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ABSTRACT: Some of the important microbial enzymes used in the food industry are lipases, amylases, 
proteases, cheeses, pectinases, invertases, cellulases and glucose oxidases. The use of enzymes 
as a strategy to produce food and increase efficiency and improve production processes can play 
an important role in industry. Microencapsulation (encapsulation) is the process by which a thin, 
continuous coating is formed around various compounds. As the wall of the capsule (dunk) contains the 
encapsulated material, Enzymes due to their wide application in the food industry and the possibility 
of change if mixed with food, today various techniques are used to preserve enzymes and release 
them in a specific part of the production process. Microencapsulation is a major technique for enzyme 
stabilization in the food industry. The present study is an overview of the microencapsulation process of 
enzymes in the food industry and deals with different methods of encapsulation of enzymes.
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Thin capsules
A microcapsule is a term used for particles with a size 
of 0.2 to 500 micrometers. While those larger than 
500m are classified as macro and those smaller than 
0.2m are classified as nanocapsules [1]. The product 
of the microencapsulation process is generally called 
a capsule. Such capsules are micrometer in size and 
have a spherical or irregular shape. Each microcapsule 
consists of two main parts: the core and the wall. The 
nucleus (inner part) contains active components, while 
the shell or wall (outer part) permanently or tempo-
rarily protects the nucleus. The microcapsule shape is 
shown in Fig. 1 [2].

The core material in microcapsules may be solid, liq-

uid or gaseous. Core materials are often used in the form 
of a solution, dispersion or emulsion. The compatibility 
of the core material with the wall is an important fac-
tor to increase the efficiency of the microcoating. The 
amount of nuclear material also plays an important role 
in controlled distribution, penetration or release. Due to 
the variety of microcoating applications, a wide range 
of core materials can be microcoated, such as enzymes, 
drugs, pigments, monomers, catalysts, cofactors, plas-
ticizers, and flavor-forming compounds [3]. The abun-
dance of natural and synthetic polymers and the variety 
of their structural properties make it possible to select 
the appropriate wall with the desired properties. Walls 
are usually made in three forms: permeable, semi-per-
meable or impermeable. Permeable walls are used for 
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release applications. While semi-permeable capsules 
are usually impermeable to core material, they are less 
permeable to low molecular weight liquids; therefore, 
these capsules are often used to absorb certain com-
pounds from one environment and release them into 
another environment. Unlike the previous two; the im-
permeable wall completely encloses the core material 
and protects it from the outside environment. Usually, 
in order to release the contents of the core material, 
the wall must be disintegrated by pressure, melted, 
dried, dissolved in a solvent, or decomposed by light. 
The rate of release of the core material from the per-
meable wall is mainly controlled by the wall thickness 
and the size of the pore [4].

The shape of tiny capsules
The shape of the microcapsules depends mainly on 
the material of the nucleus and the process of wall 
formation. Microcapsules may have regular or ir-
regular shapes and can therefore be divided into  
single-core, multi-core, and lattice types (Fig. 2). 
Single-core (core-wall) microcapsules contain a wall 
around the core; while in multinucleated capsules, 
there are many nuclei inside the wall. They are walls 
or may be in addition to these three shapes, microcap-
sules can form a single nucleus with several clusters 
of microcapsules [5].

Benefits of microfinance
The main reasons for using microcoating are:
- Protection of unstable and sensitive materials against 
environmental factors
- Better process capability to improve solubility, dis-
persibility and buoyancy
Release (controlled or temporal release)
- Safe and convenient use of toxic substances
- Hide the smell or taste
- Increase the shelf life by preventing decomposition 
reactions (oxidation, dehydration)
- Stabilization of enzymes and microorganisms
- Controlled and targeted distribution of drugs
- Changing the surface properties of materials
- Reduction of volatility and flammability of liquids
Separation of reactive materials
Types of finely coated food components
The types of food ingredients that can shred are shown 
in Table 1 
Most applications of micropropagation in food are 
to preserve enzymes and other compounds during 
the processing process. Capsules are usually soluble 
in water and therefore dissolve when added to water. 
From this group of capsules can be mentioned types 
containing enzymatic compounds. Microencapsula-
tion can also trap components such as enzymes so that 
their activity is maintained over time. Usually, the use 
of unprotected enzymes in food exposes them to ions, 
protons, radicals, inhibitors, etc., which causes insta-
bility and inactivation, but the microencapsulation of 
enzymes protects them against these factors and thus 
reduces their activity. It prevents them. Other types 
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Fig. 1. Microcapsule structure

Fig. 2. Types of microcapsules [5]

Type of ingredient :

 Flavoring agents such as oil, spices, seasonings and sweeteners
Acids, alkalies,buffers
Lipids
Redox agents(bleaching,maturing)
 Enzymes or microorganisms
 Artificial sweeteners
Leavening agents
Antioxidants
Preservative
Colorants
 Cross linking and setting agents
 Agents with undesirable flavors and odors
 Essential oils ,amino acids ,vitamins and mineral

Table 1. Types of food components that are finely coated.
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of food ingredients that can be fine-grained include 
enzymes, vitamins and minerals, sodium bicarbonate 
sweeteners, citrus essential oils, and flavorings [6]

