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OBTAINING AND
PROCESSING FOOD
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21.1 Animals ingest their food in a variety of ways
b Bany Lgalaa il gaald) J gl

= Most animals have one of three kinds of diets
EOGY) aladal) Gk gaa) Gl gall alina 2l
— Herbivores, plant-eaters—cattle, snails, sea urchins
oaadl dl b lall e Jie — clilall OUS) | e ) adls) —
— Carnivores, meat-eaters—lions, hawks, spiders
SUall | giiall |3l — agall) eS| —

— Omnivores, eating both plants and other animals—humans,
roaches, raccoons, crows

Oall | AU jual peall | gl = o gaadl g el e S Ot Adadl) daga e —
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21.1 Animals ingest their food in a variety of ways
b Bary Lgalads il gaald) J gl

= Animals obtain and ingest their food
in different ways

dib Bamy Lgalah o Jaad g <) gaad) JgUith m

— Suspension feeding Y gadly Al

— Substrate feeding «le Ui s 4 s Laa 2530
— Fluid feeding A gudly 443231
— Bulk feeding dadia J5SH dudal)

P

At N T T N2
A substrate feeder: a T"*\ Fé'd/eg A
caterpillar eating its  Poss ) o L AT X
way through the soft SaRGESSE
green tissues inside
an oak leaf.
Gamg 4o oy Lea 22 8
dans¥) S () 348 5y tadle
PN &3 LJM\ [P

A suspension feeder: a tube
worm filtering food from the
surrounding water through

its tentacles.
i A ¥ B0l ¢ (3 gally gk
ALM\}JL@JL.\;AS\ ;Ld\ UALS_A\.’.L:

el 1l
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A fluid feeder: a mosquito
sucking blood.
W) i gmy 1 J3) gl (o230
all 4aliaial
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A bulk feeder: a grey heron
preparing to swallow a fish head
first and the rest next.
bl p ol il dadal) Jisiy gl’ﬂa
& s Vo) Al (ul ¢ DAY iy
aaadll
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21.2 Overview: Food processing occurs in four stages
Jal e day ) B Aladlea g aladal) e Jalal) oy sAlald 3 i

= Food is processed in four stages

— Ingestion
— Digestion
— Absorption

— Elimination

Ja) ya day ) B dliadlea g aladal) pa Jalail) oy
J gLl
aag
ualaiay
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= Mechanical
digestion breaks
food down into
smaller pieces

(e GLWYL) M) aucagll m

= Chemical digestion
breaks down large
organic molecules
into their components

sal) azagd) Jlay
o) ) A gl iy Sl
gl sSa

. L 2
Macromolecule Jﬁéﬁ‘ LﬁJ%M

Gl g<all
Components
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Protein- 9 doiia) (alaal
digesting )
enzymes Q QQ )
ul.a.u.a\ @
Protein u*-w-d‘ Amino acids
dadia &by S
OO Carbohydrate % O @ @ P
Polysaccharide digesting dgaa) Slsu
enzymes
OVeN ooy rn e gl X6
ZEJS? ?ﬂjﬂﬁ'e ) jh g3 <) Monosaccharides
Uaalall ey 5 521 g
9.5 Nucleic acid- -
i digesting
enzymes
ﬂ.
asas cilay i)
Nucleic acid 4295l galaal) Nucleotides

Lo

Fat-digesting

enzymes
CR A PO Y QLAZ )
Cioa )

Fat

Glycerol Fatty acids
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21.3 Digestion occurs in specialized compartments
duaaiia ¢l A QA PO PRI JLIKEN
= Sponges digest food in vacuoles
O gadll 8 alahal)l Glaial) aags m

= Cnidarians and flatworms have a gastrovascular cavity with a
single opening, the mouth

Ay e 5 (sne Cisa Lol Aallidll ) 5 (a il gaad gall) il il m
eﬂl‘@j,oh\j

= Most animals have an alimentary canal with
Cra A0 gSa doaiar o8 Lgd i) goal) alina =
—  Mouth adl

- Anus z ol
—  Specialized regions “aaiis (¢ jal) Ghls
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HUMAN DIGESTIVE SYSTEM
Ol (A aagd) Slgadl

Copyright © 2009 Pearson Education, Inc.




