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Chapter 13
Application of Releasing Packaging 
in Beverages
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M. Fraga-Corral, M. A. Prieto, and J. Simal-Gandara

Abstract  Nowadays, packaging is a crucial step to ensure the preservation of bev-
erages during storage, transport, distribution, retailing and consumer handling. The 
drawbacks of traditional materials and the increasing demand for higher quality and 
safe products by consumers has led the packaging industry to develop new packag-
ing systems. Many of the advances have been focused on active packaging, which 
aims to prolong shelf life, ensure food quality and safety and reduce the environ-
mental impact of the packaging industry. This chapter will be focused on the main 
applications of the releasing active packaging systems in different beverages. 
Antioxidant and antimicrobial applications stand out, since oxidative reaction and 
microorganisms’ growth are the major causes of beverage deterioration and spoil-
age. Regarding antioxidant packaging, several extracts and natural antioxidants 
have been effectively included and intentionally released from packaging. Similarly, 
a great variety of compounds have been employed in antimicrobial packages, like 
metal nanoparticles, bacteriocins or natural antimicrobials. In addition, other type 
of applications could be described. Functional applications, which aim to improve 
the organoleptic characteristics of the product and/or bring health benefits to the 
consumers. Some examples are the gas releasing in beer or the nutrient release in 
different drinks. Finally, self-cooling packages for beer and soft drinks and self-
heating packages for chocolate, soup and coffee have been developed, but some of 
these advances have not obtained a great commercial reception. This great variety 
of applications show that active packaging is a promising industrial sector, which is 
expected to continue growing an incorporating new scientific advance.
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Abbreviations

General

EC	 European Commission
EFSA	 European Food Safety Authority
EU	 European Union
FCMs	 Food contact materials
FDA	 Food and Drugs Administration
UHT	 Ultra-high temperature
US	 United States

Materials & Compounds

ABTS	 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid
DPPH	 2,2-diphenyl-1-picrylhydrazyl radical
EDTA	 Ethylenediaminetetraacetic acid
EVOH	 Ethylene–vinyl alcohol
LDPE	 Low-density polyethylene
PET	 Polyethylene terephthalate
PHB	 Polyhydroxybutyrate

1  �Introduction

1.1  �History, Role and Other Implications 
of the Beverage Packaging

Food and beverage industry are continuously growing and developing new products 
thanks to the new advances in food technologies and also to the increasing demands 
of consumers, whose interests change depending on their preferences, publicity and 
progressively more on product’s health properties and their environmental implica-
tions (Hao et al. 2019). Although packaging is not the industry most striking at first 
sight, it is a powerful and competitive sector as every item produced by food and 
beverage industry needs to be packaged in order to store and protect the product 
(Chen et  al. 2017). From a simple point of view, packaging needs to fulfil three 
objectives: food protection, identification and labelling, and marketing purposes. 
However, consumer demands are evolving to other interests. Nowadays, they seek 
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healthier foods, more sustainable, improved food safety and quality, and waste 
reduction (Borah and Dutta 2019). This change on their preferences has led compa-
nies to face the continuous challenge of satisfying consumers’ requirements. 
Currently, companies are forced to explore new shapes, sizes, materials and func-
tions of packaging to boost their productivity, improve their processes and the end 
of the process, find the most convenient products for consumers. In general terms, 
packaging can be defined as a way for presenting, protecting, identifying, contain-
ing and providing compliance for a product through the different processes until 
they reach consumer hands (Borah and Dutta 2019). Food supply chain is usually 
formed by independent processes that could be group in five steps: raw material 
collection, food or beverage processing, distribution, retailing and consumer han-
dling. Packaging procedure occurs during the second step and so, the product must 
pass through the remaining sections once it is packaged. Therefore, packaging is a 
crucial step as it must ensure the preservation of the product during storage, trans-
port, distribution, retailing and consumer handling (Hao et al. 2019). By packaging, 
products are closer to reach higher food quality and prolong their shelf life. Food 
quality is modified by different parameters, fundamentally, biological factors (i.e. 
spoilage microorganisms), time and environmental conditions (i.e. temperature, 
humidity, light, contaminants presence, etc.) that can lead to product degradation, 
and this can be avoided by the type of packaging (Van Der Vorst et al. 2010).

The history of beverage packaging first started linked to prehistoric times when 
humans left their nomadic lifestyle to become a sedentary society, thus packaging 
arose as a technique for preserving food. Firstly, beverages were storage into 
wooden barrels, due to its low cost manufacturing. Later, glass containers were 
developed (Butler and Joseph 2008). Particularly, glass has a long history as pack-
aging material as it guarantees healthy taste, it offers great protection due to its 
inflexibility and it is recyclable, among other properties. This material was one of 
the first used for beverage packaging and is still used today. Then, metal came and 
since its appearance, it has been widely employed and sometimes even categorized 
as the most adaptable material for its blending properties (Boarca et al. 2019). At 
last, plastic arrived hand in hand with the carbonated refreshment industry, particu-
larly, in 1970 by Pepsi® who presented the 2 L bottle made of polyethylene tere-
phthalate (PET). From this moment, plastics became the most employed materials 
for packaging due to their properties, as they are very malleable and synthetically 
safe and therefore, they have low production cost. However, plastic has shown a 
series of drawbacks as its variability in terms of vapors, light, gases and low molec-
ular size particles penetrability (Borah and Dutta 2019). But most important, its 
widespread use has been questioned during the last years because of the ecological 
implications of its excessive use. For this reason, different organizations such as 
World Economic Forum or Ellen MacArthur Foundation have claimed that innova-
tion systems could solve this problem (Cordier and Uehara 2019). At this context, 
biopolymers have been presented as an alternative for plastics as they are biode-
gradable, ecofriendly and an excellent vehicle for carrying substances with active 
properties as antimicrobial, antioxidant or food supplements. Unfortunately, these 
polymers do not show the key properties that plastic offers and thus, their use has 
been limited (Borah and Dutta 2019).
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Beverages market is constantly growing and therefore, companies compete for 
distinguish their products, among others. New packaging approaches and trends are 
a promising option for increasing the products attractiveness (Borah and Dutta 
2019). Traditional packaging acts as a passive barrier, but now manufacturers are 
intended to find modern and safe packaging systems (Boarca et al. 2019). Active 
packaging is aimed to prolong shelf life, ensure food quality and safety, reduce 
environmental impact and increase product attractiveness (Fang et al. 2017). The 
term refers to an active system that can influence and improve the product’s quality, 
solving the interactions among the packaging, the product and the environment. In 
general, active packaging allows to control and modify the product atmosphere by 
means of two strategies: absorbing (scavengers) or releasing (emitters) molecules. 
For instance, it can act as oxygen (O2) scavenger, carbon dioxide (CO2) scavenger 
or emitter, moisture regulator, flavor or odor liberator or absorber and emitter of 
other compounds with bioactive properties such as antioxidant or antimicrobial 
(Borah and Dutta 2019; Boarca et al. 2019). A schematic picture of how molecules 
are absorbed or released is presented in Fig. 13.1. In summary, it is responsible for 
releasing or absorbing substances in a controlled way to add extra functions and 
improve product functionality at the same time that product deterioration is 
decreased and spoilage microorganisms growth is inhibited (Boarca et al. 2019). In 
addition, a third category has been noted: immobilized, where active agents linked 

Fig. 13.1  Schematic picture of how molecules are absorbed or released in active packaging sys-
tems. (Modified from Ahmed et al. 2017)
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by covalent bounds interact with the packaged beverage (Romani et  al. 2020). 
Among active packaging releasing strategies, the most studied have been the con-
trolled release of antioxidant and antimicrobial substances, since oxidative reac-
tions and spoilage microorganisms are the main causing agents of degradation in 
beverages (Ho et al. 2004; Gómez-Estaca et al. 2014).

