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Abstract. In the modern health concept, food quality is becoming more and more important. People 
are increasingly looking for added value to their diet through the presence of bioactive substances. 
Usually, the latter are sensitive molecules; they are unstable in processing and consumption. In 
addition, problems with unpleasant organoleptic characteristics clean labelling and high production 
costs can occur. To overcome these problems, a solution can be sought in microencapsulation 
techniques. Although these techniques have been known for a long time, nowadays their meaning and 
significance are gaining new dimensions. In this regard, this review aims to provide up-to-date 
information on currently used microencapsulation techniques, limitations, and prospects.  

1 Introduction 

Microencapsulation is a technology that is often used in 
the food industry because it has many useful applications. 
This technology is developing rapidly and is expressed in 
the fact that the target active compounds are incorporated 
into the wall materials, forming capsules protected from 
external influences. The wall materials used in the food 
industry are very different. Agents used for encapsulating 
materials in the food industry must have a number of 
properties such as being degradable, resistant to gastric 
juices, low viscosity, hygroscopicity and cost [1]. Having 
these properties, the wall materials manage to retain the 
active compounds and to be delivered to the target site and 
protected from adverse environments [2, 3]. The 
encapsulation technique is used in many other fields 
besides the food industry. Some of them are medicine, 
agronomy and pharmacy. In the diet it is usually used for 
microencapsulation of essential oils, colorants, flavors, 
sugars, microorganisms and others [4]. In order to create 
foods that, in addition to their nutritional value, also have 
substances that are beneficial to human health, the 
microencapsulation technique is used. Such foods have 
elevated levels of calcium, for example, which serves to 
prevent osteoporosis or microorganisms that produce 
lactic acid to lower cholesterol. Another example is the 
addition of phenolic compounds to combat heart problems 
[5].  

Encapsulation is mainly used to improve the 
bioavailability and absorption through the cells, to control 
the release of the base material, as well as its targeted 
delivery, concealment of unpleasant tastes and odors, 
easier handling and storage.  

 

The encapsulated material may be antioxidants, 
polyphenols, flavors, colors, preservatives, sweeteners, 
proteins, minerals, lipids, probiotics, etc. [6]. 

Microencapsulation is used in the food industry 
mainly to achieve greater stability of the active substance 
that is encapsulated. Food processing is associated with 
many environmental changes, such as heat treatment, 
cooling, freezing and more. These changes can adversely 
affect the capsules and make them unstable [7]. 

This process produces products called nano- or 
microcapsules, which can be nano- or microspheres.  The 
internal structure and morphology of the nano- and 
microcapsules serve to distinguish them. 

Depending on the size of the capsules, they can be 
divided into microcapsules, microspheres or 
microparticles, with a diameter between 1-800 μm, and 
nanoparticles, nanospheres or nanocapsules with a 
diameter below 1 μm, respectively [8, 9]. 

 The use of microencapsulation in the food industry 
and its benefits have been extensively studied [10, 11, 12, 
13, 14, 15].The reasons why encapsulation techniques are 
used are numerous, here are some of them: (1) active 
compounds that are sensitive to external conditions to be 
protected from them; (2) to protect volatile compounds 
from straightening; (3) to disguise unpleasant aroma and 
taste; (4) to facilitate the use of liquids by turning them 
into a solid form; (5) for higher solubility of materials that 
do not dissolve well; (6) to obtain delivery of active 
substances to a specific site and their controlled release; 
and (7) to improve the efficacy of bioactive compounds 
[10, 15, 17, 18, 19]. 
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2 Materials for microencapsulation 

 The stability, size and properties of the capsules depend 
on the encapsulation methods and materials used. 
Antioxidants, probiotics, dyes, minerals, vitamins, oils, 
flavors, microorganisms and many others are used as 
encapsulated materials in the food industry [10, 11, 17]. 
 
2.1 Wall materials 
 
Wall materials serve to protect the base material. Their 
choice is based on the characteristics of the base material, 
as well as the physicochemical properties of the wall 
material, such as molecular weight, emulsifying 
properties, solubility, film-forming properties [49]. The 
wall materials used in the food industry must meet a 
number of criteria, such as being safe, biodegradable and 
not affecting the taste of the food. [50, 51]. 

