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1. INTRODUCTION
1.1. GENERALITIES AND DEFINITIONS
A circular economy is an alternative to a traditional linear economy (make, use, dispose)
in which we keep resources in use for as long as possible, extract the maximum value
from them whilst in use, then recover and regenerate products and materials at the end of
each service life.
A circular economy is important because it will create new opportunities for growth and
will:


reduce waste



drive greater resource productivity



deliver a more competitive economy.



Better position to deal with emerging resource security/scarcity issues in the
future.



help reduce the environmental impacts of production and consumption

Food waste hence represents a missed opportunity to feed the growing world population,
a major waste of resources and a needless source of greenhouse gas emissions that
impacts climate change. Wasting food also means wasting resources and efforts put into
improving the sustainability of food production. Preventing food waste is a key priority
for food and drink manufacturers and forms an important part in delivering a Circular
Economy. Food and drink manufacturers in Europe are actively working to reduce food
waste in their operations and along the food chain for example through innovative supply
chain partnerships and valorization of food losses.
These valorization activities are not a new trend. In 1938, Nestlé created one of its key
inventions, Nescafé soluble coffee, as a response to avoid coffee bean losses that were
sitting unsold in Brazilian warehouses.
When food is unable to stay within the human food chain and be redirected to feed people,
the preferred option will depend on a case by case evaluation. A first consideration should
be whether it can be redirected to feed livestock, subject to safety, quality and legislative
requirements being met. Otherwise, consideration should be given to using it as a raw
material for other industries (e.g. detergents, inks, cosmetics, plastics and
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pharmaceuticals) or recovery (e.g. transformed into fertilizer or compost or used for
renewable energy production). Only as a last resort should it be incinerated without
energy recovery or sent to landfill (Source: FoodDrinkEurope)
The following image shows the existing food waste hierarchy:

Figure 1. Food Waste Pyramid.
Wageningen University’s Ladder of Moerman, Food Waste Pyramid for London,
OVAM (Public Waste Agency of Flanders)’s food waste hierarchy, FEVIA (Fédération
de l’Industrie Alimentaire/Federatie Voedingsindustrie)’s food waste hierarchy and
U.S. Environmental Protection Agency’s food waste hierarchy.

Directive 2008/98/EC of the European Parliament and of the Council of 19 November
2008 on waste establishes the legislative framework for the handling of waste in the
European Community. It defines key concepts such as waste, recovery and disposal and
puts in place the essential requirements for the management of waste, notably an
obligation for an establishment or undertaking carrying out waste management operations
to have a permit or to be registered and an obligation for the Member States to draw up
waste management plans. It also establishes major principles such as an obligation to
handle waste in a way that does not have a negative impact on the environment or human
health, an encouragement to apply the waste hierarchy and, in accordance with the
polluter-pays principle, a requirement that the costs of disposing of waste must be borne
by the holder of waste, by previous holders or by the producers of the product from which
the waste came.
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Some definitions included in the Directive:


Waste means any substance or object which the holder discards or intends or is
required to discard;



Bio-waste means biodegradable garden and park waste, food and kitchen waste
from households, restaurants, caterers and retail premises and comparable waste
from food processing plants



Waste producer means anyone whose activities produce waste (original waste
producer) or anyone who carries out pre-processing, mixing or other operations
resulting in a change in the nature or composition of this waste



Waste management means the collection, transport, recovery and disposal of
waste, including the supervision of such operations and the after-care of disposal
sites, and including actions taken as a dealer or broker



Collection means the gathering of waste, including the preliminary sorting and
preliminary storage of waste for the purposes of transport to a waste treatment
facility



Recovery or valorization means any operation the principal result of which is
waste serving a useful purpose by replacing other materials which would
otherwise have been used to fulfil a particular function, or waste being prepared
to fulfil that function, in the plant or in the wider economy.



By-product is a substance or object, resulting from a production process, the
primary aim of which is not the production of that item, may be regarded as not
being waste but as being a by-product only if the following conditions are met:(a)
further use of the substance or object is certain;(b) the substance or object can be
used directly without any further processing other than normal industrial
practice;(c) the substance or object is produced as an integral part of a production
process; and(d) further use is lawful, i.e. the substance or object fulfils all relevant
product, environmental and health protection requirements for the specific use
and will not lead to overall adverse environmental or human health impact



End-of-waste status: Certain specified waste shall cease to be waste when it has
undergone a valorization, including recycling, operation and complies with
specific criteria to be developed in accordance with some conditions.
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The definition and classification of wastes and by-products poses significant problems in
relation to their initial nature and intrinsic characteristics, with the mode of generation
and with their potentialities in order to manage them, in terms of elimination or,
alternatively, valorization.
1.2. AGRICULTURAL AND INDUSTRIAL VEGETABLE WASTES
The fundamental criteria of characterization and classification can be established,
combining those of intrinsic nature and characteristics, sources of potential generation
and functionality of by-product or waste. In this way, an initial classification can be the
following:
ATTENDING TO ITS NATURE AND INTRINSIC CHARACTERISTICS it can be
verified that most of wastes and / or agri-food by-products conserve, in whole or in part,
the values and utilities intrinsic and, exceptionally, extrinsic to the main products,
especially as regards the possible components of interest for health, although they differ
from them in terms of form, quality, etc. According to this criterion, the following types
can be classified:


Wastes that preserve the essential values and utilities, both intrinsic and
extrinsic of the main product, differing from it in terms of commercial quality.
These are materials made up of entire products that do not meet the quality and
standardization parameters required in the commercial field.



Wastes that preserve essential values and utilities inherent to the agri-food
product, although not those of an extrinsic and formal nature. These are materials
made up of parts of the product, originated during the processes of manipulation
and conditioning of the agricultural product in food product.



Wastes that do not conserve the essential values and utilities of the main
product, since their nature is drastically altered by the action of physical-chemical
processes within the framework of the food transformation process. Some
examples are some wastes from the production of vegetable preserves, waste from
the production of wine and oil.



Wastes differentiated by their formal and even intrinsic and extrinsic nature
depending on their specific nature of each plant species. Examples include the
wastes of cereal species and leaves of species with high foliage load, especially in
fruit vegetables.
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ATTENDING THE GENERATION MODE, it is determined by three factors: origin
in each of the general stages of the production process, the type of process including the
technology used, the type of final product. In relation to these factors, the following
materials are distinguished:
Wastes coming from and generated by the agricultural production activity, as a
result of cultivation practices that involve the elimination of part of the plant components.
Wastes generated by the subsequent and contiguous activity of transformation of
the initial agricultural product, considered as a raw material, into a food product in any
of its modes of consumption (fresh, canned, etc.). Due to their nature and characteristics,
they can be grouped into two types:


Whole products, eliminated in the initial phases of the transformation process, due
to non-compliance with standards and / or commercial quality criteria. These
materials retain both the intrinsic and extrinsic characteristics of the initial
product.



Parts of the product, which are subject to separation and elimination of the main
process by means of packaging practices aimed at obtaining the food product. In
general, they retain the intrinsic values of the initial product.

Wastes of diverse nature coming from intense transformation actions. This is the
case of those coming from the production processes of wine, oil, preserves, etc.
Wastes coming from and generated by the activity of human consumption, mainly
the organic fraction of urban solid wastes.
ATTENDING THE POTENTIAL FUNCTIONALITY OF WASTES. This is
determined fundamentally by three factors such as the nature and condition of the residual
materials, the available technology and the economic viability of the management and
valorisation processes, determined within the framework of the global processes of
production and consumption. In this sense, the following wastes could be defined:

Wastes potentially recoverable for use or utilities similar or related to those attributed
to the main product. They mainly comprise the materials coming from the transformation
of the agricultural product into a food product.
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Residual materials that, while preserving the fundamental characteristics of the
original product, are not susceptible to being subjected to valorisation processes, due
to economic or opportunity factors.
Wastes that do not maintain the intrinsic characteristics of the original products and
that, therefore, can not be directly valued. They comprise a wide variety of materials
both by their nature and characteristics and by their mode of generation.

1.3.WASTEWATERS FROM FOOD INDUSTRY
The agrifood sector has water as an essential raw material for the development of its
activities. The different phases of food processing, such as washing of the raw material,
transport, peeling, thermal treatments with steam, etc. along with the cleaning of the
facilities make this sector a large consumer of water. Food industry wastewaters are a
potential source of environmental contamination.
These wastewaters are effluents that are characterized by a high organic load, because of
the contribution of pollutants from the raw material such as stones, earth or vegetal
remains (cuttings, skins, etc.); from raw material solubilized compounds (proteins,
carbohydrates, phenolic compounds, etc.) or from oils and fats used in the industrial
process.
The waste water generated by the agri-food industry is characterized by its great volume
and its high level of contamination by organic molecules, dissolved solids, suspended
solids and oils and fats. Biological treatment is the process most commonly used to treat
food industry wastewaters with a high organic content and rich in nutrients.
By Directive 91/271/EEC on the treatment of waste water, the European Union aims to
protect the environment from the adverse effects of waste water - contemplating the
obligation, among other requirements, to treat waste water and to meet discharge
requirements regarding analysis and performance, which can lead to production of
residues from biological treatments, such as agro-industrial sludges.

