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A B S T R A C T  
 

 

The potential utilization of encapsulation techniques in food, pharmaceutical and agricultural products 
preparation, presents a new alternative for complementary technologies such as targeting delivery 

vehicles and carriers for active food ingredients. Encapsulation could be accomplished by different 

techniques like: simple or complex coacervation, emulsification technique, phase separation, spray 
drying, spray chilling or spray cooling, extrusion coating, freeze drying, fluidized-bed coating, 

liposomal entrapment, centrifugal suspension separation, co-crystallization and molecular inclusion 

complexation. Encapsulation is a method by which one bioactive material or mixture of materials is 
coated by the other material. It is designed for protection, isolation, assists in the storage and controlled 

release. A timely and targeted release improves the effectiveness of ingredients, broadens the 

application and ensures optimal dosage, thereby improving cost-effectiveness process for 
manufacturers. This review highlights recent innovations in encapsulation and controlled release 

technologies. In addition, design principle of novel peppermint oil delivery systems which displays the 

new structured biomaterials for capsules fabrication by complex coacervation technique, besides 
microemulsification method for bioactive material, Lactobacillus encapsulation and targeted release 

studies reported.   

doi: 10.5829/ije.2020.33.01a.01 
 

 
1. INTRODUCTION1 
 
Food technology is a new technology by which 

advanced products and processes in the food industry 

can be generated by recent concerns. Nanotechnology is 

defined a system which controls shape and size at 

nanoscales [1]. A decrease in the size of particle to 

nanoscales results in a manifold increase in reactivity, 

while altering the mechanical, electrical, and optical 

characteristics. Hence, unique and desired physical 

properties can be obtained by monitoring the 

morphology, composition, and size of materials [2,3]. 

Moreover, nanotechnology can enhance the quality of 

the substantial such as thermal stability, water 

solubility, and bioavailability of bioactive substances 

[3-6]. In fact, this technology introduces new chances 

for revolution in the food industry especially in nutrient 

encapsulation methods at a remarkable speed. The 

encapsulation technology has changed the whole food 
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cycle process from production to storage. It has also 

changed the creation of innovative products and their 

applications [7-10].  

Food-based micro or nano carrier systems are 

generally based on protein, carbohydrate, or lipids [11-

13]. There are numerous kinds of lipid-based 

microparticulate delivery systems such as 

microemulsions, microliposomes, solid lipid 

microparticles, lipid nanospheres, lipid nanotubes, and 

nanostructured lipid carriers [13]. It should be noted that 

choose of bioactive delivery system is depended on 

some factors such as the solubility, stability of the 

bioactive compounds and their product applications. 

Encapsulation is a method in which one component 

is surrounded by another material and produces particles 

with diameters of nano, micro, and millimeter sizes. The 

encapsulated components may be called in different 

ways such as the active agent, the base material, fill, 

internal phase, or payload phase. For instance, 

phytosomes and liposomes are encapsulating systems 

which are suitable in food and pharmaceutical 
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applications. Phytosome is a technology developed by 

incorporating standardized plant extracts or water 

soluble phyto constituents into phospholipids to form 

complexes which leads to an increase in extracts’ 

bioactivity and their antioxidant effect [14]. 

Emulsifiers, lipids, bilayer lipids, and non-bilayer 

lipids [13, 15] are considered as the main ingredients 

contributing to the preparation of lipid-based delivery 

systems. 

One important factor in encapsulation technology is 

particle size which can be changed by different 

producing methods. The diameter of microcapsules 

ranges from 1 to 5000 μm. Nanoparticles, nanocapsules 

or nanospheres are particles with a diameters of 1 to 100 

nm [16-18]. The particle size is an efficient factor on the 

transfer of bioactive compounds to different places 

inside the body [19-21]. Thus, compared to 

microcapsules, nanoparticles hold more potential for 

improving bioavailability, controlled release, and 

targeted delivery of bioactive compounds [22]. 

Furthermore, nanoencapsulation systems offer 

numerous benefits such as improved stability, protection 

against oxidation, preservation of volatile ingredients, 

taste masking, providing moisture-triggered and pH-

triggered controlled release [3, 23]. In food science, this 

technology can change liquids and other ingredients into 

powders, making them simpler to process, and easier to 

use. Moreover, it can be used to improve the freeze and 

thaw ability of sensitive ingredients such as providing 

protection against moisture and cross contamination. In 

food products, the carrier material must be food-grade, 

and capable of surrounding the active materials [18]. 

Encapsulation includes the entrapment of food 

components, enzymes, cells or additional substances in 

tiny capsules [24-27]. Furthermore, this technique is 

used for living microorganisms such as probiotic 

bacteria which are important factors in production of 

functional foods in order to promote and maintain 

human health, but, this technique remains in 

microencapsulation systems [11, 12].  Also smaller 

particles enhance the spread ability and stability of food, 

and may contribute to the production of healthier low-

fat food products [28]. Like in other sciences, 

encapsulation is employed in food science and 

technology; however, it is in its inception and call for 

further studies . 

This review aimed to present different encapsulation 

techniques as well as controlled release mechanisms 

acquisition mainly for flavor such as mint by complex 

coacervation and bioactive ingredient like probiotics 

(Lactobacillus), by emulsification method.  
 
 

2. MATERIALS FOR ENCAPSULATION 
 

Encapsulation refers the technology employed for 

encapsulation of substances in miniature scales, that is, 

bioactive packing at mini scales [29]. Encapsulation is 

commonly used to preserve bioactive mixtures against 

unfavorable environmental factors, and monitor their 

release at the intended location [3, 13, 30]. 

The efficacy of nutraceuticals in impeding diseases 

relies upon conserving the bioavailability of the 

bioactive element until it reaches the intended site [7]. 

Decreasing the size of particles might enhance the 

delivery properties, the bioavailability, and solubility of 

nutraceuticals because of a larger surface area per unit 

volume [31]. Bioavailability of nutraceuticals can 

enhance due to the fact the nanocarrier permits it to flow 

into the bloodstream from the intestine 

straightforwardly. The size of nanoscale nutraceutical 

and the carrier accounts for their appellation as 

“nanoceutical” and “nanocarrier”, respectively [32]. 

These compounds may be categorized as lipophilic and 

hydrophilic nutraceuticals as per their solubility in 

water. Ascorbic acid and polyphenols are examples of 

hydrophilic nutraceuticals [33-36]. Lipophilic 

nutraceuticals contain lycopene, beta-carotene, lutein, 

phytosterols, and docosahexaenoic acid (DHA) [33, 37-

40]. For hydrophilic compounds, the release kinetics 

relies upon a proper arrangement of diffusion and 

erosion mechanisms, while lipophilic compounds often 

result in an imperfect release because of their poor 

solubility and low rate of dissolution by an erosion 

mechanism.[41-44] Moreover, lipophilic compounds 

permeate significantly well through the intestinal 

membrane via active transport and facilitated diffusion, 

while hydrophilic compounds permeate poorly, and 

only active transport mechanisms make their absorption 

possible [44, 45]. In addition, a bioactive compound is 

required to maintain its stability and biological activity 

by the time it reaches the intended location [3]. 

Nanoemulsions, nanoliposomes, solid lipid 

nanoparticles, and nanostructured lipid carriers are 

broadly utilized as lipid-based nanocarriers or 

nanodelivery systems which are employed in 

pharmaceutical, cosmetic, agricultural, and food 

industries [46, 47]. 

The ultimate characteristics of particles are 

determined by significant parameters such as the 

chemical and physical nature of the core and shell 

materials, evaluation of their interactions, and their 

proportion in the formulation of capsules [48, 49]. 

