« The 7 types of nutrients ar .
e o Carbohydrates, Protein, Fats, Vitamins,

el Mmter and Fibers
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A Guide to Daily Food

[ ,’Ir' PR e Vegeta"lzlze F%OB.&&“;
e group—12 cu USE SPARING
=) __cooked vegeta'Bles e a5 Tl

* Fruit group—1

apple or banana; w
R Growp
* Milk Group—1 23 SERVINGS

cup of milk or 60g
processed cheese; Vegatak

*Meatand Beans _— ———"
Group—2-3 oz (60-
80g) cooked lean
meat or fish or 1

egg or 2 tbsp

peanut butter. > Labl

<4 Poon

1. Carbohydrates

Functions

* Energy

« Fibers «n digeked  corbs

* Recognition and adhesion between cells

Carbohydrate cm_lyattached to w
proteins or lipids examples: glycoproteins,
\e-glycolipids, these classes of molecules are

" called glycocon; O
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Ehind

or dietary carbohydat ,

- * Although all cells require glucose for metabolic
functions, neither glucose nor other sugars are
specifically required in the diet.
Oxidation

19 carbohydrates produces about 4 kcal/g,
* 19 proteins produces 4 kcal/g

« 1g fats produces 9 kcallg. —wthis s why )L e mafor

 Energy is also expressed in joules. One kilocalorie . Gt
equals 4.18 kilojoules (kJ).

(oo &Q\aﬁr?"@)

: e 3 SESPR o Ve E l <
cloabond) e GV @i (O o Yen), SN & Gl cegen o)) 6 1

Carbohydrates are classified into three groups:

(1)Monosaccharide's: (simplest)

=Also called simple sugars
=Have the formula (CH,O)n
=Cannot be broken down into smaller sugars.

@-)0Oligosaccharides:

= Consist of from 2 to 10 monosaccharides molecules joined
by a linkage called glycosidic bonds (covalent bond).

= The most abundant are the disaccharides
= Trisaccharides also occur frequently. r@” ®\
= All common monosaccharides and disaccharides have na
- ending with the suffix “-ose.” i 2
ce ¥"3. Polysaccharides: are polymers of monosacch

‘They may be either linear like cellulose or br
~ glycogen. Polysaccharides may contair
f monosaccharide uni
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2= L€ Q@bioséﬁ; a two glucose disaccharide joined t
| obtained from the acid hydrolysis of cellulose

i

| 3- Isomaltose consists of two glucose units linked by a-1,6. _
obtained from the hydrolysis of some polysaccharides Ik e

dextran

bond |\ 4-Trehalose two glucose units linked by an a-bond (a-1,1)

5- Lactose Milk sugar, Composed of Galactose & Glucose
joined by (B-1,4) link. i 1

6-_8_@@ Composed of (glucose-0-1,2-fructose) |
obtained from cane or beet commonly known as table sugar

Glycosidic bond in maltose

|
Glycosidic bond the covalent bond between the anomeric carbon atom of a ' 1
\
J
1
|

saccharide and some other group or molecule with which it forms a glycoside.

alpha 1,4 glycosidic
bonds are formed when

H
the OH on the carbon-1
a-p-Glucose B-p-Glucose is below the glucose ring

hydrolysis || condensation while beta 1,4 ' ._-“
glycosidic bonds are T
H>0O H,0 formedwhenthe OHis |

above the plane
GCEQOH
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Maltose (glucose-g-] 4-locost)

CHOH  CHOH
)
HO N
OH
Sucrose {glucose<t] 2ructose Cellobiose Ighicose3-1 4-glucose) Isomaliose {ghucoses- Sigucose)
Mdoses &2 = v Keboses - i
éo Nown fe(%,w-ﬁ —
g*au( - ;
Polysaccharides

. Starch Starch represents the main type of digestible
polysaccharides. Found in cereal grains (wheat,
rice, corn, oats, and barley) and tubers such as

-‘__/\-) 3

potatoes.
« Starch is made up of :-
1- Amylose (about 20% of starch) strait chain of
glucose which is linked by a-1,4 glycosidic bonds

2- Amylopectin (about 80% of starch) (branched) the
a-1,4 chains contain branches connected via a-1,6

glycosidic bonds

N
T o

one starch polysaccharides are the n
1ponent of dietary fibers which i
hemicellulose, pe in's €

P,
R
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Undigested carbohydrates enter the colon, where they
may be fermented by bacteria |

 A. Salivary a-amylase
 The digestion of starch begins in the-mouth- :

e The salivary glands secrete approximately 1 liter of liquid per
day into the mouth (pH 6.4 - 7) containing salivary a-amylase.

