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Importance of food control

Dr. Lina Soubh







Definition

* Material, usually of plant or animal origin, that
contains or consists of essential body
nutrients, such as carbohydrates, fats,
proteins, vitamins, or minerals, and is ingested
and assimilated by an organism to produce
energy, stimulate growth, and maintain life.



Food Compositions

Macro and Micronutrients

d Water

d Calories (Protein,Carbohydrats,Fat)

d8-10 Essential Amino acid

d Essential Fatty Acids

313 Vitamins Micro
0d16-20 Minerals

Mzcro
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¢)al) &l 9S4 Food Components
Vitamins and
* Water other minerals
< 1%

* Fats ¢
e Carbohydrates Proteins,
carbohydrates,
Ca,P 20%

* Proteins
* \itamins/Minerals




Nourishment & Pharmacologic
Functions of Nutrients

Nourishment Pharmacologic

Functions Functions




Nourishment Functions
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Complex System, Many Food Interests
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acdlly i) Glipalinll

Vitamin A
Vitamin E
Vitamin D
Vitamin K

Retinol
Tocopherols
Calciferols
Quinones
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* Thiamin (B1) « Vitamin C
* Riboflavin (B2) - Biotin Vitamin H
- Niacin (B3) - Folic acid

* Pantothenic acid (B 5)
* Pyridoxine (B6)
e Cobalamin (B12)
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Vitamin A (Retinol)

— RDA Range
e Adult males: 1000 ug RE/day
* Adult females: 800 — 1300 ug RE/day

RE =retinol equivalents
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Carotenoids




retinal

Vitamin A

retinal



Vitamin A

CHs CHs CHs CHs

HsC. CHs HsC-._ .CHs
CHs CHs

Retinoic Acid Retinol



3- Carotene


http://www.chm.bris.ac.uk/motm/carotene/carotene.mol

3- Carotene destruction in food
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Vitamin E

* RDA Range
— Adult males: 10 mg alpha-tocopherol/day
— Adult females: 8 - 12 mg alpha-tocopherol/day
* Dietary sources of Vitamin E

— Vegetable seed oil
— Nuts




Tocopherols (Vitamin E)

o-tocopherol: CH; at position #5, #7, #8
B-tocopherol: CH, at position #5,  #8
y-tocopherol: CH, at position #7, #8
o-tocopherol: CH, at position #8
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Tocopherole
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Vitamin E destruction
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Vitamin D

* RDA Range
— Adult males: 5 - 10 ug /day
— Adult females: 5 — 10 ug /day

* Primary source of Vitamin D
— Sunlight

* Dietary source of Vitamin D
— Fortified milk acall caulall

-
-
|
=




Vitamin D destruction
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Vitamin K \

* RDA Range )
— Adult males: 65 —80 ug /day

— Adult females: 55 — 65 pg /day
— Body stores only about one week’s worth of Vitamin K
Vitamin K _bas o
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Vitamin K destruction
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Thiamin (B1)

* RDA Range
— Adult males: 1.2 - 1.5 mg/day
— Adult females: 1.0 - 1.6 mg/day

;4




Thiamin (B1)

N5
@

(S\,CHZCHZOH
|

CH3






Vitamin B1 destruction
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Riboflavin (B2)

* RDA Range
— Adult males: 1.4 — 1.8 mg/day
— Adult females: 1.2 — 1.8 mg/day

* Dietary sources of Riboflavin

— Meat =l

— Fish  <laudl
— Dairy products <lall ciladia




CH,OH
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Vitamin B2 destruction
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Niacin (B3)
* RDA Range /}\
— Adult males: 15 — 20 mg/day :{:
— Adult females: 13 — 20 mg/day

* Dietary sources of niacin:
— il e gsladl (sl




CONH; COOH

Nicotinamide Nicotinic Acid
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Pantothenic Acid




Pyridoxine (B6) >

* RDA Range G
— Adult males: 2.0 mg/day )

— Adult females: 1.5 — 2.2 mg/day

* Dietary sources of Pyridoxine
— ladll g as) gl




HO—~ ™—CH-0H

H:C—- o~

Pyridoxamine

Vitamin B6

CH-0H

HO— | “—CH;0H

H3C—\ ﬁ/
H

Pyridoxine

CHO

HO—~ ™ —CH:0H

HsC—_

T=®

Pyridoxal



Vitamin B6 destruction
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Vitamin C (Ascorbic Acid)

* RDA Range
— Adult males: 60 mg/day
— Adult females: 60 — 95 mg/day

* Dietary sources
— Fresh fruits and vegetables




Vitamin C (Ascorbic Acid)

CHzOH
HCOH
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Vitamin B12

* RDA Range

— Adult males: 2.0 micrograms/day

i/

— Adult females: 2.0 — 2.6 micrograms/day

* Dietary Sources of B12
— Meat
— Dairy products
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Folic Acid
(¥l ) 3,5l pana

* RDA Range

— Adult males: 200 micrograms/day

— Adult females: 160 - 400 micrograms/day
* Dietary Sources of Folate

— Fresh fruits and vegetables
— Meat

— Eggs




Folic Acid

CO0°®
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Folic Acid
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Folic acid destruction
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B1> C> B6> B2> Folic acid> B12> Nicotinamide -

E> B-Carotein> Vit A>Vit K>VitD -
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Determination of Moisture
LYY Ak

Dr. Lina Soubh
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¢lal) aills g Water functions

e Waste elimination J sl CBliadll e palalll o
- Urine, urea, other ions Jsall iS5 iy A sall
e.g. Na acall 3 ja sy aalat e

- Prevent of urine sl sl sl e

condensation

® Regulation of body
temperature

e Acid — base balance

Y4 a2
= i
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Water Functions )il 2 slall cailla g

Universal solvent (salt, vitamins, sugar, gases, pigment)

Capable of ionizing (H30", OH) Silipalill 5 M ale Jae
Affects the texture Ayl e Hald
Chemical reactions (hydrolysis of protein = n amino acids) al sl T
Stabilizing the colloids by hydration (Agala) ALl COle Lal)
Necessary for micro-organisms growth dalaYL byl g pall Cap
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Water functions in the body

Represents 75% of the brain
-

Transports nutrients
R T & oxygen to the cells
temperature ,
Production of
oxygen for breathing
Represents
92% of the Helps transform
blood nutrients into energy
Eliminates
toxins
Protects and hydrates
the organs
Represents 22%
of the bones Helps the bedy to
absorb nutrients
Protects and
lubricates the Represents 75%
joints of the muscles

Mxtration by Seth Larsow
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Water Balance skl )

Water input (Total = 1,450-2,800 ml)

liquids
(550-1,500 ml)

water created
by metabolism
(200-300 ml)

foods
(700-1,000 ml)

Water output (Total = 1,450-2,800 ml)

skin
(450-900 ml)

lungs (350 ml)

kidneys
(500-1,400 ml)

feces (150 ml)

[ 4

5
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Water balance

Metabolism
400

[ Food 500 ]

Crinking 1500

Faeces
[ 100 ]
Skin 400 }

Breathing
400

Urine 1500
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Food/g Resulting water/g

Lipid 1.07
Starch 0.50
Protein 0.42

Glucose 0.57
Sucrose 0.60

A¢



Structure slall 4l

elo 4 JS 3 (b monomers 2 g0 Al clall aa Y
h\jjj\d)\;u.chﬁ\;uuuﬁej\@cjkugchj@
u—mﬁﬂ‘ UAJJM‘ S u—*—*JJ-‘SN‘ T30 dany m)ﬁ-@‘

mjjm@\c\.h\)ﬂmu



Vapor state
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Hydrogen Bonding of Water

One H,0 molecule can
associate with 4
other H,0 molecules

e
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Crystal lattice of ice
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Ice: 4 H-bonds per water molecule
Water: 2.3 H-bonds per water molecule

e Wl 2



Water density

Water is most dense at 4°C

Water contracts as it cools to 4°C

As water cools from 4°C to freezing

0°C, it expands and become less dense due to
hydrogen bonding--therefore ice floats

Benefit to life

IﬁE - g M ;

Liquid water
Hydrogen bonds are stable Hydrogen bonds

constantly break and re-form

Copyright © Pearson Education, Ing., publishing as Benjamin Cummings.
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Water Content |1

Lettuce 96
. Asparagus 92
in Food 90 “lm Whole milk 87
Orange 86
80 Potato 80
Cottage cheese 79 Potato
80% water
70 -
§ Veal 66
g 60— Chicken 63
©
= Bread
Q50—
g0 mm Beef 47 36% water
a
40 -
Cheddar cheese 37
Bread 36
30— Butter
20% water
10 ™= Dry gelatin 13

1 -~ @ White sugar 0.5




Food

Moisture content (weight %)

Meat 65-75
Milk 87

Fruits, vegetables 70-90
Bread 35
Honey 20

Butter, margarine 16-18

Cereal flour 12-14
Coffee beans, roasted 5
Milk powder 4
Edible oil 0

q)

T Ll 3




wt% water

Water content of some food

e Water primary ingredient of many foods

— Present in small quantities in many
100 - others

90 - — O calories!
80 -

70 1
60 -
50 1
40
30 1
20 -
10 1

tomato
cabbage
beer
orange
milk
potato
chicken
cheese
honey
butter
rice
coffee
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Forms of water in foods
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Water activity
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A Pictorial Definition of Water Activity

Water

water above food

*HE

Y

P

pure water

Vapor pressure of Vapor pressure of
water from a food pure water
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Water activity
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Suitable a , for some microorganisms

Organism Minimum aw
Bacteria

Staphylococcus aureus 0.86
halophilic bacteria 0.75
0.78
Molds 0.69
0.61
0.83
0.70
Yeasts 0.80
| 0.62




Water dissolves polar compounds
il S el el Ja

el Chloride ion (CI7)
oride ion (Cl~-
molecules A’@ y

Sodium ion (Nat)

solvation shell @
or
hydration shell @?
*

8 2

Undissolved sodium chloride



Water dissolves polar compounds




I11.B.-4

Preserving Foods

* How to lower water activity?

— increase hydrophilic solutes

ham .
Preserves (jam)

— decrease moisture content (dehydration)

— freeze foods

—ice unavailable for degradation reactions

T Ll 3
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1- Sampling olde Y
2- Sample preservation 4=l lada
3- Sample preparation 4=l juasd



WATER DETERMINATION METHODS

AAY) Ay gk y Maal 5y

1. Drying methods Caiaill 330,k )

2. Distillation method ahadil] 48y Hla X

- o \ .~;‘ \_Y,,
3. Chemical methods Al (33l
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Calculation

W1-W2
Moisture (%) = --------------- x 100
(by weight) W1l-W
o sial¥1 o) il Jislaally (350 = W
ol 08 Aiall + Y] Galal el jalially 55l = WL
Adsaall dinll + o el Gaal el alialls ¢y 550 = w2
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Slow methods
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Quick methods
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Distillation Method uaaill 48,y
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DISTILLATION METHOD
Dean & stark &ty (s 44y 4k

<— Condenser  Solvent —»  Toluene

Cold water—» —/——

Refluxing & Water
Separation Method
| <4— Graduated Trap

Samples & Solvent
Heating Mantle
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CHEMICAL METHODS

Karl-Fisher method < J)\S 44y yh 450Lws) (33 Hlall

sl 3 ga 53 SO, alasinly 2 sll gla ) Gaaly culal Jeld ) 45y phall ol avis

Theory: 2H>0O + SO + I ™™™ H>SO4 + 2HI
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KARL FISHER METHOD
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KARL FISHER REACTIVE

Karl Fisher Reagent: Dissolve the lodine in the mixture of Pyridine, MeOH and
SO2.

Titrate 100 mg of H20 with Karl Fisher Reagent. If the 100 mg required
of 20 ml KF Reagent, what is the concentration of KF Reagent to titrate the
H207?

Calculated Concentration of K F Reagent = mg H20 / ml of
Reagent

% H20 = Concentration x ml Reagent / mg of Sample x 100
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Dielectric constant Method
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Refractometry JluSiV) (uliia 45, )l

Sine incident ray angle

T]:

Sine refracted ray angle

e Wl 2



shadow height is adjustable
via adjustment knob

before adding sample after adding sample
to refractometer to refractometer (ideal)
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Enzymes
® 4
i
-
Hormones

PROTEINS

Po~ |t \
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Antibodies
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cysteine

interchain
disulfide

oxidants bond
—_

-
reductants
intrachain
disulfide
bind
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Amino Acid Chains
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LINKING AMINO ACIDS INTO PEPTIDES and

PROTEINS
e Amino acids are
O H iInked by amide
H H ‘ ponds (also peptide
| C\ CR, :;)gds)- /5
P e <10 amino acids:
R,C N 4 ‘ peptides
‘ | COO |
H e More than 10 amino
"NH, acids: proteins

R, and R, are side chains of amino acids
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Peptide Bond

P
O - C-OH
C<OH H-N-C-H
HN- C-H R,
|:I{1 HQO dehydratlon
!
- O" H|C-0OH
peptide bond AN ¢ 4
HN- C-H R,
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B pleated sheet

Amino acid

subunits

Hydrogen bonds
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Hydrophobic
interactions and
van der Waals
interactions

Polypeptide
backbone

Disulfide bridge
o)



Amino Acid Chains

Liaison
ieonigue Liaison

hvdrogene
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Effet
hydrophobe

FPont
disulfure
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Quaternary structure O

- Structure that results from e |
the interaction among
polypeptides in a single protein
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Folding due to hydrophilic and
hydrophobic amino acids
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Hemoglobin

Hexokinase
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Amino Acid Substitution:
Sickle Cell Anemia

Polypeptide Hemoglobin Hemoglobin Red blood
shape shape arrangement cell shape

Normal Normal Individual
molecules

Altered Altered Long chains Sickle-shaped
of molecules

In sickle-cell anemia, a change of one amino acid
in hemoglobin causes a change in the shape and
function of the protein molecule. The shape of
the red blood cells is distotted.
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ESSENTIAL AMINO ACIDS

Histidine™*** Methionine™* (and Cysteine)
Isoleucine Phenylalanine** (and Tyrosine)
Leucine Threonine

Lysine Tryptophan

Valine

necessary for synthesis of cysteine
** necessary for synthesis of tyrosine
*** necessary only for infants

Dr. Lina Soubh



Amino Acids

IESSERGIRINAA NoRESSEREEIRAA
Histidine Alanine
Isoleucine Arginine
Leucine Asparagine
Lysine Aspartic Acid
Methionine Cysteine
Phenylalanine Glutamic acid
Threonine Glutamine
Tryptophan Glycine
Valine Proline
Serine
" IVrosine




AMINO ACIDS IN PROTEINS

e 1: Non polar aliphatic side chains o 3 Positively charged side

— alanine (Ala) chains

- glycine (Gly) — arginine (Arg)
- isoleucine (lle) — histidine (His)
- leucine (Leu) — lysine (Lys)
- methionine (Met)

— valine (Val)

e 4: Negatively charged side
e 2: Polar, not charged (hydrophilic) chains

side chains - aspartic acid (Asp)
— asparagine (Asp-NH,) - glutamic acid (Glu)
- cysteine (Cys)

— glutamine (Glu-NH,)
— proline (Pro)

- serine (Ser)

— threonine (Thr)

e 5: Aromatic side chains
- phenylalanine (Phe)
— tryptophan (Trp)
— tyrosine (Tyr)

Dr. Lina Soubh
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Nutrient density for protein

Low

Fats, oils, and sweets

Vegetables

Corn Bananas S

Bread, cereal, rice, | |

| Bread

and pasta g\’ _ _ Breakfast cereal

. Rice
Noodles

Dr. Lina Soubh
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Egg White Proteins

%
54
43
11 >
3.5

4

4

1.5
0.8
0.5
0.5

&
£0.50

Ovalbumine
Conalbumine
Ovomucoide
Lysozyme
Ovoglobuline G3
Ovoglobuline G2
Ovomucine
Flavoproteine
Ovoglycoproteine
Ovomacroglobuline

Ovoinhibiteur

~Avidine
Dr. Lina Soubh
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Homoproteins

— Yield only amino acids on hydrolysis and include
the following classes

* Albumins
* Globulins
* Collagens
* Fibrins

Dr. Lina Soubh



Heteroproteins

* Conjugated Proteins

— Contain an amino acid part combined with a non-protein
material such as a lipid, nucleic acid, or carbohydrate

— Some of the major conjugated proteins are as follows:
* Phospho proteins
* Lipoproteins
* Nucleoproteins
* Glyco proteins,
* Chromo proteins

Dr. Lina Soubh
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Denaturation of Proteins

Functional I

Heat/acid/alkaline/enzymes
Non-functional

Result in alteration of the protein’s three dimensional
Stru Ctu re Dr. Lina Soubh
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® DRI
- For adults: 0.8g/kg body weight/day
- Minimum: 10% Of total calories (< 35%)

- Athletes may need slightly more



g/ kg body weight

Protein Requirements by Age

2.5
2
M 0-6 mos
[06-12 mos
1.5 H1-3 yrs
[04-6 yrs
1 M 7-10 yrs
011-18 yrs*
O Adult*
0.5
0
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RDA for Protein

0.8 gm of protein / kg of healthy body weight

15410 0o
2.2 kg/lb

70 kg *- =56 g protein

Dr. Lina Soubh




Protein Deficiency

1- Kwashiorkor
2- Marasmus (PEM)

Dr. Lina Soubh



Kwashiorkor is a
condition resulting from
inadequate protein
intake.

