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Making Emulsions

(and foams)

How to make a
solid from 2
liquids

Small droplets ≈ µm  “rigid” spheres
Dilute emulsion
Droplets free to move,
behaves like a liquid.
Viscosity η ≈ ηc(1 + 2.5 Vd)
(Einstein, 1906)

Oil droplets
Concentrated emulsion
Vd ≥ 0.6, droplets trapped
Liquid motion arrested
 behaves as a “solid”

Oil droplets

Role of Emulsifiers
Applies to both emulsions and foams

 Aid breakup of droplets by reducing interfacial tension
Interfacial tension
Force acting around
the droplet to
minimise surface free
energy, and keep
droplet spherical

F

F

High interfacial
tension

Droplet shape
during
emulsification
Low interfacial
tension

 Stabilise droplets against coalescence
Stable

Unstable

Properties of emulsifiers
Hydrophobic

Preferred Interfacial curvature

Oil
Water

Hydrophilic

Oil

Low HLB
Water in oil
emulsions

HLB = Hydrophilic:Lipophilic Balance
Hydrophobic
Low HLB
(oil soluble)

Size, structure, charge

Hydrophilic
High HLB
(water soluble)

High HLB
Foams,
Oil – in – water
emulsions
HLB
4-6
7-9
8-18
13-15
10-18

Use
W/O emulsifiers
Wetting agents
O/W emulsifiers
Detergents
Solubilizers

Food Emulsifiers & Surfactants





Ancient Greeks used beeswax in cosmetic products
Egg yolk traditionally used as an emulsifier - rich in phospholipids
Replaced by phospholipids (lecithin) extracted from soy in 1920’s
More effective, synthetic emulsifiers developed based on fatty acid derivatives

Mono- and di-glycerides of fatty acids
Naturally occurring molecules, but mass produced by chemical
modification. Refined / enriched to control HLB and functionality

Lecithins
Tend to be extracted from plant sources or egg. Can be further
refined/enriched to give better control over HLB, and functionality.

(Poly)sorbates and sucrose esters

Synthetic emulsifiers with highly controlled range of HLB and
functionalities .

Esters of monoglycerides (Lactylate, citrate, polyglycerol)
Chemically modified esters of monoglycerides with specific
functionalities.

Emulsifiers Uses & Functions
Mayonnaise, sauces, soups – Emulsify and stabilise fat by
adsorbing and reducing interfacial tension and providing stable
interfacial layer
Margarines & Spreads – Emulsify and stabilise water phase.
Prevent splattering, stabilise and control fat crystal network
structure.

Chocolate – Emulsify and stabilise different phases, stabilise
fat and sugar. Improve consistency during filling and moulding,
reduce bloom formation.
Fat
Sugar
Protein
Cocoa

Emulsifiers Uses & Functions
Bread & Baked products – Emulsify and stabilise
shortenings, stabilise gas cells. Control starch – gluten
interactions. Controls dough strength, loaf volume, crumb
structure and shelf life.
Meat products – Emulsify and stabilise water and
fat phases, particularly in reduced fat products.
Improves texture and taste.
Ice cream and whipping cream– Emulsify and
stabilise fat droplets. Destabilise interfaces to
promote partial coalescence to develop
structure formation. Stabilise ice crystals to
maintain texture.

Fat

Gluten/Starch
Matrix

Air
bubble
Thin aqueous
film

Clean label solutions

• Direct Replacements – “Natural” alternatives
• Emerging Research
• Additional or Alternative Functionalities
• Modifications & Processing Aids

“Natural” Emulsifiers
Phospholipids: (Lecithins)
Ubiquitous in nature
Essential for cell membranes in all plants and animals
Role in oil bodies, lipoproteins, liposomes, lung
surfaces, brain and nerve tissue
Cell
Fully metabolised, so well tolerated by humans
Poorly soluble (HLB<10) but excellent emulsifiers
Main sources include egg, soy, canola, oilseeds
Can be refined by solvent extraction and
hydrolysis to modify functionality
? no longer clean label ?
Lysolecithin
(higher HLB)

