
ANIMAL NUTRITION





Food Types and Feeding 
Mechanisms

Most animals are opportunistic feedersMost animals are opportunistic feeders
AAnimals fit into one of three dietary categories. nimals fit into one of three dietary categories. 

HerbivoresHerbivores, such as gorillas, cows, hares, and many , such as gorillas, cows, hares, and many 
snails, snails, eat mainly eat mainly autotrophsautotrophs (plants, algae).(plants, algae).
CarnivoresCarnivores , such as sharks, hawks, spiders, and , such as sharks, hawks, spiders, and 
snakes, snakes, eateat other animalsother animals..
OmnivoresOmnivores, such as cockroaches, bears, raccoons, , such as cockroaches, bears, raccoons, 
and humans, and humans, consume animal and plant or algal consume animal and plant or algal 
matter.matter.



MMechanisms by which animalsechanisms by which animals
ingest foodingest food

FFour main groupsour main groups
SSuspensionuspension--feedersfeeders that sift small food particles from that sift small food particles from 
the water.the water.
SubstrateSubstrate--feedersfeeders live in or on their food source, live in or on their food source, 
eating their way through the food.eating their way through the food.

DepositDeposit--feedersfeeders, like earthworms, eat their way through dirt , like earthworms, eat their way through dirt 
or sediments and extract partially decayed organic material or sediments and extract partially decayed organic material 
consumed along with the soil or sediments.consumed along with the soil or sediments.

FluidFluid--feedersfeeders make their living sucking nutrientmake their living sucking nutrient--rich rich 
fluids from a living host and are considered parasites.fluids from a living host and are considered parasites.
BBulkulk--feedersfeeders:: Most animalsMost animals,, that eat relatively large that eat relatively large 
pieces of food.pieces of food.



Four Main Feeding Mechanisms of AnimalsFour Main Feeding Mechanisms of Animals
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Nutritional Requirements

Animals are Animals are heterotrophsheterotrophs that require food for that require food for 
three needsthree needs

fuel (chemical energy)fuel (chemical energy) for all the cellular work of for all the cellular work of 
the body; the body; 
the organic the organic raw materialsraw materials animals use in animals use in 
biosynthesisbiosynthesis (carbon skeletons to make many of (carbon skeletons to make many of 
their own molecules); their own molecules); 
essential nutrientsessential nutrients, substances that the animals , substances that the animals 
cannot make for itself from cannot make for itself from anyany raw material and raw material and 
therefore must obtain in food in prefabricated form.therefore must obtain in food in prefabricated form.



Homeostatic mechanisms Homeostatic mechanisms 
manage an animalmanage an animal’’s fuels fuel

ATP powers basal or resting metabolismATP powers basal or resting metabolism, , 
activity,activity,……..
AAll ATP is derived from oxidation of organic fuel ll ATP is derived from oxidation of organic fuel 
molecules molecules -- carbohydrates, proteins, and fatscarbohydrates, proteins, and fats --
in cellular respirationin cellular respiration
TThe excess ATP can be used for biosynthesis.he excess ATP can be used for biosynthesis.

used to used to grow grow in size or for in size or for reproductionreproduction, or can be , or can be 
stored stored in energy depotsin energy depots..
In humans, the liver and muscle cells store energy as In humans, the liver and muscle cells store energy as 
glycogenglycogen..
If glycogen stores are full, the excess is usually stored If glycogen stores are full, the excess is usually stored 
as fat.as fat.



GGlucose, a major cellular fuellucose, a major cellular fuel
1 When blood glucose 

level rises, a gland called 
the pancreas secretes insulin,
a hormone, into the blood.

Insulin enhances the 
transport of glucose into body 
cells and stimulates the liver 
and muscle cells to store 
glucose as glycogen. As a 
result, blood glucose level 
drops.
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STIMULUS:
Blood glucose

level rises
after eating.

Homeostasis:
90 mg glucose/
100 mL blood

STIMULUS:
Blood glucose

level drops
below set point.

