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Functions f ) of Hydrocolloids In Foods

= IO
00 .o..’.’ :
[ .. 0% 0g 0

Suspension

Emulsion Stability

)

=9
Foam Stability

pH Compatibility

Soluble Fiber Protein Interaction
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"The Polymer Chain of Command"”
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Linear vs. Branched — Hydrodynamic Volume

Highly Branched Polymer

Linear Polymer Dr. Aazamaarabi

aarabi9531@gmail.com
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Viscosity

4_._._._______._.—-—"‘
‘_._._____._.—-—"'*

Gel

Dr. Aazamaarabi
aarabi9531@gmail.com
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Classification of gums and hydrocolloeids

2. Extracts
5. Modified

(Plants & Animals) {0} Natural

(Semi—Syntheﬁc)
6. Synthetic

(Pure
Chemical)

aarab|9531@gmall.com
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Stokes Law
(Sedimentation Velocity)

a (P,—P,) d?
A=

S

18 nc

LT |

Sedimentation Creaming
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Table 1.2 Price of the major hydrocolloids

Hydrocolloid Principal function
Agar Gelling agent
Alginate Gelling agent
Arabic Emulsifier
Carrageenan Gelling agent

Processed euchema seaweed Gelling agent

Carboxymethyl cellulose Thickener

Hydroxypropyl cellulose Thickener and emulsifier

Methyl cellulose Thickener. emulsifier and
gelling agent

Microerystalline cellulose Thickener and gelling agent

Gelatin Gelling agent

Guar gum Thickener

Karava Thickener

Locust bean gum Thickener

Pectin Gelling agent

Pectin (low methoxy) Gelling agent

Propylene glycol alginate Emulsifier and foam stabiliser
Starch Thickener and gelling agent
Starch (modified) Thickener and gelling agent
Tragacanth Thickener

Xanthan gum Thickener

Q\J\}P%\MJ%QSJJ
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[A starches _ [ Gelatin 46.3%
BEA Gelatin B Guar gum 11.8%
] Carragesnan [ carrageenan  8.5%
[ Pectin X B Pectin 7.7%
Xanthan gum  ~4% M Gum arabic 77%
[ Locust bean gum J O xanthan gum  46%
B tlginates [ Locust bean gum 3.5%
CMC CMC 3.9%
Guar gum - Alginates 3.1%
[ Others ) B Agar 2.7%

Total value $4.4 billion Total volume 260,000 tonnes

Fig. 1.2 (a) Value of world market for individual hydrocolloids. (b) Volume of world market for
individual hydrocolloids.
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1.2.4 International numbering system for food additives (INS)

INS is intended as an identification for food additives for use in one
or more member countries. The criteria for INS inclusion (para 90,
Alinorm 91/12-22nd FAC) are:

- The compound must be approved by a member country as a food
additive.

- The compound must be toxicologically cleared for use by a
member country.

-+ The compound must be required to be identified on the final
product label by a member country.

) g s dal Camlua 3 iy OIS 3
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Table 1.3 INS and E numbers for modified starches

Modified starch*

INS/E number

Dextrin (roasted starch)

Acid treated starch

Alkali treated starch

Bleached starch

Oxidised starch

Monostarch phosphate

Distarch phosphate

Phosphated distarch

Acetylated starch

Starch acetate

Acetylated distarch adipate
Hydroxypropyl starch
Hydroxypropyl distarch phosphate
Starch sodium octenyl succinate
Starch. enzyme treated

1400
1401
1402
1403
1404
1410
1412
1413
1414
1420
1422
1440
1442
1450
1405

The Codex General Standard for labelling of pre-packaged foods specifies that
modified starches mav be declared as such m a list of ingredients. However,
certain countries require specific identification and use these numbers.
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Table 1.4 INS and E mumbers for hydrocolloids

