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Learning Outcomes:
Å Be able to explain colloidal interaction mechanisms
Å Be able to explain the technical functionalities of the mentioned hydrocolloids

o Nature of the hydrocolloids
o Thickening effects
o Gelation mechanisms and gel properties
o Applications (use examples)



colloidal interactions



Important concepts

Physical Stability -Colloidal Integrations

o/w emulsion

suspension system

Instability
Å Gravity separation

o Think about centrifugation
o {ǘƻƪŜǎΩ ƭŀǿΥ =˄a(́ c- ṕ)d

2/18 ć
(Huppertz & Kelly, 2006)

Å Incompatibility (phase separation, e.g. gel syneresis)
Å Colloidal interactions (Attractive force, Repulsive 

force)
o Van Der Waals attraction
o Electric Double Layers (zeta-potential)
o Steric Repulsion
o Depletion Interaction (osmotic pressure)
o DLVO Theory (Deryagin-Landau, Verwey-

Overbeek)
(Damodaran, Parkin, & Fennema, 2007)

Given:

V: separation rate

a: gravity,

    ŀҐƎҒфΦуƳκǎ2

ć: density of continuous 

phase

ṕ: density of particle

d: diameter of particle

 ́ c: viscosity of 

continues phase



VAN DER WAALS ATTRACTION

Å van der Waals forces between molecules/colloidal particles are ubiquitous

kT Ғ п ×  10ҍнм J at room temperature

the van der Waals interaction free energy

For most particles in aqueous foods, A is between 1 and 1.5 times kT (kT Ғ п ×  млҍнм W ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜύΣ ōǳǘ ŦƻǊ ŀƛǊ ōǳōōƭŜǎ ƛƴ ǿŀǘŜǊΣ ! ƛǎ ƳǳŎƘ ƭŀǊƎŜǊΣ ŀōƻǳǘ мл 
times kT.

CŜƴƴŜƳŀΩǎ Food Chemistry Chapter7



Electric Double Layers



Electric Double Layers (zeta -potential)

Suspension or Emulsion particles
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Malvern: Zeta potential - An introduction in 30 minutes 
(http://www.malvern.com/en/support/resource-center/technical-
notes/TN101104ZetaPotentialIntroduction.aspx )

pH
2 4 6 8 10 12

-60

-40

-20

0
20

40

60
Zeta Potential mV

stable

Stable

IEP

+
+
+
+

+
+ + +

ς
ς
ς
ς
ς
ςςς

ς
ς
ς
ς
ς
ς
ςς

++
+

+
+
+

++++
τφ
τφ
τφ

τφ

τφ

τφ

τφ

τφ

τφτφ
τφ

+τφ
τφ τφ

Highly Schematic

http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
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http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx


CŜƴƴŜƳŀΩǎ Food Chemistry Chapter7

Screening effect at high I 



DLVO Theory



The interaction energies VA (due to van der Waals attraction) and VE can be added, and 

this has led to the first useful theory for colloid stability, the DeryaginïLandau, Verweyï

Overbeek (DLVO) theory. This theory enables calculation of the total free energy V 

needed to bring two particles from infinite distance to a distance h

DERYAGINïLANDAU, VERWEYïOVERBEEK THEORY



CŜƴƴŜƳŀΩǎ Food Chemistry 5th e.d. pp290-291 Chapter 5



Steric Repulsion



Steric Repulsion

Protein suspension: 
e.g. Casein Micelles

Emulsion Droplets: 
e.g. Emulsifiers

CŜƴƴŜƳŀΩǎ Food Chemistry Chapter7



Motivation of using nondairy food polymers

Å Thickening and modulating texture properties

Å Improving water holding capacity and physical stability



2% w/w unmodified rice starch granules

In 
acid milk gel

0% w/w unmodified rice starch granules

In 
acid milk gel

Starch and Protein Interactions



Physical Stability

Paiva, et al, 2021
10.1017/S0022029921000558

20 MPa 
Homogenization

80 MPa 
Homogenization

Control

e.g.
UHT light cream
15% w/w fat content

https://doi.org/10.1017/s0022029921000558


Non-adsorptive Stabilization



Non-adsorptive Stabilization

Å E.g. Konjac glucomannan (KGM) in dairy systems

ü<0.2% KGM, stable

ü0.25-0.6% KGM, instable (depletion flocculation)

ü>0.7% KGM, stable (increased viscosity, depletion stabilization)

J JL



Adsorptive Stabilization



Adsorptive Stabilization

Å E.g. high - methyl (HM) p ectin in dairy systems

ü Electrosorption of Pectin onto Casein Micelles (https://doi.org/10.1021/bm025530xR. Tuinier et al 2022)

ü HM pectin: pKa ~pH3.5

ü Casein micelles: isoelectric point ~pH 4.6

ü Question: at pH 4, what type of charge does HM-pectin and casein micelle carry?

