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Abstract: Eating habits of western populations are changing due to modern lifestyles. As a result,
people are becoming more susceptible to chronic and degenerative diseases. This fact has motivated
the food industry to develop functional products that could decrease the incidence of those disorders.
It is well known that fruit juices, milk and soymilk possess high concentrations of antioxidant and
bioactive substances. Hence, the development of these functional beverages is a potential way to take
advantage of their nutritional properties and exotic flavors that could attract the interest of consumers.
At the same time, application of the right preservation treatment is of high relevance in order to
obtain safe products with convenient shelf life and high concentration of health-related compounds.
This fact represents a great challenge that scientists and technologists are currently facing. Today,
novel preservation processes such as high hydrostatic pressure (HHP), high intensity pulsed electric
fields (HIPEF) and ultrasound (US), among others, are being evaluated as an alternative to heat
pasteurization, obtaining promising results. Hence, this review gathers the most relevant information
about the development of mixed beverages containing fruit juices and milk or soymilk. Furthermore,
the advantages and drawbacks of the application of non-thermal treatments for functional beverages’
preservation with high content of bioactive compounds are also mentioned.

Keywords: functional beverages; mixed beverages; non-thermal processing; high
hydrostatic pressure; high intensity pulsed electric fields; ultrasound; antioxidant properties;
bioactive compounds

1. Introduction

Current lifestyles of most populations have changed over the past few decades. Usually, lack
of time is perceived as the major barrier to practice healthy habits such as exercising and eating
natural foods. Based on previous studies, the overall time spent on meal preparation has decreased
38.6% during the last years [1]. Approximately 64% and 35% of men and women, respectively, age
21–64 years reported no time spent in daily food preparation [1,2]. This fact has driven people away
from healthy diet patterns and the consumption of “fast food” rich in cholesterol, sugars and fats
has increased through the years. As a result, there is a greater incidence of chronic or degenerative
disorders such as obesity, stroke, diabetes, certain cancers and osteoporosis, among others, and it is
predicted that it will continue growing, causing death in low-, middle- and high-income countries [1,3].
Regarding data reported by the World Health Organization (WHO) and the Food and Agriculture
Organization (FAO) [4], the proportion of chronic diseases is expected to rise from 46% to 57% by 2020.
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Hence, immediate and effective actions, as well as a rapid change in lifestyle and eating habits, are
necessary to demean this current situation.

It is well known that foods are composed of thousands of bioactive substances and antioxidant
compounds that exert regulatory activities in human organisms beyond basic nutrition and can have
beneficial effects on health [5–7]. A continuous consumption of vitamins, phenolic acids, flavonoids,
carotenoids, minerals, amino acids and fatty acids through different foods is highly associated with
the reduced risk of chronic and degenerative diseases [8]. In this sense, scientists and technologists
have been focused on the development of new easy-to-prepare or ready-to-eat products not only with
a high concentration of these compounds, but with attractive sensory characteristics. Among these
products, functional beverages are attracting consumers’ attention, being perceived as healthy sources
of hydration [9]. Pszczola [10] and Sloan [11] reported that the consumption of mixed fruit-based
beverages has significantly increased in the last years, becoming one of the food industry sectors with
the highest growth worldwide.

Thermal pasteurization is the most used method to obtain safe and shelf-stable beverages;
however, the high temperatures achieved during processing usually cause detrimental effects on
the desirable antioxidant properties and health related compounds [12]. At present, novel processing
technologies such as high hydrostatic pressure (HHP), high intensity pulsed electric fields (HIPEF),
ultrasound (US), ultraviolet light (UV), irradiation, and cold plasma, among others, are being applied
or explored to process foods at low temperatures, avoiding the negative changes induced by heat.
While most of these emerging technologies are being studied, others such as HHP, HIPEF and US have
been deeply evaluated and, inclusively, have already being implemented at industrial levels. Through
the last few years, different studies have demonstrated that these non-thermal treatments are gentle
food preservation techniques capable of inactivating pathogen microorganisms and deteriorative
microorganisms and enzymes, providing safe and fresh-like products with minimum changes to their
nutritional, physicochemical and sensorial properties [13,14].

