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Chapter 7
Different Approaches for the Inclusion 
of Bioactive Compounds in Packaging 
Systems

Amro Shetta, Isra H. Ali, Fatma Elshishiny, and Wael Mamdouh

Abstract There is a growing need for alternative materials that could enhance the 
food nutritional value, dominating moisture and solute migration, prolong shelf life, 
and improve the quality of gas exchange and oxidative reaction rates. Besides, mak-
ing the polymer-based plastics eco-friendly and biodegradable. Several bioactive 
compounds are implemented for the preparation of food active packaging including 
herbal extracts, metallic, and biological compounds. For the inclusion of these bio-
active molecules, either synthetic polymers or natural polymers have been used. The 
encapsulation could be classified as microencapsulation and nanoencapsulation 
according to the carrier final diameter. Distinct methods were used to encapsulate 
bioactive substances like spray and freeze-drying, fluidized bed technologies, and 
molecular inclusion. Moreover, solid lipid nanoparticles and liposomes are lipid- 
based nanosystems that usually applied as a carrier of bioactive molecules and 
exhibited oxygen scavenging and antimicrobial properties. Hydrophobic phyto-
chemicals molecules such as essential oils can be loaded in nanoemulsions and 
polymeric nanoparticles using emulsification–solvent evaporation, and supercritical 
fluid technologies. As well, Nanofibers are considered one of the promising materi-
als in the inclusion of bioactive molecules in food packaging. This chapter sheds 
light on the methods used for inclusion, limitations, current trends, and regulatory 
issues, and biosafety in the encapsulation of bioactive components.
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1  Introduction

Food Packaging represents a vital role in the food sector. It maintains the food con-
dition, extends shelf-life, and protects against environmental contamination such as 
temperature, microorganisms, and humidity (Han et al. 2018). Polymers play a sub-
stantial role in this regard, concerning their competitive properties. These include 
being cost-effective, easy to handle, and ideal mechanical properties, making them 
the perfect choice for food packaging. Some major type of polymers used as a 
matrix in the industry of food packaging involves Polyethylene terephthalate (PET), 
High-density polyethylene (HDPE), Low-density polyethylene (LDPE) (Siracusa 
and Blanco 2020). However, numerous different bioactive materials have recently 
been incorporated with those polymers to enhance the characteristics of the devel-
oped package material. For example, to improve food quality and safety, scientists 
have managed to delay oxidation, by creating packaging products with employed 
antioxidants and antimicrobial active components (Jouki et al. 2014). Others could 
include moisture absorbers, CO2 scavengers, oxygen scavengers, and emitters 
(Crisosto et  al. 1993). Besides other packaging passive characteristics including 
thermal persistence, and mechanical capacity (Fernández-Pan et  al. 2014). For 
instance, factors like discoloration, lack of aroma, and lipid oxidation can be con-
trolled by comprising active additives to modify the surface of Low-density poly-
ethylene (LDPE) and get rid of meat spoilage (Ben-Yehoshua. 1985).

1.1  Bioactive Compound Sources

Materials used in encapsulation should meet the safety guidelines according to the 
Food and Drug Administration (FDA). Most of these materials are biomolecules 
that are food-grade and biodegradable. The most utilized materials in food packag-
ing industries could be natural or manufactured. For example, natural sources 
include polysaccharides, starch, and cellulose, besides plant extracts such as soluble 
soybean polysaccharides, pectins, Arabic gum, and galactomannans. While syn-
thetic materials could be synthetic antioxidants, like ethylenediaminetetraacetic 
acid (EDTA) and poly(acrylic acid) (PAA) (https://reader.elsevier.com/reader/sd/
pii/S0924224418302760?token=022AB9E1FF4BBDFD1F36E75608D69A35F71
1C9EAD3A6DAD330D36E5DB5D6887A3E7612D769D095AE946C531685 
EFDA1C) (Table 7.1).
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Table 7.1 Types and sources of utilized bioactive compounds used in food packaging

Type Source Function References

Ascorbic, Gallic acids Ganic acids Oxygen scavengers Pant et al. 
(2017)

Dextran,  Chitosan Polysaccharides Antimicrobial activity Lazić et al. 
(2020)

Silica gel, Alumina Silicates, Zeolites Ethylene scavenger Gaikwad et al. 
(2020)

Copper, Gold, Zinc oxide, 
Titanium dioxide

Metals Antimicrobial activity Brandelli et al. 
(2017a)

Carrageenan, Alginate Marine extracts Gel forming agent Bhat et al. 
(2020)

Asmonoterpenes, 
Flavonoids, Phenolic acids

Essential oils (phenolic 
compounds)

Antioxidants Chang et al. 
(2019)

Sodium Bicarbonate, Citric 
acid

Inorganic salt, Organic 
acids

Carbon dioxide 
emitter

Tsironi et al. 
(2019)

Gum arabic, 
Galactomannans, Pectins

Plant extracts Antimicrobial activity, 
Antioxidants

Ali and Said 
(2020)

1.2  Advantage of Nanotechnology in Food Packaging

Nanotechnology applications have opened new advances in the active food packag-
ing industries. This extended till reach food safety and biosafety and innovation of 
active substances such as nanoparticles (https://www.ift.org/news- and- publications/
food- technology- magazine/issues/2003/december/features/nanotechnology- a- new- 
frontier- in- food- science) (Fig. 7.1).

Many food packaging patents that utilized the applications of nanomaterials have 
been documented in different continents including the USA, Europe, and Asia, for 
which nano-clays and nano-silver were the most used ones. Recent studies have 
proved that the incorporation of allyl isothiocyanate and carbon nanotubes into the 
AP systems can reduce microbial activity and discoloration and regulate oxidation 
(Crisosto et al. 1993).

Nanoencapsulation has proved its competency in improving controlled release 
and provide accurate bioactive material delivery into targeted locations more effi-
ciently than in bulky or microencapsulation techniques. This is due to the unique 
particle nanosize in the range of a nano diameter between 10 and 1000 nm that 
could be transported to various body organs in contrast to microencapsulation, in 
which the particles express a diameter of 3–800 μm (Hughes 2005).

Current efforts towards a “green environment” have put more focus on the fabri-
cation of nanocomposite matrices and coatings through the utilization of biopoly-
mers and bioactive components. The most recent example for the creation of 
nanocomposites is the use of polysaccharides synthetic matrices incorporated with 
inorganic materials. Fillers could be incorporated with biopolymer coatings to come 
up with bionanocomposite. For instance, nanoparticles can be used as fillers within 
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biopolymer matrices to enhance the plastic properties and biodegradability (Uysal 
Unalan et al. 2014). Halloysite nanotubes (HNTs) are one of the interesting devel-
opments in the sector of food AP. They can act as nanofillers since they are hollow 
tubular clay nanoparticles. They have many excellent advantages in delaying food 
spoilage and fruit aging by absorbing the naturally generated ethylene gas. 
Polyethylene (PE) can be treated with such HNTs to provide more ethylene gas 
capturers with lower permeability to water vapor than in pure PE (Tas et al. 2017).