 Both natural and synthetic polymers can be used in 
food products. Natural polymers are used more, and they 
can be polysaccharides such as cellulose and its 
derivatives, starch, animal and microbial extracts, as well 
as plant extracts and exudates [52], as well as plant and 

animal proteins. Synthetic polymers used as 
encapsulating agents include polybutadiene, polylactic 
acid, polystyrene, polyvinyl acetate, polypropylene, and 
the like [53]. 
  In the encapsulation of nutrients as wall materials are 
used: carbohydrates (cyclodextrins, starch, maltodextrin); 
proteins (gelatin, soy and whey protein); hydrocolloids 
(chitosan, pectin, alginate, agar, gum arabic); cellulose 
and lipids (wax, paraffin, phospholipids) [11]. 

The most commonly used wall materials in the food 
industry are gums. They exist naturally in nature, in 
plants, but are also synthesized by bacteria. Gums are a 
group of polysaccharides and their most famous 
representative is gum arabic. It has a low viscosity in 
water and retains over 85% volatile compounds. Another 
property of encapsulating aromatic compounds is that it 
protects essential oils and volatile components from 
oxidation [54].  

Proteins used as a wall film are used for encapsulation 
by coacervation. Protein film is a great barrier to oxygen 
and unwanted odors [55]. Figure 1 schematically 
describes the materials most commonly used as wall and 
core materials.

Fig. 1. Schematic representation of the materials used in the encapsulation process

 
2.2 Core materials 

The materials that are in the core of the capsule are the 
active components that are encapsulated in the wall 
material. They can be liquid, solid or gas. The nature of 
the product obtained in the end depends on the properties 
of the materials used for encapsulation. Depending on 
how the basic materials are arranged, single-core and 
multi-core capsules can be obtained. Single-core capsules 
represent a single continuous phase of core material in the 
wall material, and multi-core capsules represent multiple 
units of base material in the wall material. There are also 
matrix-type capsules in which the base material is 
homogeneously distributed in the wall material [6]. 

 

 

2.2.1 Microencapsulation of phytochemicals 

Phytochemicals are chemical compounds that are found 
in plants and have biological activity. Studies on them 
show that they have a good effect on human health and 
serve as disease prevention. They have antibacterial, 
antioxidant, antiviral, anti-inflammatory and anti-cancer 
properties, as well as regulate blood pressure, cholesterol 
synthesis and stimulate the immune system [56,57,58]. 

 The incidence of age-related illnesses and chronic 
diseases such as stroke, cancer and heart disease decrease 
with higher consumption of fruits and vegetables rich in 
phytochemicals [59,60,61,62]. 

 Phytochemicals are found mainly in vegetables, 
fruits, whole grains and legumes. What will be the content 
of phytochemicals and where they will be distributed in 
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the plants depends on several factors - the time in which 
the crop is harvested, the variety and type of plant and 
how the crop is processed and stored [60]. 

In the last few decades, interest in phytochemicals has 
continued to grow, driven by the fact that they improve 
health and prevent disease. They are increasingly found in 
various fields such as nutrition, medicine, pharmacy, and 
cosmetics. 

One of the applications of phytochemicals is as natural 
flavors, aromatizers and food colors. Some of them are 
responsible for the colors of fruits and vegetables. 
Physical and chemical methods, such as cold pressing and 
extraction, are used to extract phytochemicals from plants 
[58]. 

Resveratrol, found in red grapes, peanuts and 
mulberries, is a natural polyphenol that is difficult to 
dissolve in water. It is also easily oxidized and isomerized 
from the trans to the cis isomer upon exposure to light.  In 
this case, encapsulation helps to direct the supply of 
resveratrol and protect the compound from external 
conditions [63]. 

 
2.2.2 Microencapsulation of Vitamins 

Vitamins are essential for human health. They are 
essential nutrients and facilitate the treatment of skin 
problems and the regulation of oxidative stress in the 
body. Vitamins are easily oxidized, which makes them 
unstable. Improving their physicochemical stability, as 
well as increasing their physiological strength, is 
accomplished by nano- and microencapsulation [64]. 

