@ L) lal




FooD COMPOSITIONS
MACRO AND MICRONUTRIENTS

QWater
. . Macro
QCalories (Protein,Carbohydrats,Fat)
Q8-10 Essential Amino acid
QEssential Fatty Acids Miced

Q13 Vitamins
016-20 Minerals




COMPLEX SYSTEM, MANY FOOD
INTERESTS

Food can be
contaminated at
any point, from
farm inputs

Transport to fork.

“Mill / Slaughter /
Food Processor
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GOALS OF FOoOoD CONTROL

Determination of nutritional value
Determination of food composition
Determination of toxic substances

Quality control

Detection of fraud

Detection of contaminants

Determination of intermediate substances
Ensuring standards are met



POTENTIAL CONTAMINANTS IN FOOD

oMicrobes and microbial toxins

e Salmonella, Clostridium botulinum

oChemicals

e (Cleaners, pesticides

oPhysical hazards

e (Glass, Radioactive contaminants




QUALITY AND SAFETY ATTRIBUTES:

Food must be free of any harmful chemical or
microbial contaminant at the time of its
consumption.

A list of quality attributes of food and some
alterations they can undergo during processing
and storage 1s given 1n this table:



Altribute

Alteration

Texture

Loss of solubility

Loss of water holding
capacity
Toughening
Softening

Flavor

Development of:
Rancidity
Off flavor
Desirable flavor




Color

Darkening
Bleaching

Development of other off-
colors

Development of desirable
colors (browning in backed

goods)

Nutritive value

Loss, degradation or
altered bioavailability of
proteins. Lipids, vitamins,
minerals

Safety

Generation of toxic
substances




CHEMICAL AND BIOCHEMICAL REACTIONS

Types of reaction Examples
Nonenzymatic browning Baked goods
Enzymatic browning Cut fruits
Oxidation Lipids (off-flavors), vitamin

degradation, proteins (loss
of nutritive value)

Hydrolysis Lipids, proteins, vitamins,
carbohydrates
Metal interaction Complexation, catalysis of

oxidation




Types of reaction

Examples

Lipid isomerization

Cis-trans

Lipid cyclization

Monocyclic fatty acids

Lipid polymerization

Foaming during deep fat
frying

Protein denaturation

Egg white coagulation,
enzyme inactivation




WATER

Water 1s an essential constituent in all foods. Fruits and
vegetables have higher water content while dried

pulses and cereals have a lesser amount. Water

content has a very significant effect on the different
quality parameters of food like appearance, skin
structure, color and flavor. Water 1s mainly

responsible for the changes that the foods undergo on
cooking. Due to its unique H-bonding capability its

role in foods 1s unique.



WATER FUNCTIONS IN THE BODY

Represents 75% of the brain
<

Transports nutrients
& oxygen to the cells

Regulates body |\

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 body to
absorb nutrients
Protects and
lubricates the Represents 75%
joints of the muscles

Wustration by Sety Larson




O Oxygen
Hydrogen
\Q/ ® ydrog

— Sigma bond

——————— Hydrogen bond (bridge)

Tetrahedral coordination of water molecule



HYDROGEN BONDING OF WATER

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

¥ fc; Ice: 4 H-bonds per water molecule

v
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Water Content |1

Lettuce 96
. Asparagus 92
In FOOd 90 Whole milk 87
Orange 86 o
80 Potato 80
Cottage cheese 79| pstato
80% water
70 -
o Veal 66
1]
S 60~= Chicken 63
°
= Bread
o)) =
§50 m Beef 47 36% water
o
40_
Cheddar cheese 37
Bread 36
30- Butter
20% water
10 Dry gelatin 13

M White sugar 0.5




WATER BALANCE

Intake

Qutput

(

Metabolism :
400

[ Food 500 ] :

Crinking 1500

Faeces _
[ 100 ]
Skin 400 j

S ¥

Breathing
400

Urine 1500




WATER ACTIVITY:

The storage quality of food does not depend on
the water content, but on water activity
(aw), which 1s defined as follows:

a,, = p¢/ P, = ERH/100

pf = partial vapor pressure of food moisture at
temperature T

pw = saturation vapor pressure of pure water
at T

ERH = equilibrium relative humidity at T.