The objective of this contribution is to highlight the current developments of functional beverages
containing fruit juices and milk or soymilk, and to identify the advantages and drawbacks related
to the application of non-thermal treatments for beverage preservation with a higher retention of
bioactive compounds.

2. Current Development of Functional Beverages: Fruit Smoothies and Mixed Beverages
Containing Fruit Juices and Milk or Soymilk

The development and optimization of beverage formulations are very important steps within the
beverage innovation process, not only to boost their sensory acceptability, but also their nourishing
properties. Fruit juices are great sources of health-related compounds with attractive flavors for all age
groups, being perceived as healthy and refreshing products [9]. Hence, a large quantity of fruit-based
beverages have appeared on the market during the last decades. According to Hughes [15], fruit-based
beverages represent one of the fastest growing areas in the global food industry, and, nowadays, nearly
60% of adults consume fruit juices.

Usually, commercialized fruit-based beverages contain a 12% minimum of fruit juice and often
have sugar, citric acid and other ingredients [16]. However, since most consumers are currently
requesting for minimal-processing products with clean labels, producers are highly motivated to
create more natural and fresh-like beverages. In this sense, it has been observed that a mix of two or
more fruits can result in beverages, commonly named “smoothies”, with an elevated concentration of
antioxidant substances, and particular flavor characteristics [17,18]. Furthermore, the incorporation of
other ingredients such as milk or soymilk provides a considerable concentration of different bioactive
compounds that is able to enhance the functional properties of the blend, and, in some cases, improve
its physicochemical characteristics, making it more attractive for consumers.
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2.1. Smoothies

Basically, the term “smoothie” has been used since the 70s, mainly in North America and United
Kingdom; nonetheless, it was not until the 2000s that smoothies re-emerged as a part of the trend
towards healthy eating habits. Their preparation is based on the usage of different fruits and/or
vegetables which are processed to obtain juice, pulp or puree, and then mixed. They are characterized
by an elevated nutrient concentration with low energy content [19]. Furthermore, their consumption
supplies nearly the recommended dietary intake of vitamin C (100 mg/day) for adults [20].

Although smoothies’ production seems simple, finding the optimal combinations has being a
great challenge for scientists and technologists. Through the years, various works have been conducted
by different research groups around the globe, using all kinds of fruits from citrus, such as orange
and lemon, up to exotic fruits like acerola and passion fruits. Namely, Kumar and Saraswathi [21]
performed an experimental design to maximize the sensory acceptability of a beverage containing
mango, lemon and orange. Ten formulations were sensorially evaluated, and, as a result, a highly
acceptable mixed beverage was prepared by combining orange (33%), mango (66%) and lemon (1%).
Likewise, a mix of orange juice, which has high vitamin C content, with carrot juice that contains an
elevated concentration of β-carotene, was proposed by Torregrosa et al. [22], obtaining a stable mixed
beverage rich in antioxidant compounds. Similarly, De Carvalho et al. [23] blended cashew apple juice
with coconut water and observed that the beverage had a high content of vitamin C and elevated
levels of minerals such as sodium, potassium, phosphorus, chloride and magnesium coming from
the coconut water. Recently, Gironés-Villaplana et al. [24,25] studied the phytochemical composition,
antioxidant capacity and bioactive compound stability along the storage of different mixed drinks
based on lemon juice and edible berries of exotic origin (maqui, açai, and blackthorn). According
to their results, all of the formulated beverages showed high values of antioxidant capacity with
strong stability of bioactive compounds during storage, being the lemon-maqui blend that with the
highest antioxidant activity. De Sousa et al. [26] prepared a tropical smoothie by mixing different
fruits—cashew apple, papaya, guava, acerola fruit and passion fruit—and reported that the beverage
was microbiologically stable, with high concentration of vitamin C and great sensorial acceptance,
which suggested its potential for commercial distribution. In an interesting study, Jesen et al. [27]
studied the beneficial effects of consuming fruit-based beverages in human health. Authors observed
that the continuous intake of a blend containing a mixture of fruit juices and berries increased the
concentration of antioxidant compounds in the serum blood of consumers; these compounds are
able to enter living cells and protect them from oxidative damage. According to Jesen et al. [27],
these effects might be attributed to the anthocyanins that mainly come from the berries. Recently,
Swada et al. [28,29] reported that combining papaya and strawberry nectars could result in synergistic
relationships between their different bioactive compounds such as ascorbic acid and carotenoids, as
well as their antioxidant capacity. The authors demonstrated the benefits of blending fruit nectars,
producing a superior product with maximum health benefits than either fruit processed individually.