Vitamin A, which is derived from β-carotene and has 
antioxidant functions and serves as a colorant, is a fat-
soluble vitamin [65] and can be extracted from fish oil, 
dairy products or the liver. Its precursor is b-carotene, 
which promotes the body's natural immunity, cell growth, 
and promotes bone growth and visual health [66]. It is 
naturally found in plants, unlike β-carotene. β-carotene 
can be found in mango, pumpkin, carrot and others [67]. 
However, both water- and fat-soluble vitamins could be 
microencapsulated [68,69,70]. 

  In this aspect, as early as 2001, Junyaprasert et al. 
investigate how the encapsulation of vitamin A palmitate 
is affected by coacervation of gelatin and acacia. The 
studies describe the influence of the concentration of the 
solution in the core, the hardener, the core-wall ratio, the 
method of dissolution and the colloidal mixing ratio [71]. 

 
2.2.3 Microencapsulation of Enzymes 

Enzymes have protein properties and therefore can affect 
the speed and specificity of reactions in the human body 
and food. They are catalysts and the reactions associated 
with them are inextricably linked to the temperature at 
which the reaction takes place, as well as pH and ionic 
strength. Given that the enzymes have a protein character, 
high temperature and inappropriate pH lead to 
denaturation. This can be prevented by applying 
encapsulation techniques to the enzymes. This preserves 
their stability during processing and storage, as well as 
avoids unwanted interactions with other compounds in the 
food matrix [72]. 

The presence of detergents adversely affects the 
enzymes, causing structural changes in its binding site. 
This reduces the activity, but this can be prevented by 
encapsulating the enzymes. The encapsulated enzyme 
shows a change in optimal operating conditions, 
maintains full catalytic activity and has better temperature 
stability than the free enzyme [73]. 

Encapsulated ligninolytic enzymes are used in the 
production of juices and more precisely in their 
clarification. For this process, the enzymes are 
encapsulated and thus have a higher activity in the 
clarification and removal of polyphenolic compounds 
[74]. 

 
2.2.4 Encapsulation of Microorganisms 

 Probiotic bacteria, taken in appropriate amounts, have 
been shown to have a good effect on human health and 
that foods that contain live microorganisms support the 
immune system and prevent certain diseases [75]. When 
there are not enough viable microorganisms, the health 
benefits are minimal because they are not delivered to the 
body. If physical protection of living probiotic 
microorganisms from the environment and adverse 
conditions is created, they will retain their properties. 
Encapsulation of probiotics plays an important role in 
their functionality in food and their viability. Also, by 
encapsulating them, the desired effect is achieved, they 
are released in certain parts of the intestine and thus 
increase their health benefits. The most commonly used 
techniques for encapsulating probiotics are spray drying, 
emulsification and extrusion [76]. 

2.2.5 Encapsulation of Flavors 

The aroma of food is essential and is closely related to 
how a food is perceived by consumers. Aromatic 
compounds depend on the temperature of processing and 
storage and are therefore difficult to control because they 
are volatile. Encapsulation techniques are used to protect 
odors from evaporation during processing and storage.  
Depending on the wall materials used and the processing 
conditions, the volatile compounds can be encapsulated in 
various forms [23].Oleoresins are highly sensitive to light, 
oxidation and heat. Encapsulation techniques are used to 
prevent this sensitivity. Cardamom oleoresin, for 
example, is encapsulated using gum arabic, modified 
starch, or maltodextrin for encapsulating materials, and 
then spray drying is used [77]. 

Orange oil is sensitive to oxygen, and whey protein 
isolates are used to build a barrier, which provide an 
effective basis for trapping volatiles by spray drying [78]. 

3 Techniques for microencapsulation 

The choice of encapsulation technique directly determines 
the nature of the wall and core material, the desired 
particle size, the release mechanism, and the 
encapsulation efficiency. The classification of 
encapsulation techniques is according to their nature, 
namely chemical or physical. Techniques that belong to 
the chemical are polymerization and polycondensation. 
Physical techniques are divided into physicochemical and 
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physico-mechanical. Physicochemical encapsulation 
techniques are coacervation, sol-gel and supercritical 
microencapsulation with CO2 and physico-mechanical - 
spray drying, liquid coating, centrifugal encapsulation, 
vacuum encapsulation and electrostatic encapsulation 
[20]. 

