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Table 1.1 Source of commercially mmportant hydrocolloids

Botanical
frees
cellulose
tree gumn exudates
gum arabic, gum karaya. gum ghatti. gum tragacanth
plants
starch. pectin. cellulose
seeds
guar gum. locust bean gum. tara gum. tamarind gum
tubers
konjac mannan

Algal
red seaweeds
agar, carrageenan
brown seaweeds
alginate
Microbial
xanthan gum, curdlan, dextran. gellan gum, cellulose
Animal

Gelatin. caseinate. whey protein. chitosan
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Table 1.5 Main hydrocolloid thickeners

Xanthan gum
Very high low-shear viscosity (yield stress), highly shear thinming, maintains viscosity in the
presence of electrolyte, over a broad pH range and at lugh temperatures.

Carboxymethyl cellulose
High viscosity but reduced by the addition of electrolyte and at low pH.

Methyl cellulose and hydroxypropyl methyl cellulose
Viscosity imncreases with temperature (gelation may occur) not mfluenced by the addition of

electrolytes or pH.

Galactomannans (guar and locust bean gum)

Very high low-shear viscosity and strongly shear thinning. Not mfluenced by the presence of
electrolyte but can degrade and lose wviscosity at high and low pH and when subjected to high
temperatures.




Viscoelasticity and Gelation
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Fig. 1.7 G’ and G” of 0.5% and 2.0% guar gum solutions as a function of frequency.
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Qualitative comparison of the textures of gels produced by different hydrocolloids.



Table 1.6 Mam hydrocolloid gelling agents

1. Thermoreversible gelling agents

Gelatin

Gel formed on cooling. Molecules undergo a coil-helix transition followed by aggregation of
helices.

Agar
Gel formed on cooling. Molecules undergo a coil-helix transition followed by aggregation of
helices.

Kappa Carrageenan

Gel formed on cooling in the presence of salts notably potassium salts. Molecules undergo a coil-
helix transition followed by aggregation of helices. Potassium 1ons bind specifically to the helices.
Salts present reduce electrostatic repulsion between chains promoting aggregation.

Tora Carrageenan
Gel formed on cooling in the presence of salts. Molecules undergo a coil-helix transition followed
by aggregation of helices. Salts present reduce electrostatic repulsion between chains promoting

aggregation.

Low methoxyl (LM) pectin
Gels formed in the presence of divalent cations, notably calcium at low pH (3—4.5). Molecules
crosslinked by the cations. The low pH reduces intermolecular electrostatic repulsions.

Gellan gum

Gels formed on cooling i the presence of salts. Molecules undergo a coil-helix transition followed
by aggregation of helices. Salts reduce electrostatic repulsions between chains and promote
aggregation. Multivalent 1ons can act by crosslinking chains. Low acyl gellan gels are
thermoreversible at low salt concentrations but non-thermoreversible at higher salt contents
(= 100mM) particularly in the presence of divalent cations.

Methyl cellulose and hydroxypropyl methyl cellulose
Gels formed on heating. Molecules associate on heating due to hydrophobic interaction of methyl

groups.

Xanthan gum and locust bean gum or konjac mannan

Gels formed on cooling mixtures. Xanthan and polymannan chains associate following the xanthan
coil-helix transition. For locust bean gum the galactose deficient regions are mvolved m the
association.

2. Thermally irreversible gelling agents

Alginate

Gels formed on the addition of polyvalent cations notably calcium or at low pH (< 4). Molecules
crosslinked by the polyvalent 1ons. Guluronic acid residues give a buckled conformation providing
an effective binding site for the cations (egg box model).

High methoxyl (HM) pectin

Gels formed at high soluble solids (e.g. 50% sugar) content at low pH < 3.5. The ligh sugar content
and low pH reduce electrostatic repulsions between chains. Chain association also encouraged by
reduced water activity.

Konjac mannan
Gels formed on addition of alkali. Alkali removes acetyl groups along the polymer chain and chain
association occurs.

Locust bean gum
Gels formed after freezing. Galactose deficient regions associate.



synergistic combination
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Fig. 3.2 Chemical and biochemical modifications of starch.
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Table 5.2 Summary of carrageenan properties

Lambda

Tota

Kappa

Solubility
Hot (80°C) water
Cold (20°C) water

Hot (80°C) milk
Cold (20°C) milk
Cold milk

(TSPP added)

50% sugar solutions
10% salt solutions

Gelation

Effect of cations
Gel texture

Shear reversible gel
Syneresis
Hysteresis
Freeze-thaw stable
Synergy with locust
bean gum

Synergy with konjac
flour

Synergy with starch

Salt tolerance
Stability in acid

Protein reactivity

Soluble
All water soluble

Soluble

Thickens

Increased thickening
or gelling

Soluble

Soluble hot

Non-gelling

Good
Hydrolysis

Strong interaction
increasing at
acid pH

Soluble

Na™ salt soluble
Ca™ salt gives
thixotropic sols
Soluble
Insoluble
Thickens or gels

Insoluble
Soluble hot

Strongest gels with Ca™

Elastic
Yes
No
5-10°C
Yes
No

No

Yes

Good

Soluble

Na™ salt soluble
Limited swelling of K.
Ca™" salts

Soluble

Insoluble

Thickens or gels

Soluble hot
Insoluble

Strongest gels with K™
Brittle

No

Yes

10-20°C

No

Yes

Yes

No

Poor

Hydrolysis of solution, accelerated by heat

Gels are stable

Specific reaction with
kappa-casein

dairy application
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Table 5.3 Typical applications for carrageenan in water

Use Function Carrageenan type Use level (%)
Dessert gels Gelation kappa +iota 0.5-1.0
kappa +iota +locust bean gum
Low calorie gels Gelation kappa +iota 0.5-1.0
Non-dairy puddings Emulsion stabilisation kappa 0.1-0.3
Syrups Suspension, bodying kappa. lambda 0.3-0.5
BBQ and pizza sauces Bodying kappa 0.2-0.5
Whipped toppings Emulsion stabilisation kappa. iota 0.1-0.3
Imitation coffee creams Emulsion stabilisation lambda 0.1-0.2
Petfoods Thickening, suspending, iota+ guar gum 0.5-1.0
Gelation. fat stabilisation kappa+locust bean gum 0.5-1.0
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Xanthan gum
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Gum Arabic
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Pectin
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