Natural polymers are the most suitable recommended 

source used in the formulation of nanodelivery systems 

[8].  

 

 

 

3. ENCAPSULATION TECHNIQUES 
 
 

Different encapsulation techniques are reported in 

following sections . 
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3. 1. Coacervation           Coacervation is the modified 

emulsion and a relatively simple method. In 

coacervation procedure, core particles are wrapped by 

coating materials, and the separated from a polymeric 

solution. Coacervation might be caused when the 

surface energy of the core and shell materials are 

adapted through altering several parameters of the 

system such as temperature, pH, or composition. Next, 

the coating material is solidified through heat, cross-

linking, or solvent removal techniques [50-52]. 
The microcapsules are often collected through 

filtration or centrifugation, being washed in a proper 

solvent, and consequently dried through some standard 

techniques such as spray drying, freeze drying, or 

fluidized bed drying to yield free-flowing, discrete 

particles [50-52]. 

This technique can be divided into two types: 

Simple coacervation referring to systems including only 

one polymer, and complex coacervation referring to 

systems possessing more than one polymer [52, 53]. 

Figure 1 illustrates the complex coacervation method.  

As two polymers are used in a specific pH with opposite 

charges; they are intertwined and form a coacervate  . 

For instance, complex coacervation system made of 

gelatin-arabic gum is recommended due to their 

abundance, biocompatibility, biodegradability and safe 

properties which were studied by our group [46]. The 

coacervate layer is transformed into a hard membrane 

through gelatin cross-linking. Formaldehyde or 

glutaraldehyde that can react with amino groups of 

gelatin are typically used as a cross-linkers. However, 

these aldehyde agents are toxic for human body and in 

food processing, which is regarded as one of the 

significant constraints for production of complex 

coacervation microcapsules for food and pharmaceutical 

industries [54]. Tannins, or plant polyphenols, can be 

used as a safe alternative cross-linker because of their 

ability to link with proteins, such as gelatin, through 

hydrogen bonding and hydrophobic interactions [46].   

Complex coacervation, utilizing tannic acid as a 

hardening agent, was employed for preparation of the 

gelatin/gum Arabic microcapsules and encapsulating 

peppermint oil [46]. 

A hydrophilic coating, such as gelatin or gelatin-

gum acacia, and water-insoluble core particles are 

required for the aqueous phase separation, which has 

been employed for encapsulation of citrus oils, 

vegetable oils, and vitamin A [46]. The resultant 

microcapsules might possess payloads of 85-90% and 

can release their contents by pressure, hot water or 

chemical reaction. The coating materials and core 

particles might be hydrophobic and water-soluble, 

respectively, in non-aqueous phase separation. This 

process has been considered for the encapsulation of 

solid food additives such as ferrous sulfate and menthol 

[55]. 

Encapsulation by coacervation may be classified 

into mononuclear and multinuclear capsules as per their 

internal structure. While the former are formed through 

encapsulation of one droplet of oil by coacervates, the 

latter are formed through aggregation among many 

mononuclear capsules [54]. 

 

3. 2. Spray Drying           Spray drying is the oldest 

method of encapsulation. The first spray dryer was 

made in 1878 [56]. It is mainly utilized to encapsulate 

fragrance, oils, and flavors. Spray drying is a single step 

process in which a liquid product is transformed into 

powder in hot air [57]. Production stages of 

microcapsules by spray drying are as follow : 
First, core materials are dispersed into wall 

materials, then the resulting suspension is fed into a 

spray drier to remove excess water [58]. This method is 

broadly utilized in industry because of its simple 

process and low cost but it has some limitations such as 

high temperature and the water based dispersion (the 

wall materials should be soluble in water) [59, 60].  
 

3. 3. Spray Chilling Or Spray Cooling       Spray 

cooling technology has been broadly utilized in the 

pharmaceutical industry, and food industry [61]. 

Cooling spray method has advantages such as mild 

processing conditions, good levels of maintaining 

volatile compounds, and probably large-scale 

production. This process is the same as spray-drying; 

nevertheless, the air needs to be of a lower temperature 

than that for spray drying. In spray cooling vegetable 

oils that have melting point in the range of 45-122ºC are 

used  and the particles are insoluble in water due to the 

lipid coatings. The lipid coatings render the produced 

microcapsules insoluble in water, which is regarded as a 

drawback of spray cooling encapsulation, as such a 

disadvantage makes some of its applications difficult 

[61]. 

 

3. 4. Extrusion Extrusion Encapsulation        is used 

to encapsulate volatile and unstable materials in glass 

carbohydrate matrix. The key benefit of extrusion 

encapsulation is the stability of flavors against 

oxidation, but thin-walled and pores formed during or 

after the process are considered as flaws of this method 

[62]. 

In extrusion encapsulation, a dual fluid stream of 

wall and core materials are first pumped through 

concentric tubes, then droplets are formed under the 

influence of vibration. 

 

3. 5. Fluidized-bed           Solid or porous particles are 

encapsulated through the fluidized-bed method [63]. In 

this technique, the solid particles are initially suspended 

in a gas stream, and then they are covered through 

spraying the liquid wall material; the fast evaporation 
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Figure 1. Process scheme of complex coacervation by 

using gelatin and gum Arabic 

 

 

 

of solvent helps to form a layer on the surface of 

particles. This process continues up to the point the 

intended weight and thickness are achieved . 
The fluidized-bed method is performed in three 

ways: top spray, bottom spray, and tangential spray. The 

bottom-spray and the top-spray are the most commonly 

used methods. But, top spray, due to its high versatility, 

high size of bed, and relative simplicity, top spray is 

recognized as the method with the highest probability of 

success in food industry [64]. 

 

 

3. 6. Emulsification         Emulsification is the 

dispersion of a distinct liquid in a second immiscible 

liquid in the presence of emulsifier. By placing core 

materials in the first liquid, the active part can be 

encapsulated [56]. The emulsification process consists 

of two stages of transformation and distribution of 

particles by mechanical agitation. Then, the newly 

formed phase emulsion is stabilized by conversion of 

large particles into smaller particles through colloidal 

stirring or homogenization [65, 66]. However, it can be 

noted that the emulsification method has some 

weaknesses such as the wide distribution of particle 

size, no automated way and relatively large particle size 

(between100 to 200 µm) . 

In recent years, by combination of high-energy 

approaches such as high-speed or high-pressure 

homogenization and ultra-sonication, nanoemulsions 

with tiny droplet can be made [13]. The small droplet 

size offers nanoemulsion stability against sedimentation 

and creaming, along with a transparent or somewhat 

turbid appearance which is accurate for food 

applications [67]  Lipophilic active agents such as β-

carotene, plant sterols, carotenoids, and essential fatty 

acids can be encapsulated and delivered by O/W 

emulsion, whereas water soluble active agents such as 

polyphenols can be encapsulated by W/O emulsion [13, 

68]. 

The fabrication of nanoemulsions can be classified 

into two high-energy and low-energy approaches; such 

a classification depends upon the underlying principle. 

While the former approach disrupts oils and aqueous 

phases into minute droplets by mechanical devices such 

as high-pressure homogenizers, micro fluidizers, and 

sonicators [13, 69]. In low energy approaches, 

nanoemulsions are developed as a result of phase 

transitions that happen during the emulsification process 

when the environmental conditions (either temperature 

or composition) are changed [13, 70]. 

