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relationships in food emulsions: Improving food quality and
sensory perception. Food Structure 1: 104-126 (2014)

Abstract: Increasing consumer demand for higher quality, cheaper,
more convenient, and healthier emulsion-based products
means that the food industry must have a good understanding
of the relationship between the structural and functional
properties of food emulsions. This review article provides an
overview of the relationship between the composition and
structural organization of oil-in-water emulsions and their
physicochemical (optical, rheological, and stability) and sensory
(appearance, texture, flavor, and mouthfeel) properties. It also
discusses recent advances in the design of structured emulsions
with novel functional properties, such as multiple emulsions,
filled-hydrogel particles, multilayer emulsions, microclusters,
and air-filled emulsions.
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Introduction

Many food products contain two immiscible phases (typically
oil and water) as part of the ingredients, and it is crucial to
mix and stabilize them well in order to produce high quality,
stable, and sensory appealing products. These two
immiscible phases are often incorporated into food products
as emulsions, which are formed by dispersing one phase into
the other in the form of small droplets.

A wide variety of food ingredients and products can be
considered to consist either entirely or partially as emulsions,
or have been in an emulsified state sometime during their
production, e.g., beverages, butter, cheese, colorants, cream,
desserts, flavors, ice cream, margarines, milk, salad dressings,
sauces, soups, and yogurts.

The emulsified components of these foods play important
roles in determining their distinct functional attributes, such
as appearance, texture, stability, and flavor.
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The various components within a food emulsion may significantly affect
its bulk physicochemical properties and sensory attributes (Fig. 2).
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Fig. 1 — Schematic
diagram of simple
emulsions - oil-in-
water (O/W) emulsion,
and water-in-oil (W/O)
emulsion, and
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Fig. 2 - Overview of the relationship between oil-in-water emulsion properties and the bulk physicochemical properties and
sensory characteristics of food emulsions.
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2. Emulsion system formation
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In addition to oil, water and emulsifier, most food emulsions also
contain other ingredients to improve their texture, stability,
and taste, such as thickeners, gelling agents, weighting agents,
ripening inhibitors, flavors, and colorants.
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3. Food emulsion building blocks
3.1. Dispersed phase D848
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« Droplet interactions &5 42> & /EFH o Droplets in an emulsion may
interact with each other and with other components through a
variety of molecular and colloidal interactions, such as van der
Waals, electrostatic, steric, depletion, hydrogen bonding, and/or
hydrophobic interactions. 35 L8 x>  {E B = Bl @ 45 1 (e.g.,
size, dielectric constant, and refractive index) » /TE/|4+E (e.g.,
charge, thickness, polarity, and packing)X]iE/E/E1E15 (e g.,
dielectric constant, refractive index, pH, and ionic strength)gy
=72 -
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Mechanisms of Emulsion Instability Mechanisms of Emulsion Instability

Mechanisms of emulsion breakdown (..cont):

» Flocculation- the process in which two or
more droplets “stick” together to form an
aggregate (but the droplets still retain their
individual integrity)

» Coalescence - the process in which two or
more droplets merge together to form a
single larger droplet.

» Phase inversion - the process in which o/w
emulsion changes to w/o emulsion, or vice
versa.

» Emulsion stability - ability to resist changes
in its physicochemical properties with time.

Mechanisms of emulsion breakdown:

» Creaming — the process in which droplets
move upwards (droplets density < density of
continuous phase)

» Sedimentation - the process in which
droplets move downwards (droplets density
> density of continuous phase)
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3.2. Continuous phase 2848
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4. Sensory properties of food emulsion products

The composition and structural organization of emulsions
ultimately determine their desirable sensory attributes. {2~
B ERIUEI L R R BB WA Z R D EUE  SEB
BENBEREERFENRZE (Fig.2) ©