2.2. Fruit Juice-Milk and Fruit Juice-Soymilk Beverages

Another successful development in the functional beverage sector is the addition of milk
or soymilk to fruit juices to obtain mixed beverages with new sensorial attributes and bioactive
compounds coming from milk or soymilk. On one hand, it is well known that milk is considered as the
main source of calcium and conjugated linoleic acid in the human diet [30]. Furthermore, it contains
a high concentration of proteins and fat soluble vitamins. On the other hand, soy is a rich source of
essential amino acids and minerals, such as iron, magnesium and copper, as well as linoleic (omega-6)
and alpha-linolenic (omega-3) acids [31–33]. Additionally, soy contains many phenolic compounds
and isoflavones that have important biological functions including antioxidant and anticarcinogenic
properties [31].

Taking in to account the nutrient profile of milk and soymilk and their numerous health-benefits,
both products have been included as main ingredients in new mixed beverages containing one or more
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fruit juices. Furthermore, in the case of soymilk, its beany, bitter, rancid and astringent taste can be
masked with the fruit juice flavors. In this sense, fruit juice-milk and fruit juice-soymilk beverages are
being well perceived by consumers, and they are becoming very popular in American and European
markets at present [8]. As a result of the high success of these products, scientists and technologists
are trying to innovate and find the best combinations in terms of bioactive compound content and
flavor. At the same time, the maintenance of biological activity and physical properties stability
(e.g., solubility) during processing and throughout the shelf -life of the final product are important
aspects to be considered when blending these foodstuffs.

Today, different commercial beverages, based on blends of fruit juices and whole milk, skim
milk or soymilk exist in the market. Zulueta et al. [8] conducted a complete study evaluating the
nutritional aspects of 17 fruit juice-milk beverages commercialized in Spain. Authors observed that
the beverages contained approximately between 7% and 43% of different fruit juices and 3%–20%
of milk or skim milk. The main contribution to the total antioxidant capacity of the beverages was
provided by the vitamin C content, followed by phenolic compounds. Furthermore, they reported that,
depending on the fruits used as raw material, each beverage possessed different contents of vitamin
C and, consequently, different antioxidant capacity. Authors stated that lemon and orange were the
fruits that provided the highest concentrations of vitamin C. Similarly, the isoflavone content and
antioxidant capacity of different commercial soy beverages blended with fruit juices were evaluated
by Rostagno et al. [34] and Rau de Almedia et al. [35]. Authors agreed that there was a wide variation
in the isoflavone concentration and antioxidant capacity among products, which mainly resulted from
the different ingredients used in the beverages and the type of preservation process applied.