1.4.WASTES AND BY-PRODUCTS MANAGEMENT
The generation of solid wastes in the agricultural sector and in the sector of fruit and
vegetable processing is important especially in terms of volume or quantity,
differentiating the generated waste among organic, inert and dangerous. From the data
obtained from the sector in Spain, it can be concluded that approximately 83% of the
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waste generated in the industry corresponds to organic waste (from cutting, slicing,
peeling, etc.), 16% is formed by inert waste corresponding to cardboard, plastic, scrap,
glass, tin, etc., and 0.7% belonging to other wastes (composed of sewage sludge or frying
oil) and only 0.3% corresponds to hazardous waste. Within the organic solid waste
generated by the vegetable processing industry it can be made a clear distinction between
waste and by-products. As already explained, all plant remains that are derived from the
raw material of processed fruits and vegetables are considered by-products. They can be
used for a later purpose without the need for transformation and without generating
adverse impacts on health or the environment.
It can be reached to the following conclusions:
1.- The high volume of by-products generated by the horticultural sector presents a
tendency to increase due to factors such as the continuous increase in production, both in
terms of occupied surface area and in the intensification of crops, as well as an evolution
towards processes with a higher level of processing that entails an increase in the
proportion of subproducts per unit of product.
2.- A very pronounced differential distribution according to the general categories of byproducts, established from their origin: materials or whole fruits from the selection
according to quality parameters and materials from the transformation operations that are
commonly referred to as waste. In general, they are determined by two fundamental
factors such as the specific nature of the initial product that establishes a first
classification between fruits and vegetables, and the production methods in each of the
cases.
3.- A differentiated geographical distribution, although in many cases it coincides with
the agricultural regions, due to the phenomena of subregional spatial specialization and
the location of the transformation plants in the producing areas. For example, in Spain
there is an outstanding concentration of the generation of by-products of citrus fruit in all
the East coast and of fruits and vegetables in the South East (Region of Murcia)
4.- Considering the generation mode in the framework of the productive process, a
significant differentiation is observed. On the one hand, the materials that constitute the
by-product are generated and eliminated in the initial phases of the production process
like selection. On the other hand, by-products materials are mainly generated in the
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central phases of the process, each one with different characteristics according to the
nature of the product and its typology. This affects both the management modalities and
the costs attributable to the by-products.

Remains of red pepper (peduncles))

Remains of garlic (skins)

Remains of tomato (skins and seeds)

Remains of citrus fruits (barks after juice
extraction)

Figure 2. Remains of some vegetables

Discharges of wastewater occur in all industrial activity, but in the case of the agri-food
sector this is one of the main sources of environmental pollution due to its high organic
load.
In the market we can find a wide variety of wastewater treatment technologies, which
includes physical, chemical and biological treatments. These technologies have been
widely developed and can be complemented in a water treatment station to ensure the
quality of the discharge to the sewerage network or public channel where appropriate.
There are pretreatments and primary and secondary treatments. Secondary wastewater
treatment is a biological treatment and use active sludge of microorganisms to eliminate
or reduce the organic matter present in the water. The biological treatment is carried out
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with the help of microorganisms which in aerobic conditions act on the organic matter
present in wastewater. The most common treatment is characterized by an oxidation
stage, which leads to the generation of new bacteria in the reactor; these bacteria tend to
join (flocculation) forming high density aggregates that in adsorb colloidal matter.
Subsequently, the separation stage itself takes place where a liquid effluent is obtained,
which is the purified water and the sludge obtained by decantation. Therefore, sewage
sludge is a residue resulting from the processes of biological purification of wastewater
Because of the wide variety of waste water, depending on the type of processed food
product, there are different types of treatment plants, but all have in common reclaimed
water of sufficient quality for discharge to surface-water channels and a residue termed
sludge, which has to be managed by the company, representing an additional cost. The
characterisation of these agri-food sludges has identified their high organic load and high
content of nutrients.
The operations of waste water treatment and subsequent management of sludge, by
removal by an authorised external manager, represent a significant technical,
organisational and financial effort for companies of the fruit and vegetable processing
sector. Sludge contains a high proportion of water that can be reduced by drying, resulting
in lower transportation costs and easier storage and distribution. Since drying is
considered as a process that consumes a high amount of energy, and which involves
expensive procedures, scientific and technological research has focused on alternative
energy sources, especially solar drying, but also on the use of heat pumps.

Figure 3. Sludge from artichoke and citrus

As a conclusion to the problem of waste management, it is necessary to consider the
different levels of applied technology and volumes of processed product that, through
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economies of scale and perspective, decisively influence the cost structure. This is the
case of processes such as citrus, tomato, etc., which operate on high volumes of product
and with a high level of technology in these phases, reach high levels of efficiency
compared to others that, due to their characteristics as in the case of leafy vegetables, they
present different requirements that imply higher costs, especially labor, due to their
intensive nature.

2. TRADITIONAL USES OF VEGETABLE WASTES AND BY PRODUCTS
The management of by-products and wastes is part of a logic based fundamentally on the
criterion of an easy and quick elimination of waste, to solve the problem that is generated
in the same production plant. In most cases, the solutions adopted by companies are
characterized by their informality, despite the recognized opportunities for valorization
and the availability of appropriate treatment technologies.
These solutions include mainly animal feed and the deposit in a landfill, opting for one
or the other according to the possibilities of each moment. The first option is usually the
most used since the waste is removed by the breeders without them supposing an
additional cost to the company, since the deposit in landfill supposes an expense that
oscillates between 0.01 and 0.03 € per kilo of waste in Spain, being charged to transport
costs and to the rate of the waste manager. On rare occasions, waste is destined for
recycling by systems such as composting or, in the case of some products, its valorization,
highlighting the destinations for fuel production such as in the case of almond shells, or
the manufacture of essential oils as in the wastes of citrus fruits. Currently, as the most
common organic wastes and generated in significant quantities in the vegetable
processing industry, are the sewage sludges. This is a waste that could be considered
"new" within this sector, since it is a consequence of the installation of biological water
treatment plants, which has been occurring in Spain for the last 10-15 years. No treatment
is given to this waste and usually it is elimitated through an authorized waste company.
The valorisation of by-products of the agri-food industry would contribute to the
sustainability of the environment. Although there are some alternatives for the reuse of
these by-products, they often end up being sent to landfills or being incinerated. Both
possibilities cause the emission of environmental pollutants and greenhouse gases that
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have a great environmental impact and involve significant costs and risks for public
health.
As already mentioned, the use of plant remains as animal feed can sometimes be
expensive, since the management costs are increased by transport, as there is no proximity
between livestock and the processing industries. In addition, undoubtedly, in many cases
there is a loss of economic opportunity, by wasting other more interesting capacities of
these remains (high content of compounds of interest, energy potential, potential as an
organic agricultural amendment, etc.). On the other hand, the disposal in landfill of
organic waste, considering both sewage sludge and organic waste, is increasingly costly
and problematic due to European regulations (European Directive 99/31 / EC, of April
26 1999) that limits the entry of organic materials. Therefore, it is necessary to search for
sustainable alternatives for the valuation of such wastes.
The main destinations or forms of management and disposal of traditional plant wastes
and by products are:
2.1 Fresh animal feed. This is the most common and widespread destination for
the vegetable remains of the fruit and vegetable processing industry. The lack
of control can imply sanitary and environmental problems. One of the
advantages of this recycling is that it allows reducing the cost of feeding the
animals, not requiring a previous transformation. This practice, which has
many advantages, is not always correct because when the suitability of the
plant remains is not controlled, in the animal's diet may appear the presence
of residues of phytosanitary products (herbicides, pesticides, etc.) sometimes
in high amounts particularly in horticultural areas. On the other hand, an
incorrect practice is commonly observed with the abandonment of plant
remains, which implies their accumulation and can generate serious
environmental problems.
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Figure 4. Use of tomato residues in a goat farm. Source: Government of the
Canary Islands (Spain). Report "EVALUATION OF AGRICULTURAL
SUB-PRODUCTS FOR ANIMAL FEEDING IN THE CANARY
ISLANDS: GEOGRAPHIC, VIABILITY AND METHODOLOGICAL
DEVELOPMENT ANALYSIS (Photo Sergio Álvarez Ríos)

2.2 Animal feed with industrial dehydration. For some vegetable remains like
rests of citrus there are industrial experiences that carry out this practice.
Dehydration requires machinery and energy, as well as a high cost.
2.3 Direct energy recovery (incineration): thermal processes that operate at
high temperatures (above 850ºC to 3000ºC) that destroy the waste (except
inerte fraction or ashes) and recover a large part of the energy contained in the
waste (it is an oxidation process of all the combustible elements of the waste),
converting it into gases and water steam. It is a thermochemical method in
which the complete oxidation of the biomass takes place, releasing a large
amount of heat, carbon dioxide and water.
2.4 Landfilling (Reincorporation to the ground). It constitutes a contribution
of organic matter for soils. However, it presents health risks, so this action
must be carried out in a controlled manner, mainly to prevent the spread of
diseases and the incorporation of phytosanitary products into the soil.
2.5 Uncontrolled abandonment. Incorrect practice and less and less used. It
carries risks of spreading plagues and diseases, attracts insects and rodents and
can generate a fire risk.
2.6 Solar drying. The objectives are to dehydrate an organic material, to
concentrate its characteristics and to reduce its volume for later management.
Another objective is to avoid that the microorganisms that cause the
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decomposition of organic matter can grow and develop due to the presence of
water.
The two basic elements of a solar dryer are: the collector and the drying
chamber. The collector has a surface that absorbs the incident radiation, which
captures it and transmits it in the form of heat to the working fluid (air); and
the drying chamber is where the material to be dried is arranged, which can be
of various materials.
Advantages


Technically simple process.



