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Chapter 9
Classification and Uses of Emulsions
in Food and Agro Applications

Antony Allwyn Sundarraj and Thottiam Vasudevan Ranganathan

Abstract Emulsions are partially produced in the structures of many natural and
artificial (processed) foods. In general, “emulsion” is defined as a structure formed
through the dispersion of one or two immiscible liquids within the other in the form
of small drops. Emulsion-based delivery systems can offer many possible benefits
for incorporating essential oils such as omega-3 (®»-3) into foods and beverages.
There are also many terms available to describe the different types of emulsions and
itis very important to define and clarify these terms as “oil/water”, “micro”, “macro”
and “nano” and “suspo” emulsions. This review can provide a general description
of the general terms of the types of emulsion, the role of various emulsifying agents
and the possible application of emulsions in various sectors of the food and agricul-

tural industry.

Keywords Active substance carries - Colloids - Controlled release - Prolonged
and sustained release - Sustainable polymers

9.1 Introduction

The processing, conservation, safety and quality of food are the most important
concerns in all sectors of the food industry today (Rasooli 2007; Amaral and
Bhargava 2015). The process of preparing the emulsion is the determination of two
different phases, such as oil droplets are formed in an aqueous phase and water
droplets are formed in an oil phase. The emulsions are not determined by the ratio
between the two phases that can be clearly observed, e.g. 80% oil and 20% water
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(Bergenstahl and Claesson 1997). An emulsion protects the emulsion droplets dis-
tributed uniformly throughout the storage days and consumption periods (Chanamai
and McClements 2002). This has led the food manufacturing sectors and many sci-
entists’ to investigate the capability of flocculation, coalescence, edible polymers
(proteins and polysaccharides) to stabilize emulsion droplets against the creation
process, and evaluate their potential applications.

Agrochemical companies are increasing the development of chemical emulsions at
the nanoscale and replacing the pure active ingredients with the active compounds
encapsulated in their nanometric equivalent with the effort of providing a series of
benefits for applications of nanoscience to insecticides (Gogos et al. 2012; Kumar
et al. 2014), and other agro-chemicals such as fertilizers (Agrawal and Rathore 2014)
and plant growth devices (Mura et al. 2015). The stability of a food emulsion is the
most important thing to consider in relation to its industrial applications, and depends
on the rheology of the continuous phase and the interactions between the particles of
the dispersed phase (Melik and Fogler 1998; Brewer et al. 2016). The simple differ-
ence between a nanoemulsion and a conventional emulsion is that a nanoemulsion
does not alter the appearance of the food product when added to it (Dreher 2004).

Emulsion is the basis of a wide variety of natural and artificial materials used in
the processing of food products, pharmacological and industrial sectors cosmetics
(Schramm 1992; Lin and Mei 2000; Achouri et al. 2012). Currently, the new ingre-
dients are regularly combined in various food processing systems to improve their
rheological, physico-chemical and dietary food properties. However, these ingredi-
ents can sometimes be degraded slowly and lose their activities, due to oxidation
processes, reactions with various components present in processed foods or food
systems, which may limit their change in taste and color of products food (Schrooyen
et al. 2001), so its stabilization is necessary.

9.2 Emulsion

An emulsion is a combination of two or more liquids (such as oil and water) that are
not easily combined (GuhanNath et al. 2014).

9.2.1 Oil/Water (O/W) Emulsions

O/W emulsions are now receiving a significant attention, because of the needs to
eliminate or reduces the volatile organic solvent for safer handling (Hazra et al.
2017) purposes. An O/W emulsion is a system in which the active ingredient must
have very a low water solubility and to avoid the crystallization problems (Tadros
1995). O/W emulsion is a type of emulsion and is the most common used in the
food processing industrial sectors, such as mayonnaises, sauces and dairy products.
Even though, the processed food products such as sausages and liver pates can also
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be considered as O/W emulsions (Knightly 1989; Gutiérrez and Alvarez 2017;
Gutiérrez 2018a). The functional activity of the O/W emulsions depends to a large
extent on the nature of the oil droplets (Derkach 2009; Le Reverend et al. 2010; Bai
and McClements 2016). Previously, many studies have also been reported that the
stability of O/W emulsions depends on their concentration and types of ingredients
used in the emulsion, as well as the processing and storage conditions (McClements
1999). O/W emulsions can be classified into two different forms, such as diluted
form and concentrated form. The emulsions are a single class of O/W emulsion
because they can be highly consumed in diluted forms, such as fruit juice beverages
and milk-based products and in their emulsification of concentrated form such as
butter and creams (Lorenzo et al. 2018). The emulsion might thus have a significant
degree of stability in both diluted and concentrated forms (Tan 1990).