Symptoms include
fatigue, edema, muscle
wasting ,liver
enlargement,

Dr. Lina Soubh

Normal

Kwashiorkor




Malnutrition/ Kwashiorkor

Dr. Liina Soubh
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Kwashiokor 4ajia i aUas

Normal

Kwashiorkor
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Marasmus
General Energy Deficiency
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Marasmus
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Kjeldahl Method.
Dye Binding Method.
Biuret Method.
Lowry Method.
Ultraviolet Method.



KJELDAHL NITROGEN
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KJELDAHL NITROGEN
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Kjeldahl Reactions
Protein + H,SO, > (NH,),SO, (Digestion)

NH,* + NaOH —>steam and heat—> NH;(g) + H,O
(Distillation)

NH, () + H;BO; = NH,*+ H,BO; (Trapped)

H,BO,”+ HCl - H,BO, (Titration)

Dr. Lina Soubh



KIELDAHL NITROGEN

Moles of HCl = moles NH3 = moles N in sample
Since most proteins contain 16% N, the factor 6.25
corrects to convert % N to % protein.

% N X 6.25 =% Protein or
% N /0.16 = % Protein

Deviations:
Wheat: 5.70; Milk: 6.38; Gelatin: 5.55

The higher the protein, the lower the “factor’,
therefore you need to use the right
correction/multiplication factor.

Dr. Lina Soubh



KJELDAHL NITROGEN

H H
| Al | e
H,M*-%C - C's H;N* -*C - C'®

| 0 | (]

CH, (CHy)

I I

CH, NH

I I

g C=HH,

I |

CH, MH,
Methionmne Arginine
(Met/ M) (Arg/ R)

The actual Nitrogen content of a protein is dependent on
the Nitrogen content of the individual amino acids.

Dr. Lina Soubh



More Conversion Factors

Whole wheat cereals = 5.83
Flour =5.70

Pasta =5.70

Bran =6.31

Rice =5.95

Nuts/Seeds = 5.46
Soya=5.71

Dr. Lina Soubh
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Tecator Kjeltec system for the determination of organic nitrogen. {

b

e
)

A\
\

Y
F)
ALY

N

Block digestor

Cooling tray Distillation unit Titrator
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Digestion Unit Distillation Unit
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Nessler Method

In place of titration with acid ammonia or nitrogen can be
quantitated by Nessler reagent. Orange color is resulted and

can be measured at A =380 nm.
Nessler reagent consist of mercuric iodide and potassium iodide)

Dr. |
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E = E, - 59.2 Log [NH,]
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Sl ,1 48 b Berthelot Reaction
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* =2630 nm

NH, + ,0CL+OH +,CHOH py :CL+ ,H,0
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4y o1 44,k Bjuret Method
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Measure the intensity of color at 540 nm.
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Biuret Method

Cupricions react with peptide bonds under alkaline
conditions

« (copper sulfate + K-Na-tartrate + alkali)

 Measure color in SPEC at 540 nm

H—N o H—N. N—H
H—FR _ r+—4+a,cz+ H—r—R
Cu
o—\ OH O—~__ .-~ ~—0
H;N H—N N—H

Purple biuret complex
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LOWRY METHOD (s_ s 43 )k
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- Lowry method

Basis Nitrogen and Cu (I1) ions
Under Alkaline

| NaOH
N + Cu (II) 2 SUN{Y > CU (1)

~

Dr. Lina Soubh
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Dye Binding Method § luall aa 45, )L

5 i H (g 4 e Tl n s

O (S Aaa e Adnd (gl (8 dalY) Cile ganall
Al Ay (4 sadia gluay ol

+

Hs
CH, H
(I:I_|2 Lysine (I:HZ_ Vi CI::@
CH, CH, NH,
:CHz » Icl) lé:Hz Arginine
H N CH
\H/C\ﬁ/ \?/C\ﬂ/ N

O (|3H
HG CH Histidine

N
Dr. Hha Soubh




Dye Binding Method
Acid Orange 12

XN-S0;5
HO_
7Py
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DYE BINDING METHOD

® Proteins will bind to certain types of dye. When
this binding occurs, the protein-dye complex will
precipitate.

® The unbound dye is then easily determined with
a spectrophotometer using a standard curve with
varying dye concentrations.

® Using the amount of dye initially added to the
protein solution, the amount of protein can be
calculated.

More Protein,
Less Color

Dr. Lina Soubh




Bradford assc;y—Cgohwass:ie Brilliant Blue

 Coomassie Brilliant Blue solution will directly bind to
specific amino acids and protein tertiary structures

* The dye's color changes from reddish-brown to blue
* Absorbance at 595 nm read.

Dr. Lina Soubh



Refractometer

s By holding the
nature of the
compound,
temperature, and
wavelength of light
constant, the
concentration of the
compound can be
determined by
measuring the
refractive index with
refractometer
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PROTEIN QUALITY
O gl 33 g

Methods for Evaluating Protein Quality of
Food Proteins
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Legumes

QGrains

Together

© 2008 Wadsworth - Thomson
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Les haricots sont déficients
en tryptophane et méthionine

Tryptophane | | Tryptophane
Methionine Nathionine
Valine .| Valine
Threonine Thl:éunine

P hénylalanine Phenylalanine
Leucine Leucine

s ofaucine | Isoleucine
Lysima - | Lysine

Le mais est deficient en
Isoleucine et lysine

6. Boubomais - Consommes ensemble, I'un apporte
' ce qui manque a l'autre et viceversa

Dr. Lina Soubh
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Imit Mino acid |

AAAAAAAA

Dr. Lina Soubh



Complementary Protein

Food 1 Food 2

CC CCCC

AAAA AA “
RRR RRR (CARICAR’
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Evaluating of protein quality

Protein digestibility
what proportion of the protein consumed
is digested?
There are several reasons for the limited
digestibility of certain proteins:
N absorbed
Protein digestibility = ——————————.

N intake

B Protein conformation
B Antinutritional factors

M Size and surface of the protein
particle

B Bound to metals, lipids, nucleic
acids, cellulose or other
polysaccharides, can be

partially limited in digestibility

Dr. Lina Soubh



METHODS FOR EVALUATING PROTEIN
QUALITY

Biologic value (BV)

protein utilisation (NPU)
Protein efficiency ratio (PER )
New methodology is

— Protein digestibility-corrected amino acid
score (PDCAAS)

Dr. Lina Soubh



* Biological value is a method using nitrogen
balance techniques to determine the amount
of absorbed nitrogen that is retained in the
body for repair and maintenance.

retained N
BY = e x 100
absorbed N

Dr. Lina Soubh



Net Protein Utilization (NPU)

* Net protein utilisation is based on a
combination of biologic value and the food
protein’s digestibility.

retained N
NPU = -3 - x 100
N-application

Dr. Lina Soubh



Protein efficiency ratio (PER

* Protein efficiency ratio (PER) is based on the
weight gain of a growing rat divided by its
intake of a particular food protein during the
test period

wt gain of test group + wt loss of basal diet group

Protein intake

Dr. Lina Soubh



Evaluating of protein quality

Chemical score

Chemical score =

g of limited amino acid in test protein

g of limited amino acid in reference protein



Protein digestibility-corrected
amino acid score ( PDCAAS )

* Protein digestibility-corrected amino acid score, or
PDCAAS, is a new, and potentially more accurate
method for evaluating the quality of food proteins. Itis
based on a food protein’s amino acid content, its true
digestibility, and its ability to supply indispensable
amino acids in amounts adequate to meet the amino
acid requirements of a 2- to 5-year old child, the age
group used as the standard.

% amino acid in test protein
AAS = o
% correspopding amino acid requirement



Protein source | Digestibility

Egg

Milk

Meat, Fish

Rice

Soybean

97 3.9
S 3.1
94 3.5
38 y
95 2.3
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Photosynthesis = sall s Al

Sun’s energy becomes part of glucose molecule

|

I~

energy

Carbon dioxide
Water —) (G| _UCOSE

Chlorophyll

6 CO, + 6 H,0 + energy (sun) —— CH,,O,+ 60O,

Dr.Lina Soubh



Nomenclature

Cn(HZO)n
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D-Glyceraldehyde
O

\\ I Aldehyde group
HO_ 'z
H' \
Vo

HO

D-Glyceraldehyde
(an aldose) S



Keto group

Dihydroxyacetone
HO

\CHZ
O —C/
\CH2
HO
Dihydroxyacetone

(a ketose)

a Soubh
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Carbohydrates - Classification

Monosaccharides Disaccharides Polysaccharides
Glucose Sucrose Starch
Galactose Maltose Glycogen
Fructose Lactose Cellulose

Ribose

Yy ¢ Dr.Lina Soubh



Common Carbohydrates
=

Lalaly) I
KPESA [P [ W EP P DS VR 3.8 slall
S cindl S Liagl ey ¢ lall
D 5ieSaall canl
2 519 galact 4l sl A (e (3140 D SSYW
Clall (8 S jaS
aS) sill a3 400Y AalS (e (313 5.5l
sl silll anly Liayl a2 fructus
o sla) cduall g aS)gall 8 as s,
ASIsll S sy s Sl

RNA 15 DNA ) a8 aa 5 PO
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S caiaiClassification

simple carbohydrats

Number of Carbons &St & aae

Tetrose
Pentose
Hexose
Heptose

According to Functional Groups
Al o) Ao ganall lags
-Aldoses
-Ketoses

Dr.Lina Soubh
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Classification

dilaiall SIS Holosides e

Oligosides — )
Polysides - ¥
3 laidll S Heterosides @

O — Heterosides — )
N — Heterosides — Y
C - Heterosides — ¥

S - Heterosides — ¢

Dr.Lina Soubh



Disaccharides

fructose glucose galactose?®
Three types of
monosaccharides Cl - .
. . . join together to ;”. | | ™
make three types of - \
disaccharides. o ¥ ¥ L
O o 9 F ¥
sSuUcCrose maltose lactose
(fructose—glucose) (glucose— (glucose—
glucose) galactose)

A note on the glucose symbol:
The glucose molecule is really a ring of 5
carbons and one oxygen plus a carbon “flag.”

carbons =
nxyrg-nn

For convenieance, in this and mhar lllua'lrutmnm
glucose is symbolized as |

&) 1393 Wiadswarth Publishing Company s ITP Dr.Lina Soubh



Maltose

CH,OH HOH,C

OH
OH OH

&> 4 S Reducing sugar  °

i JaeS aadicy Used sparingly as a mild sweetener e
sLall) dgala e Juanioy Obtained from starch hydrolysis  °
0-1,4 £ (e bl JeSsle Aaag e dilly o

YY) Dr.Lina Soubh



L actose

HOH,C

CH,OH

OH

OH OH

OH

calall o jaaa  Sources: milkse

4.5-4.8% In cow milk & 7% in human milk
Lactose stimulates intestinal ¢

adsorption & retention of calcium

YYY Dr.Lina Soubh



O3S0 Jead a2 |actose intolerance

» Lactose —» D-glucose + D-galactose
lactase (a B-galactosidase)
» Lactose — lactic acids
dalady Lol Cidal Ay g e Aa Pla 2 538U Juad aae
Sl b Jalaty | jatlita LSS 5o e Liida JgaS3U
Glad) J ol e 5 g Jlg) 9 Gl
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Sucrose

CH,OH

Non-reducing sugar g & S \
« Sweetener (s
 Energy source for human beings 4

)«3-9-“ Aic :@M A O
 Principal sources: sugar cane oA o on

2
& sugar beets
JM\J JSMM u.\mé 4l LA:HJ-“ JJMAJ\
§ Sl CH,OH

OH

OH
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STARCH ¢Laill

S shia¥l g 5 gliaY) e eLial) callsy o
O O 14J=u‘wcwyb-u)5-\l° Du—auﬂ-ﬂ J;LAY‘ .

Samy YO e ) Ye o 5l AL

Aliad LS ) o< glall las g (e IS Callly 105K shaY)
JES ) s lae a-1,6 Adaal yBasn g 1 0-VY S 8
Ll (i sbal) 66 13 e i
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CH,OH CH,OH CH,OH CH,OH CH,OH

Amylose

CH,OH CH,OH CH,OH

& & &

CH,OH CH,OH CH,OH CH,OH
0

Amylopectin

Amylose and amylopectin are the 2 forms of starch. Amylopectin
Is a highly branched structure, with branches occurring every 12
t6-30 residues Dr.Lina Soubh



Structures of some oligosaccharides

StarCh Cycloheptaamylose (a breakdown product of

useful in chromatographic separations)

&

L2 P

-

YYy Dr.Lina Soubh



Linear structures of cellulose and chitin
(2 most abundant polysaccharides)

Cellulose

W
O HO OH

&
[‘{JOH

) . I . - C=0
| f\*—r\{"{tl‘.}flgh1{"05:-111111‘1{‘. units |

CHj CHj,

YYA Dr.Lina Soubh
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Relative Sweetness of Sugars

)S\S.mﬂ davaill 3 gDl

)9 Sw Sucrose

58S 4e Glucose
)8 ¥ Fructose

558Y Lactose
—laial) S [nvert Sugar
H5l Maltose

Hs8SYle Galactose

100
74
174
16
126
32
32

Dr.Lina Soubh



CARBOHYDRATE
DETERMINATION

b Sl as

Dr.Lina Soubh



CARBOHYDRATE DETERMINATION

1. Monosaccharides and Oligosaccharides
A- Reducing mthods g _Y¥ @) sk
B - Polarimetry «Uadicy) .l
C. Enzymatic Methods 4w xY) (@il kil
1. Glucose oxidase
2. Hexokinase
D. Chromatography Method 4l ¢ sl s <) (&) yhall
1. Paper or thin layer chromatography
2. Gas chromatography
3. Liquid column chromatography
2. Polysaccharides

Dr.Lina Soubh
Yy



. CHEMICAL METHODS

ANTHRONE reacts primarily with hexoses e

djkmmebJJ\bﬁhLMM\\ “)SK “@u»—*-uds-wu;ﬂ\f‘d“—m
e.\'l\' A2 9@

Anthrone + carbohydrate + H,SO, = blue-green color

0, 3,5-DINITROSALICYLIC ACID reacts with reducing sugarsin alkalito e
form brown-red color that can be measured on a spec
coon by G5l JSal (o5l Jans g 8 Aaa pall HSISL) ae Ciliatiall imes 5 i g3 © (Y d.c\s.u

‘)AA\
Q.N OH
()  RESORCINOL (a phenol) reaction is primarily with ketoses to form a colored e

CH complex
3 h)&A‘J&MJ‘SMAM}AJSS\)SM\&AWJdS&UdWJJ}JML}QM

ORCINOL (a phenol) reacts with pentoses with 5X more color than hexoses e
HO “H Aol SIS pe alelil (pa ) pa ey 325 ST gl Apledll SIS pa J g 5 Jeliy

YY¢ Dr.Lina Soubh
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Molisch Test

The Molisch test is used to determine the presence of carbohydrates, regardless

of structure. The Molisch reagent provides the condensation reagent, a-naphthol in
alcohol. Concentrated sulfuric acid acts as the dehydrating reagent. It also serves as a
catalyst for the hydrolysis of di- and polysaccharides.