» a-Amylase is an m which means that it
hydrolyzes internal a-1.4 bonds between glucose residues at

random intervals in the polysaccharide chains.

* Requires CI_ jon for activation with an optimum pH of 6.7 ‘t\i ;“ '3

« Digestion of starch and glycogen in the mouth gives maltose,
isomaltose and a-dextrins ’

1 the stomach: Carbohydrate digestion stops temporari
ivary a-amylase may be largely inactivated by the

b=
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Salivary and o :
- pancreatic ity

x-amylase Ho. ™~ ‘. 4 g
; “'
HO y

Isomaltose

i SN e
| BN L.k il
TEraEoise

Maltose

HO O o) OH HO—OO@O OH &

* Digestion in the Stomach

i

il

Trisaccharides a-Dextrins 1
(and larger oligosaccharides) {oligosaccharides |

with o.~1,6 branches) |

E ;F:-

8 j _
A

« Gastric juice does not contain enzyme for
carbohydrate digestion. due bo high

« Hydrochloric acid in the stomach may
hydrolyze sucrose into glucose and
fructose. TN

Scanned with CamScanner



Pancreatlc a-amylase. similar }o sa |f,"°_f1 omy

Pancreatic a-amylase (opti = e
U _ ptlnhmg;l;li_) also activated
cllllorlde ions, continues to hydrolyze the starches and
tgr ycogen, forming the disaccharide maltose, isomaltose, t
isaccharide maltotriose (three glucose molecules linked

with a—l,'4 glycosidic bonds), and oligosaccharides.

* These oligosaccharides, are usually 4-9 glucose units
long linked by a 1-4 and contain one or more a-1,6
branches.

- a-Amylase has no activity toward sugar containing
polymers other than glucose linked by a-1,4 bonds.

Digestion in Small Intestine el |
B. Disaccharidases of the intestinal brush-border membrane PRl
N

1. Glucoamylase

It has two catalytic sites with similar activities.

Glucoamylase is an éxo_glucosidaggfthat is specific for the

a—1,4 bonds between glucose residues.

It begins at the non-reducing end of saccharides

The glucoamylase is heavily glycosylated with
oligosaccharides that protect it from digestive proteases.

Jase split of large polysaccharides mo
w substrate molecules for
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Glucoamylase activity. Glucoamylase is an a-1,4 exoglycosidase, which initiates
cleavage at the nonreducing end of the sugar.

Maltose
o—1,4 bond

maltase
activity

-
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The isomaltase—maltase site
= All 0-1,6-glucose-glucose bonds
= Maltase activity.

¢

80% of the maltase is by these complex (maltose: glucose a- 4. S
glucose) activity of the small intestine. The remainder of the
maltase activity is found in the glucoamylase complex‘. .

207 \,r@.Rel Lj alwanJlQZL

- iIsomailtase
o activity

¥
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The B-bond between glucose or galactos
residues ceramide in glyColip?gsgalamgg | b
3

CHOH g 14 CHOH |
O vy O

HO,

OH lactase

Galactose Glucose
—_—

Location of disaécharidases within the intestine

‘/X- Sucrase—isomaltase activity 1s highest in the jejunum,

/ B- B-Glycosidase activity is also highest in the jejunum.