Compounds used in the microencapsulation system 
of enzymes
In the process of microencapsulation of enzymatic 
compounds by means of a wall that separates them 
from the outside environment; are protected. The size 
of the microcapsule can be less than a millimeter to 
less than 1 micrometer. The simplest microcapsules 
may contain only one nucleus covered by uniformly 
or non-uniformly thick walls. The wall may also be 
simple or a mixture of several different materials. In 
addition, the wall can be composed of one or more 
layers [7]. Microcapsules are usually added to food 
systems as additives and must therefore be compat-
ible with that system; therefore, these points should be 
considered when producing microcapsules, especially 
in choosing the type of wall. In general, different ma-
terials can be used as walls. These substances include 
proteins, carbohydrates, lipids, gums and cellulose. 
Each of these substances has disadvantages and ad-
vantages. To select the wall material, factors such as 
the type of brain material (nucleus), the type of micro-
encapsulation process, economic issues, the type of 
product consumption and also the conditions provided 
in the regulatory laws should be considered [8]. On 
the other hand, it should be noted that in the process of 
microencapsulation of enzymatic compounds, the wall 
material should not react with the core material and be 
easy to work with [9]. The most important properties 
and characteristics that a wall material should have are 
the following:
- At high concentrations, show low viscosity and have 
good rheological properties, - Separation of solvent 
from it at any stage of the operation is required to be 

done easily,
- Provide maximum protection of the inner core mate-
rial against external factors such as light, temperature 
and humidity,
- Produce stable emulsion, - show appropriate behav-
ior when redissolved in order to release enzymatic 
compounds in the desired place and time,
- Does not react with the coated material or the core 
during the process and during the storage period,
Have the ability to dissolve in solvents used in the 
food industry such as water and ethanol [5].
- It is cost effective. Adequate knowledge of the physi-
cochemical interactions that occur between the enzy-
matic compounds used and the major constituents of 
foods such as lipids, polysaccharides, and proteins is 
essential to controlling the quality and taste of food 
[10]. The properties of the materials that are often 
used as a wall in the microencapsulation system for 
enzymatic compounds are shown in Table 2.
Because there is almost no coating material that has all 
the necessary properties and conditions, a mixture of 
several coating materials as well as other compounds 
such as antioxidants, chelating agents and surfactants 
are usually used. In addition, by changing the wall 

 Wall material interest
Maltodextrin(DE<20) film forming

Corn syrup solid (DE>20) film forming ,reducibility
Modified starch very good emulsifier

Gum Arabic emulsifier, film forming
Modified cellulose film forming

Gelatin emulsifier, film forming
Cyclodextrin encapsulation , emulsifier

Lecithin emulsifier
Whey protein good emulsifier

Hydrogenated fat barrier to oxygen and water

Table 2. Characteristics of wall materials used for microen-
capsulation of enzymatic compounds [5]

          Carbohydrates starch, maltodextrins, corn syrup, dextran, sucrose, cyclodextrins
              Celluloses  carboxyl methylcellulose, methylcellulose, ethyl cellulose, acetyl cellulose,

                                                          nitrocellulose, cellulose acetate phthalate, cellulose acetate butyrate phthalate
                     Gums gum acacia, agar, sodium alginate, carrageenan
                    Lipids  wax, paraffin, beeswax, tristearic acid, monoglycerides, oils, fats, hardened oil

         Protein gluten, casein, gelatin, albumin, hemoglobin, peptides

Table 3. Coating materials used in food microfiber [5].
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thickness and structure, the desired protection goals 
and physical properties can be achieved to a large ex-
tent [11]. Some types of coatings are listed in Table 
3. Given the importance of the role of the wall in the 
microencapsulation of enzymes, this section provides 
a further explanation of some of the main compounds 
used in the wall.

Carbohydrates
In the microencapsulation technique of enzymes, dif-
ferent types of carbohydrates are often used as a wall 
material or carrier. Carbohydrates such as starches, 
maltodextrins, corn syrup, and acacia gum are widely 
used in the microencapsulation of enzymatic com-
pounds due to their variety and variety, cheap price, 
and many applications in the food industry. In addi-
tion, these compounds have properties such as low 
viscosity at high concentrations and optimal solubil-
ity, which makes them suitable for use in optimally 
enzymatic microencapsulation systems. Starch and its 
derivatives such as maltodextrin, betacylcodextrin and 
modified starches are the best compounds used as a 
wall. Therefore, the use of these compounds and their 
reactions with enzymatic compounds has been highly 
regarded by researchers. The following is an introduc-
tion to the most important polysaccharides used in the 
microencapsulation process of enzymes [12].

Alginate
This polysaccharide is found in the cell wall and inter-
cellular space of brown algae and provides the plant 
with flexibility and structural strength. Structurally, 
alginates are composed of units of manuronic acid D 
(M) and L-gluconic acid (G), which are joined togeth-
er by glycoside bonds (Fig. 3). There is no specific 
order in terms of number and position of these units in 
the polysaccharide chain, and therefore the sequence 
of these units creates homo and heteropolymer sec-
tions in the alginate structure. The ratio of manuronic 
acid to gluconic acid and the structure of the polymer 
determine the physicochemical properties of alginate 
[5].

