ANIMAL NUTRITION







Food Types and Feeding
Mechanisms

Viest: aniimals are eppoertunistic feeders

Animals fit interene: of three dietany categories.

HEIVEIES, such as gorllas, cows, hares; and many:
Slellls, aeit el cititoirgorls (aleipfis, cllcjzie).

CarniVvoeres;, stch as sharks, hawks, spiders, anad
SHiakes; ealtoIeRanimzis:

Omnivores, such as cockroaches, bears, raccoons,
aneiumans; consuimeE animairaneipiantteralgel
matter.




Mechanisms by Which animails
Ingest food

EGUI main groups

Suspensien-fecders that sift smalll ieod! particies from
the water.

Substrate-feeders live in or on thelr feod source,
eating their way: throughr the: fieod.

DEpPBSIt-TEeeders, like earthwerms, eat thelrway: threugh dirt
Or sediments and extract partially: decayed erganic material
consumedl aleng withi the soll or sediments.
Elid-feeders make their living sucking nRuthient=rich
fltids; frem; a living| host and are considered: parasites.

Bllk=leeders: Mest animals; that eat relatively large
pieces of feed.




Four Main; Feeding Mechanisms; of Animals

SUSPENSION FEEDERS SUBSTRATE FEEDERS

BULK FEEDERS
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Nutritional Regquirements

Animals are heterotrophs that require: ieed o
three neeads

el (chemicalleneray) for alllthe cellular work: ofi
uhe hedy;

the erganic ey meaterals animails use in
PIESy/NtRESIS (carhen skeletons to make: many: of
thelr ewn molecules);

essentall nuthnents, substances that the animals
cannot make for Itselii from: any/ raw: materal and
therefore must ebtain in foed In prefabricated form.




IHemeostatic mechanisms
manage am animal’s fuel

AP peWErS hasall e resting metahelisn,
ACUVILY,... .

AllFAT RIS derived fiiemi oxidatien off erganic fuel
MGIECUIES = CaIHIBYEIELES; PHELEINS; anEiiielis =

I cellular respiiration
The excess ATP canibe used for biesynthes|s.

Used to grow: Ini size or for reproduction, or can be
stored 1n energy: depots.

I humans; the liver and muscle cells store energy. as
glycogen.

If glycogen steres are full, the excess Is usually stored
as fiat.




Glucoese, a major cellular fuel

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

STIMULUS:
Blood glucose
level rises
after eating.

Homeostasis:
90 mg glucose/
100 mL blood

Glucagon promotes
the breakdown of
glycogen in the
liver and the
release of glucose
into the blood,
increasing blood
glucose level.

STIMULUS:
Blood glucose
level drops
below set point.

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.

When blood glucose
level drops, the pancreas
secretes the hormone
glucagon, which opposes
the effect of insulin.




Caloric Imbalance

Undermeursimenic: lifthe diet o a
PErson or other animal s chrenically
deficient 1n caleres.
even If a serieusly Underneurisnead person
SUIVIVES, some damage: may. be liieversible.
OVerneuUrSRImMERs 6 GRESIH, the resuii
fremr excessive feod ntake

Fhe human Body tends to Store: any.: EXCEess
fat molecules ebtained! from fiood Instead of

Using them for fuel:




Obes/ty,as a Human! [Healtli Prop/en

Fhe World Health Organization

x NBW, lfecegnizes; eResIty: as a major glonal healtn
preblem

Ohesity contripuites te' a number ef healtn
preblems, Incltiding

m Diabetes, cardiovascular disease, and colon and
pPreast Cancer




Appetite regulation

Regulate both long-term: and short-ternm
appetite by affectingla Satlety, CERLEr In

_;'
".. IF'

the' brain

Produced by adipose (fat)
tissue, leptin suppresses
appetite as its level increases.
When body fat decreases,
leptin levels fall, and appetite

increases.

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

acts as an appetite

suppressant that
counters the appetite
stimulant ghrelin.

"4

£ Ghrelin Y,

Insulin

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.

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.




Leptin

Lepiin,, produced By adipese cells; IS a key.

player infa complex feedback mechanism

[egulating fat sterage andruse:
ATRightepinrevel:

the biain e depress appetite

10, Increase: energy-consuming muscular activity.
and edy-heat preduction.