9.2.1.1 Uses of O/W Emulsions in Food and Agro Applications

Gum arabic is one of the most commonly used biopolymers in food and beverage
applications (Garti and Reichman 1993). Starches are now generally used in milk-
based food products, because of their good emulsion properties, and also as promis-
ing substitutes for gum arabic (Trubiano 1995; Achouri et al. 2012; Zheng 2018).
Other alternative gums include tragacanth (Imeson 1992) and A-carrageenan (Huang
et al. 2001) have also been reported as effective stabilizing and thickening agents.
Proteins, containing soy and whey, are better emulsifications that can modify both
the emulsion droplet charges (Singh and Ye 2000) and the interfacial membrane
thickness in O/W emulsions (Achouri et al. 2012) and forms the stabilizing films
against oxidation process (Djordjevic et al. 2008; McClements 2004). In addition,
factors that could contribute to the emulsion stabilization or destabilization process,
such as the type of hydrocolloid used, the possible combinations of hydrocolloid
with protein, and the oil absorption to be dispersed have not been reported (Achouri
et al. 2012). There is a growing interest in the formulation of value-added products
containing various health constituents, such as minerals, vitamins, and omega-3
(-3), etc., for the functional food products in the market. Such emulsion concentra-
tion can be useful as feedstock emulsions and for other emulsions in suspension, as
well as for organizing stability in O/W emulsion distributions. Hence, the consider-
ation and also the monitoring the several factors that influence the stabilization and
the shelf-life of prepared emulsion matrices is an acute for its continued success in
the food markets.

9.2.2 W/O Emulsion

The W/O emulsion is the well-known area of industrial food processing sectors in the
field of ‘yellow fat’ food products, such as spreads and margarines (Knightly 1989;
Muschiolik and Dickinson 2017). The lipophilic emulsification which has been
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mainly used to prepare the primary W/O emulsions of food grade water-oil-water
(W/O/W) formulations is a poly-glycerol poly-ricinoleate (Takahashi et al. 1986).
In connection with the development of various functional food products that can be
improved with the addition of probiotics, there is a growing interest in improving the
viability of the bacterial cells through an encapsulation of W/O/W emulsions
(Jimenez-Colmenero 2013). The W/O/W emulsions in polyunsaturated fatty acids
through a determined selection of edible oil phases, such as linseed oil (Poyato et al.
2013), chia oil (Cofrades et al. 2014) or perilla oil (Flaiz et al. 2016) can also allow
the development of improved functional foods in terms of stability and nutritional
aspects. In a recent study by Altuntas et al. (2017) demonstrated that an optimal
amount of poly-glycerol poly-ricinoleate is necessary so that the stability of the W/O
droplets can be significantly reduced by merging the poly-glycerol polyricinoleate
emulsifier with an equal amount of the lecithin (natural emulsifier).

9.2.3 Micro-Emulsions

According to Danielsson & Lindman, “a micro-emulsion is a system of water, oil
and an amphiphile which is a single optically isotropic and thermodynamically
stable liquid solution” (Serdaroglu et al. 2015).

Micro-emulsions can have different characteristic properties, such as large interfa-
cial area, oil-soluble compounds and ultra-low interfacial tension (Friberg and
Bothorel 1987; Paul and Moulik 2001). Micro-emulsions can be prepared by control-
ling the addition of lower alkanol’s to the cloudy emulsions to produce the transparent
solutions comprising W/O or O/W dispersions in colloidal systems (Shah 1998).
Micro-emulsions are thermodynamically stable and have a spontaneous shape in dif-
ferent diameters ranging from 5 to 100 nm (Zhang 2011). In general, a scientist con-
siders that the nano-emulsions are very similar to micro-emulsions, since both includes
typically oil, water and surface-active components (surfactant) (Serdaroglu et al.
2015). The nano-emulsions are nevertheless formed by a mechanical force, while the
micro-emulsion phases are formed by self-assembly (Fanun 2009; Zhang 2011).
Therefore, the main differences between the micro- and micro emulsions are derived
from thermodynamic characteristics of emulsions instead than compositions (Flanagan
and Singh 2006; Whitesides and Grzybowski 2002; Zhang 2011).