In the food industry, alginates are used to form gels 
(such as puddings), absorb water (such as soups), cre-
ate texture and consistency (such as ice cream), and 
form films (such as coatings). Alginates are imperme-

able to oils and fats, but they are permeable to mois-
ture. Alginate coatings are a good protector against 
oxygen; they can delay the oxidation of lipids in food 
and prevent loss of taste and texture change. Algi-
nates were first used for coating in the United States in 
the 1920s. Alginates can also be used to make liquid 
capsules. In addition, alginates are used in microen-
capsulation of microbial cells. For example, micro-
encapsulation of probiotic bacteria with an improved 
alginate-starch mixture increases survival in gastric 
and yogurt conditions. It has also been reported that 
microfibers of bifidobacteria with alginate increase 
the likelihood that they will survive in mayonnaise. In 
one study, the survival of bifidobacteria trapped in al-
ginate cells in frozen ice milk was investigated. Their 
results showed that stabilization of bifidobacteria in 
calcium alginate globules increases their viability in 
gastric extract and enhances bile salt secretion [13]. 
Alginate microencapsulation is easily reversible be-
cause the structure of calcium alginate gel depends on 
ionic interactions; therefore, the coating may be easily 
disintegrated by chelating agents such as phosphate. 
Of course, the amplitude of these interactions depends 
on the type and concentration of cations and the pH of 
the environment. The results of research indicate that 
cells coated with calcium alginate are able to survive 
after freeze-drying and their activity is maintained af-
ter a long storage period [14].

Carrageenan
Carrageenan is a natural polysaccharide found as filler 
in the pores of the cellulose structure of red seaweed. 
This polysaccharide has a high molecular weight 
and a linear structure consisting of repeats of disac-
charides [1, 4, 15], B and (units B) galactose (Fig. 4). 
B-units are often in the form of anider sugars due to 
the ether bond between carbons 3 and 6. Carrageen-
ans are found in nature in four forms: kappa (k), Utah 
(i), lambda [15] and beta (b). The structural difference 

A review of enzyme microencapsulation technique in food industry

Fig. 3. General structure of alginates [5].
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of these compounds is in the substitutions on units A 
and B; it affects their gel strength, texture formation, 
solubility, especially in brine, and melting point. All 
carrageenans are soluble in hot water and have a very 
low viscosity. With the exception of lambda, this is 
highly sulfated and does not have the ability to form 
gels, other forms of carrageenan, all of which contain 
the anider form of unit B, have the ability to form gels. 
Also, except for lambda, only the salts of Utah sodium 
and kappa carrageenan; it is soluble in cold water. Po-
tassium and calcium are essential for the formation of 
gels by carrageenans. Carrageenan jellies are stable at 
room temperature and melt with increasing tempera-
ture to about 5 to 10 degrees above the gel formation 
temperature (40-70 °C) [9].

Considering that carrageenans belong to a hydrocol-
loid family whose components have different proper-
ties; therefore, a wide range of applications are en-
visaged for them. The most important uses of these 
carbohydrates are in the dairy industry, cakes and 
cookies, chocolate drinks and the like. In addition, 
carrageenan films are used in food coatings to prevent 
microbial activity, moisture loss, and oxidation reac-
tions. Because of their ability to react with proteins; 
Low concentrations (usually 0.1 to 0.3%) of these car-
bohydrates can be used to stabilize protein-containing 
emulsions, as well as carrageenans used to microbial 
bacterial cells [13].

Starch
Natural starch and its derivatives (modified starches, 
maltodextrins and betacylcodextrins) are widely used 

in the food industry to protect enzymatic compounds. 
These carbohydrates are widely used as a wall mate-
rial for microencapsulation of enzymatic compounds. 
Recent research on these compounds has led to the 
production of new starch compounds that can be used 
for microencapsulation and storage of enzymes [15]. 
Natural starches are hydrophilic molecules that lack 
surface activity, but modified starches have emulsi-
fying properties due to the presence of hydrophobic 
groups in their structure, and after being placed on 
the joint surface of oil-water droplets, stabilize the 
emulsion by creating a spatial repulsion. Therefore, 
these emulsions are not very sensitive to changes in 
pH, ionic strength and us. On the other hand, due to 
the low surface activity of the modified starches, large 
amounts of them should be used to stabilize the emul-
sion to ensure the complete coverage of the droplet 
surfaces [5]. Starch granules, especially starches that 
have been dried in a spray dryer; they have surface 
pores with a diameter of 1-3 micrometers. Recent 
studies suggest that the presence of these pores in 
starch granules allows them to bind to proteins and 
trap them internally; Therefore, modifying the struc-
ture of starch granules by various methods, including 
the use of amylase enzyme, which can increase the po-
rosity, improves the retention and trapping percentage 
of the material. Binding of enzymes to starch is done 
in two ways: by the amylase helix and by hydrophobic 
bonds, which are considered as trapping and trapping 
points; they bind to starch or through polar interac-
tions Hydrogen bonds of hydroxyl groups of starch 
and enzymes of these compounds are stabilized. To-

Fig. 4. General structure of Carrageenans
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day, it has been shown that amylose has the ability 
to trap and trap a wide range of different substances, 
including enzyme compounds [13].