DEcHEasiing Iepuin’levels: signaling the hrain te
INcrease appetite and Welght gain:







Ananimal’s diet must supply
essential nutrients and carbon

skeletons for biosynthesis

Essential nutrients

heserare materals that must e ehtained In
preassembled forn Because the animal’s cells

cannot make them frem any/ raw: materal.

Vialneurshmenit: An animal Wihose diet
IS MISSING GNE o mele essentiall nutHents .




Essential amino aclds

Animals require 20" amino: acids 1o make
ProeteIns.

s Most animals: cani syntihesize hali of these i
thelr diet Includes; erganic nitrogen

x EIght amine acids are essential in the adult
AUMan With: 2 Rinta, nistiding, essential for
IAfiants.

Fhe proteins in animals preducts, suchras
meat, eggs, and Cheese, are “complete.”

Mest plant proteins are ‘incomplete.”




Essential amino acids for adults

Methionine Beans

and other
legumes
Valine

Threonine

Phenylalanine

_ Leucine
Corn (maize)

and other grains

Isoleucine

Tryptophan

Lysine




Essential fatty acids.

heseranercentcinrinRsaticie Nz acIes;
ncludingl linoelelic acids required: by,
AUMans;




\/itamins

Organic melecules reguired i the diet in
guantities that are: guite smails

13 vitamins; essentiall tor Aumans,; have
Peen Identified.
fhese can be grouped! inte\Water-seluble

Vitamins and fiat=sellpie Vitamins;, With
extremely diverse physiolegical functions:




41.7 Vitamin Reguirements of Humans

Vitamin

Major Dietary Sources

Some Major Functions
in the Body

Possible Symptoms of
Deficiency or Extreme Excess

Water-Soluble Vitamins

YVitamin B, {ithamine)
Yitamin B; {ribodlsind
PMisEcEn

YViramin B { ['-'!.'ndnxl.m_' }

Pantothenic acid
Folic acid (folacind

YWiramin By

Biogin

Witamin L (ascorbic acid

Fat-Soluble Vitamins

WVienmibse A {retimod)

Yieamin O

Witamim E (cocophenolh

Vieamin K (phylloquinomne)

Pork. IL'p".mh'-._ peanuis
whole grains

Drairy prodducts, meats,
enriched grains, vepetables

[wuls, meals, grasnms

Mears, vegetables
whole grains

Moet foode meats dairy
products. whole grains, cic
Grecn wegetnbles, oranges,
nwis, legumes, whale grains

Meats, eggs, Ll.llrg.' Prodiucis

Legumics, cther vegclables,
meals

Fruirs and vegeiables,
especially citras fmins,
broceoli, cabbage, tomatoes.
green peppors

Prostiamin A (hela-carmiiene)
im deep groen and crange
vegeables and fraits; recimol
in dairy produacis

Crkry products, ege yolk
Lalso mascle in human skin
in presemnce of sundight)

Viegrmhble otls, mus, seeds

Lareen ﬁ:’#"'l.lhll."'\._ tea (also
made by colon bactera)

Coenzyme 1sed in removing
COY Irom organic compoends

Componenl of cornsymes
EAD amcd Fiils

Component of coenzymes
MAD" and NADPT

Coenzymes wsed inamino acicl
metab=alism

Component of coenzyme A

Coenmymee in muckeic acid and
armmo ackd meabhalism
Coenzymse in nuclesc acid
inetabalim matuaston of fed

bload cells

Coenzyme in synthesis of fat,
glvrogen, and amino acids

Lisedd in collagen symehesis

(such as for bome, |_'.|||_||.|;.:.;:_ Eamsy;
antiexidant; akls in detoxihication;
iTmproves iman absorprion

Component of wisaal pimments,
muintenance of epitheliad tissoes;
antinxidamt; helps prevent damnge
b el merm biramses

Aids in absorplicn and vse ol
calcium amd phoesphors;
promotes bane growth

Ammioxnadany; helps prevem
damage 10 cell membrancs

Imporiant m blood clotting

Periberi (nerve disorders,
ETERCIE BN, anemind

Skin besioms such as oracks al
comers of moaith

Skin and gastromiestinal lesions,
nervous disorders Liver damage

Irritabaling, comvulsions, muosonlar
rwitching. anemia Uinstable gait,
winmb fect, poor coordination

Fatigee, numboess, tingling of

hands and eet

Anemin, gastrointestinal problems
Moy mask deficiency of vitamin By,

Anembl, OEryous sysient gisorders

Scaly zkin indlmmaien,
neuromuascular disorders

Scurvy [degeneration of skin,
veeth. blood vessels), weakness,
debived woumnd bealing, impaared
immunity Gastrointestinal apses

Vision problems; dry, scaling skin
Headache, omitability, vomiting,
hair loss, larred wision, liver amad
hone damape

Rickeis (bone deformities) in
children, bane soliening in acdulis
Brain. cardiovascular, and kidney
damnge

Some well documenaed i humans
possibly anemia

Defective hlood cloiting

Liver dansage anicl ancnyia




Minerals
are simple Inerganic nUtrents

Mineral reguirements, vany/ withraninal
SPECIES.