1.3  Nanoencapsulation for Improved Food 
Packaging Properties

Recent investigations showed the effectiveness of HNT/polyethylene (HNT/PE) 
nanocomposite films in delaying ripening process of bananas due to the ethylene 
scavenging features. Results showed a. HNT/PE nanocomposite films proved their 
abilities in preserving food safety and enhancing food products’ shelf life (Tas 
et al. 2017).

Moisture can reduce the quality of packed food and make it more liable to patho-
genic microorganisms. Different moisture absorbers have been used in food packag-
ing to reduce the moisture effect by combining desiccants substances like clay, 
zeolites, or silica, while others have tried bentonite and poly-acrylic acid sodium 
salts (Mahajan et al. 2008). To extend shelf life, ethylene scavengers have been used 
such as potassium permanganate, zeolite nanoparticles to absorb ethylene and 

Fig. 7.1 Food nano-packaging categorize and its importance in food packaging industries

A. Shetta et al.
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prevent chlorophyll degradation. Essentially, carbon dioxide emitters are essential 
in inhibiting microbial invasion and expand the package shelf life. Conjugation of 
nanoparticles with antimicrobial properties like chitosan with gold, metal oxide, or 
silver nanoparticles has shown great versatility. Since they showed unparalleled 
antimicrobial effect when combined with other materials. For instance, silver 
nanoparticles have shown a typical attachment to the cell surface and penetration of 
microbial cells followed by DNA damage (Honarvar et al. 2016).

2  Encapsulation of Bioactive Molecules

Numerous studies have investigated bioactive encapsulation. Intensive studies have 
been made on food microbial spoilage and oxidation which affect consumer deci-
sions in buying food. This usually happens to fruits including bananas, kiwi fruit, 
and tomatoes (Fernández-Pan et al. 2014). One study has used vacuum packaging to 
produce an oxygen-free environment in food packages (Dey and Neogi 2019). 
Others fabricated bionanocomposites packaging material using chitosan, zinc oxide 
nanoparticles, and carboxymethyl cellulose to prevent food spoilage by the effect of 
bacterial microorganisms (Winestrand et al. 2013). Anti-oxidants molecules are one 
of the crucial ones, especially in meat packaging. A study has utilized the antioxi-
dant activity of rosemary extract and incorporated it into low-density polyethylene 
(LDPE) with the presence of α-tocopherol. Further, those materials were trans-
formed into discs and came into contact with fresh beef. It has been reported over 
time that created a disc of rosemary were able to keep higher values of meat (red-
ness) than control samples over a prolonged period (Moore et al. 2006) (Table 7.2).

3  Micro and Nano-encapsulation Techniques

The development of the micro and nano-encapsulated carriers that are needed for 
the entrapment of bioactive molecules into food packaging systems could be classi-
fied into two opposed approaches; (i) bottom-up, and (ii) top-down (Joye and 
McClements 2014). There is no optimum approach for encapsulation of all avail-
able bioactive compounds (Aguiar et al. 2016). The bottom-up one relies on small 
particles and elements association in a process that is controlled by the concentra-
tion of these monomers, pH of the media, a temperature that is needed for the self- 
assembly, and ionic strength. The bottom-up principle is found in several methods 
like electrospinning, spray drying, complex coacervation, and anti-solvent precipi-
tation. This approach is characterized by its less energy consumption, and a good 
dominator on both shape and size of both micro and nanocarrier. Furthermore, the 
top-down principle is to focus on the downsizing of the large structure into a smaller 
one using external mechanical means. The top-down principle is found in tech-
niques like emulsification, and extrusion processes. However, this approach shows 
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less control over both the size and shape of micro and nanocarriers (Jia et al. 2016a). 
Different factors are affecting the selection of the optimum method for encapsulat-
ing the bioactive compounds for food packaging application such as particle size, 
solubility, and molecular weight of both bioactive compounds and encapsulating 
agents (Dias et al. 2017).

3.1  Spray Drying

One of the techniques that could be used for microencapsulating bioactive com-
pounds is spray drying technique. It was established as a method of encapsulating 
different bioactive compounds such as; pumpkin seed oil (Ogrodowska et al. 2017), 
Agaricus bisporus extracts (Francisco et  al. 2018), chia essential oil (Rodea- 
González et al. 2012), and Lippia sidoides oil (Abreu et al. 2012). It is characterized 
by its simplicity, rapid performance, as well as low-cost technique. The spray drying 
technique mode of action (Fig.  7.2) is based on introducing the bioactive com-
pounds with the encapsulating material (solution, emulsion, or suspension in either 

Table 7.2 Studies on food active packaging over the last 10 years

Function Material Application Advantage Reference

Oxygen 
scavengers

Nanoiron, silicon 
matrix

Sachets, films, 
bottles, containers

Limit the oxygen 
permeability & 
extend product 
shelf-life

Dey and 
Neogi 
(2019)

Carbon 
dioxide 
emitters

Latex polymer 
matrix with oxalate 
oxidase

CO2 emitter 
bandages & 
dressings

Lower growth of 
pathogenic 
microorganisms & 
food spoilage

Winestrand 
et al. (2013)

Ethylene 
scavengers

Nanocomposite of 
polyethylene (PE) 
with nano-Ag, 
nano-TiO2 & 
montmorillonite

Sachets, films Prevent fruit 
ripening & control 
deterioration

Hu et al. 
(2011)

Odor 
absorbers

Essential oils Films Odor stabilization Gutiérrez 
et al. (2009)

Moisture 
scavengers

Clay, Silica, & 
zeolites

Microwavable films, 
absorbent pads,  
Sachets

Management of 
moisture & 
humidity

Dey and 
Neogi 
(2019)

Antimicrobial 
activity

Silver & gold 
nanoparticles, & 
chitosan matrices

Bionanocomposite 
films

Prevent food 
spoilage

Youssef 
Ahmed 
et al. (2016)

Antioxidant 
releasers

Rosemary extract, & 
α-tocopherol 
incorporated into 
low-density 
polyethylene (LDPE)

Films Delay food 
ripening

Moore et al. 
(2006)

A. Shetta et al.
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aqueous or organic media), in form of fine mist or droplets of, in an atmosphere of 
hot air. The hot air is previously introduced through a tangential inlet generating as 
a centrifugation force inside the drying chamber. While spraying the liquid bioac-
tive compounds in the hot atmosphere, the dehydration phase occurs, evaporating 
the exciting solvents forming a powder of bioactive compounds coated with the 
encapsulating agent. The drying process accomplished through the separation of the 
microencapsulated ingredients by the cyclone separator (Nesterenko et al. 2013a). 
The temperature inside the drying chamber could reach 130–180 °C. The main fac-
tor that infuences the encapsulation process is the solubility of the encapsulating 
material in the solvent. However, this technique suffers from the product low yield 
due to either adhesion of the dried powder on drying chamber wall or the degrad-
ability of the active compounds when they are facing this hot environment 
(Nesterenko et al. 2013a). The former disadvantage was controlled through generat-
ing ultrasound during the atomization phase that improves both encapsulation effi-
ciency, product stability as well as the outcome yield. This is because the ultrasound 
waves produces less mechanical stress on the sprayed dried product (Tatar Turan 
et al. 2015). The latter disadvantage was minimized through using of the vacuum 
drying chamber, lowering the drying temperature to 40–60 °C (Islam et al. 2017).