Glucagon promotes
the breakdown of

glycogen in the
liver and the

release of glucose
into the blood,

increasing blood
glucose level.
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When blood glucose 
level drops, the pancreas 
secretes the hormone 
glucagon, which opposes 
the effect of insulin.
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UUndernourishmentndernourishment: : If the diet of a If the diet of a 
person or other animal is chronically person or other animal is chronically 
deficient in caloriesdeficient in calories..

even if a seriously undernourished person even if a seriously undernourished person 
survives, some damage may be irreversible.survives, some damage may be irreversible.

OvernourishmentOvernourishment, or , or obesityobesity, the result , the result 
from excessive food intakefrom excessive food intake

The human body tends to store any excess The human body tends to store any excess 
fat molecules obtained from food instead of fat molecules obtained from food instead of 
using them for fuelusing them for fuel..

Caloric ImbalanceCaloric Imbalance



Obesity as a Human Health ProblemObesity as a Human Health Problem

The World Health OrganizationThe World Health Organization
Now recognizes obesity as a major global health Now recognizes obesity as a major global health 
problemproblem

Obesity contributes to a number of health Obesity contributes to a number of health 
problems, includingproblems, including

Diabetes, cardiovascular disease, and colon and Diabetes, cardiovascular disease, and colon and 
breast cancerbreast cancer



Appetite regulationAppetite regulation
Regulate both longRegulate both long--term and shortterm and short--term term 
appetite by affecting a appetite by affecting a ““satiety centersatiety center”” in in 
the brainthe brain

Produced by adipose (fat) 
tissue, leptin suppresses 

appetite as its level increases. 
When body fat decreases, 

leptin levels fall, and appetite 
increases.

Leptin
PYY

Insulin

Ghrelin

Secreted by the stomach 
wall, ghrelin is one of the 
signals that triggers feelings 
of hunger as mealtimes 
approach. In dieters who lose 
weight, ghrelin levels increase, 
which may be one reason 
it’s so hard to stay on a diet.

The hormone PYY,
secreted by the small 
intestine after meals, 

acts as an appetite 
suppressant that 

counters the appetite 
stimulant ghrelin.

A rise in blood sugar level 
after a meal stimulates 
the pancreas to secrete 
insulin. 
In addition to its other 
functions, insulin suppresses 
appetite by acting on the brain.



LeptinLeptin
LLeptineptin, produced by adipose cells, is a key , produced by adipose cells, is a key 
player in a complex feedback mechanism player in a complex feedback mechanism 
regulating fat storage and use.regulating fat storage and use.

A A high high leptinleptin levellevel: : 
the brain to depress appetitethe brain to depress appetite
to increase energyto increase energy--consuming muscular activity consuming muscular activity 
and bodyand body--heat production.heat production.

DDecreasecreasinging leptinleptin levelslevels:: signaling the brain to signaling the brain to 
increase appetite and weight gain.increase appetite and weight gain.





An animalAn animal’’s diet must supply s diet must supply 
essential nutrients and carbon essential nutrients and carbon 

skeletons for biosynthesisskeletons for biosynthesis
EEssential nutrientsssential nutrients

These are materials that must be obtained in These are materials that must be obtained in 
preassembled form because the animalpreassembled form because the animal’’s cells s cells 
cannot make them from cannot make them from anyany raw material.raw material.

MalnourishMalnourishmentment:: An animal whose diet An animal whose diet 
is missing one or more essential nutrients is missing one or more essential nutrients ..



Essential amino acidsEssential amino acids

Animals require 20 amino acids to make Animals require 20 amino acids to make 
proteins.proteins.

Most animals can synthesize half of these if Most animals can synthesize half of these if 
their diet includes organic nitrogentheir diet includes organic nitrogen
Eight amino acids are essential in the adult Eight amino acids are essential in the adult 
human with a ninth, human with a ninth, histidinehistidine, essential for , essential for 
infantinfants.s.

