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(a) Dehydration reaction in the synthesis of maltose
CH,OH CH,OH CH,OH 1-4 CH,OH
H (0] H H (0] H H (0] Hglycosidic H 0 H
H H 1 linkage ,
OH H @0 OH H 4
HO OH HO 0 OH
H OH i H OH H OH H OH
Glucose Glucose Maltose
(b) Dehydration reaction in the synthesis of sucrose
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HO CH,0H HO o) CH,OH
H OH 'L OH H H OH OH H
Glucose Fructose Sucrose
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Starch

Cellulose Glycogen
Amylose Amylopectin
Source Plant Plant Plant Animal
Subunit B-glucose a-glucose a-glucose a-glucose
Bonds 1-4 1-4 1-4 and 1-6 1-4 and 1-6
Yes Yes
Branches No No

(~per 20 subunits)  (~per 10 subunits)

Shape
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Molecular Images of Glucose Polymers

Cellulose Amylose Amylopectin Glycogen
Linear chains (B-glucose) Helical chains (a-glucose) Branched chains (a-glucose) Branched chains (a-glucose)

Cell wall structure (plants) Energy storage (plants) Energy storage (plants) Energy storage (animals)
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Simple Carbohydrates

Monosaccharides

Glucose Fructose | Galactose

Combine to form

Disaccharides

table sugar breakdown of starch dairy

Sucrose Maltose Lactose

Complex Carbohydrates

Polysaccharides

plants indigestible by humans animals

straight chain  branched soluble insoluble

P . o Stored in
mylopectin ectins, ect. ellulose, etc. :
Amylose e & . muscle and liver
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Fatty acid
(in this case, palmitic acid)

D

|
|

Glycerol

(a) One of three dehydration reactions in the synthesis of a fat
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Ester linkage

(b) Fat molecule (triacylglycerol)
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omega
end

'f' //O acid
N (% & C\ end
Yy OH

omega
end

Double bond

Monounsaturated Fatty Acid (MUFA)
18-carbon oleic acid

acid
end

.1

omega
end

Polyunsaturated Fatty Acid (PUFA)
18-carbon alpha-linolenic acid
omega-3

}]l //0 acid
i (‘T N C\. end
Yy OH




Machine Translated by Google

49,3l )l d>)d 9 duduo H9STg dstnall Henall daminall Livall olas Yl o degiaall (vl Lo

Ao )l )9S5 o 83le Wlow Il g9 dslull Hgall

49,8l )> dopo L9 Wilw H9STg Wgapll of dardrall e Honl Lo dasinall yu dusll Golas 3l (yo degianll Heaall dauive dilgal (9ol plazo

(a) Saturated fat

Structural formula
of a saturated fat

molecule

Space-filling model
of stearic acid, a
saturated fatty acid

(b) Unsaturated fat

H

o]
H—é—o—‘"?\/\/\/\/\/\/\/\/\
| o
Structuralformula | o I

of an unsaturated l o
H—C—

fat molecule | o0& =
I \/\/\/\/_\/\/\/\/

Space-filling model
of oleic acid, an
unsaturated fatty

acid

~

Cis double bond
causes bending.




Machine Translated by Google

(i

(Lol yaos>)Edilsl Lo

eligugrl Lae> g3

0ol Caj B 8 deiiall e 431531 sl Golas 3l axlgs el oo et
clyglizdl Gaas 5

(18:1). w-9. clo3l Lans duiroll jué 43I duoall olosdl Lle dliol chgilwSgll yan> z6-

<ol yaes> C12'

S| - . 14

gl Gaes :@unall6 lawgl yolaxl1) :83aeiall devinall jué duinall (olos3l le dliol el Wl Laes z16-
(AA). liigassh3l yans(LA).

eligilinbugSyl pae>(ALA). duidsid Wl Gaes 14a I3 Lassgl pole>2)

(DHA). ¢lygilusSsalogSoall Gans(EPA). cloysSuwdl Gaas bl pae Tt




Machine Translated by Google

> gJgrend dogoll 1)l ypolioll

cludgid Ll Gaes(LA): 18:2. w-6. 2. cldgidll jaes1|. .
dw w3l wldkhisll

(ALA): 18:3. w-3.
(AA): 20:4. W-6 cligauSh3l Lolasi3.
(EPA): 20:5. w-3. ¢bgilinlwgeSyl sas>4.

(DHA): 22:6. w-3. ¢hgiluSualugSall Laes5.