 Another type of classification that can be used for 
encapsulation techniques is according to the medium used 
as a suspension. A liquid medium is used to dissolve the 
active substance in the following techniques: 
coacervation, emulsification, solvent evaporation, in situ 
and interphase polymerization. Techniques that use gas as 
a medium are spray drying, spray cooling / cooling, 
fluidized bed coating [17]. 
 

3.1 Physico-mechanical process 

3.1.1 Spray-drying 

Spray drying is an encapsulation method used to produce 
dry products from liquid materials. This process is fast, 
continuous, cost-effective, and easy to scale. It is 
expressed in that the liquid in which the base material is 
dissolved is sprayed by means of a spray in a hot drying 
gaseous medium, usually air. The droplets that form 
during spraying lose the solvent in the drying chamber, 
resulting in solid particles, which are subsequently 
removed from the air stream and collected. Spray drying 
is often used in the food industry to reduce water content 
and ensure microbiological stability of products. This 
drying technique is used to encapsulate nutrients such as 
flavors, lipids, and carotenoids [21, 22]. 
 Each food has its own characteristic aroma, which is 
due to the aromatic compounds in it. However, these 
compounds are highly volatile and because of this, they 
are often lost during spray drying. The composition of the 
wall material, how it affects the microencapsulation, and 
the controlled release of the encapsulated aromas has been 
studied many times [23]. A good example of how to 
preserve the aromatic compound is the encapsulation of 
L-menthol by spray drying. This compound is a cyclic 
terpene alcohol, occurring mainly in the form of crystals 
or granules with a melting point of 41-43°C, which shows 
high volatility and whisker growth [24]. These barriers 
limit the use of L-menthol in the food industry and its 
shelf life. Therefore, they are overcome by encapsulation 
by spray drying. Other flavors that have been successfully 
encapsulated by spray drying are those of citronella, 
marjoram, and oregano. They are encapsulated in wall 
materials of skimmed milk powder and whey protein 
concentrate [25]. 

3.1.2 Freeze-drying 

Freeze-drying or lyophilization is a simple and easy way 
to encapsulate [26]. This method is used for materials that 
are sensitive to high temperatures, such as volatile 
compounds, as the removal of moisture takes place by 
freezing the sample and then evaporating the moisture at 
low temperatures under vacuum, as opposed to spray 
drying, which is performed at high temperatures [11]. 

Unprofitability and the need for a lot of time for 
dehydration are only some of the disadvantages of this 
encapsulation method, which in turn is the reason why this 
method is used less often for encapsulation of 
phytochemicals, compared to spray drying.  Powdered 
products obtained after lyophilization have a porous 
structure and need to be ground into small particles after 
drying. In some cases, the particle size changes and the 
encapsulated material may protrude beyond the capsule to 
the surface of the particles. Lyophilization as an 
encapsulation technique has a number of disadvantages, 
but it is nevertheless often used and is suitable for storing 
and encapsulating many compounds [27]. 
 Lyophilization as an encapsulation technique is used 
in the food industry and as an example of its application 
is the encapsulation of limonene. It is one of the most 
important aromatic compounds in citrus fruits and has 
positive effects on humans. In 2007, Kaushik and Roos 
managed to encapsulate limonene by freeze-drying [28]. 
This encapsulation technique is most commonly used in 
active compounds to achieve their controlled release [29] 
as well as to recover by-products from agro-industrial 
processes. In addition, gum arabic, xanthan gum, sodium 
alginate and soy protein-like wall materials were used for 
microencapsulation of carotenogenic extracts by a 
lyophilization method [30].  Gum arabic and maltodextrin 
were used as coating materials for probiotic carrot juice 
powder [31]. 