1.2  �Legislation

As active and intelligent packaging are relatively new in food and beverage industry, 
legislation is needed to accomplish the requirements of safety and quality. In this 
regard, a brief revision of the regulations in Europe and United States (US) is pre-
sented in the following lines. In general terms of the European Union (EU), contain-
ers must fulfil the Directive 2001/95/EC known as the General Product Safety 
Directive that provides the guidelines for safety requirements and the related 
responsibilities of ensuring products safety by the producers (Cushen et al. 2012). 
There are also general regulations for classification, labelling and packaging of sub-
stances and mixtures, regulated by Regulation (EC) No 1272/2008 (Cushen et al. 
2012). In EU, the first regulation that explicitly mentions active and intelligent 
packaging is the European Regulation on Materials and Articles Intended for Food 
Contact (EC) No 1935/2004. This regulation gives the legal frame for food packag-
ing, also including active food contact materials (FCMs). This is a new type of 
material that maintains or improves the condition of the product. It regulates the use 
of active and intelligent packaging due to its beneficial properties on food safety, 
quality and shelf life. It also refers to the risk of migration of constituents that could 
damage human health or deteriorate food quality. In addition, products should 
accomplish with the Food Additive Directive (89/109/EEC) in relation to labelling 
of the authorized compounds allowed to be released from the active FCMs (Cushen 
et al. 2012; Dainelli 2015). More recently, the specific regulation (EC) No 450/2009 
on Active and Intelligent Materials and Articles Intended to Come in Contact with 
Food was adopted in active packaging legislation. In this case, it regulates that, if 
the product is submitted to a legislation that limits the total quantity of a substance 
in a product, the released substance by the active FCMs must appear in the ingredi-
ents list. It also points out the migration issue that must undergo the same safety 
assessment that plastic materials, according to the European Food Safety Authority 
(EFSA) evaluation and an European Community (EC) authorization (Cushen et al. 
2012). At this regulation is also stated the definition of active packaging system as 
“deliberately incorporate components that would release or absorb substances into 
or from the packaged food or the environment surrounding the food” (Yildirim et al. 
2018). It is worth to mention that depending on the material where the active or 
intelligent system is incorporated, packaging must accomplish with the correspond-
ing associated legislation. For instance, if this material is plastic, it should fulfil 
Regulation (EC) No. 10/2011 and its amendments (Dainelli 2015). Moreover, legis-
lation can vary among different countries. For instance, in the case of US there is no 
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specific regulation about active packaging, although their use is regulated by the 
normative provided by the FD&C Act, Section 201(s) (21 U.S.C. 321) (1958) as 
they act as food indirect additives and their approval is submitted to the Food and 
Drugs Administration (FDA) (Dainelli 2015). However, even though the regulations 
on the EU and in the US have been developed independently, general requirements 
are quite similar. Moreover, there is still an open via for further regulations and in 
general, future challenges in terms of legislation, innovation and risk assessment of 
the use of these new active packaging systems (Restuccia et al. 2010).

2  �Packaging Technology

As stated before, packaging industry moves huge amounts of money annually and 
is subject to continuous technologic progress with the aim of reducing costs, 
improving preservation or being a distinctive brand, making a product recognizable 
just by looking at the package. This progress allows us to distinguish between tradi-
tionally used packages and those developed in recent decades.

2.1  �Typical Materials Used in Beverages Packaging

Several packaging materials can be used in beverages such as plastic, paper, paper-
board, cardboard based packaging, wood, metal or glass, having all been used over 
many years. However, despite this great variety of materials not all can be used with 
all beverages. A suitable choice of packaging material is essential to better preserve 
the food during its shelf life. The different advantages and disadvantages of each 
type of packaging material, summarized in Table 13.1, are of great interest for the 
choice of material. In many cases, to avoid the inconveniences, several materials are 
combined to obtain better packaging characteristics. In this way, protection is 
increased due to the application of a multilayer system.

One of the containers with the worst opinion by the consumer is plastic. Despite 
the risks present in plastic, it is still the most widely used material in beverages not 
only for being economical, but also for its mechanical properties that make it easy 
to manipulate (heat seal, optical properties, moldable) (Farmer 2013). In fact, if the 
most common way to see plastic packaging is in a bottle, there are also packaging 
in the form of bags consisting of several heat-sealed layers, used to package bever-
ages such as milk, wine or teas (Ghoshal 2019). This material has the advantage of 
being able to be applied in multilayers, which reduces part of the drawbacks it pres-
ents. Its main drawbacks are a variable permeability to light, gases, vapors, and low 
molecular weight molecules. Different types of plastic have been developed and 
each one has its own characteristics and properties that will determinate its applica-
tion. The most used are PET, high-density polyethylene, polycarbonate, low-density 
polyethylene (LDPE), polyvinyl chloride and polystyrene, being all polymeric 
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materials (Núñez et al. 2015) (Table 13.2). Among all these types, the most suitable 
is usually PET, since it allows hot filling, a technique that permits sterilization and 
increases the shelf life of the packaged product. In addition, it is cheaper than other 

Table 13.1  Advantages and disadvantages of different conventional packaging materials

Material Advantages Disadvantages

Plastic Recyclable Variable permeability
Break resistance Limited reuse and recycling properties
Moldable, flexible Use of nonrenewable resources
Lightweight Risk of carcinogenic diseases
Economical May possess electrostatic charges
Integrated into production 
processes

High CO2 emissions during production
High environmental impact during if not 
recycled or if incinerated

Paper o 
paperboard

Recyclable Brittleness
Lightweight Susceptibility to breakages
Economical Poor barrier properties

Not suitable for long periods
It is usually necessary to combine it with 
other materials which makes it difficult to 
recycle
Tears easily

Cardboard based 
packaging

Recyclable Use of many materials (paper, aluminum, 
plastic) CO2 emission during the production

Lightweight Use of some nonrenewable resources (oil and 
bauxite)Economical

Wood Reusable and recyclable Expensive
Break resistance Poor barrier properties

Not suitable for long periods
Metal Recyclable Depending on the material it can be 

expensive. E.g. aluminum
Break resistance Corrosion
Impermeable to gases and 
vapors

Use of nonrenewable resources

Good food preservation
Useful for heat sterilization
Consumer acceptance

Glass Reusable and recyclable Heavy
Odorless and chemically 
inert

Expensive

Impermeable to gases and 
vapors

Brittleness

Good food preservation if 
color is added to the glass

Susceptibility to breakages

Useful for heat sterilization CO2 emission during the production
Can see the content Use of nonrenewable resources
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types of packaging. PET have less barrier toward O2, which may be corrected by 
using flexi composite combination such as metalized polyester/polyester/polyethyl-
ene. Thermoplastic along with paperboard and aluminum foils are used in aseptic 
packaging, which also act as a strong barrier to O2 and light. These packages are 
characterized by being stable at room temperature (Welle 2011).

Other common materials in beverage packaging are glass and metal. The first 
one is used in the production of bottles for the packaging of fruit drinks, especially 
for those of higher quality. Furthermore, the drinks packaged with this material are 
usually gourmet or alcoholic. However, more and more juice is produced in bricks 
(Ghoshal 2019). This material has the advantage that it can be melted and re-molded 
as many times as desired, and glass can also be reused. Fusion process is carried out 
at relatively low temperatures, so it does not entail a high energy expenditure either. 
The latest advances in this field have also reduced the thickness of the material, 
reducing not only the weight of the containers, but also CO2 emissions (Vinci et al. 
2019). Regarding the second one, several metal materials have been used in bever-
age packaging. For example, steel is frequently used to make beverage bottles, 
while aluminum is typical used in carbonated refreshments to make coatings or 
layers. Aluminum presents the advantage of being moldable and light (Borah and 
Dutta 2019). Nevertheless, this material cannot be used in all beverages. For exam-
ple, in wine, it develops sulfur smells. Corrosion problems can be avoided by mak-
ing containers of several pieces that also prevent the release of aromas (Deshwal 
and Panjagari 2020). The case of alcoholic beverages is especially interesting 
because consumers believe that the type of packaging has a great influence on its 

Table 13.2  Applications of the different plastics used to make beverage containers

Polymer Code Uses Symbol

PET 1 Microwavable packages.
Take-out packages.
Single-serving food trays.
Bottles: soft drinks, sport drinks, water, sauces, vegetable oil.