Known and implemented.



Very low cost of implementation and maintenance.



It does not require specialized knowledge or competences.



It does not use fuels.



Avoid transport problems and subsequent storage.



Uses a renewable source

Disadvantages


The intensity of the radiation is variable.



Auxiliary system of heat for seasons of low intensity of radiation.



Source with low energy density, which requires large collector
surfaces.



If the drying is bad, the product is spoiled (molds).



Low drying performance.



Direct exposure of by-products to sunlight can be detrimental to the
quality of the product.



Requires personnel or system capable of moving all the material.

Among its applications include the procurement of products for animal feed,
its use as pretreatment for other technologies and the possibility of obtaining
densified products, such as pellets and briquettes, which give the product
added value for its commercialization.
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Figure 5. Solar drying “greenhouses”. Solar drying is a pretreatment rather than a
technology

2.7 Thermal drying. Like solar drying, this technology is based on reducing the
humidity of plant wastes generated in the vegetable processing industry, but
thermal drying uses heat energy to limit its degradation in storage conditions.
This drying system consists of drying by heat transfer. The heat needed to
develop the drying process can come directly from boilers or from the
combustion gases of electric power generation engines associated with the
plant (cogeneration).
This technology may be suitable in geographical areas with few hours of
sunshine. It entails a large reduction of the mass to be dealt with, with the
lower costs for its associated transport and the creation of jobs. In addition, it
has a low surface requirement per ton treated with respect to solar drying and
a higher drying rate. On the other hand, the thermal drying supposes a high
energetic consumption and a more complex operation that the solar drying that
needs of a more qualified personnel. Thermal drying can be used to obtain
products for animal feed, as pretreatment for other technologies and to obtain
densified products as well as in solar drying.

Figure 6. Thermal drying equipments

18

Byproduct of fresh orange and orange by-product pellet

Byproduct of fresh artichoke and artichoke by-product pellet
Figure 7. Byproducts and pellets

2.8 Composting. Very suitable practice for this type of wastes, although not very
widespread in this sector. It can be carried out collectively or individually,
together with other organic waste (manure, sewage sludge, organic fraction of
urban waste, vegetable or forestry remains ...). In addition to agriculture,
compost can be used in other activities such as gardening, nursery, forestry,
soil regeneration, etc. All these applications are logically conditioned by its
quality. It is a very interesting form of recycling at environmental level due to
the absence of negative environmental conditions during the process. It also
eliminates pathogens, residues of phytosanitary products and significantly
reduces heavy metals. There are two types of composting: Conventional and
Directed.
Conventional composting. This technology allows to produce a compost stabilizing
the organic matter of the residues of the agri-food industry, being apt for its use in
diverse agricultural activities (conventional agriculture, nurseries, seedbeds, crops
without soil, etc.). Conventional composting is a simple process, with a low initial
investment, except in the case of using reactors, which eliminates pathogenic
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microorganisms and allows large volumes to be treated. This technology can be used
in the obtaining of amendments and fertilizers for its application in crops during
production to improve the biological activity of the soil and its physical properties,
but also to restore degraded spaces. Quality compost can also be obtained for
advanced farming activities or for the replacement of peats in agricultural activities.

Figure 8. Composting with tomato by-product
Directed composting. This technology is based on producing compost "a la carte" from
vegetable organic waste, which is agronomically usable and has an added value to obtain
a greater economic benefit in the production company. It consists of a treatment by
controlled aerobic digestion (control parameters: temperature, humidity, oxygen, pH,
texture and C / N ratio) manipulating the process to add value to the final product
(biostimulant effects, biopesticides, greater fertilizing capacity, ...). Among its
applications is the obtaining of quality compost for use in crops without soil, nurseries
and ornamental plants, to increase resistance to plant diseases. It can be added other
organic materials (such as peat) in these activities.

Figure 9. Directed composting: mixing of various byproducts of artichoke, tomato, ...
to obtain a compost with specific characteristics
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3. EXTRACTION OF BIOACTIVE COMPOUNDS FROM BY PRODUCTS
Society is increasingly aware that one of the most important factors that can influence
their state of health is the consumption of products that incorporate in their formulations
outstanding bioactive properties (antihypertensive, hypocholesterolemic, etc.). Currently
there is a growing interest in this fact, so at the time of buying one or another product,
health is one of the main aspects considered. Consequently, there is an increase in the
consumption of foods and cosmetics in general that are considered safe and healthy.
This interest in achieving optimal health states begins to generate new trends in consumer
habits and especially a new conception of the nature and composition of products. The
engine of these changes is the new lifestyle that is being consolidated in developed
societies.
In the specific case of the food sector, the consumer is increasingly aware of the
relationship between diet and health, and this translates into a greater demand for food
that in addition to providing the necessary nutrients that meet physiological needs, contain
substances that may have a positive impact on health. To cover this demand, so-called
functional foods have been developed, which may contain or may be enriched with
bioactive ingredients. The development of enriched foods adds value to the original food,
making it more attractive for the consumer, who looks for food in something beyond its
mere nutritional value and demands certain functionalities.
In this context, it responds to a social demand and has a great interest mainly from the
following points of view:


Social and scientific-technical. It will allow the development of the necessary
technology for the elaboration of new healthy products that cover the demands of
the consumers.



Socio-economic and business. It proposes to diversify the functional food market
through the development of new products.
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3.1 EXTRACTION TECHNIQUES
The main "active compounds" contained in a plant material can be extracted by various
extractive techniques, or they can be used almost as they are in the fresh plant material,
once crushed or after drying treatment.
The objective of the extraction is the use of organic by-products to obtain natural
compounds with high added value for the food, cosmetic and / or pharmaceutical industry
due to their functional, antimicrobial or antioxidant characteristics.
Extraction, usually of the liquid-solid type, consists in an operation where a solid phase
containing a component of interest (organic rest) is contacted with a liquid extractant
agent. Once it is extracted, it is then concentrated and purified using various technologies
(membranes, resins, evaporators, etc.).
It can be used to obtain additives for functional foods (fibers, antioxidants, etc.) or
cosmetic or pharmaceutical products. With them, among others, compounds with
antioxidant and antimicrobial characteristics are obtained.
In general, the methods and operating techniques to be selected to perform the extraction
and / or isolation of active ingredients from a plant material depend on several factors,
such as:


Nature of the solvent: water is the most used in green extraction to obtain natural
extracts. Organic solvents can be used but their safety is not guarantee and they
have a high environmental impact (ethanol, hydroalcoholic mixtures, propylene
glycol, organic solvents, etc.)



Amount of solvent: the greater the quantity, the higher the depletion of the active
ingredients will be.



Temperature: the heat favors and accelerates the extraction but it can decompose
the active principles.



Type of extraction: it depends on the characteristics of the raw material (hardness,
degree of division) and the nature of the active ingredients (volatile, hydrolysable,
oxidizable, among others).

The process consists of several differentiated phases:


Pretreatment of biomass (drying, trituration or grinding, thermal treatment…)
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Processes of continuous or batch extraction with water or in some cases ethanol…



Purification of the extracts by flocculation and centrifugation, treatment with
resins, tangential filtration, chromatographic separation…



Concentration and stabilization of products by vacuum concentration, spray
drying, etc.

Generally, two different methodologies for solvent extraction of antioxidant and other
compounds from agricultural and industrial wastes are considered, depending on the
state (liquid or solid) of the raw material where the extraction has to be made: liquidliquid or solid-liquid extraction. It can be proposed different modes of operation:
•Single step extraction.
•Multistage extraction: counter-current or cross-current extraction.
Once the crude extract is obtained from the initial material it is necessary some
purification step that may be physical or chemical (solvent fractionation, resins,
membrane separation, activated carbon, etc).
3.2 NATURAL ANTIOXIDANTS AND ANTIMICROBIALS
The processing of food products produces changes that adversely affect the color and
texture of foods. These changes are minimized in some way with antioxidant additives or
additives that improve or maintain texture. Throughout the last century, the food industry
has used many synthetic additives to achieve the antioxidant action, due to the advantages
offered in relation with the natural ones (economic, stability, compatibility with food etc.)
Traditionally, to prevent food spoilage and extend its shelf life, they have been employed
antioxidant additives and preservatives that have suffered some controversy regarding
evidence of potential adverse health effects. Thus, the food use of the antioxidants
Butylated hydroxyanisole BHA E-320 and Butylated hydroxytoluene BHT E-321, both
derived from petroleum, has been prohibited in some countries like Japan. The US
National Institutes of Health states that BHA is “reasonably anticipated to be a human
carcinogen based on evidence of carcinogenicity in experimental animals”. Some animal
studies indicate that BHT causes cancer and birth defects. Also, the food use of
preservatives such as benzoic acid derivatives or biphenyl has also been questioned for
health reasons, something analogous to what happened with certain colors (health alerts
for detecting food colorings banned in the EU, such as Sudan 1) or emulsifiers
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(carrageenan, polyoxyethylenes). Therefore, due to the consumer’s pressure the trend is
to use natural additives
Natural antioxidants
In a society increasingly aware of the importance of healthy habits, the word "antioxidant"
has gained a special importance. Consumers want to include in their diet foods rich in
antioxidants. These molecules are capable of retarding oxidation reactions, produced by
free radicals that contribute to cellular destruction. It is for this reason that a rich in
antioxidants diet, such as polyphenols or thiols, prevents oxidative stress associated with
cardiovascular and neurodegenerative diseases.
In the same way, food industry sees in these substances an essential element to extend the
shelf life of food products, as well as to increase their healthy properties.
In this context, antioxidants could be defined as those natural or synthetic substances that
added to food prolong its freshness, maintaining its characteristic appearance, taste and
smell, in normal conditions, for a long period of time, through oxidation inhibition
mechanisms of some susceptible components contained in food products such as oils,
fats, and essential oils.
In resume, antioxidants are the main protectors of the sensory quality (organoleptic index)
and technical quality (physical-chemical index) of the food that help maintain the quality,
stability and durability. Source: Spanish Association of Manufacturers and Distributors
of Additives and Dietary Supplements AFCA. They consist of natural or synthetic
additives and natural substances.
Some natural antioxidants permitted for food use are:


L-Ascorbic acid (vitamin C) and ascorbate



Alpha-tocopherol (vitamin E) and tocopherols



Rosemary extract



Bio antioxidants, extracted with green technologies or obtained directly from the
by-product without a chemical process.

