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Abstract: Waste generated from the agro-food industry represents a concerning environmental, social
and economic issue. The Food and Agriculture Organization of the United Nations defines food
waste as all food that decreases in quantity or quality to the extent that it is thrown out by food
service providers and consumers. The FAO reports that 17% of worldwide food production may
be wasted. Food waste may include fresh products, food close to the expiration date discarded by
retailers and food products from household kitchens and eating establishments. However, food waste
offers different possibilities to extract functional ingredients from different sources, such as dairy,
cereals, fruits, vegetables, fibers, oils, dye and bioactive compounds. The optimization of agro-food
waste as an ingredient will help in the development and innovation of food products to generate
functional food and beverages to prevent and treat several diseases in consumers.

Keywords: food waste; agro-food industry; functional beverages; regulation

1. Introduction

At present, waste from the agro-food industry is now both an environmental prob-
lem and a major social and economic issue. The Food and Agriculture Organization
of the United Nations (FAO) refers to food waste as all food that is compromised in
quantity or quality by food providers and consumers. Food waste comes in many forms:
(a) fresh products that are removed from the supply chain during sorting operations
and do not have the optimal size, color and/or other characteristics of the base product;
(b) food that is close to its expiry date and is discarded by retailers and consumers; and
(c) all food from household kitchens and food service operations [1–4]. Food waste
can also be food that has lost quantity, quality and/or safety at any stage of the food
processing chain, including during post-production processes such as handling, storage,
transport and processing, preservation and packaging [1,3]. Food waste mainly includes
vegetable waste such as peels, stems, seeds, shells, bran, pulp and residues. Animal
sources include waste from animal husbandry, dairy processing, seafood and the slaugh-
ter process [5,6]. The FAO reports that 17.0% of global food production is generated
as waste and 14.0% of food production is lost during the production chain. A total of
26.0% of food waste comes from the beverage industry, 21.0% from the dairy industry,
14.5% from fruit/vegetable production and processing, 12.5% from grain processing,
8.0% from meat processing and preservation, 3.5% from the animal and vegetable oil
industries and 0.5% from fish production and processing (Figure 1) [7–9]. Food waste is
usually disposed of in landfills or used to make compost, but the waste is a potential
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source of value-added compounds (phytochemicals, antioxidants, color pigments and
nutrients) that have some nutritional value and functional properties [10,11]. Nowa-
days, the proper use of this type of waste as raw materials or food additives offers
the beverage industry many opportunities for innovation, enabling the generation of
products with better nutritional and sensory characteristics, including higher protein,
fiber and mineral contents, and desirable qualities such as antioxidant, microbial and
antihypertensive properties, helping to enhance human health [12–14]. This research
provides an overview of agro-food waste from fruits and vegetables, dairy products,
cereals and fish, emphasizing their value as ingredients in the production of functional
beverages and their market and regulation.
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2. Functional Food and Beverages

Food is essential to survival, yet food products often fail to perform their primary
function, which is feeding consumers [15]. Today, the food industry faces a wide range
of challenges related to social issues such as climate change, environmental protection,
commercial margins, legislation, food security and the growing demand for food [16,17].
As a result of these issues, the environment, health, economy and food manufacturing
have changed from classic engineering, where the food products were made based on
technology and raw materials, placing the consumer’s needs at the end of the food chain,
to a modern design based on reverse engineering [18,19]. The main objective of the food
industry is to satisfy the preferences, interests and needs of consumers [20]. In recent
decades, consumers have demanded food products with nutritional characteristics and
also products to prevent and treat certain diseases. Consequently, functional foods began
to be developed in 1980 in Japan [21–23].

Functional foods are foods that contain bioactive ingredients that provide benefits
other than nutritional effects. They contribute to some human functions, preventing
and/or mitigating the development of chronic diseases (hypertension, obesity, cancer,
diabetes and others). However, functional foods are regulated but not legally recognized
in most countries [21–25]. Functional foods exist in a wide range of forms including
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bakery products, baby foods, cereal-based foods, dairy products, meat products and bev-
erages [26,27]. Functional beverages are the most important segment of functional food
products due to three important factors: (a) easier storage of products during refrigera-
tion time; (b) higher availability to incorporate bioactive components and nutrients; and
(c) greater satisfaction of consumer demand in terms of appearance, size, shape and content
of the container [28,29]. Another factor influencing the growth of the functional beverage
market is the consumer interest in natural and organic ingredients [21]. This trend offers
opportunities in the food industry, and especially the functional beverage sector, to develop
new formulations and preparations of beverages from natural sources such as cereals, dairy
products, herbs, etc. [28,30,31].

The extraction of different compounds from food waste generates new options to
utilize these in the food industry for the development of food products with better charac-
teristics [12]. Different innovative technologies exist to extract functional compounds from
food waste [32]. The advantage of these technologies is that they present fewer environ-
mental problems because they do not require a high volume of solvents. The most-used
technologies for extraction are: ultrasound (UAE), microwave (MAE), pressurized liquid
extraction (PLE) and enzyme-assisted extraction (EAE).

Ultrasound-assisted extraction (UAE): Ultrasound waves cause disruption in the plant
tissue through physical forces developed during acoustic cavitation, helping to release
extractable components in less time. Ultrasound extracts bioactive compounds from fruit
and vegetable waste and food by-products [33–35].