,/ C- Glucoamylase activity increases along the length o
is highest in the ileum.

small intestine and 1/’__,_===~
G
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resistant to digestion

T

,;ﬂ 3 . Colopic bacteria rap%;_cjlly metabo I? e the saccharides,
| (E).o ¥ % short=chain fatty acids, and lactate.

i The short-chain fatty acids are absorbed by the colonic o
Cex mucosal cells and can provide a substantial source of
energy for these cells.

| dases J|
&) as
B
Crormal case)

Lactose Intolerance vob norwll (if&wv}

* The small intestine does not make enoﬂg@%zyme
lactase. B

* The lactose that is not absorbed is converted by colonic

bacteria to lactic acid, methane gas (CH4), and H, gas '
that result in: abdominal pain, gases, and diaﬁﬁ@&"L

Lactase deficiency may be

(i) Congenital: complete deficiency of lactase enzyme since
birth (}ﬁﬁ)’
(ii) Acquired: which occurs later on in life. which include:

a. Pri eficiency develops over time and begins
after about age 2 when the body begins to produce less lactase
with a possible genetic link. >

b. Second lactase deficiency results from injury. to |
~gmall intestine, gastrointestinal diseases, including expc

to intestinal parasites.
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iafr_égu
en. Normally, very little hydr |
- _breath, A ydrogen is

1.

‘‘‘‘

/ 2. Stool Acidity Test - e S
Undigested lactose creates lactic acid and other fatty acids tha;c:«%
can be detected in a stool sample, Glucose may also be
prgsent in the stool as a result of undigested lactose. ;

Management:

1- Most people with lactose intolerance can tolerate some

} amount of lactose in their diet know your limit and stick to it.
2. Decreasing or removing lactose from milk and milk products.

. Glycemic index lime neded of our body o digesh  bhe
. Not all complex carbohydrates aré digested at the same P>
rate within the intestine, and some carbohydrate sources  ond

lead to a near-immediate rise in blood glucose levels reoch J

slowly raise blood glucose levels i |
ood

. The glycemic index of a food is an indication of how
rapidly blood glucose levels rise after consumption.

. Glucose has the highest glycemic indices (142) wit
bread defined as an index of 100. _

- The glycemic response to ingested foods d
ly on the glycemic index of the foods, |

fiber and fat content of the food, as
s 4 B ke . i) -

e
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Kidney beans (dried)

‘ . o Kidney beans
Barley ipearied) 36 e
Rice (instant, boiled 1 min} Fruit
‘ lnmz Rice_ polished (boiled 10-25 min) - Apple %
Sweet comn Apple juice i
J‘, ‘”L Breakfast cereals Orange -
All bran 74 Raisins >
Cornflakes 121 Sugars
Muesti a6 Fructose 27
Cookies Glucose 14z L‘em"d s
: Oatmeal 78 Tactose 67 il WH eaJ
| Plain water crackers 100 Sucrose 83 [ L
| Root vegetables Dairy Products % h’l"\!ﬂ)
| Potatoes (instant) 120 lce cream 69 [ ime L
Potsto (new.white. boiled) 80 Whole milk 44
Potato chips 77 Skim milk 46 (‘J\a CS{)
Yam 74 Yogurt 52 -~

: ; = T
ﬁ)“ Sy _@ S'MHM InCrease kf\' vy SLEGGCK Cfg)n _(‘_'h“’ s L= "JP"J[MS
y MNw =

Absorption of sugars
Two mechanisms are responsible for absorption of

monosaccharides: active transport and facilitated diffusion.

Facilitated diffusion

Down the concentration
gradient from high to low.

none

 required
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°e linstant, boiled 1 min}

b % Bice, pois i 65 Fruit
Lime Sweet mmed Lotled 10-25 min) (81 . Apple
| e s ol £
n nge A
Cornflakes 74 Raisins 93 ; |
Muesli 121 Sugars 159
Cookies 96 Fructose 27 k-
Oa#nea! i Glucose 142 l,)ac‘,w_s e
Plain water crackers ; Lactose 87 |7
Root vegetables 00 Sucrose | i !
Potatoes (instant} Dairy Products o N'«.T/‘;
120 1
Potato (new.white. boiled) 8 . cream €9 L ime L
Potato chips 0 Whole milk 44 o
Yam 77 Skim milk 46 d}- CS&
2 Jogurt 52 a

#@&My@a ' e
D)—*—I ,-',\ip_a‘
AN

\

Absorption of sugars

3|4Jcle44 ; nrease

\

elqcoSc C&
drinK ¥

b o

Two mechanisms are responsible for absorption of

monosaccharides: active transport and facilitated diffusion
Ciia)io dopend g~ L
Features Facilitated diffusion
o Colaiia) -
Concentration Do_wn\ \{hé(‘cr:‘o‘/ng_enjga_tion
gradient gradient from high to low.

i

none

Energy expenditure
Carrier protein/ required
transporter S
Fast
2

Fructose anq manno

Note: Glucose and other monosaccha
lipid bilayer of cell therefore passive

ride's are polar molecule. It canng
iffusion doesn't apply for sugar.