HDPE 2 Juice, milk, vinegar, syrups.

PVC 3 Bubble foils and foils.

LDPE 4 Cans: coffee, soda, etc.

PP 5 Containers: yogurt, syrup, creams.

PS 6 Cups.

Others 7 Depends on the polymer.

Adapted from Cooper (2013)
PET polyethylene terephthalate, HDPE high-density polyethylene, PVC polyvinyl chloride poly-
carbonate, LDPE low-density polyethylene, PP polypropylene, PS polystyrene
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flavor. However, different studies have not shown significant differences (Barnett 
et al. 2016).

2.2  �New Technologies and Materials for Beverage Packaging

The increasing demand for higher quality and safe products by consumers has led 
the packaging industry to make some significant changes in the use of ingredients 
and processing systems. This last section has generated great interest since con-
sumer’s demand minimally processed, natural and fresh products, a challenge that 
has increased with the current globalization. Different advances have allowed to 
satisfy many of these needs as well as lengthening the useful life of the product 
(Dávila-Aviña et  al. 2015). The most recent advances in packaging are not only 
focused on the application of multilayer systems, but also an in-depth investigation 
on active or intelligent packaging and materials with lower environmental impacts 
is being carried out (Marsh and Bugusu 2007). Therefore, the new advances are 
focused on changing the structure of the packaging material and the development of 
new systems (active or intelligent). In Table 13.3, the advantages and disadvantages 
of the emergent packaging systems have been summarized. The hot filling tech-
nique is based on filling the container with the hot drink (70–93 °C), and then sealed 
and kept it at that temperature for about 10 min, which sterilizes the product. This 
method is used especially for acid or acidified beverages and it has been described 
to improve their shelf life up to 6 months (Grumezescu and Holban 2019). Another 
packaging technology consists in the use of modified atmospheres. This method 
entails the exchanging of the gas surrounding by introducing a gas mixture in the 
container, optimizing the preservation of the beverage. There are different forms, 
being the most applied in drinks the gas-flushing and the compensated vacuum 
(Emblem 2013). But the systems that are grabbing the most attention are active and 
intelligent packaging. As mentioned before, active packaging is intended to extend 
the shelf life of a food, mainly achieved by controlling the permeability to O2 and 
moisture as these factors facilitate microbial growth, increase oxidative reactions 
and induce the development of off-flavor and color changes. Thus, it allows to 
improve the preservation of beverages due to interactions with the product or its 
environment (Dombre et al. 2015). This packaging system can be applied to differ-
ent products, like concentrated milk, fermented milk, probiotic-rich fermented bev-
erage, fruit juice, wine, beer, tea, coffee and others (Ghoshal 2019). Several 
examples of active packaging technologies are O2, CO2 and ethylene scavengers, 
antimicrobial component releasers, moisture, flavor and odor absorbers, and ethanol 
emitters (Sahu 2016). The addition of active substances through the packaging 
instead of directly to the food may be more efficient, thus reducing the amount of 
compound necessary, since most degradative processes take place on the surface of 
food. In addition, when added to the packaging, interactions with food compounds 
that may inhibit or reduce their activity or be lost during food processing are avoided 
(Yildirim et al. 2018). Other emergent technology is the use of intelligent systems, 
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based on the use of components that monitor the condition of packaged food or the 
environment surrounding the product during transport and storage (Commission E 
2011). Therefore, this system allows the users to obtain reliable and accurate infor-
mation about food conditions, the environment and/or the packaging integrity 
(Vanderroost et al. 2014).

Regarding new advancements in packaging materials, numerous biopolymers 
have been developed, as well as nanoparticles, used to improve the mechanical and 
barrier properties of packaging materials (Borah and Dutta 2019). Other challenge 
for packaging industry is the reduction of the waste generated. As a possible solu-
tion, edible films and coatings are being developed. However, this type of coating 
still requires some of the other packaging (Malhotra et  al. 2015). All these new 
advances mean that the standards and the requirements to be met by packaging are 

Table 13.3  Advantages and disadvantages of the emergent packaging systems

Packaging Advantages Disadvantages

Active Increase storage stability Can hide product defects
Extend shelf life Extra cost
Slow down metabolism of food There may be unwanted migration processes 

that can induce toxicity
Control of organoleptic 
characteristics

Lack of recyclability

Necessity of use lesser amounts 
of preservatives

Active agent should not act until packaging

Reduce food loss and waste Active agent must be compatible with the 
packaging manufacturing processes

Packaging can be carried out with 
traditional equipment

The active compound may be included in 
another container that separates it from the 
food (bags), but it presents the risk of being 
manipulated
Inadequate concentrations can have adverse 
effects not only on health, but also on food 
preservation

Intelligent Provides reliable and correct 
information about the conditions 
of the food and packaging 
integrity

Older products can be rejected despite being 
in good condition
Possible mistrust/confusion of information
Extra cost

Hot fill Sterilization of the interior of the 
packaging

Cannot be used for carbonated beverages

Reduction of cost (PET bottles)
More natural

Modified 
atmosphere

Increase shelf life Does not inhibit the growth of some harmful 
bacteria

Better control of food quality Need of other preservation techniques such 
as refrigeration

Longer freshness cycles Once open the package, the protective effect 
is lostNo need of chemicals
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constantly changing and updating. It is important to point out that, before its appli-
cation, toxicological studies should be carried out to demonstrate the safety of the 
packaging used. Different surveys carried out among consumers showed that they 
are willing to change the packaging so that it is more sustainable as long as neither 
the taste nor the price of the product is changed. This last factor may be due to the 
belief that individual actions are not enough to contribute to a greener world (van 
Birgelen et al. 2009).

3  �Releasing Active Packaging Applications in Beverages

Nowadays, active packaging is one of the most promising fields in beverage packag-
ing. Examples of active packaging technologies include absorbing systems (i.e. 
oxygen scavengers, humidity absorbers, etc.) and releasing systems. The last one is 
a new generation of materials that possess the ability to release active compounds, 
such as antioxidants or antimicrobials, at controlled rates. The packaging material 
acts as reservoir of the active compound, released into the food in a controlled man-
ner during the expected storage time of the product. These active molecules need to 
be encased appropriately, to assure the release is not too slow or too fast (Farris and 
Piergiovanni 2012). Numerous applications and studies based on the release of 
compound have been developed. Some examples are described in Table  13.4. 
Generally, these applications are focused in the preservation of beverage against 
oxidation and the action of foodborne microorganisms, but several applications 
search enhancing the organoleptic qualities (flavor, taste or color of the product) or 
provide beneficial properties for the consumers.

3.1  �Antioxidant

Antioxidant packaging aims to prevent or slow down the oxidation of beverage 
compounds, which causes the deterioration of physical characteristics (such as fla-
vor and color). Generally, two basic methodologies to obtain antioxidant packaging 
systems have been described: (1) Independent devices like sachets, pads or labels, 
which contain the antioxidant agent separately from the food product, added to a 
conventional package, and (2) Antioxidant compounds included (directly or in com-
bination with a releasing system, such as emulsions or encapsulated) in the manu-
facture of the package, so these compounds further migrate into the beverage 
(Gómez-Estaca et al. 2014). However, sachet scavengers loss their activity rapidly 
when they get wet (Butler and Joseph 2008). Thus, the second option is the most 
used among the bibliography. The chosen antioxidants must provide no color or 
odor and should be thermally resistant, so it do not degrade during the processing 
(Lagarón and Busolo 2012).