Generation of disruptive forces higher than the 

restoring forces, which hold the droplets into spherical 

shapes, requires an extreme level of energy [13, 71]. In 

nanoemulsion, different properties such as the design of 

homogenizer (rotor-stator homogenizer, pressure 

homogenizer, ultrasonic homogenizer), homogenizer 

operating conditions (pressure, temperature, the number 

of passes or cycles, valve and impingement design, flow 

rate), environmental conditions (temperature), sample 

composition (oil phase, aqueous phase, surfactant 

concentration, and/or co-surfactant concentration), as 

well as its physicochemical characteristics determine the 

size of droplets [13, 72-74] The following two steps 

assist with the most efficient preparation of a 

nanoemulsion: first, conversion of separate oil phase 

and water phase into a “coarse emulsion” with 

approximately large emulsion droplet size (EDS) by 

rotor-stator devices [13, 75], then decreasing EDS by 

high-pressure systems [13, 76]. 

For high pressure nanoemulsion production, the 

coarse emulsions are delivered directly into the inlet of 

a high-pressure valve homogenizer. Generally, it 

requires extremely high pressure and various passes to 

produce nanoemulsions with the required EDS [77]. The 

disperse-to-continuous phase viscosity ratio (ηD/ηC) 

and the utilization of a suitable emulsifier are among the 

other factors determining the size of droplets [78, 79]. 

An increase in homogenization pressure and cycle led to 

a decrease in particle size and physical stability. 

 

 

3. 7. Freeze Drying          Freeze drying is also 

referred to as lyophilization. The freeze drying method 

is one of the most beneficial processes employed for 

drying thermo sensitive materials [80]. This process is 

based upon water crystallization. By crystallization of 

water, the non-frozen solution is sticky, and the 

spreading of flavor and fragrance is postponed [81]. 

Buffo and Reineccius[82] compared spray drying, 

tray drying, freeze drying and drum drying methods for 

encapsulation of orange oil by Arabic gum (GA) and 

modified starch. According to the obtained results, they 

found that freeze drying makes more desirable 

properties than other methods [82]. On the other hand, 

freeze-drying is a costly technology, particularly in 

comparison with the spray-drying method [83], because 

of which, freeze-drying is used as a second step to dry 

core materials previously encapsulated by other 

techniques [84]. As comparing these various methods of 

encapsulation, summary of positive and negative points 

of each technique are listed below in Table 1. 
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4. CONTROLLED RELEASE TECHNOLOGIES AND 
MECHANISMS   

 

Microencapsulation of flavors and biomaterials in 

carrier matrices is widely applicable in food industry. 

Microencapsulation preserves the materials against 

desolate reactions, hampers the loss of volatile flavors, 

and improves the stability of the core materials of the 

flavor [85]. Numerous techniques, including 

coacervation, spray drying, spray chilling or spray 

cooling, extrusion, fluidized bed method, liposome 

entrapment, inclusion complexation method, centrifugal 

extrusion method, and rotational suspension separation, 

which were mentioned previously, are employed to 

develop the microcapsules [85]. Besides the principal 

means of stabilization and protection of flavors, and 

biomaterials, the controlled release of flavors and active 

materials from the capsule matrices appeared to be a 

beneficial and applicable process [86]. Accordingly, in 

our group the release characteristics of encapsulated l-

menthol and encapsulated probiotics were studied by 

selected techniques and simulated environment. 

 

4. 1. Determination of Release Profile of 
Coacervate L-Menthol Microcapsules in 
Simulated Digestive Fluids        Two different 

simulated digestive fluids, which were prepared as per 

US Pharmacopoeia, were utilized for exploring the 

release profiles of microcapsules: simulated gastric fluid 

(SGF, pH 1.2) prepared through dissolving 2 g of NaCl 

and 7 mL of HCl in distilled water with or without 3.2 g 

of pepsin and then diluted to 1 L, and simulated 

intestinal fluid (SIF) by dissolving 6.8 g of K2HPO4 and 

190 mL of 0.2 (mol/L) NaOH in distilled water (SIF, pH 

7.5) with or without 10 g of pancreatin and diluted to 1 

L [94]. Precisely weighed quantities (~0.3 g) of 

microspheres were dipped in 40 mL of SGF, incubated 

for 2 h at 37 °C in a water bath by shaking at 100 rpm, 

transferred to 40 mL of SIF, and kept  under the same 

condition for 6 h (Figure 2). As an example of this 

method, encapsulation of L-menthol which was 

investigated by our group is showed in Figure 2.  

In order to determine the remaining amount of 

menthol, 0.1 g of microcapsule was dissolved in 1 mL 

of NaOH 2 (mol/L) and 2 mL of acetone containing 

benzyl alcohol, and then mixed by a Rota mixer for 1 

minute [87]. The mixture was then placed at 90ºC water 

bath for 10 min. One microliter of acetone solution 

containing released menthol was analyzed by Gas 

Chromatography (GC) [44]. 

The release of L-menthol in the two environments, 

simulated gastric fluid (SGF) and intestinal fluid (SIF), 

were studied. Peppermint oil is prescribed for colon 

syndrome; thus, the release of menthol in the intestine is 

mainly desirable. The results presented that the release 

of menthol in the intestine is considerable. 50 % of 

menthol is released in SGF and over 40 % remained and 

was released in SIF. A timely and targeted release 

enhances the efficacy of food additives, increases the 

application range of food ingredients, consequently 

enhancing the cost-effectiveness for food manufacturers 

[29]. 

The following sections report some research studies 

on preparing different micro-particles and their release 

rates. 

 

4. 2. Release from Coaservate Microcapsule         
The author of this paper attempted to prepare coacervate 

microcapsules and investigate the peppermint oil release 

from wet and dry micro-particles in hot water bath and 

oven, respectively.  

The cumulative release (η) of the microencapsulated 

peppermint oil was also calculated through the 

following formula, Equation (1): 

 =  ×100 

 

(1) 

where V1 and V2 of peppermint oil were determined by 

Clevenger hydro distillation. The results of current 

study for wet particles demonstrated that the release 

profile of coacervate micro-particles relies on both 

core/wall weight ratio and water bath temperature. In 

addition, the data indicated two different phases in the 

release rate of peppermint oil from these microcapsules. 

The study on release in hot water bath revealed that the 

wet particles with a 1 : 2 core/wall weight ratio had only 

20 % cumulative release after 60 min, which indicates 

suitable heat resistance characteristics; that is, the 

microcapsules are hardened adequately and are of a 

strong membrane with a three dimensional web 
 

 

TABLE 1. Listed of various encapsulation methods for food 

ingredients including advantages and disadvantages of the 

methods 

Method Advantages Disadvantages Ref. 

Coacervation Simple additional process 
[46, 50-

52] 

Spray drying Simple, low cost High temperature [58-60] 

Spray chilling 
Mild processing 

conditions 

Water insoluble 

particles  
[61] 

Extrusion 

Stability of 
flavors and 

volatile materials 

thin-wall, high 

porosity  
[62] 

Fluidized bed 

Desirable 
thickness and 

weight 

Difficulties in 

performance 
[63] 

Emulsification 
Suitable for wide 

range of materials 

Wide distribution 

of particle size, no 

automated way 

[64-68] 

Freeze drying 

Suitable for 

thermo sensitive 

materials 

Costly technique [80] 
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structure. Hence, the particles can be safe in hot water 

and have a gradual release of core material [87]. With 

regard to the two phases in the release rate, the results 

showed a notable decrease in release rate in the initial 

phase, while the release rate of peppermint oil reduced 

gradually in the next phase. These data also showed that 

the lower the core/well weight ratio in the initial phase, 

the lower the release rate. However, the release rate in 

the second phase increased with a decrease in the 

core/wall weight ratio. Moreover, an increase in 

core/wall weight ratio leads to an obvious rise in the 

loading capacity of microcapsules and particle size  . 