3.2  Freeze Drying

Freeze drying is a common method for that have beed used for microencapsulation 
process. Basically, it relies on using vacuum for converting the bioactive compounds 
(especially the thermosensitive substances) from the liquid state into encapsulated 
powder state. Its mode of action is depending on three main stages; (i) freezing of 
the polymer-bioactive fluid at a temperature of −50 °C, followed by (ii) primary 
drying step where solvent start to sublime forming a wet powder, and finally (iii) 

Fig. 7.2 Spray dryer components
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second drying step at which the remaining solvent on the surface of the powder 
starts to desorb. The second and third steps are achieved using a low temperature 
between 10 and 20 °C while applying vacuum till reaching the suitable moisture 
content (Fig. 7.3) (Abdul-Fattah et al. 2007). The main disadvantages of the freeze 
dryer is the long drying time that extends for days for a complete drying as well as 
its high cost (Fuciños et al. 2017a). However, there is another factor besides the dry-
ing time that can affect the encapsulation process which is the method of the prepa-
ration of the solution, suspension or emulsion that is needed to be freeze dried as it 
greatly affects the size and the morphology of the micro and nanosystems (Varshosaz 
et al. 2012). The freeze-drying techniques showed an efficiency in producing micro 
and nanosystems such as nano lipid carriers (Varshosaz et  al. 2012), nanotubes 
(Fuciños et al. 2017a), and nanoparticles (Shetta et al. 2019; Attallah et al. 2020). 
Recently, spray freeze drying approach might be better alternative to the traditional 
freeze dryer by introducing an atomization means before starting the freezing phase 
(Ishwarya et al. 2015). Spray freeze drying decreases the drying time down to 8 h as 
well as increases the stability of the bioactive compounds (Hundre et al. 2015).

3.3  Complex Coacervation

One of the techniques that could be used for nano and microencapsulation is the 
complex coacervation approach. It is based on the ionic interaction between the core 
bioactive compounds and the coating material that are previously dissolved in 
immiscible solvents (Fig.  7.4) (Timilsena et  al. 2017). After this interaction, the 
coating material starts to envelop the bioactive compounds after adjusting the pH of 
the media, concentration of both phases, and temperature of the solution. Finally, 
the resulted coacervate (complex) starts to solidify using thermal or chemical (cross- 
linking) means (Bakry et al. 2016). The coacervation process could be simple (by 
using one polymer), or complex (by using multiple polymeric materials) (Yuan 
et  al. 2017a). There are many examples for encapsulating bioactive compounds 

Fig. 7.3 Freeze dryer principle of operation

A. Shetta et al.
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using complex coacervation such as; anthocyanin (Arroyo-Maya and McClements 
2015), avocado extract (Calderón-Oliver et al. 2020), algal oil (Yuan et al. 2017a) 
and β-carotene (Jain et al. 2016a). The complex coacervation technique could mod-
ify the release of the bioactive ingredientes, and provides high encapsulation effi-
ciency (Rutz et al. 2017). Although, the complex coacervation needs high preparation 
cost, it shows difficulty in controlling both shape and size of micro and nanosystems 
(Jia et al. 2016a).

3.4  Emulsification

The emulsification technique is widely used for encapsulating bioactive ingredients. 
The emulsion produced could be either simple emulsion such as oil in water (o/w) 
or water in oil (w/o), or multiple emulsions such (w/o/w) or (o/w/o). The emulsifica-
tion technique is used mainly for encapsulation of both polar and nonpolar bioactive 
ingredients (Gumus et al. 2017). The micro-emulsification process could be per-
formed via low and high energy approach. High energy emulsification could be 
achieved by homogenization, ultrasonication, and high shear mixer (Fig. 7.5). The 
high energy approach is based on the formation of coarse emulsion by high shearing 
followed by the application of high energy to produce micro and nanoemulsions 
that could be achieved by high pressure (Piorkowski and McClements 2014) and 
ultrasonic energy (Jafari et al. 2007). There are so many examples for microencap-
sulation of active molecules such as roasted coffee oil (Freiberger et al. 2015), and 
D-limonene (Jafari et  al. 2007). However, this technique requires sophisticated 
equipment that uses high energy (Joye and McClements 2014). In contrast, low 
energy emulsification techniques show simple and economic approach.

Fig. 7.4 The principle of complex coacervation
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3.5  Antisolvent Precipitation

One of the main approaches for encapsulating bioactive compounds is the antisol-
vent precipitation method. It is a technique that is simple with low cost. The prin-
ciple of this technique is relying on the dissolution of active molecules in binary 
solvent such as water and organic solvents. Then, a third solvent is added to act as 
antisolvent that decreases the solubility of the compounds leading to the formation 
of nanoparticles through the precipitation process (Fig. 7.6) (Jia et al. 2016a). One 
of the most common antisolvents used is supercritical carbon dioxide which is used 
for microencapsulation of active molecules such as curcumin molecules (Dias et al. 
2017). Moreover, different bioactive molecules were encapsulated using the antisol-
vent precipitation such as epigallocatechin gallate (Donsì et al. 2017a), eugenol and 
thymol (Chen et al. 2015), and vitamins (David and Livney 2016). The antisolvent 
precipitation method could be improved through using of the ultrasound as it 
enhances the nucleation rates, and decreases agglomeration (Thorat and Dalvi 2012).

3.6  Extrusion

The passing of the mixture containing the bioactive compounds dispersed in the 
polymeric coating material across the nozzle, an area where gelling process occurs 
is called extrusion approach. It is a method that is used for the encapsulation of 
small as well as large molecules of both hydrophilic and hydrophobic nature 
(Fig. 7.7) (Han et al. 2018). Different materials could be encapsulated through this 
approach such as essential oil from marine resources (Bakry et al. 2016), gallic acid 
(Li et al. 2017), and riboflavin (He et al. 2015). However, the extrusion technique 
application is limited due to its inability to control the size. The reason behind that 
owing to the formation of a large and porous product during the extrusion and 

Fig. 7.5 The principle of Emulsification process

A. Shetta et al.
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gelling steps. Several modifications were applied on the extrusion system to improve 
its properties such as applying the multi nozzle-system, co-extrusion, and melt 
extrusion (Rodriguez et al. 2016).