13  Application of Releasing Packaging in Beverages



Table 13.4  Current approach of active packaging in beverages

Active 
packaging Application Principle Material/System Ref

Antioxidant Fruit juices Release of encapsulated 
antioxidants

Plastic (Gómez-Estaca 
et al. 2014)

Fruit juices Antioxidant compounds 
from fruit by-products

Plastic (Ramos et al. 
2015)

Aqueous 
simulants

Release of flavonoid-rich 
cocoa extract

Plastic (Calatayud et al. 
2013)

Aqueous 
simulants

Release of carvacrol and 
thymol

Plastic (Ramos et al. 
2014)

Mango juice Release of Vitamin E Nanoemulsion (Dasgupta et al. 
2015)

Fruit juices Release of a-tocopherol: Encapsulation 
using zein and 
cyclodextrins

(Saldanha do 
Carmo et al. 
2017)

Apple juice Trans-cinnamaldehyde 
release

Chitosan-alginate 
nanoparticles

(Loquercio et al. 
2015)

Antimicrobial Orange juice Chitosan and/or nisin as 
coating

Paperboard (Ho et al. 2004)

Apple and 
orange juice

Silver and Zinc oxide 
nanoparticles

Plastic (Cushen et al. 
2012)

Aqueous 
simulants

Release of flavonoid-rich 
cocoa extract

Plastic (Calatayud et al. 
2013)

Mango juice Release of Vitamin E Nanoemulssion (Dasgupta et al. 
2015)

Kiwi juice and 
melon juice

Cellulose and silver 
nanocomposites

Plastic (Lloret et al. 
2012)

Melon and 
pineapple 
juice

Cellulose and copper 
composites

Plastic (Llorens et al. 
2012)

Orange juice, 
liquid egg 
white

Nisin bacteriocin as a 
polymer coating

Plastic (Jin and Zhang 
2008)

Tomato juice Nisin release Nanocapsules (Chopra et al. 
2014)

Apple juice Nisin release Nanofibers (Soto et al. 2019)
Grape juice Natamycin release Nanohydrogels (Fuciños et al. 

2015)
Carrot, apple 
and orange 
juices

Release of carvacrol Emulsion (Char et al. 2016)

Cantaloupe 
juice

Thymol and nisin release Emulsion (Sarkar et al. 
2017)

Carrot juice Isoeugenol release Emulsion 
encapsulation

(Krogsgård et al. 
2016)

Meat broth Thymol, carvacrol in 
combination with acetic 
acid, lactic acid

– (Rocha et al. 
2017)

Apple juice Carvacrol, trans-
cinnamaldehyde and 
thymol

–

Apple juice Orange essential oil Nanoemulsion (Sugumar and 
Singh 2016)

(continued)



Table 13.4  (continued)

Active 
packaging Application Principle Material/System Ref

Functional Beer Gas emission Plastic, metal (Butler and 
Joseph 2008; 
Boarca et al. 
2019)

Water, other 
drinks

Flavor release

Health, 
wellness, and 
sports drinks

Nutrient release

Sugarcane 
juice

β-glucosidase release Calcium-alginate 
beads

(Ephrem et al. 
2018)

Grape juice Naringinase release κ-carrageenan 
beads

Chocolate 
shake

Enhance the flavor of 
shakes without having to 
add sugars

Nanoparticles (Ríos-Corripio 
et al. 2019)

Fruit juice, tea Fortification with 
nutrients by 
nanoencapsulation

Nanoencapsulation

Isotonic 
beverage

Color enhancement Encapsulation with 
cyclodextrins

(Lobo et al. 
2017)

Pineapple 
juice

Enzymatic clarification Encapsulation (Speranza et al. 
2017)

Berry-
pomegranate 
juice

Enzymatic clarification Encapsulation (Gassara-chatti 
et al. 2013)

Pineapple 
juice

Enzymatic clarification Inmobilization on 
clay

(Mohammadi 
et al. 2020)

Pomegranate 
juice

Microencapsulation of 
probiotic bacteria

Alginate beads 
coated with 
chitosan

(Nualkaekul et al. 
2012)

Mandarin 
juice

Fortification with vitamin 
C

Nanoliposomes (Liu et al. 2017)

Apple juice Improvement of vitamin 
C stability

Lipososomes (Wechtersbach 
et al. 2012)

Functional 
beverages

Fortification with refined 
kenaf seed oil

Encapsulation with 
cyclodextrins

(Chin et al. 2018)

Fruit juices Fortification with fatty 
acids

Nanoencapsulation 
with sodium 
caseinate and gum 
Arabic

(Assadpour and 
Jafari 2018)

Model 
beverage

Fortification by 
nanoencapsulation of 
anthocyanins

Chitosan 
nanoparticles

(He et al. 2017)

Self-heating Chocolate 
drink, soup, 
coffee

Glycerol and potassium 
salt reaction

Plastic (Boarca et al. 
2019)

Coffee, tea, 
clear soup, 
soup, 
chocolate

Calcium monoxide 
reaction

Metal (Palomero et al. 
2016)

(continued)
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Nowadays, there is a tendency to substitute chemical synthetized antioxidant 
compounds used in food and beverages, such as butylated hydroxyl anisole and 
butylated hydroxyl toluene, by natural ones, because the first are suspected of dam-
aging the health of consumers. Vitamins C and E and also phenolic compounds have 
been used as antioxidant additives. These antioxidants may prevent the oxidation of 
the product by different ways, such as scavenging reactive oxygen species or chela-
tion of transition materials (Ephrem et al. 2018). This switch could have advantages 
to the packaging producer’s awareness and favor strategies more sustainable. For 
example, the project PHBOTTLE aims to develop polyhydroxybutyrate (PHB)-
based materials with antioxidant properties made from sugars and carbon, nitrogen 
and O2-rich residues found in the waste water from juice bottling industries (Ramos 
et al. 2015). Numerous scientific studies have been focused on the development of 
new systems that effectively release antioxidants to protect different beverage prod-
uct. Although some studies have not tested the systems in beverages, some of them 
employed aqueous models. The positive results suggest that they could be really 
useful for the beverage industry. For instance, green tea extracts were added to eth-
ylene–vinyl alcohol (EVOH) copolymer films (López De Dicastillo et  al. 2011). 
Green tea extract is rich in flavonoids and is currently considered a safe food addi-
tive. Flavonoids, like other phenolic compounds, have gained a great attention in the 
last years, due to their wide range of activities, including antioxidant and antimicro-
bial, among others. Furthermore, they present beneficial effects on the consumers’ 
health. The antioxidant properties of the material were evaluated by ABTS 
(2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and DPPH (2,2-diphenyl-1-
picrylhydrazyl radical) scavenging assays. The results showed that the extract was 
effectively released into the aqueous model and the material was able to reduce 
DPPH and ABTS radicals (López De Dicastillo et al. 2011). A similar study incor-
porated flavonoid rich cocoa extracts into ethyl EVOH copolymer (Calatayud et al. 
2013). The antioxidant properties of the released compounds were evaluated by 
ABTS scavenging activity assay, using an aqueous model. The results showed that 
the films exerted antioxidant properties directly proportional to flavonoid content. 
In addition, the cocoa extract also protected Caco-2 human epithelial colorectal 
adenocarcinoma cell against oxidative stress induced by H2O2, without any cyto-
toxic effect. These results revealed that the developed films may be applied in the 
package of beverage as effectively antioxidant packaging (Calatayud et al. 2013). 
Novel active packaging materials have been developed by the covalent bonding of 
polyacrylates to tyrosol and hydroxytyrosol, two natural antioxidants compounds. 