The micro-emulsions as a functional state of lipids have been used in the prepa-
ration of processing of food products (El-Nokaly et al. 1991). The main differences
between food processing and other micro-emulsions are found in the composition
of oil components in food-grade surfactants (Paul and Moulik 2001). Candau and
Anquetil (1998) reviewed information on O/W and W/O micro-emulsions that are
formed using food grade ingredients to potentially incorporate various food ingre-
dients such as preservatives, flavor and vitamins into the micro in emulsions. Paul
and Moulik (2001) also reviewed the various micro-emulsions as drug delivery
systems for the use of different types of drugs, such as peptide drugs, steroids and
anti-inflammatory drugs.
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9.2.4 Macro-Emulsions

Macro-emulsions are typical droplet diameters of various conventional emulsions,
called as “macro emulsions”, and vary between 100 nm and 100 pm. Macro-
emulsions are the most common type of emulsification used in many different forms
such as beverages, mayonnaise, desserts, sauces and milk (Serdaroglu et al. 2015).
Macro-emulsions tend to be physically unstable, especially when they can undergo
environmental stresses such as gravitational separation, coagulation and aggrega-
tion (Aoki et al. 2005; Dickinson 2009; Zhang 2011).

9.2.5 Suspo-Emulsions

Suspo-emulsions can be considered as mixtures of various suspension concentrates
and emulsifications (Gasic and Tanovic 2013). The product is very difficult to formu-
late, because it is necessary to develop homogeneous emulsion components simulta-
neously while they are stable in the final formulation of the product (Tadros 2005).
In addition, it is also necessary to overcome the problem of hetero-flocculation
between oil droplets and solid particles (Vernner and Bauer 2007). The extensive
storage stability testing of this type of formulation is very necessary (Knowles 2008).
Despite the complexity of this formulation, the use and the importance of suspo-
emulsions has been extraordinary and will continue to increase.

9.2.6 Nanotechnology

In today’s competitive market, a new frontier technology is essential to maintain its
leadership in the industrial food processing sector (Raj et al. 2013). Nanotechnology
or nanoscience has become one of the most innovative scientific fields in the coming
decades. Nanotechnology can involve in the use of diverse materials in an extremely
small scale, usually 0.1-200 nano-meters (Sozer and Kokin 2008), due to the different
characteristic properties of many processed foods on nano-meter sized components,
such as nano-emulsions and foams (Chaudhry et al. 2008). In this sense, nanotech-
nology is increasingly used in the various areas of food processing, production and
packaging systems (Sanguansri and Augustin 2006; Wesley et al. 2014).

9.2.6.1 Nanotechnology — Science and Technology
Nano-technology has the potential to influences the various aspects of food and agri-

cultural systems. The numerous applications of nano-technology in food and agricul-
ture are innovative compared to their use in pharmaceutical and medicinal products
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Fig. 9.1 Nanotechnology has various applications in all the areas of food science/technology,
from agriculture to food processing to quality/safety to packaging to nutrition and nutraceuticals/
pharmaceutical supplements (Raj et al. 2013)

(GuhanNath et al. 2014). However, scientists and industrial stakeholders have already
identified the potential uses of nanotechnology in virtually all segments of the food
industry (Fig. 9.1) from agriculture as fertilizer, pesticides and plant pathogen devices
to food processing as encapsulation. Other applications have also been used in the
food field to improve the quality and safety of food, as well as for the food packaging
secto (Brody 2007; Bracone et al. 2016; Gutiérrez 2018b).