OH

a-naphthol

conc. H—C

H,S0, O a-naphthol

-2 H,0

ribose furfural
colorless
dehydration product

|

|
B8

L@
@
e

purple



Molisch test

Dr.Lina Soubh



Barfoed’s Test

Barfoed's reagent also uses the reduction of copper(ll) ion to red Cu,O as an
indication of a reducing sugar. However, it not as reactive as Benedict's reagent, and the

rate at which the red precipitate forms can be used to distinguish between mono-
saccharides and disaccharides. The appearance of red Cu,O within 2-3 minutes is a
positive test for a monosaccharide; disaccharides produce the precipitate in

approximately 10 minutes.

H )
o
"&C;’

H

+ 20U + 2H0 —— T + CuD + 4 H

YYV Dr.Lina Soubh



Barfoed’s Test

YYA Dr.Lina Soubh



Benedict’s Test

Benedict's reagent reacts with reducing sugars to form inorganic precipitates
which are readily detected by visual observation. In the reaction between a reducing
sugar and Benedict's reagent, copper(ll) ion is reduced to copper(l) by the aldehyde
functional group:

| Y\
(|3:O (|3:O

H—C—OH Cu?*/ OH H—C—OH
| (blue)

HO—(|3—H = HO—C—H + Cu,0O (red precipitate)

H—(|Z:—OH H—(|3—OH

H—{|3—OH H—(.F—OH
CH,OH CH,OH

glucose gluconic acid

The formation of a red to orange precipitate indicates the presence of a reducing sugair.

Yvya Dr.Lina Soubh



Benedict’s Test




Bial's Test

The ability of the hydroxy groups to undergo dehydration reactions allows for
identification of certain aldoses and ketoses. Concentrated acid is used to dehydrate the
sugars, which produce colorless dehydration products. These dehydration products then
react with a condensation reagent to form colored condensation products, which offer a

visual means of positive identification.

i

CH,OH

H conc. H—C
Hel O orcinol

m} \ / W blue condensation product
- 2
OH OH
ribose furfural

Bial's test is used to distinguish a pentose from a hexose structure.

Y Dr.Lina Soubh



Bial’s Test
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Seliwanoff Test

The Seliwanoff test differentiates between ketohexoses and aldohexoses. |t
also uses concentrated HCI for the dehydrating agent, but the condensation agent is
resorcinol. Ketohexoses are dehydrated to 5-hydroxymethylfurfural, which undergoes
condensation with resorcinol within two minutes to form a red-colored product.

CH,OH
’ CH,OH  cone. C=0
HCI resorcinol
H HO — = = red condensation product
H OH -2 H,0
OH H
fructose 5-hydroxymethylfurfural

Yéy Dr.Lina Soubh



Seliwanoff Test

|
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mono- or disaccharide
Barfoed's test
red ppt = 10 min red ppt. 2-3 min
r r
disaccharide monosaccharide
Benedict's test Bial's test
noppt. | red ppt. other colors | blue
Y
nonreducing reducing hexose pentose
disaccharide disaccharide Seliwanoffitest | ibose
( sucrose ) (lactose xylose )
maltose ) red other
ketohexose aldohexose
(fructose ) ( glucose, galactose )




Reducing mthods Principle
faela ) @ikl

2l ) adled Jslae 8 (uladll as o cliial Sl o e 5 plaall e ading
g\)ﬂ\ﬁéﬁy\ JA;;Y\ L;“‘\Aﬂ\

2Cuo+C6H1206 — > Cu20 +HCOO-(CHOH)M-CH2C

y ’

Red Glucoronic acid

\Ea! Dr.Lina Soubh
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Fehling’s Steeps

erlenmevyer |

ﬁ oA remplie de solution
~ \-—?

burette graduée

sucrée

¢

__Brains ¢ pierre ponce
,;‘r(ou barreau magnétique
/ sl agitateur magnétique
chauffant)

liqueur de Fehling

plaque chauffante
(ou agitateur
magnétique

chauffant)




J e oyl asy | uff -Schoorl

Cu SO, + 2 KI «——, K, SO, + Cul,

N

CUI 1
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ved

O) 4y 4k Bertrand Method

2 Cu> + 2 OH- + 2 électrons

|

Cu,0 + H,0

1

:. I"‘IH H‘.b.

Dr.Lina Soubh



Bertrand Method

Cu,0+ 2 H + 2Fe3*

2 Cu*+ H,0 + 2Fe>

n ( Cu+) =n ( Fe2+)

Dr.Lina Soubh
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Bertrand Method

50

Mnz+ 4 H,0O + 5 Fe?*

Dr.Lina Soubh
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Polarimetric Methodw—Uasiny!  pulisa 48y yh

Polarimetric methods

Optical rotation is the angle through which the vibrational plane of linear
polarisation of light is rotated when the polarised light passes through a solution
containing an optically active compound. Unless otherwise specified, the measure-
ment is carried out with sodium light on a layer 1 dm thick at a temperature of
20°C. |

The specific rotation (or specific rotatory power) measured using the sodium D
line can be expressed by the formula:

¢

Specific rotation at 20°C = [a]B = LQ_%%
where o = observed angular rotation: [ = length of tube in decimetres; ¢ =
concentration of solution in g/100 ml.

Yot Dr.Lina Soubh
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POLARIMETRY

Detection of Optical Activity

e Chiral molecules will rotate polarized light

« Degree of rotation detected using a polarimeter

random polarized length in angle
light light Lo
’_(“ ‘4” S‘;“‘L e N | "“,’\—'—;"—“'*if’, Ziucose ! .‘// ——Q-\—-—f——»i——w—",." ‘detect
e & sl S L s - ._o‘i‘ 1 "' .'"'-—-/'l' ' light
concentration ' ' .
. = ¢ g/ml tilted 1
polarizer C polarized an.’; yger
light (2n
polarizer)
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Reaction with

Opectficrotation~~ Melng  Fehling’s
Name Formula o]} point‘C solution
Mongsacchandes

Arabinose CsHinls HI0G-+1045 160 +
Dextrose CHils HI2-+ 57 146 t
Fructose CeHnll ~1302-- 924 (3 $
(alactose CeHinli 51 =+ 802 167 }
Mannose CeHilg - 1704 14 3 1

Dr.Lina Soubh



Reaction with

*Specific rotation Melting Fehling’s
Name Formula [a]B point °C solution
Disacchandes
Sucrose CHa0n + 6653 160 ~
Lactose
(anyhdrous) CiHz01 + 34:9—+ 554 252 ~
Lactose
(hydrated) CiHad0p, + 85:0—+ 52:6 203 +
Maltose
(hydrated) CiHaaln +111'7-+130-4 102 +

Yoq Dr.Lina Soubh



Gas Liquid Chromatography

Requirement: compounds must be volatile.
ke Sl 5S4 plall s allass

Sugars form Trimethylsilyl Ether:

e P

— O— Si —CH; CI—SIi— CH,
|
CH, CHj

Ether linkage Trimethyl chlorosilane

Dr.Lina Soubh



Derivation of Glucose with Trimethylchlorosilane

Dr.Lina Soubh



Enzymatic Methods 4w »Y) ()l

* Glucose measurement methods
DS stall dulae (83 ,h
* Most methods are enzymatic methods
— 3 enzyme systems are currently used to measure glucose:
* Glucose oxidase

» Glucose dehydrogenase
« Hexokinase

Dl sl L L) Ll (S S e 331kl 038 e Al
) S slall S 5 ae canliy AL S
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Glucose oxidase

Dye Colored Dye

H OZ H202 OH

= C=0
H——O0OH / H—+OH

HO——H Glucose Oxidase HO——H

i e (U5 H— OH
NS T H——OH

CH,0H CH,0H
D-Glucose D-Gluconic Acid

(An Aldonic Acid)




Glucose Oxidase System

Glucose Oxidase

D-Glucose + O, > Gluconic Acid + H,0,
Peroxidase
H,O,+ 0 - Dianisidine 2 H,0O + Oxidized 0-Dianisidine
(Colorless) (Brown)

, OCH; _,OCH,

CcO H3CO_
O — el

Y1¢ Dr.Lina Soubh



Hexokinase System

Hexokinase
Glucose + ATP > G-6-P + ADP

G-6-PDH
G-6-P + NADP* Gluconate - 6 - phosphate + NADPH + H+

—

NADP* . (Nicotinamide Adenine Dinucleotide Phosphate)

The amount of NADPH formed in this reaction is stoichiometric
with the amount of glucose.

NADPH iIs measured by its absorption at 334 nm.

Y40 Dr.Lina Soubh




Lactose

/ H20
beta-galactosidase

V

alactose + D-glucose

galactose dehydrogenase

galacturonic acid
365nm

Dr.Lina Soubh



*shide to know*

DE Values

DE = % reducing ends

reducing power of hydrolyzate x 100
reducing power of pure dextrose

Some example DE values:
starch DE =~ 0
maltodextrin DE < 20
corn syrups DE ~ 20-97 (42 DE 1s most common)
glucose DE = 100

YAy Dr.Lina Soubh



Ds_AaSall ¢ 8lSa 4 DE Value

zU) Adlall daa jall 3 gall g yiuSoall ¢ 84 dad (5 gl o
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*shide to know*

DE Values

DE = % reducing ends

= reducing power of hydrolyzate x 100
reducing power of pure dextrose

Some example DE values:
starch DE =~ 0
maltodextrin DE < 20
corn syrups DE ~ 20-97 (42 DE 1s most common)
glucose DE = 100

ubh



POLYSACCHARIDES Sl cilyae 3 jlaa

Al ol dray 3l 4 el AY ) Slaae 3 jlea (5 shatila 33l
5 A ) ») B
db 8= 4\\\.\3\ M\\}qﬂ d.d;_u‘\.c).x.m

Starch
1. Amylose + |- — Blue complex

gl

2.Amylopectin + |- —, Reddish color.
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Digtary Fiber
A NN
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Definition of Fiber
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Relationship Between Plant Cell Wall and Dietary
Fiber

Protein

Lipids

Inorganic constituents
Lignin (hon-CHO) Al AAl jaa
Cellulose
Hemicellulose

Pectins

ity Gums

4013 Mucilages

Algal Polysaccharides
Plant Cell Wall

Dietary
fiber



Celld
Wall

Cell Content
Protein
Sugar
Fats
Starch
Pectins

Primary

Wall

Secondary

-——Hemicellulose

+«—— Lignin
= Cellulose

ADF

Wall

. NDF

Prof. Zaid Alassaf



Plasma Secondary Wall Primary
Membrane 83 S2 S1 wall Middle
b 4 G lamella

Cell wall
bound
peroxdase,
‘accass,

{F-glucosiiase?)

Lgnin rich in
Lignin rich in coniferyl aleshal p<oumaryl alcoho!
and sinapy! alcohol

Jlionin M Pectin (@ Cellulose AU Hemicellulose



JSl) =adll 98 Le What is @ Whole Grain?

Bran sl ..f';__:';’J}'_'I:il';|li';"lll"|i*.r':“¥f~_'"}%'.
= B-vitamins, trace minerals i

* Fiber
Endosperm sl sl

" Protein & carbohydrates o -

= Vitamins, trace minerals ook |
Germ ac |

= B-vitamins, vitamin E

* Trace minerals

* Protein




Fiber amounts in different whole cereal grains
Coeall Calise 8 dtall LYY laia

Fiber per 100 g of grain

72 wheat 12 g
(U s oats 10.6 g
33 corn 73¢g

& 5 ¥ brown rice 3.5¢
sl =adll refined wheat <2 g
oany) Y whiterice <2g



<L ¢ 55l Types of Fiber
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Types of Fiber

3
= &=a

Y\ ANy N /) 3 [ ¥

Some Pectin [ | Gums | | B-glucans Lignin | | Cellulose | | Some
hemicelluloses hemicelluloses




pectin

0
I

0
OH OH
OH I OH
0 0 0
OH OH OH OH
0 0 0 0
OH
[ OH "
0 0

OH

Pectin {polygalacturonic acid)



CH,OH
0

H/h

OH H

H OH

H OH
OH H
H

0

Glucan

CH,OH
O
H/h
OH H



CH,OH

OH
Hﬂ% 0
HO

OH

Non-reducing end

CH,OH
L

[ cHoH

EHIU H
HO OH

OH

n-2
Reducing end

Sometimes shown as

4]
CH,OH

Cellulose



Ly O 7 OH o &
O cno A 7 N 4 CH,0
HO /}/K/\DH — 0 Oy
— CH,0 7N oH

Lignin: some possible structures CH,0




types of fiber
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Soluble fiber can be found
in foods such as oatbran,
barley, nuts, seeds, beans,
lentils, fruits (citrus,
apples), strawberries and
many vegetables

Soluble fiber
sources

YAS

Insoluble fiber is found
in foods such as whole
wheat and whole grain
products, vegetables,
and wheat bran

Insoluble fiber ¢/ bm \
sources ::\G




Form and Fiber Content

UAMJJ‘JSAM DMUM\ u\j\)aﬂ‘jﬁ\)ﬂ\ ngm
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inlde cliladS Gl Fiber as Additives

* Algenes oLV

* Carrageen wlu=>l,ll

* Carob Gum g, oo
* GuarGum lg2ll gowo
« Xanthin Gum il &owo



aiaall jsllaad) e
Cellulose Derivations

Carboxy methyl cellulose
Hydroxy -propyl cellulose
Methyl cellulose

Methyl —ethyl cellulose

CMC
HPC
MC
MEC



Daily Recommendations of Dietary Fiber
Needed” by Age/Gender

Females Males Children
Grams Years Grams Years Years Grams
26 9-18 31 9-13 19 1-3
25 19-50 38 14-50 25 4-8
21 51+ 30 51+

*Recommendations, in grams, are based on

Estimated Average Reguirements (EARS).




Protgin Pepide
o0oCO —>» OO

Dextrin Oligesacchaide
AAAAA — AA

Bio 3ran Bio Bran

- — .

Dietary Fibar Dietary Fiber
> O]

|

Stomach vess

activation

/\/\J\/\J s‘?:tl:;stine /

~ N
\' nutritive
F I o

elemanis

NK Cell

macrcphage



LT e 4 pall cillaall
Transformation of Polysaccharides

Poly saccharides

¢

Oligosaccharides —— B H2

H2
e
Pyruvate
CH3COCOO
+ PH %
e,
Y CO2
H2 CO2 formate Actyl - Co A Lactate \ /
7 L \ gy C3HS03 o succinaté
CH4 Butyrate \ /

'Acotate Propionate



fiber-metal Interaction
LY g palaad) o Jadadll

pH= 6
VFA

pH Low pabaial 324 5



Factors affecting fiber-metal interaction
LIV g alaall 3N 85 el Jal sl

Phytic Acid <lisll  yaes
Heat treatment ) all dallzall
Non-fermented bread <3l pe 3l
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Factors affecting the fermentation

saddll dlee 353 5al) Jal gl

—alll =0k The nature of fibere®

el dalemy 2 988 Sl G Y Bacteria fermentede
JS&l Shape e

Aalladll Processore
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Transformation of Polysaccharides

.




Transformation of Polysaccharides
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Fiber > 30 g per day reduced the risk of four times
15-30 g Soluble fiber a day reduce cholesterol 17%

40 to 50 g / day, non Soluble fiber on an empty stomach
decreases triglycerides about 20%




Mechanism of fiber in reducing cholesterol

Foods rich in soluble
fibers lower blood
cholesterol by binding
with cholesterol-
containing bile and
carrying it out with the
feces

4 Gallbladder
stores bile

1.
Liver uses blood X

cholesterol to
Intestine: bile

make bile
aids digestion;

ﬁ binds to fiber

5.
A little cholesterol
in bile reabsorbed
into the blood

Fiber and bile
excreted in
feces

A. High-fiber diet

© 2006 Wadsworth - Thomson
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fiber Increase fecal mass
20 g / day

Fiber bran 20%
Cabbages fiber 40%
Apple fibers 59%

Guar gum 127 %
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Dietary Fiber
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Sample Preparation and Analysis

Lipid removal

|

Protein removal

|

Fiber analysis

Starch removal

Selective precipitation of
fibers




DETERMINATION

Calibration based on the resistance of the fiber
under the influence of reagent rehydration
Scheffer and burning in the heat of
Incineration.