3.1.3 Extrusion 

This encapsulation technique is mainly used for volatile 
and unstable flavours in glassy carbohydrate matrices. 
One of the most important advantages of this method is 
that prone to oxidation aromatic compounds acquire a 
long shelf life after encapsulation. Atmospheric gases 
pass very slowly through the glass matrix, which is 
hydrophilic, thus providing an almost impermeable 
barrier against oxygen. Carbohydrate matrices in glass 
states have very good barrier properties and extrusion is a 
convenient process that allows the encapsulation of 
flavours in such matrices [32]. 
 Encapsulation of β-cyclodextrin by extrusion has been 
shown to be an effective way to protect limonene from 
oxidation [33]. Most of all extrusion is used for 
encapsulation of Lactobacillus strains [34] normally 
resulting in increasing survival rate of the strains. 

3.1.4 Fluid Bed Coating 

The fluidized bed coating is a batch process in which the 
coating is applied to solid dust particles. This 
encapsulation technique is performed at a certain 
temperature, as the solid particles and the wall material 
are mixed by air flow. The material used for the shell must 
have a number of properties, such as being thermally 
stable, not interfering with injection and pumping, which 
depends of its viscosity, and to allow the formation of a 
film on the surface of the particles. The wall materials 
used in fluidized bed encapsulation are usually aqueous 
solutions of starch and cellulose derivatives, proteins, 
dextrins and resins. The evaporation of water from the 
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aqueous solution used for encapsulation depends on many 
factors, such as the temperature of the solution, the spray 
air and the base material in the chamber. Other factors on 
which evaporation depends are the water content in the 
solution of the coating material, the speed of its 
dispersion, the humidity of the inlet and outlet of the 
chamber and the air flow. In the central flow of the inner 
column, the air flow rate is about 80% and 20% in the 
periphery, which leads to the circulation of dust particles. 
These characteristics of the method reduce agglomeration 
and increase the drying rate [35]. 
 The fluidized bed encapsulation is used for many 
ingredients that are contained in much improved foods, 
and dry mixes. This technique encapsulates many food 
additives, such as lactic, citric, and ascorbic acid, as well 
as leavening agents such as sodium bicarbonate for 
pastries. The applicability and advantages of fluidized bed 
coating and other techniques for encapsulation in food are 
well known [36]. The technique is broadly used for 
probiotic bacteria to improve the survival [37]. 

3.2 Chemical methods 

3.2.1 Interfacial polymerization (IFP) 

In this encapsulation technique, the wall material used for 
encapsulation can be formed on the surface of the 
droplets, using polymerization of reactive multifunctional 
monomers. The most commonly used monomers in this 
method are multifunctional acid chlorides and isocyanates 
and it is possible to use them in combination or separately. 
The monomer used is dissolved in a liquid core material 
and distributed evenly in the aqueous phase, which 
contains a dispersing agent. Then a co-reactant 
multifunctional amine is added which leads to rapid 
polymerization at the interface generating the capsule 
shell [38]. Thus, different interactions form different 
types of shells, for example, a polyurethane shell will be 
formed by reacting the isocyanate with a hydroxyl-
containing monomer, and by reacting the acid chloride 
with an amine, a polynylon or polyamine shell will be 
generated [38, 39].  

3.2.2 In situ polymerization 

This encapsulation technique is similar to IFP in terms of 
capsule formation. Here, too, it is formed by 
polymerization of monomers, which are placed in the 
apparatus where encapsulation occurs. In this technique 
there is no reactive agent introduced into the material to 
be encapsulated, the polymerization is carried out 
exclusively in the continuous phase and on the side of the 
continuous phase of the interface formed by the dispersed 
material of the core and the continuous phase. The 
polymerization of the reagents located there generates a 
low molecular weight prepolymer and over time this 
prepolymer increases, it is deposited on the surface of the 
encapsulated dispersed material from the core, where the 
crosslinking polymerization continues, thus obtaining 
hard capsule shells [40]. 
 High speed mixers are used to obtain an emulsion with 
the desired droplet size and to make it stable. It is also 

important to emulsify the oil phase in water with water-
soluble polymers, it is necessary to lower the pH, to add 
melamine resin, which is water-soluble, and to initiate 
polycondensation, which gives crosslinked resins, which 
are deposited at the boundary between oil droplets and the 
aqueous phase. When the wall material hardens, capsules 
of micro size are formed and an aqueous dispersion of oil 
droplets is obtained. This method is used in urea-
formaldehyde and melamine-formaldehyde encapsulation 
systems [41]. 
 