Table 13.4  (continued)

Active 
packaging Application Principle Material/System Ref

Self-cooling Beer, soft 
drinks

Water and desiccant 
reaction

Plastic, metal (Boarca et al. 
2019)

Soft drinks Vacuum heat pump 
technology

Metal (Palomero et al. 
2016)

Adapted from Boarca et al. (2019)

P. García-Oliveira et al.



387

The antioxidant properties of the materials were evaluated by DPPH assay and also 
in fresh orange juice. The last analysis indicated the ability of both polymers to 
inhibit the oxidation of ascorbic acid. However, more studies are needed, to assess 
the safety of the migrating compounds prior to its application in the beverage indus-
try (Fazio et al. 2017). Other example is the incorporation of two natural antioxidant 
compounds, carvacrol and thymol, into polypropylene films. The migration pattern 
was evaluated in aqueous models and the antioxidant activity was assessed by 
DPPH assay. The results showed that both compounds incorporated into the films 
(at 80 g/kg) were effectively released in the models. Furthermore, they still remain-
ing in the material after 15 days, showing a great potential for antioxidant packaging 
(Ramos et al. 2014).

The diverse application of nanotechnology in the food and beverage sector have 
been widely recognized. Some examples are the enhanced encapsulation of selected 
compounds or development of innovative active packaging systems. Recently, the 
interest of the food and beverage industry in nanoemulsions and nanoencapsulation 
has increased, since they can carry and release functional lipophilic compounds. 
This is the case of vitamin E acetate nanoemulsions, produced using edible mustard 
oil and surfactant Tween-80. The antioxidant activity of these material was evalu-
ated by DPPH, to check its potential use in beverages. The positive results showed 
that the nanoemulsions could be used as beverage preservative (Dasgupta et  al. 
2015). Other studied have employed zein and cyclodextrins to encapsulate 
α-tocopherol (a type of vitamin E) to improve the shelf life of fruit juices (Saldanha 
do Carmo et al. 2017). The antioxidant activity was estimated by the oxygen radical 
absorbance capacity assay and shelf-life stability tests were conducted in strawberry 
juice. Despite the reduced antioxidant capacity observed, the α-tocopherol-zein-
cyclodextrin nanoparticles enhanced significantly the shelf life of the juice. In addi-
tion, the particles do not induced cytotoxicity, thus, they are safe to be used in the 
beverage industry (Saldanha do Carmo et  al. 2017). Trans-cinnamaldehyde has 
been recognized as a safe substance and has been applied in different food applica-
tions. This compound has been encapsulated, using chitosan-alginate nanoparticles 
and the antioxidant activity of the nanoparticles was evaluated by DPPH assay. The 
nanoparticles showed a concentration dependent antioxidant activity in apple juice, 
compared with free trans-cinnamaldehyde (Loquercio et al. 2015).

3.2  �Antimicrobial

The antimicrobial active packaging is an emerging market sector in beverage pack-
aging, principally because it faces the primary responsible factor of food spoilage: 
microbial spoilage. Studies in active packaging have focused in the incorporation of 
antimicrobial compounds to eliminate or reduce the growth of pathogens, extending 
the shelf life of the beverage. The release rate of the antimicrobial compounds 
should be controlled to maintain them at a specific range, providing an equilibrium 
between effective inhibition of microorganisms and preservation of the quality and 
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safety of beverages (Boarca et al. 2019; Haghighi-Manesh and Azizi 2017). Most 
releasing systems with antimicrobial properties include metal nanoparticles (silver, 
gold, copper and zinc), natural antimicrobial compounds (nisin, chitosan, essential 
oils, etc.) and their combinations (Palomero et al. 2016).

Nanomaterials may improve the packaging properties and provide interesting 
properties, including antimicrobial (Ríos-Corripio et  al. 2019). In the past years, 
several products whose package contain nanoparticles have arrived at the market. 
For instance, silver and zinc oxide nanoparticles have been demonstrated to extend 
the self life of apple and orange juice (Cushen et al. 2012; Yildirim et al. 2018). In 
numerous studies, nanoparticles have been employed in combination with cellulose. 
For instance, silver/cellulose composite were used in the packaging of melon and 
kiwi juice. The results demonstrated that this system reduces the microbial growth 
of selected bacteria, molds and yeast during manipulation and storage (Lloret et al. 
2012). Copper/cellulose composites have shown antifungal activity in pineapple 
and melon juice, obtaining four log cycle reductions of spoilage-related yeasts and 
molds, so it could be an interesting matrix for beverage packaging (Llorens et al. 
2012). In addition, sub-lethal concentrations of copper inhibited the growth of 
Salmonella spp. and Escherichia coli if combined with lactic acid in carrot juice. 
Nevertheless, worldwide regulatory agencies should study the potential migration 
ions into the beverages and the possible health risks for the consumers before the 
industrial application of nanomaterials (Ríos-Corripio et al. 2019).

Several natural compounds have been used in active packaging to kill and inhibit 
the growth of microorganisms, being two of the most used nisin and chitosan. 
Bacteriocins are antimicrobial peptides synthesized from bacteria that have gained 
attention in the last years and several studies have demonstrated their potential in 
active packaging. Nisin is the most used bacteriocin, employed in packaging appli-
cations in numerous countries and has been approved by the FDA. The antimicro-
bial activity of nisin has been tested against different food pathogens. For example, 
this bacteriocin has been used in a soy protein film to inhibit the growth of 
Lactobacillus plantarum (Boarca et al. 2019). Nisin has been employed in the pack-
age of egg white and orange juice, showing inhibitory effects against bacteria and 
yeast and the consequent improvement of the self-life of the product (Boarca et al. 
2019; Yildirim et al. 2018). Nisin/polylactic acid films have been designed for their 
use as packaging materials or coating on the surface for bottles to reduce the growth 
of microorganisms in fruit juice packaging (Jin and Zhang 2008). The effectivity of 
chitosan and carrageenan nanocapsules containing nisin has been evaluated in 
tomato juice. The releasing studies conducted in vitro showed that the particles 
released the nisin slowly and continuously during 2 weeks. Also, the antibacterial 
properties of the nisin were remained intact, since it inhibited the growth of 
M. luteus, P. aruginosa, S. enterica and Enterobacter aerogenes, even in the sixth 
month of storage (Chopra et  al. 2014). A recent study has developed nanofibers 
using amaranth (Amaranthus hypochondriacus) protein isolate and pullulan with 
the ability to encapsulate nisin. The releasing kinetics of the nisin and the antimicro-
bial properties were assessed in apple juice. The fibbers effectively released the 
bacteriocin into the juice. In addition, the nisin maintained its antimicrobial 
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properties, showing activity against L. monocytogenes, Leuconostoc mesenteroides 
and S. Typhimurium (Soto et al. 2019). The promising results suggest that this inno-
vative material can be used in future active packaging applications. Nevertheless, 
other bacteriocins could be suitable for beverage protection. For example, pimaricin 
(natamycin) nanohydrogels have been applied in grape juice to control the micro-
bial spoilage. The gels effectively released the piramicin and protected the juice 
against fungal degradation. Authors have stated the possibility of using this system, 
incorporating it into packaging materials to extend the shelf life of beverages 
(Fuciños et al. 2015).