Scheffer detector

Aoy 1Y) AL Sl (e Yoy Hind CallS aladial (Say

73 g acetic acid glacial+ 10 ml distilled water + 6 ml
concentrated Nitric acid + 2.4 g acetic trichloro acid




Moderation in Excessive fiber intake
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Toxicity symptoms:

Fluid W
imbalance
~ y €

Dehydration |




Interaction with other
nutrients (Minerals)

Mineral Bioavailability:

Diets rich in fibers may alter mineral metabolism , especially

\When phytate is present Fibers may reduce the bioavailability
of minerals such as:

311




~ Lipids
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auwdll cavia’  Lipid Classification




Functions of Body Fat
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The Functions of Fat in Food
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Food Sources of Lipids
anaall 4350301 yalaal

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Nutrient density for fats

o [Pt

Vegetables ‘French-fried Fruit pies
— potatoes Avocados

Crackers '

Cookies
Cakes
Pasta dishes with added fat

Dr.Lina Soubh

Fruit
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Classification of fatty acids
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The Length of the Carbon Chain

Short-chain Fatty Acid
E—oH ) (less than 6 carbons)

(o) Medium-chain Fatty Acid
R gt (6-10 carbons)

fatty acid
more carbons)

R Long-chain Fatty Acid

C C
\C/ \C/ \C/ \C/ N / \C/ \

clieieofoeic—oi (12 or more carbons)
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The Degree of Unsaturation
Saturated Fatty Acid

n=4 butyric acid n = 14 myristic acid
n=6 caproicacid n =16 palmitic acid
n=8 caprylic acid n= 18 stearic acid

n=10 capric acid n =20 arachidic

AW n= 22 behenic acid
n =12 lauric acid

Dr.Lina Soubh ariYe
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Saturated Fatty Acids

Common Systematic Formula Common source
Name Name
Butyric Butanoic CH;(CH,),COOH butterfat
Caproic Hexanoic CH;5(CH,),COOH butterfat, coconut, palm nut oils
Caprylic Octanoic CH;5(CH,)¢COOH Coconut, palm, nut oils, butterfat
Capric Decanoic CH5(CH,)3COOH Coconut, palm, nut oils,
butterfat
Lauric Dodecanoic CH;5(CH,),,COOH Coconut, palm, nut oils,
butterfat
Myristic  Tetradecanoic CH5(CH,),,COOH Coconut, palm, nut oil, animal
fats
Palmitic  Hexadecanoic CH5(CH,),,COO0OH practically all animal, plant fats
Stearic  Octadecanoic CH5(CH,),,COOH animal fat, plant fats
Arachidic Eicosanoic CH;5(CH,),sCOOH peanut oil

Dr.Lina Soubh a YO LO/LY YAy



Saturated Fatty Acids

All single bonds between carbons

N
T—O—

S Ly

o[+ X[Y XY

n‘k:\‘o .
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Monounsaturated Fatty Acid
(MUFA)

One carbon-carbon double bond

o[ Y[V XY

n‘k:\‘o .

(h
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Polyunsaturated Fatty Acid
(PUFA)

More than one carbon-carbon double bond

o i

o[ Y[V XY

~T:V° .

(ﬁ
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Location of Double Bonds

e PUFA are identified by position of the double bond nearest
the methyl end (CH,) of the carbon chain; this is described as
a omega number;

e If PUFA has first double bond 3 carbons away from the
methyl end=omega 3 FA

® 6 carbons from methyl end=omega 6 FA



Omega carbon

H E
3 _0O—
HAé\g__,.—P’ _--hh'“-w""#_ H,___.a-"f._ e *—hh_u___.a-"—'“ﬂ-uw_.#"!"h-__h___.-#"’ H
Acid end
Methyl end

Linolenic acid, an omega-3 fatty acid

Omega carbon

O
H
H ’“mu_.--"'“'-hh_w____,-f”E:"m_hw_#.-ﬂ‘:“m_ﬁd_f,-f’”m‘_ﬂ__r,-f’“'-ﬂh__f“mhwfc_ﬂ_H
Hi Acid end

Methyl end
Linoleic acid, an omega-6 fatty acid

1333 WMiad=worth Publizhing I:Dmpam'r'”TFDr.Lina Soubh L TYe Lo/ XY YT



Cis and Trans Fatty Acids

Cis-fatty acid: H’s on same side of the double bond; fold into
a U-like formation; naturally occurring;
Trans-fatty acid: H’s on opposite side of double bond; more
linear; occur in partially hydrogenated foods;

g~ and frans-Fatty Acids Compared

Wanufacturers rarely use total hydrogenation; most often a fat is partially hydrogenated,
g a trans-monounsaturated fatty acid. This example shows the cis configuration for
s *2-carbon monounsaturated fatty acid (oleic acid) and its corresponding trans configu-
e (elaidic acid).

. Dr.Lina Soubh . Y0 40/ Y/Y LYY
cis-fatty acid I * trans-fatty acid g
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H1 H
| ,G=0x |

Trans form (straighter)
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Trans FA

Vaccenic acid (C18:1, Trans 11) o7

/\/\/\%’\/\/\/\/\/U\OH



Oleic acid (18:1;9)

Dr.Lina Soubh

Elaidic acid (18:1:9)



Special fatty acid

OH

HDDE\W\)\N\/

ricincleic acid

sterculic acid
Dr.Lin ubh



Erucic acid (C22:1)



Fatty Acids Melting Points and Solubility

in Water
elallh DY) leaad’y) ddais

O] adass

i) ddass

H,0 & 45y

aidll (aaal) Ladu J s

Dr.Lina Soubh a YO LO/LY YAy



Common Fatty Acids
Axilal) daudll a gaall

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

TABLE 171 Common Saturated and Unsaturated Fatty Acids

Capric Decanoic 32 CyH,,COOH CH4(CH,):COOH
Lauric Dodecanoic 44 C;;H,;COOH CH,(CH,),;COOH
Myristic Tetradecanoic 54 C,;H,,COOH CH,(CH,),,COOH
Palmitic Hexadecanoic 63 C,sH;,COOH CH,(CH,),,COOH
Stearic Octadecanoic 70 C,;HsCOOH CH,(CH,),,COOH
Arachidic Eicosanoic 77 CsH,COOH CH(CH,);sCOOH

Palmitoleic cis-9-Hexadecenoic 0 C,sH,COOH 1 9

Oleic cis-9-Octadecenoic 16 C,;H:sCOOH 1 9

Linoleic cis,cis-9,12-Octadecadienoic 5 C,;H,,COOH 2 9,12
Linolenic All ¢is-9,12,15-Octadecatrienoic -11 C,;7H»xCOOH 3 9,12,15
Arachidonic All cis-5,8,11,14-Eicosatetraenoic -50 C,oH;,COOH 4 58,11,14

Palmitoleic CH,(CH,)s;CH=CH(CH,),COOH

Oleic CH,(CH,),CH=CH(CH,),COOH
Linoleic CH,(CH,),CH=CH—CH,—CH=CH(CH,),COOH
Linolenic CH.CH,CH=CH—CH,—CH=CH—CH,—CH=CH(CH,),COOH

Arachidonic CH,(CH,),CH=CH—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—(CH,);COOH



Characteristics of Fatty Acids

Fatty Acids M.P.(C) mg/100 ml in H20*
C4 At E
C6 -4 970
C8 16 75
C10 31 6
C12 44 0.55
C14 54 0.18
C16 63 0.08
C18 70 0.04

* Solubility

Dr.Lin ubh VY



Effects of Double Bonds on the Melting

Points

Jleai¥) da 0 8 dieliadd) Jad 1) il

F. A. M. P. (C)
16:0 60
18:0 63
18:1 16
18:2 -5
18:3 -11
20:0 75
20:4 -50

dMP.

# Double bonds

«YY



Temperature (°C)

Melting Points of Fatty AC|ds

90 -
80
0=
60 —

0=

0=

—10:=

=20

Copynghl © The McGraw Hill Compames Inc. Permission reqwred for reproducuon or dlsplay

Saturated fatty acids ~—— Stearic acid

Room tem perature

@®-<—— Qleic acid (1 double bond)

®-<——— Linoleic acid (2 double bonds)
®-<—— Linolenic acid (3 double bonds)

T T T T T T T T T T ]
4 6 8 =10 12" I4F 16™SI8T 20 22494
Number of carbon atoms



Fatty Acids Nomenclature

dxdiall danall = seall Saturated Fatty Acids

O

8 / 6 S 4 3 %: il
CH3_ CHZ_ CHZ_ CHZ_ CH2_ CHZ_ H2 C —OH

Octanoic Acid

Dr.Lina Soubh a v YO Lo/ Y YAy



Fatty Acids Nomenclature

dapliall pe deuall = seall Unsaturated Fatty Acids

O
8 7/ 6 5 4 3 % 1II
CH3 CH2 CH2 CH2 CH —_— CH H2 _OH

3 - Octenoic Acid

O
8 7 6 5 4 3 % 1II
CH3 CH2— CH2 CH2 CHP —CH H2 _OH

3, 6 — Octadienoic Acid

Short hand: 8:1 (A3)
8:2 (A3,6)

Dr.Lina Soubh a Yo o/ Y/YavY



Fatty Acids Nomenclature

Cis and Trans Fatty Acids

L [} P
CH3(CH2)7_ C=G=" (CH2)7_ C—OH
10 9

Cis 9 - Octadecenoic Acid (oleic)
H
| 7
CH3(CH2)7_ C—(I: (CH2)7_ C_OH
H

Trans 9 - Octadecenoic Acid (elaidic acid)

Dr.Lina Soubh a Yo o/ Y/YavY



polyunsaturated

* Trienoic acids (3 double bonds)

* 18:3; 6,9,12 6 : y-linolenic acid (all cis- 6,9,12-
octadecatrienoic acid)

* 18:3;9,12,15 ®3 : a-linolenic acid (all-cis-9,12,15-
octadecatrienoic acid)

* Tetraenoic acids (4 double bonds)

* 20:4; 5,8,11,14 6 : arachidonic acid (all-cis-
5,8,11,14-eicosatetraenoic acid)

Dr.Lina Soubh a v YO Lo/ Y YAy



polyunsaturated

* Pentaenoic acid (5 double bonds)

* 20:5;5,8,11,14,17 ®3: timnodonic acid or EPA (all-
cis 5,8,11,14,17-eicosapentaenoic acid)*

* Hexaenoic acid (6 double bonds)

« 22:6;4,7,10,13,16,19 ®3: cervonic acid or DHA
(all-cis-4,7,10,13,16,19-docosahexaenoic acid)*

Dr.Lina Soubh a v YO Lo/ Y YAy



Essential Fatty Acids (EFA)
AslaY) dawall a gaall

® Omega-3:

- Eicosopentaenoic acid (EPA)

- Docosahexaenoic acid (DHA)
- Alpha-linolenic acid (ALA)

FISH

e flaxseed-most, canola (rapeseed), soybean, walnut,

wheat germ

gl and ) Osall dhsall Cyy ccalll o2y Cuyy QUESI ) 5

® Omega-6

- corn, safflower, cottonseed, sesame, sunflower

u.AA.uM )UJ ce...m.uj\ cu.bsj\ )55.3 U‘)S‘:JM c'BJM\

- Linoleic acid

«YY






o — Linolenic acid

5,8,11,14, 17
eicosapentaenoi

4,7 ,10,13 16 19
docosahexaenoic

Dr.Lina Soubh
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v -Linolenic acid

jicide arachidonique

C18:2,n-6

Acide dihomo y-linolenique

Dr.Lina Soubh



Structures of |/
Prostaglandii

OH
OH
'; COOH
m
OH OH
Prostaelandin |
0
COOH
OH OH
Pri I
OH
COOH
/
i
Dr.Lina Soubh OH OH o[ /Y XY

Prostaglandin |



Your body cannot form Your body can form

C=C double bonds C=C double bonds
before the 9th carbon after the 9th carbon
- 9 .
Omega-3 L .3 6 2 (|.I)
H -
)
R . . 1
Fatty acids with double — tiroemgacd :
bonds before : O
the 9th carbon are AR 9 Il
ESSENTIAL : = = C—OH
Omega-6 H :
L= 1
Linoleic acid :
:
= !
H ! O
o 3 | : I
Fatty acids with no H—C = C—0OH
double bonds before ' :
the 9th carbon are - H
NONESSENTIAL Oleic acid

Dr.Lina Soubh a Yo o/ Y/YAYY




Essential Fatty Acid Deficiency

Lala) danall a geadl 3 gad AS0SISH ial je Y1 panals
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Other fatty acids

C18:1(9) (FsoAl Lsh cu3) gy ) yaen o

OH

(bl Hsh Cy )l oS) il 5 clallal) (aea P

(130580 3) s s 1Y) e P>

Dr.Lin



3 yunlall GLSYE Triglycerides

Glycerol "backbone" is
a water-soluble

alcohol

o
| o
T o
| o
R o

Glycerol + 3 Fatty Acids

Fatty Acids are chains of carbon atoms with
a methyl (-CH;) group at one end and a
carboxylic acid (-COOH) group at the other

\ / H
| ¥ | T

; 0
condensation | T
reaction | o

T

I
H

Triglyceride + 3 water molecules

Structures linked by ester bonds (R-COOR") and water is released

Dr.Lina Soubh a YO LO/LY YAy




Triglycerides

I H,C—O— '(c'):— R
HaC—OH HO— g— R 0
H<|3—OH b g —»  HC—-0-C-—R + 3 H,0
H,C—OH 0
o H,C—O0—C—R



Sl sa 8l Phospholipids
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0 ¢H  From2

__ fatty acids
7
Ir‘
Q H
. e N N N o N N N
H-C-0 b »él: H
H
H H Hﬂ ____.The plus charge on the N is
. —  balanced by a negative ion—
H-G-0 g—'}ﬂf—ff- ' usually chioride.
| " ﬂ&m P a HE ~——From choline
I “,
| S

From glycerol From phosphate
(211999 Wiadswarth Publishing Company /TP
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Phospholipids

Structure 4l
Glycerol + 2 fatty acids + phosphate group

Food sources 4xlaall Cilanl gi sall jalias

Egg yolks, liver, soybeans, peanuts

3 pudl Tl el guall J g ) ¢yl lina
Lecithin is a common phospholipid
Often used as an emulsifier in foods such as

margarine, chocolate & salad dressings
eyl (A latieS aadiin ool gau gal) dlia) jedl (he Guienll)
el Bt g Y S gl ooy LS




Phospholipids as emulsifier

w 3Cer

fretanasanterennatenarantene .
wmummﬂg&wwmmif?f

Wi

planar bilayer
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Dol gx el

Single sugar residue Oligosaccharide residue

HO OH HO OH

_ . HO 11+ HO 1+
[e] o N\ N
Sphingosine backbone o On./

g/ *p o OH o o}
’ / o 4 o ]
o o \OH
NH=— '\ NH=— H o
0= OH __l+ o= B OH
N—ou HoN \0_‘ }
R | R S l ‘
—— Phosphoethanolamine o OH v —
Fally_ac\d Phosphocholine group \ OH ole NH
residue group
o] —m OH OH
< “oH
(o]
' Sialic acid
»\OH
O
( [ o
OH
Sphingosine A Ceramide A Sphingomyelin A Sphingomyelin A Cerebroside A Ganglioside
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I1.A.i.-17

Other Lipids
* Terpenes/Terpenoids Examples
Consist of isoprene units Essential oils: J\
H e.g. limonene - ‘f ““l
C - C ~ CH3 H pirlene e
H-~ ~H Carotenes Z
. ) CH,
e Steroids Derivatives of Cholesterol /
four-member fused ring H,C_[CHCH,CH,CH
compound o H,C 'l?H CH,
3

h e
- -

HO~
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Sterols: Cholesterol

(e IS dmplla a8 g yiud S])
:\.:;n.\.\j‘ L\\A}_AJ@J\

1 DUULLULLy VHUILDLLIUL 1 LU THUSL CULTITIULIY ULLULLLEE SILLUL 1L UUL UL, D . 1 PO 4 S ‘
w o4

4 gl A (<) bl il o

C

| \c%
%%c

r a) Sterol ring structure (b) Cholesterol
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Sterols
Cholesterol T
H,c_ CH,CH,CH,CH \ . o
g,c $H CH, S