3.7  Electrospinning and Electro-Spraying

Electrospinning and electro-spraying are commonly used methods for encapsulat-
ing bioactive molecules. They are characterized by the formation of the nanofibers 
or small droplets from a dispersion containing bioactive molecules and the poly-
meric material (Fig.  7.8 a, and b). The principle of both techniques depends on 
applying a voltage over a liquid ejected from a nozzle (Faridi Esfanjani and Jafari 
2016). The main difference between both techniques is the physical form produced, 
in case of the electrospinning techniques, the outcome is nanofibers owing to the 
high polymer concentration and the stability of the product while in 

Fig. 7.6 The principle of antisolvent precipitation

Fig. 7.7 Extrusion technique
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electrospraying, the small droplets will be formed because of using loe polymer 
concentration and the instability of the product produced (Faridi Esfanjani and 
Jafari 2016).  Moreover, electrospraying technique doesn’t require surfactant, while 
electrospinning technique requires surfactant (Tarhini et al. 2017). Different factors 
affect the nanofibers’ and the small droplets’ dimensions and shapes such as the 
applied voltage value, distance between the collector and syringe tip, the collection 
distance and the solution flow rate (Kegere et al. 2019; Wahbi et al. 2020). Both 
techniques are suitable for the production of micro and nanosystems (Elakkiya 
et al. 2014).

4  Various Forms of Micro and Nano-encapsulate Carriers 
Used in Food Packaging

Encapsulating technique is an inclusion approach of bioactive molecules or com-
pounds into polymeric matrix or reservoir that is carried out to increase these com-
pounds’ stability. Encapsulation processes mainly depend on making the first 
droplet of the bioactive molecules as solid (as powder), liquid or gas. Then, these 
droplets get enclosed by the carrier material through different techniques that 
include but are not limited to coacervation, co-extruding, emulsifications, fluidized 
bed coating, spray-drying, spray-cooling, melt injection, etc. (Dubey et al. 2009; 
Parra 2010; Sanguansri and Augustin 2007; Raybaudi-Massilia and Mosqueda- 
Melgar 2012).

Fig. 7.8 Electro-spinning (a), Electro-spraying (b)

A. Shetta et al.
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4.1  Reservoir and Matrix

The encapsulating systems could possess different designs according to the nature 
and properties of the compounds incorporated as illustrated in Fig. 7.9. In addition, 
the design is controlled by the encapsulation method used to prepare the carriers 
either in the micro or nano scale. For instance, they can be classified into (a) reser-
voirs which can be either mono-core, where there is only a single chamber detected 
in the core of the capsule, or poly-core (multi-core), where there are more than one 
chamber inside the core that could be equal or different in shape and size, in addi-
tion to (b) matrix where the encapsulated compounds are scattered within the 
whole matrix of the carrier. In addition, the encapsulated compounds can be incor-
porated in their native form or as loaded nanoparticles or nanostructures (Dubey 
et al. 2009; Parra 2010).

4.2  Emulsions

4.2.1  Microemulsions

Microemulsions or traditional emulsions are colloidal systems that are made through 
mixing at least two immiscible liquids one of them is an aqueous phase while the 
another one is an oily phase (Brandelli et al. 2016). According to the type of dis-
persed material and dispersion medium, emulsions are classified into oil-in-water 
(O/W) emulsions and water-in-oil (W/O) emulsions as shown in (Fig. 7.10).

In O/W emulsions, oil is considered as the dispersed phase, while the continuous 
phase is the aqueous medium. On the contrary, the dispersed phase of the W/O 

Fig. 7.9 Morphology of different encapsulated systems
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emulsion contains the water droplets, while the oil constitutes the dispersion 
medium. Emulsions have to be stabilized through the addition of some amphiphilic 
macromolecules that act as emulsifying agents or stabilizers that act through 
increasing the steric hindrance, while minimizing the interfacial tension between 
the two immiscible media (Rayner et al. 2014). However, on long term duration, the 
dispersed droplets could coalesce again forming larger globules that could end up 
with complete separation of the two phases of microemulsions (Brandelli et al. 2016).

4.2.2  Nanoemulsions

Nanoemulsions are emulsified systems whose sizes range from 10 to 100 nm. They 
have the advantage of being more kinetically stable than microemulsions. Therefore, 
they require less surfactant concentrations as they are less susceptible to aggrega-
tion and coalescence. This returns back to the decrease in the attractive forces 
between the droplets after decreasing their size. Furthermore, stability of nanoemul-
sions was proven to be increased through addition of 5–10% alcohol as this amount 
was found to have an influence on decreasing the size of the droplets size owing to 
the interference with the interfacial tension among the droplets (Zeeb et al. 2014). 
Nanoemulsions can be prepared through different techniques either: (a) low energy 
techniques, or (b) high energy techniques (Gulotta et al. 2014; Ranjan et al. 2014). 
Table 7.3 summarizes some studies that involved the use of microemulsions and 
nanoemulsions as carriers incorporating bioactive molecules used in food 
applications.

Fig. 7.10 (a) Oil-in-Water Emulsion (O/W), and (b) Water-in-Oil Emulsion (W/O)
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4.3  Lipid Based Carriers

Lipid based carriers are fat-based encapsulating systems that are spherical struc-
tures capable of being dispersed in aqueous phase ranging from 0.1 to 100  um 
(Yalavarthi et al. 2014). Lipid based carriers can be mainly categorized into lipo-
somes and solid lipid nanoparticles as shown in (Fig. 7.11).

4.3.1  Liposomes

Liposomes are spherical bilayer phospholipid colloidal systems. They are formed 
through dispersion of phospholipids in aqueous medium that self-assemble forming 
the vesicular structures. They are widely utilized as carriers for various bioactive 
molecules and nutraceuticals (Tan et al. 2013; Brandelli et al. 2017b; Thompson 
et al. 2006). Several approaches have been proven for their efficiency in preparation 
of liposomes. These approaches are classified into: (a) conventional techniques 

Table 7.3 A summary of different incorporated compounds in microemulsions and nanoemulsions 
carriers

Microemulsion/nanoemulsion
Incorporated 
compounds Example References

Calcium caseinate stabilized flaxseed oil 
either with or without lecithin

Nutraceuticals Vitamin D3 
and ω-3

Mehmood 
(2015)

Sodium Alginate Essential oils Salvia-Trujillo 
et al. (2015)

Lipid mixtures such as glycerol 
monolaurate, glyceryl monostearate, and 
caprylic capric triglyceride

Antioxidants Quercetin Ni et al. (2015)

Ethyl acetate water
Tween 80 with edible mustard oil Nutraceuticals Vitamin E 

acetate
Dasgupta et al. 
(2016)

Anhydrous milk fat β-carotene Zhang et al. 
(2013)

Fig. 7.11 Lipid-based carriers: (a) Liposomes (lipid vesicles) and (b) Solid lipid nanocarriers
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such as detergent removal, solvent evaporation & thin film hydration, and (b) 
emerging techniques such as modified electroformation, microfluidic devices and 
supercritical fluid procedures (Brandelli et al. 2016, 2017b; Patil and Jadhav 2014).