Water vapor

t+1

"

Closed



The effect of water activity on processes
that can influence food quality 1s
presented in the following fig.

Maillard

Lipid
reaction

oxidation

Microbial growth

/ Lipolysis

Water activity




MOISTURE DETERMINATION METHODS:

1- Oven Drying Methods:




DISTILLATION METHOD
DEAN & STARK ¢ U g (ya 48y )k

4+— ______

<— Condenser  Solvent —  Toluene

Cold water —» ——

Refluxing & Water
Separation Method
| <4— Graduated Trap

Samples & Solvent
Heating Mantle




3-Karl Fischer titration:

This method 1s based on the fundamental reaction
involving the reduction of iodine by SO, in the
presence of water:

2H,0 + SO, + 1,

H,S0, + 2HI



4- Dielectric Method:

Water content of certain foods can be
determined by measuring the change in
capaclitance or resistance to an electric
current passed through a sample.

C = Capacitator capacity
D = Capacitator surface
A = Distance between
capacitator surface

e = dielectric constant







[CARBOHYDRATES]

P
POLYSACCHARIDES]
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CLASSIFICATION
SIMPLE CARBOHYDRATS

Number of Carbons
1- Trioses C3H4O4 e.g. glyceraldehyde
2- Tetroses C,HZO, e.g. erythrose

3- Pentoses C;H,,0; e.g. ribose
4- Hexoses C;H,,0, e.g. glucose, Galactose, fructose,
mannose.

5- Heptoses

6- Octoses
According to Functional Groups
-Aldoses

-Ketoses



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
o)

Amylopectin

LA

Amylose and amylopectin are the 2 forms of starch. Amylog‘n
Is a highly branched structure, with branches occurring ev 2
to 30 residues




Relative Sweetness of Sugars

Sucrose
Glucose
Fructose
Lactose
Invert Sugar
Maltose

Galactose

100
74
174
16
126
32
32

—
<




GLYCEMIC INDEX OF FOODS

The effect a food has upon the rate & amount of

Increase 1n blood glucose

Foods high in refined sugar have high GI

Carrots, Potatoes
Bread, crackers

Raisins

Gatorade, soda

Pasta & rice
Yams

Corn
Baked beans

High GI Medium GI Low GI
Glucose All Bran cereal Fructose

Sucrose Banana Apple

Maple syrup Grapes Cherries

Bagel Oatmeal Kidney, navy beans
Corn flakes Orange juice Lentils, chick peas

Dates & figs
Peaches, plums

Ice cream
Milk & yogurt




CARBOHYDRATE
DETERMINATION



CARBOHYDRATE DETERMINATION

1. Monosaccharides and Oligosaccharides
A- Reducing mthods

B - Polarimetry 2
C. Enzymatic Methods

1. Glucose oxidase

2. Hexokinase
D. Chromatography Method

1. Paper or thin layer chromatography
2. Gas chromatography

3. Liquid column chromatography ‘
2. Polysaccharides




REDUCING METHODS PRINCIPLE

Invert sugar reduces the copper in Fehling-A solution to a brick
red insoluble cuprous oxide

H O
|
2Cu(OH), + R-C=0 > R-C-OH + Cu,O +H,O




FEHLING’S METHOD

i )

_ burette graduée

dsF___@._/ remplie de solution
- c..

j sucrée

support

R ‘-"'l

grains cc pierre ponce

i o e
/ (ou barreau magnétique
'/ S1 agitateur magnétique

erlenmeyer ] /" chauffant)

- —— o =

liqueur de Fehling

plaque chauffante
L (ou agitateur
magnétique
= - chauffant)