The proteins in animals products, such as The proteins in animals products, such as 
meat, eggs, and cheese, are meat, eggs, and cheese, are ““completecomplete..””
Most plant proteins are Most plant proteins are ““incompleteincomplete..””



Corn (maize)
and other grains

Beans
and other 
legumes

Essential amino acids for adults  

Methionine

Valine

Threonine

Phenylalanine

Leucine

Isoleucine

Lysine

Tryptophan

Figure 41.10



EEssential fatty acidsssential fatty acids..

These are certain These are certain unsaturated fatty acidsunsaturated fatty acids, , 
including including linoleiclinoleic acids required by acids required by 
humans.humans.



VitaminsVitamins
OOrganic molecules required in the diet in rganic molecules required in the diet in 
quantities that are quite smallquantities that are quite small..
13 vitamins essential to humans have 13 vitamins essential to humans have 
been identified.been identified.

These can be grouped into These can be grouped into waterwater--soluble soluble 
vitamins and vitamins and fatfat--solublesoluble vitamins, with vitamins, with 
extremely diverse physiological functionsextremely diverse physiological functions..





MineralsMinerals
are simple inorganic nutrientsare simple inorganic nutrients
Mineral requirements vary with animal Mineral requirements vary with animal 
speciesspecies..



Food ProcessingFood Processing
FFour main stagesour main stages

IngestionIngestion, the act of eating, the act of eating
DigestionDigestion, is the process of breaking food , is the process of breaking food 
down into molecules small enough for the body down into molecules small enough for the body 
to absorb.to absorb.

digestion breaks bonds with the addition of water via digestion breaks bonds with the addition of water via 
enzymatic hydrolysisenzymatic hydrolysis..

AAbsorptionbsorption, , the animalthe animal’’s cells take up small s cells take up small 
molecules such as amino acids and simple molecules such as amino acids and simple 
sugars from the digestive compartmentsugars from the digestive compartment..
EEliminationlimination, undigested material passes out of , undigested material passes out of 
the digestive compartment.the digestive compartment.



The four stages of food processingThe four stages of food processing
Pieces
of food

Small
molecules

Mechanical
digestion

Food 

Chemical digestion
(enzymatic hydrolysis)

Nutrient 
molecules
enter body 
cells

Undigested 
material

INGESTION1 DIGESTION2 ELIMINATION4ABSORPTION3



Digestion occurs in specialized Digestion occurs in specialized 
compartmentscompartments

most organisms conduct digestion in most organisms conduct digestion in 
specialized compartments.specialized compartments.
IIntracellular digestionntracellular digestion
EExtracellularxtracellular digestiondigestion



IIntracellular digestionntracellular digestion



EExtracellularxtracellular digestiondigestion
GGastrovascularastrovascular cavitiescavities: : animals with animals with 
simple body plans, such as cnidarians and simple body plans, such as cnidarians and 
flatworms, have digestive sacs with single flatworms, have digestive sacs with single 
openingsopenings..

Gastrovascular
cavity

Food

Epidermis
Mesenchyme

Gastrodermis

Mouth

Tentacles

Mesenchyme
Food vacuoles

Gland cells
Flagella

Nutritive
muscular
cells



MMost animals haveost animals have complete digestive complete digestive 
tracts tracts oror alimentary canalsalimentary canals with a with a 
mouth, digestive tube, and an anus.mouth, digestive tube, and an anus.



The Mammalian Digestive SystemThe Mammalian Digestive System

The mammalian digestive system consists of The mammalian digestive system consists of 
the alimentary canal and various accessory the alimentary canal and various accessory 
glands that secrete digestive juices into the glands that secrete digestive juices into the 
canal through ducts.canal through ducts.