Hasll pladl L6 Laysdel Cazg HLusdl puns 5 lgmuad e 3 Ll sl Golos3l el Lo duwlwll dusll Golo>Yl

(ALA): 18:3. w3. cluoi Ll Lae>918:2 W6 ellgilll Gans> 1o duwluwdl dusall Golas Yl



Machine Translated by Google

d>)gll

SFA. Ul Lehis>JUSFA JJI(H) (uzg)augll 48Ls] o d>)agll
F.AS). J Gaudall (98l gatrans (cis JJICis (o LgineSS Jag=d JIFAS do)ae ddec (5955

copadly Gyl lasg asll colosd byaySFA gtrans-F.AS li)s

S
) RS
ﬂ/y \x‘a\ ’C\
C\ / JSI \(\ v /C’ \e\
O W v C :e\
/Y / O\ 7 J? % \ ,C \
& / C / \/C/ A %
&6’[ \O\ C’C \?‘%
¥ 4 - \
 §°5F »
H H
Complete chemical side-effect of chemical
hydrogenation hydrogenation
HHHHHHHHHHHHH HHHHH\)‘\HHHHHH
| | | | | |
(I |(| Lo |(| o (l I Cl‘(lj‘ ('. I Clc,/,C—C—C—C—C—C—C
R PR e S I U e g A N T e _ e e
I(III'(I(I(I(II(I(II(I [ T T HHHHHH
HHHHHHHHHHH H HHHHH
Double bond in the frans configuration

Ol dardie ye Hotd clini] Il Layl &sladl gyl )0 (535
dg=ie dzgayo blg)




Machine Translated by Google

Oladgtwgoll

Oudadb O lawgd deganog Guaids Guae> by Gub O sdsawall JuSuis ei®

elol) Lo )T.J.) O Lgilesdeg wlawgall degoaxo (HSJ icloll (lo)lS duia sl uol.o.>‘3| BL3e

(clall )15 Js3g clol) dumn (i) dslaio izl Gwlyl

—
8 5315 ez gild welall L] ol apsdatundll (8Las Losic [3Snge = E:z "9 cnotine riycrophiiic
Sl ? : : > g__z_ ____________________________ head
Adolbdl olada]l Gews wladall d>g330 JSLe % 0=l:’—0' Phosphate By Bl
a 0 tails
. - A .. . 'E. SHy— it —ch Glycerol
Al e i) dpw b3 didl sudgawgsll dpliddl wlddall JSubs = ? ? “______________-------—--""""' ; (c) Phospholipid symbol

Olapdgandll 325 sl was les
o LS i 5 Loy 5 LaS
325 13] bl Ogas . J513l I i cloll dayls Jgud

___—Kink due to cis

double bond \

GG R

Hydrophobic tails

idgiioliioin

alil) sodgawgall (o aSLl Lgilads

(a) Structural formula (b) Space-filling model (d) Phospholipid bilayer




Machine Translated by Google

doosio Olj> dayl (o oSy LienS JSua) juail Hed3 L lagypiwlle

_ el
J9343)98lg (uz o riwBle o raiwgiwmidl Jio) dyaygysindl dunizdl Wligoyglly JgyimddgSIle

Uiz olgrmd dndiilly dagall Wlsg il Lle diol Lo

o9 53lalls dgilerml drglol duiniSl lgSo Ao ob oyt oSle
izl OUgosall) (53531 Olaggysiand] geisas s (o oty Ll

H,C CH,

duco3ly cdall Galol Aoy yhsdl Jolge a1 g0 Al 5 JoyiandoSIl (soiune glasle

g0l

HO Joriwmdesdl

39 psiel) Bppoall dooioll )3l Wilalsl Lasd




sxSI 51380 Oyl Golaioly aas

Lplesiwly lgobaiol (o ezl GSeiy Gio Huoly yauol WlisSe L] alakll Juos jeuagl!

- omawele)sugll Jelas gayb (e (Whogige) ruol Wlipizl 8yuSIl ol

‘uo bainsl
.(.s.xJH] uJol.mo.” cli)I cloo3l g3

ehiall @alud) Al polol L9 Lo LleusIl Oldaal 5 a9 - aaaily fuaell LSSuoll Ollaall Jouid ddlasSy LSulSuo Oldas b e puagll e

(S lasSIl @uagll L8 Lyl gy ySudlly elyyslSe)sugll éosg

(O lg «GaiaS g 6819« i xSl 3 8 Loy dalise ligeya (Gaxb (e puagll ddos 9 Sl e



Ol gnsdl yolaislg cuas

4): Jsidl) wlae Sl euas
(1-4) o)l juuSy lalll uleol Lali caallo
oSl bl
s gasdl L)l oy gyl euad Cadem 1 basoll
(SI): dé,da)l clenlo
abeol LJIST + (8 iz g)uall @8y o) 1bion Sl 1w bySidl eolihs]0
0 (1-4). QauwsSadadl bnlg | junsy 1l Sl

Jio) 310y Slugsa (1-6) + llgyll s jldlog il :dygeall logyi3Il
G LS S|

CHO: Lolsinl
39Syl 5r55alt 55SelalICHO 1 psos

A" o> (p0 b JS joaSyilly soiSlally soSslal i e
"GLUT"". j9Sglall

Digestion of Carbohydrates

Dietary carbohydrates
i
Pol__ysaccharides Disaccharides = Monosaccharides
Salivary
a amylase | v
‘Dextrins
Dex:‘r" s
b in
, Pancreatic
a-amylase 1 1
/ .-  J