L UFF -SCHOORL

Cu S04 + 2 KI ¢ > K2 S04 + Cul2

/™

Cul I




BERTRAND METHOD:

reducing sugar + Cu*2 + pase — > oxidized sugar + Cu,O

Titration of the cuprous oxide with permanganate:

Cu,0 + Fe,(SO,), 2 FeSO, + CuSO, + CuO

10 FeSO, + 2 KMnO, + 8 H,SO, 5 Fe,(SO,), + K,SO, + 2 MnSO, + 8 H,0
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ENZYMATIC METHODS

alpha D Glucose

Glu Deshydrogenase \exokenase G6PDH
Gluconolacton < —— Mutarotase

m G6P
ATP
NAD (P )H, NAD (P) ADP  NAD (P)H2
beta D Glucose ADP
Gluc Oxidase 6 Gluconate

%
H202 wsdp 2 H2 O

LN
CH2" »C



LIPIDS

A family of compounds that includes

e Triglycerides (fats & oils)

Fats: lipids that are solid at room
temperature

Oils: lipids that are liquid at room
temperature

e Phospholipids
e Sterols (cholesterol).

VAU AL O



FATTY ACID



FATTY ACIDS MONO-UNSATURATED




POLYUNSATURATED FATTY ACID

oa VYTV OY/) /Y

(PUFA)

More than one carbon-carbon double bond

=

HICIH
HIC'H

H|C|H
N\
T—CQsFT

HIIC\IIH



OMEGA-3 (ALPHA-LINOLENIC ACID)
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OMEGA-6 (ALPHA-LINOLEIC ACID)




TRIGLYCERIDES

Triglycerides Are Esters of Glycerol and Fatty

Acids

Glycerol "backbone" is
a water-soluble

AL AL SO

IVARVAY

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

alcohol
H 0 / H i
| —— T | T
H—C—O[(H+HO) —C—F| H—C—0—C—Rq+H0
| o . | 0
A = [ condensation I
C—O(H+HO)—C—Ry . » H—C—0O—C—Ry+H0
| o reaction | o
H—C—o(R+r3)—C—R :
H H
Glycerol + 3 Fatty Acids Triglyceride + 3 water molecules

Structures linked by

ester bonds (R-COOR') and water is released




Phospholipids

H
H O H From 2
H-C- 0 e e e T ___ fatty acids
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D i A — et e e - - H

R e T
H
H H Hﬂ ____.The plus charge on the N is
L —  balanced by a negative ion—

st g‘”‘#‘#‘ . usually chioride.
| " 0 “ iR HE ——From choline
I .,
| .,

From glycerol From phosphate

(211999 Wiadswarth Publishing Company /TP



LIPID CONTENT ANALYSES

Gravimetric Method
(1) Wet extraction - Roese Gottliegbh & Mojonnier.
(2) Dry extraction - Soxhlet Method.

Volumetric Methods (Gerber Methods)



P
Coolant (H20) out

Paper thimble

Solid material
being extracted

Solvent passes
h the
thimble wall

¥ Solvent
vapor

Liquid
solvent




Gerber Method
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After adding

sulfuric acid
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(GAS CHROMATOGRAPHY
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GC condition:  10% DEGS Column (from supelco)
Column temperature 200C.
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Hydrogenation

. Additiﬂn of hydrogen across double bonds
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\ :

.O- c/\/\/\/\/\/\/\/\/

saturated P|I P|I
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HYDROLYSIS: TRANSESTERIFICATION

Process to rearrange acyl groups on triglycerides

Hydrolyze to remove fatty acids

Reattach fatty acids by esterification

— P
- P+
—p

el

— P

—— P

hydrolysis
)

H,O

H,O

AN

esterification

OH
OH

OH

Free fatty acids

P

+

P

P
OH
OH

OH

Modify nutritionakand
physical properties
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Peptide Bond