21.4 The human digestive system consists of an alimentary canal
and accessory glands

ad) Cpa Lgiliata g dradagd) BLRY (e (L) B adagd) Slgad) ¢ o<iy

= Alternating waves of contraction and relaxation by smooth muscle
in the walls of the canal move food along in a process called
peristalsis
JJ;J ‘\AA.LA.@J‘ alaal) U\Jh L:A ;Ld.d\ O a=l L\.m.u\)[\j UA\AQAY‘ (e 4_15\.:_1.45\ c_ﬂA)AM ]
A gall) Ll AN Lele (3l 45 lay alalal

= Sphincters control the movement of food into and out of digestive
chambers

daalell slall o) Jal = HA 5 A alakall 4S a8 5 pualad) cidlal) Ko w
= The pyloric sphincter
Ayl gl B palad) Alanl) =

— Regulates the passage of food from the stomach to the small intestine
A58 elaaY) ) sanall (g pladall Jam) odasi —
— Limits the upward movement of acids into the esophagus
Gl A (alea¥l 2 saua (pe 2l —
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21.5 Digestion begins in the oral cavity
adl) (i gail) B adagll oy
= Teeth break up food, saliva moistens it
lalll ally g abadall L) (5 jad
— Salivary enzymes begin the hydrolysis of starch
oLl (elally Julat) slalay caladll ey 3l o —
— Buffers neutralize acids alaa ¥l dlalaa 5 apad

— Antibacterial agents kills some bacteria ingested with food
aladall a4 gliiall L i) (oany L iSOl Baliaal) Jal sall i —

= The tongue tastes, shapes the bolus of food, and moves it
toward the pharynx
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The human oral cavity
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21.6 After swallowing, peristalsis moves food through the
esophagus to the stomach

Barall N Ada g gsall ) A gall CLLEN) Judy alaal) & 2y | adl) ey

= The trachea
conducts air to the
Iungs

S N ui‘ o) 3¢ JMJ“

= The esophagus
conducts food from
the pharynx to the
stomach

aghy sl O Cpa B
eja.u\u-neh.hﬂ Jana g
daxall I
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21.8 The stomach stores food and breaks it down with acid and
enzymes

Cilag 3 g Gaalally Al Lag aladal) Banall ¢ 5

= Acid Uaaall
—pH 2 2 S soned) LY
— Parietal cells secrete hydrogen and chloride ions, which combine to make HCI
Sl sIS sHuell padla Gardl ledany g aa Al ) GISH 5 o g el L gyl Banall jlas LIS i —
— Acid kills bacteria and breaks apart cells in food
eﬁu\ (5 o WS Ly i) Gaalad) Ji) —
= Pepsinogen and HCI produce pepsin
Orpzad) 340l ) 618 g pgd) aala g G gl o 35 iy
— Pepsin production activates more pepsinogen production—positive feedback
2 £ Al — G sl e 2 3all 2L Ddan O 40lS (e Gasd) L) —
— Pepsin begins the chemical digestion of proteins
i 5yl Sl acag) Cpand) Tay —
— Acidic gastric juices mix with food to produce acid chyme

_jaall Jady alaall Ll J gty Al Bale) (oumalal) o i€ o5 5 aladall dpcaalal) Fpanall 5 jlaall Jalias —
) (Aoand))
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21.8 The stomach stores food and breaks it down with
acid and enzymes
Gilay 3N g gaaladly allas Las el.ald\ dazal) ¢y JAS

= What prevents the gastric juices from digesting the walls of
the stomach?

fharall jlan aeal) 3 jlanll angt Y Ll =
— Mucus helps protect against HCl and pepsin
Ol 2 331 5 &l ) 5lS 5 Huell lanla (e A 1) e Laliall ae by —

— New cells lining the stomach are produced about every 3
days

L& ) 23506 IS 3anall dibasall LAY 2Ll 2aay LS —
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21.10 The small intestine is the major organ of chemical digestion
and nutrient absorption

s)3d) palaia) g Al adagl Alaal i JI gudanl) d83a1) plaal) il
= Small intestine is named for its smaller diameter—it is about 6 meters
long