Hydrocolloid INS/E number® Function
Carrageenan (including 407 Thickener, gelling agent, stabiliser, enmilsifier
furcelleran)
Processed euchema seaweed 407a Thickener, gelling agent, stabiliser. enmilsifier
Hanthan gum 415 Thickener, stabiliser, enmilsifier, foaming agent
Gellan gum 418 Thickener, gelling agent and stabiliser
Guar gum 412 Thickener, stabiliser and emulsifier
Locust bean gum 410 Thickener, gelling agent
Gum arabic 414 Emulsifier. stabiliser. thickener
Pectin HWEHMO (1) Gelling agent. thackener, stabiliser
Amidated pectin E440 (1) Gelling agent, thickener, stabiliser
Microcrystalline cellulose INS460 (1) Anticake, emmlsifier, stabiliser and dispersing agent
Powdered cellulose INS460(i)yE460 Anticake emmlsifier, stabiliser and dispersing agent
Cellulose 460 Anticake, emulsifier. stabiliser and dispersing agent
Tragacanth gum 413 Emulsifier, stabiliser. thickening agent
Earaya gum 416 Emulsifier, stabiliser and thickening agent
Eonjac flour Gelling agent, thickener, enmilsifier, stabiliser
Eonjac mannan E425 Gelling agent, thickener, enmilsifier, stabiliser
Propvlene glycol alginate 405 Thickener, enmlsifier
Sodium alginate 401 Thickening agent, stabiliser
Potassmum alginate 402 Thickeming agent. stabiliser
Alginic acid 400 Thickemng agent. stabiliser
Calcium alginate 404 Thickemng agent. stabiliser
Ammonium alginate 403 Thickening agent, stabiliser
Methvl cellulose 461 Thickening agent, enmilsifier, stabilizer
Hydroxypropyl cellulose 463 Emulszifier, thickener, stabiliser, binder, suspension
agent, film coating

Hvdroxovpropyl methvl cellulose 464 Emulsifier. tb.tcke:umg agent, stabiliser
Sodinm carboxymethyvl celluloze 466 Thickeming agent. stabiliser, suspending agent
Agar 406 Thickening agent and stabiliser
Crat gum 411 Thickener, stabiliser
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agar

low acyl gellan gum

high 'G' alginate

1-carrageenan

high acyl gellan gum
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/

| Association | | No association |
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| Precipitation | | Gelation | |_Single phase | | Two phases |
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Exudate Gums

Per Webster:

» To ooze out or undergo diffusion
» To cause to ooze or spread out in all directions
* To display conspicuously or abundantly

Types:

& Tragacanth

» Karaya
» Ghatti

Dr. Aazamaarabi
aarabi9531@gmail.com
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Acacia Tree-Large Genus
over 900 species worldwide

Africa, Australia, India,
Southwest US

A.senegal & A.seyal “talha”
are main species

Harvest Manual -
wild species & acacia plantations

Most of world’s supply
from “gum belt” in Africa

Termed “Hashab” in Sudan Between North Latitudes 11 and 14

Dr. Aazamaarabi
aarabi9531@gmail.com
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Gum Acacia - A. senegal vs. A. seyal (talha)
(Composition/Characteristics)

Definition:' A mixed (Ca++, Mg+ K+) salt of a polysaccharidic acid
composed of six carbohydrate moieties: (galactose, arabinopyranose,
arabinofuranose, rhamnose, glucuronic acid and 4-O-methylglucuronic acid)

Prope A. senegal A.seyal
(Grade #1) (Grade #2)
Mol. Wt (Ave.) 380-800K 300-500K
Optical Rotation (-) 26-50 (+) 50-100
Protein 2% 1%

Three fractions:

AG Fraction 88% 98%

AGP Fraction 10% 1%
GP Fraction <1% <1%

1- Glicksman, Food Hydrocolloids, Vol. 2, Chap.1 CRC Press, 1983

e 26
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Modern Hypothesis of the Structure of Gum Acacia Senegal’
1)Anderson, D.W.M.,, Phillips, G.O., Williams, P.A., Stephen, A M.

