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Preface

Over the last decade, some pressing issues have been affecting the balance
between human society and the environment worldwide. Food byproducts
and waste that are overproduced by the food processing industries because
of their poor sustainable management have turned into a big global concern
causing environmental pollution and economic losses. In this context,
biotechnological researchers have been redirecting their objectives to focus
on the valorization of these renewable resources attributed to the richness of
bioactive compounds, which have shown attractive potential applications in
different industries. Furthermore, several methodologies are being developed
to extract and recover these value-added products, mainly employing green
chemistry approach due to its considerably lower implications of harming the
environment. Moreover, biotechnology coupled with green chemistry have
shown some interesting results in the development of novel techniques that
lead to the creation of commercial products, namely functional ingredients,
food additives, and supplements.

Value-added compounds obtained from these renewable resources through
green extractive methodologies such as protein precipitation, flash vacuum,
microwave and supercritical methods, enzymatic hydrolysis, or fermentation
process are considered as attractive technological tools that could be
implemented in the industries, particularly in pharmaceutics, nutraceuticals,
and food areas and consequently improve the traditional industrial processes
allowing a circular economy implementation. Furthermore, due to the green
chemistry through the zero-waste context approach, it will be possible
to decrease or eliminate the constant overproduction of food waste thus
avoiding soil, air, and water pollution. As a result, the application of all these
involved concepts (biotechnology, green chemistry, zero-waste, and circular
economy) together may need to grow as a multidisciplinary option with
regards to biomass utilization and transformation into useful value-added
products in an attempt to generate new food supplies with beneficial properties
and their application for industrial economic revenue. Therefore, this book
provides an insight and understanding of consolidated process systems for
waste management by using tools of biotechnology, microbiology, food, and
chemical engineering, among other branches of science.
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Functional foods are described as food stuff or food ingredients that could
improve health by helping in the prevention or risk reduction of certain diseases
such as cancers, cardiovascular and inflammatory disorders and diabetes.
These benefits are well-attributed to the content of bioactive compounds,
which comprise a wide array of natural molecules with bioactivities such
as antioxidant, antimicrobial, anticancer, antihypertensive, prebiotic, among
many others. Enzymes are biomolecules with natural biological properties and
are essential to many industrial processes such as high added-value compounds
release, enzymatic synthesis of useful compound, degradation of residual
materials, along with many other processes. Production and extraction of these
biomolecules are significant factors to improving the industrial processes
by increasing the production of high-quality products, boosting human life
stability and world sustainability.

All the topics that are described in this book aim to create a fundamental
professional awareness due to the significant evidences and facts on food
waste management and valorization which could increase scientific, social,
and industrial interests to recover value-added compounds with health
beneficial bioactivities through developing sustainable technologies. This in
turn can contribute to decreasing the negative effects on the environment,
reducing cost, energy and time consumption, improving profitability and
efficiency for industries. Thus, this book provides significantly accepted
and interesting knowledge for readers interested in the fields of nutrition,
chemistry, food processing and engineering, and biotechnology.

EDITORS’ CRITICAL OPINION

The history of the human behavior related with food consumption and all the
involved steps for its production has been changing from the middle of 20th
century to the beginning of the 21st century. Such changes have arisen by the
conscious issues that society is facing and nowadays are having an evident
and significant negative impact on the three main pillars of sustainability:
society, economy, and environment. Since human beings learned how to treat
soil and some cultivation techniques (agriculture) for production of their own
food, they has been repeating the same linear behavior, which involves the
traditional linear economy “take-make-dispose”, in other words, “production-
manufacturing-discard” of food. Through the application of this linear
behavior in the food industry, some issues related with food loss and wastage
were detected, which consequently are linked to huge economic expenses
and environmental pollution. Based on these issues, the linear economy
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approach is no longer acceptable within the modern food industry. Therefore,
a couple of years ago a new approach was introduced—*circular economy”
with the aim to reduce these issues and create a more sustainable food
supply chain, avoiding food byproducts and waste production. Moreover, the
circular economy approach has gained interest not only between researchers
of biotechnology, environment and food science, and technology areas, but
also for industrial and governmental sectors, looking/working for the same
objective, decreasing the current issues by promoting a suitable and correct
management of food byproducts. In this regard, such byproducts must be
recycled and valorized due to their richness in biofunctional compounds
(polyphenols, carotenoids, oils, protein, fibers, among others) with the
purpose to (1) minimize the exhaustion of natural resources and (2) satisfy
the current demand of nutritional functional food ingredients with health
benefits, while the environmental pollution is mitigated, and a bioeconomy is
created within industries.