= Alkaline pancreatic juice neutralizes acid chyme and its enzymes digest
food

Cilay 5YL o swingal) ddlals 5 malall G gaSI) Alsbaay Tpac ) dnly Sl 5 jbanll 0 5

= Bile, made in the liver and stored in the gall bladder, emulsifies fat for
attack by pancreatic enzymes

oty a5 (A, Ayl heall Abaall (B G535 &5 ey A8 (B A ) jhall B jlanll (ST QL
Ay Sl Cilay 3YL asagd (Y O 52

= Enzymes from cells of the intestine continue digestion
aagll dlac slaa¥) LA il 3l Jual 55w
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IV CINAP AR N ENZYMATIC DIGESTION IN THE SMALL INTESTINE

Carbohydrates
d I
ancr | amyvia CLase 1
Starch » Maltose (and other disaccharides) » Monosaccharides
Proteins
mi ]
rys airb i
Polypeptides : Smaller polypeptides Amino acids

Nucleic acids

DNA and RNA = Nucleotides — Nitrogenous bases,
sugars, and phosphates

Fats

Fat globules : ' Fat droplets (emulsified) — Fatty acids and glycerol
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21.10 The small intestine is the major organ of chemical digestion
and nutrient absorption

£1 8 (abaial g (Abassl) aagll Aland oo 1) gudand) ABBAN plaa¥) i
= Surface area for absorption is increased by
Sl (abiaie¥) mha dalue 22y
— Folds of the intestinal lining elaal) iy il
— Fingerlike villi Blal) 4dd Oilea
= Nutrients pass across the epithelium and into blood
adll I AUl LAY dauda 2310500 3 sall yiiad m

= Blood flows to the liver where nutrients are processed and
stored

e 33 s Leiallan 2 Cum A1 1) 3603800 3 salls Janall pl) Gy m
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21.11 One of the liver’s many functions is processing nutrient-laden
blood from the intestines

slaa¥) (pa Add) 45) 4013 ) ga (pa aal) Adaay La dadlaa & Saumd) ) Ciilh g g2

= Blood from the digestive tract drains to the liver
A 8 dpaag) 3UEN (e V) a0l Caay m
= The liver performs many functions
s g Bamy AS)) 2 g8y m
— Glucose in blood is converted to glycogen and stored in the liver
ASH (8 (A (Al Wi G aall (80 a sall (oS slall) Cumll S Jsaty —

— Liver synthesizes many proteins including blood clotting proteins and
lipoproteins that transport fats and cholesterol

JsindSll 5 o gaall Jiny o 685 ) dpandll Clisi o 5ll 5 aall dalad il sy Jie i gyl elin oy —
— Liver changes toxins to less toxic forms
Aans B Gl () 6 sand) 280 J gy —
— Liver produces bile
A g jiuall 5 jlanll A8 miy —
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The hepatic portal system.
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21.12 The large intestine reclaims water and compacts the feces
o) OS2 685 LaS plal) ABalal) plaal) (amad) ) (aiad) 3 hud

Diarrhea occurs when too little water is reclaimed
ailal) elaay) (e slall (o il Gaien Ladie Jlead) Goaay  m
= Constipation occurs when too much water is reclaimed
alel) claa) e clall (o SN aiay Ladie (gadll Ciany g m
= Feces are stored in the rectum
afiiall (8 5l % w
= Colon bacteria produce vitamins—biotin, vitamin K, B vitamins
G Glielid g &l Gaalid | o ) Jle Cilinalial) 235 G ) g8ll G 35 m

= Appendix A 9al) Bl 31
— Located near the junction of the small intestine and colon
O Al Aadall laa¥) o lEll (o ol w83 —
— Makes a minor contribution to immunity
il Aelie 8 4y 9l daaliay a3 —
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21.14 Overview: A healthy diet satisfies three needs
Gilalia) EM LB giud daual) 4000 1Alald 3

= Fuel to power the body
da O (48UAD) 5 gally avead) adl 2861 m
= Organic molecules to build molecules
Gl all eld 45 guiaall Gy Jal)

= Essential nutrients—raw materials that animals
cannot make for themselves

) gaad) ket Y Al A oY) o) gall — dpala) A1) ) gal)
e Lo
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21.15 Chemical energy powers the body
da DU (48U 3 58I acaad) Apilayl) ABUAY)

Nutrients are oxidized inside cells to make ATP
O s Clias g8 DG 2Ly LA Jals 400aad) o) sall ausls