Microwave-assisted extraction (MAE): This technology involves the use of microwave
radiation energy to heat up the solute–solvent mixture. The diffusion of the solvent
through the sample increases the disruption of hydrogen bonds holding the sample, thereby
allowing the target compounds to dissolve into the extraction fluid [33,36].

Pressurized liquid extraction (PLE): This is one of the current techniques in devel-
opment for extracting phytochemicals because it requires the use of a high temperature
(40–200 ◦C) and pressure (3.3–20.3 MPa). This facilitates the desorption and solubility
of molecules [37,38].

Enzyme-assisted extraction (EAE): This technique exploits the capability of enzymes
to break down the cell wall compartment, ensuring the movement of the cytoplasmatic
content in extraction fluid such as water. This method has been identified as an eco-friendly
method owing to its use of water as a solvent rather than organic solvents [33,39].

3. Functional Beverages: Formulation and Classification

One of the main objectives for the development of new beverage formulations is
the incorporation of traditional and functional ingredients to enhance the appearance
and storage stability to ensure stable sensory characteristics during shelf life [40,41]. The
principal ingredients used in beverages are presented in Table 1.

Table 1. Principal ingredients in beverage formulation [40,42].

Ingredient Function in Beverage Formulation

Water
The major component of a beverage, constituting 85–98%. It has a carrier function for other

ingredients and has significant effects on the taste, appearance and physical and
microbiological stability of beverages during storage.

Carbohydrates
Give sweetness and texture to beverages; they have a synergistic role and give balance to flavorings.

Sucrose, inverted sugar, glucose syrup and high-fructose corn syrup are
the most common carbohydrates in beverages.

Sweeteners
Provide sweetness, reduce calories and have synergistic actions in beverages, improving their

sensorial properties and stability. Aspartame, acesulfame K,
sucralose and stevia are commonly used sweeteners.

Acidity
regulators

Determine the sugar–acid balance, having an influence on the sensory properties. Citric acid and
phosphoric acid are the most used acidity regulators.
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Table 1. Cont.

Ingredient Function in Beverage Formulation

Flavorings
Provide the final sensorycharacteristics (taste and smell). Solubility is the main parameter to be

considered when using flavorings. Water-soluble, emulsion-based and spray-dried flavorings are the
principal forms of flavoring used in beverages.

Colors Make products more attractive to consumers,
having an influence on the visual appearance of beverages.

Preservatives
Make products more attractive to consumers, influencing the visual appearance of beverages.

Used to minimize microbial spoilage risk during storage. Potassium sorbate and sodium benzoate
are the most commonly used preservatives in beverages.

Functional foods and beverages have become an important part of consumer
lifestyles [28]. Functional beverages meet the needs of different lifestyles, ages and
genders and can also provide benefits, including compensation for a lack of a healthy
diet, prevention against specific diseases, fatigue and stress relief, anti-aging proper-
ties and an energy boost [43,44]. In recent years, the functional beverage market has
developed a growing number of products that stand out for their characteristics, such as
improving intestinal or cardiovascular health and aiding the immune system, weight
control and anti-aging processes [45]. The main classification of functional beverages
presents three categories:

I. Milk beverages: They include probiotics and mineral-fortified drinks. They contain
several components, such as peptides, oligosaccharides, enzymes, vitamins and minerals.
These components can be beneficial for the health of consumers [46].

II. Fruit and vegetable drinks: The juice industry is the major generator of vegetable
waste and fruit beverages. Some of their principal properties are due to the bioactive
potential of anthocyanins, flavonoids, epicatechins, flavonones, procyanidins, lignans,
carotenoids, soluble and insoluble fiber, isothiocyanates, phenolic acids and vitamins A, C
and E. There is the possibility of converting these matrices into functional and personalized
products with health benefits [31].

III. Sports drinks: Play an important role in hydration (improving sports performance)
and in the prevention or improvement in specific health conditions. Their formulas can be
specifically designed to increase energy, improve mental focus and/or prevent bone and
joint pain. The main function of this group of beverages is to hydrate athletes and restore
electrolytes, carbohydrates and other nutrients that may be depleted during exercise [29].

Market and Regulation of Functional Beverages

The functional food and beverage market has grown over the past decade because
consumers are increasingly seeking out diets to help prevent illnesses such as osteo-
porosis and cardiovascular and neurodegenerative diseases, or even to optimize their
health by increasing their energy and boosting their immune systems. Additionally,
price, taste, health claims, packaging and branding, as well as sensory attributes, have
an influence on consumer preferences for functional food and beverages [47–49]. The
global functional food market was valued at USD 175 billion in 2020 and is predicted
to exceed USD 309 billion by 2027. The functional beverage market was valued at
USD 110,148.9 million in 2020 and is estimated to reach USD 200,080.3 million by
2030 [50]. This fact has led to the market of functional foods and beverages growing
by approximately 10% per year, generating USD 192 billion in 2020 [44,51]. Globally,
Japan is the largest functional food market, where 1700 functional foods have been
launched. Although, the US and European markets appear to be less developed, these
three markets account for 90% of the total sales [52,53]. European countries, including
Germany, France, Italy, Hungary, Poland and Russia, represent the most important
market for functional food and beverage products. It is a heterogeneous market due to
the large cultural differences among customers [54–56]. A high percentage of the pop-
ulation in northern European countries such as Finland, Sweden and the Netherlands
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consumes functional foods; Belgium represents the lowest functional-food consumer
percentage [53]. The United States of America leads the functional food and bev-
erage market with an 8.7% annual growth rate [54,57]. However, in Latin America,
in countries such as Brazil and Mexico, functional food and beverage development,
distribution and trade are relatively new but present a promising rate of growth that
is expected to continue [56,58]. Growth in the functional food and beverage market
is slow in Australia, New Zealand (NZ), Africa, the Middle East and Eastern Europe
due to extreme poverty and socio-cultural factors, representing just 8% of the total
revenue worldwide [56,59]. Asia has the largest functional food market. China, Japan
and Taiwan house the largest number of health food and beverage manufacturing
global enterprises because their citizens are more concerned about health and believe
that functional foods are a great way to take care of the body [59,60]. The main market
trends that have been driving activity and growth in the functional food and beverage
market are:

- Marketplace convergence of a range of categories;
- Accelerated growth in the number of functional foods and beverages;
- Cobranding partnerships between ingredient suppliers and manufacturers;
- Increased focus on science and validation of claims;
- Growing demand for sustainable and environmentally friendly food;
- Expansion of active nutrition products as consumers become more health-conscious;
- The emergence and popularity of innovative dosage and delivery forms;
- The rise of the millennials and a new paradigm on health and wellness [44,61,62].

In general terms, the regulation of functional food and beverage products is still a
progressive topic due to the regulation of food supplements, dietetic food and genetically
modified organisms (GMO). Japan was the first country to recognize the health benefits
of functional foods and the need for the marketing and regulation of these types of
foods. In Japan, functional food products are regulated by Food for Specified Health
Uses (FOSHU), which requires these types of products to contain an ingredient with
health functions and official approval to claim to have physiological effects on the
human body [63]. This regulation has influenced other Asian countries such as China,
the Republic of Korea and many others to develop and implement regulations for the
production and sale of functional foods and beverages [64]. In the European Union, the
European Food Safety Authority (EFSA) considers functional foods a concept rather than
a specific food category [28,58]. Additionally, the procedure for the validation of health
claims is costly and lengthy because of the involved scientific data to support the benefit
of a functional products. Therefore, it is difficult to market a product with health claims
in European countries because it involves the authorization procedure of every country’s
national authority [28]. In Europe, to obtain the authorization to market a functional
beverage, a rigorous assessment of the toxicological, nutritional, compositional and other
relevant data is needed [65]. In the USA, the Food and Drug Administration (FDA) is
responsible for the regulation of functional foods and beverages. They categorize the
products into a specific category, underlining specific health benefits [66]. In Brazil, the
functional food and beverage regulation has been defined by the Agencia Nacional de
Vigilancia Sanitaria since 1999; in Mexico, by the Ley General de Salud since 2011; and in
Chile, by the Manual of “Selección de Alimentos” since 1999 [67].

Other countries follow the Codex Alimentarius as a guide to establish the regulation
of functional food products. However, every country has its own legislation for functional
foods and beverages. [50,68]. The global functional food regulation is determined by the
consumers’ acknowledgment of the connection between health and diet [28,69].
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4. Food Waste as an Ingredient for the Preparation of Functional Beverages
4.1. Fruit and Vegetable Waste

Fruits and vegetables are edible parts of plants. They are essential components of the
human diet because they are a great source of vitamins, minerals and fiber [70,71]. The FAO
(2018) estimates that the global production of fruits and vegetables is currently 868 Mt and
1089 Mt, respectively. However, their production has been increasing due to population
growth and changes in dietary habits. Fruit production is led by bananas, citrus, melons,
apples, pears and grapes, and the most produced vegetables are tomatoes, onions, garlic,
cabbages, cauliflower, brassicas, cucumbers, pickles, carrots and turnips (Figure 2) [71–73].
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Unfortunately, half of the worldwide fruit and vegetable production ends up as
waste, generating environmental problems because these materials are naturally suscep-
tible to microbiological degradation [72,74]. The juice industry is the major generator
of vegetable waste [75]. Fruit and vegetable waste (FVW) comprises the inedible parts
of food, i.e., the outer layers and extremities of fruits and vegetables that are removed
during processing, mainly by peeling and pressing. These parts are discarded during
collection, handling, transportation, and processing [75,76]. Utilizing fruit and vegetable
waste represents a great opportunity to obtain vitamins, minerals, fiber, oils, dye and
bioactive compounds that could be included in the human diet [6,77]. However, its
valorization for the recovery of valuable components is limited. In this sense, industry
and the research community have been working together to transform fruit waste into
high-value-added products [78]. There are some research studies where fruit waste was
used as an ingredient in the production of different beverages, showing its important
functionality (Table 2) [79–83]. Some of the functionalities in beverages produced from
FVW are related to the presence of bioactive compounds such as polyphenols present
in fruit peel [84–89], seeds [87,89,90] or the final product of fruit processing [91–94]. In
vegetables, the pomace and peel are the main sources of bioactive compounds [74,95–100].
They result in excellent antioxidant activity, by radical inhibitions such as DPPH (2,2-Diphenyl-
1-picrylhydrazyl), ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), and anti-
inflammatory activity [101]. Additionally, the antimicrobial activity is related to the
presence of bioactive compounds in FVW. This activity increases during the storage of
beverages, maintaining their physiochemical (lower sedimentation and better viscosity
and color) and nutritional properties (high concentration of vitamins and minerals). FVW
is rich in fiber, which helps to increase satiety, control the glycemic index, reduce the risk
of heart diseases, alleviate constipation and reduce the risk of metabolic syndromes and
diabetes. Moreover, it can increase the viscosity and stability of tea, juice and refreshing
and other types of beverages [102–107].