Takke 41.2 Mineral Reguirements of Humans

Bdirseral
Clalcjunm | Ca)

Pl horus (P

Subur ( §)
Potassiiiem (K]

Clilesine 111

Sodium (k)
Slagneum (Mgl

liwi EFe)

Fluorine (Fi
Fime: (En}
Cappet (Cul
Maigarecs [
bstine (11

Cinlbalt (Coj
Srlrraum {5}

Clhuuimiees | Tr

hlatvbaiinm | Ma)

Msjor Daslary
Lourtes
Pairy produciy, dark grean

wegrlalibo, fwgranins

Prairy prevhucts, meats,
p'_

Some Major Funclions

i hei: Bsily

Bone and waih formation, bloesd
clofting, nirve sl mescls lunction
Bone snd tscth formehion, sad-hee
balance, macleot ide synidbanin

[ ol o i 1 i kol

Pyt fiom sy

Mirants, iy rrodscts, misny
it amd vigetibrles, graing

Takike sah

Tabbs wahi
Whole grains, greem keafy
e Labboy

Meit. oo, legums, whols
g ik g een aly vepnrables

Drimkang water. 1e4, seal vl
Meatn, wrafood, graim
Sealoind, ivaba. leglimc.

Rl iheath

M, i, vigetalid e, Truin,
i

faalond, dsiry paoducr,
walinrd aak

Mty ol dairy prosducts
teafond, mesm, whnlk grains

Brewaeis yeast, lver, seifocdl,
imrali, dorme vepetables
Lo, gt dir, doshs vigitallc

A el b wa vl e e barre il s e in e,

il B bilanee. witer Dulaiae,
neree fancilon

Axiad ke Dalanios. Toaimation of
i fnlee, merve funotien.
memrils halaney

Agid -Eass balangs, watar halmmc,

nireet fanclion

Cofiector; ATP biccnergriia

Conig i [ Jebrin wl ol
eleation carrien b eomgy
STV FRTYIV (AR08

Madnienance of tooth | amd probably
beemal wiricsmy

Commpresmt of ceriain digeowtien
endprmes and oller protrim

Engymie colaclon in iren nectabsslium,
ielinm sy, checlios IFaimpodl

Endyinie doalicton

Losmpossnt of chyosd hormeties

Comporsmt of witamin [

Ensyrw enlaciar; antioakdan furstioning
n cloeg amocisnon with vitemn

Essubecdl in ghsinic and encigy
e talsolism

sy colacto

Possible Symploms
of Deficiancy*
IF-ruld-cl grewity, pomibly koas of

‘rak=any, ko of mincrals froms
bonr, ealkeiiim lom

Syrogpluiin of pretnn Seflclency

Mluscular weabfei, pordl s,
Tk, Febr fallime

Pluscle cvmmpm. seduond ap s

Musche crampe, reducand aprpanite
Mgt systemn divbor b

ool e fevicy e, weakiies.,
linigraed iy

Highsr Srequency of seath. dexay

Growrih Evikere, scaby ekin inflemmation,
reprechuctive Eail mpeieed | T
Amertiia. o ol caedievme i let
chinges

Aol Boie aind Calilags

GofvE {enlarged thyresd )

M, eacepd = ) ; duficemcy
Mlusche posis, possibly hears muoscls
drirmoration

Benprabred glucoss mnctabolisss

DRacida ih eachitig of flllogpo
corRalsing comspounds




Feod Processing

EeUr main Stages
Ieestien, the act o eating

PDIgestion, Is the process of breaking foed

down inte molecules smalleneughil el the bedy,

10, aldsero.

a digestion breaks benads with the additien off water via
enzymatic hydrelysis.

ASerptien, the animal’s cells take uprsmall

molecules such as amine: acids; and: simple

sugars fremi the digestive: compartment.

Elimimatien, undigested materal passes out of
the digestive compartment.




