption. Absorption of a few substances (e.g., water, alcohol, aspirin) takes place in the stomach.

Mixing and propulsion. Mixing waves churn ingested materials and stomach secretions into chyme. Peristaltic waves move the chyme into 

the small intestine.

Protection. Mucus provides lubrication and prevents digestion of the stomach wall. Stomach acid kills most microorganisms.
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TABLE 24.1 Functions of the Digestive System

Functions

Neutralization. Bicarbonate ions from the pancreas and bile from the liver neutralize stomach acid to form a pH 

environment suitable for pancreatic and intestinal enzymes.

Digestion. Enzymes from the pancreas and the lining of the small intestine complete the breakdown of food molecules. 

Bile salts from the liver emulsify lipids.

Absorption. The circular folds, villi, and microvilli increase surface area. Most nutrients are actively or passively 

absorbed. Most of the ingested water or the water in digestive tract secretions is absorbed.

Mixing and propulsion. Segmental contractions mix the chyme, and peristaltic contractions move the chyme into the 

large intestine. 

Excretion. Bile from the liver contains bilirubin and excess cholesterol.

Protection. Mucus provides lubrication, prevents digestion of the intestinal wall, and protects the small intestine from 

stomach acid. Peyer patches protect against microorganisms.

Absorption. The proximal half of the colon absorbs salts (e.g., sodium chloride), 

water, and vitamins (e.g., K) produced by bacteria.

Storage. The distal half of the colon holds feces until they are eliminated.

Mixing and propulsion. Slight segmental mixing occurs. Mass movements propel 

feces toward the anus, and defecation eliminates the feces.

Protection. Mucus provides lubrication; mucus and bicarbonate ions protect against 

acids produced by bacteria.
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24.6 Oral Cavity

 Bounded by lips 

anteriorly, fauces

(opening into pharynx) 

posteriorly

 Vestibule: space 

between lip/cheeks 

and alveolar 

processes with teeth

 Oral cavity proper: 

medial to alveolar 

processes
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Teeth
 Involved in mastication and speech

 Anatomic crown: enamel-covered 
part of tooth; clinical crown is 
section of tooth above gum line

 Neck: enameled part of tooth below 
gum line

 Enamel: outermost layer of 
anatomical crown. Non-living; 
acellular. Protective.

•Dentin: living, cellular, calcified tissue. In the root, dentin is covered by 
cellular bone-like structure that helps hold tooth in the socket.

•Pulp cavity filled with blood vessels, nerves, and connective tissue

•Periodontal ligaments: hold tooth in socket.

•Gingiva: dense, fibrous C.T. covered by stratified squamous epithelium.

Cusp

Enamel

Gingiva

Dentin

Root canal

Cementum

Alveolar bone

Neck

Root

Apical foramen

Pulp cavity

with nerves

and vessels

Periodontal

ligaments

Clinical

crown
Anatomical

crown
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Mastication
 Chewing: incisors and canines bite or cut off 

food; molar-type teeth grind food

 Muscles involved: masseter, temporalis, medial 
and lateral pterygoids.
 Elevate mandible: temporalis, masseter, medial 

pterygoids

 Depress mandible: lateral pterygoids

 Protraction and lateral and medial excursion: pterygoids 
and masseter

 Retraction- temporalis

 Mastication reflex: medulla oblongata, but 
descending pathways from cerebrum provide 
conscious control. Controls basic movements 
involved in chewing
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Salivary Glands

 Three pairs of multicellular 
glands

1. Parotid: largest salivary 
gland. Just anterior to the 
ear with Parotid duct 
crosses over masseter, 
adjacent to the 2nd upper 
molar

2. Submandibular:

3. Sublingual: smallest. 

Parotid

gland

Masseter

muscle

Parotid duct

Buccinator

muscle

Mucous membrane

(cut)

Ducts of the

sublingual gland

Sublingual

gland

Submandibular

duct

Submandibular

gland

(a)
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Where is Saliva Made?