Foods 2023, 12, 1583 7 of 18

Table 2. Fruit and vegetable waste used in functional beverages.

Type of Beverage Waste Food Ingredient Functionality Reference

Apple–peach Lemon peel
(polyphenols)

Antioxidant and antimicrobial capacity
increased during storage [75]

Refreshing beverage Sea buckthorn waste
(phenolic compounds)

Antioxidant, antimicrobial
and nutritional functionality [81]

Tea Pomegranate peel
(flavonoids and tannins)

Increased antioxidant and bio-accessibility
capacity of polyphenols [76]

Energy drink Melon seeds
(flavonoids and phenolic acids)

DPPH radical inhibition, antimicrobial
activity against Staphylococcus aureus, E. coli,

Bacillus cereus and Aspergillus niger
[78]

Coffee type Zalaca seeds
(flavonoid compounds)

Antioxidant activity and diuretic effect on
white male Wistar rats [79]

Juice Dragon fruit peel
(polyphenol compounds) Inhibition of free radicals [77]

Iced tea Cacao processing waste
(phenolic compounds and dietary fiber)

Antioxidant activity and
good nutritional properties [82]

Juice Orange and pomegranate peel
(polyphenol compounds)

Antioxidant and antimicrobial activity
increased during storage [80]

Infusion Grape pomace
(phenolic acids and flavonoids) Antioxidant and anti-inflammatory activity [101]

Verjuice Unripe grapes
(organic acids and phenolic compounds)

Antimicrobial agent against E. coli, L.
monocytogenes, S. typhimurium and S. aureus [94]

Juice Carrot pomace hydrolysate
(β-carotene, polyphenol compounds) Rich in polyphenolics, low sedimentation [96]

Isotonic beverage Lettuce, courgette, carrot, spinach
(fiber, protein and minerals) Good physicochemical properties [75]

Juice Cauliflower by-product powder
(flavonoid compounds) Antioxidant, enhances the nutritional value [97]

Juice Pumpkin
(vitamin C, niacin and carotene)

High detoxification and
antioxidant properties [106]

Juice Broccoli pomace
(polyphenol content)

Antioxidant, higher content of soluble
carbohydrates (lower fiber content) and proteins [98]

Juice Beetroot
(phenolic and flavonoid compounds)

High amount of all minerals, enhances the
beverage’s taste, flavor

and antioxidant capacity
[99]

Juice
Sweet potato

(anthocyanins, gallic acid,
catechin, tryptophan)

High levels of bioactive compounds with
antioxidant capacity [108]

Juice Eggplant peel
(anthocyanins)

Antioxidant capacity against free radicals
(ABTS and DPPH) [102]

Juice Prickly pear peels
(pectic polysaccharides) Antimicrobial activity during storage [100]

Juice Tomato waste
(lycopene) Antioxidant capacity against free radicals [107]

4.2. Dairy Waste

In 2019, world milk production was estimated to be about 852 Mt, and in 2020, the
production was 906 Mt. This production is expected to grow 1.7% per year, reaching 1020 Mt
by 2030 (FAO 2021). For 2020, the regions with higher milk production were Asia (367 Mt),
Europe (225 Mt) and North America (109 Mt), followed by South America, Oceania, Central
America and the Caribbean (Figure 3). The principal types of milk produced globally are
cow (81.0%), buffalo (15%) and goat, sheep and camel (4.0% combined) [108,109].
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Milk should be processed almost immediately after milking, and it can only be
stored for a few days [108]. The majority of dairy products are consumed in fresh,
unprocessed or slightly processed (pasteurized or fermented) forms. The main processed
dairy products produced around the world are butter (9.3 Mt), cheese (1.8 Mt), whole
milk powder (2.7 Mt) and skim milk powder (2.5 Mt). The waste derived from dairy
products is around 29 Mt per year, generating an important environmental problem [69,110].
Dairy waste can be classified as wastewater or solid waste [111].

Solid waste: The dairy industry produces around 200–350 kg of sludge for every 500,000 L
of milk processed. Sludge contains degradable organic and non-biodegradable solid matter.
The amount of sludge produced increases with an increase in wastewater [69,112].

Wastewater: The dairy industry produces 1–3 L of wastewater for every liter of milk
produced. It contains a high concentration of organic components such as carbohydrates
(lactose), protein, minerals and fats [110,113].

Milk whey is the main by-product of the dairy industry, produced during cheese
and casein manufacturing; for every 10 L of milk, 1 kg of cheese and 9 L of milk whey
are generated [108]. Milk whey represents an important pollution problem because of its
biochemical oxygen demand (BOD) and chemical oxygen demand (COD) in the range
of 1–10 g/L and 0.3–5.9 g/L, respectively [69,114]. Whey is a yellowish-to-greenish clear
liquid obtained after milk coagulation during the cheese-making process. Whey represents
about 85–95% of the milk volume and contains over 55% of milk nutrients such as minerals,
proteins and lactose. Although milk whey is considered a waste product, the literature
supports that milk whey has relevant nutritional and functional properties that make it
suitable for use in functional foods [115–118].

Table 3 presents fermented beverages produced by dairy waste, mainly whey ob-
tained from different types of cheese production such as Oaxaca, Ricotta and Chhena.
Whey can be used in liquid form [26,119,120] or as a functional ingredient in powder
form [121–123]. Whey beverages show functional activities such as antioxidant, antibac-
terial and cytomodulatory properties and also inhibit angiotensin-converting enzymes
(ACE). The nutritional value of beverages produced using whey is higher; hence, they
have good acceptance among consumers [124–127].
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Table 3. Functional beverage processing from dairy waste.