Small 3
molecules

Pieces
of food

4 A o
' -~ . . . .
Chemical digestion Nutrient

(enzymatic hydrolysis) molecules
enter body
cells

Mechanical
digestion

Undigested
material

INGESTION DIGESTION ABSORPTION ELIMINATION




Digestion ecceurs Ini specialized
compartments

MESE Brganisms cenduct digestion; in
Specialized compartments.

Intracellular digestion

Extracellular digestion




Intracellular digestion

O Digestion.

Hydrolytic enzymes

are secreted into the
vacuoles. As molecules

in the food are digested,

the nutrients such as sugars
and amino acids are trans-
ported across the membrane
of the vacuole into the
cytoplasm (blue arrows).

€) Transport. Cytoplasmic
streaming carries food
vacuoles around the cell

€) Formation of food
vacuole. The food
is packaged into a food |
vacuole that functions |
as a mimature digestive |
compartment.

-\.-"-n" T ":::;.
g Q:':' - RN i
Food 1 e
vacuole FFeos kg
ﬁ-ﬁ' : I . .-'g%
= {:‘ L gl
_.if:l

i

© rood intake.
Paramecium has a
specialized Teeding
structure called the
oral groove. Cilia
that line the groove
draw water and
suspended food
particles, mostly
bacteria, toward the
"mouth” (cytosome).

Elimination.
Later, the vacuole
fuses with an anal
pore, a specialized
region of the plasma
membrane where
undigested matenal
can be eliminated



Extracellular digestion

EaSteVascUlaif ceVities: animalsawita
simple vedy: plans, suchras cnidafhans;anad
flatwerms, have digestive sacswithrsingle

OpEn In (et

(
A
& K ’_>\ P
I = o
-._'__J /_/J!

Gastrovascular
cavity

5 Mesenchyme
Gastrodermis

Nutritive
muscular

s
i vacuoles ————  “&.o &
_f‘-ql__-_--g‘-é__\l. =
esenchyme




Mest animals have complete digestive
tracts or alimentary canals with a
moeuth, digestive tube, and an anus.

Foregut

[
?\:IEH Esophagus

“:

Crop Gizzard
Esophagus Intestine

Mouth Gastric ceca
{b) Grasshopper

e
Typhlosole ey T
AT

PRy

{a) Earthworm Lumen of intestine




The Mammalian Digestive System

The mammalian digestive system| consists of
the alimentany’ canal and vVarous accessony
glands that secrete digestive: juices intorthe
canal threugh ducts.

PEFSLaISIS, rmythmic Waves: off contraction by,

SIMoeet mMuselies In thewallsy eff the canal, push
foed along.

SpPRINELErS, museular rmnglike valves, regulate
the passage off materal betweenr specialized
chiamibers off the canal.

The accesseny glands include the salivary,
glands; the pamncreas, the liver, and the
gallbladder.




”Tnngue
Salivary| Parotid gland F
glands | Sublingual gland AR Pharynx

Oral cavity

_Submandibular gland —— ==/ . Cardiac
g " ' ' ; orifice

Esophagus

Sy
e

Ascending
portion of
large intestine

Gall- e <> Stomach
bladder | [ : S

[ [ r . : L—J T
=y of small ; T ) ] &
g ﬂ'f[“' intestine Pancreas - Tiia gu i F e

intestine
had Duodenum of
i Large small intestine
intestine

Anus




TThe oral cavity, pharynx, and
espophagus initiate feod processing

Chemical digestions of: carbehydrates, a
Main seurce of chemicall eneray, PegIns in
thereral cavity.

Saliva centains: salivary amylase

he tengue tastes foed, and helps shape: the
foed Inte a vallfcalled a 1velus;




Tangue

Fharynx

Flottis

Larynx

Trachea

To lungs

Bodus af food

Epiglottis
up
—

Esophageal
sphincter
contracted

Ezophagus

Ta stomach

n When not swallowing, the

.'-I.:

| ) The swallowing
| reflex i triggered
| when a bolus of
tood reaches the

| EMaEry T

Esophageal
hincter
?E:Ilaxed @ aiter the foad
has entered the

esoplagus, the
laryrin moves
downwdard and
opens the

€) The larynx, the

breathing

) The esophageal passae

esophageal sphincter muscle
5 confracted, the epiglottis is
up, and the glottis & open,
allawang air to flaw throwgh
the trachea 1o the lungs