GAL

MeGLcA

|

|

|
GAL

=
—c r“‘_
Glch
RHA
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“Wattle Blossom” Model Of Gum
Arabic (Fincher 1983)

O-galactosyl hydroxyproline linkage

\
Mol. Wt. 2 X 10°

Dr. Aazamaarabi
aarabi9531@gmail.com
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Gum Acacia-Key Functional Properties

» Good acid stability (natural pH 3.9-

4.9

> Highly soluble & unique low

viscosity
(55% solutions possible)

> Good emulsion stabilizer (protein

component)
- Traditional Food Emulsions
- Encapsulation via spray drying

> (Good heat stability

Dr. Aazamaarabi
aarabi9531@gmail.com

e 29
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Gum Acacia
Use In An Emulsion For Spray Drying

Aqueous Phase Organic Phase

Acacia, Flavor Oils,
Water Terpenes, efc

Pre-Emulsion Mix

Homog[nization

Spray Drying ------- N T°90-170 F.

Dr. Aazamaarabi
aarabi9531@gmail.com
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Gum Acacia
Major Food Applications

» Confections

> Flavor emulsions/Encapsulation

> Beverage and Beverage Emulsions
> Baked Goods (Glazes)

> Low Carb Arena (Extender for Sugar
Syrups)

Dr. Aazamaarabi
aarabi9531@gmail.com

e
09139409002
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Gum Acacia
Key Applications — Non Food

» Pharmaceutical — Tableting (binder)
» Cough drops & cough syrups

» Adhesives

» Cosmetics:

- Lotions & creams — smoothness
- Mascara — adhesive
- Rouge — emulsifier

» Industrial - printing

Dr. Aazamaarabi
aarabi9531@gmail.com

e
09139409002
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Gum Tragacanth

Astragalus gummifer

Spines on crown of plant

Dr. Aazamaarabi
aarabi9531@gmail.com

Ribbons or flakes from tap root
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Gum Tragacanth — Molecular Structure?

A mixed, highly branched polymer consisting of two fractions:

Fraction | — Tragacanthic acid or “bassorin” (70%)

> A water swellable, acidic polysaccharide composed of D-
xylose, L-fucose, D-galacturonic acid, D-galactose and L-
rhamnose

Fraction Il — Tragacanthin (30%)

> A water soluble, neutral, highly branched arabinogalactan
» L-arabinose is main sugar

1 - Glicksman, M.., Food Hydrocolloids, VolLIL, Chap. 4 CRC Press 19 83
Ol s el Camia 3 5y S
09139409002
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Gum Tragacanth

Fraction | — Tragacanthic Acid —Suggested Structure’
(70%)

(- Ga,A — GﬂIA— GaIA—GjIA— ) n

Xyl Xyl yl

Fucose

Where:

(GalA is Galacturonic Acid
Gal is Galactose

Xyl is Xylose

Fucose is fucose

1- Aspinall, G.O., Adv. Carb. Chem , 24:333_ 1969 & Aspinall, G.O. and Ballie, J_, J. Chem Soc_, 1963:1704 1963

e 35
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Gum Tragacanth — Food/Non-Food Uses

NON-FOOD:

Dressings, Sauces and Relishes

Confections and bakery fruit
fillings

Icings — ready to roll type ( high
sugar/fat)

Frozen desserts — sorbets and
sherbets

»Toothpaste

»Hair lotions and gels

»Auto polishes

pi S aselCunbasasigriS ol
09139409002
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Extracts

»Alginates

»Carrageenan & Agar

» Chitin
Dr. Aazamaarabi

aarabi9531@gmail.com
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Pectin Source/Manufacture
Peel

Extraction

B

Filtration

Concentration
Precipitation (Alcohol)

Drying/Milling

Low Ester (A) <= igh Esler Pectin ey Low Ester (C)

O3 s gl Caniam 3 gy O 5 38
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Pectin — 4 Key Modes of Functionality

> High Methoxyl Gelling

» High Methoxyl Viscosifying

> Low Methoxyl Gelling

» Acid Milk Stabilization

Dr. Aazamaarabi
aarabi9531@gmail.com
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Alpha (1- 4) linked D-polygalacturonic acid

~ 300-1000 repeating units per chain

“A sugar acid”
Free acid group / Amide Group

COOH CONH,
0

OH H o—!

H OH

Methyl ester group

DE > 50% = High Ester or High Methoxyl Pectin
DE < 50% = Low Ester or Low Methoxyl Pectin

Dr. Aazamaarabi
aarabi9531@gmail.com
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HM Pectin Gelation?