PeristalsisPeristalsis, rhythmic waves of contraction by , rhythmic waves of contraction by 
smooth muscles in the walls of the canal, push smooth muscles in the walls of the canal, push 
food along.food along.
SphinctersSphincters, muscular , muscular ringlikeringlike valves, regulate valves, regulate 
the passage of material between specialized the passage of material between specialized 
chambers of the canal.chambers of the canal.
The The accessory glandsaccessory glands include the include the salivary salivary 
glandsglands, the , the pancreaspancreas, the , the liverliver, and the , and the 
gallbladdergallbladder..





The oral cavity, pharynx, and The oral cavity, pharynx, and 
esophagus initiate food processingesophagus initiate food processing

Chemical digestion of carbohydrates, a Chemical digestion of carbohydrates, a 
main source of chemical energy, begins in main source of chemical energy, begins in 
the oral cavity.the oral cavity.

Saliva contains Saliva contains salivary amylasesalivary amylase
The tongue tastes food, and helps shape the The tongue tastes food, and helps shape the 
food into a ball called a food into a ball called a bolusbolus..





The stomach stores food and The stomach stores food and 
performs preliminary digestionperforms preliminary digestion

The stomach also secretes a digestive fluid The stomach also secretes a digestive fluid 
called called gastric juicegastric juice and mixes this and mixes this 
secretion with the foodsecretion with the food

Gastric juice is secreted by the epithelium Gastric juice is secreted by the epithelium 
lininglining..
With a high concentration of With a high concentration of hydrochloric hydrochloric 
acidacid, the pH of the gastric juice is about 2, the pH of the gastric juice is about 2..
Also present in gastric juice is Also present in gastric juice is pepsinpepsin, an , an 
enzyme that begins the hydrolysis of proteins.enzyme that begins the hydrolysis of proteins.



MechanismMechanism against selfagainst self--digestiondigestion
Pepsin is secreted in Pepsin is secreted in 
an an inactiveinactive formform, , 
called called pepsinogenpepsinogen
by specialized chief by specialized chief 
cells in gastric pits.cells in gastric pits.

Parietal cells, also in the Parietal cells, also in the 
pits, secrete hydrochloric pits, secrete hydrochloric 
acid which converts acid which converts 
ppepsinogenepsinogen to the activeto the active
pepsinpepsin..



AA coating of mucuscoating of mucus, secreted by epithelial , secreted by epithelial 
cells, that protects the stomach liningcells, that protects the stomach lining
EEpithelium is completely replaced by pithelium is completely replaced by 
mitosis every three days.mitosis every three days.
Gastric ulcers, lesions in the stomach Gastric ulcers, lesions in the stomach 
lining, are caused by the acidlining, are caused by the acid--tolerant tolerant 
bacterium bacterium HeliobacterHeliobacter pyloripylori..

Ulcers are often treated with antibioticsUlcers are often treated with antibiotics

About every 20 seconds, the stomach About every 20 seconds, the stomach 
contents are mixedcontents are mixed: : acid acid chymechyme..



Helicobacter pyloriHelicobacter pylori

1 
µm

Bacteria

Mucus
layer of 
stomach



The small intestineThe small intestine

the major organ of digestion and the major organ of digestion and 
absorptionabsorption..

With a length of over 6 m in humansWith a length of over 6 m in humans
In the first 25 cm or so of the small intestine, In the first 25 cm or so of the small intestine, 
the the duodenumduodenum



Many of the proteinMany of the protein--digesting enzymesdigesting enzymes are are 
secreted by the intestinal epithelium, but secreted by the intestinal epithelium, but 
trypsintrypsin, , chymotrypsinchymotrypsin, and, and
CCarboxypeptidasearboxypeptidase are secreted in inactive are secreted in inactive 
form by the pancreas.form by the pancreas.