3.3 Physico-chemical process 

3.3.1 Coacervation 

A technique in which the base material is mixed with the 
wall material and deposited on the surface of the base 
material after phase separation is called coacervation. 
Phase separation is classified into simple and complex 
coacervation, as in simple coacervation the separation is 
due to desolvating (coacervating) agents, and in complex 
- to oppositely charged polymers. After phase separation, 
the particles must be stabilized by means of a suitable 
crosslinking reagent or by heat treatment [19]. The nature 
of the polymers and their interaction are important for the 
final shape and size of the capsule [42]. 
 Coacervation has many advantages. Some of them are 
high encapsulation efficiency (about 90%), high 
temperature is not required, the obtained capsules are not 
thermolabile, the use of organic or toxic solvents is not 
required. The main disadvantage of this technique is that 
glutaraldehyde is used as a crosslinking reagent, and this 
does not allow its use in the food industry. This 
disadvantage can be overcome using enzymes or natural 
crosslinking agents such as genipin, anions, 
polysaccharides, and proteins [2, 43, 44, 45]. 
 Coacervation encapsulation is applied to some 
phytochemicals. This is the case, for example, with 
capsaicin, which is found in hot peppers and is responsible 
for their peppery taste. Capsaicin is widely used in the 
food industry, being most used as a flavoring of spicy 
dishes [46]. 

3.3.2 Polymer encapsulation by rapid expansion of 
supercritical fluids 

  Supercritical liquids have the beneficial properties of 
both liquids and gases and are highly compressed gases. 
The most commonly used supercritical fluids are nitric 
oxide (N2O), alkanes (C2 to C4) and carbon dioxide (CO2). 
A very slight change in pressure or temperature leads to a 
change in density close to the critical point of the fluids. 
The most commonly used encapsulation fluid is 
supercritical carbon dioxide because it is readily available 
and cost-effective, has a low critical temperature, has no 
toxic and flammable properties, and has a high purity 
[47]. The most commonly used methods are rapid 
supercritical expansion; gas anti-solvent; and particles of 
gas-saturated solution [48, 47]. 
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4 Application of microencapsulated 
materials to food packaging 

The properties possessed by micromaterials have been 
used to develop structures that have properties such as 
lower gas permeability, improved thermal stability and 
strength, and others. These properties are more 
pronounced in the already formed structures than in the 
single structure of the material. To increase the shelf life 
of a product, micro-materials are already used in 
packaging systems as carriers for the delivery of active 
compounds. Active packaging not only serves to package 
the product, but also has improved protective properties. 
These properties are expressed in the release of 
antimicrobial compounds, change in gas leakage, removal 
of oxygen from the inside of the package and others. 
When a package is equipped with internal or external 
indicators that provide information about the actual 
quality and / or history of the product and thus improves 
the communication aspect of the package, it is called 
smart packaging [79]. 

Food sold on the market must meet the expectations of 
buyers, be fresh and quality. If these expectations are not 
met, it affects the sales and image of companies, and on 
the other hand, if you inadvertently consume expired 
food, there is a danger of food poisoning. The expiration 
date printed on the packaging does not take into account 
potential physical, thermal and / or microbiological 
changes in the product, so this approach is not the best to 
avoid selling expired products. In recent years, food 
manufacturers have begun to use modern packaging 
systems to avoid problems with the suitability of the food 
product. 

In order to obtain accurate information about the 
product and whether it is high quality and safe, packaging 
has been developed that interacts dynamically with the 
food product, called smart packaging [80]. 
The active packaging, in addition to preventing the 
product from interacting with external conditions, has 
other important properties, such as - control of surface 
pollution, which is mainly related to microbial pollution, 
protects products such as fish and seafood, which have 
high water activity [81]. The use of active packaging 
allows to reduce the use of preservatives or to simplify the 
production process by adding preservatives in the 
packaging stage, and thus enhance the organoleptic 
properties [82]. Such packaging systems reduce the 
inactivation of substances [83], as well as carry out 
controlled penetration of controlled bacteriostatic active 
substances [84]. 