HM pectin Casein Micelles

https://doi.org/10.1021/bm025530x


Maroziene, de Kruif, 2000
https://doi.org/10.1016/S0268-005X(00)00019-9

Sejersen et al., 2007

10.1016/j.idairyj.2006.03.003

acidified milk drinks (AMDs)
pH4.0

zeta potential with pH 
for protein aggregatesin AMD

Pectin & Casein Micelle Interactions

https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/j.idairyj.2006.03.003


Non-adsorptive 
stabilization
(Amylopectin)

Adsorptive 
stabilization
(HM pectin)

Zheng, 2018
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19 

https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19


Food Hydrocolloids as Stabilizer and Texturizer







Industrial suppliers

https://www.cpkelco.com/products/ 

https://www.dupontnutritionandbiosciences.com/product-range.html 

https://www.tateandlyle.com/search/ingredients/results?f%5B0%5D=types%3A346 

https://emea.ingredion.com/findingredients/starches/Modified_Starch.html 

https://www.cpkelco.com/products/
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.tateandlyle.com/search/ingredients/results?f%5B0%5D=types%3A346
https://emea.ingredion.com/findingredients/starches/Modified_Starch.html


Viscosity, Stability and Gel
Read CŜƴƴŜƳŀΩǎ Food Chemistry 5th ed.: 
3.3.3 & 3.3.4



Source: CŜƴƴŜƳŀΩǎ Food Chem 5th 



Å pH matters
Å Na-Alginate: pKa of carboxylic acid groups are 3.38-3.65 (gelation?)
Å Carrageenans: sulfate half-ester groups remains ionized at all practical pH 

values
Å Shear thinning:
Å pseudoplastic flow
Å thixotropic flow (e.g. CMC)

Source: CŜƴƴŜƳŀΩǎ Food Chem 5th 



A gel is a continuous, three-dimensional network of connected molecules or particles 
(such as crystals, emulsion droplets, or molecular aggregates/fibrils) entrapping a 
large volume of a continuous liquid phase, much as does a sponge

Source: CŜƴƴŜƳŀΩǎ Food Chem 5th 

Junction zone formation (gelation)

Å Hydrophobic attraction

Å Electrostatic attraction

*Note: gelation is not the only mechanism for inducing thickening 

effects. Polymer entanglement in a polymer dispersion system 
may also result in a άǇƘȅǎƛŎŀƭƭȅ ǎǘŀōƭŜέ thickening effect, e.g. 
stacher paste and xanthan gum.









Fiber & Cellulose & Friends
Read CŜƴƴŜƳŀΩǎ Food Chemistry 5th ed.: 
3.3.7 ς 3.3.15



strand

sheet







Cellulose: 
Å high-molecular-weight, linear, insoluble
Å negligible flavor, color, and microbial contamination
Å noncaloric bulking ingredient
Å Crystalline regions are separated by, and connected to, amorphous regions.

Microcrystalline Cellulose (MCC)
Å Insoluble, made by partial hydrolysis of cellulose in the amorphous region (release of 

microcrystals) 
ü¢ȅǇŜ мΥ tƻǿŘŜǊŜŘ άŀƎƎǊŜƎŀǘŜŘέ a// όŦƭŀǾƻǊ ŎŀǊǊƛŜǊ ŘǳŜ ǘƻ ǇƻǊƻǳǎ ŀƎƎǊŜƎŀǘŜǎύ
ü Type 2: colloid MCC (size reduction)

o carboxymethylcellulose (CMC), xanthan gum are co-ingredients to prevent 
reaggregation

o Thickening agent but no junction zones (fat replacer)
o Interface active (stabilizer emulsion and foam)

https://doi.org/10.1016/j.carbpol.2017.04.021

Ice cream application (Kerry)
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X  

Effects of carboxymethyl cellulose (CMC) and microcrystalline cellulose (MCC) as fat replacers 
on the microstructure and sensory characteristics of fried beef patties 

Read 3.3.7 CŜƴƴŜƳŀΩǎ Food Chemistry 

https://doi-org.prox.lib.ncsu.edu/10.1016/j.carbpol.2017.04.021
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X14004317#!
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X14004317#!