4.1. Optical properties and appearance

* SUEMEBOEEME R opacity (RBxFEHE Kcolor -
The overall appearance of emulsions depends on their
composition and microstructure. The opacity and color of
emulsions are mainly determined by particle concentration,
size, and refractive index contrast, as well as the presence of
any chromophores that absorb light.
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4.1.1. Dispersed phase characteristics
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Fig. 4 — Dependence of the lightness of oil-in-water
emulsions on droplet concentration.
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4.1.2. Continuous phase characteristics
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Fig. 5 - Optical micrographs (50x) of (a) oil-in-water emulsion (5% oi) and (b) mixed systems of locust bean gum (0.4%) and
ail-in-water emulsion (5% oil).
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4.1.3. Interfacial region

- BRNTBERGNEERINRICENEE - ARIEHIEY
BEMEEEAMERNTE  BEHRILYP T
BROBERAESEN—/\ED ; BESKIY > NE
BESEEENLEERAMENBNENER -

4.2. Flavor profile
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2.1. Dispersed phase characteristics
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¢ The flavor intensity of full fat products may be characterized as
balanced and sustainable throughout the course of
consumption (“sustained release”), whereas in reduced fat
products the flavor intensity may be unbalanced due to an initial
spike (““burst release”) of flavor immediately after consumption,
followed by low flavor intensity at later times (Fig. 6b).

b 35

Fig. 6 — (a) Schematic representation of
flavor dependence in oil-in-water
emulsions on droplet concentration. (b)
Schematic diagram of differences in flavor
release profiles of low fat and high fat
emulsion-based foods. A non-polar flavor
molecule will give a “burst release” in a 0.5
low-fat product, but a more “sustained

release” in a high fat product. 0

Flavor Intensity
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Sustained release may be achieved by encapsulating
non-polar flavor molecules in delivery systems, such
as filled hydrogel particles or microencapsulated
particles.
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« B BEREMDMPEIBREIO/WELLY) - fEhydrogel FEK]
R BBRER KRB RRAEB P o MER B - BE
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a)

Fig. 7 - Confocal micrographs (60x) of (a) conventional oil-in-water emulsion (1%, w/w oil) stabilized by sodium caseinate
(1%, w/w oil) (at pH 7) and (b) oil-filled hydrogel particles (1%, w/w oil) with sodium caseinate as the gel matrix and pectin as
the continuous phase at pH 5.
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4.2.2. Continuous phase characteristics

s IKBRBABIEBIERENL R HEHEMD - BREBIE
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4.2.3. Interfacial region

e The nature of the interfacial region may also influence the
kinetics of flavor release. Some emulsifiers can bind flavor
compounds and delay their release into the mouth and
headspace. The nature of the interfacial region also
determines how fat droplets behave within the mouth (e.g.,
their ability to stick to the tongue or to aggregate), which will
alter the release of flavor molecules.
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4.3. Texture and mouthfeel

e The “texture” and “mouthfeel” of emulsion-based food
products plays an important role in determining their
perceived flavor. A range of descriptors is commonly used to
describe the texture and mouthfeel characteristics of food
emulsions, such as ‘“creaminess”, “richness”, “smoothness”,
“sliminess’”, ‘““thickness”, ‘“thinness”, “watery”, “firmness”,

“hardness’, and ““astringency”’ .

4.3.1. Dispersed phase characteristics

* EILREENRG @ BEVEEREE AXR/ EATRUAD
BVEMAOR - BI0BEHRE - B2 “richness”
“creaminess’”’ ~ “‘smoothness” ~ “thickness”’ ~ “fattiness” =5

BYRNAD ©
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4.3.2. Continuous phase characteristics
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4.3.3. Interfacial region
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Fig. 3 — Confocal micrograph (60T) of mixed system
containing 8% oil-in-water emulsion and 3.5%
swollen starch granules (38 mm). The dark spots are
starch granules (unstained) while the red spots are
stained oil droplets. (For interpretation of the

[ Starch Granules refarences to color in this figure legend, the reader is
referred to the web version of the article.)
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4.4 Food emulsion stability

Emulsions are thermodynamically unstable systems that are
inclined to break down over time through a variety of
physicochemical mechanisms.