Even though all the chapters presented in this book possess different and
unique information that can be used as references to develop new innovative
research on the topics of food waste and byproducts production along the food
value chain as well as on research on their bioactive constituents extracted/
recovered by novel and consolidated technologies, there is still one thing in
common among the chapters: their usefulness in large-scale commercial and
industrial applications in real food waste management instances in order to
exploit the great hidden value that these renewable sources can offer as raw
materials of biofunctional ingredients. This will, hopefully, lead to important
work that must be carried out during the next years, beyond only research, to
highly encourage the generation of new business, revenue streams, and jobs
for human well-being and to contribute to sustainable development.
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Food By-Products Generation and Their
Valuable Bioactive Compounds
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CHAPTER 1

Tomato Agro-Industrial Wastes as a Rich
Source of Bioactive Compounds

ZAHRA ZAREIE!, MAJID NOOSHKAM?, and ALI MOAYEDI*

1Department of Food Science and Technology, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran

?Department of Food Science and Technology, Faculty of Agriculture,
Ferdowsi University of Mashhad (FUM), Mashhad, Iran

ABSTRACT

Tomato (Lycopersicon esculentum) is a widely cultivated vegetable crop and it
is mainly processed to tomato paste, juice, ketchup, purée, and canned tomatoes.
However, tomato processing at the industrial scale leads to large quantities of
wastes, such as pulp, seeds, peels, and fibrous part residues. The tomato waste
management is therefore a worldwide problem in terms of environmental
and economic aspects. It is generally agreed that reuse or recycle of these
byproducts could decrease processing costs and the corresponding wastes could
be considered rich sources of nutrients and bioactive compounds.

This chapter will therefore focus on the various bioactive compounds
extracted from tomato wastes, such as carotenoids, proteins, peptides, oil,
and dietary fibers. The extraction methods for the release and extraction of
these bioactive compounds are also highlighted in this book chapter.

1.1 INTRODUCTION

Tomato (Lycopersicon esculentum) is likely originated in Peru and then
introduced into Italy as an ornamental plant at the beginning of the 16th

Food Byproducts Management and their Utilization. Ricardo Gémez-Garcia, Ana A. Vilas-Boas,
Débora A. Campos, Maria Manuela Pintado, & Cristobal No¢ Aguilar (Eds.)
© 2024 Apple Academic Press, Inc. Co-published with CRC Press (Taylor & Francis)
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century; however, until the middle of that century, it did not begin to be
grown for food applications. The cultivation of tomato has become wide-
spread over the next centuries and is now considered one of the world’s
most commonly commercially produced vegetables.' United States, Spain,
Italy, and Turkey are the leading tomato-growing countries and the world
production of tomato reached 124,111,781 metric ton.>

Tomato contains remarkable levels of various traditional nutrients. Its folate
content is similar to the levels found in carrots and potatoes, and about 10% of
the concentrations observed in spinach. It is also rich in vitamin C and potas-
sium.* Tomato is consumed at high levels and is therefore a significant source
of vitamin C, vitamin A, carotenoids (e.g., f-carotene and lycopene), and
flavonoids (e.g., quercetin and kaempferol) in the Western diet. The S-carotene
content in fresh tomato is reported to be 0.39 mg 100 g'! and its content in
canned tomato sauce is found to be 0.41 mg 100 g!, while its lycopene content
is higher than f-carotene (15.91 mg and 3.02 mg 100 g! in canned tomato
sauce and fresh tomato, respectively).* Tomato is mainly consumed as a fresh
fruit and after processing into different products including tomato sauce, paste,
juice, ketchup, and puree (Figure 1.1).° In addition, its dried products are
commonly applied in pizza and various vegetable and spicy dishes.>

,i, |' 2

Tomato juice

Tomato paste

Tomato ketchup

Tomato puree

FIGURE 1.1 Tomato products.

Tomato pomace is a byproduct generated during tomato processing,
representing approximately 4% of the fruit weight.®” Tomato pomace consists
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mainly of tomato peels and seeds, and is one of the most promising candidate
materials.® It contains mainly fiber (25.4-50.0%), protein (15.4-23.7%), fat
(5.4-20.5%), and mineral (4.4-6.8%).° Therefore, tomato wastes consist of
good quality nutrients with the potential to be widely used as food, feed, or
fertilizer. Indeed, economic and technological limitations lead to nonutiliza-
tion of the tomato waste, thereby contributing to environmental pollution.’
In this context, the use of byproducts of tomato processing industry could
provide extra income and decrease the waste disposal problem.® This chapter,
therefore, focuses on the value-added compounds isolated from the tomato
pomace. The extraction procedures of these bioactive molecules are also
highlighted in this book chapter.