Liposomes bilayer phospholipid structure mimics the real structure of biomem-
branes. Therefore, they are commonly used as carriers. In addition, they have the 
advantage of masking the undesirable effects of the incorporated molecules as well 
as decreasing their toxicity (Chang et al. 2008). For example, liposomes reported 
high efficiency in increasing the stability of some incorporated thermo-labile bio- 
active compounds such as folic acid and many vitamins (Marsanasco et al. 2015). 
Some of the reported liposomal structure in food applications are summarized in 
Table 7.4.

4.3.2  Solid Lipid Nanoparticles

Solid lipid nanoparticles are spherical nanostructures composed of high food grade 
lipids capable of encapsulating hydrophobic compounds. They can be prepared by 
blending two lipid structures together differing in their melting points e.g. hydroge-
nated palm oil and cocoa butter. The pros of using solid lipid nanoparticles returns 
back to their capability of protecting the encapsulated compounds from chemical 
degradation in addition to their good physical stability. This is attributed to the 
strong steric repulsion among the particles generated by the non-ionic surfactants 
within the system (Brandelli et al. 2016; Qian et al. 2013).

Table 7.4 A summary of different compounds incorporated in liposomes carriers

Liposomes
Incorporated 
compounds Example

Type of 
food References

Phosphatidylcholine Nutraceuticals Folic acid, vitamin 
C, vitamin E, ω-3 
and ω-6 fatty acids

Chocolate 
milk

Marsanasco et al. 
(2015)

Bioactive Bioactive peptides Sea bream Mosquera et al. 
(2014)

Soy phospholipid and 
whey protein isolate

Antimicrobial 
agent

Pediocin – de Mello et al. 
(2013)

Antioxidants Quercetin – Frenzel and 
Steffen-Heins 
(2015)

Milk phospholipids Tea polyphenols – Gülseren et al. 
(2012)

Phospholipids Antimicrobial 
agent

Nisin Fresh 
fruit-cut

Taylor et al. 
(2005) and da 
Silva et al. (2010)
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4.4  Protein-Based Carriers

Proteins are natural biopolymers that could be extracted from either animal or plant 
sources. Proteins generally are insoluble in acidic medium while soluble in alkaline 
medium (Chen et al. 2006). Proteins are highly swellable materials and easily func-
tionalized, therefore, they are considered as promising biomaterials for preparation 
of bioactive delivery systems for wide range of bioactive compounds such as fatty 
acids, fats, oils, and flavors (Jia et  al. 2016b). Proteins extracted from animals 
include casein, collagen, gelatin, and whey proteins, while those obtained from 
plants include gliadin, soy and zein proteins (Tarhini et  al. 2017). Compared to 
 animal derived proteins, plant derived proteins have recently attracted many 
researches attention owing to their lower cost and minimized inflammatory proper-
ties (Nesterenko et al. 2013b). Many proteins have been reported as successful car-
rier systems for bioactive compounds.

4.4.1  Caseins

Caseins are the highest abundant proteins in milk. They are divided into αs1-casein, 
αs2- casein, β-casein, and κ-casein. They are characterized by possessing low solu-
tion viscosity, excellent emulsifying capabilities, in additional to their rich nutri-
tional value. Hence, they are considered as promising materials for delivery systems 
preparation (Ho et al. 2017; Jain et al. 2016b).

Caseins are effective in encapsulating hydrophobic bioactive molecules such as 
β-carotene, vitamin D3, essential oils and naringenin (Jarunglumlert et  al. 2015; 
Moeiniafshari et al. 2015; Chen et al. 2014).

Furthermore, caseinates salts of calcium and sodium are also obtained through 
their solubilization in alkaline medium. They have the advantage of being highly 
water soluble, thus enhancing the dispersibility of highly hydrophobic bioactive 
compounds (Jarunglumlert et al. 2015).

In addition, caseins can form micellar structures as colloidal particles that are 
formed from caseinates solutions upon the addition of some ions such as calcium, 
phosphate or citrate (Shishir et al. 2018).

4.4.2  Cereal Proteins

Zein proteins, the most important cereal proteins, are classified into alpha, beta, 
gamma, and delta. Zein proteins are hydrophobic water insoluble proteins that could 
self-assemble forming various structures according to the solvents used. Therefore, 
zein proteins are considered as promising candidates for preparing carrier systems 
for bioactive compounds (Dai et al. 2017; Donsì et al. 2017b).

Wheat proteins are composed of gliadin and glutenin. Although, they have low 
water solubility, high allergenic properties, and high susceptibility to celiac disease, 
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they have been reported to be incorporated within encapsulation systems either 
alone or with polysaccharides. Therefore, wheat gluten has been modified through 
acid heating deamination in order to minimize its cytotoxicity and enhance their 
entire performance. For instance, succinic acid deamidated wheat gluten micro-
spheres has been prepared to encapsulate fish oil through double emulsion tech-
nique. The produced deamidated wheat gluten microspheres proved their effeciency 
in controlling release and maintaining the stability of fish oil (Sun et al. 2009; Liao 
et al. 2012; Andreani et al. 2009).

Potato protein has been recently utilized as biomaterials for carriers preparation 
owing to its good antioxidant activity, high emulsifying ability, low cost, and low 
non-allergenic properties. Potato protein based nano carriers have been used for the 
efficient encapsulation of hydrophobic bioactive molecules such as vitamin D. The 
prepared potato protein based carriers protected vitamin D and extended its shelf- 
life when tested under different storage conditions (David and Livney 2016; Waglay 
et al. 2014).

4.4.3  Gelatins

Gelatins are animal derived proteins that could be obtained through partial either 
acid or alkaline hydrolysis of collagen. The hydrolysis could undergo enzymatically 
as well. Gelatins are classified into type A and type B according to the method of 
preparation. For instance, Gelatin type A is obtained from the skin of bovine, por-
cine or fish via acid hydrolysis procedure. However, gelatin type B is extracted from 
the bones of bovine, fish, or porcine through alkaline hydrolysis procedure (Shishir 
et al. 2018; Patel et al. 2008).

Gelatins have been reported as good biomaterials for preparation of carrier sys-
tems owing to their high biocompatibility, biodegradability as well as water reten-
tion ability. In addition, they are characterized by being non-carcinogenic and 
non-immunogenic biopolymer (Shishir et al. 2018; Chen et al. 2017).

Gelatin has proven their effeciency as biomaterials for the preparation of carrier 
systems incorporating wide range of bioactive compounds e.g. antimicrobial agents, 
antioxidants as well as some nutraceuticals (Chen et al. 2017; Gómez-Mascaraque 
et al. 2017).