Natural compounds and extracts with proven antimicrobial properties have been 
employed in active packaging applications. In the previously mentioned study of a 
new material based on the incorporation of cocoa extracts into EVOH polymer, the 
antimicrobial activity was assessed against the foodborne pathogens S. aureus, 
L. monocytogenes, E. coli and S. enterica. The results showed that films containing 
a 10%, 15%, and 20% of cocoa extract totally inhibited the growth of all microor-
ganisms tested (Calatayud et al. 2013). The antimicrobial activity of the vitamin E 
acetate nanoemulsions, earlier mentioned, has been also assessed in mango juice. 
The nanoemulsion enhanced significantly the shelf life of the product, which was 
attributed to the antibacterial properties (Dasgupta et al. 2015). For years, essential 
oils have been used in the nutraceutical, cosmetic and pharmaceutic applications, 
due to its antimicrobial, antioxidant and flavoring properties. However, their inclu-
sion in aqueous food is difficult, since they poorly soluble in water (Char et  al. 
2016). To solve this problem, different systems have been developed. Some exam-
ples which have proven their efficacy in different fruit juices will be described 
below. A nanoemulsion of orange essential oil has been formulated to prevent the 
spoilage of beverage produced by the yeast Saccharomyces cerevisiae. Its antimi-
crobial activity was tested in apple juice. In the highest concentrations of the nano-
emulsion (8–2 μg/mL), no growth was observed during incubation. Carvacrol, a 
component from the essential oil of different plants, has been incorporated into 
carrot, apple and orange juices by emulsification. The antimicrobial activity of this 
compound were not altered by the process, so authors considered that the emulsions 
could be interesting for juice packaging (Char et al. 2016). In another study, thymol, 
a phenolic compound found in the essential oil of thyme, was stabilized in combina-
tion with nisin in oil-in-water emulsions, using starch octenyl succinate. The anti-
microbial activity of the system was assessed in cantaloupe juice. The emulsion 
retained and protected the compounds effectively during the storage time. In addi-
tion, the antimicrobial properties of the compounds were not altered, since the 
growth of L. monocytogenes and S. typhimurium was inhibited (Sarkar et al. 2017). 
The antibacterial activity of chitosan-encapsulated and unencapsulated emulsions 
of the essential oil isoeugenol has been evaluated in carrot juice. Both systems pre-
sented antibacterial efficacy, quantified as the minimal bactericidal concentration 
against E. coli, being the encapsulated emulsion the most effective (Krogsgård et al. 
2016). Other interesting compounds, chitosan and its derivatives, have been pro-
posed for application in the beverage industry due to its antioxidant and antimicro-
bial, film-forming capacity, biodegradability, and recyclability. Paper-boards 
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covered with a mixture of chitosan and/or nisin and a thermoplastic material have 
demonstrated to suppress the growth yeast on orange juice at low temperatures 
(<10  °C) (Ho et  al. 2004). Recently, chitosan nanofibers were incorporated into 
poly(butylene adipate-co-terephthalate) films, which showed antibacterial activity 
against foodborne pathogens. Thus, this material is a promising option for active 
packaging for beverage industry (Rocha et al. 2017).

3.3  �Functional

Functional packaging has gain attention in the recent years in the beverage industry. 
It consists mainly in the maintenance or improvement of characteristics of the 
packed beverage through different mechanisms. Sometimes, if a certain active pack-
aging system implies that the beverage has beneficial properties for the health of 
consumers, some authors speak of the term “bioactive packaging” (Lopez-Rubio 
et al. 2006; Majid et al. 2018). Research and progress in this field include the devel-
opment of functional beverages, nutrient delivery systems and methods for optimiz-
ing beverage characteristics, such as color, flavor and consistency (Butler and 
Joseph 2008). Some examples of releasing functional packaging are the gas release 
in beer; flavor releasing in chocolate or bottled water; nutrient release in health, 
wellness and sports drinks; or probiotics encapsulation into fruit juices (Ramos 
et al. 2015; Nualkaekul et al. 2012).

Numerous active packaging applications are based in the release of compounds 
to enhance the organoleptic beverage properties. Gas releasing “widget” is one of 
the most known applications, developed initially for canned and bottled beer prod-
ucts, such as Guinness®. The widget releases CO2 to create a creamy and thick 
head, similar to the draught beer experience. Other breweries have adopted this 
system, and also other beverages, like coffee or shakes. Furthermore, the widget 
could prolong bubble release and generate other ‘theatre effects’ at the time of con-
sumption. Beverages like fruit juices and coffee are expected to have a fresh aroma 
that replicates or evokes memory of the likely flavor of the product. Incorporating 
aromas into the packaging material may be employed to attract consumers when the 
container is open and balance any detrimental aroma loss. For instance, a chocolate 
aroma has been used in PET packaging of chocolate-flavored products. This strat-
egy has been also applied in bottled water, to give different fruit smell to the product 
(Butler and Joseph 2008). Another example is the WO patent 2013032631 A1, 
which involves the encapsulation of aromatic compounds from essential oils in gel-
atin capsules. The gelatin capsules are broken when the package is opened, so the 
aroma compounds are released, causing a positive response from consumers (Zanetti 
et al. 2018). Regarding flavor improvement, several systems have been developed. 
In the beverage industry, enzymes are used to improve the yield and the organolep-
tic characteristics of the product, to appeal the consumer (Speranza et al. 2017). 
However, the inclusion of these compounds before packaging can be detrimental to 
the product. Thus, the idea of producing systems that allow the controlled release of 
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these enzymes into the product has raised (Ramos et al. 2015). In the juice process-
ing, the enzyme β-glucosidase is commonly use to hydrolyze the glycoside precur-
sors of the aroma compounds, what enriches the aroma and flavor of the juice 
(Speranza et al. 2017). Calcium-alginate beads have been employed to encapsulate 
β-glucosidase and its stability was investigated in sugarcane juice. The results 
showed that the enzyme was more stable to temperature and pH variations and its 
ability to hydrolyze the glyosidic linkage between sugars and phenolic compounds 
remained intact. Other enzyme widely used in the beverage industry is the naringi-
nase, which eliminates the bitterness of juices, specially of the citrus one. This 
enzyme has been encapsulated into κ-carrageenan beads and added to grape juice, 
decreasing the bitterness of the juice (Ephrem et al. 2018). Finally, some beverages 
contain nanoclusters that allow to enhance the taste of the product without having to 
add sugars to the drink (Pradhan et al. 2015).

Cyclodextrins have been considered useful compounds for the beverage industry 
and numerous studies have demonstrated that they protect interesting bioactive 
compounds, specially phenolic compounds, the antioxidant properties and, in some 
cases, the color and the organoleptic characteristic of beverages (Astray et al. 2020). 
In this aspect, a recent study evaluated the use of β-cyclodextrin to encapsulate the 
pigments of yellow bell pepper to provide color to isotonic beverages. Analysis 
demonstrated that the color provided by the encapsulated pigments were more sta-
ble than the pigment extract without cyclodextrins (Lobo et al. 2017). Other impor-
tant characteristic that influences consumer’s appealing is the turbidity. The turbidity 
and cloudy appearance of some products, specially fruit juices, is caused by the 
presence of polysaccharides, that usually settle during storage, leading to a decrease 
of product quality. Enzymes are also used to clarify juices and appeal the consumer 
(Speranza et al. 2017). For example, the use of hydrogels to encapsulate ligninolytic 
enzymes has been considered. The results showed that the encapsulation improved 
the thermal stability of the enzyme in a wide range of temperatures (4–75 °C). In 
addition, the clarification of berry-pomegranate juice was higher with encapsulated 
enzymes than with the free ones (Gassara-chatti et al. 2013). Similarly, encapsu-
lated xylanase was more efficient to clarify pineapple juice, obtaining a product less 
viscous and with few suspended solids (Speranza et  al. 2017). Recently, a study 
immobilized a pectinase on modified montmorillonite clay by covalent binding. The 
immobilization did not alter the stability of the enzyme. Furthermore, the immobi-
lized pectinase achieved a higher clarification rate, compared with the free enzyme. 
Thus, this system could be helpful for the fruit juice industry (Mohammadi 
et al. 2020).