S "

O
I I -,J_,-""\-\.H“_-..___‘.L
P AV Ve VAT T AWl W Ve el

Sitostanol
— derived from sitosterol (plant sterol)

— saturated at C5 (hydrogenated)
— esterified using rapeseed oil



Cholestrol Sources

AL i o il

Eggs
(egg yolk)
42%

Meats 36%

Milk and milk
ucts 15%

Fats 5%

ﬂ

Dr.Lina Soubh a Yo o/ Y/Y Y
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O
Il
C3OH61 O—C C15H31

Beeswax (myricyl palmitate)
\ ?
Spermaceti (cetyl palmitate) Dr.uha@f@H%— O—C— C15H:3e1 o[+ Y/Y XY




Complex Lipids
A yall sl

Complex lipids are those bonded to other types of
molecules

Lipoproteins
Molecular complexes found in blood plasma

Contain:
- Neutral lipid core of cholesterol esters and/or TAGs
Surrounded by a layer of:
- Phospholopid
- Cholesterol
- Protein

Classes: chylomicrons, VLDL, LDL, HDL

Dr.Lin ubh

oYY



Major Classes of Lipoproteins

- Chylomicrons: 4w sL&l (33lanl)
Very large and very low density
Transport intestine—>adipose

- VLDL:
Made in liver
Transport lipids to tissues
- LDL: carry cholesterol to tissues

- HDL:
Made in liver
Scavenge excess cholesterol esters
“Good cholesterol”
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Relative Composition of Lipoproteins

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Chylomicron Low density lipoprotein

Phospholipid (4%) (LDL) Phospholipid (20%
Triglyceride (90%) Triglyceride (10%
Cholesterol (5%) Cholesterol (45%)
Protein (1%) Protein (25%)
(‘33)'3' density lipoprotein \ N— High density lipoprotein S
ospholipid (18%) (HDL) Phospholipid (30%
Triglyceride (60%)

Triglyceride (5%)
Cholesterol (14%)
Cholesterol (209%)

Protein (8%
ein ) Protein (45%)
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Chemical Reactions of Fatty Acids
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Fatty Acid Hydrolysis
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Saponification
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Saponification Value

Definition : mgs of KOH required to saponify 1 g of fat

‘ :Large molecular triacylglycerols @ - Small molecular triacylglycerols




Saponification Problems
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lodine Value 2 sl 4.8

—CH=CH — + ICI —— —CH-CH —
lodine chloride Cl I

Excess unreacted ICI

ICl + KI — KClI + |,

> + 2Na,S,0; ——» Na,S,0, + 2Nal

(ml of Na,S,0; volume for blank - ml of Na,S,0,
volume for sample) x N of Na,S,0, x 0.127g/meq x 100

lodine Value =
odine Valu Weight of Sample (g)



lodine Numbers of Triglycerides

Acids # of Double-bonds lodine #
Palmitoleic Acid 1 95
Oleic Acid 1 86
Linoleic Acid 2 173
Linolenic 3 261

Arachidonic Acid 4 320



Characterisation of lipid (triacylglycerides)-
general tests used on refined fats and oils

e Refractive index

— Rl decreases as fat saturation increases during

hydrogenation
e 20-25°C for oils and 40°C for fats

* Melting point

— slip melting point
e temperature at which a column of fat moves
(‘slips’) in an open capillary tube when heated
e decreases with increase unsaturation level
— dropping melting point

 at appropriate temperature, sample flows through
a 0.11” hole in sample cup




Characterisation of lipid (triacylglycerides)-
general tests used on refined fats and oils

* Smoke point

— temperature at which fat begins to smoke
— frying oils should have smoke points above 200°C

* Flash point

— temperature of flash (ignition) on surface of the
sample (test flame @ 5°C intervals)

— contamination by free fatty acids and residual solvents
will lower these points



Characterisation of lipid (triacylglycerides)-
Solid Fat Index (SFI) & Solid Fat Content (SFC) (cont)

e SFI% = fat solid volume

volume between upper and lower line
liquid

Solid at
temperature t

liquid at
temperature

Fat Volume or Heat

Temperature



Characterisation of lipid (triacylglycerides)-
general tests used on refined fats and oils

e Colour

— Lovibond method; colour visually compared to yellow
and red colour standards

— Spectophotmetric method;

* sample placed in Cuvette at temperature of 25-30°C

e absorbance read at four wavelengths and Photometric colour
index measured =

1.29 (Azgo) + 69.7 (Agso) +41.2 (Agyo) — 56.4 (Agyo)



Oil colour

Almond oil

Palm oil

Sunflower oil

-3 0live oil
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The Reichert-Meissl value 1s the number of mullilitres of 0.1N aqueous sodmum
hydroxide solution requwed to neutralise steam volatile water soluble fatty acids

distilled from S5g of an oil/fat under the prescribed conditions. It 15 a measure of water

soluble steam volatile fatty acids chiefly butyric and caproic acids present m o1l or fat.
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The Polenske wvalue 1s the number of muililiters of 0.1IN aqueous alkal solution
required to neutralise steam volatile water msoluble fatty acids distilled from 5g of
the oil/fat under the prescribed conditions. It s a measure of the steam volatile and
water msoluble fatty acids, chiefly caprylic, capric and lauric acids present m oil or

fat.
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Saturated MUFA Smoking

fatty acids point
Linolenic Linoleic
Acid Acid

Canola 7.365 63.267 13.486 1 12.5 204°C
Coconut 91.000 6.000 3.000 2 177 C
Corn 12.948 27.576 | 54.677 1 58 233C
Linseed 7.500 15.500 | 79.000 64 15 107 C
Olive 14.000 72.000 14.000 1.5 15 193°C
Palm 49.300 37.000 9.300 10 235C
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SOXHLET Extraction
Fat Analysis
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SOXHLET EXTRACTOR

L,
condenser
iy
thimble siphon
sample arm

solvent
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Condenser

Overflow Arm

Maximum Solvent
Capacity Level

Soxhlet Fat Extractor
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Fat Analysis
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“Evaporate the solvent in the dish on
the electric hot plate at < 100°C in a
hood.”
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GERBER METHOD _» > 44 yh
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After adding

sulfuric acid
Before adding ‘L

sulfuric acid // \\\‘\
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Fat Analysis (Gas Chromatography)
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Gas Chromatography
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cyclopropane acids
Lactobacillic acid
CH >

N\
CHJ(Cﬂz)scHCH(C}Iz)gCOOH
lactobacillic acid

i
P N
CHL(CH.)»C — C(CP2).COO

3 72 = 6 malvalic acad

@ _r — 7 sterculic acid
| [ >(Cg).COOH
O -~ 10 hydnocarpic acid (C;g)

12 chaulmoognc (Cg)
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Red colored compound
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Hydrogenation

Adglition of hydrogen across double bonds

R e N e e N NP

H H
saturated | |
R -C-C- R
R N i = |
™~ e H, | ¥ H H
- C=C_ - C-C H
H C . N N C C/ i
. : “ ’ = ~__
¢S catalyst R — H
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0w H 0
H* HY
H—g*"“f‘“w“w—mmﬂm#é-ﬂ-H H-#”"‘“””‘“’“”"**"w-x,ﬁi 0-H
f !
Polyunsaturated Hydrogenated (saturated)
fatty acid fatty acid

Double bonds carry a slightly negative charge and
readily accept positively charged hydrogen atoms,
creating a saturated fatty acid.

1333 Wiadsworth Publishing Compariy! TP
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Trans-Fatty Acids
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Sources of Trans fatty acids




Hydrogenation: Products

trienes @ dienes monoenes

S
(3 double bonds) (2 double bonds)

e reaction A > reaction B >> reaction C

Produces triglycerides with higher
melting points

- liquid = semi-solid

- Useful in margarine, peanut
butter, baked goods, etc.

- Also reduces oxidation

e Termed partially hydrogenated fats
or oils on ingredient lists

(1 double bonds)

fully saturated

(all single bonds)

margarine
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Free fatty acids

P
hydrolysis O O
0
rE—x ) P ;
H,0 +

OH —— OH

OH + [ OH

OH - OH

H,0

& Modify
esterification nutritional and
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processing of fats

 Refining:

removing undesirable components (gums,
lipoproteins, aldehydes, ketones, lecithin

- Degumming & Neutralization

- Bleaching & Deodorizing: removing undesirable
colors & flavors & odors (coconut & palm)
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Deep Frying
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Physical and Chemical Reactions during
Deep-Fat Frying

Oxygen Water Steam, Volatile Compounds

\ / N
] v
Aeration Absorption Vaporization

axygen steam
l A v
Oxidation Hydrolysis
A 4 A 4 _
hydroperoxides - fdr_e% f?t}ycac;'ldlg
conjugated dienes\DEthfatlon = g%y%grgl 0
A4 dimers, trimers,  monoacylglycerols
alcohols, ketones,  epoxides, alcohols
aldehydes hydrocarbons
>

acids hydrocarbons

Polymerization ~— dimers
cyclic compounds

2222000320000020200 A 203320 000020220000¢02
( Heat Source
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Fat or Oil Heating

Polymerization

Thermal breakdown

H

H—C-OH
H—Cc —OH
H-—C OH
H
Glycerol

OH OH

R-CH-CH-€H-CH-CH-R

R-CH-CH-CH-CH-CH-R

OH OH
”T
heat H o C
HC —0
H
Acrolein

2H,0



Deep Frying

Characteristics m Heated Oil

lodine number 108.9 101.3

Free fatty acid 0.03 0.59
Hydroxyl 2.25 9.34
number

Composition of fatty acids (weight %)
C18:1 45.3 42.9
C18:2 37.0 29.6
C18:3 2.39 1.67
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Frying Oil Analyses by Liguid Chromatography

98.8% i |% g e

73.8Z 26.22
TRIGLYCERIDES TOTAL POLAR ARTEFACTS

LIQUID CHROMATOGRAMS:
A. REFINED SOYBEAN OIL

B. SOYBEAN OIL HEATED
€4 HR UP 7O 180 C



Increasing valug ————»

Figure 1 —Physical and chemical changes of oil during
deep-fat frying
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Tests for Assessing the Quality of Frying
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Drying Oils
High in double bonds in FA

* Linseed oil - mostly non-edible oils

e due to unpleasant flavor

e Cyanogenic glycosidesand

* rapid rancidity due to lots of double bonds.
— also source of flax



Semi-drying Oil
Few double bonds in FA

Safflower oil -, used in cooking oils, salad dressings, margarine, high | value so low in
calories but oxidizes readily

— Produces dye
Soybean oil, used in salad and cooking oils and artificial "fluffy" products.

Sunflower oil -; used as salad and cooking oil; paints, varnishes and resins; added to
diesel fuel.
Considered equal to olive oil, used for production of margarines.

Corn oil — Zea mays salad dressing and margarines, stable but smokes at high temp.

Sesame oil -, highly resistant to oxidation due an antioxidant compound called
sesamolin, most is consumed and produced in Africa, Middle East, India and China

Cottonseed oil — Gossypium barbedensis byproduct of cotton fiber production, must
remove gossypol (toxic to most animals except cows); Wesson oil, hydrogenation --->
Crisco

Rapeseed oil - Brassica napus, edible oil but possibly toxic, most useful as machine oil as
an lubricant



Non-drying Oil

* Peanut oil - Arachis hypogaea, premium cooking oil

* Olive oil - Olea europea, obtained from fruit pulp,
— Gentle pressing of the olive — virgin oil
— Further pressing — first, second grade oils
— Has monounsaturated fat — good for health.

e (Castor oil - Ricinus communis

— Laxative — ricinoleic acid

— poison - ricine (alkaloid) and ricin (highly toxic protein);
used in soaps, paints, lubricants



Types of olive oil

e Extra virgin olive oil: virgin olive oil with a free acidity,
expressed as oleic acid, of not more than 0.8 grams per
100 grams.

 Virgin olive oil: virgin olive oil with a free acidity,
expressed as oleic acid, of not more than 2.0 grams per
100 grams.



Types of olive oil

* Ordinary virgin olive oil: virgin olive oil with a free
acidity, expressed as oleic acid, of not more than 3.3
grams per 100 grams.

* Refined olive oil: olive oil obtained from virgin olive
oils by refining methods which do not lead to
alterations in the initial glyceridic structure. It has a
free acidity, expressed as oleic acid, of not more than
0.3 grams per 100 grams.



Olive Oil Composition

 The composition of olive oil is primarily
triacylglycerols and about 0.5%-1.0%
nonglyceridic constituents

* Olive oil is composed of 55 to 85% oleic acid
(18:1 n-9), about 9% Linoleic (18:2 n-6), and up
to 0-1.5% Linolenic acid (18:3 n-3)

* Tocopherols (5-25 mg/100 g, 95% a-
tocopherol), carotenoids (1-2 mg/100g)



Olive Oil Composition

* Olive oil is a source of at least 30 phenolic
compounds.

e phenolic compounds such as oleuropein (20-
500 mg/l), and phytosterols (98-185
mg/100g). Minor components include tyrosol,
hydroxytyrosol, flavonoids, rutin, leuteolin,
and squalene.



Olive Oil Composition

* The three phenolic compounds in highest
concentration in olive oil are the oleuropein,
hydroxytyrosol (3,4-dihydroxyphenyl ethanol)
and tyrosol.

* |t has been found that a linear relationship
exists between the phenolic content and
oxidative stability of extra-virgin olive oil.
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hydroxytyrosol oleuropein
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tyrosol homovanillic alcohol






Fats in Olive Qll
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Lipid Oxidation
&

c Antioxidants c
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Lipid Foods
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Mechanisms of Oxidation

{

q q1l)

nation

RH —> R* 4+ He

Re+ 0, —> ROO-
ROO* + Ry ——> ROOH + R;*
R° + RS il #RR
ROO* + ROO* ——> ROOR + O
RO* + R* —— ROR
ROO* + R*—— ROOR

2ROe + 2RO0* —>2RO0OR + O,



Initiation

RH —Re + H e
ROOH — RO * + * OH
2ROOH — RO ¢+ ROO* +H,0
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Initiation

Conductivity

- Time
' -

Induction perimd'
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Propagation

R- + 30,
ROO:-+ RH

ROOH
RO:- + RH
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ROO -

ROOH + R
RO - -OH
ROH R-



Termination

R + R- R-R

2RO - - ROOR
ROO-+ R- - ROOR
RO:- + R-: . ROR

ROO - + ROO - - ROOR + O,
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Effects of Metal on Peroxide Decomposition
2 SY) (558 S 6 el il

e peroxy radical and alkoxy
Fe3+ ROOH —— Fe’+ + H*
Fe2 +ROOH —— Fe? + OH-

 alkyl free radical

Fe3 + RH . Fe? +H+
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Mechanisms of Fatty acids Oxidation
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I1.B.1i.- 18
Oxidation Rates: Types of Fatty Acids

e As # of double bonds increases

— # and stability of radicals increases

— Rate increases
Rate of Reaction

Tvpe of Fatty Acid Relative to Stearic Acid

18:0 1
18:1A9 100
18:2A9,12 1200

18:3A9,12,15 2500

Dr.Lina Soubh



—
Sens><5:e”5 decomposition I : ]
3 1

02 02 RH .
T OH — a
RH | .
> ~ ROOH > RO — B
02 R
RH ROO— C
ROO"
02 i R
>— RH
H

Oxidatioreways



Reaction of 30, and O, with Linoleic Acid
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Singlet Oxygen and Ascorbic Acid Effects on Dimethyl Disulfide and Off-Flavor in Skim

Milk Exposed to Light

COOH
NHQ(l:HCHQCHQSCH:}
Methionine
COOH OOH

| |
NHQCHCHQCH= SCH3

COCH Oe

| |

2 (* SCH3)

>

COOH 00 *
| |
NH,CHCH,CH,SCH3

L
COOH  Os

| |
NH,CHCH,CH=SCH; + *OH

COOH
|
NH,CHCH,CHO ~ + *®SCH3

CH3SSCH3 Dimethyl Disulfide

Postulated mechanism of dimethyl disulfide formation by singlet oxygen oxidation of

methiohine.