Regarding mixed beverages with whole or skim milk, Zulueta [36] developed an orange juice-skim
milk beverage as an alternative to traditional soft drinks. As reported by the authors, the final product
containing 50% of pasteurized orange juice and 20% of ultra-pasteurized skim milk was an excellent
source of vitamin C, vitamin A, phenolic compounds and fatty acids. Likewise, Salvia-Trujillo et al. [37]
observed that a mixed beverage containing a blend of orange, kiwi, pineapple and mango juices (75%)
combined with whole or skim milk (17.5%) possessed high antioxidant capacity which was well-related
with its content of vitamin C. In a different study, Afifi et al. [38] evaluated the physicochemical changes
during the processing of a spray-dried mixed beverage containing a blend of concentrated fruit juices
(grape and peach—23%) and fresh or pasteurized whole milk (73%). The authors concluded that the
presence of sugar, fat and protein components in a complex system may play an important role in
the physical and chemical stability of such products. Furthermore, the beverage was found to be
rich in health-related compounds, such as vitamin A, C, riboflavin, β-carotene, polyphenols, calcium,
phosphorus, magnesium, and potassium. In addition, different studies carried out during the last
decade agree that the addition of different fruit juices to soymilk helps to mask its beany flavor,
resulting in greater consumer acceptance [33,39–41] and, at the same time, improves the nutritional
and therapeutic value of the final product [35,41]. Potter et al. [40] developed a blueberry-soy blend
with 12% of blueberry juice and 2.8% of soy protein isolate. Their results demonstrated that the
beverage was stable and with an important amount of anthocyanins. Similarly, a mixed beverage
containing 50% of a fruit juice blend (orange, pineapple and kiwi juices) and 42.5% of pasteurized
soymilk represented a great source of vitamin C, phenolic compounds and isoflavones, with high
antioxidant capacity [42,43].

Overall, the fact of mixing fruit juices with milk or soymilk can effectively improve their nutritional
value. Furthermore, by selecting the appropriate ingredients in the right proportions it may be
possible to produce a final product with healthy attributes and adequate sensory characteristics.
Nonetheless, despite the large number of mixed beverages currently available in the market, there is
still a great challenge to develop new products rich in antioxidant and bioactive compounds that meet
consumer requirements while dealing with modern lifestyles. In this way, the application of adequate
preservation technologies is needed to prolong their shelf life without compromising their nutritional,
sensory and fresh-like characteristics, while avoiding the use of chemical preservatives. Today,
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thermal pasteurization is the most common treatment applied for functional beverage preservation;
nevertheless, the high temperatures achieved during processing usually produce detrimental effects
on their nutritive constituents. Therefore, non-thermal technologies have been studied during the last
decades as an alternative to conventional treatments in order to obtain safe products with an elevated
functional potential.

3. Application of Non-Thermal Technologies in Fruit-Based Beverages

Thermal treatments, such as pasteurization and sterilization, are the processes commonly applied
by the food industry for functional beverage preservation because of their ability to kill microorganisms
and inactivate enzymes. On the one hand, sterilization implies the application of high temperature
(135–150 ˝C) for short periods of time between 4 and 15 s [44] to obtain safe products with extended
shelf life (>2 years), which could be stored at ambient temperature. Pasteurization is defined as “mild
heat treatment,” which implies the application of temperatures between 90 and 99 ˝C for 15–30 s [45].
Usually, this treatment better maintains product quality better than sterilization, but refrigeration
storage is required.

Diverse studies have demonstrated, however, that the high temperatures achieved during both
processes, sterilization and pasteurization, often lead to chemical and physical changes that affect
sensorial properties and reduce the content or bioavailability of some nutrients [46–50]. This fact
represents a remarkable disadvantage for the food industry and is currently promoting the application
of novel technologies not only to obtain high-quality foods with fresh-like characteristics, but also
products with improved or even more novel functionalities [51].

According to Morales-de la Peña et al. [52], and Lado and Yousef [53], non-thermal processes such
as HHP, HIPEF, US, pulsed light, irradiation, oscillating magnetic fields and low temperature-plasma
have been under development during the last decades and are considered to be more efficient to
preserve better quality attributes in food products than heat treatments. Nevertheless, while some
of them are still at a basic level of investigation, the application of HHP, HIPEF and US for food
processing and preservation has become of considerable interest in food research and development;
inclusively, HHP and HIPEF are currently used at a commercial level for beverage preservation.