 Compound alveolar salivary glands. Produces saliva

Serous cell

Mucous cell

(b)

Salivary duct

Duct

epithelium

Serous

acinus

Mucous

acinus

Mixed

acini

Helpful hint- serous ducts do not open to outside

mucous ducts open to outside
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Functions of Saliva

1. Oral cavity lubricated and moist (1-1.5 L a day)

2. Prevents bacterial infection by “washing” oral 
surface and contains lysozymes (weak 
antibacterial action)

3. Produces bicarbonate to help neutralize acids

4. Contains salivary amylase that breaks down starch 
into disaccharides maltose and iso-maltose (only 
3-5% of carbs are digested here)

5. Helps to form bolus for swallowing

 Parasympathetic input causes majority of salivary 
production, but higher brain centers can cause it 
too. Think of a perfectly cooked rib-eye steak and 
potato
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Mouth Re-cap
 Functions

 mechanical digestion
 teeth
 break up food

 chemical digestion (saliva)
 amylase enzyme
 digests starch

 mucus
 protects soft lining of digestive system

 lubricates food for easier swallowing

 buffers
 neutralizes acid to prevent tooth decay

 anti-bacterial chemicals
 kill bacteria that enter mouth with food

All that
in spit!
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Swallowing (& not choking) 

 Epiglottis

 flap of cartilage

 closes trachea (windpipe) when swallowing

 food travels down esophagus

 Peristalsis

 involuntary muscle contractions to move food along 
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24.8 Stomach

 Openings
 Gastroesophageal (cardiac): 

to esophagus

 Pyloric: to duodenum

 Parts
 Cardiac

 Fundus

 Body

 Pyloric: antrum and canal

•Greater and lesser curvatures: 
attachment sites for omenta

•Sphincters
–Cardiac (lower esophageal)

–Pyloric
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Parts of the Stomach
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Histology of the Stomach
 Gastric pits: openings for gastric glands. 

Lined with simple columnar epithelium

 Cells of gastric pits

 Surface mucus: mucus that protects 
stomach lining from acid and digestive 
enzymes

 Mucous neck: mucus 

 Parietal: hydrochloric acid and intrinsic 
factor 

 Chief: pepsinogen 

 Endocrine: regulatory hormones

 Enterochromaffin-like cells: histamine 
that stimulates acid secretion

 Gastrin-containing cells: secrete 
gastrin

 Somatostatin-containing cells: 
secrete somatostatin that inhibits 
gastrin and insulin secretion
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Secretions of the Stomach

 Chyme: ingested food plus stomach secretions

 Mucus: surface and neck mucous cells

 Viscous and alkaline

 Protects from acidic chyme and enzyme pepsin

 Irritation of stomach mucosa causes greater mucus 

 Intrinsic factor: parietal cells. Binds with vitamin B12 and 
helps it to be absorbed. B12 necessary for DNA synthesis

 HCl: parietal cells

 Kills bacteria

 Stops carbohydrate digestion by inactivating salivary 
amylase

 Denatures proteins to gain access to internal peptide bonds

 Helps convert pepsinogen to pepsin that then in turns 
breaks down peptide bonds of proteins. 
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Stomach

Functions
disinfect food
hydrochloric acid = pH 2
kills bacteria 

food storage
can stretch to fit ~2L 
food 

digests protein
pepsin enzyme

But the stomach is made out of protein!

What stops the stomach from digesting itself?

mucus secreted by stomach cells protects 

stomach lining
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Hydrochloric Acid Production
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5
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H+

Duct of

gastric

gland

Carbon dioxide (CO2) diffuses into the parietal cell.

Carbon dioxide combines with water (H2O) in an 

enzymatic reaction that is catalyzed by carbonic 

anhydrase (CA) to form

carbonic acid (H2CO3).

Carbonic acid dissociates into a bicarbonate 

ion (HCO3
–) and a hydrogen ion (H+).

Bicarbonate ions are transported back into the 

bloodstream. An antiporter in the plasma 

membrane exchanges HCO3
– for a chloride ion 

(CI–).

A H+- K+ pump moves H+ into the duct of the 

gastric gland and K+ into the parietal cell.

Chloride ions diffuse into the gastric gland duct.

Blood

vessel

HCO3
–

CO2

Serosal

surf ace

K+

CA

CO2 + H2O
H2CO3

Parietal cell

HCO3
–

ATP

CI–

To stomach

H+
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Cephalic Phase- “Get started”
 The taste or smell of 

food, tactile sensations 
of food in the mouth, or 
even thoughts of food 
stimulate the medulla 
oblongata.

 Parasympathetic action 
potentials are carried by 
the vagus nerves to the 
stomach, where enteric 
plexus
neurons are activated. 

• Postganglionic neurons stimulate secretion by parietal and chief cells 
(HCl and pepsin) and stimulate the secretion of the hormone gastrin 
and histamine.

• Gastrin is carried through the circulation back to the stomach where it 
and histamine stimulate further secretion of HCl and pepsin.

1

1

2

3

4

2

3

4

Medulla oblongata

Circulation

The taste, smell, or thought of food or tactile

sensations of food in the mouth stimulate the

medulla oblongata (light green arrows).