Type of Beverage Waste Food Ingredient Functionality Reference

Fermented drink Whey from Oaxaca cheese production High bioavailability, nutritional value
and antioxidant activity [28]

Soursop whey beverage Powder whey

High concentration of phenolic content;
improvement in the antioxidant and

antihypertensive activities; reduction in
undesired minerals

[125]

Sport beverage Liquid whey Increase in protein and handgrip strength [126]

Sport beverage Ricotta cheese whey Increase in volatile organic compounds;
antimicrobial activity [120]

Fruit beverage Powder whey

Antioxidant activity, ACE
(angiotensin-converting enzyme)

inhibitory activity and
α-glucosidase inhibition

[123]

Fermented milk beverage Powder whey Antioxidative, antibacterial, immune and
cytomodulatory properties; ACE inhibition [122]

Whey dairy beverages Liquid whey Inhibition activity on the viability of
prostate cancer cells [127]

Fermented probiotic beverage Chhena cheese whey Functional and nutritional qualities [121]

Vegetable beverage Liquid whey
Higher antioxidant activity and content
of phenolic compounds, flavonoids and

lipophilic pigments
[128]

Fermented beverage Powder whey Antioxidant and antimicrobial activity;
ACE inhibitory activity [124]

4.3. Cereal Waste

Cereal consumption provides more than 56% of human energy due to its carbohy-
drates, especially starch, and makes up 50% of the protein consumed worldwide [128].
Cereals are also rich in protein, vitamins and fiber. They also contain a small proportion of
minerals (K, P, Mg, Ca and Fe) and unsaturated fatty acids [129–131]. The main cereals pro-
duced and consumed in the human diet are corn, wheat, rice, barley, oats, sorghum and rye
(Figure 4). Cereal processing is one of the most important industries in the agro-food sector
because cereal food products cover over 20% of the daily diet [132,133]. Cereal products
are obtained by dry milling (wheat and rye), pearling (rice, oat, barley), wet milling (corn,
wheat) and malting (barley, corn, wheat). This processing can generate solid waste (corn
pericarp, corn grits, brewer’s spent grain, lignocellulosic biomass and baking industry
waste) and liquid waste (milling waste water, parboiled rice effluent, corn steep liquor,
bakery and tortilla wastewater) [134,135]. Lignocellulosic biomass is particularly suitable
as a low-cost carbon substrate for solid-state fermentation [133]. The composition of waste
generated in the cereal industry depends on the raw material processed and its operating
conditions [110,133,134]. Cereal waste can be used as a low-cost material to extract value-
added compounds that have potential health benefits (antioxidant, anti-inflammatory,
regulation of hormones, enhancement of the immune system), for example, polyphenols
used in nutraceuticals, dietary supplements and functional food formulations [130,133,136].

The main objective of waste management in the cereal industry is to improve resource
efficiency while protecting the environment. The techniques used for waste treatment
modify their physical, chemical or biological characteristics to reduce their toxicity and/or
volume and make the waste safer for disposal [135,137,138].

Today, many by-products derived from cereal processing have reached the market as
dietary supplements or ingredients in fermented functional beverages [139]. Fermentation
is a cheap biotechnological process used worldwide and is also one of the oldest processes
used for food preservation and the elaboration of food products as beverages from various
cereals worldwide [140–142]. This process uses enzymes and microorganisms (lactic acid
bacteria, yeasts and molds) to trigger acidification, proteolysis and/or amino acid conver-
sions to obtain products with desirable characteristics linked to texture, taste and odor and
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to extend the shelf life of beverages [143,144]. Fermented beverages are an optimum vehicle
to transport nutrients (dietary fiber, vitamins, fatty acids, probiotics and minerals) and
bioactive compounds (phytochemicals, phytoestrogens, phenolic compounds, flavonoids,
carotenoids, etc.) into the body [141,142,145]. Fermented functional beverages are suitable
for consumption by vegetarians, vegans and lactose-intolerant consumers. Additionally,
they have an economic impact on poor diets and the potential to reduce adverse health
effects by acting as antioxidant and anti-inflammatory agents, regulating hormones, en-
hancing the immune system, etc. [25,141,146]. Beverages produced from cereal waste from
sorghum, barley, corn, barnyard millet, oats, wheat, rice, rye or quinoa are often high in
soluble fiber, which helps to reduce the glycemic index by slowing down digestion and ab-
sorption [147]. Phenolic compounds have antioxidant potential and scavenge harmful free
radicals in the body, reducing oxidative stress [148–152]. They also show antihypertensive,
nutritional and physiochemical properties that promote physicochemical and functional
properties [152–156] (Table 4).
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Table 4. Functional beverages with cereal waste as an ingredient.