Pancreas Membrane-bound
enteropeptidase

Trypsin

Active 
proteases

Lumen of duodenum

Inactive
trypsinogen

Other inactive
proteases



Oral cavity,
pharynx,
esophagus

Carbohydrate digestion

Polysaccharides
(starch, glycogen)

Disaccharides
(sucrose, lactose)

Salivary amylase

Smaller polysaccharides,
maltose

Stomach

Protein digestion Nucleic acid digestion Fat digestion

Proteins

Pepsin

Small polypeptides

Lumen of 
small intes-
tine 

Polysaccharides

Pancreatic amylases

Maltose and other
disaccharides

Epithelium
of small
intestine
(brush
border)

Disaccharidases

Monosaccharides

Polypeptides

Pancreatic trypsin and
chymotrypsin (These proteases
cleave bonds adjacent to certain
amino acids.)

Smaller
polypeptides

Pancreatic carboxypeptidase

Amino acids

Small peptides

Dipeptidases, carboxypeptidase, and 
aminopeptidase (These proteases split 
off one amino acid at a time, working from opposite 
ends of a polypeptide.)

Amino acids

DNA, RNA

Pancreatic
nucleases

Nucleotides

Nucleotidases

Nucleosides

Nucleosidases
and
phosphatases

Nitrogenous bases,
sugars, phosphates

Fat globules (Insoluble in
water, fats aggregate as
globules.)

Bile salts

Fat droplets (A coating of
bile salts prevents small drop-
lets from coalescing into
larger globules, increasing
exposure to lipase.)

Pancreatic lipase

Glycerol, fatty
acids, glycerides



Fat digestionFat digestion
Normally fat molecules are insoluble in water, but bile Normally fat molecules are insoluble in water, but bile 
salts, secreted by the gallbladder into the duodenum, salts, secreted by the gallbladder into the duodenum, 
coat tiny fats droplets and keep them from coat tiny fats droplets and keep them from 
coalescing, a process known as coalescing, a process known as emulsificationemulsification..
The large surface area of these small droplets is The large surface area of these small droplets is 
exposed to exposed to lipaselipase, an enzyme that hydrolyzes fat , an enzyme that hydrolyzes fat 
molecules into glycerol, fatty acids, and molecules into glycerol, fatty acids, and glyceridesglycerides. . 
The fats are mixed with cholesterol and coated with The fats are mixed with cholesterol and coated with 
special proteins to form small globules called special proteins to form small globules called 
chylomicronschylomicrons..



Digestion and absorption of fatsDigestion and absorption of fats

Large fat globules are 
emulsified by bile salts 
in the duodenum.

Fat globule

Lacteal

Epithelial
cells of
small
intestine

Micelles made
up of fatty acids,
monoglycerides,
and bile salts

Fat droplets
coated with
bile salts

Bile salts

Digestion of fat by the pancreatic 
enzyme lipase yields free fatty 
acids and monoglycerides, which 
then form micelles.

Fatty acids and mono-
glycerides leave micelles 
and enter epithelial cells 
by diffusion.

Chylomicrons containing fatty
substances are transported out 
of the epithelial cells and into 
lacteals, where they are carried 
away from the intestine by lymph.
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Most digestion occurs in the duodenum.Most digestion occurs in the duodenum.
The other two sections of the small The other two sections of the small 
intestine, the intestine, the jejunumjejunum and and ileumileum, , 
function mainly in the absorption of function mainly in the absorption of 
nutrients and water.nutrients and water.



Epithelial
cells

Key

Nutrient
absorption

Vein carrying blood to 
hepatic portal vessel
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capillaries

Lacteal
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(brush border)
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Hormones help regulate digestionHormones help regulate digestion
Certain substances in food stimulate the Certain substances in food stimulate the 
stomach wallstomach wall to release the hormone to release the hormone gastringastrin
into the circulatory system.into the circulatory system.

As it As it recirculatesrecirculates, , gastringastrin stimulates further secretion of stimulates further secretion of 
gastric juice.gastric juice.
If the pH of the stomach contents becomes too low, the acid If the pH of the stomach contents becomes too low, the acid 
will inhibit the release of will inhibit the release of gastringastrin..

Other hormones, collectively called Other hormones, collectively called 
enterogastronesenterogastrones, are secreted by the walls of , are secreted by the walls of 
the the duodenumduodenum..



