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a b s t r a c t

Microgels are ‘soft’ microscopic cross-linked polymeric particles that are being increasingly exploited in a
variety of industries for rheology control, encapsulation and targeted delivery. They are valued because of
the ability to tune their functionality to address specific applications in oil recovery, coatings, drug deliv-
ery, cosmetics, personal care and foods. Food microgels are typically biopolymer hydrogels in the form of
microspheres, nanospheres (also called nanogels), spheroids and fibres. The utilisation of engineered
microgels in foods has so far been limited, despite their great potential to address several needs in the
food industry, including: satiety control, encapsulation of phytonutrients and prebiotics, texture control
for healthier food formulations (e.g. reduced fat products), and targeting delivery to specific areas in the
digestive tract. We review the scientific and patent literature on the utilisation and manufacturing meth-
ods for producing microgels with an emphasis on micro-hydrogels for food applications.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Micro hydrogels are ‘soft’ microscopic particles consisting of
cross-linked polymeric molecules. They are valued for their func-
tionality and ability to tune physical properties in industrial appli-
cations including oil recovery, paint and surface coating, controlled
drug delivery, cosmetics, personal care, pharmaceuticals and foods
(Tan et al., 2010; Stokes, 2011). The particles are swollen in solvent
and possess a rich set of functionalities and suspension properties
that can be exploited for rheological and texture control as well as
encapsulation and/or targeted delivery. Exploitation of the unique
properties of microgels in food and beverage applications are yet to
be fully realised, which is partially due to a lack of awareness of
their potential and the perceived limitations for their large scale
manufacture. To address this issue and encourage further research
and development in the field, we review routes to manufacture
food-grade micro- and nano-hydrogel particles (which we simply
refer to here as microgels) and highlight their potential benefits
in an exciting variety of food applications.

The incorporation of solvent into the polymer network struc-
ture of microgels makes them unique and highly exploitable across
many industries. The network structure is usually viscoelastic and
responsive to variations in its environment (e.g. solvent quality)
that allows the microgel to swell or de-swell accordingly. For
example, adjusting solvent quality to cause de-swelling can be
used to drive solid-to-liquid transitions in microgel suspensions
while it can also be used to release encapsulated ingredients. Their
rheological and encapsulation/release properties can be tuned for
specific applications through variations in the composition, size,
shape, cross-link density, and surface properties of the microgels.

While microgels are tuneable to obtain a range of different
functionalities for non-food and food applications (for examples,
see Fernandez-Neives et al., 2011), the degree of modifications to
chemical structure and surface properties are more limited in food
applications due to the need for the microgels to be safe to eat. The
major consequence is that microgels for food applications are (typ-
ically) based on semi-rigid polymers that are present in nature, i.e.
polysaccharides, while synthetic microgels are (typically) based on
flexible polyelectrolytes. As a consequence, processes for produc-
ing food-grade microgels are very different from their synthetic
counter-parts and provide unique challenges, and there are many
properties of food-grade microgels that are distinctly different to
those exploited in other industries. Interestingly, the most widely
used microgels are in fact food grade and naturally occurring:
starches! While starch granules are hard in their natural state,
upon heating they swell in what is referred to as gelatinization.
In this state the soft granules can be considered to be microgels

since they are comprised of cross-linked carbohydrate polymers.
Starches are universally used in food for texture and rheology con-
trol, and are a rich topic for review in their own right. Thus they are
considered outside the scope of this review.

This review includes a brief presentation on microgel properties
and applications followed by a more thorough evaluation of the
scientific and patent literature on the main methods applicable
to non-starch biopolymer microgel manufacture. The utilisation
of engineered microgels in foods has been limited due to the diffi-
culty in manufacturing food-grade biopolymer microgels using a
consistent, cost effective and scalable process (Gouin, 2004). We
review commercially viable processes for manufacturing food
grade microgels at an industrial scale.

2. Microgel properties and applications

2.1. Flow behaviour, rheology and texture control

The rheology of colloidal microgel suspensions uniquely shares
characteristics of both polymer solutions and hard-sphere suspen-
sions (Wolfe and Scopazzi, 1989; Stokes, 2011). Microgel suspen-
sions show increased viscosity and shear thinning at relatively
low solids content like polymers, but they are inherently particles
and are thus governed by many of the same factors as hard colloi-
dal spheres. However, their specific volume can alter in response to
changes in solvent quality in much the same way as polymers alter
their conformation with solvent quality. We summarise here the
key rheological-based properties of microgels noting that a more
detailed review is provided in Stokes (2011).

The viscosity of hard sphere suspensions increases with increas-
ing phase volume until it diverges towards infinity at a so-called
maximum packing fraction governed by the particle size distribu-
tion, and corresponding to 0.64 for monodisperse hard spherical
particles, as described by commonly used models of Krieger and
Dougherty (1959) and Quemada (1977). The viscosity of non-
attractive microgel suspensions follows a similar functional rela-
tionship to that of hard spheres, but the maximum packing fraction
can exceed 0.64 and even go beyond unity. This is possible because
microgels contain solvent in their network structure, and so their
specific volume is defined under dilute concentrations where they
are fully swollen. Large effective phase volumes can be obtained for
the softer microgels because they deform and compress at high
phase volumes. Fig. 1 depicts the viscosity and linear viscoelastic
properties of microgel dispersions and their structural arrange-
ment as either a gel or soft glass at high phase volume.

Colloidal scale microgel particles can be designed to possess
long range attractive forces that cause aggregation and flocculation
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