In general, these emerging technologies are applied at ambient or moderate temperatures in
order to eliminate pathogenic/spoilage microorganisms. Some of these techniques are inherently
batch processes, while others are adaptable to continuous flow applications. Additionally, they are
locally clean processes, and, therefore, appear to be more environmentally friendly than the traditional
ones [54]. HHP is considered a non-thermal and additive-free processing in which products can be
treated up to 600 MPa. According to Oey et al. [55], different microorganisms and some enzymes
can be inactivated by HHP with minimal effects on product quality and sensory properties. Due to
its limited effect on the covalent bonds of low molecular mass compounds, such as vitamins and
other phytochemicals, HHP-treated beverages have similar or even enhanced nutritional values than
fresh products [56]. On the other hand, HIPEF processing is considered a feasible alternative or
complementary process to heat pasteurization in the field of liquid foods such as functional beverages.
Basically, when high electric fields (>20 kV/cm) are applied in pulse form to liquid products for short
periods of time, several microorganisms and deteriorative enzymes are inactivated, with the advantage
of retaining, or minimally modifying, sensorial, physicochemical, and health-promoting attributes of
the final products [57,58]. Likewise, US processing itself or in combination with heat and/or pressure
is an effective treatment for microbial inactivation and phytochemical retention [59]. Fundamentally,
US refers to the application of sound waves beyond the audible frequency range (>20 kHz). When US
is transmitted in a liquid medium, its interaction with the liquid and dissolved gas leads to an exciting
phenomenon known as acoustic cavitation [60]. By the regulation of power dissipation, treatment
time, duty cycle, and temperature of the US treatment, the cavitation phenomena can maximize
the microbial inactivation, diminishing the effects on quality and functional attributes of the treated
products [46,60–62].
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Since most of the studies conducted with HHP, HIPEF and US have confirmed that these
techniques are able to inactivate microorganisms and deteriorative enzymes at different levels to
obtain safe and stable products, researchers are inquiring into the evaluation of the effects today of
non-thermal treatments on nutraceutical compounds and antioxidant properties of different foods
such as fruit juices, milk, soymilk and mixed beverages [13,37,42,43,56,63–68]. Most of these studies
have been focused on the effects of HHP and HIPEF, while the application of US in these kinds of
products is still at the basic level.

Among the health-related substances present in mixed beverages, vitamin C, phenolic compounds
and carotenoids have been the most analyzed. Vitamin C is a thermolabile compound; thus, has been
used as a key indicator for the retention of other vitamins during processing. Barba et al. [56] evaluated
the ascorbic acid concentration of a vegetable beverage containing tomato, green pepper, celery, onion,
carrot, lemon and olive oil treated with HHP (100, 200, 300 and 400 MPa from 120 to 540 µs) and thermal
pasteurization (90–98 ˝C for 15 and 21 s). Obtained results indicated that ascorbic acid was better
preserved by HHP than by thermal treatment. In two different studies, Carbonell-Capella et al. [64]
and Barba et al. [69] developed a fruit smoothie and an orange juice-milk beverage, respectively, which
were treated with HHP at different conditions of 300–500 MPa for 5–15 min [69] and 100–400 MPa
for 3, 5, 7 and 9 min [65]. Both research groups agreed that, immediately after HHP, the retention
of ascorbic acid in both beverages was higher than 90%, regardless of the treatment applied. These
data are well related with previous works in which the ascorbic acid concentration of fruit and
vegetable juices was minimally affected by HHP at mild temperatures [70]. Similarly, HIPEF processing
has been applied in different mixed beverages such as gazpacho, which is a cold vegetable soup
containing tomato, cucumber, green pepper, onion, garlic and olive oil, with the aim to evaluate
the vitamin C retention in the samples immediately after treatment [13]. In this study, the authors
concluded that pulses in bipolar mode and lower electric field strength, treatment time, pulse frequency
and width led to a product with a higher concentration of vitamin C (84.5%–97.1%). Likewise,
Zulueta et al. [71], Salvia-Trujillo et al. [37], and Morales-de la Peña et al. [42] reported that HIPEF
treated orange juice-milk, fruit juice-milk and fruit juice-soymilk beverages, respectively, at different
processing conditions, had a higher retention of vitamin C compared to the heat processed ones. In a
recent study, Carbonell-Capella et al. [72] compared the effects of HIPEF and US processing on ascorbic
acid of a fruit juice blend (mango and papaya) sweetened with Stevia rebaudiana. They observed that US
was the processing technique that better retained the ascorbic acid content of the beverage (84%–91%),
followed by HIPEF (80%–83%). Authors reported that, in any case, higher energy inputs caused higher
ascorbic acid losses, independently of the treatment applied, which may be caused by the increase in
the temperature at high energy levels.