HIGH METHOXYL PECTIN SHOWING
HYDROGEN BONDING ATTRACTION AT pH 3

Requirements:
[IIUUCHﬁ ELIL'I'['.H:.L EDUEH3

U an% e pH<35
gt o L T

SS > 55%

CODCH3

D - GALACTURONIC ACID

HM Pectin T
X Rapid Set
Rapid Set
Medium Set
Slow Set
X Slow Set

1 — Courtesy A/S Kobenhavns Pektinfabrik
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HM Pectin Viscosity
>pH 3.5

Dr. Aazamaarabi
aarabi9531@gmail.com

e
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LM Pectin Gelation?

LOW METHOXYL PECTIN—CALCIUM GEL
COOCHg COOCHS

\)/u\{, __0:}\

j

CODCHy COOCH3

Requirements:

» DE < 50% requires Ca++

» pH ranges 1.0-7.0; pH affects texture
«Soluble solids may range from 0-85%
*Soluble solids affects Ca++ required

Dr. Aazamaarabi

1 — Courtesy of A/S Kobenhavns PektinFabrik aarabi9531@gmail.com
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Acid Milk Stability
(State of Casein Micelles in Milk)

pH 4.6 net 0 charge
(clumped)

pH 6.6 net (-) charge
(separated)

Dr. Aazamaarabi (separated/stable)
aarabi9531@gmail.com
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(Sl OB jeve (O 3 Ologas

Typical physical properties of commercial xanthan gum

Property

Value

Physical state

Moisture (%)

Ash (%)

Nitrogen (%)

Acetate content (%)
Pyruvate content (%)
Monovalent salts (g L")
Divalent salts (g L™ ")
Viscosity (cP)

Dry, cream-colored powder
815

7-12

0.3-1

1.9-6.0

1.0-5.7

3.6-14.3

0.085-0.17

13-35
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Oil - Water dressings
Syrups and toppings

Baked goods

Pastry fillings

Soups, sauces and marinades
Whipped creams & mousses
Instant mixes

Emulsion stabilisation and viscosity
control.

Viscosity control and cocoa
suspension.

Prevents lump formation during
kneading and improves dough
homogeneity.

Viscosity and syneresis control.

Viscosity control.
Air cell stabilisation.

Rapid thickening, suspension and
provides body
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Milk Sweeteners | Stabilizers Total
Fat (%) and Solids
(%) Emulsifiers (%)

(%)

Non fat Ice cream (hard) | <0.8 1.0 35-37

Low fat ice cream (hard) | 2-4 0.8 35-38

Light Ice cream (hard) 5-6 0.6 3538

Economy Ice cream 10-12 0.5 35-137
Frozen yoghurt 3-6 0.5 30-33

Soft serve ice cream 3-4 0.4 29-31

Source: www.foodproductdesign.com
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Stabiliser

Recommended
dispersal temp Dosage level
E number (° C) (%)

Locust bean gum
Guar
Carrageenan
Alginate

Agar

Xanthan

410 80 0.06-03

412 20 - 80 0.05-03

407 >9 0.02-0.15

401 80 0.1-05

406 >80 0.1-0.5 THE ENGINE
415 ambient  01-03 ewmn
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+ 0.5% xanthan
© 0.7% Guar gum

Apparent viscosity (Pa.s)

1 10
Shear rate (1/s)
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Starch Building Block
- D glucopyranose
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Calide alio (sl 4iulis sla S

Starch Type Diameter Morphology Gelatinisation Pasting  Amylose Cooked
microns temp. °C temp °C confent properties
(prm) (a)

Maize (b) Cereal 5-30 Round 62-72 80 25 Opague gel
Polygonal

Waxy Cereal 5-30 Round 63-72 74 <1 Clear

Maize Polygonal cohesive

Tapioca Boot 4-35 Chval 62-73 63 17 Clear cohesive,
Truncated tendency to gel
“kettle drum’

Potato Tuber 5-100 Crval 5968 64 20 Clear cohesive,
Spherical tendency to gel

Wheat Cereal 1-45 Found 5564 77 25 Opaque gel
Lenticular

Rice Cereal 32 Polygonal 6878 81 19 Opaque gel
Spherical
Compound
gramules

Sago Pith 1565 Onal 6974 74 26 Opaque gel
Truncated

High Cereal 3-30 Polygonal 6302 (c) =90 5000  Very opaque,

Amylose Lrregular very strong gel

Maize Elongated

{a) Measured for 5% starch suspension.
(b) Maize 15 also often referred to as “com’, “dent com’ or ‘regular maize’.