Bio antioxidants are mostly formed by vitamins, colorants and flavonoids, which are the
future for oxidative protection: both to reduce the levels of use of additives and to improve
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freshness, stability and prolong the shelf life of the food (vitamin E, carotenes,
xanthophylls, anthocyanins, ...).
Soon antioxidants bio-additives or bio antioxidants will be used. They could be defined
as those natural preparations that based on its chemical composition and the presence of
bioactive substances, show protection activity against oxidation of foods, both of
vegetable and animal origin.
The bio antioxidants consist of a series of extracts from plants, fruits, and vegetables and
derivatives, rich in natural antioxidants.
Natural antimicrobials: preserving food naturally
A food can be defined as "any product which, by its chemical components and
organoleptic characteristics, can be part of a diet in order to satisfy hunger, satisfy your
appetite and provide the nutrients that are necessary to maintain the body in health”. In
other words, it could be said that food is every natural or transformed product, capable of
supplying the organism that ingests it with the energy and the chemical structures that the
body needs to develop its biological processes (Bello, 2000).
Food preservation can be defined as the set of treatments that prolongs the shelf life,
maintaining the highest possible degree of quality attributes, including color, texture,
flavor and nutritional value. This definition involves a wide range of preservation: from
short periods (given by domestic cooking methods and cold storage) to very long periods
(given by strictly controlled industrial processes like freezing and dehydration). In any
case, food preservation is based on the inactivation, delaying or preventing the growth of
pathogens and saprophytes microorganisms and deals with the different factors that
influence the bacterial growth or bacterial survival.
The main food preservation technologies can be classified as: (a) those which basically
prevent or slow down the bacterial growth: use of low temperature, decreased aw, reduced
availability of oxygen, acidification, fermentation, storage modified atmosphere, adding
antimicrobials, (b) those aimed to inactivate microorganisms: pasteurization and
sterilization temperatures, microwave heating, ionizing radiation, high hydrostatic
pressures, pulsed electric fields and (c) those that prevent or minimize the entry of
microorganisms to foods or remove them from it
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There is a worldwide trend toward greater consumption of fruits and vegetables, primarily
motivated by a growing concern for a more balanced diet, with the lowest proportion of
carbohydrates, fats and oils and with greater involvement of dietary fiber, vitamins and
minerals and consume more fresh and healthy products with less preservatives and
chemical origin as close to its original form. This is because it has been associated
consumption of chemical preservatives such as benzoates, nitrites and nitrates and sulfur
dioxide (SO2), among others, with cancer and other degenerative diseases. This creates
the need to find natural alternatives for food preservation but always covering the same
antimicrobial properties and compatibility with food (Alvarez-Parrilla, 2006).
Many foods contain natural compounds with antimicrobial activity. In nature, these
compounds may play the role of prolonging the shelf life of food. Many of them have
been studied for their potential as direct food antimicrobial.
Plants, herbs and spices and their essential oils, are composed by many substances that
inhibit several metabolic activities of bacteria, yeasts and molds. Antimicrobial
compounds in plants are commonly contained in the fraction of the essential oil from the
leaves (rosemary, sage), flowers and flower buds (cloves), bulbs (onions, garlic),
rhizomes (asafoetida), fruits (pepper, cardamom ) or other plant parts.
Table 1. Compounds with antimicrobial activity found in plants, herbs and spices
Plant, herb or spice
Garlic (Allium sativum)

Main compound

Other compounds

Diatil disulfuro, diali trisulfuro

Dietil sulfuro, alicina

d-linalol, metil cavicol

Eugenol, cineol, geraniol

Cinnamon (Cinnamomum zeylanicum)

Cinnamic aldehyde

l-linalol, p-cimeno, eugenol

Onion (Allium cepa)

d-n-propil disulfuro

Basil (Ocimum basilicum)

Coriander (Coriandum sativum)

d-linalol

d-α-pineno, ß-pineno

Clove (Syzygium aromaticum)

Eugenol

Cariofileno

Cumin (Cuminum cyminum)

Cuminalhehido

p-cimeno

Metil cavicol

Anetol

Tarragon (Artemisa dracunculus)
Lemongrass (Cymbopogon citratus)
Marjoram (Origanum marjorana)

Citral

Geraniol

Linalo, cineol, eugenol

Metil cavicol

Mustard (Brassica hirta)

Alil isotiocianato

Oregano (Origanum vulgara)

Timol, cravacrol

Parsley (Petroselinum crispum)

α-pineno, fenol-eter-apiol

Black pepper (Pipper nigrum)

Monoterpenes, sesquiterpenes

α-pineno, p-cimeno
Oxigenates

Borneol, cienol

Canfor, α-pineno

Thyme (Thymus vulgaris)

Thymol

Carvacrol, l-linalol, geraniol

Vanilla (Vanilla planifolia)

Vanillin

p-hidroxibenzóicos acids

Rosemary (Rosmarinus officinalis)

Source: López-Malo et als, 2000

26
Some of these natural antimicrobial systems are already used for food preservation and
many others are being investigated to obtain their approval for using them in foods.
Among those currently approved are phenolic compounds that have been used as
antimicrobial agents since 1867 when it began to use phenol as a sanitizer.
However, there are many other natural compounds that have not yet been investigated
their potential uses and their possible effect on the sensory properties of foods to which
they are added to. There is much to discover, to get healthier, nutritious and better product
characteristics.
Concluding, some of the advantages of using bioactive natural compounds are:


Consumers do not associate them with artificial additives.



Natural extracts have less regulation than pure chemicals.



Some present synergies between them, the most effective extract is the pure
compound.

The future of naturally occurring antimicrobial and antioxidant agents is determined by
the current consumer attitude to the chemical preservatives.

3.3 FUNCTIONAL INGREDIENTS AND CLEAN LABEL
3.3.1 Functional Ingredients
Functional Ingredients are natural ingredients that have:


Health-promoting



Energy boosting and/or



Disease preventing benefits

They have gained increasing popularity in the food industry, and there are a surprising
range of available benefits.
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Some compounds with functional properties are:


Bioflavonoids are chemical compounds related to vitamin C. They act as
antioxidants and their many health benefits include increasing the effectiveness
of vitamin C, helping to maintain healthy blood vessels and aiding the body in
iron absorption. They can come from orange, lemon, grapefruit, mix of citrus,
rosemary, etc.



Nutraceuticals. The word is a contraction of nutrients and pharmaceuticals which
hints at their functional nature. These products are widely used in health food,
functional drinks and pharmaceutical applications. The consumption of
Nutraceuticals is claimed to improve the overall health and well-being of a person.



Phytonutrients are health-supporting compounds found in fruit, vegetables, nuts
and herbs. They are used in functional foods and are known as a specific category
of nutraceuticals. They act specifically as antioxidants, cholesterol fighters or
immune boosters.

To validate and verify the functionality of bioactive components of a natural ingredient
is important to perform bioavailability and functionality studies in vitro to have scientific
evidence that they really work.
Many of these bioactive compounds in foods need protection. This protection against
factors such as the pH is done through techniques such as microencapsulation. For
example, probiotics are microencapsulated to be implanted in the intestine.
Agrobiotec, company belonging to Matarromera Group (Spain), has studied
bioavailability of polyphenolic compounds from extracts of grape for incorporation in
various foods, such as bread. They are studying the synergies and mechanisms of action
of different bioactive compounds in certain products such as bread, milk and eggs to
increase their shelf life.
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Table 2 presents a compilation of different chemical substances and its health-benefiting
properties.
Table 2. Health-benefiting properties of different chemical substances

Chemicals in fruits, vegetables and other

1

2

3

4

5

6

7

8

9

foods of plant origin
Flavonols and anthocyanins

✓ ✓ ✓ ✓

✓ ✓

Stilbenes

✓ ✓

Isoflavones

✓ ✓

Procyanidins

✓

✓

✓ ✓

Polyphenols

✓ ✓ ✓

✓ ✓ ✓

Carotenoids

✓ ✓

Monoterpenes

✓ ✓

Glucosinolates

✓ ✓

Alliaceous substances

✓

✓

✓

✓
✓ ✓ ✓ ✓

✓ ✓

1. Antitumor, 2. Antimicrobial, 3. Anti-thrombotic, 4. Immunostimulant, 5. Antihypertensive, 6. Hypocholesterolemiant, 7. Hypoglycemic, 8. Anti-inflammatory, 9. Antioxidant.
Source: Santos-Buelga y Tomás-Barberán (http://www.interempresas.net/Horticola/Articulos/108217Sustancias-fitoquimicas-de-frutas-y-hortalizas-su-posible-papel-benficioso-para-la-salud.html).