As it is generally known, the interest in products more natural and with beneficial 
properties has growth in the last years. Numerous “bioactive packaging” applica-
tions have been developed and implemented at industrial level in recent years. This 
packaging can be performed using diverse mechanisms: (1) The regulation of the 
controlled release of compounds with bioactive properties; (2) Encapsulation of 
bioactive agents; and (3) Use of enzymes to transform particular beverage compo-
nents. To our knowledge, most of these types of applications in beverage focus on 
the first two mechanisms. The first one allows to release nutrients which cannot be 

13  Application of Releasing Packaging in Beverages



392

preserved in liquids, discharging them in the product just before consumption 
(Majid et al. 2018). The controlled release of the bioactive compound presents sev-
eral advantages such as less degradation by light and O2 of the compound or less 
variation in the organoleptic properties of the products. For instance, the enterprise 
Atlantic Multipower Germany, Europe’s leading supplier in the sports food sector, 
has developed a ready-to-drink creatine drink. The product has 4.6 g creatine citrate, 
a natural dietetic supplement that enhances the performance in sports involving 
intensive muscle workout. With wedge support, the dried creatine is freshly mixed 
with the drink when the can is opened. This system is a more comfortable way to 
consume creatinine, since, traditionally, this compound is sold in the form of pow-
der or tablets that must be dissolved to be ingested. Portola company has produced 
the “Fusion cap”. By twisting the cap, the consumers add flavors or vitamins to the 
bottled beverage. This two-piece, resealable cap is designed to keep the compounds 
powdered, tablet, or liquid separate from the beverage until the consumption time. 
Many different products with similar systems have been developed, controlling the 
release of vitamins, minerals and other compounds (Butler and Joseph 2008). 
Probiotics could be also released in a controlled way into the product. This is the 
case of a fruit drinkable yogurt packaged in a regular single-serve carton with 
straws. The interesting active system of this product is that the probiotic bacteria are 
attached inside the straw, so they are only releases into the product when liquid 
passes through the straw at the moment of consumption (Butler and Joseph 2008).

Encapsulation is an attractive tool when adding compounds to a beverage. This 
technique allows to introduce low soluble or non-stable compounds in the product, 
control their release and prevent their deterioration. In addition, they avoid the pos-
sible changes in the organoleptic properties associated with the incorporation of the 
desired compounds (Ur Rahman et al. 2019). In the literature, diverse delivery sys-
tems have been developed, including liposomes, emulsions, cyclodextrins, or nano-
capsules, among others. Microencapsulation is useful for the fortification of 
beverage with probiotics, since it helps to protect the microorganisms against bac-
teriophages and contaminant yeasts and also during the processing, the storage and 
further passage through the gastrointestinal tract. Different polymers could be used, 
such as alginate, pectin, casein or starch derivatives. This technique has been 
employed in both in dairy and non-dairy products, mainly in fruit juices. For exam-
ple, alginate beads coated with chitosan have been demonstrated to increase the 
survival of the probiotic bacteria L. plantarum during the simulated digestion of 
pomegranate juice. In addition, microencapsulation allowed cells to be detected 
until the sixth week of storage, while in the absence of the beads, the probiotic bac-
teria died by the fourth week (Nualkaekul et  al. 2012). Other probiotic bacteria, 
such as Bifidobacterium adolescentis, L. casei or L. acidophilus, have been effec-
tively encapsulated in fruit and vegetable juices (Ephrem et  al. 2018). 
Nanoencapsulation has been employed to fortify different beverages, mainly fruit 
juices, by transporting fat-soluble compounds, such as vitamins, carotenoids, fatty 
acids, steroids, minerals and other compounds of interest (Ríos-Corripio et al. 2019; 
Musthaba et  al. 2009). Diverse vitamins and lipophilic compounds have been 
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encapsulated and the suitability of the encapsulates has been evaluated. For exam-
ple, chitosan-sodium alginate based nanoliposomes have been employed to encap-
sulate vitamin C and fortify mandarin juice. Compared with uncoated nanoliposomes, 
the first ones produced less changes in organoleptic characteristics, like color, pH or 
acidity. Furthermore, the rate of lipid peroxidation was reduced and the vitamin C 
was protected after 90 days of storing (Liu et al. 2017). A similar study has stabi-
lized vitamin C using liposomes, reducing its oxidation rate significantly in apple 
juice (Wechtersbach et  al. 2012). Vitamin D has been encapsulated using potato 
proteins as protective nanovehicle. The nanoencapsulation significantly protected 
vitamin D and reduced its loss during pasteurization and also during simulated shelf 
life tests, imitating storage conditions. Thus, this system could be useful to fortify 
beverages and promote human health (David and Livney 2016). Different studies 
have developed systems to encapsulate vitamin E that could be employed in the 
beverage industry, using nanocapsules, nanoemulsions and cyclodextrins (Dasgupta 
et  al. 2015; Saldanha do Carmo et  al. 2017; Katouzian and Mahdi 2016; 
Hategekimana et  al. 2015). Cyclodextrins, in combination with Arabic gum and 
sodium caseinate, have been also employed to encapsulate kenaf seed oil, rich in 
beneficial monounsaturated and polyunsaturated fatty acids, to develop functional 
beverages (Chin et al. 2018). Finally, the fatty acids eicosapentaenoic acid and doc-
osahexaenoic acid, obtained from fish oils, were successfully encapsulated in 
sodium caseinate and gum Arabic nanoparticles to fortify fruit juices. According to 
the authors, this enrichment did not cause changes in the organoleptic characteristic 
(Assadpour and Jafari 2018). Several studies have been focused in the encapsulation 
of phenolic compounds. As mentioned before, these compounds present a wide 
range of interesting biological properties, thus, their use in functional packaging is 
of great interest. For example, anthocyanins have been demonstrated to possess 
interesting bioactive properties to combat neurodegenerative disorders, diabetes or 
cancer, among other diseases. However, these compounds present low stability and 
bioavailability. To protect these compounds, they were encapsulated into chitosan 
nanoparticles and its stability was studied in simulated gastrointestinal fluid and 
during the storage of a model beverage. The results showed that the nanoparticles 
significantly protected the anthocyanins (He et al. 2017). A similar strategy has been 
employed with the flavonoid quercetin. This compound has been demonstrated to 
possess beneficial properties, such as antioxidant, anti-inflammatory, cancer pre-
vention and cardio-protective effects. Nevertheless, this compound presents a low 
solubility, stability and little absorption in the gastrointestinal tract, which limits its 
activity when consuming. Thus, nanoencapsulation of quercetin is an interesting 
option to improve its stability before consumption and also its gastrointestinal 
absorption. Lecithin and chitosan-based nanoparticles have been employed success-
fully to encapsulate quercetin. The stability evaluation demonstrated that the encap-
sulated compound was stable between 5 to 70 °C and pH 3.3 to 5.0. Furthermore, 
the antioxidant activity of the encapsulated compound was assessed by DPPH assay, 
showing better results that free quercetin. The results suggests that the nanoencap-
sulation of quercetin could be used to develop new nutraceutical beverages (Souza 
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et  al. 2014). Finally, cyclodextrins have been used to encapsulate caffeic acid, 
enhancing its solubility and antioxidant capacity. This system could be used in the 
development of functional food enriched in this phenolic compound (Astray 
et al. 2020).