The influence of core/wall weight ratio on 

peppermint oil release using Design Expert Software to 

obtain the model for release kinetic. The results 

presented that the release of peppermint oil from 

microcapsules conformed to the first order release 

kinetics in hot water. The data also showed that the 

cumulative release of microcapsules at time t (Qt) 

notably reduced with a rise in the core/wall weight ratio, 

which is in agreement with findings obtained by other 

studies [88]. 

On the other hand, the release rate of peppermint oil 

from dried microcapsules in oven showed an invariable 

rate in the internal release. In dried micro-particles, due 

to the difference in vapor pressure between the inside 

and outside of microcapsules, while for wet coacervate 

microcapsules in hot water, the release of peppermint 

oil is based on the difference between concentration 

inside and outside the micro-particles [89]. It can thus 

be concluded that the dispersing medium was of 

substantial influence on the release of microcapsules. 

The obtained results showed that the cumulative release 

of dried microcapsules in the oven was more than that 

of wet microcapsules in hot water. However, Prata et al 

[90] reported that the release of the core material from 

coacervate microcapsules after drying was slower than 

wet microcapsules in ethanol  . 

Other group also investigated the release rate of 

peppermint oil from micro-particles with a different 

core/wall ratio in cold water; the obtained results 

showed two phases in release rate, exactly like that in 

hot water (P > 0.05). In the initial storage phase, 

microcapsules rapidly released the core material and the 

amount of cumulative release reached the largest value 

(about 7 %) within 10 days. But in the following 30 

days, the release of microcapsules slowed down; that is, 

coacervate microcapsules were of superb storage 

stability. Moreover, the data showed that the effect of 

core/wall weight ratio on the release of coacervate 

microcapsules in cold water was not evident. The results 

obtained by the present study are in agreement with 

those of previous studies [91]. 

 

4. 3. Release of L-Menthol from The Spray-dried 
Powder           Another study on preparing micro-

particles was conducted by Soottitantawata et al. [92], 

which focused on encapsulation of L-menthol by spray 

drying method. They showed that retention of L-

menthol depended on the initial solid concentration, and 

a decrease in the initial solid concentration increased its 

retention (the retention of L-menthol in the releasing 

test was determined as a ratio of the initial flavor 

amount). They also used the Weibull distribution 

function (Avrami’s equation), can be seen as follow in 

Equation (2), to justify the shelf-life failure [93], and the 

release time-courses of the encapsulated flavors [94].  

 

 

 

(2) 

where, t is the storage time, K is the release rate 

constant, R is the retention of L-menthol, and n is a 

parameter standing for the release mechanism. 

Moreover, the release rate was evaluated at various 

relative humidity (8-83 % RH) at a constant temperature 

(43ºC). The results showed that increasing the relative 

humidity increased the release rate.   

 

4. 4. Nanoliposome Encapsulation by Ethanol 
Injection Method Combined with Dynamic High-
Pressure Microfluidization (DHPM Method)        

Li-qiang Zou et al [95] studied the use of nanoliposome 

for Epigallocatechin gallate (EGCG) encapsulation. 

They combined dynamic high-pressure 

microfluidization (DHPM) through ethanol injection 

method to make particles [95]. Moreover, 

physicochemical characteristics of EGCG nanoliposome 

(EN) such as morphology, particle size, size 

distribution, zeta potential, and drug entrapment 

efficacy were investigated. In addition, encapsulation 

efficiency and polydispersity index of EN were 

characterized. They also investigated the drug release in 

PBS (pH 5.5, 0.05 (mol/L)) by considering EGCG 

solution (ES) as a control group [95]. Their obtained 

results showed that the encapsulation efficiency was 

92.1±2.8 % under optimal conditions. The data also 

showed well sustained release profile of EN particles, 

which were 6.0 and 12.6 % EGCG released at 6 and 24 

h; that is, it can be related to the presence of a galloyl 

group (a lipophilic group) and 8 hydroxyl groups in 

EGCG.[95]. In comparison with other previous studies, 

the results showed that the sustained release of EN was 

better than that of other nanoparticles [96,97]. It showed 

that nanoliposome was a suitable delivery apparatus for 

EGCG.  

 

4. 5. Emulsification Method        Here, as an example 

of this method, microencapsulation of Lactobacillus in 

sodium alginate-whey protein microcapsules which was 

studied by our group is reported [65]. In this study, 

viability of cells in gastric conditions as well as alive 

released cells in intestine conditions for free and 

encapsulated probiotics were studied. The release 
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mechanism from these microcapsules under gastric and 

intestinal simulated condition is presented in Figure 3. 

Lactobacillus acidophilus bacteria were encapsulated in 

sodium alginate-whey protein microcapsules, which 

were prepared by the emulsification method. Viability 

of cells in gastric conditions as well as alive released 

cells under intestine conditions for free and 

encapsulated probiotics were studied. For simulation of 

gastric juice, the MRS broth was adjusted to pH 2.0 

with 1 (mol/L) HCl, and pepsin was suspended in the 

sterile MRS broth and kept in a shaker (100 rpm) at 

37⁰C to a final concentration of 0.3 % (v/v gastric juice 

(SGJ). In order to provide a neutral intestine 

environment, the MRS broth was set at pH 7 with 

sodium bicarbonate. The pancreatin solution was 

filtered through a 0.2 l µm sterile membrane filter, then 

suspended in sterile MRS broth to an ultimate 

concentration of 0.2 % (v/v) [66]. Nano-encapsulation 

of lactoferrin from calcium alginate was prepared 

through the oil/water emulsion method. Oil phase 

includes glycerol and tween 80, which was added to the 

aqueous phase including lactoferrin. 

The suspension was stirred for 1 h at 800 rpm, and 

piecemeal was added to the alginate solution. The 

obtained compound was added drop-wise into CaCl2 

solution (0.5 % (w/v)) from a height of 10 cm and was 

kept for curing at 4ºC for 30 min. The obtained beads 

were separated for further release studies [98]. 

The release study was conducted by measuring the 

lactoferrin content within supernatant in time durations 

of 0, 30, 60, and 120 min. The results indicated that 

there was no release of lactoferrin from nanocapsuls, at 

the initial 30 minutes in two pH values of 2 and 7. This 

could be beneficial as lactoferrin would be kept intact 

under stomach conditions, and it can require simpler 

 

 

 
Figure 2. Effect of time on released menthol for different 

samples 1-5 in SGF and SIF (Sample1: Wall material: 3 %, 

Menthol: 3 %, Tannic acid: 1.5 %, Tween80: 0.08 %, 

Sample2: Wall material: 3 %, Menthol: 4 %, Tannic acid: 0.5 

%, Tween80: 0.04 %, Sample3: Wall material: 3 %, Menthol: 

5 %, Tannic acid: 0.75 %, Tween80: 0.02 %, Sample4: Wall 

material: 4 %, Menthol: 2 %, Tannic acid: 1.5 %, Tween80: 

0.04 %, Sample5: Wall material: 4 %, Menthol: 3 %, Tannic 

acid: 1.25 %, Tween80: 0.02%)[46] 

 
Figure 3. Viability and control release of cells in 

gastrointestinal conditions: (a) Viability of cells in gastric 

conditions, (b) Alive released cells in intestine conditions 

 

 

gastrointestinal conditions to be delivered safely into the 

target place. 

It was obtained that the release of lactoferrin was 

controlled in all samples after 30 min. Thus, these 

nanocapsuls remain safe until 30 min at pH = 2. These 

obtained results conform to those obtained by other 

studies [99]. 

 

 

5. CONCLUSION 
 
Flavors’ high volatility and whisker growth are serious 

problems for its applications and shelf life. Recently, the 

nano and micro encapsulation methods seem to be 

useful to solve these problems. Besides the initial means 

of protection and stabilization of flavors, a controlled 

release of flavors from the capsules seemed to be a 

useful method for releasing them as intended. 