4.4.1. Disperse phase characteristics

The structural and physicochemical characteristics of the disperse
phase affect a number of different emulsion instability
%20 \E!

mechanisms * B0 E /)0 Bff gravitational separation - 28)
flocculation » &{Hcoalescence A[]Ostwald ripening (B8a) ©
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Fig. 8 — (a) Schematic diagram of most common instability mechanisms that
occur in food emulsions: flocculation, coalescence, creaming, sedimentation,
Ostwald ripening and phase separation. (b) Calculated dependence of the
creaming velocity of the oil droplets in oil-in-water emulsions on droplet
concentration.
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<f#H%s> Ostwald ripening is an observed phenomenon in
solid solutions or liquid sols that describes the change of an
inhomogeneous structure over time, i.e., small crystals or
sol particles dissolve, and redeposit onto larger crystals or
sol particles.

"

* Aol is a colloidal suspension of very small solid particles in a
continuous liquid medium. Sols are quite stable and show the
Tyndall effect. Examples include blood, pigmented ink, ceIIquids
and paint. BBIEBESR  2EONERPRISEEYE
IURBUEBES o Tyndall effect FEJEA RS BIBEEH = (L0 - %_L
Bl RRAE ) BNSY o

26/31

c DEVEEZERESZ NORMBENEES  MLPREBEE

thage . /EfgﬁLZmQJ IIYBESEREE creaming ratejl|g (E8b)

£ 7(57%51510@ 0 RERBIREMLIFINESE NDEE2 o

17697375 » 1BABRIGIMEHI(HILD hydrogel R2411) eI EHAS

FERARANA DB E 2 A1THY o B A/ NERE N DR EE

SRR © IBICREEFERARI B EA9F S mI8 A0 & §E
"ZED > B o £R AR PR RO A/ VBN a0 o 8 1= T’fflﬂi(}
BENIBRE)EE RS (P LB ERRRE)S

T

Dilute

0.8 - I‘ﬁ i ‘

0.6

0.4

Relative Creaming Velocity

S

o 10 20 30 40
Droplet Concentration (%)

27/31

4.4.2. Continuous phase characteristics

The properties of the continuous phase may also influence a
variety of different instability mechanisms in emulsions.
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4.4.3. Interfacial region characteristics

The properties of the interfacial region surrounding the oil
droplets in an emulsion often play a critical role in
determining their stability. One of the most important effects
is their impact on the colloidal interactions between droplets,
i.e., their ability to modulate attractive or repulsion
interactions.
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5. Instrumental assessment of food emulsion properties

A number of analytical methods have been developed to
evaluate the sensory qualities of food products during
product development. These instruments are useful for
identifying the key factors that influence the sensory
attributes of foods, and to provide quantitative information
that may predict the sensory performance of foods. However,
instrumental methods cannot model the extreme complexity
of the human sensory system and hence cannot replace
sensory analysis. Nonetheless, both instrumental analyses
and sensory evaluations have their advantages and limitations.

e 5.1. Appearance

e 5.2. Aroma — volatile compounds

¢ 5.3. Taste — non-volatile compounds
e 5.4, Texture and mouthfeel

e 5.5. Microstructure analysis
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Fig. 9 — Schematic representations and photographic images of
the instrumental mastication device designed to simulate the
tongue and palate in the mouth.
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6. Structural design approaches

Recently, there has been great interest in extending the functional
performance of food emulsions using various structural design
approac hes. Air-filled Emulsion

6.1. Multiple emulsions

6.2. Filled hydrogel particles

6.3. Multilayer emulsions

6.4. Microclusters

6.5. Air-filled emulsions

Fig. 10 — Examples of
structured emulsions
created by structural design
principles using emulsion
droplets as a building block.

Multilayer Emulsion Controlled Aggregation