¥ 'ah‘go L

T
s
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permit:
bind to ti
glucose-bi
' site.
The cotransporter
| undergoes a new
i N A e conformational R
e shift, placing Na+
and glucose near -‘
the inner surface
of the membrane.

Intestinal lumen Epithelial Cell

Portal Blood

"fﬂns pok L({-
Na*

. &
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One common structural theme to these proteins is that they
contain 12 membrane-spanning domains.

e ——

Because glucose leaves the intestine via the hepatic portal
vein, the liver is the first tissue it passes through. The liver
extracts a portion of this glucose from the blood.

xx ‘;Le ofg ;,\su\\h JQPMJM’L

un 4'3 es l;ec! Po‘\J 3 acach “(f“l o g
Dietary fiber =4 « ek
 Are components of food cannot be digested by
human digestive enzymes they are mainly
polysaccharide derivatives and lignan (Noncarbohydrate,

polymeric derivatives of phenylpropane). ‘
« There are several kinds of dietary fiber.
* Water insoluble fiber: Cellulose, lignin and

hemicellulose are materials that stimulate regular

“function of the colon. T Ruokion &

* Water-soluble fiber Pectins and gums are m
that form viscous gel-like suspensions in

.- digestive system slowing the rate of abs

many nutrients, including carbohydre

£
SFdm-chotestierol in
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ers are fermented by bagc
0% of our total calories we get -

;DCE& by bacterial digestion of substances i

i 2- g;gsesr is thought to “soften” the stodl, thereby reducing
L " this sufae %ﬂ }?ﬁ_mwand enhancing expulsion of feces
- pecificlly beneficial effect to diverticular disease, in

: ,Sf', whic : :

e Weaké""ﬁi(l:—s O%Mbﬁmay develop in the colon because of a  Keep
-5 e g of the muscle and submucosal structures. . -~
Isease prevention for example: — in 10 |

pectins=may lower blood ch Is by binding bile acids

=beneficial for diabetes by slowing the rate of absorption

of simple sugars and preventing hi
ting high
levels after meals. -I?—v Slow gdégraill(t?ﬂ glg%ose@ak anJ Fheir

B-glucan al‘rlecgllllcgpbtﬁ}ine(_i from oats) reduce cholesterol levels through a\os“m’w
1on in bile acid degradation in the intestine. o bk
€

2am €
e

cudlen W gl e 6,9 chd e o | F B absorplh
ynCfeaSc fave oy gusa‘;

" sugeC

=3

2. Fats

. Functions: 14 Cell structure, 23fuel storage, 37h
. 2 g @ Ormoni“ sle(o:cl | ormons

. Essential fatty acids and nonessential fatty acids Prom 9“""1’*’( o

. Nonessential fatty acids can be synthesized in our body _
essential fatty acids we get them from food W cm’s ssn'?lwﬂ‘v

« The essential fatty acids _g:li\ng?gi,g and W are
supplied by dMS' =

« More than 300 different fatty acids are known ho
20-25 of them are widély aisfributed in nature
s
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Trlacylgl
SYCErols conta;
fatty acids are esteriﬁaeldn.

The main Toute for digegt; .
_ or digestion of triacy] 1 Is i -
ydrolysis tq fatty acids and 2-mon0)a]1c:g lyclel;:oersollg‘;gl:l?:

€ Intestine, However. the route depends t
_ : 0 some
n length of the fatty acids, ;

RS W'Eﬁvk (oM —otbom
abbach Lo Pully geid - g
haa
| -
3_(13 159 n'c-8 === Glycerol
o o o
{.‘I»iﬂ JCHg "233'*‘ B,
CH ICH: SCH:-
i
éH‘ {;:};» CH;’
éﬁg ‘ITH; E:}Ti:-’
| | L
8 T ‘.Tr!gc_ydl,g lycerol
CH, CH ¥
CH, CH,

Fatty acid
chains
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Limited dlgestlon of lipids occurs in the mouth and
because of the low solubility.