9.2.6.2 Nanotechnology in Agricultural Production

During primary production, nanoformulated agrochemicals are used to increase
the efficacy of agrochemicals linked to conventional formulations. Only a few
insecticides containing nanoformulates and nanometric-sized agrochemicals have
been identified as commercially available. In addition, nanoparticles are used to
clean the soil and water (Bouwmeester 2009). The nanostructured materials can
exhibit unique properties that will open many windows of opportunity for the cre-
ation of innovative and high-performance materials, which will have an acute
impact on the food processing, packaging and storage. Many reports have consid-
ered that the agricultural industry is a potential sector for nanoscience and nano-
technology applications. In the future, nanostructured catalysts will be available,
which will expand the potential of nanoemulsions as pest controllers, using lower
amounts of agrochemicals (IRGC 2008).
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9.2.6.3 Nanotechnology in Food Processing

The numerous nanotechnologies are applied in the sectors of food processing and
packaging such as the use of nano-sieves (Bouwmeester 2009). Current applications
of nanotechnology in agri-food production chain is focused on the development of
various nano-sized food components, additives and innovative food packaging
(Chaudhry et al. 2008).

9.2.6.4 Nano-Emulsions

Nanoemulsion is one of the technologies in development, especially in the food and
pharmaceutical industry, as a new system for the release of healthy substances
(Chen and Wagner 2004; Wooster et al. 2008; Mao et al. 2009). The possible benefit
of nano-emulsions includes good separation stability, coalescence and flocculation.
The bioavailability of functional compounds can also be improved by the use of
nanoemulsions (Shafiq et al. 2007; Wang et al. 2008; Shakeel et al. 2008, Dingman
2008). Nanoemulsions can be used to encapsulate oils and increase their water-
dispersibility (McClements 2011). According to McClements and Decker (2000),
different types of nano-emulsions with more complex properties, such as nanostruc-
tured multilayer emulsions, can offer multiple encapsulation capabilities in a single
administration system. This interfacial engineering technology is used to achieve
the homogenous mixture of food grade ingredients (such as phospholipids, polysac-
charides and proteins) with different natural chemicals, thus expanding the use of
emulsions in food (Weiss et al. 2006), e.g. Nestlé and Unilever have developed ice
creams based on nano-sized emulsions with a lower fat content (Renton 2006;
McClements 2004). Nano-emulsions are formulated using two different methods
(Solans et al. 2005):

1. High energy approaches

High energy approaches can be used to break oil drops.

II. Low energy approaches

Low energy approaches are based on the spontaneous formation of several drops of
oil within the mixed systems of oil, water and surfactant.

Nanoemulsions have great potential to overcome the various challenges associ-
ated with the development of processed food products and beverages enriched with
-3 (Waraho et al. 2011; Li et al. 2013). It can be considered that nanoemulsions
have good kinetic stability and high optical clarity, which is important for the main
applications in many processed foods and beverages (Mason et al. 2006).
Nanoemulsion-based delivery systems must still be carefully deliberated to ensure
high bioavailability and good physical and chemical stability (Walker and Rebecca
2015). Surfactants are very critical, since emulsions must quickly cover the many
new surfaces that are forming (Dickinson 2003).
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In general, in food processing or food emulsions can be classified into two classes
of surfactants (surface-active) as follows:

1. Small-molecule surfactants, such as sucrose esters and mono-glycerides, and
2. Macro-molecular emulsifications such as modified starches or proteins (Amaral
and Bhargava 2015).

9.2.6.5 Properties of Nanoemulsions

Nanoemulsions have a low viscosity and high kinetic stability. Nanoemulsions are
a core of attention for many industrial applications and some of them can be sum-
marized below (Tadros 2004; Gutierrez 2008):

* No sedimentation during storage period: very small drop sizes can cause a large
reduction in the gravitational forces.

* No amalgamation: this is due to the droplets of small size and also to the main
thicknesses of the surfactant film that prevent coalescence/amalgamation, and
the interruption between the O/W droplets (Sadurni 2005).

e Nanoemulsions can be applied for the delivery of fragrances and the develop-
ment of formulated alcohol-free products (Baran and Maibach 1997).

9.2.6.6 Uses of Nano-Emulsions in Food and Agricultural Applications

The production of nanoemulsion to encapsulate various functional compounds is
one of the fields in the development of nanoscience/technology applied to the sec-
tors of the food industry (Silva et al. 2012). It also offers one of the most promising
systems to improve solubility, bioavailability and functionality of hydrophobic
compounds (Walker and Rebecca 2015; Nethaji and Parambil 2017). Some compa-
nies working on nanoemulsions for food applications can be listed below:

* Nutra-Lease, is a technology start-up company established by a scientific group,
and is working to improve the bioavailability of various functional compounds.
Mainly in beverages containing encapsulated functional compounds such as
lycopene, ®-3, f-carotene and phytosterols (NutraLease 2011).

e Unilever has made an ice cream healthier without compromising flavor in the
application of nanoemulsions. This ice cream has a low-fat content varying
between 16—1% (Martins et al. 2007; Unilever 2011).