3.3.2. Clean Label
Labels with fewer additives and ingredients as much natural as possible: They are called
"clean labels", one of the most frequent demands by consumers today. To reduce the
amount of numbers "E" and to incorporate “free” claims. But it is not easy to adapt food
products to this demand, without this implying lower the quality of the products and
without this implying an additional cost.
Consumers increasingly check what they buy, choosing between the more natural foods.
In fact, 70% of consumers select the list of ingredients as one of the most important
aspects when choosing a food product. It is significant that in the last years the
consumption of products with labels declaring “100% natural” or “free” have raised
considerably (Source GNPD Mintel)
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To carry out a process of elimination of "E" additives it is needed to carry out a detailed
study of the product and the technological process: identify and classify the "E" number
being used, determine which ingredients are dispensable and which are necessary to
ensure the organoleptic characteristics, search for natural alternatives with the same
function than the additive, etc ...
Mintel Group, a market research company, showed a view of the current outlook for
innovation mainly focused on setting the trend towards the launch of "natural" products.
Specifically highlighted three main areas that are increasing their market penetration:
health and welfare, the so-called "free from" products, such as gluten-free or low-lactose
products and products intended for a senior audience.
Following this trend, food ingredients distributors companies are already offering
alternatives to the agro food industry to substitute numbers 'E' for new applications of
natural ingredients, to get the 'clean label'.
3.4 SOME EXAMPLES OF NATURAL EXTRACTS
Some examples of extracts obtained from byproducts of some vegetables are:
TOMATO
Tomato is one of the most widely cultivated and globally used vegetables for human
nutrition. Millions of tons of tomatoes are processed every year to produce sauces,
ketchup, soups, juices and other products. In 2016, approximately 38,000 million tons of
the worldwide tomato production were destined for processing (WPTC), which results in
large quantities of skins, pulp and seeds as industrial waste. This residue represents 2.53% by weight of the raw material. In other words, the tomato industry can generate a large
amount of waste for which there is often no proper management.
Primarily the skins are used habitually to generate biomass, which can be used in the
production of compost or biogas. Another classic use for these by-products is to animal
feed. These traditional solutions to the management of such amount of waste is forgetting
an ingredient of great potential for human nutrition and health: lycopene.
The concentration of lycopene in tomatoes varies from 30 to 200 mg / kg in fresh fruit
and from 430 to 2950 mg / kg in dried tomato. Lycopene accounts for more than 85% of
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the total carotenoids, and the skin contains approximately 5 times more lycopene than the
pulp (Zakaria et al., 2012).
In the case of skins and seeds, with a high moisture content (table 3), they have an average
of 450-500 ppm of lycopene (CTAEX, 2016). Once the waste was dried, the
concentration of lycopene would pass to 1,800 - 2,000 ppm approximately.
Considering these data, we conclude that 1,100 million tons of tomato byproducts are
generated each year worldwide, containing 0.5 trillion ppm of lycopene.
Table 3. Composition of tomato by-product
Skins and seeds

Content (%)

Humididty

75 - 80

Fat

6-7

Proteins

13 - 18

Dietetic fiber

30 - 35

Licopen (ppm)

450-500

It is possible to obtain valuable bioactive ingredients that are extracted from tomato skins
and seeds: fiber, lycopene and oils. Fiber is obtained from skins once dehydrated (dried)
and can be included in different products to increase the fiber content. Lycopene,
responsible for the red color of tomato, is a molecule with high antioxidant activity related
to the reduction of risk factors that affect cardiovascular diseases. In addition, tomato
seeds are rich in healthy fats and in vitamin E. On the other hand, the tomato plant itself
can also be used, since with the tomato plant rests after harvesting essential oils could be
extracted.
FIG
The fig, as fresh fruit, has a high nutritional capacity and antioxidant qualities capable of
preventing diseases and obesity, in addition to being recognized as an anticancer agent.
It is also known to have nutritional qualities that help maintain good health due to its high
carbohydrate content, its richness in fiber, vitamin C, provitamin A, vitamin B and
minerals such as iron, calcium, phosphorus, potassium and magnesium
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There is a wide range of by-products that originate from this fruit with the virtue that can
be prepared in more than 30 food options for all kinds of people, children, young people
and the elderly. The preparation of fig-based foods is an excellent marketing option in
products like: jam, wine, tea, coffee substitute, beer, sweets, vinaigrettes, cookies, bread,
figs covered with chocolate, smoothies, pudding, jelly, whole bars etc.
The surpluses and discards of figs are rich in vitamins, minerals and dietary fiber (Veberic
et al., 2008), they also contain a large amount of sugars, the clear majority being fructose
and glucose, with the presence of organic acids (Crisosto et al., 2010). This fruit also
contains bioactive compounds, such as phenolic acids, flavonoids, including
anthocyanins, proanthocyanidins, flavonols and flavanones, substances that confer a great
antioxidant capacity. This raw material can be exploited through solid-liquid extractions
using solvents such as ethanol (Pereira et al., 2017), obtaining extracts rich in these
bioactive compounds. In addition, thanks to the high content of sugars they present, the
biomass obtained from these fruits could be used to obtain biogas.
GRAPE
During the processing of grapes, a substantial amount of solid waste is produced. The
residues represent approximately 20% of the dry matter of the harvested grape. Small
wine producers deposit their waste in the vineyards as fertilizer to take advantage of its
mineral content. The pulp of the grape contains valuable substances that have beneficial
effects for the health, such as fiber (17-21%), tannins (16-27%), polyphenolic compounds
(2-6.5%), lipids (7-12%), sugars (3%) and tartaric acid. Polyphenols (mainly ellagic acid
and quercetin) and resveratrol are of exceptional importance due to their antioxidant
properties (Amico et al., 2004). Therefore, the use of residues from the processing of
grapes as raw material to produce bioactive compounds can be an interesting alternative.
The waste from the processing of the grapes is also discarded currently scattered on the
ground, used as fodder, destroyed or used as biomass or compost. The commercial value
of grape residues depends on their humidity, the presence of grape stems and the amount
of sugars and alcohol they contain.
The main extractive bioactive components of the residues of the grape processing are
polyphenols and more specifically resveratrol, anthocyanins, procyanidins, quercetin,
catechins, and grape seed oil.