Phenolic compounds are commonly present in fruits and vegetables. The beneficial health-related
effects of certain polyphenols or their potential antioxidant properties are of great importance to
consumers [73–75]. Hence, their retention in treated functional beverages is an important goal for
scientists and technologists. Barba et al. [56] reported that, after an HHP treatment (100 MPa/420 s) was
applied to an orange juice-milk beverage, its content of phenolic compounds significantly increased
(22%) in comparison with untreated samples. This effect may be related to a better extractability of some
of the antioxidant components following HHP processing. Conversely, Keenan et al. [76] reported that
HHP (400 MPa/5 min) significantly reduced the phenolic content of a fruit smoothie. However, when
these authors compared the amount of phenolic compounds in HHP and thermally treated smoothies,
those samples treated with HHP retained a higher concentration of these compounds. Morales-de
la Peña et al. [42] observed that there were no significant differences in total phenolic concentration
between untreated, HIPEF and thermally treated fruit juice-soymilk beverages immediately after
processing. Nonetheless, during the storage, thermally treated beverages showed a significant decrease
in the phenolic content after the third day, while those HIPEF processed remained with no significant
changes. Conversely, when US treatment was applied in a fruit smoothie at different amplitude
levels (24.4–61 µm) and processing times (3–10 min), it was observed that the total phenolic content



Beverages 2016, 2, 14 7 of 12

decreased with the increase of amplitude levels [68]. These degradation trends during US processing
may be related to the formation of free radicals that occur during sonication, resulting in a potential
development of different oxidation pathways [77]. When Carbonell-Capella et al. [72] compared the
effects of HIPEF and US processing on phenolic compounds of a mango-papaya blended beverage, they
reported that the concentration of these compounds after HIPEF processing was significantly higher
than those of untreated samples. Authors stated that the extractability of total phenolic compounds
may be increased by the release of the solutes into the solvent due to the irreversible pores in cell
membranes formed by the effects of the electrical fields. However, when the US treatment was
applied, insignificant differences were obtained when compared with untreated blended beverage,
independently of the energy input applied.