Maltodextrin
Maltodextrins are produced by partial acidic or enzy-
matic hydrolysis of corn flour. The degree of hydro-
lysis of starch and its breakdown is measured against 
maltodextrins by a unit called the dextrose equivalent 
(DE). Different are identified. Maltodextrins are con-
sidered as a wall due to their ability to form networks 
in various microencapsulation methods [5]. High ef-
ficiency of maltodextrins, low viscosity of their solu-
tion even at high concentrations, their availability in 
different molecular weights and their low price are 
other important factors in the use of these compounds 
in microencapsulation. The main disadvantage of 
these materials is that they do not have emulsifying 
properties and therefore less storage capacity. How-
ever, studies have shown that the survival rate of 
twelve different compounds depends on the DE of 
maltodextrins. Maltodextrins with DE showed about 
10 best retention properties and with increasing DE 
the amount of retention of compounds decreased. In 
addition, enzyme retention increased by DE during 
storage. Various studies have shown that maltodextrin 
with high DE protects orange peel oil from oxidation. 
In this study, the effect of DE on the performance of 
wall systems was well explained. At the same time, 
the use of DE number cannot be used as a sufficient 
predictive factor in the production of different prod-
ucts with different applications. It has recently been 
shown that molecular weight is an important factor in 
predicting the main properties of maltodextrin, but its 
use is limited to certain cases. In one study, the persis-
tence of enzymatic compounds was investigated using 
different ratios of maltodextrins at three temperatures 
of 60, 70 and 80 °C. Maltodextrin solution with a DE 
of 5 (10% w/w) showed that the persistence rate de-
pends on the degree of hydrophobicity of the enzymes, 
which improves with increasing temperature [15].

Gum
Arabic gum is the most important gum that is used as 
a wall in the microencapsulation system of enzymatic 
compounds. This gum is a natural exudate of the Aca-

cia Senegal tree. In terms of structure, gum arabic con-
sists of arabino-galactane chains that are attached to 
a single polypeptide strand as side substitutions (Fig. 
5 and Table 4). The protein part is hydrophobic and 
the polysaccharide is hydrophilic, so the whole mol-
ecule is emulsified. It is believed that the fixation of 
oil emulsions in water by gum arabic is done by creat-
ing a spatial repulsion between the droplets; however, 
electrostatic interactions are not ineffective in this re-
gard. It has also been found that the tendency of this 
gum to settle at the oil-water interface is relatively low 
compared to most biopolymers, and therefore should 
be used at high concentrations to create a stable emul-
sion. Accordingly, its use as an emulsifier is often lim-
ited to emulsions in which the droplet density is low 
(such as beverages, especially since compared to most 
other polysaccharides, gum arabic is very resistant to 
acidic conditions. However, desirable solubility, low 
viscosity, the emulsifying properties and high hold-
ing capacity of volatile compounds by this gum have 
caused it to be considered in many micro-coating pro-
cesses. In addition, this material is very suitable for 
micro-coating of fat droplets, as it plays both the ac-
tive role of surface and wall in At the same time, its 
use in the food industry is slightly limited due to the 
high cost of this polysaccharide, which has led to fur-
ther studies to find a suitable alternative [13].

Various studies have been performed on the effec-
tiveness of gum arabic or its mixture with other col-
loids in the microenvironment of food components 
and enzymes. In this regard, we can mention the mi-
cro-coating of proteases with a mixture of gum arabic 
and maltodextrin with a spray dryer. In a similar study, 
a mixture of ethyl propionate, ethyl butyrate, orange 
oil, aldehydes and benzaldehyde was finely encapsu-
lated in the walls of gum arabic and maltodextrin. The 
results of both studies showed that the shelf life of the 

Compound % in gum

Galactose 36.0

Arabinose 30.0

Rhamnose 12.6

Glucuronic acid 19.2

Protein 2.2

Table 4. Chemical composition of gum arabic [5]
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materials in the capsules increased with increasing the 
percentage of gum arabic. Dried powders mixed with 
gum arabic and maltodextrin with a spray dryer are 
usually about 10-200 nm in size and can retain about 
80% of the enzymes. However, factors such as spray 
dryer inlet temperature, emulsion concentration and 
viscosity, and the ratio of maltodextrin to gum arabic 
are influential in producing these results [15]. In one 
study, different ratios of gum arabic and maltodextrin 
were used to finely coat 1-2-acetyl-1-pyrrole with a 
spray dryer. These researchers showed that the 70: 30 
ratio of gum arabic - maltodextrin has the best quality 
among the manufactured capsules [5].

Pectin
Pectin is a major component of plant cell wall com-
pounds that is responsible for a wide range of differ-
ent biological activities in plants. Pectin compounds 
are effective in controlling cell growth, counteracting 
the invasion of microorganisms and maintaining the 
physical and sensory properties of fresh fruits. The 
structure of pectin is shown in Fig. 6. Pectins are poly-
mers of D-galacturonic acid that are bonded together 
(1-1). The difference between pectin compounds is in 
the content of methyl esters or their degree of esteri-
fication [13].

Pectin forms gels under suitable pH conditions and 
solids (percent sugar) and is therefore considered as 
a gel and thickener in the food industry. Pectin is not 
usually used alone in microencapsulation but is often 
used in combination with other polymers, especially 
proteins. The results of various studies indicate that 
electrostatic interactions between protein and pectin 

strengthen the wall and prevent droplets from stick-
ing together. However, the ratio of protein to pectin, 
pH and ionic strength of the environment affect the 
amount and type of these interactions and sometimes 
cause the emulsion to disintegrate. Pectin may be used 
in conjunction with other polysaccharides, including 
alginates, neutral polysaccharides such as starch, ga-
lactomannans, and dextran to encapsulate enzymes. It 
should be noted that in mixing polysaccharides with 
each other, attention should be paid to their thermo-
dynamic compatibility; otherwise, if there is no ther-
modynamic compatibility between them, they will 
quickly separate from each other and cause the system 
under study to break and become two-phase [15].