32
Resveratrol is produced by several plants, apparently due to its antimicotic characteristics.
It is the most important polyphenol in the grape. Natural resveratrol can be obtained from
grapes and red wine, and from roots. Resveratrol has a cosmetic application, if combined
with common ultraviolet filters, as a photoprotective agent and anti-skin blemishes.
Resveratrol is available as a food supplement. Initially, its origin was the skins and seeds
of red grapes and muscatel (sometimes from residual byproducts of wine making).
Currently, it is obtained from the plant "Fallopia Japonica", which has a higher
concentration in this compound.
Grape seed oil (also called grape oil) is a vegetable oil rich in antioxidants, obtained by
pressing the seeds of several grape species Vitis vinifera. It is an abundant by-product
obtained in the manufacture of wine. The results of several studies indicate that grape
seed can be useful to alleviate some pathologies such as vision difficulty, chronic arterial
insufficiency, lymphedema, varicose veins, cancer, premenstrual syndrome, dental caries,
and various problems. Circulatory. Grape seed oil is used in: salad dressings, marinades,
fried foods, flavored oils, massage oils, lotions to treat sunburn, hair products, body
creams, lip balm and hand creams. Most grape seed oil is produced in Italy, although it is
also produced in other countries such as France, Spain, and Argentina.
This oil is extracted from the seeds of the grape and has a relatively high degradation
temperature (approximately 216ºC) so it can be used safely for cooking at high
temperatures. In addition, grape seed oil has other positive qualities for cooking. It has a
mild and light flavor, which has been described as 'nutty'. Because of this, it is often used
as an ingredient in preparations for salad dressings or as a base for seasoning with garlic,
rosemary, or other spices.
The extraction of polyphenols from grape seeds and skins could be carried out by using
water (at 90ºC) as a solvent (Paladino, 2008), and using the residual solid matter as
compost.
CHERRY
Cherry presents bioactive compounds in its composition, highlighting the anthocyanins
(located in the fleshy portion of the fruit), substances with antioxidant capacity that are
considered protective compounds of blood vessels. Cherries also provide monoterpenes,
specifically, perilic alcohol, compound with antitumor activity and antioxidants,
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protecting lipids from being oxidized by free radicals, molecules involved in aging and
in the development of various chronic / degenerative diseases (cardiovascular, cancer,
osteoporosis, etc.) enhanced by oxidative stress.
The darker cherries contain more iron, magnesium and potassium than the other lighter
varieties, but all are a good source of silicon and provitamin A (beta-carotene). Daily
consumption of cherries helps reduce blood levels of uric acid.
The company IMAHERB has launched to the market a 100% pure natural cherry extract.
As the name suggests, cherry fruit extract is the liquid or powdered solution that contains
the nutritious cherry components in concentrated form. The small, richly red-colored fruit
is a popular raw food option that combines appealing flavor and texture with significant
health benefits for consumers. Low in calories and a source of vitamin C, cherries also
contain a variety of phytochemicals, naturally occurring chemical compounds that
contribute to overall human health. Recent animal studies and related research suggest
that phytochemicals in cherries possess significant anti-inflammatory and cancer-fighting
properties. The most common use of cherry fruit extract is as a pain reliever for persons
afflicted with uric acid. It is believed that the extract helps relieve gout symptoms in two
ways. The flavonoids in the extract are suggested as contributors to lower bloodstream
uric acid levels that cause gout to occur in the joints, particularly toes and fingers.
Research suggests that the cherry fruit extract flavonoid anthocyanin blocks
inflammation-causing enzymes at an injury site triggered by the accumulation of uric acid
crystals.
Other properties of cherries:
1. It is known for being extremely rich in vitamin C, the highest vitamin C content
measured in any fruit
2. Boost production of collagen and elastin, increase the ability of skin to retain moisture;
it can be found in hair care and cosmetics.
3. Help diarrhea, dysentery, and liver issues, as well as combat free radicals and
strengthen the immune system.
4. It also contains vitamins A, B1, B2 and B3 as well as carotenoids and bioflavonoids,
which provide very important nutritive value and have antioxidant uses.
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4. VALORIZATION BY ENERGY PRODUCTION
Significant amount of food and industrial wastes is being produced every year at alarming
rate. As already said the conventional ways to manage the excessive amount of waste
generated include landfilling and incineration. However, these approaches often lead to
uncontrolled emission of greenhouse gas or toxic compounds such as carbon dioxide,
nitric oxides, methane and dioxin in large quantity during decomoposition and causing
adverse environmental consequences such as air pollution, smog, acid rain and
greenhouse effect. Therefore, converting waste to energy in a sustainable way using green
technologies would be a desirable approach for waste management. The high energetic
potential of plant wastes and by products means that this option is increasingly considered
as a means of valuing these plant wastes and by products. This technology must be applied
in the form of co-digestion, that is, with an appropriate mixture of organic wastes and
residues. There are already examples of industrial plants. It requires a high investment.
Different sources of energy may be produced:
4.1. OBTAINING BIOGAS BY BIOMETHANIZATION
Biomethanization is based on producing a biogas rich in methane from biodegradable
vegetable waste from the agri-food sector, which can be used directly as biogas or be
treated to be used as a natural gas fuel, generator of electricity or heat. It also serves for
the reduction and stabilization of organic waste, and for obtaining a digestate that can be
used in agriculture, as fertilizer or organic amendment.
The organic wastes or by-products of the processing fruit and vegetable industry can be
used as biomass to obtain energy in the form of biogas (mixture of CH4 and CO2) by
anaerobic digestion, mediated by microorganisms. The biogas can be used to generate
electricity or fuel, or after a purification treatment, be incorporated into the natural gas
network.
The production of biogas is one of the most widely used technologies in some countries
to make organic waste profitable. In Spain this technology is still not very developed,
however, in recent years industrial projects are being promoted in this line. Other
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countries, France for example, have experienced a great development in this technology
with many projects related to the biomethanization of agro-food waste. This shows that
in adequate technical, logistical and administrative conditions, this is a very interesting
way of valorizating organic wastes.
Biomethanization is profitable for large installations with continuous supply of food, so
the process must be adjusted. It also has a technical complexity due to the susceptibility
to biological alterations, generating byproducts that must be managed, in which a posttreatment may be necessary to ensure its sanitation. There may be problems of soil
contamination if proper use of the digestate is not made and requires an investment in
equipment and facilities.

Figure 10. Biomethanization
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Figure 11. Agroindustrial biogas plant. Source: Biodisol.com

4.2. OBTAINING BIOETHANOL
Bioethanol is an alcohol produced from the fermentation of sugars found in fruits and
vegetables. It is a fuel with high energy power, which can be used mixed with gasoline
and thus reduce CO2 emissions. Theoretically, any organic product with a high content
of sugar and starch may be susceptible to obtaining ethanol, but the availability of the
biomass source determines the commercial viability. Tests to obtain bioethanol have been
carried out with orange (Biodieselspain.com) and with fruit residues (peach, strawberry,
kiwi) (CENER).
The objective is to carry out the fermentation of sugars contained in an organic material
with a high percentage of cellulose to obtain a liquid biofuel, such as bioethanol, and
carbon dioxide in the form of gas.
Advantages:


Well known process.



Pre-treatments to increase the yield of bioethanol production can be used.



Product with good environmental performance: low emissions of contaminant
particles.



No CO2 is generated.

Disadvantages


High investments are required



Skilled personnel are needed.



High production costs for pretreatment of raw material and use of enzymes.



Low density of biomass: Costs associated with transport



Variability of raw material composition.



Low performance if the conditions (pH and T) are not adequate.



The purity of bioethanol is limited to 95-96%.
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4.3. OBTAINING BIOHYDROGEN
There is another possibility for the valorization of organic waste and byproducts:
obtaining biohydrogen. Hydrogen is the most abundant chemical element, recognized as
one of the most promising energy resources of the future for the efficient generation of
electricity. This is mainly due to its zero-environmental impact, from the point of view of
generation of greenhouse gases, and the ability to be used in fuel cells.
Through an anaerobic fermentation in a decomposition process of organic waste in the
absence of oxygen and thanks to the interaction of bacteria that mostly do not need it to
survive, a series of compounds, including hydrogen, are produced. The residues of the
food industries have a high content of carbohydrates in the form of simple sugars, starch
and cellulose that can be used in the production of biohydrogen. Sewage sludge, which
contains a large amount of carbohydrates and proteins and is normally used to obtain
biogas, can be used to obtain biohydrogen after a pre-treatment (Bedoya et al., 2008).
4.4. OBTAINING BIODIESEL
The objective is the separation of the hydrogen and carbon atoms that contain the waste
and transform them into small hydrocarbons through a process of quantum waves and
magnetic turns, which are carried out in a catalyst.
Advantage


Synthesize selected hydrocarbons is possible.



Process with low risk of accidents. It occurs at temperatures below 550 ºC.



Modular plants that can be easily expanded.



High performance of the process from the raw material.



Biodiesel has the same energy value as a fuel from petroleum

Disadvantages


High investment cost.



Highly skilled personnel.
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5. VALORIZATION BY OBTAINING NATURAL INGREDIENTS AND
OTHER EXPERIENCES
It is a fact that more people are becoming aware of their health. And this results in an
increasing number of people who want their food labels clean. By understanding what
they are eating, they lay the foundation for a balanced diet and prevent future illnesses
and diseases. Manufacturers are responding to this development by simplifying labels and
adjusting word choices on their product labels.
We all keep our basic ingredients, such as flour, sugar, butter, pepper, salt, baking powder
and spices in the kitchen. But when it comes to thickeners, stabilizers, emulsifiers,
colorants, xanthan, mono- and diglycerides, E1422, propionic acid, sodium benzoate and
flavor enhancers, people have no idea what they are or what function they have.
It is no surprise that consumers want to know what is in the product they are buying. Once
they know what they are, they are more likely to see a company as trustworthy. A clear
and understandable clean label look should be:


Short, with incomprehensible ingredients reduced to a minimum



Simple. Only traditional, natural and authentic ingredients are included



Crystal clear. There is nothing to hide. Any E-numbers are rewritten to clear and
understandable content.

"Clean Label" also stands for natural ingredients with no artificial ingredients and
chemicals.
A natural product can be defined as a “product that is derived from plant, animal or
microbial sources, primarily through physical processing, sometimes facilitated by simple
chemical reactions as well as microbial fermentation not produced synthetically, free of
all petrochemicals, not exposed to irradiation, not genetically engineered & do not contain
GMOs”
Natural Ingredients are substances and natural extracts which have both health benefits
and technological effects (improving the colour, smell, taste, stability, texture and shelf
life of foods) when intentionally added to vegetable or animal origin foods at a given
dose.
Examples of valorization of various subproducts as naturar ingredients are:
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Citrus residues as a fortifier of animal feed (Braddock, 1999).



Volatile components present in the thick pulp extracted from orange juice and its
possible application as an aromatic source (Lafuente, 1980).



Pectins from apple pulp and orange peels, which are used as a thickening agent,
emulsifier, stabilizer, etc. in jams, fruit jellies, sauces and many other products
(Srivastana, P.,2011)



Obtaining cutin from tomato waste to obtain biolacs and containers (A. Cifarelli1
et al.,2013)



Obtaining natural pigments: anthocyanins from the wastes of banana and grapes
for use as a natural colorant in meals (Pazmino-Duran et al., 2001).