Accordingly, this paper studied different encapsulation 

techniques for food and pharmaceutical delivery 

systems, and in the last part, it focused on the release 

properties and mechanism of encapsulated l-menthol in 

powder and oil forms; other food and bioactive 

materials were reported as well.  

In addition, the authors reviewed different 

encapsulation techniques such as spray-drying, 

emulsification, nanoliposome encapsulation and 

coacervation. The spray drying method as the oldest 
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system of encapsulation, as well as the spray chilling 

method have been widely used in the pharmaceutical 

field and food industry. Extrusion encapsulation is used 

to encapsulate volatile and unstable materials in glass 

carbohydrate matrix. The primary advantage of 

extrusion encapsulation is the stability of flavors against 

oxidation. The fluidized-bed method is employed for 

encapsulation of solid or porous particles. 

Emulsification is the dispersion of a liquid in a second 

immiscible liquid in the presence of emulsifier. By 

placing the core material in the first liquid, the active 

part can be encapsulated.  Here, microencapsulation of 

active biomaterials such as probiotics was mainly 

contrived by emulsification technique and its targeted 

release under simulated gastric condition was appraised. 

Among different methods, encapsulation through 

complex coacervation is one of the most studied and 

applicable systems. Capsules made through 

coacervation are heat-resistant, and are of well 

controlled-release properties based on mechanical 

stress, temperature, and sustained release.   
 

 

6. ACKNOWLEDGMENT  

 

The authors gratefully acknowledge: Experimental 

support by Biochemical and Bioenvironmental 

Engineering Research Center (BBRC) at Sharif 

University of Technology . This research has also been 

supported by Iran National Science Foundation (INSF).  
 

 

7. REFERENCES  
 
1. Bawa, R., Bawa, S. R., Maebius, S. B., Flynn, T. and Wei, C., 

“Protecting new ideas and inventions in nanomedicine with 
patents”, Nanomedicine: NBM, Vol. 1, No. 2, (2005), 150-158. 

2. Kuan, C. Y., Yee-Fung, W., Yuen, K. H. and Liong, M. T., 

“Nanotech: propensity in foods and bioactives”, Critical 

Reviews in Food Science and Nutrition, Vol. 52, No. 1, (2012), 
55-71.  

3. Ezhilarasi, P. N., Karthik, P., Chhanwal, N. and 

Anandharamakrishnan, C., “Nanoencapsulation techniques for 

food bioactive components: a review”, Food Bioprocess 

Technology, Vol. 6, No. 3, (2013), 628-647.  

4. Huang, Q., Yu, H. and Ru, Q., “Bioavailability and delivery of 
nutraceuticals using nanotechnology”, Journal of Food 

Science, Vol. 75, No. 1, (2010), 50-57.  

5. McClements, D. J., Decker, E. A., Park, Y. and Weiss, J., 

“Structural design principles for delivery of bioactive 
components in nutraceuticals and functional foods”, Critical 

Reviews in Food Science and Nutrition, Vol. 49, No. 6, (2009), 
577-606. 

6. Silva, H. D., Cerqueira, M. Â. And Vicente, A. A., 

“Nanoemulsions for food applications: development and 
characterization”, Food Bioprocess Technology, Vol. 5, No. 3, 
(2012), 854-867  . 

7. Chen, L., Remondetto, G. E. and Subirade, M., “Food protein-

based materials as nutraceutical delivery systems”, Trends in 

Food Science and Technology, Vol. 17, No. 5, (2006), 272-283  . 

8. Sanguansri, P. and Augustin, M. A., “Nanoscale materials 
development–a food industry perspective”, Trends in Food 

Science and Technology, Vol. 17, No. 10, (2006), 547-556  . 

9. Sozer, N., and Kokini, J. L., “Nanotechnology and its 

applications in the food sector”, Trends in Biotechnology, Vol. 
27, No. 2, (2009), 82-89. 

10. Weiss, J., Takhistov, P. and McClements, D. J., “Functional 

materials in food nanotechnology”, Journal of Food Science, 
Vol. 71, No. 9, (2006), 107-116  . 

11. Vaziri, A. S., Alemzadeh, I., Vossoughi, M. and Khorasani, A. 
C., “Co-microencapsulation of Lactobacillus plantarum and 

DHA fatty acid in alginate-pectin-gelatin biocomposites”, 
Carbohydrate Polymers, Vol. 199, (2018), 266-275  . 

12. Vaziri, A. S., Alemzadeh, I. and Vossoughi, M., “Improving 
survivability of Lactobacillus plantarum in alginate-chitosan 

beads reinforced by Na-tripolyphosphate dual cross-linking”, 

LWT - Food Science and Technology, Vol. 97, (2018), 440-
447  . 

13. Anandharamakrishnan, C., “Techniques for nanoencapsulation 
of food ingredients”. New York: Springer, Nature America, Inc 
(2014). 

14. Karimi, N., Ghanbarzadeh, B., Hamishehkar, H., Keivani, F., 

Pezeshki, A. and Gholian, M. M., “Phytosome and liposome: the 

beneficial encapsulation systems in drug delivery and food 
application”, Applied Food Biotechnology, Vol. 2, No. 3, 
(2015), 17-27  . 

15. Attama, A. A., Momoh, M. A. and Builders, P. F., “Lipid 

nanoparticulate drug delivery systems: a revolution in dosage 

form design and development”, In Tech, Croatia, Google 
Scholar, (2012), 107–140 . 

16. Konan, Y. N., Gurny, R. and Allémann, E., “Preparation and 
characterization of sterile and freeze-dried sub-200 nm 

nanoparticles”, International Journal of Pharmaceutics, Vol. 
233, No. 1-2, (2002), 239-252. 

17. Orive, G., Anitua, E., Pedraz, J. L. and Emerich, D. F., 

“Biomaterials for promoting brain protection, repair and 
regeneration”, Nature Reviews Neuroscience, Vol. 10, No. 9, 
(2009), 682  . 

18. Kasote, D. M., Jayaprakasha, G. K. and Patil, B. S., 

“Encapsulation of Polyphenols: An Effective Way to Enhance 

Their Bioavailability for Gut Health” In Advances in Plant 
Phenolics: From Chemistry to Human Health, American 
Chemical Society, (2018), 239-259  . 

19. Kawashima, Y., “nanoparticulate systems for improved drug 

delivery”, Advanced Drug Delivery Reviews, Vol. 47, No. 1, 
(2001), 1-2 . 

20. Hughes, G. A., “Nanostructure-mediated drug delivery”,In 
Nanomedicine in Cancer. Pan Stanford, Vol. 1, (2017), 22-30  . 

21. Mozafari, M. R., “Bioactive entrapment and targeting using 

nanocarrier technologies: an introduction”, In Nanocarrier 
technologies, Eds., Springer, Netherlands, (2006), 1-16  . 

22. Shefer, A. and Shefer, S., “The application of nanotechnology in 
the food industry (2008)  . 

23. Bozorg, A., Vossoughi, M., Kazemi, A. and Alemzadeh, I., 
“Optimal medium composition to enhance poly-β-

hydroxybutyrate production by Ralstonia eutropha using cane 

molasses as sole carbon source”, Applied Food Biotechnology, 
Vol. 2, No. 3, (2015), 39-47 . 

24. Pakzad, H., Alemzadeh, I. and Kazemi, A., “Immobilization of 
Peppermint flavor and property determination”, 20th National 
Food Conference, Tehran, Iran, December (2012) 

25. Bahraman, F. and Alemzadeh, I., “Optimization of L-

asparaginase immobilization onto calcium alginate beads”, 

Chemical Engineering Communications, Vol. 204, No. 2, 
(2017), 216-220. 