4.4.4  Soy Proteins

Soy proteins are the highest portions of legume proteins. Soy proteins are consid-
ered to be promising biomaterials owing to their good physicochemical properties 
in terms of emulsification, fat absorption, gel formation, water binding capability, 
and antioxidant ability. Soy proteins consist of glycinin (11S globulin) and congly-
cinin (7S globulin). Carriers made of soy protein have been used to encapsulate 
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diffferent bioactive compounds such as algal oil, curcumin, tomato oleoresin, 
paprika oleoresin, and lycopene (Ho et al. 2017; Dai et al. 2017; Lia et al. 2015).

In addition, soy proteins have been used with polysaccharides for preparation of 
blended encapsulate systems that showed enhanced stability and anti-oxidative 
properties. For instance, a study showed that a carrier system composed of soy pro-
tein and chitosan together was a successful encapsulate of algal oil with enhanced 
encapsulation efficiency reaching around 97.36% as well as high oxidative stability 
compared to soy protein alone. In addition, another study showed that the use of soy 
protein and gum acacia together to encapsulate tomato oleoresin showed better 
emulsifying features, higher biocompatibility as well as encapsulation efficiency 
than single soy protein carrier systems. Furthermore, conjugated soy protein with 
some polysaccharides revealed good protection ability of lycopene from light, tem-
perature and humidity during storage conditions. In addition, the system showed 
higher capability to control the lycopene release within gastric conditions (Shishir 
et al. 2018; Lia et al. 2015; Yuan et al. 2017b).

4.4.5  Whey Proteins

Whey proteins are characterized by having superior biological characteristics espe-
cially emulsifying and gelling properties. Therefore, they are typically used in 
hydrogels preparations as well as nanoparticle systems through their conjugation 
with several polysaccharides. For instance, β-lactoglobulin was utilized in different 
forms i.e. pre-heat treated, cross-linked or even untreated form to incorporate vari-
ous bioactive molecules e.g. sour cherries anthocyanins. It was found that cross- 
linked protein form reached the highest encapsulation efficiency up to around 
64.69%. While both the cross-linked and pre-treated forms showed higher protec-
tion effeciency for anthocyanins against the gastric juice in the stomach compared 
to the untreated form. Consequently, this allowed the anthocyanins be released into 
the gut (Oancea et al. 2017). On the other hand, α-lactalbumin nanotubes were used 
successfully to incorporate caffeine with encapsulation efficiency of almost 100%. 
This proves the high capability of α-lactalbumin nanotubes to encapsulate bioactive 
compounds (Fuciños et al. 2017b).

4.5  Polysaccharide Micro and Nanocarriers

Polysaccharides, long polymeric chains of monosaccharides linked together by gly-
cosidic linkages, can be used as edible encapsulating polymeric matrix through 
either microencapsulation or nanoencapsulation approaches according to the final 
dimensions of the prepared formulation. Polysaccharides have been reported as 
promising encapsulating systems for incorporating both additive and bioactive 
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compounds used in food packaging systems. Among the most commonly used 
encapsulated additive and bioactive materials used in food packaging systems are: 
(a) natural nutraceuticals e.g. minerals, probiotics & vitamins, (b) antimicrobial 
agents, (c) antioxidants, and (d) anti-softening agents (Raybaudi-Massilia and 
Mosqueda- Melgar 2012; Tapia et al. 2007; Rojas-Graü et al. 2009).

Encapsulation of the above-mentioned compounds have the advantage of: (a) 
preserving & protecting them against the surrounding environment, (b) prolonging 
their shelf life, and (c) enhancing their safety and sensory features (Dubey et al. 
2009; Parra 2010; Raybaudi-Massilia and Mosqueda-Melgar 2012). The efficiency 
of these encapsulated systems has been reported for wide range of various food 
products including dairy products, fresh fruit & vegetables cuts, as well as meat and 
poultry products (Olivas and Barbosa-Cánovas 2005; Min and Ahn 2005; Waghmare 
2020; Cerqueira et al. 2009). Many polysaccharides have been reported for their 
efficiency in encapsulating various additives and bioactive agents mandatory in 
food packaging.

4.5.1  Cellulose & Cellulose Derivatives

Cellulose, the first most abundant polymer in nature, as well as its derivatives 
including carboxymethyl cellulose (CMC), hydroxylpropyl methyl cellulose 
(HPMC), and methyl cellulose (MC) have been reported as efficient polysaccha-
rides for encapsulating antimicrobial agents in food packaging to prevent the growth 
of microorganisms and prolong the shelf life of packaged food. For example, cel-
lulose based systems incorporating various antimicrobial compounds e.g. nisin and 
Pediocin, an antimicrobial peptide produced by Pediococcus sp., have shown good 
antimicrobial potency against L. monocytogenes, L. innocua, and Salmonella sp. 
This has been proven when tested on fresh fruits cuts such as strawberry and sliced 
meat products (Nguyen et al. 2008; Park et al. 2005).

In addition, CMC and HPMC based carriers of some antimicrobial agents such 
as sodium benzoate, sodium propionate, potassium sorbate, etc. have shown a high 
inhibitory effect of fungal and mold growth such as Penicillum digitatum and 
Penicilllum italicum when tested with fresh pistachio and oranges (Sayanjali et al. 
2011; Valencia-Chamorro et al. 2009). Furthermore, HPMC based carrier systems 
incorporating some antioxidants that have shown good inhibitory effects on lipid 
oxidation of almond.

4.5.2  Chitosan

Another example for polysaccharides involved in encapsulation of antimicrobials 
in food packaging applications, is chitosan, which is obtained from chitin. Chitin 
is counted as the second most abundant natural polysaccharide after cellulose. 

A. Shetta et al.



171

Chitosan has been reported for its ability to encapsulate different antimicrobial 
agents during food packaging e.g. acetic acid, sodium benzoate, sodium diace-
tate, sodium lactate, potassium sorbate, propionic acid, lauric acid, cinnamalde-
hyde, vanillin, lysozymes, nisin, etc. (Dutta et  al. 2009; Ouattara et  al. 2000; 
Duan et al. 2007; Ye et al. 2008). Chitosan based systems have shown high effi-
ciency in protecting salmon, meat products and fresh fruit cuts against various 
microorganisms. These include bacteria, fungi and molds such as Lactobacillus 
sakei, Serratia liquefaciens, L. monocytogenes, Pseudomonas Fluorescens, 
Saccharomyces cerevisiae, Escherichia coli, Cladosporium sp., Rhizopus sp, 
among others (Ojagh et  al. 2010; Fajardo et  al. 2010; Siripatrawan and 
Noipha 2012).