Postganglionic neurons stimulate secretion by

parietal and chief cells and stimulate gastrin and

histamine secretion by endocrine cells.

Gastrin is carried through the circulation back to the

stomach (dark green arrow), where, along with

histamine, it stimulates secretion.

Cephalic Phase

Stomach

Hypothalamus

Vagus nerves carry parasympathetic action

potentials to the stomach (pink arrow), where

enteric plexus neurons are activated.

Vagus nerves

Histamine

Gastrin

Secretions

stimulated

Taste, smell, or thought of

food (chemoreceptors)

Tactile sensation in mouth
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Gastric Phase- “Go for it”

 Distention of the stomach activates a parasympathetic reflex. 
Action potentials are carried by the vagus nerves to
the medulla oblongata.

 Medulla oblongata stimulates further secretions of the stomach. 

 Distention also stimulates local reflexes that amplify stomach 
secretions.
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Stomach

Distention

Distention of the stomach stimulates

mechanoreceptors (stretch receptors) and activates

a parasympathetic reflex. Action potentials generated

by the mechanoreceptors are carried by the vagus

nerves to the medulla oblongata (light green arrow).

The medulla oblongata increases action potentials

in the vagus nerves that stimulate secretions by

parietal and chief cells and stimulate gastrin and

histamine secretion by endocrine cells (pink arrow).
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Gastric Phase

Circulation

Medulla

oblongata

Distention of the stomach also activates local

reflexes that increase stomach secretions

(orange arrow).

Gastrin is carried through the circulation back

to the stomach (dark green arrow), where, along with

Histamine, it stimulates secretion.

Vagus nerves

Secretions

stimulated
Secretions

stimulated

Histamine

Gastrin
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Intestinal Phase- “Slow down”

1. Chyme in the duodenum with a pH less than 2 or containing lipids 
inhibits gastric secretions by three mechanisms

2. Sensory input to the medulla from the duodenum inhibits the motor 
input from the medulla to the stomach. Stops secretion of pepsin and 
HCl.

3. Local reflexes inhibit gastric secretion

4. Secretin, and cholecystokinin produced by the duodenum decrease 
gastric secretions in the stomach.

4

3

2

1

2

1

3

4

Medulla oblongata

Circulation

Secretin and cholecystokinin

Chyme in the duodenum with a pH less than 2 or

containing fat digestion products (lipids) inhibits

gastric secretions by three mechanisms (2–4).

Chemoreceptors in the duodenum are stimulated

by H+ (low pH) or lipids. Action potentials generated

by the chemoreceptors are carried by the vagus

nerves to the medulla oblongata (green arrow),

where they inhibit parasympathetic action potentials

(pink arrow), thereby decreasing gastric secretions.

Local reflexes activated by H+ or lipids also inhibit

gastric secretion (orange arrows).

Intestinal Phase

Vagus

nerves

Secretions

inhibitedDecreased

gastric

secretions

Local

reflexes

pH <2

or lipids

Vagus

nerves

Secretin and cholecystokinin produced by the

duodenum (brown arrows), decrease gastric

secretions in the stomach.
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stomach

kills germs 

break up food

digest proteins

store food

Cardiac sphincter

Phyloric sphincter

mouth

break up food

digest starch

kill germs

moisten food
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Used to think 
ulcers were 
caused by stress
 tried to control 

with antacids

Now know 
ulcers caused by 
bacterial 
infection of 
stomach
 H. pylori bacteria

 now cure with 
antibiotics

Ulcers

inflammation of 

stomach
inflammation of 

esophagus

Colonized by 

H. pylori

Free of 

H. pylori

white blood cells

cytokines

inflammatory 

proteins

(CagA)

cell damaging 

proteins

(VacA)

helper T cells

neutrophil cells

H. pylori
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Small intestine

 Functions

 digestion

 digest carbohydrates

 amylase from pancreas

 digest proteins

 trypsin & chymotrypsin from pancreas

 digest lipids (fats)

 bile from liver & lipase from pancreas

 absorption

 nutrients move into body cells by:

diffusion

active transport

This is
where all the
work is done!
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Anatomy of the Small Intestine

Surface look similar, but inside is divided into 3 distinct parts 

Duodendum- (20cm); has special mucous glands called

brunner’s glands

Jejunum- (2.5m) most absorption here

Illeum- (3m)contains peyer’s patches (lymphatic nodules)
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Absorption in Small Intestines