I. Lingual lipase produced by cells at the back of the tongue
2. Gastric lipase produced by stomach

* Same function for both enzymes: they hydrolyze short-

and medium-chain fatty acids triacylglycerols (containing
12 or fewer carbon atoms).

m
* Lingual and gastric lipases hydrolyse 25-30% of
ingested triglycerides (n-3) into diglycerides and free
fatty acids. Cg

? Oglj %\jéfal\js: one Fﬂ In

F=

B. In small intestine

1. Action of Bile:

“—. Emulsification (suspended in small particles in the
rHJ‘Y) aqueous environment) by bile salts. mechane cal  presses

2 U - Thebiles are amphipathic compounds
1 * The contraction of the gallbladder and secretion of

C/ pancreatic enzymes are stimulated by the gut hormon
cholecystokinin, which is secreted by the intestinal

when stomach contents enter the intestine. _
.« Bile act as detergents, binding to dietary fat a.w
broken up by the act[on of the |ntest|nal |

4
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C- Colj T
~—0lipase it binds t :
thereby increasin ?‘the dl

etary fat and’-gg e |
D-E |

e se activity.
~=S1€rases remove fatty acids fro (oo
as cholestero| esters ) M O

carboxylate GFoUD oF & faty 2 (The ester bond is formed between the

i : cid and the hydroxyl group of cholesterol.)
E fD_hosphollpase A2 digests phospholipids to a free
atty acid and a lysophospholipid :

e :
e =i S

5o A
c\""
A
L
0 R=C-0
A-C-0 cholesterol iy 43
\—>  Cholesterol ester esterase Cholesterol -+
( —_— ~— L5 g S
0 0
B 0 4 /
o HG-0-C~R, RGO 1o-0-C-R,
0= HO-C-H 0
QE“C 7 ?H ﬁ phospholipase é-O-iI;-O-X
H,C-0~- ‘I’-O"X Ag H; ‘
& o-“ @ okl ,-
Phospholipid Lysophospholip e
' Mﬁmﬁwﬂcmwmwﬁ'@) <
2 'rl'-.A- o 77 Y sl i g el oYY m
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, Qpibl\}};u"\

- Qrom . Z > from P]'Ml)j
annals .+ High and Tow quality protein

SRun Eyeaphenic s b L 2=
Sk The digested fatty acids and 2-monoacylglycerols are
- 5one— resynthesized into triacylglycerols in intestinal epithelial cells

o= Then packaged in lipoprotein particles chylomicrons because «

A By they are insoluble in water, and secreted by way of the lymph

‘o the blood. blocKag\et 313 L L com ol 15|

S triacylglycerols directly entered the blood, they would come
@her, Impeding blood flow.

* Chylomicrons transport lipids to adipose tissue, heart, and
skeletal muscle. The fatty acids of the chylomicron

triqcylglycerols are stored mainly as triacylglycerols in
adipose cells. 5

_

3. Protein ®:d. \IO‘\”e)\’ Gunotions
e Function: A 17\\3‘_}2&)

* Cytoskeleton, movement (actin and myosin), transport

(Hb), immune protection (antibodies), receptors and as
catalysts enzymes T

(b co“‘f“\‘-" Amino acids are the building blocks of proteins b
A\ e;m\v\a 9 The s:(qw%mo acids in a protein is determined
Pn? a9®/ by the{genetic code/ Four levels of protein structure
commonly defined: Primary structure, Secondary

structure, Tertiary structure, and Quaternary str
(______.-"— : ‘ -

.

A,

. ~ « There are 20 different amino
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€n and pregnant women

- LA

€in synthess o support growth, :

more of arginine and histidine than t
Synthesise. '

@ 1s also considered conditionally esser

Tyrosine is synthesized from phenylalanine (by
hydroxylation of phenylalanine), and it is required in the
diet if phenylalanine intake is inadequate, or if an
individual is congenitally deficient in an enzyme
required to convert phenylalanine to tyrosine (the
congenital disease phenylketonuria).