Proteins, carbohydrates, and fats are the main sources of calories
4 )l Gl pradl Ala) jaliaal) yaaall o il o o0 SI Clii g pall iias w
Basal metabolic rate (BMR): energy a resting animal requires each day
asll (8 A8l (e SL) () saal) daling Lo Ao sp (b)) () Jana

Metabolic rate: BMR plus the energy needed for physical activity
Ay gl AaiaVL ALal 3O A8l 44l Caliae ) () Jaze s ) Jia m

Excess energy is stored as glycogen or fat

22 ) g LA o Aildl) A8l (A5

Our metabolic rates typically decrease throughout adulthood

&jﬂ\ﬁﬁ;ﬁ\@gdﬂﬁ‘)wmw‘}“uym |
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21.16 An animal’s diet must supply essential nutrients
Ay g paal) Al B 3 gall Ao o giag o) O gead) B I U i

= Essential nutrients cannot be made from any raw material
(O sl 3) A sl o) sa (5 (e Lgaiua (S ¥ Ay g jucall 4122l A gl
= Undernourishment—not enough calories
= Malnourishment—missing essential nutrients
4 5 g paall LAY o) gal) plagd - 4380 ¢ g

= Animals cannot produce eight of the 20 amino acids named
essential amino acids

4y 59 pia Adisa) paalaa) et el (asla 20 ) e dpilal Uil il gall Ky
= These eight amino acids must come from the diet
doineY) (alea¥) dglaill s3a o A3all HUaill (g ging ol i

- .
o o
-

Copyright © 2009 Pearson Education, Inc.




21.18 A healthy diet includes 13 vitamins and many essential
minerals

%JJJA&S‘OJM‘&A%M‘}W@13&QM‘ g133) AT (o gl

= Essential vitamins and minerals A4y gyl laall g Cilisalidly

Required in minute amounts alis GlueSs Ll dalall -
Extreme excesses can be dangerous  3_sha (S8 8 L ada jadl) 5ol -
Excess water-soluble vitamins can be eliminated in urine

Jsll Gaoh e e galdill Sy elall 8 ool Clinaliadl) (e (aildll —
Excess fat-soluble vitamins accumulate to dangerous levels in body fat

auall diaall Aaiay) 85 judad il glueas o) 5 G aall A ol Al Gl e ailéll —

= Minerals are simple inorganic nutrients usually required in small amounts

AL LSy L) aueal) 2 lisg Aoy 4y pae 508 40138 0 50 (A (alall m
Calcium and phosphorus are required in larger amounts
BmS QlaSy ) sduadll 5 o g Sl ) o Uisg awadl o) V) —
Most people ingest more salt than they need
avall daling Laa SiSh pelall Gulill alane Jlitys —
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21.22 CONNECTION: What are the health risks and benefits of
weight loss plans?

C008N ekl dalaly daall 2 gil) g Jhldal) A L ; Aiadat dday)
= Weight loss diets Qoo el Aildal) dalaly)
— May help individuals lose weight
agi)s ol e paliiV els 8 —
— May have health risks leading to malnourishment
5 6 g ) (g358 Homa plalia Ll (S5 8 —
= Diets fail because people return to old eating habits
dayail) JSY) clale I Gulil) 3350 G (585 Aand) Aalai) b

= The most effective diets combine ¢m sl JiSY) duaal) sl calls,
— Increased exercise Apzalll Gaoladll (e 2y 3all
— Limited balanced diet of about 1200 calories per day

— el (BA) a3 1200 (s na g ) sie dea ol
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21.23 CONNECTION: Diet can influence cardiovascular disease

) ) and cancer ) )
Ot ) g All) Ao ) Ll ) (A S o) (AR AU Sy rAdal Aday

A healthy diet may reduce the risk of cardiovascular disease and cancer

Two main types of cholesterol Js il (e le 53 aa
— LDL : contributes to blocked blood vessels and higher blood pressure
Lusall g1 ) 5 4 seall due o¥) dlawil 8 adly — ABUSY) (addia Jg siuds —
— HDL : tends to reduce blocked blood vessels
65el) e 5V Slawsil At (mid ) ga5 — ABUSY e J g ialsl) —