upper part of the
respiratory fract,
moes L m'..'.ard danil
tips the emglotiis
aver the glottis

sphincler relaxes,
allowing the
esophagus 1o
open, and the
bofus to enter the

Epiglottis
up
Glottis

diown
and open

Esophageal
sphincter
contracted

Relaxed
miuscles

Contracied
muscles

Relaxed
miscles

preventing lood Bsophagus ﬂ Waves of muscular :

|'|,:|_-':'| |:.|':r_|;.||-'||-_-| e Contrachian :|."'i'.'| SLAISIS - ;

trachiea mowe the bolus down the
esophagus 1o the stemach




TThe stemach stores foed and
PErforms; preliminary, digestion

fhe stemach alse) secretes a digestive fiuid
called gastric jurce: andimixes; this
Secretion with: the fieod
Gastric juice Is secreted hy the epithelitm
inIng.
Withr a high concentration of ydirechlone
acia, the pH of the gastric juice IS about: 2.

Alsoei present In gastric Juice: IS pepsin, an
enzyme that hegins the hydrolysis of proteins.




Mechanismi against self-digestion

PEeRsiiIsiSecreted i
ANNIACHY O
called pepsinegen
By specialized chief
cells Inrgastric pits.

Paretal cells, alseiin the
PILS; Secrete hydrechloric
acid WhIch Converts
PEpPSInegen tel the active
PEPSIN.

P'flqric |
Interior surface of stomach sphincter -

Gastric
gland

Mucus
cells

Chief \
cells | : Pepsinogen —(—‘.I-Dpsin
' (active enzyme)

Parietal
cells

Chief cell

Parietal cell




A coating ol mucus, secreted by epithelial
cells, that protects the stomach lining

Epithelitimris completely replaced: by,
MILGSIS eVery three days.

Gastric ulcers, Iesions In the stomach
ining, are caused By the acid-telerant

PaCErUmI /Felieracter: [2y/0o/i.
Ulcers are often treated with antiniotics

Alout eveny 20 seconds, the stonach
contents are mixed: acid Chayime.




HEllcopacter: Pyior,

Mucus
layer of
stomach




TThe small rntestine

the majer ergan of digestion and
alserption.

s Withi a lengthr off over 6:miin humans

m [N the first 25 cm or se of the smalll Intesting,
the duedenum

.
Duodenum of ————=
small Inesting




Many: ofi the pretein-digesting Enzymes are
secreted by the intestinal epithelium, but
iiRypsin, chymoeti/psin;, and
Carnoexypeptidase are secreted infinactive
e By the pPancreas.

Membrane-bound
enteropeptidase

|
Inactive II'--..ﬂ

trypsinogen— > JETEI
L+ ]

I
Other inactive | &

* .
proteases Active
hroteases

Lumen of duodenum




Oral cavity,
pharynx,
esophagus

Stomach

Lumen of
small intes-
tine

Epithelium
of small
intestine
(brush
border)

Carbohydrate digestion

Polysaccharides
(starch, glycogen)

| Salivary amylase |

Smaller polysaccharides,
maltose

Pol){saccharides

I Pancreatic amylases

v

Maltose and other
disaccharides

Disaccharides
(sucrose, lactose)

Disaccharidases

Monosaccharides

Protein digestion

Proteins

Small polypeptides

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 opp

ends of a polypeptide.)

Nucleic acid digestion

DNA, RNA
1

Pancreatic
nucleases

1

Nucleotides

Nucleotidases

Nucleosides
1

Nucleosidases
osite and
hosphatases

'

Amino acids

Nitrogenous bases,
sugars, phosphates

Fat digestion

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 digestion

Noermally fiat moelecules; are: inseluble inf water, But bile
salts, secreted by the gallbladder nto the duedernum,
coat tiny. fats; drepletsiand keep: them: firom
COalescling, a Process KNeWn as emulsSIicaton.

The lange: surface: anea ofi these small droplets Is
ExXpesed to lIpPase, an enzyme that hydrelyzes fat
molecules inter glycerel, fatty: acids, and glycerides.

he fats are: mixed withi choelesterol and coated with
special proteins 1o fierm: small glenpules called
ChVIGmICHERS:




Digestion and aksenption of fiats

~ Fat globule

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

Fat droplets @ Digestion of fat by the pancreatic
coated with enzyme lipase yields free fatty
bile salts acids and monoglycerides, which

. then form micelles.
@ Micelles made

up of fatty acids,

monoglycerides,

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

@ Chylomicrons containing fatty
Epithelial 2 substances are transported out
cells of of the epithelial cells and into
small — Lacteal lacteals, where they are carried
lisine g away from the intestine by lymph.