Type of Beverage Waste Food Ingredient Functionality Reference

Fermented beverage Blue corn and black beans
(phenolic compounds) Antidiabetic and antihypertensive activity [151]

Alcoholic beverage
Millet bran

(vanillic, syringic, coumaric
and ferulic acids)

Antioxidant activity related to the high
polyphenol content [156]

Fermented beverage Quinoa flour
(phenolic compounds)

Antioxidant activity, antihypertensive
potential and sensorial acceptability [157]

Juice Sorghum Stalk
(phenolic compounds)

Reduced oxidative stress and no changes in
sensory properties [149]

Fermented beverage Malted barley
(peptides)

Good physicochemical and
antimicrobial properties [154]

Multigrain beverage Barnyard, foxtail kodo
(phenolic compounds)

Prebiotic activity, low GI (glycemic index),
high antioxidant activity in beverage [148]

Fermented beverages Rice bran
(protein and dietary fiber)

Higher sensory acceptance,
best shelf life and nutritional value [155]

Tea Corn tassel
(phenolic compounds) Antioxidant and high bioactivity [150]

Multigrain probiotic beverage
Multigrain

(oats, barley, buckwheat, rice)
(phenolic compounds)

Antioxidant activity, excellent nutritional
value, great stability [153]
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4.4. Fish Processing Waste

Almost 214 Mt of fish was processed in 2020, with its production expected to decrease
to 202 Mt by 2030 [157]. Around 27% of the total catch of fish is lost or unutilized for
consumption due to spoilage or deficient management and storage problems [158,159].
Around 65% of the total fish production is converted into waste. The term “fish waste”
(FW) refers to the whole fish when it is damaged. It includes heads (9–12%), bones (9–15%),
viscera (12–18%), muscle trimmings (15–20%), skin and fins (1–3%) and scales [160,161]
(Figure 5). Traditionally, FW is used in animal feed and fertilizer or is discarded in landfills,
causing environmental problems, damage to the marine ecosystem and the generation of
unpleasant odors [162–164]. FW contains approximately 58% protein, 19% fat and minerals.
Additionally, approximately 22% of its content is made up of the fatty acids palmitic acid
and oleic acid. FW is an important source of by-products (proteins and amino acids,
collagen and gelatin, oil and several enzymes) used in several fields and the food industry
a functional ingredients [164–167]. Some studies have demonstrated the use of by-products
obtained from FW in beverages with functional properties such as antioxidants against
superoxide, ABTS and DPPH radicals and antimicrobial activity [168–170]. It possesses
great physicochemical and nutritional properties [165,168,171–173]. Functional beverages
with FW (gelatin and collagen) have been demonstrated to help increase skin hydration,
brightness and texture and to decrease the appearance of crow’s feet wrinkles, pores and
spots [174–176]. (Table 5).
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Table 5. Beverages obtained from fish waste.

Type of Beverage Waste Food Ingredient Functionality Reference

Dairy beverage Collagen
(fish)

Increased nutritional properties, higher
bioavailability and antioxidant capacity (ABTS) [168]

Probiotic dairy beverage Collagen
(donated by industry)

Good physicochemical and microbiological
parameters during storage [47]

Fruit beverage Collagen
(fish)

Increase in collagen synthesis and improvement
in protein folding [176]

Sparkling water Gelatin
(skin, scales and fins)

Antibacterial properties and antioxidant activity
against superoxide and the DPPH radical [169]

Fruit juice Hydrolysate collagen
(cod skin) Good nutritional and physicochemical properties [165]

Apple juice and djulis extract Collagen
(green caviar) Improved skin moisture and elasticity [171]

Apple juice Collagen
(fish) Improved skin hydration, brightness, texture [175]

Non-alcoholic
rose–apple beverage

Collagen
(fish) Antioxidant properties [170]

Dairy beverage Collagen
(fish skin)

Good organoleptic, physicochemical and
microbial properties [172]

Omega-3 beverage Collagen
(donated by industry) Improved wound healing rate [174]
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5. Conclusions

Food waste represents an important economic and pollution problem due to the
high volume that is generated every day at home and in food industries. Therefore, the
conversion of food waste into raw materials that can be used in the food production chain
allows the mitigation of this problem, giving added value to what is considered waste. To
minimize agro-food waste, some options can be considered, such as reduction, recovery
and recycling. The first depends on a supply chain where products with imperfections
are left at the place of harvest following marketing standards, considering that the market
demands a quality product. Regarding recovery, models for the redistribution of food
surpluses could be developed; good logistics can improve the tracking and delivery of food
through the different redistribution channels available. Assuming that the two previous
proposals are unavoidable, the viable option could be recycling, in which agro-food wastes
are used in animal feed, composting or raw material used in renewable energy, contributing
to a reduction in pollution. These options may benefit from new approaches to waste
valorization that not only consider the extraction of high-value compounds but also the
development of products that improve ecosystem services, especially crop production.

Agro-food waste is a viable source for obtaining active ingredients for the preparation
of functional beverages. The interest in functional foods in recent years is a result of im-
proved quality of life (providing benefits such as disease prevention, relief from fatigue and
stress and an energetic contribution) and the increasing costs of health care, which have
encouraged the food industry to develop more effective functional foods and beverages,
taking advantage of products generated from food waste. The increased demand for inno-
vative beverages such as functional beverages has been generated due to the prevalence of
vegetarianism, veganism and lactose intolerance and consumer interest in being aware of
the beneficial effects of food products on the market. However, the regulation of functional
beverages and foods is not fully established globally; it is specific to every single country. In
Asian and European countries, functional foods have established regulations, while in de-
veloping countries, the regulation of functional foods and beverages is limited. Legislation
is needed regarding the production and trade of functional foods and beverages.
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characteristics and aroma of borş, a traditional beverage derived from wheat bran. Food Chem. 2018, 265, 242–252. [CrossRef]
151. Milán-Carrillo, J.; Gutiérrez-Dorado, R.; Cuevas-Rodríguez, E.O.; Sánchez-Magaña, L.M.; Rochín-Medina, J.J.; Reyes-Moreno, C.