EEnterogastronesnterogastrones
SSecretinecretin which signals the pancreas to release which signals the pancreas to release 
bicarbonate to neutralize the bicarbonate to neutralize the chymechyme..
CholecystokininCholecystokinin ((CCKCCK),), secreted in response secreted in response 
to the presence of amino acids or fatty acids, to the presence of amino acids or fatty acids, 
causes the gallbladder to contract and release causes the gallbladder to contract and release 
bile into the small intestine and triggers the bile into the small intestine and triggers the 
release of pancreatic enzymes.release of pancreatic enzymes.



Hormonal control of digestionHormonal control of digestion

Amino acids or fatty acids in the 
duodenum trigger the release of 
cholecystokinin (CCK), which 

stimulates the release of digestive 
enzymes from the pancreas and bile 

from the gallbladder.

Liver

Gall-
bladder

CCK

Entero-
gastrone

Gastrin
Stomach

Pancreas

Secretin

CCK

Duodenum

Key

Stimulation
Inhibition

Enterogastrone secreted by the 
duodenum inhibits peristalsis and 
acid secretion by the stomach, 
thereby slowing digestion when 
acid chyme rich in fats enters the 
duodenum.

Secreted by the duodenum,  
secretin stimulates the pancreas 
to release sodium bicarbonate, 
which neutralizes acid chyme
from the stomach.

Gastrin from the stomach 
recirculates via the bloodstream 
back to the stomach, where it 
stimulates the production 
of gastric juices.





ColonColon
The The large intestinelarge intestine, or , or coloncolon, is connected to the , is connected to the 
small intestine at a Tsmall intestine at a T--shaped junction where a sphincter shaped junction where a sphincter 
controls the movement of materials.controls the movement of materials.

One arm of the T is a pouch called the One arm of the T is a pouch called the cecumcecum..
A major function of the colon is to recover waterA major function of the colon is to recover water..

Over 90% of the water is reabsorbed, most in the Over 90% of the water is reabsorbed, most in the thethe small small 
intestine, the rest in the colon.intestine, the rest in the colon.
Digestive wastes, the Digestive wastes, the fecesfeces, become more solid as they are , become more solid as they are 
moved along the colon by peristalsis.moved along the colon by peristalsis.

Living in the large intestine is a rich flora of mostly Living in the large intestine is a rich flora of mostly 
harmless bacteria.harmless bacteria.

One of the most common inhabitants of the human colon is One of the most common inhabitants of the human colon is 
EscherichiaEscherichia colicoli

The terminal portion of the colon is called the The terminal portion of the colon is called the rectumrectum, , 
where feces are stored until they can be eliminated.where feces are stored until they can be eliminated.



Evolutionary Adaptations of 
Vertebrate Digestive Systems

Structural adaptations of digestive Structural adaptations of digestive 
systems are often associated with systems are often associated with 
dietdiet..
DentitionDentition, an animal, an animal’’s assortment of teeth, s assortment of teeth, 
is one example of structural variation is one example of structural variation 
reflecting dietreflecting diet..



Dental AdaptationsDental Adaptations



The length of the vertebrate digestive The length of the vertebrate digestive 
system is also correlated with diet.system is also correlated with diet.

Stomach and Intestinal AdaptationsStomach and Intestinal Adaptations



Symbiotic Symbiotic AdaptationsAdaptations

Much of the chemical energy in the diet of Much of the chemical energy in the diet of 
herbivorous animals is contained in the cellulose herbivorous animals is contained in the cellulose 
of plant cell walls.of plant cell walls.
The location of symbiotic microbes in herbivoresThe location of symbiotic microbes in herbivores’’
digestive tracts varies depending on the species.digestive tracts varies depending on the species.
The most elaborate adaptations for a The most elaborate adaptations for a 
herbivorous diet have evolved in the herbivorous diet have evolved in the ruminantsruminants..