Obtaining peroxidases (PODs) that are used as biocatalysts for the generation of
products of biotechnological and industrial interest such as phenolic resins,
adhesives, antioxidants, antistatics and magnetic radiation protectors, food dyes
and bioactive components of detergents (Tatiana, 2016)

One of the keys to success when developing a food product is to know the various basic
ingredients that are added to foods, as well as how they're used. The most extended
Natural Ingredients in the food industry are: Flavours, Colorants, Antioxidants,
Antimicrobials, Stabilizers and Acidity regulators. For functional foods are of high
importance the natural functional ingredients. All of them give the industry the option to
use the Clean Label with the important benefits that this implies.
Natural antioxidants and antimicrobials obtained from vegetable wastes or by products
will not be treated in this point because they usually need extraction technologies.
Natural Flavours
Natural flavours can be used in all the food and beverage industries: bakery,
confectionery, dairy goods & ice cream, soft & alcoholic drinks, savoury products (ready
meals, pies, soups, snacks, etc.) and many other industry sectors. There is in the market
an extensive range of natural (From The Named Fruit FTNF, With Other Natural Flavour
WONF, esters) and nature identical flavours. Fruit Aromas (esters) are made from
distilling the volatiles from the Fruit Juice Concentration process. Around 150 kg of fruit
is required to produce 1kg of Aroma. Fruit Aromas like these can be re-added to Juice

40
Concentrates and to finished products without declaration. They are generally only used
in the beverage industry for both alcoholic and soft drinks.
Flavours are available in liquid; spray dried encapsulated powder and emulsion forms.
For some applications, like bakery, they must be tested to remain stable in the very high
temperatures and stresses of the manufacturing processes.
Natural colorants
Natural colours and natural extracts are both healthy and help food to look its most
delicious. Any chef will tell that “we eat with our eyes first”, which means the appearance
of food is as important as the taste. Natural colours are designed specifically to enhance
the look of food, while keeping it healthy and natural, for most of applications and
technological processes.
Unlike colours, natural extracts (including botanical and herbal extracts) are multifunctional as they combine colour with flavour and natural antioxidants to create a wellrounded food enhancing product. It must be ensured that pH, dosage level, exposure to
light and processing temperature are all correct.
Natural extracts and colours can be found in different strengths and solubility to suit every
technological process and food product (water soluble, oil soluble and spray dried forms).
Natural stabilizers
Chemical modification of gums and starches is widely performed to improve
functionality and enhance stabilizing properties. However, the modified compounds can
no longer be claimed as natural. U.S. definitions of the term are strict, especially as
applied to stabilizers.
Natural gums and starches are not chemically modified, just isolated from the plant to
obtain a concentrated. For centuries, we have derived hydrocolloids from products
biosynthesized naturally by plants. Typically, after isolating and elucidating the chemical
structure of specific components, such as alkaloids, colours and flavouring agents, from
the natural source, processors develop methods to synthesize chemically identical
compounds in vitro. However, for starch and gum polysaccharides, it is more economical
to isolate and purify the high-molecular-weight polymers from the original plant sources
made available to man by Nature, typically from plants and seaweeds.
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Hydrocolloids, commonly known as water-soluble gums and starches, are highmolecular-weight plant polysaccharides. After isolation from the plant, gums and starches
are converted to powders with low (10% to 12%) moisture content, so they do not require
preservatives if stored under proper conditions.
Naturally occurring water-soluble gums exhibit a wide variety of functions: thickening,
texturizing, film-forming, water-binding and/or gelling properties, given specific
conditions. The properties of these complex carbohydrates are affected by many factors:
functional groups as constituents; molecular size; orientation and molecular association;
water-binding and swelling; concentration; particle size; and degree of dispersion.
Acidity regulators
Juices and fruit extracts, rich in natural acidulants, can help to control the acidity or
alkalinity of a food. The citric acid that is naturally present in many fruits, in which it
produces the acidic flavor of its juices, also intensifying the fruit flavor, can be obtained
from citrus and other fruit by-products. Currently, many companies use lemon juice or
concentrated lemon juice as regulator of acidity instead of synthetic citric acid E330
Some examples of research and development actions in this field are:

5.1

AGROWASTE

INTEGRATED

PROJECT:

MANAGEMENT

SUSTAINABLE
OF

STRATEGIES

AGROINDUSTRIAL

FRUIT

FOR
AND

VEGETABLE WASTES. EU Life+ project
LIFE+ AGROWASTE project objective is the agricultural and energy valorization to
demonstrate that agrofood wastes have an environmentally and economically interesting
use for companies. It was implemented in food companies using clean / green
technologies.
On the other hand, it also presents the extraction of compounds of interest from different
subproducts as an alternative to give output and obtain an economic performance within
the sector itself and obtaining natural compounds with high added value for the food
industry, due to its functional, antimicrobial or antioxidant characteristics.
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Some examples of valorization are:

Tomato by products
It is estimated that 42% of the total tomato production is dedicated to the processing
industry, mainly for the preparation of tomato concentrates, sauces and derivatives. The
industrialization of this vegetable generates approximately 3-7% of by-products
(constituted by skin, pulp, seeds and peduncle remains) (Schieber et al., 2001).

Tomato by-products are a source of bioactive compounds with beneficial effects on
health:


Phenolic compounds: flavonoids (quercetin, kaemferol and naringin) and
hydrocinnamic acids (chlorogenic, caffeic, ferulic and p-coumaric).



Carotenoids (lycopene)



Dietary fiber.



Polyunsaturated fatty acids: linoleic (54%), followed by oleic acid (22%), while
the major saturated fatty acids were palmitic (14%) and stearic (6%).

Among the most important phenolic compounds found in tomatoes, in studies with nine
tomato varieties (Rambo, Senior, Ramillete, Liso, Pear, Canary, Durina, Daniella and
Remate) produced in Spain, it was found that tomato phenolic compounds are mainly
flavonoids (quercetin, kaemferol and naringin) and hydrocinámicos acids (chlorogenic,
caffeic, ferulic and p-coumaric). Martínez-Valverde et al. (2002),

On the other hand, Ramandeep and Geoffrey (2005) point to the fraction composed of
skin and tomato seeds as an important source of phenolic compounds.

In mature tomatoes, the major carotenoid is lycopene (approximately 83%) and in
percentage also important, is β-carotene (from 3 to 7%). The tomatoes of the variety Pear
used usually in the canning industry, present lycopene. The skins and seeds of tomato are
the main waste of the industrialization of the tomato, and according to different authors,
the fiber is an outstanding compound (from 25 to 50% on dry matter).
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García-Herrera et al. (2010) point to the byproducts obtained from tomato processing as
an important source of fiber with insoluble fiber concentrations higher than 50 mg / kg
(Martínez-Valverde et al., 2002).
Lycored Natural Products Industries Ltd, has patented a fiber for use as an additive, to
use it as a food texture modifier and agent for viscosity control, thus improving its water
retention capacity.

The healthy properties of tomatoes and tomato products have been attributed mainly to
their content of carotenoids. The lycopene together with β-carotene - called provitamin A
- are the most valuable nutraceutical and play an important role in metabolic functions.
In fact, it has been seen that there is a direct relationship between the consumption of
fruits and vegetables rich in lycopene and the reduction of the risk of cancer and diseases.
Tomato and its by-products - sauces, juices, etc. - are the main source of lycopene in the
Western diet, whose compound has been identified to prevent cancer.

Silva and García (2004) have evaluated the use of byproducts obtained from the industrial
processing of tomato (seeds + skin) on the nutritional and sensory properties of
commercial corn flour pancakes.

Mesbahi et al. (2009) studied the physical-chemical and nutritional properties of ketchup
made with different concentrations (1, 2, 5, 7 and 10%) of a mixture of skin and seeds of
tomato powder.

Lycopene is registered as a food additive with the code E160d. It has also been used in
cosmetic products as a photo-protective agent of the skin (Calvo, 2003) and in nutritional
supplements (Lyc-o-Mato®, LycoRed, Natural Prod. Industr. Ltd., Beer-Sheva, Israel).

Tomato fiber is used mainly in the food industry as a viscosity modifier in soups and
sauces. It is a functional ingredient for this industry, used to regulate viscosity and to
prevent syneresis. The company CONESA, located in Extremadura (Spain), is dedicated
to the sale of tomato fiber obtained from skin and seeds. The company INULLEIDA, S.A.
also makes fiber and flakes from tomato by-products.
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BIOLYCO, an Italian company, performs industrial production of low-cost tomato seed
oil from tomato processing waste.

1. Reception by product, selection and
washing
2. Crushing (obtain pulp)
3. Filtration or finisher
4. Mixed ingredients
5. Heat treatment
6. MAP Packaging (20CO2+80%N2)
7. Refrigeration storage (3ºC)

Figure 12. Valorization of tomato by-product

Red Fruits: Strawberry / Cherry by products
Red fruits are very appreciated fruits to be consumed fresh, but they are also a product
that has a wide possibility of industrial use in obtaining different products such as jams,
purées, concentrates, ice creams, etc. One more possibility is the use of their wastes to
produce a liquid coloring phase and a fruit base.
The process obtained products and possible applications are shown in the figure13.
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Figure 13. Valorization of red fruits

The process has excluded only a low percentage, around 2%, of the total weight of the
fruit (green peduncles, stems and leaves of the strawberries). Two differentiated products
are obtained in the extraction process: liquid phase as colorant and solid phase as a fruit
base. Both phases are important, but it highlights the liquid phase that can be used to
obtain a clarified extract, after refining treatments, in the production of red colored
products containing anthocyanins and maintained at an acidic pH. On the other hand, the
solid phase is interesting because of its possible direct use in the elaboration of new food
products.

5.2

RESTRUFOOD

PROJECT:

DESIGN

OF

NEW

RESTRUCTURED

HORTICULTURAL FOODS. Spanish Ministry of Industry project

A solution to the fruit and vegetable fruit losses can be the valorization by extracting the
compounds of interest for human nutrition, vitamins, fiber, ... to be used as ingredients or
to produce restructured foods.
The main objective of this project is to develop restructured foods using as main
ingredients fruits and vegetables that due to their quality characteristics are not
marketable fresh or do not meet the technical specifications for canned processing:


Development of new restructured foods based on fruits and vegetables with a
nutritional and sensorial composition according with the guidelines established by
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WHO in relation to consumption habits: reduction of sugars, salt reduction and
contribution of healthy nutrients.