Proteins
Although carbohydrates, especially polysaccharides, 
are often used as wall compounds in enzymatic mi-
crofilaments, dietary proteins such as sodium casein-
ate, whey protein, and soy protein isolates are also 
used for this purpose. Having different functional 
groups, amphiphilic properties, self-aggregation and 
self-structuring ability and interaction with various 
types of compounds, high molecular weight and flex-
ibility and protein molecular chain flexibility have led 
to desirable functional properties such as solubility, 
emulsifying viscosity and layer formation. And there-
fore have been considered in the fine-tuning process. 
Creating a stable emulsion is crucial to the success 
of microencapsulation of enzymatic compounds, and 
proteins do it well. Usually during the formation of the 
emulsion, the protein molecules are rapidly absorbed 
by the surface of the oil-water droplets, and thus, by 
forming a stable layer, the oil droplets in the emulsion 
are protected against each other and become larger, 
thus resulting in physical stability of the emulsion in 
the formation stage are maintained [15].

Gelatin
Gelatin is one of the proteins commonly used to coat 
food components. Non-toxic gelatin is inexpensive 
and commercially available immediately. It is a high 
molecular weight polypeptide protein obtained by the 
hydrolysis of acidic (gelatin A) or alkaline (gelatin B 
collagen). Gelatin acts on the surface and is used as 
an emulsifier in the stabilization of oil-in-water emul-

Fig. 5. Chemical structure of gum arabic [5]

Fig. 6. Chemical structure of pectin [5]
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sions, but gelatin itself is not used for this purpose 
because it forms large droplets; the degree of hydro-
phobicity is altered or mixed with anionic surfactants. 
In general, gelatin has the ideal chemical and physico-
chemical properties for the microcoating process; it is 
also used in film and food coatings [5].

Cheese proteins
Whey proteins have special functional properties. 
These properties have led to them being mentioned as 
a suitable compound for the capsule wall. The use of 
whey proteins in micronutrients has been reported by 
many researchers. In global markets, whey proteins 
are available as whey protein isolate powders or whey 
protein concentrate (50-WPC and WPC70) [13].

Research has shown that whey protein isolates are 
a good protector for lipases and amylase finely coat-
ed against oxidation and can form a suitable wall for 
the coating of volatile compounds by spray drying. 
However, researchers in another study concluded that 
WPC microencapsulation properties for amylase pro-
tection are lower than lipases. Also, various researches 
have been done on the impermeability and insolubility 
of protein walls in water, especially whey proteins, in 
order to enable the controlled release of microcoated 
compounds [15]. In addition to whey proteins alone; 
Mixtures of these proteins and carbohydrates have 
also been used as the capsule wall in the process of 
coating volatile compounds in such systems. And the 
next layers play a role. It is noteworthy that lactoglob-
ulin is the most important compound in whey protein 
that has good emulsifying and foaming properties and 
is widely used in pure form in food industry [5].

Enzymatic microencapsulation methods
There are many techniques and methods for enzymat-

ic microencapsulation. However, three main goals are 
pursued in all these processes: the formation of a suit-
able wall around the material, preventing the penetra-
tion and penetration of the coated material into the sur-
face of the capsule during storage, preventing contact 
and reaction of environmental factors with the core. In 
general, enzymatic microencapsulation techniques are 
divided into two main physical and chemical groups 
and physicochemical, physical and mechanical sub-
groups [15]. Fig. 7 shows the diagram of the microen-
capsulation process of enzymatic compounds. Table 
5 also shows some of the important methods used in 
microcoating.

Physicochemical processes
Conservation
The method of cohesion or fuzzy separation was first 
introduced by Bangburg and Cleus. In this method, 
microcoating and trapping of the desired compounds 
is done by transferring polymers and macromolecules 
from the solution phase and their aggregation in an-
other phase. As a result of this transfer and due to the 
interaction between the polymer molecules, a layer is 
formed around the microcoating material (nucleus) 
which subsequently solidifies and thus the coating and 
trapping is completed [13].

This process is not widely used in the food indus-
try; because it is a complex and costly method, small 
quantities of food polymers are also commercially 
available for this purpose. The distinguishing feature 
of conservation is its high efficiency and the creation 
of microcapsules with larger sizes than other methods. 
This method has already been used to fine-tune oxido-
reductases, glycosidases and lipases. Fuzzy separation 
is possible in both aqueous and non-aqueous forms. In 
the first case, the coating material is hydrophobic and 

Chemical processes:

 . Suspension, dispersion and

emulsion polymerization

 . Polycondensation

Physical processes

 Physio _chemical:

. Coacervation

. Layer by layer

(L.B.L) assembly

.Sol gel encapsulation

.Supercritical CO2 assisted microencapsulation

Physio _ mechanical :

. Spray  drying

. Multiple nozzle spraying

. Fluid bed coating

. Centrifugal techniques

. Vacuum encapsulation

. Electrostatic encapsulation

Table 5. Some important methods of enzyme microencapsulation [5]

A review of enzyme microencapsulation technique in food industry
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therefore the wall materials are water-soluble such as 
gelatin, acacia gum or gum arabic; in non-aqueous 
phase separation, however, the nucleus contains wa-
ter-soluble compounds surrounded by a hydrophobic 
wall such as ethylcellulose copolymers or styrene ma-
leic acid. 

There are generally two methods for conservation: 
simple conservation and composite conservation [5]. 
The mechanism of microcapsule formation is the same 
for both processes but the way of fuzzy separation in 
them is different from each other. In simple cohesion, 
a polymer solubilizing agent such as salt or ethanol is 
added for fuzzy separation; whereas in composite co-
hesion, fuzzy separation occurs through the formation 
of a polyelectrolytic complex by mixing two polymers 
with opposite electric charges.