Mest digestion 6eculs! IRl the duedenuim.

fhe otherr twe Sectiens off the: small
lntesting, the jejunum: and reum,

filRction maily iR the anserption; of
nutrents and Water:,




Microvilli
Vein carrying blood to (brush border)

hepatic portal vessel

|: _-——---1.-..__.-._-“'-"—"
~
I 0} %
| 5
|

capillaries

Epithelial

—_
S

"
,—
—

Epithelial cells

circular Lacteal

Key _ Lymph
== Nutrient Villi vessel
absorption



Hermones help regulate digestion

Certain supstances in fioed stimulate the
stemachWall ter release: the hermoene gastiin

INte the! circulatoeny: system.

AS It recirculates;, gastrin stimulates further secretion of
gastric juice.

[T the pH! off the stemach contents hecomes too) low, the acid
willl imhibit the release off gastrin.

Other hermoenes, collectively: called
enteregastirenes, are secreted by the walls of
ihercuiceeRun:




Eniterogastrones

SECEetRwWhIch signalsi the pancreas te) release
picarponate ter neutralize the: chayme.

Chelecystekinni(CCK); Secreted i respomnse
10 the pPresence ofi amine acids or fatty: acids,
calses tihe gallpladder te contract-and release
pilelinter the small ntestine and tiggers the
elease off pancreatic enzymes.




Hermonal control of digestion

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.

Gastrin from the stomach
recirculates via the bloodstream
back to the stomach, where it
stimulates the production

Amino acids or fatty acids in the T
of gastric juices.

duodenum trigger the release of
cholecystokinin (CCK), which
stimulates the release of digestive
enzymes from the pancreas and bile
from the gallbladder.

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

@ Stimulation from the stomach.

& Inhibition







Colon

The large intestine, or colon, Is connected to the
small Intestine at a li-shaped |URcton WHEre a sphRincter
controels the mevement of matemals.

One arm ofi the' ' Is a pouch! called the ceclm.

A major function of the celon IS to: recover Water.

Over 90% of the water Is reabsorbed, most in the the small
Intestine, the rest In the colon.

Digestive wastes; the feces, become more solid asi they: are
moved along the celen by peristalsis.

Living IR the' large intestine: Isi a rchl flora of mestly,
narmiess bactera.

One off the most common Inhabitants of the human colen Is
EScriernclriia col

I'he terminal portion of the celon is called the rectum,
Where fieces are stored until they can be eliminated.




Evolutionary Adaptations of
Vertebrate Digestive Systems

Structuraliadaptations of digestive
Systems; are eften assoeciated with
diet.

PDERLWHGN, an animalfs; assortment of teeth;
IS One example off structural varation
iefiecting diet.




Dental Adaptations

Canines

(a) Carnivore

(b) Herbivore

(c) Omnivore




Stemachi and Intestinal Adaptations

The length of the vertebrate digestive
systemi Is alsoe) correlated withr diet.




Symbiotic Adaptations

MUch! of the: chiemical energy. i the diet of
Nervivorous animais Is contaimed: i the: celltlese

of plant cellihwalls:

Fhelocations of symbiotic: MICIORES 1N RENBIVerES!
digestive tracts varies dependingl 6| the Species.

e most elaperate adaptatiens fier a
nerbiverous diet have evelved: inithe Funiinaiats:




n Rumen. When the cow first chews and
swillows a mouthiful of grass, boluses (green
arrows) enter the rumen

b ﬂ Reticulum. Some boluses also enter the
rebiculum. In bath the rumen and the reticu-
lum, symbiotic prokaryotes and protists (mainly
ciliates) go 1o work on the cellulose-rich meal
As by-products of their metabaolism, the micro
ORganiisms secrete Tatty acids The cow F‘-.""f:':‘-d'
ically regurgitates and rechews the cud (red
arrows), which further breaks down the fibers
making them more accessible to further micra-
bial action

%

L
ﬂ Abomasum. The cud, containing great numbers ﬂ Omasum, The cow then reswallows
of microarganisms, finally passes to the abomasum for the cud (blue arrows), which maoves to

digestion by the cow's own enzymes (black arrows) the omasum, where water is removed
g ) )