Xanthan Gum 



https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x 

Production, recovery and applications of xanthan gum byXanthomonas campestris

at the O-3 position, a ̡-d-mannopyranosyl-(1Ҧ4)- -̡d-glucuronopyranosyl-

(1Ҧ2)-6- O-acetyl- -̡d-mannopyranosyl trisaccharide unit

Temperature stable rheological characteristics: salad dressing*

https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0260877411001816
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0260877411001816


-̡glucan



hŀǘ .ŜǘŀπDƭǳŎŀƴΥ Lǘǎ wƻƭŜ ƛƴ IŜŀƭǘƘ tǊƻƳƻǘƛƻƴ ŀƴŘ tǊŜǾŜƴǘƛƻƴ ƻŦ 5ƛǎŜŀǎŜǎ

¢ƘŜ ŜŦŦŜŎǘǎ ƻŦ ǊŜŦƛƴŜŘ ōŀǊƭŜȅ ʲπƎƭǳŎŀƴ ƻƴ ǘƘŜ physicoπǎǘǊǳŎǘǳǊŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƭƻǿπŦŀǘ ŘŀƛǊȅ ǇǊƻŘǳŎǘǎΥ ŎǳǊŘ ȅƛŜƭŘΣ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜΣ ǘŜȄǘǳǊŜ ŀƴŘ ǊƘŜƻƭƻƎȅ 

¦ǎŜ ƻŦ ŀ ʲ-glucan hydrocolloidal suspension in the manufacture of low-fat Cheddar cheeses: textural properties by instrumental methods and sensory panels

When taken orally in foods, -̡glucans 

reduce postprandial serum glucose levels 
and the insulin response, that is, they 
moderate the glycemic response, in both 

normal and diabetic human subjects.

70%30%

Beta-glucans are polysaccharides consisting of glucose residue jointed by beta linkage

https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1111/j.1541-4337.2012.00189.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553


beta-glucan + protein
(soft gel and/or thickened fluid)

Sample

+protein
Control

Juice

Commercial

Juice

Fresh

48 h

https://doi.org/10.1002/jsfa.9002

10.1016/j.ijbiomac.2023.127574

https://doi.org/10.1002/jsfa.9002
https://doi.org/10.1016/j.ijbiomac.2023.127574


CATION-REACTIVE



Carrageenans are linear chains of d-galactopyranosyl ǳƴƛǘǎ ƧƻƛƴŜŘ ǿƛǘƘ ŀƭǘŜǊƴŀǘƛƴƎ όмҦоύ- -hd- ŀƴŘ όмҦпύ- -̡d-
glycosidic linkages, with most galactosyl units having one or two sulfate half-ester groups esterified to the 
hydroxyl groups at carbon atoms C-2 and/or C-6.

linear chains of d-galactopyranosyl ǳƴƛǘǎ ƧƻƛƴŜŘ ǿƛǘƘ ŀƭǘŜǊƴŀǘƛƴƎ όмҦоύ- -hd- ŀƴŘ όмҦпύ- -̡d-glycosidic linkages







Gelation
Å Chocolate
Å Ice cream

Not a typical gelling agent
ÅMilkshake









Beta-D-mannopyranosyluronic acid

Alpha-L-gulopyranosyluronic acid

CŜƴƴŜƳŀΩǎ Food Chemistry





CŜƴƴŜƳŀΩǎ Food Chemistry

Applications, e.g.
ÅMolecular Gastronomy Pearls
Å Ice cream
Å Bakery Custards
Å Vegan meat
ÅMayo, and Salad Dressings

Gelling agent



20% w/w MCC 2% w/w Na-Alginate



Poor dispersibility (2% w/w alginate)