Composite cohesion
As mentioned, composite co-curing is performed by 
mixing a solution of two polymers with opposite elec-
tric charges. The scheme of this process is shown in 
Fig. 8 [13].
Composite cohesion takes place in three stages

A) Preparation of dispersion or emulsion
B) Microencapsulation of the desired enzyme
C) Fixed particle stabilization.
In this method, the desired coating material is first 
dispersed in the first polymer solution. They are also 
used to facilitate the dispersion and increase the mi-
cro coating efficiency of hydrophobic surfactants. The 
second polymer solution, which has an electric charge 
opposite to the first polymer, is then added to the pre-
pared dispersion. When a complex of two polymers is 
formed by electrostatic interactions, precipitation and 
particle separation take place by adding salt or chang-
ing the pH of the temperature, or by suddenly dilut-
ing the medium. The wall thickness and structure can 
be controlled by changing the concentration and type 
of the second polymer, creating intermolecular lateral 
connections and transverse bridges, and changing en-
vironmental conditions [5]. The process of compos-
ite cohesion and the structure of walls composed of 
a mixture of proteins and polysaccharides are influ-
enced by various factors, such as ambient pH, ionic 
strength, protein and polysaccharide charge density, 
degree of flexibility of proteinaceous chains, and pro-

Fig. 7. Diagram of the microencapsulation process of enzymes [5]
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teinaceous chains. He referred to polysaccharides, 
process temperature and time [15]. Composite cohe-
sion can be used to make microcapsules containing 
enzymes, various oils, flavorings, dyes, and flavor-
ings. The important point in using this technique is 
that the environmental conditions should be adjusted 
in such a way as to prevent the agglomeration of the 
capsules after formation [5].

Microencapsulation in alginate globules
Alginate globules are widely used for in vitro micro-
encapsulation of various components and compounds. 
Microcoating with this method is simple and easy to 
apply and can be done in sterile conditions. Alginate 
globules can be used to fine-tune almost any material, 
including hydrophobic and hydrophilic compounds, 
dilute and concentrated liquids, solids, and heat-sen-
sitive components. However, the application of this 
process in the food industry faces two main problems: 
(1) Its implementation on an industrial scale, unlike 
laboratory conditions, is very complex and difficult 
and requires a lot of money. (2) Alginate globules are 
highly porous and easily allow water and other liquids 
to diffuse in or out. Although this property is highly 
desirable for living enzymes and cells that are stabi-
lized in alginate globules and must have access to the 
environment, they are not suitable for sensitive com-
ponents that must be protected by microencapsulation 
and separation from reactive compounds [13].

Microcoating using supercritical fluids
Supercritical fluids are highly compressed gases that 
exhibit both the properties of liquids and the proper-
ties of gases above a critical temperature and pres-
sure. The use of these fluids in industrial processes 
has received much attention in recent years. The most 
common supercritical fluids used are carbon dioxide, 
alkanes (Ca-C2) and nitrous oxide. The distinctive 
feature of these fluids is that with a slight change in 
temperature with pressure near the critical point; Their 
density, viscosity, diffusion coefficient, solubility and 
dielectric constant vary greatly. Therefore, by adjust-
ing the temperature and pressure, the solubility of the 
supercritical fluid for the material can be maintained 
at an optimal level. Supercritical fluids have so far 
been used to fine-tune various substances, including 

enzymes, drugs, vitamins, flavors, and dyes. The most 
common supercritical fluid ever used to coat food 
components is CO2; Because its critical temperature 
is low, it is non-toxic and non-flammable, it has a high 
degree of purity, it is easily accessible and it is cheap. 
It should be noted that sometimes the use of other su-
percritical fluids such as ethane and propane is pref-
erable to carbon dioxide, but in that it is difficult to 
prepare food types of these fluids and are also flam-
mable; Their application in the food industry is asso-
ciated with problems. In general, microcoating using 
supercritical fluids involves exposing the mixture of 
wall material and the microcoating compound to the 
supercritical fluid and spraying it through a nozzle 
into the collection chamber [15]. This process is often 
done in three ways:
Rapid expansion of supercritical fluid (RESS)
Gaseous anti-solvent (GAS)
Particle separation from solution or gas saturation dis-
persion (PGSS)
Rapid expansion of the supercritical solution
In this process, the supercritical fluid containing the 
microcoating compound and the wall material is re-
leased through a capillary nozzle or with very small 
orifices at atmospheric pressure. Due to the rapid drop 
in pressure, the solubility of the wall material is lost 
and thus, by depositing around the active components 
(core), it forms the desired wall. To be. Therefore, this 
process has little application in the food industry; Be-
cause the number of polymers that can be dissolved in 
supercritical fluid is very limited, in addition to its low 
efficiency. It should be noted that sometimes solvent 
or other compounds are used to increase the solubility 
of the wall material. A schematic of the microcritical 
process using supercritical carbon dioxide is shown in 

Fig. 8. Basis of conservation process in microencapsulation 
of enzymes [5]
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Fig. 9 [5].

Gas anti-solvent process
This process is also called supercritical fluid solvent 
(SAS). In this method, supercritical fluid is injected 
under pressure into a solution containing the wall ma-
terial and the components to be finely coated; As a re-
sult, the volume of the solution increases rapidly and 
reaches a supersaturated state. Under these conditions, 
the soluble material (core and wall material) precipi-
tates and the wall material surrounds the microcoated 
components. It should be noted that in this method, 
both the core and the wall material should be soluble 
in the solvent used, but should not be dissolved in the 
mixture of solvent and supercritical fluid. On the other 
hand, solvent and supercritical fluid must be miscible 
with each other. This process is unsuitable for micro-
coating of water-soluble components, as water has 
low solubility in supercritical fluids [15].