3.4  �Self-Cooling and Self-Heating

The use of packages that causes physical alterations is a curious case in the active 
packaging of beverage. Self-cooling packages for beer and soft drinks and self-
heating packages for chocolate, soup and coffee have been one of the first develop-
ments of this field. However, some of these advances have not achieved a great 
commercial reception. The first self-cooling packaging was the Instant Cooling 
Can, created for soft drinks by Tempra Technologies and Crown Cork and Seal in 
2006. It is based on vacuum heat pump technology. It uses the latent heat of evapo-
rating water to produce the cooling effect. The water is bound in a gel layer that 
lines a separate container inside the beverage can and is in close thermal contact 
with the beverage. The system is activated when the consumer twists the base of the 
can to open a valve, exposing the water to the desiccant held in a separate evacu-
ated external chamber. The water evaporates at room temperature, achieving a 
cooling effect as the heat is removed from the system (Ramos et  al. 2015). 
Nowadays, self-cooling packages in larger volume formats have been designed, 
mostly based in endothermic reactions of ammonium nitrate (NH4NO3) or ammo-
nium nitrite (NH4NO2). When dissolved in water, these compounds absorb heat 
from the system (Palomero et al. 2016). On the other hand, the self-heating pack-
ages use the exothermic hydration reactions of calcium monoxide (CaO) or mag-
nesium monoxide (MgO). When dissolved in water, these monoxides are 
transformed into calcium hydroxide (Ca(OH)2) and magnesium hydroxide 
(Mg(OH)2), respectively. When using CaO, the container must show high barrier 
properties against water vapor passage, to avoid the hydration of lime and the ren-
dering of the package useless. In addition, there should be enough space to contain 
the entire device. Another self-heating systems are based in the reaction between 
glycerol and potassium salt. In these case, it is necessary to adapt the heat genera-
tion, in order to control the rate of the reaction, to introduce a lag before it initiates, 
and to regulate the final temperature reached by the product (Ramos et al. 2015). 
Regarding self-heating packages, an example is a Dutch star-up, which allows to 
contain a dehydrated or dried drink (like coffee or tea) to infuse in a separate com-
partment. This system improves the shelf life of the product and the sensory char-
acteristics of the final product, while reduces the use of preservatives (Palomero 
et al. 2016). In Fig. 13.2, a schematic representation of the self-cooling and self-
heating packages is presented.
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4  �Future Trends in Active Packaging

The field of beverage packaging technologies is continuously increasing, with the 
main goal of developing more effective systems to preserve beverage quality. Recent 
developments have focused on two main types: (1) packaging systems, mainly plas-
tics and metallic materials for bottles and cans, with scavenging compounds located 
in their crowns and (2) new active materials, usually natural compounds or synthetic 
plastic films (Palomero et al. 2016). Several active materials have gaining attention 
in the last years, such as stimuli-responsive polymeric materials, edible films or 
biodegradable packages. The former ones present several advantages, such as 
unique properties and compliance with the current packaging regulation. Polymeric 
materials can release specific targets through external stimulus, which could be tem-
perature, pH, or adjustments carried out in the chemical composition. These type of 
molecular structures have been only recently manufactured, due to their complex 
structure (Boarca et al. 2019). The second ones, edible films, are also an interesting 
advance in active packaging. This technology may offer future possibilities to sat-
isfy the consumers’ demands for eco-friendly, green foods. Edible films should 
present certain characteristics: (1) act as a barrier against CO2, O2, water and oil 
leakages, (2) microbial, biochemical, and physicochemical stability, (3) safe for the 
consumers and (4), reduced-cost production. In addition, edible films should be 
compatible vehicles for antioxidants, antimicrobials, flavor, color and nutritional 
additives. It has been proposed that edible films may increase the time of storage 
and improve the shelf life of beverage, acting as barrier against gases and moisture. 
In addition, they can enhance microbial resistance, by incorporation of antimicro-
bial compounds. However, it should be highlighted that edible films do not elimi-
nate the necessity of traditional packaging, but they could work as a complement. 
Edible coatings or films are manufactured from agricultural wastes produced by 
industrial food production, thus, they increase the value of biomass and favor the 
circular economy. Several polysaccharides such as cellulose, chitosan or alginates 

Fig. 13.2  Schematic picture of the self-cooling and the self-heating systems. (Adapted from 
Palomero et al. 2016)
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can be used to make edible coatings. Moreover, the use of these films and coatings 
may help to reduce the price of traditional packaging (Boarca et al. 2019). Finally, 
several projects have been focused on the development of efficient biodegradable 
packages, that retain the freshness and nutritional composition of the beverage, 
while also reduce the amount of waste produced by the packaging industry. This is 
the case of the project PHBOTTLE, previously mentioned, which develops biode-
gradable materials using fruit by-products (Ramos et al. 2015).

Application of nanotechnology is also a leading theme in active packaging. 
However, for a successful application it is necessary to deliberate about regulations, 
focusing in their safety/toxicology and environmental impact. Currently, there is not 
any international regulation of nanotechnology or nano-products and just a few 
organizations from particular countries have established standards and regulations 
to define and control the use of nanotechnology. In the US, nanofoods and most of 
the food nanopackages are regulated by the FDA. Regarding EU; since 2010, the 
EFSA created a network between member states for risk assessment of nanotech-
nologies in food and feed. Some nanoforms have been approved to be used in the 
manufacture of plastic materials (amendments of Regulation N° 10/2011 on plastic 
materials and articles intended to come into contact with food) but their use must 
respect restrictions. In 2011, the EC suggested a definition of “nanomaterial”. Later, 
in 2014, the FDA elaborate guidance documents for industry, recommending pre-
market safety assessments of the FDA-approved products that either apply nano-
technology or if the engineered product shows properties attributable to the 
nanoscale. The US also implemented mandatory changes to their food labeling law 
in 2014, which requires that all nanomaterials have to be included on the list of 
ingredients, followed by the term “nano” in parenthesis (Ríos-Corripio et al. 2019).

5  �Conclusions

The global packaging industry is continuously introducing new technical advances, 
while also meeting consumer demands and the regulations established. From tradi-
tional materials, such as wood, glass or metal, this industry has evolved towards 
more efficient strategies to package beverage, such as the hot filling technology or 
the use of modified atmospheres. Nowadays, active packaging is considered as 
innovative field in beverage packaging, which allows preserving beverages in a 
more efficient way, maintaining their properties and increasing their shelf life. 
Currently, numerous applications of releasing active packaging have been devel-
oped and employed in different beverage (beer, shakes, fruit juices, etc.) being the 
most prominent the packages with antioxidant and antimicrobial activity. Antioxidant 
strategies are focused in the use of natural extracts and compounds with antioxidant 
properties, which are included in different materials and have demonstrated to pre-
vent oxidative reactions that cause the deterioration of the product. Regarding anti-
microbial applications, numerous compounds have been used to prevent 
microorganisms’ spoilage, such as metal nanoparticles, enzymes, nisin and other 
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natural compounds with antimicrobial properties. Several functional applications 
have been developed. Some of them aim to improve the organoleptic characteristics 
of the product, like the gas release in beer or the flavor releasing in bottled water. 
Besides, the objective of other applications, also known as “bioactive packaging”, is 
bringing health benefits to consumers. This is case of the fortification of beverage 
with different Innutrients, such as vitamins or phenolic compounds. Probiotics 
could be also encapsulated and released fruit juices. Finally, several self-cooling 
and self-heating packages have been developed, but do not always have a good com-
mercial reception. Considering the great variety of applications developed and their 
excellent results protecting beverages, the active packaging industry is a sector on 
the rise. It is expected to continue growing in the following years, exploring new 
natural compounds and towards materials such as edible films or a greater inclusion 
of nanotechnology. Nevertheless, since active packaging is a relatively new field, a 
global legislation should be established to regulate the requirements of safety and 
quality.
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