 Absorption through villi & microvilli

 finger-like projections

 increases surface area for absorption

SMALL INTESTINES
6 meters long,
but can stretch

to cover a 
tennis court 
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small intestines

breakdown food

- proteins

- starch

- fats

absorb nutrients

stomach

kills germs 

break up food

digest proteins

store food

mouth

break up food

digest starch

kill germs

moisten food

pancreas

produces enzymes to 

digest proteins & starch

liver

produces bile

- stored in gall bladder

break up fats
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Pancreas 

 Produces digestive enzymes

 digest proteins

 trypsin, chymotrypsin

 digest starch

 amylase

 digest lipids

 lipase

 Buffers 

 neutralizes 

acid from 

stomach
small

intestine
pancreas
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stomach

kills germs 

break up food

digest proteins

store food

mouth

break up food

digest starch

kill germs

moisten food

pancreas

produces enzymes to 

digest all foods
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Liver & Gall Bladder 

 Produces bile

 breaks up fats

 gallbladder only stores bile

 that’s why you can have your gall bladder 

removed

bile contains 

colors from old 

red blood cells 

collected in liver =

iron in RBC rusts & 

makes feces brown
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pancreas

produces enzymes to 

digest proteins & starch

stomach

kills germs 

break up food

digest proteins

store food

mouth

break up food

digest starch

kill germs

moisten food

liver

produces bile

- stored in gall bladder

break up fats
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 Function

 re-absorbs water

 use ~9 liters of water every day 

in digestive juices

 if don’t reabsorb water 

would die of dehydration

 > 90% of water re-absorbed

not enough water re-absorbed 

 diarrhea

 can be fatal!

 too much water re-absorbed

 constipation

 reabsorb by diffusion

Large intestines (colon)
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Anatomy of the Large Intestine
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You’ve got company!

 Living in the large intestine is a 

community of helpful bacteria

 Escherichia coli: E. coli

 digest cellulose

 digests fruits & vegetables

 produce vitamins

 vitamin K & B vitamins

 BUT generate gases

 by-product of bacterial metabolism 

methane, hydrogen sulfide

 STINKY!

PEE-YOO!
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stomach

kills germs 

break up food

digest proteins

store food

mouth

break up food

digest starch

kill germs

moisten food

small intestines

breakdown food

- proteins

- starch

- fats

absorb nutrients

pancreas

produces enzymes to 

digest proteins & carbs

liver

produces bile

- stored in gall bladder

break up fats

large intestines

absorb water
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Appendix

Vestigial organ?



Regents Biology

stomach

kills germs 

break up food

digest proteins

store food

mouth

break up food

digest starch

kill germs

moisten food

small intestines

breakdown food

- proteins

- starch

- fats

absorb nutrients

pancreas

produces enzymes to 

digest proteins & carbs

liver

produces bile

- stored in gall bladder

break up fats

large intestines

absorb water
Appendix

Houses E.coli
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Rectum 

 Last section of large intestines

 eliminate feces

 what’s left over?

 undigested materials

 mainly cellulose from plants

 called roughage or fiber

 keeps everything moving & cleans out 

intestines

 masses of bacteria

So don’t forget 
to wash 

your hands!
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Different diets; different bodies

 Adaptations of herbivore vs. carnivore

 teeth

 length of digestive system

 number & size of stomachs
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Teeth 

 Carnivore

 sharp ripping 
teeth

 “canines”

 Herbivore

 wide grinding 
teeth

 molars

 Omnivore

 both kinds of 
teeth
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Length of digestive system

 Herbivores & omnivores

 long digestive 

systems

 harder to digest 

cellulose (cell walls)

 bacteria in intestines 

help

 Carnivores

 short digestive 

systems

 protein easier to 

digest than cellulose

appendix
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Eating a balanced diet

 What happens if an animal’s diet is 

missing an essential nutrient?

 deficiency diseases

 scurvy — vitamin C (collagen production)

 rickets — vitamin D (calcium absorption)

 blindness — vitamin A (retinol production)

 anemia — vitamin B12 (energy production)

 kwashiorkor — protein
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 Need to make sure you get enough protein

 20 amino acids to make protein

 12 amino acids humans can produce 

 8 we have to eat = “essential amino acids”

 Grains (like corn) have 6 amino acids

 missing 2

 Beans (like soybean & red beans) 

have 6 amino acids

 missing different 2

 mix beans & grains
for complete group of 

amino acids

 rice & beans

 taco/tortilla & beans

 tofu & rice

 peanut butter & bread

Vegetarian diets
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liver

pancreas

liver

Balancing Blood Sugar levels

blood sugar level

insulin

body 
cells take
up sugar 

from blood

liver stores
sugar

reduces
appetite

glucagon

pancreas

liver 
releases

sugar
triggers
hunger

high

low

Feedback

Homeostasis