I. Alemzadeh et al. / IJE TRANSACTIONS A: Basics  Vol. 33, No. 1, (January 2020)   1-11                                                9 

 

26. Vossoughi, A. and Matthew, H. W., “Encapsulation of 
mesenchymal stem cells in glycosaminoglycans‐chitosan 

polyelectrolyte microcapsules using electrospraying technique: 

Investigating capsule morphology and cell viability”, 
Bioengineering & Translational Medicine, Vol. 3, No. 3, 
(2018), 265-274  . 

27. Desai, K. G. H. and Jin Park, H., “Recent developments in 

microencapsulation of food ingredients”, Drying Technology, 
Vol. 23, No. 7, (2005) ,1361-1394 . 

28. Lopez-Rubio, A., Gavara, R. and Lagaron, J. M., “Bioactive 

packaging: turning foods into healthier foods through 
biomaterials”, Trends in Food Science and Technology, Vol. 
17, No. 10, (2006), 567-575 . 

29. Gouin, S., “Microencapsulation: industrial appraisal of existing 

technologies and trends”, Trends in Food Science and 

Technology, Vol. 15, No. 7-8, (2004), 330-347 . 

30. Shegokar, R. and Müller, R. H., “Nanocrystals: industrially 
feasible multifunctional formulation technology for poorly 

soluble actives”, International Journal of Pharmaceutics, Vol. 
399, No. 1-2, (2010), 129-139 . 

31. Chen, M. J., “Development and parametric studies of carbon 

nanotube dispersion using electrospraying”. MS Thesis, Florida 
State University (2007) . 

32. Lakkis, J. M., “Encapsulation and controlled release 
technologies in food systems”. Blackwell Publishing, Oxford, 
U.K., (2007), 265 . 

33. Teeranachaideekul, V., Müller, R. H. and Junyaprasert, V. B., 

“Encapsulation of ascorbyl palmitate in nanostructured lipid 

carriers (NLC)—effects of formulation parameters on 
physicochemical stability”, International Journal of 

Pharmaceutics, Vol. 340, No. 1-2, (2007), 198-206 . 

34. Dube, A., Ng, K., Nicolazzo, J. A. and Larson, I., “Effective use 

of reducing agents and nanoparticle encapsulation in stabilizing 

catechins in alkaline solution”, Food Chemistry, Vol. 122, No. 
3, (2010), 662-667. 

35. Ferreira, I., Rocha, S. and Coelho, M., “Encapsulation of 
antioxidants by spray-drying”, Chemical Engineering 

Transactions, Vol. 11, No. 9, (2007), 713-717 . 

36. Heyang, J. I. N., Fei, X. I. A., Jiang, C., Yaping, Z. H. A. O. and 

Lin, H. E., “Nanoencapsulation of lutein with 

hydroxypropylmethyl cellulose phthalate by supercritical 
antisolvent”, Chinese Journal of Chemical Engineering, Vol. 
17, No. 4, (2009), 672-677 . 

37. Zimet, P. and Livney, Y. D., “Beta-lactoglobulin and its 

nanocomplexes with pectin as vehicles for ω-3 polyunsaturated 

fatty acids”, Food Hydrocolloids, Vol. 23, No. 4, (2009), 1120-
1126 . 

38. Leong, W. F., Lai, O. M., Long, K., Man, Y. B. C., Misran, M. 
and Tan, C. P., “Preparation and characterisation of water-

soluble phytosterol nanodispersions”, Food Chemistry, Vol. 
129, No. 1, (2011), 77-83 . 

39. Kuang, S. S., Oliveira, J. C. and Crean, A. M., 

“Microencapsulation as a tool for incorporating bioactive 

ingredients into food”, Critical Reviews in Food Science and 

Nutrition, Vol. 50, No. 10, (2010), 951-968 . 

40. Ravi Kumar, M. N. and Kumar, N., “Polymeric controlled drug-

delivery systems: perspective issues and opportunities”, Drug 

Development and Industrial Pharmacy, Vol. 27, No. 1, (2001), 
1-30 . 

41. Varma, M. V., Kaushal, A. M. and Garg, A.; Garg, S., “Factors 
affecting mechanism and kinetics of drug release from matrix-

based oral controlled drug delivery systems”, American Journal 

of Drug Delivery, Vol. 2, No.1, (2004), 43-57 . 

42. Acosta, E., “Bioavailability of nanoparticles in nutrient and 
nutraceutical delivery”, Current Opinion in Colloid & Interface 

Science, Vol. 14, No. 1, (2009), 3-15 . 

43. Reis, C. P., Neufeld, R. J., Ribeiro, A. J. and Veiga, F., 
“Nanoencapsulation I. Methods for preparation of drug-loaded 

polymeric nanoparticles”, Nanomedicine: NBM, Vol. 2, No. 1, 
(2006), 8-21. 

44. Oluk, C.A. and Karaca, O. B., “Functional food ingredients and 

nutraceuticals, milk proteins as nutraceuticals nanoscience and 
food industry”, Chapter 18, Nutraceuticals, (2016) 715-759 . 

45. Graveland-Bikker, J. F. and De Kruif, C. G., “Unique milk 
protein based nanotubes: food and nanotechnology meet”, 

Trends in Food Science and Technology, Vol.17, No. 5, (2006) 
,196-203 . 

46. Pakzad, H., Alemzadeh, I. and Kazemi, A., “Encapsulation of 
peppermint oil with arabic gum-gelatin by complex coacervation 

method”. International Journal of Engineering, Transactions 

B: Applications, Vol. 26, (2013), 807-814  . 

47. Bakan, J. A., “Microencapsulation of foods and related 

products”, Food technology, Vol 27, (1973), 34-45 . 

48. Korus, J., “Microencapsulation of flavours in starch matrix by 

coacervation method”, Polish Journal of Food and Nutrition 

Sciences, Vol.1, No. 10, (2001), 17–23 . 

49. Quintanilla-Carvajal, M. X., Camacho-Díaz, B. H., Meraz-
Torres, L. S., Chanona-Pérez, J. J., Alamilla-Beltrán, L., 

Jimenéz-Aparicio, A. and Gutiérrez-López, G. F., 

“Nanoencapsulation: a new trend in food engineering 
processing”, Food Engineering Reviews, Vol. 2, No. 1, (2010), 
39-50 . 

50. Jyothi, N. V., Prasanna, M., Prabha, S., Ramaiah, P. S., Srawan, 

G. and Sakarkar, S. N., “Microencapsulation Techniques, 

Factors Influencing Encapsulation Efficiency: A Review”, 
International Journal of Nanotechnology, Vol. 3, (2009), 1-31 . 

51. Atmane, M., Muriel, J., Joe, S. and Ste´phane, D., “Flavour 
encapsulation and controlled release – a review”, International 

Journal of Food Science & Technology, Vol. 41, (2006), 1–21 . 

52. Dong, Z. J., Xia, S. Q., Hua, S., Hayat, K., Zhang, X. M. and 

Xu, S. Y., “Optimization of cross-linking parameters during 

production of transglutaminase-hardened spherical multinuclear 
microcapsules by complex coacervation”, Colloids and Surfaces 

B: Biointerfaces, Vol. 63, No. 1, (2008), 41-47. 

53. Dong, Z. J., Toure, A., Jia, C. S., Zhang, X. M. and Xu, S. Y., 

“Effect of processing parameters on the formation of spherical 

multinuclear microcapsules encapsulating peppermint oil by 
coacervation”, Journal of Microencapsulation, Vol. 24, No. 7, 
(2007), 634-646 . 