Maltose  Sucrose  Lactose

Lactase

? Glucose +—Fructose +—Galactos
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— Carbohydrate digestion
Enzyme(s) Site of
Foodstuff and source action Path of absorption

e Glucose and galactose

Starch and disaccharides AP abasi o vt

e Salivary Mouth cotransport with
amylase ’ sodium ions.
\y Pancreatic Small  °Fructose passes via
Oligosaccharides amylase o intestine  facilitated diffusion.

and disaccharides - All monosatfcha[ides
= | leave the epithelial

v v v | Brush border alo Small cells via facilitated
Lactose Maltose Sucrose | €nzymes in P intestine  diffusion, enter the
__small intestine capillary blood in the
l\‘ ‘/,l, (dextrinase, gluco- villi, and are
Galactose gjycose Fructose | amylase, lactase, transported to the liver
— maltase, and sucrase) via the hepatic portal

vein.
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Glucose/"

Extracellular

Glucose
transporter
(state 1)

'geii memﬁrane

lL Glucose
// transporter

(state 2)
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9000800000060 606eo)

Extracellular
space

?WWW

-----------------

NI

poadsuall ) Sull s3lo1 Jis pllas .o

e

@ Nat*-glucose

2 8"'-9'!:;:080 symport transporter
t,‘;':f,’,‘,’om, releases glucose
loads glucose into the cytoplasm

from extracellular

0

162
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Smallintestine —

Large intestine —

Lactose

Galactose

\/

Lactase @
\Elucose

Lactose

_, Water

Bacterial
fermentation

b

Lactic Acetic
271 add add

|

Loose stools,
bloating,
flatulence,
abdominal pain
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— Protein digestion

Foodstuff

Protein

Large polypeptides

-
i
—

Small polypeptides,
small peptides

S
<

Amino acids
(some dipeptides
and tripeptides)

Enzyme(s)
and source

Pepsin

(stomach glands)
in presence

of HCI

Pancreatic
enzymes e

(trypsin, chymotrypsin,

carboxypeptidase)
Brush border
enzymes e
(aminopeptidase,
carboxypeptidase,
and dipeptidase)

- i

Site of
action Path of absorption
« Amino acids are absorbed
by cotransport with
Stomach  g44ium ions.
e Some dipeptides and
tripeptides are absorbed
Small via cotransport with H*
intestine and hydrolyzed to amino
acids within the cells.
« Amino acids leave the
epithelial cells by
_ szfll facilitated diffusion, enter
intestine

the capillary blood in the
villi, and are transported
to the liver via the hepatic
portal vein.
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Salivary glands _J

.MOUTH

mechanical digestion

mixing with saliva
limited enzymatic
digestion (/ingual
lipase)

Pharynx
Tongue

167

Esophagus

Liver

2. STOMACH

* mixing/churning

* limited enzymatic
digestion (gastric lipase)

Gallbladder
Duodenum

Common

bile duct duct

Colon
Transverse colon
Ascending colon

Stomach a

Pancreatic

Small intestineo

Descending colon

Cecum

Appendix

Anus

3. SMALL INTESTINE
* emulsification (bile)
* enzymatic digestion
(pancreatic lipases)
* micelles help with
absorption
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bile &
large fat 2y LY
droplet — & & Q
emulsified
fat droplets
v) Emulsification by bile /
/ monoglyceride
lipase - \

%ids

(some free glycerol is also formed)

triglyceride

QEnzymatic digestion by pancreatic Iipasy

6 Absorption of products of fat digestion

depends on size

o Short and medium-chain fatty acids and
glycerol (small products) = absorbed into
blood via capillary (not shown in figure)

o Long-chain fatty acids and monoglycerides
(large products) = form into triglycerides
and are transported in chylomicronsinto
lymph vessels

Large fat droplets
are emulsified by
bile salts

Fatty acids and mono-
glycerides (resulting
from fat digestion)
leave micelles and
enter epithelial cell

Lumen of
intestine

Absorptive
epithelial cell

Fatty acids link to
form triglycerides

Fatty globules combine
with proteins to form
chylomicrons (inside
Golgi apparatus)

Chylomicrons are
extruded from the
epithelial cell and
enter a lacteal
(lymph capillary)

Capillary Lymph in the

lacteal transports
chylomicrons away
from intestine 168
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Machine Translated

“Fat digestion

Enzyme(s) Site of
Foodstuff and source action Path of absorption
Unemulisified  Fatty acids and monoglycerides
fats enter the intestinal cells via
< Emulsification by Sman  diffusion.
the detergent intestine ° Fatty acids and monoglycerides
action of bile are recombined to form
Its ducted triglycerides and then
e the liver combined with other lipids and
proteins within the cells, and
_ the resulting chylomicrons are
K F_'ancreatlc _ Sma!l extruded by exocytosis.
lipases e intestine )
N - e The chylomicrons enter the
| lacteals of the villi and are
¢ J' transported to the systemic
circulation via the lymph in the
Monoglycerides Glycerol thoracic duct. lymp
and fatty acids and_ - Some short-chain fatty acids
fatty acids are absorbed, move into the
capillary blood in the villi by
diffusion, and are transported
to the liver via the hepatic
portal vein.
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Figure 5.9 Process of Digestion and absorption