Bebida funcional con potencial antidiabético y antihipertensivo elaborada con maíz azul y frijol negro bioprocesados. Rev. Fitotec.
Mex. 2017, 40, 451–459. [CrossRef]

152. Mishra, N.; Gupta, E.; Prasad, R.; Singh, P. Formulation and oprtimization of mated barley based symbiotic beverage by response
surface methodology. J. Adv. Food Sci. Technol. 2020, 7, 12–20.

http://doi.org/10.1186/s12931-020-01466-1
http://www.ncbi.nlm.nih.gov/pubmed/32807165
http://doi.org/10.1016/j.foodres.2020.109450
http://doi.org/10.3390/molecules26113126
http://www.ncbi.nlm.nih.gov/pubmed/34073741
http://doi.org/10.1017/S0954422420000207
http://doi.org/10.1016/j.jff.2013.02.004
http://doi.org/10.15673/gpmf.v18i4.1192
http://doi.org/10.1016/j.foodchem.2021.130352
http://doi.org/10.1016/j.spc.2021.02.010
http://doi.org/10.3390/nu13113934
http://doi.org/10.3389/fnut.2019.00042
http://doi.org/10.1007/s13197-018-3186-y
http://doi.org/10.3390/foods9081031
http://doi.org/10.15414/jmbfs.2018-19.8.3.914-919
http://doi.org/10.1111/ijfs.14181
http://doi.org/10.1007/s13197-016-2328-3
http://doi.org/10.1108/00070701311317838
http://doi.org/10.1016/j.lwt.2020.109991
http://doi.org/10.1007/s12649-020-01156-5
http://doi.org/10.1016/j.afres.2022.100087
http://doi.org/10.1016/j.foodchem.2018.05.095
http://doi.org/10.35196/rfm.2017.4.451-459


Foods 2023, 12, 1583 18 of 18

153. Kokwar, M.A.; Arya, S.S.; Bhat, M.S. A cereal-based nondairy probiotic functional beverage: An insight into the improvement in
quality characteristics, sensory profile, and shelf-life. J. Food Process. Preserv. 2022, 46, e16147. [CrossRef]

154. Samilyk, M.; Qin, X.; Luo, Y. The influence of the introduction of rice bran on fermented milk drink. Sci. Messenger LNU Vet. Med.
Biotechnologies. Ser. Food Technol. 2021, 23, 39–45. [CrossRef]

155. Guo, X.; Sha, X.; Rahman, E.; Wang, Y.; Ji, B.; Wu, W.; Zhou, F. Antioxidant capacity and amino acid profile of millet bran wine
and the synergistic interaction between major polyphenols. J. Food Sci. Technol. 2018, 55, 1010–1020. [CrossRef]

156. Argüelles-López, O.D.; Reyes-Moreno, C.; Gutiérrez-Dorado, R.; Sánchez-Osuna, M.F.; López-Cervantes, J.; Cuevas-Rodríguez,
E.O.; Milán-Carrillo, J.; Perales-Sánchez, J.X.K. Functional beverages elaborated from amaranth and chia flours processed by
germination and extrusion. Biotecnia 2018, 20, 135–145. [CrossRef]

157. FAO. The State of World Fisheries and Aquaculture 2020. Sustain. Action 2020, 63, 17–18.
158. FAO. The State of Wold Fisheries and Aquaculture 2018; Food and Agriculture Organization of the United Nations: Rome, Italy, 2018.
159. Shahidi, F.; Varatharajan, V.; Peng, H.; Senadheera, R. Utilization of marine by-products for the recovery of value-added products.

J. Food Bioact. 2019, 6, 10–61. [CrossRef]
160. Ahuja, I.; Dauksas, E.; Remme, J.F.; Richardsen, R.; Løes, A.-K. Fish and fish waste-based fertilizers in organic farming–With

status in Norway: A review. Waste Manag. 2020, 115, 95–112. [CrossRef]
161. Coppola, D.; Lauritano, C.; Palma Esposito, F.; Riccio, G.; Rizzo, C.; de Pascale, D. Fish Waste: From Problem to Valuable Resource.

Mar. Drugs 2021, 19, 116. [CrossRef] [PubMed]
162. Alfio, V.G.; Manzo, C.; Micillo, R. From Fish Waste to Value: An Overview of the Sustainable Recovery of Omega-3 for Food

Supplements. Molecules 2021, 26, 1002. [CrossRef]
163. Chaklader, M.R.; Howieson, J.; Foysal, M.J.; Fotedar, R. Transformation of fish waste protein to Hermetia illucens protein

improves the efficacy of poultry by-products in the culture of juvenile barramundi, Lates calcarifer. Sci. Total Environ. 2021,
796, 149045. [CrossRef]

164. Shavandi, A.; Hou, Y.; Carne, A.; McConnell, M.; Bekhit, A.E.-d.A. Chapter Four - Marine Waste Utilization as a Source of
Functional and Health Compounds. In Advances in Food and Nutrition Research; Toldrá, F., Ed.; Academic Press: Cambridge, MA,
USA, 2019; Volume 87, pp. 187–254.