Selection of new restructured foods whose production on an industrial scale is
viable from a technological, economic and environmental point of view.

Raw materials are fruit and vegetables with the following characteristics: damaged,
overripe or of not suitable sizes for entry into production or distribution in fresh.

Vegetable sausage with tomato, pepper Fruit sweets
and apple

Cylinder of restructured pear, tomato butter and tomato caviar
Figure 14. Examples of restructured foods.

Some proceses and final products are:
 homogenized + dehydrated + pulverized Obtaining fruit and vegetable flours
 homogenized + modification of the texture Obtaining mashed fruit and / or
vegetables with subsequent modification of the shape and texture through the
use of thickeners and gelling agents of vegetable origin
 cut up, laminated, breaked + gelified: Obtaining peeled and gelled fruit.
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5.3.LIFECITRUS PROJECT: RECYCLING OF CITRUS INDUSTRY SCRAP
INTO NATURAL ADDITIVES FOR FOOD INDUSTRIES. Life+ project
Most of the solid waste product from citrus processing plants is the citrus fruit peel and
the membranes from inside the fruit. This materials amount to about 40 to 50% of the
entire mass of the incoming fruit.
The objectives of Lifecitrus project are: to obtain a new ingredient (natural thickener)
from the valorization of by-products, to demonstrate on a semi-industrial scale an
innovative industrial process for obtaining natural food ingredients from citrus byproducts, to transfer project know-how to industry operators and to promote the use of
healthy “clean label” ingredients in the agro-food industry.

Figure 15. LIFECITRUS process flowchart

This flow chart indicates the process steps for producing the new ingredients from
different citrus by-products (lemon, orange and tangerine)
By-products from citrus industry are washed and inspected, after that they are washed
again and softened, physical treatment with the aim to a size reduction, heat treatment
and finally the new ingredient is packaged.
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Figure 16. New ingredients from citrus by-products (puree and powder)

The new ingredient was used for producing strawberry jams in which E-440 pectin was
replaced by the new elaborated ingredient according with commercial strawberry jam
recipe. It was also used in cakes and tomato soup where the citric puree was used as a
gellificant).
Strawberry jams with lemon puree were used, the result of parameter viscosity (Bostwick)
in the jam with added lemon puree was similar than the commercial strawberry jam with
E-440 pectin. Nutritional and sensorial analysis were carried out for strawberry jam with
lemon pure and commercial strawberry jam and it can be concluded that there were not
nutritional differences between both, and the lemon puree was not detected by the
consumers.
The traditional Spanish tomato cold soup “salmorejo” was another food where the
addition of lemon puree was tested. Two different recipes were produced “control
salmorejo”, where bread was used as gelling agent and salmorejo with lemon puree as
gelling agent instead of bread. It was observed a higher fiber concentration and lower
caloric value in the salmorejo with lemon puree compared with salmorejo control with
bread.
Orange puree was tested in the elaboration of tea biscuits, giving the biscuits a good
orange colour and a high content of fibre (3.1g/100g), so this product can be labelled as
a “source of fibre”.
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Some food aplications of new citrus ingredients regarding theirs gellificant properties are:

Figure 17. Some products with the new citrus natural ingredient

5.4.OTHER VALORIZATION EXPERIENCES
The world is confronted with the scarcity of natural resources due to their unsustainable
use, increased global competiveness, increasing population and other environmental and
economic challenges. Under the European 2020 growth strategy launched in 2010,
Europe has set itself the goal of shifting from linear to circular models of production and
consumption. In this context, food waste management poses a great challenge. This report
has been focussed on the possible destinations for food waste, specifically, on the most
sustainable practices that turn waste into valuable resources. Now some industrial and
commercial experiences will be shown.
5.4.1. Active containers: NATAL project
Another important application of natural extracts is through packaging, including these
extracts as additives in the manufacture of plastics packaging or plastic films, obtaining
a container capable of influencing in the shelf life of the product, which are called
ACTIVE PACKAGINGS.
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Regulation (EC) No 1935/2004 defines active containers as packaging materials and
objects intended to expand the conservation time or to maintain or improve the packaged
food
There are different types of active packaging: labels, films, trays, caps, bags, envelopes,
etc., with different properties:
1.Systems which absorb or retain undesirable substances from the product or from its
environment.
2.Systems that release or emit beneficial substances to the product or to its environment.
3.Systems with thermal effect: heat transfer.
4.Systems governing the entry and / or exit of desirable and / or undesirable substances
from the product environments.

Figure 18. Pictures of active packaging

Within the frame of the Spanish project "DEVELOPMENT OF ACTIVE PACKAGING
WITH ADDITIVES OBTAINED FROM AGROINDUSTRIAL RESIDUES" (NATAL),
six Spanish Technological Centres obtained flexible active containers with antimicrobial
and / or antioxidant effect from natural additives obtained from agroindustrial waste,
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which have been studied and extracted by the different participating technological centers
and have been applied to a wide range of food and conservation processes.
Different natural extracts were added to the plastic containers/films: grape, garlic, tomato
etc.

Table 4. Natural additives from agroindustrial wastes. NATAL project

Figure 19. Examples of active plastics and applications in food

According to the results of the NATAL project the active films/containers show good
results in the following cases:
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Antioxidant effect
-Films with garlic extract to prolong the life of Iberian pork loin.
-Films with ascorbic acid and tocopherol for extended refrigerated shelf life of salmon.
-Films with tomato oleoresin to lengthen the life of Iberian pork loin and ham.
Antioxidant and antimicrobial effect
-Films with tomato oleoresin to lengthen the life of smoked salmon.
-Films of chitosan with grape extract to lengthen shelf life of cheese

5.4.2. Sustainable restaurants: FOODTOPIA experience
FOODTOPIA, Spain, www. foodtopia.eu
For FOODTOPIA the problem is clear: We are facing a systemic crisis, where the main
protagonist is: “Inefficiency of the food system.” A food system where its cost plus its
side effects is higher than the budget of the regions, that is the main responsible for
climate degradation and the greatest exponent of social exclusion.
FOODTOPIA is a “project of resilient local economy” which combines agricultural
production, food processing and distribution of food in the geography of a neighborhood;
with the aim of reducing in a half the current price of food and its direct and indirect side
effects, through a drastic reduction of energy consumption throughout the food
production chain.
FOODTOPIA uses a very innovative cooking technology to create a new food paradigm
that respects the environment, promotes food sovereignty, avoids wasting food and
defends traditional recipes as the core of our gastronomic culture.
FOODTOPIA equipment, with the characteristics of versatility and efficiency, can
assume a real central kitchen production in just 60 m2 which makes it possible for any
type of community.

53
5.4.3

Vegetable wastes fibers for textile sector: ORANGE FIBER
experience.

ORANGEFIBER, Italy, www. orangefiber.it.
In 2011, Adriana Santonocito was a design student in Milan when she first had the idea
of making sustainable textiles from what was naturally abundant, and widely wasted, in
her native Sicilian city of Catania. Her challenge was to find a way for the rinds of
hundreds of thousands of tonnes of oranges to be put to good use. Now, thanks to her
creative thinking, it is possible to make whole items of clothing using fibre that originated
from the fruit.
Together with her university colleague Enrica Arena, she founded Orange Fiber in 2014,
and set about selling the silk-like material to clothes-makers.
In 2016 the famous Italian fashion label Salvatore Ferragamo used it in its spring-summer
collection. The aim was to make its high-end shirts, dresses and foulards more
sustainable.
ORANGEFIBER is the world’s first and only brand to produce a patented material from
citrus juice byproducts, repurposing them to create beautiful, sensorial materials that
reshape your sartorial experience.
OF fabrics are formed from a silk-like cellulose yarn that can blend with other materials.
When used in its purest form, the resulting 100% citrus textile features a soft and silky
hand-feel, lightweight, and can be opaque or shiny according to production needs.
Thanks to the process of industrial production that OF developed and patented in Italy,
then extended internationally, OF can produce a high-quality fabric capable of bringing
together two pillars from the Italian heritage – textiles and food – and respond to the
demands of both innovation and sustainability in the fashion industry.
Thanks to an innovative process, OF has created a way to maximize the reapplication of
citrus juice byproduct, spinning the citrus cellulose into a high-quality and completely
new material for the fashion industry.
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Figure 20. Orange fiber textile process

Figure 21. Picture of an orange fiber textile designed for Salvatore Ferragamo

5.4.4 Sustanaible processed vegetable products: KROMKOMMER experience.
KROMKOMMER, Netherlands, www.kromkommer.com
Kromkommer was founded with the mission to save all the fruits and veggies that
otherwise would have been wasted because of their looks or overproduction. To be able
to make this mission work, KK must change the whole system. Instead of ending up in
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the bin this food should end up on someone’s plate! KK believes in a world without waste.
And therefore a lot has to be done….

Figure 22. Sustainable vegetable soups.

In January 2014 KK started a crowdfunding campaign in order to make their dream come
true: to bring the unreliable veggies back to the consumer with KK own product line.
Beginning in May 2014 the first soup line was a fact. KK soups can be bought at over 50
stores throughout the Netherlands. Now that the soup line is on the market KK is thinking
of making new recipes and products in order to save more remains of veggies and fruits
(Video: https://www.youtube.com/watch?v=NwZB3RtOce8)
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