“Natural” Emulsifiers
Proteins
Some proteins are naturally
amphiphilic and adsorb to surfaces.
Some are natural emulsifiers eg milk
proteins, oil body proteins, egg
white.
Larger and slower to adsorb so tend
to be less efficient.
Other sources include pea and lupin

“Natural” Emulsifiers
Quillaja extract - from inner bark of
the soapbark (Quillaja saponaria,
Molina). Rich in saponin – natural
surfactant
Aquafaba - Legume cooking water
(e.g. by product of hummus
production). Contains mixture of
polysaccharides, protein and saponins
The health effects of saponins are debated.
They have been associated with a range of health benefits, but a
small number are thought to be toxic at high doses.
Extracts can also contain antinutrients such as phytates and
oxalates which reduce mineral absorption

“Natural” Emulsifiers
Bile – derived from cholesterol,
secreted by gall bladder.
Mixture of bile salts and lecithin.
Excellent emulsifiers, aid
digestion of fats. Used a
supplement in bile deficiency.
Potential Food Emulsifier ?
Label friendly ?

“Natural” Emulsifiers
Chloroplasts, thylakoid membranes packed with
galactolipids
Bound up in structure, but free galactolipids linked with
improved functionality in breadmaking (see enzyme
section).
Galactolipids may also modulate fat digestion and may
help reduce appetite.
Need targeted processing to help develop as a “natural”
ingredient.

Chloroplast

MonoGalactosylDiacylGlycerol
(MGDG)

MonoGalactosylMonoacylGlycerol
(MGMG)

“Natural” Emulsifiers
Hydrophobins – secreted by filamentous
fungi to help hyphae break through water
surface
Excellent long term
stability of bubbles in
ice cream, and
responsible for
“gushing” in beer.
But……
Food or Additive?

Froghopper – cuckoospit froth.
Natural glycoprotein, but label friendly

Emerging Research
Saponins
Comparison of natural and synthetic surfactants at
forming and stabilizing nanoemulsions: Tea saponin,
Quillaja saponin, and Tween 80
Zhu, et al. J. Colloid Interface Sci. (2019) 536, 80-87
Enhancing the formation and stability of emulsions
using mixed natural emulsifiers: Hydrolyzed rice
glutelin and quillaja saponin
Xu et al. Food Hydrocolloids (2019) 89, 396-405

Saponins made good
emulsifiers, stable to broad
range of temperature and
salt, but not acid
Blending hydrolysed protein
with quillaja saponin,
combined surface activity of
saponin with the steric
hindrance of the glutelin

Tannins
Grape seed and apple tannins: Emulsifying and
antioxidant properties.
Figueroa-Espinoza et al. Food chemistry (2015), 178,
38-44

Emulsions stabilised by
grape and apple tannins

Emerging Research
Polymers
Pomegranate peel pectin can be used as
an effective emulsifier
Yang et al. Food Hydrocolloids (2018) 85,
30-38
Helix aspersa gelatin as an emulsifier and
emulsion stabilizer: functional properties and
effects on pancreatic lipolysis
Zarai et al. Food & Function (2016) 7, 326-336
Spruce galactoglucomannans in rapeseed oil-in-water
emulsions: Efficient stabilization performance and
structural partitioning
Mikkonen et al. Food Hydrocolloids (2016) 52, 615-624

Amphiphilic pectins formed
stable emulsions, but
sensitive to calcium and
high salt
Surface active gelatin from
land snail, comparable to
gum Arabic, but susceptible
to destabilisation on
storage.
Amphiphilic polymer from
spruce trees. Comparable to
gum arabic, good long term
stability.

Emerging Research
Extracts
Stability and rheology properties of oil-in-water
emulsions prepared with mucilage extracted from
Opuntia ficus-indica (L). Miller
Quinzio et al. Food Hydrocolloids (2018) 84, 154-165

Mucilage from prickly pear
seed has similar emulsifying
properties to commercial
gums

Optimization of extraction conditions and fatty
acid characterization of Lactobacillus pentosus
cell-bound biosurfactant/bioemulsifier
Vecino, et al. J. Sci. Food Agric. (2015), 95.
313-320

Using biosurfactants
produced by lactic acid
bacteria. Efficient as
surfactants, but clean label?