Exercise increases HDL levels
8GN e J i<l il siane e 2y 38 Al N coslalll

Smoking decreases HDL levels

S e J5 Sl il e (e (pall il
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You should now be able to
¢ IS » 9 .0. 5 L L
Gl 18 G gL ey A%8 aa dhle A L
1- Describe the four stages of food processing
aladall Ley aellay ) s Y1 Ja yall Cia -1
2- Describe the main components of the human digestive tract and their functions
Ledilla 5 sV 3 Apaagll SLEL dpuays 51 s ol Com -2
3- Explain how teeth and saliva help us swallow
Al 8 sacluall Lo lalll g Gl Jas oS # 5l -3
4- Describe the Heimlich maneuver
Sllah 40 du jlas Caun -4
5- Explain why the stomach does not digest itself
6- Describe the causes and treatment of heartburn, GERD, and gastric ulcers
Lginllee 488 5 Lpanall & 3l 5 gamall 2 pall 22 )Y 5 Bamall b 48 o LY sl Cain -6
7- Compare the structures and functions of the small and large intestines
Ablall 5 asdall clea¥) Caild 55 aS i gn B -7
8- Compare the digestive tracts of carnivores and herbivores
Clie VI S 5 galll CSY dpaagl sLal o ) )6 -8
9- Distinguish between undernourishment and malnourishment
2 ¢ g g Apaaill A8 0 (38 -9
10- Describe the types of information found on food labels
e Y de o o Alaal) llud) 853 s sall il sheall ¢ 53 Ciun =10
11- Explain how a healthy diet and exercise promote good health
s daay adall e Al )l el 5 el 3R Uil ae Ly (oS~ il <11
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If you want to learn more
about vitamins you can
refer to the following tables

05 clastaall e 34l b o 5 o
) £ 53l il il
Al Jglaad




LIRS AREYS VITAMIN REQUIREMENTS OF HUMANS

Vitamin

Major Dietary Sources

Functions in the Body

Symptoms of Deficiency
Symptoms of Extreme Excess

Water-Soluble Vitamins
Vitamin 8, (thiamine)

Vitamin 8; (riboflavin)
Niacin (By)

Vitamin 8 (pyridoxine)

Pantothenic acid (Bs)

Folic acid (folacin) (By)

Vitamin 8,;

Biotin

Vitamin € (ascorbic acid)

Fat-Soluble Vitamins
Vitamin A (retinol)

Vitamin D

Vitamin E (tocopherol)

Vitamin K

Copypeight © 2000 Pasrscn Ecucation, ine

A Vitamin Requirements of Humans

Pork, legumes, peanuts,
whole grains

Dalry products, meats,
enriched grains, vegetables

Nuts, meats, grains

Meats, vegetables, whole
qgrains

Most foods: meats, dairy
products, whole grains, etc.

Green vegetables,
oranges, nuts, lequmes,
whole grains

Meats, eggs, dalry
products

Legumes, other vegetables,
meats

Fruits and vegetables,
especially citrus fruits,
broccoli, cabbage, tomatoes,
qgreen peppers

Dark green and orange
vegetables and fruits,
dairy products

Dalry products, egg yolk
(also made in human skin
in presence of sunlight)

Vegetable oils, nuts, seeds

Green vegetables, tea (also
made by colon bacteria)

Coenzyme used in removing
C0; from organic compounds

Component of coenzyme FAD

Component of coenzymes NAD '
and NADP'

Coenzyme used in amino acid
metabolism

Component of coenzyme A

Coenzyme in nucleic acid and
amino acid metabolism; neural
tube development in embryo

Coenzyme In nucleic acid
metabolism; maturation of
red blood cells

Coenzyme in synthesis of fat,
glycogen, and amino acids

Used in collagen synthesis (e.g.,
for bane, cartilage, gums);
antioxidant; aids in detoxification;
improves iron absorption

Component of visual pigments;
maintenance of epithelial tissues;
antioxidant; helps prevent
damage to cell membranes

Alds In absorption and use of
calcium and phosphorus;
promotes bone growth

Antioxidant; helps prevent
damage to cell membranes

Important in blood clotting

Beriberi (nerve disorders,
emaciation, anemia)

Skin lesions such as cracks at
carners of mouth

Skin and gastrointestinal lesions,
nervous disorders Liver damage

Irritability, convulsions, muscular
twitching, anemia Unstable gait,
numb feet, poor coardination