(Jung et al., 1998)



Oxidation effect factors

Enzymatic oxidation ﬂ
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Activity of water
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Acceptable Daily Intake (ADI )

Jorioll cswgul 395loll

Joint Expert Committee On Food Additives
( JECFA)
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Determination of ADI
Jgaall e gall laal) paas

 Lowest observed

effect level
F
[ ) NO o bse r‘ved %} : IS::ifty _ O - Experimental Data
effect level 2 | s
qu 1
Dose (mg/Kg/day)
= (Tolerable

Daily Intake).
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Control of Lipid Oxidation
pow M| duwS| sle 8 dacudl

Application of antioxidants

Elimination of oxygen by 5auS] alicae Al
vacuum packaging AL Handlls Cpa Y Cada
Elimination of photo A gall Gliaall Cada
sensitizers w3 gt 5l Loy

: . 1 <
Denaturation of lipoxygenase JHgaS gl

2l 5 daddia 3 )y (p HA3N
Low temperature and dark
storage



Re, RO+, ROQOs, O -
10,, -OH, H202,Cu, Fe

Antioxidants

A

1
,
N
—0O .
;
.
.
T [ )
"
¥

o)
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Unpaired Electron

Antioxidant

Electron
Donation

Free Radical
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Antioxidants 3asY) cldbaa

oald Cpag s elac) A (e Jery g e Jale o 3auSY) Sliae
laaae ad Gaes ol Tuma all j3al )4y

Ofie gana ) 5auSY) Cilalicas prad

e 5yl s Primary antioxidant A\JJY\ 30SY) Clalicas e
Zl) Aldes e a3 g Al jadl aall ) Cpa s )2 elac)
Adladl Sl e raal 285 AL S i Allad SS9 3 all ) s2al)
(BHA, BHT, a —tocopherol).32.83U 4 jas

<t S5 Y 45 Secondary antioxidant 4 Ul sanSY) Cilalias o
Alie Jie 5208V 35 Jiall ol gal) 8 5555 el 3_adl ) sdall
(Ascorbic acid, Citric el S Y1 e palddll i atadll
acid)
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Prevention of Lipid Oxidation

1) At Initiation Step

— Delaying photooxidation RH il

, h
V; Ro + Ho
* prevent light exposure (dark containers)

e quench singlet oxygen ([3-carotene, ascorbic acid)

— Delay metal initiation
* chelating agents (EDTA)
* reducing agents (ascorbic acid)

— Deactivate lipoxygenase enzymes
* blanching

2) Terminate the chain reaction

* Chain breaking antioxidants (AH)
* BHA, BHT, Tocopherols *know*



Antioxidants

. Classifications —wuiuxill

. Synthetic antioxidants dia 1St cilalicas
BHA, BHT and TBHQ

«  Natural antioxidants s 28U Cilalioas

polyphenols, flavonoids, amino acids, phenolic
cids, protein hydrolysates, etc.
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Types of Antioxidants
3.5 Calalcas bl

* Hydrogen donating compounds (x> s uell Slilazs
« Metal chelators (ataall Glulas
« Enzymes <lay 3

e OXygen scavengers cpawsSy! ciluwils
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Synthetic Antioxidants
o)l LSl wlslas

Butylated hydroxyanisole (BHA)
Butylated hydroxytoluene (BHT)

Ascorbyl palmitates
Alkyl Gallate
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Synthetic Antioxidants

H H
C(CH,), (CHg),C C(CH5),
OCH, CH;
Butylatedhydroxyanisole (BHA) Butylatedhydroxytoluene (BHT)
OH
H
C(CH
OH OH = Qo
OH
COOC;H;,

Tertiary butylhydroquionone (TBHQ)

Dr.Lina Soubh
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Tocopherols

Trivial Name Chemical Name R, R, R,

a-Tocopherol 5,7,8-Trimethyltocol CH, CH, CH,
-Tocopherol 5,8-Dimethyltocol CH, H CH,
y-Tocopherol 7,8-Dimethyltocol H CH, CH,
o-Tocopherol 8-Methyltocol H H CH,
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Ascorbic Acid

63 A Vsaia s yall Hsdall ) ca g o asy
oY) (aan S5

OB S Gl e i

QJ\.&A\ L_\L.,u

A U0 T80 Jamd U 58 oS 530l 5 ey
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Reaction of antioxidants with radicals

R™  +
RO" +
ROO™ +
R+
RO +
ROO +

AH

AH

AH

A

Ao

Ao

Antioxidant + O,

RH + A
ROH + A
ROOH + A
RA

ROA

ROOA

Oxidized Antioxidant



Synergistic Effect of Tocopherol & Ascorbic

Acid
ROO = o-Tocopherol Ascorbic acid
ROOH o- Tocopherol Ascorbic acid
decocecrenniiannnannnn., a_Tocophero|

= |\

§ \\ O

= N A

5 \Ascorblc acid

= \

=)

& Yy

N
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Carotenoids

MN\(\/\’/CW

B -Apo - 8'- carotenal

B -Carotene

X TN O Y O O, oYY oY Y

I
© Canthaxanthin
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Antioxidants Effectiveness

)

Quantity effectiveness through antioxidant factor (AF)

— measures delay 1n onset of rapid oxidation

without with
antioxidant antioxidant
[ROOH]
Induction time
. lA r 4 with AH
IO Induction time
withont AH
N ,/g
N4 ) AF >1
I; time
AL A




Metal Chelators
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Metal Chelators

Phosphoric acid

Citric acid

Ascorbic acid

Ethylene Diamine Tetra Acetate (EDTA)
Amino acids and peptides

Proteins such as transferrin, ovotransferrin
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Mechanism of Metal Chelators

Al SLIVL Gabeal) cladie e

Ol & e la Y15 3auSY) (e 8 o

BREN| CA‘UA_\AJJ.C CHldaaa JKET o

LSl e (el Ol alaf L) lile (<3
Lol
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Antioxidant Sources

LuwSWI wlslas slas
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Flavonoids

Quercetin Flavonols Cyanidin-3-glucoside Anthocyanins
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Flavonoids

Al ) ) elliad culilal) QML) 8 4 6l Ciladie o Gl g Sl
el s e 3yl -

Sl gl (o sy LS -

Caasouell Gilaila -

Anthocyanines, catechins, flavones, flavonols,
Isoflavone, and proanthocyanidins
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Vegetables

Cacao beans, Potato, Tomato, Spinach,
Legumes, Garlic, and Seaweed

Polyphenolic compounds
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Fruits

Wines: Anthocyanin

Polyphenolic compounds

Dr.Lina Soubh


http://dgl.microsoft.com/mgnsrv.dll?1,en,j0182665

,%%%%% Herb and Spice

Sage, Ginger, Green pepper, Lavender and Rosemary

OH  CHs

HO

CH3
HOOC

HsC CHg

Carnosoic Acid Carnosol

Rosemarinic Acid

Dr.Lina Soubh
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Rosemary

o

FRfosermaary FTIoOoOTo & 1998 Adlisom




///"7
//
uv_/.

i Soybean

 Chlorogenic acid, caffeic acid, ferulic acid -
Metal chelation and singlet oxygen quenching

* |soflavones —
Metal chelation and hydrogen donation
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Chlorogenic acid

Soybean

Isoflavones R, R,

Genistein  OH OH
Daidzein H OH
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Korean Ginseng

Ferulic acid Caffeic acid

Vanillic acid Kaempferol
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Consideration of Antioxidant
Selection

Alae Hlial aie el 33 salall @l ey
3.SY |
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Alliall 300SY) cilalias |deal Antioxidants

5 a1 3 s el VI

Lo S Ul 5 4 o dad) ) el Vi

daiyo AF 135 dLmidia 380 i Yiad ()5S O
Al 8 Maie )5S

A |38 5 05K

Oalll s salatl () Sy ()

A 2SI S Y g pusal) U8 (pe i Y
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Antioxidants Doing their Job

Antioxidant
ﬁ— LU Healthy Cell Membrane neutralizing a
T = = 2 free radical

HUMAN CELL

Damaging ;‘_

Fmowy

L
& €
R

Free

’.

NUCLEUS
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Measurement of
rancidity
g Al Quld
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Measurement of rancidity

S 5 Al cpmlall ¢y sl 2 pasnll andll o
ZRCEPENIE PN

<t L'.\\ézk)dgu\s;y‘ (598 alS] aS g yull A8
(AdsY)

wSUl) ilaiia) calaaalY) Calh el ) g sl gl 43 3

(A5
5 jdall LS pall CaliSl A el Lal e gila g SU
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Chemical methods

* Hydroperoxides
— Formed by: RH + '0,* = ROOH
— Formed by: RH + ROOe = ROOH + Re
* Determined by titration
— ROOH + Kl = 1, (titrate with thiosulphate and starch)
— ROOH are mild oxidising agents
e Typical values

— Fresh oils: 10 U/kg
— Rancid oils: 20-40 U/kg

Dr.Lina Soubh



Chemical methods

e Secondary products e.g. malondialdehyde (MDA)

* Thiobarbituric acid (TBA)

— Reacts with aldehyde to produce PINK colour

— But 100°C heat can cause decomp" of ROOH .. amplification
— Addition of antioxidant controls excess MDA being formed

— TBA also reacts with other compounds to produce a colour

Dr.Lina Soubh



Chemical methods

* End products of lipid peroxidation
 Measure by gas liquid chromatography (GLC)

— Method involves passing the gases through an
absorbant at low temperature to trap these
hydrocarbons. They are then injected onto the
GLC

Dr.Lina Soubh



Peroxide value
2 83 9 gall Jladll (paniSY) 8IS 230 & 1S g jull A o

OanSY) (e ilal e g Saall 2o a5 Aassall salall (e ol 2 SIS
Aandl) Baladl (e g ) e Asda)

Axa pia g g danadl) Balall 8 ROOH e 55 puel) JS50 Lals o
dsa JAll e 8 JAll (aes 3 19 KT psanslisall 5350
ioakh 23S g Hm g el a s celall 2 g (s ) a sudigall )50
g 58 Gy paiall 2 gl e i elall 2 gy aea (0 2 50
OS13 el Cag peme S Ll | j2iaS Ll 2 ga 509 a 503 gucal

SALA\‘_;AJSSi ol g jug 508 gy e Ju e ST a gl S
ROWR|

ROOH + Kl ... ® ROH + KOH + I,

excess
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Thiobarbituric acid (TBA)

malonaldehyde  TBA TBA chromagen

FIG.2, Proposed TBA reaction
——————————————— e ———————————————————



Thiobarbituric acid (TBA)

HS N oH O
— % 4;,0
| c HCI
2 N o =Y \u5"
OH
TBA Malondialdehyde
t — .
| |
O—H | CI O—H
I '
| H t
! H
i |
SY NH OH HO _ N \I/S
H |
N X CH—C= CH X N
OH OH
TBA Chromogen
(hydrogen bonded form)
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P- Anisidine Value

O OH NH>
Traditional P-Anisidine Value Test ey CH_@O

H
4.  Reference solution. To 5.0 ml of isooctane add 1.0 ml of a 2.5 g/I Malonaldehyde p-Methoxyaniline
solution of p-anisidine in glacial acetic acid, shake and store MDA (p-anisidine)
protected from light.
5. Measure the absorbance of test solution (a) at the maximum at
350 nm using isooctane as the compensation liquid. Measure
the absorbance of test solution (b) at 350 nm exactly 10 min

after its preparation using the reference solution as the

compensation liquid. N7 Z oH

CH;0° :
The p-anisidine value (p-A.V.) is given by the formula:

25 (1.2 As - Ab) NH,
pAV = e
m CH;0
CH;0”7 : : “OCH;

NZ 2 NH

Chromophore

UI.LITId S0UDII



ANTIOXIDANT

1. IDENTIFICATION
2. DETERMINATION
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BHA : l?f

Ccl

@d&&ﬂ\w}mﬁﬁuj\é\uﬁ
dﬁmm@\wm\wuw\ujjBHA
SR IEENg

Gibbs = 2,6 — Dichloro — p — benzoquinone — 4 - chloroimine
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BHT

e

H3CO

Jstae Ciliay 5 cpa il sall CadlS dald )l ) Cilicay o

BHT o T aan L& 0 1 jpead G gl (<00 o 03 saaall <l i
20V v Ll sl da o die atualiatal s

Dianisidine = 3 — 3'Dimethoxybenzidine
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Gallat

| aae U gl IS8 4y jabaal) aaall el 58 Calat o

#

P D\b /'D'_
Fe A,
a 0

2 2
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Tocopherols

U sbo Taina <Y 5 58 oS il ae IS 2 by 90 ¢ - iliay o
AT A ga J gl die il

L sl e Y gy o€ gl e JS (31 duan) ) IS iy of o
20+ As e Jsha die 4l o T iae

o — a Dipyridyl = 4 — 4" Bipyridine
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Ascorbic Acid

Jsna ) Jgid i) Jgid 908 (607 =Y Slua Ciliay o
Jeliny A ey ) Sl 50 5o ) dlu ) Sl (aes
o Tpenl U sl DS g3l a5 535 (50 £-Y o
23OV v As g J sha
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IDENTIFICATION SOME OF ANTIOXIDANT

BY THIN=LAYER CHROMAITOGRAPRY
JMMA_@ _,ﬂfj{gﬁ)@@nﬂ_ﬂg&? QL“‘L)‘”@“JMQ

e Dijssolve 10 g of the substance to be examined in 100
ml light petroleum and 25 ml acetonitrile

e Separate Acetonitrile and Evaporate under vacuum
at 40 °C

e Light petroleum — Benzene — Glacial Acetic Acid (2:2:1)

e Silica gel

Dr.Lina Soubh




caluadl & ) gisal)

ANTIOXIDANT,

RESULT

Gibbs Reagent

Gibbs Reagent

Followed by

Ammonium

Hydroxyl Toluene

Dr.Lina Soubh

Propyl Gallate 0.12 Brown Greenish Gray
Octyl Gallate 0.22 Brown ==
Dodecyl Gallate 0.27 Brown ==
Butylated 0.62 Reddish Brown Gray
Hydroxyl Anisole
Butylated 0.89  Violet Brown Gray







Causes of food Spoilage
L3V A Gl

Microorganisms: Bacteria, yeasts, molds
Clide ¢ pled cadil ya sAadAl) Gl guiaall
Enzymes
ey 3

Additional causes: Oxidation
3.S) - A8l g\_,ui
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Microbial Spoilage

MOLDS

"o %o ~—a

Conidia — Germination

(spores) \

— Conidiophore '
Aerial hyphae — |\

Subsurface |
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Principles of food preservation
LA V) Jads {salia
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260
240
220

180
160
140
120
100

o8 888

130
3 120
3 110

40
Danger zone 44

20

50

Temperatures in this range destroy most microbes,

}Eﬂhuugh lower temperatures take more time,

} Very slow bacterial growth.

» Rapid growth of bacteria, some may produce loxins.

Many bacteria survive; some may grow.

Refrigerator temperatures; may allow slow growth
of spoilage bacteria, very few pathogens.

Mo significant growth below freezing.
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388l clial) gail Auliall s gaall da j

0 Micro-organisms

:l? x destroyed

3 ACID ,

r range of organisms
5 erring acidic conditions
b

7 NEUTRAL Growth range of most organisms

8 range of organisms
ﬁ} iring alkaline conditions
11

12 Micro-organisms

E destroyed
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pH 10.0




Preservation techniques
e YY) Jads ol
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Plasma
membrane

Cell wall

NaCl 0.85%

Normal cell in isotonic solution Plasmolyzed cell in hypertonic solution
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Antimicrobial Agents
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Modified Henderson-Hasselbach

e pH = pKa + log ([ ineffective form ]/[ effective form ])
e pH = pKa + log ([ ionized form ]/[ unionized form ])
e pH - pKa = log ([ ineffective form ]/[ effective form ])
e pH - pKa = log (] ionized form ]/[ unionized form ])

e If pH Is greater (Higher) than pKa, more of the acid is
going to be in the ineffective form. NOTE: this is a
log relationship so a little change can mean a lot.