Particle separation from solution or gas saturation 
dispersion (PGSS)
In this process, the core and wall material are pressur-
ized with supercritical fluid. Under these conditions, 
the supercritical fluid penetrates into the wall mate-
rial and causes it to swell. The mixture is then heated 
above the glass transition temperature of the wall ma-
terial to melt. After this step, the mixture is sprayed 
through a nozzle into a chamber to deposit the wall 
material on the microcoating material. To do this, the 
core and wall material do not necessarily have to be 
soluble in supercritical fluid [13].

Liposomal trapping
Liposomes are mainly used in the pharmaceutical in-
dustry (for example, to deliver vaccines, hormones, 
enzymes, and vitamins to body tissues, or to diag-

nose cancer cells with MRI) and health and beauty, 
but have also recently been used in the food industry. 
Structurally, liposomes consist of one or more phos-
pholipid layers (Fig. 10) that range in size from 25 
nm to several microns. The most common phospho-
lipids used to make liposomes are lecithin or phospha-
tidylcholine, which is derived from soy or egg yolk. 
Research shows that the most suitable liposomes for 
micronutrient micronutrients are large single-lamellar 
vesicles (LUVs) that are easy to produce, stable to 
environmental conditions, and have high micropolar 
efficiency. To release the microscopic components of 
liposomes, their walls can be designed to disintegrate 
at a certain temperature and release their contents. For 
example, a pair of phospholipid membranes at their 
transition temperature, about 50 °C, degrades rapidly 
and expels all the coated components [15].

There are two major challenges to the use of lipo-
somes in the food industry: (1) their industrial pro-
duction at an acceptable cost, and (2) how micronu-
trients are supplied. The first case has been solved by 
introducing the process of microfluidization and its 
industrialization. Using this method is efficient, cost-
effective and solvent-free, and has a high micro-coat-
ing efficiency. In addition, research is underway to re-
place phospholipids with lower cost compounds such 
as a mixture of high and low HLB glyceride emulsi-
fiers such as Menu hydrophobic emulsifiers and di-
glycerides or lactate ester, acetate and 3H monoethyl 
citrate (H) Hydrophilic emulsifiers (HLBs between 8 
and 15) such as sucrose esters or stearoyl lactylates 
increase the cost-effectiveness of this process. Are ac-
companied. At present, the only way to dry liposomes 
is freeze-drying, which is not economically justified, 
while not all liposomes can be used, and their solution 
is difficult to reconstruct. On the other hand, it is not 
possible to use antimicrobial compounds in the storage 
of liposomes, because they cause their structure to dis-
integrate. Storing and transporting liposomal solutions 
at low temperatures also increases costs and does not 
justify cheap products. Regardless of these problems, 
liposomes have a major advantage over other micro-
coating methods, which is the protection of water-sol-
uble microcoated components in environments with 
high water activity; However, microcapsules prepared 
by other methods, despite having a relatively high sta-

Fig. 9. Microcoating by rapid expansion method of super-
critical fluid [5]
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bility in dry conditions, lose their structure and release 
their contents as soon as they are exposed to moisture. 
Another unique feature of other liposomes is that they 
can be used for targeted delivery of fine-grained com-
ponents. Studies have reported that the microencap-
sulation of flavor-producing enzymes with liposomes 
helps to retain them in the cheese clot, while the lack 
of microencapsulation causes the loss of most of them 
(up to 96%) during the process. In addition to flavor-
producing enzymes, meat-crushing enzymes (bro-
melain), nizin, and vitamin C have also been finely 
coated with liposomes [15].

Chemical methods
Interfacial and extracellular polymerization
In both of these methods, the capsule walls are formed 
by the polymerization of monomers that are added to 
the medium. In surface coating polymerization (IFP), 
monomers such as isocyanates and acid chlorides are 
added to the microcoating material and then dispersed 
in droplets in the aqueous phase. If amino compounds 
are added to this mixture, polymerization occurs rap-
idly at the droplet joint and a wall is formed. Chlorides 
are used to make the wall of polyurea, isocyanates, and 
the wall of polyamide or nylon. Polyurethane wall is 
also formed if isocyanates react with compounds with 
hydroxyl groups [13]. Unlike interfacial polymeriza-
tion, in extracellular polymerization microsurgery, no 
monomer is added to the core material, but after the 

formation of dispersion, all monomers and reactants 
are added to the continuous phase. At the beginning 
of the reaction, a light molecular weight prepolymer is 
formed, which grows over time and precipitates on the 
core material. Used in non-food industries [15].