* Nestle has a patent on W/O emulsions, whose objective is to achieve a simpler
and faster thawing by the addition of micelle-forming substances and poly sor-
bates. It is claimed that they contribute to a uniform thawing of frozen food
products in the microwave process (Moller et al. 2009). This type of W/O
emulsions is the drug delivery system most commonly used to incorporate ®-3
oils in processed food products and beverages such as bulk oils and powders
(spray-drying emulsions) (Jacobsen 2010).
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Microencapsulation has proven to be a popular way to create w-3 powder that
can be incorporated into a variety of food products, such as baked goods, spreads
and fruit drinks (Drusch 2012). Nanoemulsions offer a convenient means to fortify
many water-based food and beverage products with -3 oils. Fortified nano-
emulsions could be introduced into food systems such as beverages, sauces and
desserts (Velikov and Pelan 2008; Yang et al. 2012). Current liquid or semisolid
food products that have been enriched with w-3 fatty acids using emulsion-based
delivery systems include table spreads, yogurts and milk (Chee et al. 2005; Sharma
2005; O’ Dwyer et al. 2013; Lane et al. 2014). Nanoemulsions in the form of pro-
teins (e.g. egg and vegetable protein) or carbohydrates (e.g. starch, pectin and guar
gum) help to improve the texture and lead to the uniformity of the ice cream (Hogan
et al. 2001). Brominated vegetable oil, ester gum and sucrose-acetate iso-butyrate
are used as the weighting agent (Gilbert 1985). Biomolecules such as milk proteins
and carbohydrates (e.g. dextrin) can prove to be potential carrier of nutrients with
the help of encapsulation (Fernandez et al. 2009).

Hydrolyzed milk proteins, such as a-lactalbumin, have evolved to be a potential
carrier of drugs, nutrients and supplements (Yoksan et al. 2010). Functional com-
pounds that are generally encapsulated by self-assembled nanoemulsions are lutein,
p-carotene, lycopene, vitamins A, D, E3 and Q10 and iso-flavones (Brody 2007).
For example, the effectiveness of carvacrol nanoemulsions against E. coli on broc-
coli (Severino et al. 2014), radish seed, Salmonella enterica (Landry et al. 2015) and
alfalfa seeds has been demonstrated in the literature. Recently Donsi et al. (2015)
have also reported that the antibacterial and physical properties of modified chito-
san-based coatings containing nanoemulsion of mandarin essential oil on green
beans. In another study carried out by Kim et al. (2013) reported the application of
lemon grass oil nanoemulsions on plums. These authors found an antimicrobial
effect from the nanoemulsion and the physical and chemical properties of the plums
were improved.

Nanoemulsions containing active nutraceutical agents may be used for the pro-
duction of functional and medicinal foods (Solans et al. 2005). Nanoemulsions are
acceptable because coalescence is not observed unlike macroemulsions (Gadhave
2014). Limited studies are carried out on food model and there are several chal-
lenges in application of this system in complex food matrices such as meat products
(Amaral and Bhargava 2015).

9.3 Conclusions

Emulsions have a long history of use and are widely used in many foods and agro-
chemical inputs. The production of nanoemulsions to encapsulate and release active
food and agrochemical substances is an area of knowledge in full development.
However, more research at a pilot or industrial scale is required in terms of new
equipment and nanoemulsion techniques for agri-food applications. The stability of
the O/W emulsions are strongly influenced by the size of the drop, the charge and
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the concentration. In the modern period, multiple emulsions can be produced at dif-
ferent scales such as micro, macro, suspo or nano. The development of new food
products every day is more related to the development of this type of polymer sys-
tems. The application of nanoemulsions in food processing technology still poses
challenges that must be addressed both in terms of the production process and costs,
but more continuous investment is required to finance research and development
(R&D), in order to better understand the advantages and disadvantages that are
offered from nanoemulsions systems. This chapter could thus be useful to help
improve the understanding of colloidal instabilities in emulsions and how they
could be improved with the objectives of their application in the agri-food
industry.
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