54. Xing, F., Cheng, G., Yang, B. and Ma, L., “Microencapsulation 

of capsaicin by the complex coacervation of gelatin, acacia and 

tannins”, Journal of Applied Polymer Science, Vol. 91, No. 4, 
(2004), 2669-2675 . 

55. Hayashi, H., “Drying technologies of foods-their history and 
future”, Drying Technology, Vol. 7, No. 2, (1989), 315-369 . 

56. Ghosh, S. K., “Functional coatings and microencapsulation: a 
general perspective”. Functional coatings, WILEY-VCH, 
(2006), 1-28 . 

57. Teixeira, M. I., Andrade, L. R., Farina, M. and Rocha-Leão, M. 

H. M., “Characterization of short chain fatty acid microcapsules 

produced by spray drying”, Materials Science and Engineering 

C, Vol. 24, No. 5, (2004), 653-658 . 

58. de Vos, P., Faas, M. M., Spasojevic, M. and Sikkema, J., 
“Encapsulation for preservation of functionality and targeted 

delivery of bioactive food components”, International Dairy 

Journal, Vol. 20, No. 4, (2010), 292-302. 

59. Mortenson, M. A. and Reineccius, G. A., “Encapsulation and 

release of menthol. Part 1: the influence of OSAn modification 
of carriers on the encapsulation of l‐menthol by spray drying”, 

Flavour and Fragrance Journal, Vol. 23, No. 6, (2008), 392-
397 . 

60. Okuro, P. K., de Matos Junior, F. E. and Favaro-Trindade, C. S., 
“Technological challenges for spray chilling encapsulation of 



10                                                  I. Alemzadeh et al. / IJE TRANSACTIONS A: Basics  Vol. 33, No. 1, (January 2020)   1-11 
 

functional food ingredients”, Food Technology and 

Biotechnology, Vol. 51, No. 2, (2013), 171  . 

61. Alvim, I. D., Souza, F. D. S. D., Koury, I. P., Jurt, T. and 
Dantas, F. B. H., “Use of the spray chilling method to deliver 

hydrophobic components: physical characterization of 

microparticles”, Food Science and Technology, Vol.  33, 
(2013) 34-39  . 

62. Lehmann, K., “Microcapsules and Nanoparticles in Medicine 
and Pharmacy”, M. Donbrow, Eds., CRC Press, Boca Raton, 
(1992) 73–97 . 

63. Capece, M. and Dave, R., “Application of fluidized bed film 

coating for membrane encapsulation of catalysts”, Powder 

Technology, Vol. 211, No. 2-3, (2011), 199-206  . 

64. Jelvehgari, M. and Montazam, S. H., “Comparison of 
microencapsulation by emulsion-solvent extraction/evaporation 

technique using derivatives cellulose and acrylate-methacrylate 

copolymer as carriers”, Jundishapur Journal of Natural 

Pharmaceutical Products, Vol. 7, No. 4, (2012), 144. 

65. Sajadi Dehkordi, S. and Alemzadeh, I., “Microencapsulation of 
probiotic bacteria in sodium alginate and whey protein”, 21th 
National Food Conference, Shiraz, Iran (2013) 

66. Sajadi Dehkordi, S., Alemzadeh, I., Vaziri, A. S. and Vossoughi, 

A., “Optimization of Alginate-Whey protein isolate 

microcapsules for survivability and release behavior of probiotic 
bacteria”, Applied Biochemistry and Biotechnology, (2019), 1-
15 . 

67. Tadros, T., Izquierdo, P., Esquena, J. and Solans, C., “Formation 

and stability of nano-emulsions”, Advances in Colloid and 

Interface Science, Vol. 108, (2004), 303-318 . 

68. Zuidam, N. J. and Shimoni, E., “Overview of microencapsulates 

for use in food products or processes and methods to make 
them”. In Encapsulation technologies for active food ingredients 
and food processing, Springer, New York. (2010) 3-29  . 

69. Leong, T. S. H., Wooster, T. J., Kentish, S. E. and Ashokkumar, 

M., “Minimising oil droplet size using ultrasonic 

emulsification”, Ultrasonics Sonochemistry, Vol. 16, No. 6, 
(2009), 721-727 . 

70. Yin, L. J., Chu, B. S., Kobayashi, I. and Nakajima, M., 
“Performance of selected emulsifiers and their combinations in 

the preparation of β-carotene nanodispersions”, Food 

Hydrocolloids, Vol. 23, No. 6, (2009), 1617-1622 . 

71. Schubert, H. and Engel, R., “Product and formulation 

engineering of emulsions”, Chemical Engineering Research 

and Design, Vol. 82, No. 9, (2004), 1137-1143 . 

72. Kentish, S., Wooster, T. J., Ashokkumar, M., Balachandran, S., 
Mawson, R. and Simons, L., “The use of ultrasonics for 

nanoemulsion preparation”, Innovative Food Science and 

Emerging Technologies, Vol. 9, No. 2, (2008), 170-175 . 

73. Wooster, T. J., Golding, M. and Sanguansri, P., “Impact of oil 

type on nanoemulsion formation and Ostwald ripening 
stability”, Langmuir, Vol. 24, No. 22, (2008), 12758-12765 . 

74. Bhavsar, R. S., “Overview of Homogenizer Processes”, 
Pharma Times, Vol. 43, No. 10, (2011), 37-41 . 

75. Rodgers, T. L., Cooke, M., Hall, S., Pacek, A. W. and Kowalski, 
A. J., “Rotor-stator mixers”, Chemical Engineering 

Transactions, Vol. 24, (2011), 1411-1416 . 

76. Jafari, S. M., Assadpoor, E., Bhandari, B. and He, Y., “Nano-

particle encapsulation of fish oil by spray drying”, Food 

Research International, Vol. 41, No. 2, (2008), 172-183 . 

77. McClements, D. J. and Rao, J., “Food-grade nanoemulsions: 

formulation, fabrication, properties, performance, biological 
fate, and potential toxicity”, Critical Reviews in Food Science 

and Nutrition, Vol. 51, No. 4, (2011), 285-330 . 

78. Walstra, P., “Principles of emulsion formation”, Chemical 

Engineering Science, Vol. 48, No. 2, (1993) 333-349  . 

79. Walstra, P., “Physical chemistry of foods”. Marcel Decker. Inc., 
New York. Chapter 13, (2003), 476-547 . 

80. Sanchez, V., Baeza, R., Galmarini, M. V., Zamora, M. C. and 
Chirife, J., “Freeze-drying encapsulation of red wine 

polyphenols in an amorphous matrix of maltodextrin”, Food 

and Bioprocess Technology, Vol. 6, No. 5, (2013), 1350-1354 . 

81. Nguyen, X. C., Herberger, J. D. and Burke, P. A., “Protein 

powders for encapsulation: a comparison of spray-freeze drying 
and spray drying of darbepoetin alfa”, Pharmaceutical 

Research, Vol. 21, No. 3, (2004), 507-514 . 

82. Buffo, R. and Reineccius, G., “Comparison among assorted 

drying processes for the encapsulation of flavors”, Perfumer & 

Flavorist, Vol. 26, No. 4, (2001), 58-67  . 

83. Chávez, B. E. and Ledeboer, A. M., “Drying of probiotics: 
optimization of formulation and process to enhance storage 

survival”, Drying Technology, Vol. 25, No. 7-8, (2007) 1193-

1201 . 

84. Heidebach, T., Först, P. and Kulozik, U., “Influence of casein-

based microencapsulation on freeze-drying and storage of 
probiotic cells”, Journal of Food Engineering, Vol. 98, No. 3, 
(2010), 309-316. 