4.5.3  Alginate

Alginates, anionic polysaccharide chains obtained from brown algae cell walls, 
have been used as encapsulating systems for some wide range of antimicrobial 
agents such as nisin, lysozymes, sodium diacetate, sodium lactate, enterocins A and 
B, etc., to protect different meat and poultry products against wide range of micro-
organisms such as Brochothrix thermosphacta, Salmonella enterica,  Staphylococcus 
aureus, Listeria monocytogenes (Natrajan and Sheldon 2000; Millette et al. 2007; 
Datta et al. 2008; Neetoo et al. 2010; Marcos et al. 2008).

Furthermore, alginate based encapsulating systems have been reported as prom-
ising carriers for some essential oils as well as their active ingredients such as 
Spanish oregano, Chinese cinnamon, winter savory, lemongrass, oregano, vanillin, 
palmarose, eugenol, geraniol and citral. They showed high efficiency in protecting 
meat & poultry products as well as fresh fruit cuts in refrigerators against wide 
range of microorganisms such as Salmonella enterica, Listeria innocua, Escherichia 
coli, native flora, in addition to mesophilic and psychotropic bacteria, molds and 
yeasts (Oussalah et al. 2006, 2007; Rojas-Graü et al. 2007; Raybaudi-Massilia et al. 
2008a; Olivas et al. 2007; Seol et al. 2009).

4.5.4  Starch

Starch, composed of polysaccharide chains consisting of glucose monomers linked 
together via α 1,4 linkages, based carriers systems incorporating antioxidants agents 
such as rosemary oleoresin, tocopherols, stearic acid, etc., reported inhibitory effect 
on lipid oxidation and moisture loss in food packaging (Wu et  al. 2000, 2001; 
Hargens- Madsen et al. 1995). Tables 7.5 and 7.6 summarize the use of polysaccha-
rides as carriers.
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Table 7.5 A summary of different compounds incorporated in Chitosan carriers

Polysaccharide
Incorporated 
compounds Example Type of food References

Chitosan Antimicrobial 
agents

Lysozymes Mozzarella cheese Duan et al. (2010)
Potassium 
sorbate

Whole strawberry Park et al. (2005)

Potassium 
sorbate, sodium 
lactate and 
diacetate

Roasted turkey, 
cold smoked 
salmon, and ham 
steaks

Ye et al. (2008) and 
Jiang et al. (2011a, b)

Vanillin Fresh-cut 
pineapple and 
melon

(Sangsuwan et al. 
2008)

Nutraceuticals Omega 3 and 
vitamin E

Lingcod fillets Raybaudi-Massilia 
and Mosqueda-Melgar 
(2012) and Duan et al. 
(2007)

Calcium Whole strawberry Hernández-Muñoz 
et al. (2006)

Calcium and 
vitamin E

Whole strawberry 
and red raspberry

Han et al. (2004)

Table 7.6 A summary of bioactives incorporated in alginate, cellulose & its derivatives, and 
starch carriers

Polysaccharide
Incorporated 
compounds Example Type of food References

Alginate Antimicrobial 
agents

Sodium lactate and 
diacetate

Roasted turkey 
slices, fillets, 
and cold- 
smoked salmon 
slices

Neetoo et al. 
(2010) and Jiang 
et al. (2011a)

Malic acid, potassium 
sorbate, vanillin and 
essential oils of 
lemongrass, oregano, 
cinnamon, clove, 
cinnamaldehyde, 
eugenol, citral, eyc

Fresh-cut apple Rojas-Graü et al. 
(2007), Raybaudi- 
Massilia et al. 
(2008a), and 
Olivas et al. 
(2007)

Malic acid and essential 
oils of cinnamon, citral, 
eugenol, lemongrass, 
plamarose, geraniol

Fresh-cut 
melon

Raybaudi- 
Massilia et al. 
(2008b)

(continued)
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Table 7.6 (continued)

Polysaccharide
Incorporated 
compounds Example Type of food References

Antioxidants Glutathione and 
N-Acetyl- cysteine, 
Calcium Chloride

Fresh-cut apple Tapia et al. 
(2007), Olivas 
et al. (2007), and 
Raybaudi- 
Massilia et al. 
(2008b)

Glutathione and 
N-Acetyl-cysteine

Fresh-cut pears Oms-Oliu et al. 
(2008)

Tea polyphenols and 
vitamin C

Bream (fresh 
water fish)

Song et al. (2011)

Anti-softening 
agents

Calcium chloride and 
calcium lactate

Fresh-cut 
apples, pears, 
melons and 
papayas

Tapia et al. (2007, 
2008), Rojas-Graü 
et al. (2007), 
Raybaudi- 
Massilia et al. 
(2008a), Olivas 
et al. (2007), 
Oms-Oliu et al. 
(2008), and Tapia 
(2008)

Nutraceuticals Probiotics Fresh-cut 
papayas

Tapia et al. (2007)

HPMC Antimicrobial 
agents

Sodium benzoate, 
sodium propionate, and 
potassium sorbate

Whole 
strawberry and 
oranges

Park et al. (2005) 
and Valencia- 
Chamorro et al. 
(2009)

Antioxidants Ascorbic, citric and EO 
ginger

Toasted 
almond

Atarés et al. 
(2011)

CMC Ascorbic acid and 
TBHQ

Fresh-cut 
apples and 
potatoes

Baldwin et al. 
(1996)

MC Ascorbic acid Fresh-cut 
apples

Raybaudi- 
Massilia and 
Mosqueda- Melgar 
(2012)

Starch Antimicrobial 
agents

Sodium lactate and 
diacetate

Roasted Turkey Jiang et al. 
(2011a)

Green tea extract Pork slices, 
fruit-based 
salad, and 
romaine hearts

Chiu and Lai 
(2010)
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5  Technological Challenges, Food Integrity and Regulatory 
Manifestations in Encapsulation

5.1  Technological Challenges in Preparation of Micro 
and Nanoencapsuled Systems

Although micro- and nanoencapsulation techniques have been widely used to pre-
pare successful carrier systems for bioactive compounds, not all of them have been 
applied on large scale for pharmaceutical and nutraceutical applications. This 
returns back to the necessity of more long term and extensive studies towards these 
techniques to assure their credibility to be used on large scale. The used techniques 
should be tested again in terms of their impact on the chemical and physical stabili-
ties of both the encapsulating systems and encapsulated compounds. For instance, 
concerning the newly emerged techniques, only freeze drying and spray drying are 
the most extensively used techniques in the industrial production (de Souza et al. 
2017; Đorđević et al. 2016).

Even the traditional techniques still need more investigations to overcome their 
drawbacks and maximize their benefits. For example, it is advisable to discover 
more biomaterials that could be used in the encapsulate development. Furthermore, 
studies should be conducted to investigate the limitation of each materials and study 
how these could be improved (Shishir et al. 2018).