Fatigue, numbness, tingling of
hands and feet

Anemia, gastrointestinal problems
May mask deficiency of vitamin B,

Anemla, nervous system disorders

Scaly skin inflammation, neuro-
muscular disorders

Scurvy [degeneration of skin, teeth,
blood vessels), weakness, delayed
wound healing, impaired immunity
Gastrointestinal upset

Vision problems; dry, scaly skin
Headache, irritability, vomiting,
hair loss, blurred vision, liver and
bone damage

Rickets (bone deformities) in
children; bone softening in adults
Brain, cardiovascular, and kidney
damage

None well documented; possibly
anemla

Defective blood clotting
Liver damage and anemia

Clipaliil) (pa Gull) cilalial




ANV A R E VS VITAMIN REQUIREMENTS OF HUMANS

Vitamin

Major Dietary Sources

Functions in the Body

Symptoms of Deficiency
Symptoms of Extreme Excess

Water-Soluble Vitamins
Vitamin B (thiamine)

Vitamin B, (riboflavin)

Niacin (Bs)

Vitamin Bg (pyridoxine)

Pantothenic acid (Bs)

Folic acid (folacin) (Bg)

Vitamin By,

Biotin

Vitamin C (ascorbic acid)

Copyright © 2009 Pearson Education, Inc.

Pork, legumes, peanuts,
whole grains

Dairy products, meats,
enriched grains, vegetables

Nuts, meats, grains

Meats, vegetables, whole
grains

Most foods: meats, dairy

products, whole grains, etc.

Green vegetables,
oranges, nuts, legumes,
whole grains

Meats, eggs, dairy
products

Legumes, other vegetables,
meats

Fruits and vegetables,
especially citrus fruits,

broccoli, cabbage, tomatoes,

green peppers

Coenzyme used in removing
CO, from organic compounds

Component of coenzyme FAD

Component of coenzymes NAD™
and NADP*

Coenzyme used in amino acid
metabolism

Component of coenzyme A

Coenzyme in nucleic acid and
amino acid metabolism; neural
tube development in embryo

Coenzyme in nucleic acid
metabolism; maturation of
red blood cells

Coenzyme in synthesis of fat,
glycogen, and amino acids

Used in collagen synthesis (e.g.,
for bone, cartilage, gums);
antioxidant; aids in detoxification;
improves iron absorption

Beriberi (nerve disorders,
emaciation, anemia)

Skin lesions such as cracks at
corners of mouth

Skin and gastrointestinal lesions,
nervous disorders Liver damage

Irritability, convulsions, muscular
twitching, anemia Unstable gait,
numb feet, poor coordination

Fatigue, numbness, tingling of
hands and feet

Anemia, gastrointestinal problems
May mask deficiency of vitamin B,

Anemia, nervous system disorders

Scaly skin inflammation, neuro-
muscular disorders

Scurvy (degeneration of skin, teeth,
blood vessels), weakness, delayed
wound healing, impaired immunity
Gastrointestinal upset
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ILUIAAARETS VITAMIN REQUIREMENTS OF HUMANS

Symptoms of Deficiency

Vitamin Major Dietary Sources ~ Functions in the Body Symptoms of Extreme Excess

Fat-Soluble Vitamins

Vitamin A (retinol) Dark green and orange Component of visual pigments; Vision problems; dry, scaly skin
vegetables and fruits, maintenance of epithelial tissues; ~ Headache, irritability, vomiting,
dairy products antioxidant; helps prevent hair loss, blurred vision, liver and

Vitamin D

Vitamin E (tocopherol)

Vitamin K

Copyright ©2009 Pearson Education, Inc.

Dairy products, eqq yolk
(also made in human skin
in presence of sunlight)

Vegetable oils, nuts, seeds

Green vegetables, tea (also
made by colon bacteria)

damage to cell membranes

Aids in absorption and use of
calcium and phosphorus;
promotes bone growth

Antioxidant; helps prevent
damage to cell membranes

Important in blood clotting

bone damage

Rickets (bone deformities) in
children; bone softening in adults
Brain, cardiovascular, and kidney
damage

None well documented; possibly
anemia

Defective blood clotting
Liver damage and anemia
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