[.D ŘƻŜǎ ƴƻǘ ŦƻǊƳ ŀ ƎŜƭ ōȅ ƛǘǎŜƭŦΣ ƛǘǎ ƳƻƭŜŎǳƭŜǎ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ȄŀƴǘƘŀƴ όCƛƎǳǊŜ оΦпуΣ {ŜŎǘƛƻƴ оΦоΦфύ ŀƴŘ ˁ-carrageenan 
(Section 3.3.10) helices, forming junction zones and rigid gels



Pectin
galacturonoglycans [poly( -hd-galactopyranosyluronic acids)]



LM: 15-25%
HM: > 55% (~65%)





Drinking yogurt

Yogurt



High Protein ά5ǊƛƴƪƛƴƎέ Yogurt (or high-acid protein drink)

Adsorptive Stabilization



GUM ARABIC

d-galactose, 44%; l-arabinose, 24%; d-glucuronic acid, 14.5%; l-rhamnose, 
13%; 4-O-methyl-d glucuronic ŀŎƛŘΣ мΦр҈Φ ¢ƘŜȅ Ŏƻƴǘŀƛƴ Ƴŀƛƴ ŎƘŀƛƴǎ ƻŦ όмҦоύ-
linked ̡ -d-galactopyranosyl units having two- to four-unit side chains 
ŎƻƴǎƛǎǘƛƴƎ ƻŦ όмҦоύ-linked ̡ -d-galactopyranosyl ǳƴƛǘǎ ƧƻƛƴŜŘ ǘƻ ƛǘ ōȅ όмҦсύ-
linkages



Gum arabic consists of a complex mixture of glycoproteins and polysaccharides, and is soluble in water.





Opportunities



10.1016/B978-0-443-27648-4.00024-4

10.1016/B978-0-443-27648-4.00021-9

10.1016/B978-0-443-15836-0.00022-6

10.1016/B978-0-12-818766-1.00161-6

.ƻƻƪ ŎƘŀǇǘŜǊǎ ōȅ ά!ŎŀŘŜƳƛŎ tǊŜǎǎέ ϧ ά{ǇǊƛƴƎŜǊ-bŀǘǳǊŜέ

https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19 

10.1016/B978-0-12-818766-1.00379-2

https://link.springer.com/chapter/10.1007/978-3-030-27134-3_1 

https://doi.org/10.1016/B978-0-443-27648-4.00024-4
https://doi.org/10.1016/B978-0-443-27648-4.00024-4
https://doi.org/10.1016/B978-0-443-27648-4.00024-4
https://doi.org/10.1016/B978-0-443-27648-4.00024-4
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https://doi.org/10.1016/B978-0-443-27648-4.00024-4
https://doi.org/10.1016/B978-0-443-27648-4.00024-4
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
https://doi.org/10.1016/B978-0-443-27648-4.00021-9
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https://doi.org/10.1016/B978-0-443-15836-0.00022-6
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Physical Stability



Demonstration
Apparent
Phase Stability 



Texture Design and Optimization



Rheology Tribology



Structure & Texture Design Example

Å Lubrication property

Å Rheology/Textural mouthfeel

WPI emulsion
Cold-set gel

Whey aggregate emulsion
Cold-set gel

Emulsion Gel

1µm

FA-5.8-0 FA-5.8-10

255% 503% 255% 503%

Large Deformation Rheology

Plastic 

behavior 

Aim: mimicking starch gel 

For lubrication property

Whey protein gels

Starch gel

Protein Gel

Amin et al, Food Hydrocolloids, 2024

Amin et al, JDS, 2025





Protein Powder



powder 1.MOV powder 2.MOV

Week6_MCC-Alginate.mp4

Powder flow behavior and dispersibility

http://drive.google.com/file/d/1PHlukn9uxbF_y55mneSMFsv4jtc9GWRx/view
http://drive.google.com/file/d/1yT-T1Gmk4BiJ6rWnP5XxM_l4TsB71Xmk/view
http://drive.google.com/file/d/1ZqOMxS-wSwvYc188mU9U3dT2G4Bep5np/view


An & Zheng 2025 Journal of Dairy Science x2

Editorôs 
choice  

Editorôs 
choice  



Protein Ingredient Manufacturing 

&

Functionality (UHT -stability)



Proteolysis in MPC based protein beverage



1st place 

Graduate student 
poster competition 

 