D
0 - OF
C-OH H-N-GC-H
HN- C-H R,
R, H, O dehydration
D
- O C - OH
peptide bona t') _ ¢ H
H,N Q H R,
R



AMINO ACID CHAINS

-]

Liaison
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hydrophobe
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ESSENTIAL AMINO ACIDS

Histidine***
Isoleucine
Leucine

Lysine

Valine

9103/3/01

Methionine* (and Cysteine)
Phenylalanine** (and Tyrosine)
Threonine

Tryptophan

* necessary for synthesis of cysteine
**necessary for synthesis of tyrosine

**% necessary only for infants ‘




HOMOPROTEINS

o Simple Proteins

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

oAlbumins
oGlobulins
oCollagens
oFibrins

—
-
~
DO
~
DO
-}
—
(op}




HETEROPROTEINS

T032/3/01

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:
oPhospho proteins

oLipoproteins

oNucleoproteins

oGlyco proteins,

oChromo proteins



Proteln Determination




Protein Determination Methods

oA W N e

10/2/2016

Kjeldahl Method.
Dye Binding Method.
Biuret Method.
Lowry Method.
Ultraviolet Method.







Dye Binding Method
Acid Orange 12:

Procedure:
1. Mix protein, dye, buffer pH = 2.
2. Filter or centrifuge.

Measure absorbance of filtrate.

1072/2016



PROTEIN QUALITY

Methods for Evaluating Protein Quality of
Food Proteins

10/2/2016




Ile Lys  Met  Tip

Legumes

Grains

Together

© 2008 Wadsworth - Thomson




METHODS FOR EVALUATING
PROTEIN QUALITY

Biologic value (BV)

protein utilisation (NPU)
Protein efficiency ratio (PER )
New methodology 1s

Protein digestibility-corrected amino acid score
(PDCAAS)

9103/3/01
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Enzymatic Browning

E.g. oxidation of pheno!

OH
OH o
c
=}
PPO OH ©
+ O ., 3
? Vi j + HO 7
3H*
2H* o-diphenol
@) y
4\ Oz
Flavors, =
pigments <«

o-quinone ‘




BROWNING REACTIONS

Sugar at high temperatures 2 Brown pigments + flavors

Phenolics with PPO - Brown pigments + flavors

Reducing sugars + amine 2 Brown pigments + flavors

- Brown pigments

qqnog svur “I(g



MAILLARD REACTION

Carbonyl group undergoes nucleophilic attack by amine

HO

74

-C- OH
-C- H

H.C. OH

-C- OH

C H,OH

reducing sugar

+ H,-N-R

amine

H+

H.

H -
HO -

N—N-N-N—N—-—N

=N-R

OH

- H
- OH
- OH

H,OH

imine

H,O
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General Scheme of Browning Reaction

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

Volatile Compounds

" (aroma chemicals)
|
(Aldehydes
Ketones
Carbonyl | { Sugars — - Carbonyls
XazolI€s urans

C.arbOhydrates Imidazoles  Pyrroles Este.rs .
t Lipids / Thiophenes Pyridines Amides (Acrylamide)

Pyrazines Thiazoles Heterocyclic Compounds




Vitamin A Retinol

Vitamin E Tocopherols
Vitamin D Calciferols
Vitamin K Quinones



Thiamin (B1)
Riboflavin (B2)
Niacin (B3)
Pantothenic acid (B 5)
Pyridoxine (B6)
Cobalamin (B12)

Vitamin C
Biotin Vitamin H
Folic acid



VITAMIN A (RETINOL)

Beta-carotene J| (x 4clilual Sy 0
Vitamin AJd )20
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Sally fSH .




VITAMIN E s
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cancer, Alzheimer’s Disease,
coronary artery disease,
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( Phenytoin, Carbamazepine, Valproate,
Phenobarbital)
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coagulation factors II, VII, IX, and X



NIACIN (B3)
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