Carotenoids are considered potent antioxidants, due to their pro-vitamin A activity and being
free radical scavengers [78]. In addition, it has been reported that they modulate the pathogenesis of
cancers and coronary hearth diseases [79,80]. Hence, producers and scientists are interested in finding
technologies able to preserve their concentration as high as possible in functional beverages. In this
sense, a study conducted by Barba et al. [73] demonstrated that there was a statistical significant increase
(35%–47%) in total carotenoid content in orange juice-milk samples after different HHP (100–400 MPa)
for 420 and 540 s in comparison with control samples. According to Butz et al. [81], this increase may
be due to the breakage of the intracellular vacuoles and the cell walls of the plant when pressures
of 100 MPa are applied. Similarly, HIPEF processing (25, 30, 35 and 40 kV/cm from 30 to 340 µs)
applied to an orange-carrot mixed juice caused a significant increase in the concentration of different
carotenoids [63]. These authors reported an enhancement of carotenoid concentration by increasing
the treatment time. Likewise, Carbonell-Capella et al. [72] observed that after HIPEF processing
was applied in a papaya-mango blended beverage, the total carotenoid content was significantly
higher than in the untreated sample. This may be due to carotenoids being released or leaching
from other minerals or solid substances into the juices as a result of the pulsed electric fields [82].
However, different observations were reported by Morales-de la Peña et al. [83] who mentioned that
the concentration of total carotenoids in fruit juice-soymilk beverages was significantly diminished
(9.8%–18.4%) immediately after HIPEF processing at 35 kV/cm during 800 and 1400 µs. Nonetheless,
these losses were lower than those observed after thermal pasteurization (25.9%). Regarding US
treatment, it has been detected that carotenoid content in a papaya-mango blended beverage after
sonication was significantly enhanced compared to the fresh beverage [72]. Differently from other
technologies, higher treatment time of US led to a higher carotenoid content. A possible explanation
for this increase may be related to the ability of US to enhance disruption of cell walls, which might
have facilitated the release of bound carotenoid content, or the rupture of carotenoid-protein binding,
thus facilitating the extractability of carotenoids.

Overall, all the studies mentioned above elucidate the great advantages of HHP, HIPEF and US
as novel additive-free preservation technologies for functional beverages. Firstly, it has been proved
that these processes can produce safe and stable beverages. Secondly, in most of the cases, the main
bioactive compounds present in these products are well retained or inclusive their concentration
increases. However, as it has been noted, the underlying principles and mechanisms that govern these
changes are not yet fully understood; therefore, further investigation is still needed in order to define
if biochemical, enzymatic or microbiological reactions might occur during processing, causing the
retention, degradation or formation of health-related compounds in the final products. Furthermore,
it is of high importance to highlight that the effects of each technology over bioactive compounds
retention in treated beverages depend on different factors: (i) processing parameters; (ii) processing
equipment; (iii) food matrices and; (iv) fruit ripeness and variety. In order to apply the optimal
treatment and obtain functional beverages with an elevated concentration of health-related compounds,
all of these factors should be considered depending on the selected technology. This information could
open the doors for non-thermal technologies’ applications in the food industry. In addition, studies
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focused on bioaccessibility and bioavailability are required to prove if the bioactive compounds present
in treated fruit-based beverages can be well absorbed by the organisms, producing health benefits.

4. Conclusions

Functional beverages containing a blend of fruit juices, milk or soymilk, have been developed
during the last few years in order to meet current consumer demands and provide them with an easy
way of ingesting healthy foods. These products could be considered as excellent sources of nutrients
and functional compounds to provide wellness and decrease the risk of chronic and degenerative
diseases. Nonetheless, food manufacturers must seek to identify the optimal combination of ingredients
in order to offer products with a high content of bioactive compounds, antioxidant capacity, and
sensorial attributes of high quality. At the same time, food safety has to be achieved through
preservation methods, making shelf life stable. Hence, novel technologies have been developed
with great success. Today, these treatments are of specific interest to the food industry because
they not only provide attractive alternatives to conventional methods such as sterilization and
pasteurization, but also offer opportunities for obtaining nourishing beverages. Today, research
into functional beverages should be directed towards: (i) identification of food ingredients with high
content of antioxidant and bioactive compounds; (ii) developing technologies to ensure commercially
stable products; (iii) assessing the effects of new processes on the products compared with traditional
treatments; and (iv) demonstrating their efficacy in reducing the risk of chronic and degenerative
diseases. Finally, in order to increase product acceptance among consumers, it is of high importance to
provide comprehensive information related to the health benefits of these new foods.
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