For instance, it is highly challengeable to incorporate liposomes in food owing to 
the high semi-permeability while low physical stability of the membranes. For suc-
cessful preparation of liposomal structures as carrier systems in food packaging, it 
is mandatory to understand deeply the stability and solubilization features of the 
encapsulated compounds as well as their effect on the structure and properties of 
bilayer membrane of lipids in terms of fluidity, molecule dynamics and micropolar-
ity (Brandelli et al. 2016; Frenzel and Steffen-Heins 2015; Yoshimoto et al. 2007).

Another technological challenge in encapsulate system is the tailoring of the 
ratio between oily and aqueous phases during the preparation of emulsions. In addi-
tion, the selection of the appropriate type of surfactant or the emulsifying agent as 
well as the proper required concentrations are considered as challenging aspects 
(Brandelli et al. 2016; Rayner et al. 2014).

5.2  Safety Aspects

Nanotechnology applications have gained high popularity in encapsulation approach 
of bioactive compounds in food and pharmaceutical industry. Although they showed 
promising and interesting solutions to overcome the drawbacks of using the bare 
bioactive compounds, some environmental and safety concerns have been raised 
during the past few years. The raised fears are related to the effect of nano- sized 
delivery systems on both the environment and the human health. The point of view 
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for many researchers is attributed to the nanoscale systems potential toxicity risk on 
both the human hygiene and the surrounding environment (Katouzian et al. 2017).

Therefore, safety information concerning the size of the nanoencapsulated sys-
tems should be furtherly assessed especially their long-term toxicity (Katouzian 
et al. 2017; He and Hwang 2016; Ezhilarasi et al. 2013).

For instance, the small size of nanoparticles allows them to cross the biological 
barriers easily leading to probable interference with some biological reaction result-
ing in possible toxicological effects. Furthermore, the high surface area and conse-
quently the high reactivity of the small sized nanoparticles could lead to acute 
inflammation and irritation (Jafari et  al. 2017; Zhang et  al. 2007; Fröhlich and 
Roblegg 2012).

Finally, the chemicals such as surfactants, stabilizing agents, etc. could have some 
toxicological effects on cells. Therefore, it is advisable to use green and naturally 
derived and FDA approved biomaterials during the preparation procedures. Moreover, 
it has been proven through cell viability assessments that coating of the prepared 
nanoparticles leads to decreasing the adverse effects on the cells (Shishir et al. 2018; 
He and Hwang 2016; Cruz et al. 2015; El Badawy et al. 2011; Seeli and Prabaharan 2016).

5.3  Regulatory Aspects

Unfortunately, the regulatory aspect concerning the use of nanoparticle systems in 
food and drug industry has not been firmly legislated globally till now. Most of the 
countries do not have particular roles to estimate the risk of the encapsulated nano- 
products or even to limit or minimize their risk factors (de Souza et  al. 2017; 
Katouzian et al. 2017).

However, only the European Union (EU) has started recently to initiate clear 
regulatory vision for the use of nano- materials in industry (de Souza et al. 2017). 
Furthermore, Regulation (EU) no. 10/2011 states that nanoparticles cold lead to dif-
ferent toxicological features. Therefore, they need to be assessed on a case-by-case 
basis. For instance, nanoparticles can be utilized only if they have been approved or 
mentioned in Annex I of Regulation (EU) no. 10/2011.

The US Food and Drug Administration (FDA) does not possess precise principle 
relating the nanomaterials that could be used in the food and drug industry. However, 
it has issued guidelines concerning the regulatory and safety manifestations in new 
food industry technological approaches entitled “Draft Guidance for Industry” 
(Duvall and Knight 2011). The guidance stated some responsibilities that should be 
considered by the industrial sectors which include: (a) monitoring the changes that 
could occur to the food materials in terms of appearance of impurities or alteration 
in physicochemical properties, (b) evaluating the food products safety after being 
modified, (c) submitting a regulatory assessment to US FDA, and (d) specifying a 
regulatory concern for the new food products consumption. USA FDA states that 
the current law protocols are proper for the assessment of nanomaterials safety 
(Shishir et al. 2018; Katouzian et al. 2017).
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6  Future Trends

Active food packaging through nano and micro-encapsulation is a method that has 
been gradually integrated into food industries to improve the quality and safety of 
food. Numerous gaps are still existing and hinder the development of this widely 
growing field. It needs to be easily accessible by industry and consumers. Safety 
and regulatory matters are being improved by the national organizations to establish 
convenient management for the progression of active food packaging.

The great challenge is to come with a product that is safe, high in quality, with 
extended shelf life, and able to prevent active microorganisms, moisture, gases, and 
mechanical forces. Thus, the process of active packaging and intelligent packaging 
has progressed to overcome those challenges for safer and healthier food.

Food pathogenic microorganisms present one of the serious problems that short-
ened the product shelf life and lead to food spoilage, and so reducing its quality. 
Multiple methods have come with promising ways to incorporate bioactive materi-
als (e.g., essential oils) that have antimicrobial activity. Nevertheless, an urgent need 
to develop new substances with higher features is essential to get the most use of 
that active materials in the food industry. In this regard, the role of nanotechnology 
is an attractive system to improve and fulfill the different related issues.

The utilization of antimicrobial materials is remarkable since it allows the con-
trol of the pathogenic microorganisms by delaying or terminating their actions. This 
method can guarantee microbiologically safe food with no chemical additives and 
prolonged shelf-life. Multiple plant extracts showed magnificent antimicrobial 
behavior without negatively affecting the organoleptic properties of the food and 
so-called as Generally Recognized As Safe” (GRAS).

Nanotechnology has shown outstanding progression in numerous sectors includ-
ing food technology. This extended to involve different aspects of active food pack-
aging (e.g. controlled release of the delivery systems, nano-sensors for food safety, 
and nanoencapsulation or emulsion for low stability bioactive. Although nanotech-
nology strategy is promising in many sectors, food is not progressed as like as other 
fields (e.g., cosmetics). Extensive research studies are substantially needed to evalu-
ate the efficiency and biosafety of such novel packaging in food through regulator 
bodies (e.g., the Food and Drug Administration). Scientists still required a research’s 
increase and knowledge in the field of active food packaging by investigating the 
control of the release kinetics and the development of products that economically 
feasible.

7  Conclusion

The encapsulation of the bioactive compounds helps in preserving their activities, 
enhancing the stability, and improving the release profile. Different materials could 
be used for the microencapsulataion of the bioactive ingredients such as 
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polysaccharides, proteins, and lipids. The successful encapsulation in either micro 
or nano- forms relies on different properties of both encapsulating agents and bioac-
tive compounds. Different encapsulating techniques such as spray drying, molecu-
lar inclusion, freeze-drying, and emulsification are used to prepare both micro and 
nano-systems as well. Nanofibers are considered one of the main platforms that 
could be used to to encapsulate the bioactive ingredients in food packaging. Future 
studies are needed to solve any problems regarding micro and nano encapsulation 
techniques to enhance their efficiency as well as scalability.
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