Oat bran extract (Avena sativa L.) from food byproduct streams as new natural emulsifier
Ralla et al. Food Hydrocolloids (2018) 81, 253-262

Amphiphilic preparation
from oat processing,
emulsions sensitive to salt
and acid

Current Opinion

Overviews use
and functionality
of proteins,
polysaccharides,
saponins and
phospholipids as
natural emulsifiers

Current Opinion in Food Science 2016, 7:1–6

Proteins and Polymeric Emulsifiers
Additional Functionalities

Interactions

Unfolding to expose
hydrophobic groups to
surface

Oil / Air Phase

Aqueous Phase

Hydrophobic
groups at core of
molecule

Foam & Emulsion Stability
Proteins vs Surfactants
Protein
Strong interactions

Thin film

Mixed
Weak interactions
Restricted mobility

Surfactants
High mobility

Polymers and Emulsion Stability
Some proteins, eg hydrophobins create strong,
elastic interfaces which prolong stability and
can improve texture and mouthfeel.

Perceived Fat Content
(Score)

Proteins and polymers can confer excellent long term stability
Sensory perception
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Natural carbohydrate – protein complexes (eg
gum arabic, sugar beet pectins) form thick,
bulky structures at surface, conferring excellent
long term steric stabilisation.
However, high molecular
weight, not efficient
during emulsification, so
high concentrations /
high energy required

30

50

Pickering Stabilisation
Emulsions stabilised by particles with
defined surface hydrophobicity.
Some small starch granules (quinoa, rice)
can form stable emulsions.
Fat crystals can also be used, but
sensitive to heat treatment.
Large size warrants high energy required
to form emulsions initially.
Surface modification
improves functionality

Processing
High pressure homogenisation
e.g. Microfluidizer
Very high shear forces can create fine
emulsions (“nano”-emulsions) even with
poorly surface active emulsifiers.

Low shear

Oil droplets

High shear
Thicker, creamier emulsions

Processing
Minimally processed ingredients
Milling and heat treatment
Bamboo fibre
Mustard flour
Cheese powder
Produce mixtures of particles and soluble,
surface active molecules capable of
stabilising emulsions

https://www.leatherheadfood.com/files/2016/08/White-PaperQuest-for-natural-emulsifiers.pdf

Modification & Processing Aids
There are many natural, clean label emulsifiers, but often not in a functional form
Oil bodies are already in an emulsified form
Adams et al.
Extraction, isolation and characterisation of oil bodies from
pumpkin seeds for therapeutic use.
Food Chemistry 2012 Volume 134, Issue 4, Pages 1919–1925

Plant milks such as soya
and almond.
Could their natural
emulsifying properties be
further exploited in other
foods?

Modification & Processing Aids
Lipids & Lipases in breadmaking

Loaf volume (ml)

 Gas cell in bread are stabilised primarily by
polar lipids.
 Lipid composition of bread affects loaf
volume and quality
 Addition of emulsifiers such as DATEM and
SSL improve baking quality.
Flour polar lipids
C16:0 - FA
Flour total lipids

C14:0 - FA

Flour non-polar lipids
C18:2 - FA
Sroan & MacRitchie Journal of Cereal Science
49 (2009), Pages 41–46

Loaf Volume (ml)

Using lipase to alter lipid profile
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Control YieldMAX Lipolase Lecitase Lipopan

Lipase

FFA

DGDG

DGMG

MGDG

MGMG

PC
Conversion of polar lipids
from di-Acyl to Mono-Acyl
Strong correlation with
loaf volume
Gerits LR. et al. Food Chemistry 156 (2014) 190–196

LPC

Summary
 Emulsifiers and surfactants have been developed and optimised for
functional performance – adsorption, emulsification, stabilisation,
texture modification etc.
 Natural, clean label alternatives will probably never match bespoke
emulsifiers for performance.
 Understanding the structure – function – performance relationships of
conventional ingredients is key to developing viable replacements.
 Emerging research is revealing new sources of active ingredients, but
not all will be clean label.
 Process modification and addition functionalities of some clean label
solutions do make them viable alternatives.

Future Considerations
How important is a clean label ?
- Is clean label necessarily safe and sustainable?
Ultra-processing – the Good, the Bad and the Unhealthy
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