How much is effective?
When pH = pKa then pH - pKa = 0.
The log of 1 = 0, thus [ineffective form]/[effective form] = 1

This means that 50% is in the effective form (when the pH =
pKa).

When pH - pKa = 1 then [U]/[A]=10 or 9.09% is effective.

When pH - pKa = 2 then [U]/[A]=100 or 0.99% is effective.



pH vs Effectiveness

log [U]/[E] [Ineffective]/[Effective] % Effective

2.00 2.00 100 0.99
1.88 1.88 75 1.32
1.70 1.70 50 1.96
1.40 1.40 25 3.85
1 1 10 9.09
0 0 1 50
-1.88 -1.88 0.01 98.68
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Distribution Coefficient
& )5l Jalza
Distribution coefficient =

[ Organic phase] /[ Aqueous phase]

e Losuia (g pumall shall 830l 35S 5 e & il Jalaa my
el skl a5 5



Distribution Coefficients

Compound Distribution Coefficient

Propionic acid 0.17

Sorbic acid 3.0

Benzoic acid 6.1
p-hydroxybenzoic acid methyl ester 5.8
p-hydroxybenzoic acid ethyl ester 26
p-hydroxybenzoic acid propyl ester 87.5

Dr. Lina Soubh
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ladl) Cdlaial Jyaas
Modification the metabolism of yeasts
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Diffusion on gelose culture medium
Jsball e da g (e LIV
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Inorganic Preservatives
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Organic Preservatives
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Other AMA’s
il gSaall 3alias (Al Jal 5o

e Ozone

e Chlorine dioxide

e Formalin

e Quaternary ammonium chloride combination
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Biochemical formation of NO
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{ HN =:C - NH- CH,-Ch-CH, - CH - Coolf (amino acid)
"""""""" halflife: ~ 4 sec.
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O=0C = NH-CH -Cl-CH,~ CH - Cooj Citrulline
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The Structure of Myoglobin
O sl saall 4y

Pyrrole unit Oxygen binding
~ '
“ ” VSR S
N @ S Porphyrin ring
~
1 ‘F / N, | coordinated
e about central

Symbolized in U P an iron atom
the figure as I
O ANUA A=

Globin

Myoglobin
contains 4 pyrrole units (A, B, C, D)
that form a porphyrin ring, attached

to the globin polypeptide
(b)

Dr. Lina Soubh R EATARRAY



v’ _n Forms of Myoglobin

Fet?

%N IN Meat

Globin

+ oxygen
oxygenation g

Myoglobin* OxyMb

purplish red bright red

Fet2
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Y Dxymyoglobin

7

Fe*3
e | \N
Globin (denatured)

MetMb

*Mb = myoglobin brownish
Fe*3
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Nitrate sources In natural nutrition

B vegetables @ fruits B canned cereals
[ canned meat [ wat@fLina soubn [Janother seurces



Nitrate sources in nutrition rich In
vegetables

B vegetables Bwater M meat and cereals Ofruits
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Toxic effects of nitrite and nitrate
Sl il g il dpandl Y

Ul SSEN (63 aaall (5 gmn (s Cpsle pared) Jpat i ) (S e
T}L; w&&mjgm js\s:s\ X A.uaj\ ) L;ss\ QM#M\ L;\
‘\.\MJG\.\A.\LAJJQ d\)}hé;uwd\j (L\A.u.ujk;}u@am) dd.\.d\eﬂ\
) Omste sagiaall A Joail Laas Gl je Y1 3o 35 %) ¢ Csle saginal
Clal) &yl g g laall xiud 9 Y .

s pall dparin sle sargtine C2ad YV ) G sle sanginall A Jial (pa o
Aasi) dady aa (38

Dr. Lina Soubh a YO v of s Y[V XY



Toxicity of NO, (NOy)
intestinal bacteria can reduce nitrates to nitrites: NO; — 5 NO,

Limits for drinking water: NOj 50 mg/l  adults 15 mg/l infants

1) Methemoglobinemia ,,blue baby syndrom*
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unable to transfer O,

methemoglobin reductase

,protective enzyme* - insufficient in infants !
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H Cl +
NH,SO, NH, + HNO, = > NH,SO, NN

NH28024®7N —N Cli

Diazonium ion

N—CH,CH,NH,

N-—CH,CH,NH,
Diazonium ion > NH SO@N N
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L @ NH NH,
H,NSO; N=N + .
N-(1-Naphthyl)ethylenediamine
H2N803—©—N—N

= 540 nm)
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sulphanilic acid

Hn]s@——ﬁzm + O NH,

diazonium salt 1-naphthylamine

- 1{{‘}354@71451“4 + 2IH0

diazonium salt
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Sweeteners
Calda

Dr. Lina Soubh



AV Gy phall 8 sl andiig

Sl elallS dun pall VAL (ary & o
A3l Aay) ie 46030 cilpenll 3 o
i) el dic o



Characteristics of an ideal sweetener
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Lactase

Lactose = glucose + galactose
2CH O, > 4CH,COCOCH
4CH,COCOOH > 4 CH,CHOHCOOH + energy

Lactic acid



Temperature destroys lactose and lead to formation
hydroxyl methyl furfural.

7

THOH,C O CHO

Lactose - 3 H,O

Hydroxymethyl furural
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They produced commercially by hydrogenation of sugars
sorbitol from glucose,

mannitol from manose
lactitol from lactose,
Xylitol from xylose.
Isomalt from sucrose.
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Sorbitol = 0.5
Mannitol = 0.6
Lactitol = 0.3
Isomalt = 0.4
Xylitol = 1
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CH

Toluene

CH, COOH
| / SO,NH, SO,NH,
N A Oxidation
NH, Permengenate K

o-sulfamoyl acid

- H,0

; Saccharin
Remsen, Fahlberg Synthesis



Another method starts with methyl ester of anthranilic acid
(Maumee process).

COOH COOCH, COOCH,
C[ CH,OH C[ NaNo, @i
NH NH H N

2 2 2

SO,
Cl,
o)
74 COOCH,
/NH d NH, @i
T SOCl
O O

Saccharin

Maumee process
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Chemistry of Aspartame

e Composed of 2
amino acids \)L

e Breaks down into \[(

- Methanol > Methanol
- Aspartic Acid
- Phenylalanine

u]
u]
OH
HO
OH MHHz

Aspartic Acid Phenylalanine



http://en.wikipedia.org/wiki/Image:Aspartame_structure.png

Methanol

10wt% of aspartame is broken down into
methanol

Methanol is converted to formaldehyde
Scientists are unsure if this is a problem

A

H



Aspartic Acid
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Products Containing Aspartame

¢ Diet Soda

e Chewing Gum =

e Breakfast cereals %05%
e Vitamins |

e Drugs
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Sweeteners Daily
Intake

Sweetener Acceptable Daily | Estimated Daily
Intake Intake
Acesulfame 15 52
Potassium
Saccharin 5 0.83
Aspartame 510 8.7
Sucralose 5 1.6
Neotame 18 0.1
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] COONa

Erythrosine
(E 127)

O

Sunset yellow
(E 110)

SO,Na



+
R(C2H5)N\\

R(C,HN

Brilliant blue

NHCOCH,

=7

NaO,S
SO.Na

Black BN
(E 151)
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eSll aiaill Chemical Classification
of Dyes Clauall

CAROTENOIDS <ulaui g5 g sl

- Carotene, Cantaxanthine

NATURAL PIGMENTS 4kl diual)

- Chlorophyll, red beet Lxiedll yaal, ...
MONO —AZO GROUP ¥ saa 5 dc gaza
- Sunset yellowo—&ll 5 ¢ sl | tartrazin, Amarant, Aozurbin,
Ponceau 4R

DI - AZO GROUP ¥ 44l de gaza

- Black brilliant &Ll a 5!

INDIGOTINE GROUP (5 siai¥) 4 gass

- Indigotine



Chemical Classification of Dyes

GROUP OF XANTHINE DERIVATIVES il Sl cilaiic de sana
- Erythrosine ¢u)s_ V)
GROUP OF TRI-ARIEL METHANE tisdl i) (S50 e gana
- Blue brilliant gLl 33
- firm green FCF il ,asY)
GROUP OF QUINOLINE ¢l 5381l de gana
- Yellow quinolin ¢l sosll jial
METAL COLOR 4sasall il 5Ll
- Titanium dioxide, iron oxides, Hydro or no Hydro
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Regulation of Color Additives
i ll) lilimall alaiy
a8 aladindl Glesall (axy FDA J) G
& o 7 sasall 5 FD&C (A sY) e sana A Llidia

= samsall (5| D&C 41l 5 Jaaaill 3l sa 5 4y 521 5 212211
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Regulation of Color Additives

daa o)zl 2 FDA Al L e @5\ Gl glall
2 reds (#3 and #40)
2 blues (#1 and #2)

1 green (#3)

V



LISTING OF COLOR SUBIJECT TO
CERTIFICATION (21CFR74)

Blue #1 (Brilliant blue)
Blue #2 (Indigotine)
Green #3 (Fast green)
Yellow #5 (Tartrazine)
Yellow #6 (Sunset yellow)
Red #3 (Erythrosine)

Red #40 (Allura red)
Orange B

Citrus Red #2



Table 10.3 Food colorings certified and commonly used in the U.S.

Official name Common name Hue Common food uses

FD&C Blue No. 1 Brilliant Blue FCF  Bright blue =~ Beverages, dairy
product powders,
jellies, confections,
condiments, icings,
syrups, extracts

FD&C Blue No. 2  Indigotine Royal blue Baked goods, cereals,
snack foods, ice
cream, confections,
cherries

FD&C Green No. 3 Fast Green FCF Sea green Beverages, puddings,
ice cream, sherbet,
cherries, confections,
baked goods, dairy
products

FD&C Red No. 40 Allura Red AC Orange-red  Gelatins, puddings,
dairy products,

confections, beverages,
condimente



Table 10.3 Food colorings certified and commonly used in the U.S.

Official name Common name Hue Common food uses

FD&C Red No. 3 Erythrosine Cherry-red  Cherries in fruit
cocktail and in canned
fruits for salads,
confections, baked
goods, dairy products,
snack foods

FD&C Yellow No. 5 Tartrazine Lemon yellow Custards, beverages,
Ice cream, confections,
preserves, cereals

FD&C Yellow No. 6 Sunset Yellow Orange Cereals, baked goods,
snack foods, ice cream,
beverages, dessert
powders, confections

Source: U.S. FDA website www.cfsan.fda.gov/~Ird/colorfac.html



FD&C Red #2 can provoke asthma,
eczema and hyperactivity; it caused birth defects and fetal deaths
In some animal tests, possibly also

cancer; banned in the USA, Russia, Austria and Norway and
other countries

FD&C Red #40 Allura,

allura red has also been connected with cancer in mice; banned
iIn Denmark, Belgium, France, Germany,

Switzerland, Sweden



ilull 4xuaY) Plant Pigments

Chlorophyll
Carotenoids



CHLOROPHYLLS

R=
Chlorophyll a—CH,
Chlorophyll # —CHO

“cH - CHy
H,C

“cH,
HyC

CH - CH,
H,C






Chlorophll

- Phytol | Chlorophyllase

Y
Chlorophyllide

- CO,CH,

pheophytin

- Phytol | Chlorophyllase

Y
- CO,CH,

S

)

|

> Pheophobide

E

/

> pyropheophytin

- Phytol

Pyropheophorbide



Degradation of Chlorophyll
b5 5iSl) &y

O il xSl iy 5 ) a0
CHLOROPHYLL - effects of heating
heating =2 loss of Mg** = pheophytin ;
Jsdll de sana J g8 a WY il
CHLOROPHYLL - effects of enzymes

chlorophyllase — removes the phytol group (even under
conditions of frozen storage)

d&uuu)ﬂ\e.mc MJ@M\JJQ&@A&MY‘)G}A\ Jul_u
myﬂ d.\\ﬁ )49
CHLOROPHYLL — effects of light and oxygen
photodegradatlon % |rreverSIbIe b|each|ng

Ma_m

If Mg++ ion is replaced with either zinc or copper = stable green
complex at low pH
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Chlorophyll = Carotenoids
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CAROTENOIDS
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R-Carotene Carotenes
)MQMW
Lycopene
OH
M

" Lutein Hydroxy-
Carotenoids

OH
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S Sy S Sy

Xanthophylls

HDO
Zeaxanthin



Sl 6f )W Carotenoids
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processing CAROTENOIDS: Effects of
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: Pepper Pepper

No Withn = No With No With
LOX LOX LOX LOX LOX LOX



Carrot Breeding

White Orange purpler Red Yellow

None Carotene ©Of@nge Lycopene
Carotene

Anthocyanin Xanthophyll




il s5Y) Anthocyanins in Frwts and
Flowers




What Are Anthocyanins?
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Anthocyanins in the Foods We Eat

Common anthocyanin Common sugar
aglycones: substitutions:
Delphinidin Glucose
Cyanidin Rhamnose
Petunidin Galactose

Pelargonidin

Peonidin
Malvidin




R, and R, = H, OH or OCH,
R, = glycosyl
R, = H or golycosyl



extract (red; carmine)
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l Shaanxi Undersun Biomedtech Co.,Ltd

Undersun Blomedtect

Cochineal
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Structure Effect

e Erythrosine E127

e A special case-
alaial o) ol all g
Al ) il adle Gile
saad) U (a8
Ol die 408 Hal)







Formation of Toxic Substances
dale Ollsiine JaS3

* Azo -Dyes Metabolites

CH3\ H,C
AN 7\
/I\I N |, N NH,
H,C HC o
Dimethyl -parapenzylamine

Azoreductase l



Ponceau 3 R Transfer

Sk SO_Na
e A3

SO Na
\J
H.C CH,
H_N CH, H&@N H,
H.C
CH,
2,4 ,6 tri methylaniline 2,4 ,5 tri methylaniline

 Mezidine =B Soumidine



Metabolite of yellow butter

H,C
L nand
HC/NQN_N

Az0O - reduct
Enzyme

y

HC
N NH, H,N
H.C

Di methyl - para - benzylamine Aniline



5_ulzall Analysis

* Extraction
* Chromatography TL






Observing the Chromatograms

0%

20% 50% 70%

Concentration of Isopropanol

100%




Red Dye

1. Dyes separated — red and yellow
2. Yellow —soluble in low concentrations of isopropanol and

less soluble in high concentrations of isopropa
3. Red - Sllghﬂy \
soluble in low
concentrations b
of isopropanol, N— L
and more
soluble in

concentrations
of isopropanol
>20°/o

ol L Ul W

0% 20% 50% 70% 100

0)
Concentration of Isopropanol /o
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Structure of an enzyme

Contains both a protein called Apoenzyme and
a nonprotein.

Nonprotein is either a coenzyme (usually a
vitamin) or a cofactor (usually a mineral).



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Inactive
enzyme

Active
enzyme

Dr. Lina Soubh



Enzyme Nomenclature

* Names usually end in -ase.

o Usually named after substrates they
act upon e.g. urea --- urease

lactose --- lactase

o or the resulfmg Jpe of chemical
reaction e ydrolysis ---
hydr'olases

oxidation --- oxidases

e This rule does not always apply. E.g.
ficin found in figs and papa din n

papayas.



Enzyme class

Catalyzed reaction

Oxidreductases
Transferases
Hydrolases

Lyases

Isomerases

Ligases

Oxidation-reduction reaction
Transfer of functional group
Hydrolytic reactions

Group elimination (forming double
bonds)

Isomerizaion reaction

Bond formation coupled with a
triphosphate cleavage

Dr. Lina Soubn
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An overview of fruit ripening with particular emphasis on textural softening ‘

Plant Cell Wall
Structure

Protopectin  — Soluble Pectin — Softening
Decomposition (over matured fruit)

.....
.....
‘‘‘‘‘

0
0
HO
oM nac - 0
0
685 .
Coo'p



Pectin Degréaafioh |

Polygalacturonic acid + Methanol

|

Galacturonic acid

Vv

Pectin

Apple rot

Penicillium expansum Soft and watery Dry and firm

Monilinia fructigena
686
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CH, \ CH,

N
CH—CH, CH  COOH %VT» CH—CH,~ CH, O  COCH,
/ L

CH, NH2 co, NH, CH,

Isoamyl acetate

Jsal) dgsl

Leucine

Dr. Lina Soubh



FA

ATP

Aldehydes

Alcohols

Dr. Lina Soubh
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Enzymatic Browning

Oxidation reaction of phenols
Catalyzed by enzyme polyphenoloxidase (PPO)

Substrates are phenols, e.g.