The antimicrobial activity carried out by the active 
packages is due to the fact that they successfully include 
additives having the activity. Such additives are replaced 
by silver zeolite [85], organic acids and their salts, 
bacteriocin such as nisin and pediocin [86], enzymes such 
as lysozyme [87, 88], chelators such as EDTA and 
lactoferrin [89, 90], the organic compound triclosan [82], 
plant extracts [91], chitosan [92] and a combination of 
several of the above as barrier technology [93]. 

 

5 Bioactivity of microencapsulated 
ingredients 
 
Much attention is paid to functional foods and nutrients 
and more precisely to the systems that serve for delivery 
and are based on nanomaterials. They improve the 
delivery of active substances to a specific place, as well 
as improve absorption and bioavailability in the body [94, 
95]. By ingesting nutrients orally, they are subjected to 
severe conditions such as low pH, gastrointestinal (GI) 
barriers and food-tar enzymes, and thus their bioactivity 
and functionality are compromised. In addition to the 
conditions to which they are subjected, another 
disadvantage of functional constituents is that their 
solubility in water and body fluids is often low, and some 
oral neutraceuticals tend to be rapidly metabolized in the 
intestine and liver, which are closely related to low 
absorption, as well as with rapid clearance from the body.  

The challenge is, therefore, to overcome these 
obstacles and move efficiently across the GI tract, finally 
reaching the systemic circulation without significant loss 
of bioactivity. Given that nanoparticles easily penetrate 
the plasma membrane, due to their very small size, it can 
be concluded that the encapsulation of bioactive 
molecules with nanomaterials will help their solubility in 
water, their ability to penetrate the gastrointestinal tract 
and their physicochemical stability [7, 96, 97]. 
 
6 Innovations and challenges for 
microencapsulation in the food industry 
 
Microencapsulation technology was an innovation at the 
time of the first such development. Microencapsulation 
technologies are widespread, but there are industries in 
which there is room for innovation in this area [98]. 
Research is constantly evolving in terms of characterizing 
microencapsulation, with scientists constantly looking for 
new techniques, materials, and methods. This is necessary 
to overcome the challenges facing the food industry [99]. 
Innovations in the materials used for microencapsulation 
in the food industry are more difficult to achieve due to 
the restrictions imposed by regulatory authorities. 
However, some nutrients after processing can be used to 
encapsulate active compounds and nutrients [6]. 

Nowadays, human nutrition is a very delicate area 
and more and more new types of diets are entering. They 
are inextricably linked with challenges, but also 
opportunities for microencapsulation. Many food groups, 
such as gluten, carbohydrates, dairy products, lactose, 
sugar and fats, are being avoided due to consumer 
intolerance and in line with the trend of pure labeling 
[100]. Many of the proteins used for wall materials in 
encapsulation are animal-based. This will need to change 
over time, as additional pressure is expected to reduce the 
use of animal products [101, 102]. Plant proteins are 
already widespread [103]. Pea, wheat, and soy proteins 
are often used as wall materials. Barley and maize 
prolamins are used to polymerize the wall material [105]. 
In general, one of the main challenges for encapsulation 
in the food industry is the limited range of suitable 
encapsulating materials permitted for use in food [106]. 
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Requirements for the purity and use of wall material vary 
from country to country, so it must meet food standards in 
the producer country and the exporting country [107]. 

7 Conclusion 

Given all the advantages and disadvantages of 
microencapsulation techniques, it can be concluded that 
these technologies will continue to evolve. On the one 
hand, new techniques or materials will be sought to 
overcome the negative qualities.  

Despite the disadvantages of the techniques used, the 
multiple advantages cannot be ignored. 
Microencapsulation allows the use of environmentally 
sensitive compounds in human nutrition, and thus they 
favor human health. In summary, we can say that the 
techniques for microencapsulation of substances and their 
use in the food industry is a very promising area that will 
continue to develop. 
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