Physicomechanical processes
Extrusion
The extrusion process was first introduced in 1957 by 
Sweiser et al., And evolved almost a decade later with 
modifications by Schultz. This method can be used to 
fine-tune volatile and enzymatic fragrance-producing 
components such as citrus essential oils in glassy 
carbohydrate coatings. The main advantage of this 
process is that it protects and prolongs the oxidation-
sensitive compounds, because the release of atmo-
spheric gases into the glass carbohydrate coatings is 
very slow and slow, so that these walls can be said to 
be impermeable to these gases. It is estimated that the 
shelf life of finely coated citrus essential oil with this 
method is 5 years, while for varieties prepared by dry 
method (spraying is estimated to take 1 year. One of 
the disadvantages of this method is the low capacity 
of finely coated or loaded 8. at best) which causes a 
large amount of it to be used in the formulation to cre-
ate the desired aroma in the product, regardless of its 
economic considerations, which upsets the balance of 
the components in the formula and also increases the 
caloric content of the food. However, there are reports 
that efforts have been made in recent years to address 
this problem, for example Motka and Nelson (1988) 
showed that if modified starches have hydrophobic 
lateral substrates If used, the fine-grained capacity can 
be increased up to 40%, which is more than twice the 
loading capacity by spray-drying, while the micro-
coated compounds have a higher shelf life and higher 
oxidation resistance. Losses, high operating costs of 
this process are also compensated [15]. Another draw-
back of extrusion microparticles is the large particle 
size (500-1000 microns) that are easily felt in the 
mouth; And therefore make use of them in food prod-
ucts. In addition, the variety of compounds that can 
be used as a wall in this method is limited, although 
the results of researchers suggest that in addition to 
carbohydrates, a mixture of other compounds can be 
used. It should be noted that the extrusion coating pro-

Fig. 8. Scheme of placental membrane membrane (A) and 
liposomal microcapsule (B) [5]
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cess can be done in three simple ways: coaxial capil-
lary tube (Fig. 11), centrifugal and centrifugal by recy-
cling the coating material [13].

Spray drying
Spray drying is one of the most common and common 
methods of micro-coating that has been used since the 
late 1950s at the cost of a wide range of materials in-
cluding enzymes, essential oils, extra special and me-
dicinal components, aromatic compounds and special 
oils. The process includes the availability of equip-
ment and its low operating costs, the possibility of 
using a wide range of walls, the optimal preservation 
of volatile compounds, the appropriate quality of the 
final product and the ease of its implementation on an 
ongoing basis. Modified starch, maltodextrin, various 
gums such as acacia and gum arabic, proteins (whey 
protein, soy protein and sodium caseinate) as well as 
mixtures thereof are among the compounds often used 
as a carrier or wall in this process (W). In general, the 
compound used as a wall should have high solubility 
in water, low viscosity at high concentrations, good 

emulsifying power and film formation, and finally its 
drying properties should be desirable. The basis of 
spraying by spray drying method is to prepare an oil 
emulsion in the water of the core material and spray it 
in hot air of the drying chamber (Fig. 12). As the sol-
vent evaporates, the core droplets become entangled 
in a solid network of wall material, forming fine cap-
sules. Because the drying time in this process is short, 
the core temperature does not rise much and can there-
fore be used to microcoat heat-sensitive components. 
However, volatiles that have a low boiling point may 
be low and may be lost during the process. Table 6 
lists the advantages and disadvantages of this method 
[15].

The efficiency of microencapsulation and the reten-
tion rate of enzymatic compounds by spray drying 
method depends on the physical and chemical proper-
ties of the wall and core material, process temperature, 
emulsifying power and film-forming ability of the 
wall material, final humidity of the microcapsules and 
humidity of the air leaving the dryer. Microencapsula-
tion by spray drying is the retention of the core ma-

Fig. 11. Extrusion process design by coaxial capillary tube 
method [5].

Fig. 12. Scheme of microcoating process by spray drying 
method [5].

Advantages: Disadvantages :
Low operating cost Produce no uniform microcapsules
 High quality of capsules good yield  Limitation in the choice of wall material
Rapid solubility of the capsules ( low viscosity at relatively high concentrations)

 Small size Produce very fine powder which needs further processing
High stability capsules Not good for heat sensitive material

Table 6. Advantages and disadvantages of using spray dryer [5]
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terial on the surface of the microcapsules during the 
process or its spread to this area during storage, which 
gradually oxidizes and changes the taste and smell of 
the product. Another disadvantage of this method is 
the small particle size of the powder produced (10-100 
microns), which prevents its rapid solubility in water. 
To solve this problem, the powder is agglomerated in 
bed dryers and converted into particles with a size of 
0.3 to 1 mm. Over the years, many efforts have been 
made to increase the efficiency of microencapsulation 
in this way and to prevent the loss of microencapsu-
lated components from microcapsules [16].

CONCLUSIONS

One of the qualitative features of desirability in the 
food industry is the use of enzymes that improve 
food as well as its shelf life. Enzymes are composed 
of a complex group of protein compounds and are 
lost during the process and storage of food products 
due to their unique physicochemical properties. En-
capsulation is the process of preventing evaporation, 
oxidation, migration, and adverse reactions of these 
compounds to food components by covering the an-
eurysms with suitable wall materials. Many materials 
have been proposed for the wall structure of microcap-
sules, including carbohydrates and proteins, as well as 
many techniques such as coagulation, spray drying, 
etc. for enzymatic microencapsulation. The results of 
the present study show that in many enzymes, the use 
of carbohydrates (such as gums) to coat the enzymes 
is superior to other methods and also different meth-
ods of enzymatic microencapsulation of spray drying 
method due to low cost. And the workforce to perform 
operations continuously and produce capsules with 
high stability is the most common method of enzymat-
ic microencapsulation in the food industry. The use of 
microencapsulated food compounds for controlled 
release purposes is a promising alternative to solv-
ing the main food problem facing the food industry. 
Despite the wide range of encapsulated products that 
have been successfully marketed in the pharmaceuti-
cal and cosmetic industries, microencapsulation has a 
relatively smaller market in the food industry. Learn 
how to solve this problem widely in the food industry.
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