CO0" CO0™ >y gul) oS
*HaH —C —H *HaH —C—H Z

l ‘ ‘:j\‘ogiﬂf'to)g-‘

CHZ CHZ Nno n ess bia

LJA&)()\_Q\L\'M\ |

' . ;
(U] r‘ﬁ o

@ P\nev:j alanine

o Rty =
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P e e, :.pﬁ -
Zymogen

i
G T R alle
_Inactive enzymes precursors aré ¢ d

~zymogens or proenzymes,

» * It only acquire full activity upon specific proteolytic

cleavage of one or several of their peptide bonds.
. Zymogen activation by specific proteolysis is an

irreversible process.

- Important to switch on processes at the

appropriate time and place

« The synthesis of zymogens as inactive precursors
prevents them from cleaving proteins prematurely

at their sites of synthesis or secretion.

@3“’38"’5\
Origin  Zymogen/proenzymes Activator

Pancreas

Pancreas Chymotrypsi Trypsin £

\-N

Pancreas @carboxypeptidase Trypsin
e

1}

Pancreas (Proglastase Trypsin y
(T

ach Peps p’ :

Scanned with CamScanner

Enteropeptidase

Active Protease

Trypsin  —b 22
brush border enzym / \ (f)\j‘:")\ Cg/\]‘ E.a. /, (d‘lp
* Chymotrypsin

Carboxypeptidase 3




The enq pro § ! and Threonine]47. As -

uCt 1 L]
Protease g-cp Of this pr 0Cessing pathway is th
eptide

chains, YMOtrypsin, in which the three p

A (residues | ues 16 through 146
through | i gh
: gh 13), B (resid
and C (residues 149 through 545), rerflalinttorgether1 )

€Cause they are | :
Ato B, and'one ﬂglrlr(leg [t)g (t:w © disulfidebom TR

-

— Rﬁs‘dkﬂlpidc Lonb

.(,h\nnmrpmmg(-n {(inactve zvmogen) J

[ isfis 15 ] < : luvlmjg-_,,;;;'

@ l (:h“l\'}lgp at ‘,\]-gl,’x @

by u*\];sin

r-Chymouypsin {active enzvine)

and Isoleucine :
( fr T 8 EER] : _ SR

o O'|eavc PépLiJ e Lon(l . z[xu”‘ ¥ 4 —
Tyr'*, and Asn'* by
n-chymotrypsin

[GTE] <> [E[E

Ser A .
Y Threonine147- Asparagine148
N y

@-Chymotrypsin (active enzyme) (e o b
e @ Tyr Ala_

A disulfide bond is a covalent bond between two sulfur opr)_ta'

cysteine molecules
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ormone (gastric ) stim

\- Pepsinogen by the chief cells of the gastric glan
| B- Hydrochloric acid by the parietal cells h ig h m@
esse Cause s Ce\r\Qo(w\v'\or\ul d\ahﬂ es  in Pg,()s'rt\oa en &

A- Pepsinogen is activated to its active form pepsin by acidic

gastric juice (pH 1.0 to 2.5) that alters the conformation of so
that it can cleave itself, producing the active pepsin.

. Pepsin ac’_cs as an E’ndopeptidasa cleaving peptide bonds at
various points within the protein chain. :
W
N

B- Stomach acidity: causes dietary proteins denaturation, this
serves to inactivate the proteins and partially unfolds them
such that they are better substrates for proteases. )

Smaller peptides and some free amino acids are produced.
T e SR Y

* Digestion of Proteins by Enzymes from the Pancreas
1- Secretin hormone: stimulates bicarbonate secretion

2- Bicarbonate causes raises the pH such that the pancreatic
proteases (the hormone cholecystokinin stimulate its
Eeleasie), which are also present in pancreatic secretions, can

e active.

A- Trypsinogen is cleaved to form trypsin by enteropeptidase (a
protease) secreted by the brush-border cells of the small
Intestine.

* Trypsin is most specifi’c that cleaves endopeptidases peptide
bonds betwéen lysine or arginine (cleaves peptide bonds of

basic amino aci : o

B- Trypsin catalyzes conversion of

= chymotrypsinogen to chymotrypsin: that favors residue:
contain hydrophobic or acidic amino acids.

= proelastas ~that cleaves glastin a
i ~ small side chains (alanine, glycine, or ser
= procarboxypeptidases to carboxypept

S
B o
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