85. Soottitantawat, A., Bigeard, F., Yoshii, H., Furuta, T., 

Ohkawara, M. and Linko, P., “Influence of emulsion and powder 

size on the stability of encapsulated D-limonene by spray 
drying”, Innovative Food Science and Emerging Technologies, 
Vol. 6, No. 1, (2005), 107-114 . 

86. Dong, Z., Ma, Y., Hayat, K., Jia, C., Xia, S., and Zhang, X., 

“Morphology and release profile of microcapsules encapsulating 

peppermint oil by complex coacervation”, Journal of Food 

Engineering, Vol. 104, No. 3, (2011), 455-460 . 

87. Zhang, Z. Q., Pan, C. H. and Chung, D., “Tannic acid cross-
linked gelatin–gum arabic coacervate microspheres for sustained 

release of allyl isothiocyanate: Characterization and in vitro 

release study”, Food Research International, Vol. 44, No. 4, 
(2011), 1000-1007 . 

88. Atkins, T. W., “Fabrication of microcapsules using poly 
(ethylene adipate) and a blend of poly (ethylene adipate) with 

poly (hydroxybutyrate-hydroxyvalerate): incorporation and 

release of bovine serum albumin”, Biomaterials, Vol. 18, No. 
2, (1997), 173-180 . 

89. Dong, Z., Ma, Y., Hayat, K., Jia, C., Xia, S. and Zhang, X., 
“Morphology and release profile of microcapsules encapsulating 

peppermint oil by complex coacervation”, Journal of Food 

Engineering, Vol. 104, No. 3, (2011), 455-460 . 

90. Prata, A. S., Zanin, M. H., Ré, M. I. and Grosso, C. R., “Release 

properties of chemical and enzymatic crosslinked gelatin-gum 
Arabic microparticles containing a fluorescent probe plus vetiver 

essential oil”, Colloids and Surfaces B: Biointerfaces, Vol. 67, 
No. 2, (2008), 171-178 . 

91. Yeo, Y., Bellas, E., Firestone, W., Langer, R. and Kohane, D. S., 

“Complex coacervates for thermally sensitive controlled release 
of flavor compounds”, Journal of Agricultural and Food 

Chemistry, Vol. 53, No. 19, (2005), 7518-7525 . 

92. Soottitantawat, A., Takayama, K., Okamura, K., Muranaka, D., 

Yoshii, H., Furuta, T., Ohkawara M. and Linko, P., 

“Microencapsulation of l-menthol by spray drying and its release 
characteristics”, Innovative Food Science and Emerging 

Technologies, Vol. 6, No. 2, (2005), 163-170 . 

93. Liu, X. D., Atarashi, T., Furuta, T., Yoshii, H., Aishima, S., 

Ohkawara, M. and Linko, P., “Microencapsulation of emulsified 

hydrophobic flavors by spray drying”, Drying Technology, Vol. 
19, No. 7, (2001), 1361-1374 . 

94. Soottitantawat, A., Yoshii, H., Furuta, T., Ohgawara, M., 
Forssell, P., Partanen, R., Poutanen, K. and Linko, P., “Effect of 

water activity on the release characteristics and oxidative 
stability of D-limonene encapsulated by spray drying”, Journal 



I. Alemzadeh et al. / IJE TRANSACTIONS A: Basics  Vol. 33, No. 1, (January 2020)   1-11                                                11 

 

of Agricultural and Food Chemistry, Vol. 52, No. 5, (2004), 
1269-1276 . 

95. Zou, L. Q., Peng, S. F., Liu, W., Gan, L., Liu, W. L., Liang, R. 
H., Liu, C. M., Niu, J., Cao, Y. L., Liu, Z. and Chen, X., 

“Improved in vitro digestion stability of (−)-epigallocatechin 

gallate through nanoliposome encapsulation”, Food Research 

International, Vol. 64, (2014), 492-499 . 

96. Hsieh, D. S., Lu, H. C., Chen, C. C., Wu, C. J. and Yeh, M. K., 
“The preparation and characterization of gold-conjugated 

polyphenol nanoparticles as a novel delivery system”, 

International Journal of Nanomedicine, Vol. 7, (2012), 1623-
1633 . 

97. Hu, B., Ting, Y., Zeng, X. and Huang, Q., “Bioactive 

peptides/chitosan nanoparticles enhance cellular antioxidant 

activity of (−)-epigallocatechin-3-gallate”, Journal of 

Agricultural and Food Chemistry, Vol. 61, No. 4, (2013) 
875-881 . 

98. Raei, M., Rajabzadeh, G., Zibaei, S., Jafari, S. M. and Sani, A. 

M., “Nano-encapsulation of isolated lactoferrin from camel milk 

by calcium alginate and evaluation of its release”, International 

Journal of Biological Macromolecules, Vol. 79, (2015), 669-
673 . 

99. David-Birman, T., Mackie, A. and Lesmes, U., “Impact of 

dietary fibers on the properties and proteolytic digestibility of 

lactoferrin nano-particles”, Food Hydrocolloids, Vol. 31, No.  
1, (2013), 33-41.  

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

Encapsulation of Food Components and Bioactive Ingredients and Targeted Release 
 

I. Alemzadeh, M. Hajiabbas, H. Pakzad, S. Sajadi Dehkordi, A. Vossoughi 
 
Department of Chemical and Petroleum Engineering, Sharif University of Technology, Tehran, Iran 

 
 

P A P E R  I N F O   

 
 

Paper history: 
Received 17 May 2019 
Received in revised form 02 November 2019 
Accepted 08 November 2019 

 
 

Keywords:  
Bioactive Materials 
Controlled Release 
Encapsulation 
Peppermint Oil 
 

 
 
 
 
 
 
 
 
 
 
 
 

 چکیده 

 

 ی دیجد نهیبات،زمی ترک نیا دیوتول یوکشاورز یی،داروییغذا یها ندیساخت کپسول در فرا یفناور تیبا توجه به اهم

  ی تواند به روش ها  یم ی ذا حاصل شده است.کپسول سازغمواد فعال در  یمواد بعنوان حامل ها ن یهد فمند کردن ا یبرا

کن   وخشک ییخشک کن دما، یخشک کن پاشش، فاز ها یازس داج،یساز ونیمولسی، ابیترک  ونیمانند کو سرواس یمختلف

با روش   یجداساز ،یپزومیل یستمهایاستفاده از س ،یبستر پوشش ،یخشک کن انجماد ،ی،اکستروژن پوشش ییسرما

  ی  چند ماده ای  ک یاست که در آن  ی . کپسوله کردن روشی انجام شودمولکول ی و روش ها ون یزاسیستالیکوکر وژ،یف یسانتر

و   یو کمک به نگهدار یروش بمنظور حفاظت، جداساز ن یشود. ا ی پوشش  داده م گریفعال با استفاده از مواد د ستیز

و کاربرد آنها  بات یموجب بهبود عملکرد ترکو هدفمند شده  یزمان بند شیشود. رها یکنترل شده مواد استفاده م شیرها

و  قات ی مقاله تحق نیادر موثر است.  دیتول ندیآفر یها نه یهز  ی او ارتق یبودن دوز مصرف نهیشود. بعلاوه در به یم

 یاست. بعلاوه اصول طراح جمع بندی شدهکنترل شده  شیرها یکپسوله کردن و تکنولوژ ی نهیدر زم ریاخ یهاینوآور

ه کردن مواد کپسول یبرایکاسیون فیکروامولسیو روش م ونیکوسرواس کیروغن نعناع با استفاده از تکن یبرا شیرها ستمیس

 کپسوله شده ، گزارش شده است. لوسیهدفدار لاکتوباس شیفعال  و رها ستیز

doi: 10.5829/ije.2020.33.01a.01 

 
 