{c) High amylose maize starches are not completely gelatimsed mn boiling water.

O 5 e el Cariia 3 gign S 30
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Granular level: Swelling and Pasting properties

Swelling and amylose leaching Starch paste
Native starch Gelatinization

Granule

Viscosity
Increase
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Gelatinization

Molecular level




) Maize
Potato
1200 - o
}g e /
= .|
® 1000 Tapioca
-]
BOD
§ w0 Wheat
(% l ~ ? P -
600 et 1] /C/ /’ Waxy maize
400 - ‘_l___-____/// )
30 g starch, anhydrous starch + H20 « 4505,
I Heal raodl to 50°C then 1.6°C par minute to
95°C, noid for 20 minutes
Cooh 1.5°C per minue 0 30°C
T | ] |
Qa0 70 80 an
(1] Galatnsshon
(2) Pasting
{3) Rmmpradation coo >
for mace starsh

OV s s el Carlua 3 g3 CS 4% 89




Why native starch should be modified?

» Processing at high temperature
+1000C : improved solubility, reduced viscosity
>> 1500C : glycosidic linkage easily hydrolyzed \

» Mechanical Shear

Starch paste agitation & transport through pipes & pumps
increased the viscosity

% Acid Media

At low pH, starch easily hydrolyzed

< Salts

Electrolytes solution influenced to the viscosity & granule swelling
> Low Temperature
Retrogradation during freeze & thawed

Dr. Aazamaarabi
aarabi9531@gmail.com



Starch Modification

Improving the cooking properties €
Decreasing the retrogradation tendency €
Improving the freeze-thaw stability of paste €

- Decreasing the paste and/or gel syneresis properties
- fdncreasing the paste and/or gel clarity

éncreasing the paste and/or gel textures

Improving the film forming
€dmproving the adhesion properties

dmproving the hydrophobic group (for emulsion stabilization)
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Terminology in Modified Starch

Carbon Position (C-) in anhydroglucose unit

CH,OH

C-6 : primary hydroxyl group
C-2 & C-3 : secondary
hydroxyl group
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Degree of Polymerization(DP)

Dextrose Equivalent(DE) or Reducing Value

DextroseDP = 1 DE =100
MaltoseDP = 2 DE =50
AmyloseDP =100 DE=1

Degree of Substitution(DS)

The average number of sites per anhydroglucose unit on which there

are substituent group



Beta Amylase Digestibility
Indication of the extent to which starch, amylose,
amylopectin, or modified starch is digested by this

enzyme.
An indication of the linearity of the glucose

polymer of hydrolyzate (products)
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Chemical & Biochemical Modification of Starch
(Taggart, 2004)
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HYDROGEN
BONDING

CROSS-
LINKING

Dr. Aazamaarabi
aarabi9531@gmail.com




Cross-linking
Chemical modification of starch that results in

covalently bonded inter- and intramolecular
bridges between starch polymers

Objectives :
1. Strengthen starch granule HYDROGEN
2. Delay viscosity development by BONDING

retard granule swelling

Benefit to user :

1. Improved process tolerance to heat,
acid & shear LINKING

2. Production efficiency : increased
heat penetration allowing shorter
process time

|
?WBLLEN
'STARCH

App"catign : Structure of a crosslinked starch granule.
Ambient stable products, bottle sauces,
Sterilized soups and sauces. Dr. Aazamaarabi
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Effect of crosslinking (%trimetaphosphate treatment)
on viscosity profile of starch (smith, 1982)
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-Native starch is normally
susceptible to viscosity
breakdown.

» Crosslinking tends to inhibit
granule swelling during

cooking.

. . tends to show
a peak viscosity higher than
native starch.

=» Granular stability & improved
paste texture

. - no peak
viscosity. Increase in viscosity
throughout the cooking process
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