165. Krasnova, I.S.; Semenov, G.V.; Zarubin, N.Y. Modern technologies for using fish wastes in the production of collagen hydrolysates
and functional beverages. IOP Conf. Ser. Earth Environ. Sci. 2020, 421, 062030. [CrossRef]

166. Mahanand, S.; Devi, D.; Sharma, S.; Wangkheirakpam, R. Fish waste Utilization with Reference to Fish Protein Hydrolysate–A
Review. Fish. Technol. 2019, 169–178.

167. Volokitina, Z.V.; Ionova, I.I.; Krasnova, I.S. Whey beverage with collagen hydrolysate from salmon skin and feijoa. IOP Conf. Ser.
Earth Environ. Sci. 2020, 421, 032017. [CrossRef]

168. Bilek, S.E.; Bayram, S.K. Fruit juice drink production containing hydrolyzed collagen. J. Funct. Foods 2015, 14, 562–569. [CrossRef]
169. Mirzapour-Kouhdasht, A.; Moosavi-Nasab, M.; Kim, Y.-M.; Eun, J.-B. Antioxidant mechanism, antibacterial activity, and

functional characterization of peptide fractions obtained from barred mackerel gelatin with a focus on application in carbonated
beverages. Food Chem. 2021, 342, 128339. [CrossRef] [PubMed]

170. Saati, E.A.; Ilma, R.; Wibawani, S.; Winarsih, S.; Wahyudi, V.A. Non-alcohol rose-apple antioxidant drink with halal fish collagen
hydrolysate. AIP Conf. Proc. 2022, 2534, 040004. [CrossRef]

171. Chang, H.C.; Lin, Y.K.; Lin, Y.H.; Y. H.L.; Hu, W.C.; Chiang, C.F. Hydrolyzed Collagen Combined with Djulis and Green Caviar
Improve Skin Condition: A Randomized, placebo-Controlled Trial. Curr. Res. Nutr. Food Sci. 2021, 9, 533–541. [CrossRef]

172. Samimiazad, A.; Ehsani, M.R.; Shabani, S. Functional, Sensory and Microbial Properties of Milk Fortified by Bioactive Peptides
Derived from Fish Waste Collagen. Food Biosci. Technol. 2022, 12, 39–50.

173. Shin, Y.; Jin, T.; Gim, S.; Phaik, Y.; Joo, K.; Bakr, A.; Salihin, A. Growth Rate of Lactobacillus ssp. and Streptococcus thermophilus
of some Medicinal Plants Water Extracts with Fish Collagen. Biointerface Res. Appl. Chem. 2022, 12, 824–832.

174. Alipoor, E.; Jazayeri, S.; Dahmardehei, M.; Salehi, S.; Yaseri, M.; Emami, M.; Rezayat, M.; Hosseinzadeh Attar, M.J. Effect of a
collagen-enriched beverage with or without omega-3 fatty acids on wound healing, metabolic biomarkers, and adipokines in
patients with major burns. Clin. Nutr. 2023, 42, 298–308. [CrossRef] [PubMed]

175. Lin, P.; Alexander, R.A.; Liang, C.-H.; Liu, C.; Lin, Y.-H.; Lin, Y.-H.; Chan, L.-P.; Kuan, C.-M. Collagen formula with Djulis for
improvement of skin hydration, brightness, texture, crow’s feet, and collagen content: A double-blind, randomized, placebo-
controlled trial. J. Cosmet. Dermatol. 2021, 20, 188–194. [CrossRef] [PubMed]

176. Lin, P.; Hua, N.; Hsu, Y.-C.; Kan, K.-W.; Chen, J.-H.; Lin, Y.-H.; Lin, Y.-H.; Kuan, C.-M. Oral Collagen Drink for Antiaging:
Antioxidation, Facilitation of the Increase of Collagen Synthesis, and Improvement of Protein Folding and DNA Repair in Human
Skin Fibroblasts. Oxidative Med. Cell. Longev. 2020, 2020, 1–9. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/jfpp.16147
http://doi.org/10.32718/nvlvet-f9608
http://doi.org/10.1007/s13197-017-3014-9
http://doi.org/10.18633/biotecnia.v20i3.721
http://doi.org/10.31665/JFB.2019.5183
http://doi.org/10.1016/j.wasman.2020.07.025
http://doi.org/10.3390/md19020116
http://www.ncbi.nlm.nih.gov/pubmed/33669858
http://doi.org/10.3390/molecules26041002
http://doi.org/10.1016/j.scitotenv.2021.149045
http://doi.org/10.1088/1755-1315/421/6/062030
http://doi.org/10.1088/1755-1315/421/3/032017
http://doi.org/10.1016/j.jff.2015.02.024
http://doi.org/10.1016/j.foodchem.2020.128339
http://www.ncbi.nlm.nih.gov/pubmed/33069523
http://doi.org/10.1063/5.0105734
http://doi.org/10.12944/CRNFSJ.9.2.16
http://doi.org/10.1016/j.clnu.2022.12.014
http://www.ncbi.nlm.nih.gov/pubmed/36724726
http://doi.org/10.1111/jocd.13500
http://www.ncbi.nlm.nih.gov/pubmed/32530124
http://doi.org/10.1155/2020/8031795
http://www.ncbi.nlm.nih.gov/pubmed/32454944

	Introduction 
	Functional Food and Beverages 
	Functional Beverages: Formulation and Classification 
	Food Waste as an Ingredient for the Preparation of Functional Beverages 
	Fruit and Vegetable Waste 
	Dairy Waste 
	Cereal Waste 
	Fish Processing Waste 

	Conclusions 
	References