OH

COOH OH
A\ CHNCH— —
=N

HO caffeic

tyrosine acid
HC=CH-COOH

Dr. Lina Soubh



ENZYMATIC BROWNING |

Polyphenol

» Hydroxylation of monophenol to o-diphenol

R R
<)+l/202__.¢\ + HO
Cresolase OH
OH

OH

» Dehydrogenation of o-diphenol to o-quinone

690

oxidase -

Phenolic
substrate




Structurally Similar Compounds

Catechin
Quercetin AOX =24

AOX =4.7

Cyanidin
AOX =44



Enzymatic Browning

E.g. oxidation of phenol

OH OH
PPO OH
O L
| y; 7 4 + H,O
3H*
S5 o-diphenol
O y
4\ OZ
O
Flavors, -
pigments <«

0-quinone

f. Lina Soubh
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0- quinone
pPo2ci?  ppo2cu't
OH OH
diphenol phenol
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Oxidation of tyrosine by Phenolase and the formation of melanin pigment

HH2

CHXCHCOOH Ont ¢ Y
HO

very sfow at bdgm;mg o
and fast later

Tyrosme (Hyroxylation)

HO
I
HO N
H

3.6-dihydroxnindole

+ @lfaﬂ

LI

694
Indole 5,6-qunone

CHCHCOOH O CH;CHCCOH
| I O1 + enzyme 4 D’
© Jast O

Yo
v
oj: :I:Hjcom
H

Hallachrome (Red)

L ]

relatively slow

HH2

(Oxadation) DOPA Qumnone
Ifaat
HO
o T oo
-—
_fa.sa' HO H H

Leuco compound

5,6-dshyroxyindole-2-carboxyhc acid

- On



Enzymatic Browning: Consequences

e Phenols and PPO enzyme found in plants

- Disrupting cellular compartments by cutting or bruising
allows phenols, oxygen and PPO to mix

3 i browning in fruits and vegetables
- Prevent by eliminating oxygen (storing in modified

atmosphere)
- Prevent by lowering enzyme effectiveness (i.e. enzyi
ity)
- Add (e.g. lemon juice)
- Briefly heat to deactivate enzyme (blanching)
- Prevent with reducing agents (ascorbic acid, sulfites)

- Causes desirable browning in tea, cider, dried fruit

Dr. Lin ubh



Applications in food industry

™

X rvinr.
NZYMES 2

“Foop

‘?’T;M&- Excyms 23
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http://www.greatestherbsonearth.com/natures_sunshine_enzymes.htm

Applications in food industry
- Carbohydrases:

production of corn syrups from starch baking
» Proteases: meat tenderizers (bromelin,
papain, icin)
 Lipases: Flavor production in chocolate
and cheese
» Glucose oxidase:

desugaring of flour and potatoes to prevent
browning:

e Pectinases:

clarification of fruit gwces mcr'ease of yield of
juice from grapes and other products;



COOCH; COOCH; COOH

,J’O OH O OH O OH
OH OH

OH
HM pectin

pectin methylesterase
catalyzes demethylation

COOCH; COOH COOH

9 \oH © \oH O N\ oH
OH OH OH
LM pectin

Could the demethylation also be catalyzed
by enzyme(s) found in horseradish?

UI. LilNa S0uIl



Applications in food industry

» Lipoxygenase: bleaching of flours.

* Phenol oxidase: imparts the characteristic
dark hue to tea, cocoa, coffee and
raisins.

* Renin (chymosin): cheese production
* Naringinase -
hydrolyzes bitter narigin to naringenin



O H

1 105 | ‘ 106 169
PyroGlu ~roonooronoonouPhe — G—— N Met ~~oroAnonnancVal —Coo™
+H,0
=
1 105 ‘ ‘ / 1 64
PyroGlu-~wosanaanansonye Phe —— G =’ HiN+ Met ~roronasosos Val— CO0™
&

Action of chymosin on casein.



Browning Reactions

e Caramelization

Sugar at high temperatures = Brown pigments +
flavors

e Enzymatic
Phenolics with PPO = Brown pigments + flavors

« Maillard
Reducing sugars + amine =2 Brown pigments + flavors

e Ascorbic acid oxidation = Brown pigments

Dr. Lina Soubh
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Maillard Reaction

Carbonyl group undergoes nucleophilic attack by

aming
/ H.C =N-R
72
H.C |
. CI du o+ H -C- OH
-C- |
o (|j y + H,-N-R HO.C. H + H,O
- |- amine (Iz OH
H.C- OH |
| HMi/@s OH
H-C- OH |
¢ H,0H - HLOR
imine

reducing sugar

4



Maillard Reaction: Amadori

rearrangment
H® H® H eneaminol
H-C=N-R ﬁL-(l;QN-R H-C-N-R
H C OH ®c-0H c OH

HOCH — HOCH ‘—’HOCH
HQOH H(.l‘,OH HCOH \

H-C- OH H-C OH H-C- OH H
| | H2' C 'N'R
C H,OH C H,OH C H,OH |
imine ¢=0
HOC- H
‘Protonated imine can isomerize H-C- OH
— analogous to monosaccharide Amadori H_é_ OH
iIsomerization _ compouna |

Dr. Lin ubh
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Maillard Reaction: Later steps

Deamination (loss of amine) and further
isomerization leads to several dicarbonyl
compounds

C H,
|
HC ___ cH © -
|
| I C =
C raiils |
.C-. OH
NOHBC NS0T C=0 e
HMF H-C- OH
cyclic products — (IZ H,OH
polymerize to -
form dicarbonyl

brown, insoluble
melanoidins




Strecker Degradation

O O
~
R -HZO -HZO
™ COOH -
O H2N N N -H.O
H H ‘ 5
dicarbonyl amine

0
0
LN
OH H

Stecker aldehyde

NH, €O,

Dr. Lin yubh



H_ N_ CH,
(@A
HC N H

Dimethylpyrazine



Progression of the Maillard
Reaction

e An amino group of an amino acid (-NH2) reacts with,
An aldose or ketose sugar to form,
e An N-substituted glycosylamine (colorless) plus water.

e This is altered in what is known as an Amadori
rearrangement to form an N-substituted-1-amino-1-
deoxy-2 ketose compound.

e This is an isomerization reaction and is essential for
browning

Dr. Lina Soubh



Glucose

C|:H20H
o
Rr

Fructose

+ amino —>
acid

+ amino —>
acid

H Amino acid

N S
(|31

R
Glucose glycosylamine

(I3HZOH

Co—Amino acid

Rl‘
Fructose glycosylamine

Dr. Lina Soubh

Glucosylamine

1-amino-1-deoxy-D-ketose




Maillard Reaction

Cli—OH
C—OH

1-amino-1-deoxy-D-ketose

"Amadori Product” 1,2 Eneaminol 2, 3-Enol

+H,0
-remainng amino group

i "Strecker"”
5-hydroxymethyl-2-furaldehyde aldehydes

"meaty flavors"
3-deoxyhexosulose

Dr. Lina Soubh




General Scheme of Browning Reaction

 Ammonia \ Melanoidins
Alkyl amines (pigments)
- < Amino acids
Proteins B HEAT
(_Phospholipids

Volatile Compounds

7 (aroma chemicals)
|

( Aldehydes

Ketones

Carbonyl | { Susars Carbonyls
S Oxazoles Furans Esifrs

C_ar.bOhydrates Imidazoles ~ Pyrroles . .

t LlpldS / Thiophenes Pyridines Amides (Acrylamlde)

Pyrazines Thiazoles Heterocyclic Compounds




Typical Heterocyclic Compounds and Their Characteristic Flavor

Pyrrole ! i _ >
Furan 4 TR Desirablei Undesirable
Il H “ Il “ H Compounds§ compounds
O ) S Imidazole
Sweet Sweet Onion- :
Caramel- Ethereal: Like
Thiazole Pyridine Pyrazine  oxazole Pungent
Off-flavor
P | 1
S X AN i (Acrylamide ?)
Coorﬁgg; Pungent Roasted Roivgfee; :
Smokey Toasted
Sulfurous

Fishy Cooked




Maillard Reaction: Summary

Reaction between reducing sugar and amine

Xylose>Fructose>Galactose>Glucose>Lactose
- Amines contributed by proteins or amino acids
- Maillard browning can cause loss of essential amino
acids (e.g. lysine)
» Heating will accelerate
- Browning faster in cooked foods

- Occurs slowly but significantly at moderate
temperatures

Dr. Lina Soubh



Maillard Reaction: Prevention

» Remove reducing sugars or proteins
e Use strong acid

» Keep temperatures low

o Add sulfites

e Blocks dicarbonyl reactions (?)



Caramelization

C. ELIZATION occurs when sucrose is

heated >150-170°C (high heat!)

G

Caramel aroma (confections) color (beer; roasted)
B«

The smell of burnt sugar; too dark colors

Dr. Lina Soubh



first step

see mechanism in /.C./'Ca rame | izatio N

® At high temperatures, sugar reactions are accelerated

- Isomerization - All sugars react

o . (do not need reducing sugar)
- Water elimination

- Oxidation
e Caramelization (aka thermal decomposition) occurs at
- High temperatures (~150°C)
- Low water content/high sugar ‘ no amines

e Formation of

- Enediols
‘ Caramel flavors and pigments
- Dicarbonyls P



Caramelization: Dehydration

mechanism
Elimination of water from an epediol "¢ ~©
H-C - OH ] C-OH
& - H,O, H* |
- i C- H
| H* i/ v |
HO -C- H : - »  H-C - OH
|
H-CI- OH - OH H-C- OH
| |
H-C- PH H-C- OH C H,OH
|
C H,OH C H,OH
enediol H-C =0
|
c =0 new
1. dehydration (elimination) H - (': _H resonance,
2. Isomerization | Isomeriza-
H-C -O0OH tion

|
dicarbonyl H - (? - OH
V11.Cii.- C H,OH



Caramelization: Consequences

e eads to nice flavors and colors in many

foods |<|>

- Caramel aroma, coffee o

- Beverage colors, beer ‘ ‘

-Maltol one important flavor CH
3

(produced by Maillard rxns also) 7

®Can also lead to undesirable flavors and
colors
-“burnt-sugar” smell

VIVI.C.ii.-



Maillard browning
reducing sugar + amine

dr|e
egg

Caramelization
sugar + high heat

Enzymatic browning
O, + PPO phenolics

dried
milk

corn
starch
cooked

Dr. Lina SoudialSings
wine

N

Does not
involve
sugars



Vitamin C Destruction

O
|

7
o\

| O
HOCJ
S
H—-C OH

CH,OH

Ascorbic acid

&

N

Furfural



Vitamin C Destruction

C
|
HOCW
| O
HOCJ
S
H-C -OH

CH,OH

Ascorbic acid

Furoique acid



Mycotoxins
dy yladl) il
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Mycotoxin is a produced by
certain molds especially Aspergil/lus

flavus under special conditions of
and

YYY

2_Colilely



Mycotoxins & Fungus

Aspergillus Flavus K.____J4 Aflatoxines

vl — BZTED

Fusarium Roseum K 2 Zearaleon

4 Trichothecenes

usarium,




illus Flavus

Asperg

Dr. Lina Soubh
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Maize is most vulnerable
to contamination

AN Dr. Lina Soubh
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History

« 1960, is the time of
the discovery of
aflatoxin.

* 100.000 turkey

VYA Dr. Lina Soubh



Aflatoxins

Four primary aflatoxins, named B1, B2, 51
and G2 plus two additional metabolic
products, M1 and M2. The case with
aflatoxin toxicity and carcinogenicity has
been established for aflatoxin - induced
mutagenic activity and DNA damage.

ubh
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Hydro furan Hetero cyclic

Compounds

With Coumarin
molecule
Double bond
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[ Principals Aflatoxins

'

P ! .
\
’c > ‘co‘ -

OCH3







Aflatoxins in Organism

aflatoxin B1 being the most toxic




S P a2

i

Aflatoxin-B, -8,9-oxide Aflatoxin—glutathione Afiatoxin-MN-acetylcystane
conjugate (bile) (urine)
onA %
HzM Pro-mutagenic HaM
. P N abasic site f = s

N
}‘\“--]/§ﬂ G o W }*\--r/gﬂm o o]
DA N"\.-'F- ' o - -N""h:.-' M O |
o o
OCHs o OCHs

YYo Dr. Lina Soubh
MNature Reviews | Cancer



Compare Toxicity of Aflatoxins

AFB1 > AFM1> AFG1 > AFB2 > AFG2

ubh



Sl 40 4B

e liae il ) ol )sdll 4als (5 23 BT, G1
Mldes = Bldrew

ubh



Sl ddal) adde
S sad s Al g (il ISus Al (5 gan LS Y an

sy sl Ay ginall ay = sl jlall & gisall

ubh



Effect on Human Health

Chronic exposure to aflatoxins can damage
the liver, which can produce:

Other chronic disorders including:

ubh



Yo

Aflatoxicosis

bsisis primarily a hepatic disease.
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HO HO

Glucose—0O N NH, Glucosd: A N OH

Vicin Convicin

&4 (sl gle LS g () gl glS ,
Vicin \ /
Convicin 22
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|

I 0. _N
MH* O fl\f L \I 0 NHg*
[:1 H O 0

2 x reduced glutathione (GSH)

WHY ARE

W&)FEEU:G | THINK IT'S
WEA THE FAVA BEANS,
NADPE* /—F H ED = nmso?
glutathione reductase glutathione peroxidase
NADPH < 0 +% 0
CERTAIN FOODS NEED TO BE AVOIDED WHEN
" DEFICIENCY HAS A DIRECT EFFECT ON
|:| - H H [:r RED BLOOD CELLS.
| |
M. O O I
[H 5" [344\_,— L \I \//L:EJ MH,*
D ﬁ/\mﬂﬁ W S W A[N\T; C
| |
Cr (J— s -

oxidized glutathione {G55G)
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Glutathione System

CH2
HIN

A I goo-
Glycine

¢=0
HS-CHz - CH Cysteine

; > Glutamate

G-S—-S-G 2 H,O
(oxidized)

Glutathione
peroxidase

Glutathione
reductase

NADP™" 2 G-SH H,0,
(reduced)
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Biogenic Amines 4 siall CilinY!

- Organic bases usually produced by
decarboxylation of amino acids or by
amination and transamination of
aldehydes and ketones.

- Vasoactive or psychoactive amines.



Decarboxylation Reactions: Free
Amino Acid to Biogenic Amine

Histidine == Histamine
Arginine — Putrescine

1-phenylethylamine &

Phenylalanine = .
Y Tyramine

Tyramine
Tyrosine —

Tryptophan = Tryptamine

ubh



Indolamine Imidazolamine

Serotonin Histamine
HO CH2CHaMH2 CHzCHzNH;
N N
H
Aromatic amines
Phenylethylamine Tyramine Tryptamine
CH2CHaMNH2
CHsCHoNHs HO— @ CHzCHsNH3 @\—/(
M
|
H
Synephrine Octopamine
4 / T\
| :
HO — CHCHzNHCH3 — §r— Fl2CHNHCHS
Di-amines
Putrescine Cadaverine
Vo HzN NHz HaN.  NHz Dr. Lina Soubh
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S CH,,O

H,C—CH — N
2= CcH <\ — g% HCSCH G&H N, —N—C—5
oy N O SOk |
OH
Progoitrin Isothiocyanat

H
/TN
H,C-C O)ss
H
Goitrin

Thioglucosinolate ¥ gl Sl gl JSas
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CN CN

HC——Glucose-Glucose HC—OH
= Beta-glucosidase S
—
/,.-""f HEG ‘,,..-"'f!
Amygdalin Mandelonitrile
Hydroxynitrile
lyase

' CHO

HCN +

Benzaldehyde

.Lonversion of amygdalin to benzaldehyde And cyanhydyogen...
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CH,
CH,
N
G, CH,

D-Glucose—0O
D-Galactose

L-Rhamnose

Solanin
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Tomatidin
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Saxitoxin
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