1.2 TOMATO WASTE RECOVERY
Tomato waste usually represents an environmental problem for the industry.
It is potential reutilization for the recovery of various bioactive compounds,

such as lycopene, protein, pectin, oil, and dietary fiber could be of benefit
(Figure 1.2).'°

Lycopene |
/ ﬁ\\- ///,\
Seed oil ‘ Protein
A
A o
R Tomato waste B
h recovery ya b
Pecti ) / Phenolic
ectin
j \ compounds
/ N\
A \\\ Yo N
. Dietary

Peptid
SRS v‘ fibers ’

FIGURE 1.2 Bioactive compounds of tomato waste.
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1.2.1 LYCOPENE

Tomato contains versatile antioxidative molecules like vitamin E, vitamin C,
phenolics, flavonoids, and carotenoids. Among them, lycopene has recently
attracted remarkable attention for its possible health-promoting effects. It is
the main pigment, with a deep red color, of ripe tomatoes,® and the processing,
heating, and homogenization treatments lead to lycopene release from cell
wall carotenoid—protein complexes. Therefore, processed products have a
better lycopene bioavailability compared with fresh tomatoes.!" Lycopene
is classified chemically as a hydrocarbon. It is an oligomer of isoprenoid
type consisting of 8 isoprene units joined together into a symmetrical chain
containing 13 double bonds (11 conjugated and 2 nonconjugated double
bonds)."? A high degree of conjugated double bonds confers strong antioxi-
dative activities to lycopene molecule, making it one of the most powerful
antioxidant compounds.’

Lycopene, due to its antioxidant activity, has a high potential to provide
protection against cancer and other degenerative diseases and to reduce the
incidence of ischemic heart diseases.” It has been reported that lycopene
is mainly accumulated in the tomato peel and the water-insoluble fractions
(72-90%) than in the flesh. The valorization of tomato-processing byproducts
is therefore of high interest of researchers and manufacturers.'*!

It is also worthwhile of noting that lycopene is mainly found in the plant
chromoplast (and further in chromoplasts, during ripening-induced chloro-
plast-chromoplast transformation). Lycopene is also a highly hydrophobic
compound and, therefore, arranged exclusively within the inner part of the
lipid bilayer of the vesicles. Moreover, lycopene is present in a complexed
form with proteins within the vegetable cells. Thus, more intensive thermal
or mechanical treatments and organic solvents are required for lycopene
recovery from tomato peels, leading to environmental problems and lyco-
pene thermal degradation.'

1.2.2 SEED OIL

Seed is the major component of the tomato pomace (~60%, 1.3 million
tons), which is usually used as a low-value material for livestock feed
or is otherwise dumped in landfills, causing environmental problems.!¢
Therefore, tomato processors are pressingly searching for alternate uses of
tomato seeds to protect the environment and increase the economic value of
tomato seeds.'” Tomato seeds contain approximately 20% oil and fatty acid
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composition of the oil is similar to the low-linolenic soybean oil; accordingly,
tomato seeds would be considered a good source of salad oil.'® Palmitic acid
(C16:0; 7-24%) is the main saturated fatty acid of the tomato seed oil. The
oil also contains stearic acid (C18:0; 4-13%), oleic acid (C18:1; 18-30%)),
myristic acid (C14:0; 0.1-2.3%), linolenic acid (C18:3; 1-6%), margaric
acid (C17:0; 0.1-0.3%), palmitoleic acid (C16:1; 0.3-7%), arachidic acid
(C20:0; 0.2-3%), and behenic, lignoceric, and gondoic acids in very small
amounts.'” Tomato seed oil could be therefore extracted and used as an edible
oil with high nutritional quality.?

1.2.3 PECTIN

Pectin is abundant in most vegetables and fruits and considered the major part
of the primary cell wall of nonwoody plants. From a functional viewpoint,
it is a hydrocolloid with the ability to trap water molecules and form gels at
low concentrations. Thanks to its excellent safety/health profile and water
solubility, pectin is extensively used to add desirable textures to various food
products.?! Tomato waste is a good source of pectin and it has been therefore
subjected to different extraction methods for the extraction of high-quality
pectin.?># Tt has been suggested that pectin extracted from tomato wastes has a
remarkable quality and could be used as a valuable additive in food industry*

1.2.4 PHENOLIC COMPOUNDS

The phenolic compounds are dietary phytochemicals present in plant tissues
and an essential part of the human diet, which are of considerable interest
because of their antioxidative features. It is well known that tomato byprod-
ucts have higher concentrations of phenolic compounds compared with
pulp and the removal of peel/seed during tomato processing could lead to
a loss of the antioxidant property of these bioactive compounds.'® The main
phenolic compounds of tomato are quercetin, naringenin, rutin, and chloro-
genic acid.?* These phenolic compounds (e.g., flavonoids and hydroxycin-
namic acid) show multiple biological properties including metal chelation,
free radical-scavenging, modulation of signal transduction pathways and
enzymatic activity, and inhibition of cellular proliferation.”> Phytochemicals
with remarkable antioxidant property extracted from byproducts of tomato
processing industry could be successfully used as functional ingredient for
the development of novel functional foods with health-enhancing effects.?
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1.2.5 PROTEINS AND PEPTIDES

Tomato seed protein contains globulin, prolamine, gluteline, and albumin,
with a high nutritional quality comparable with soybean proteins.”’ It is a
rich source of lysine (8-10 g/16 g N) which makes tomato seed protein an
ideal candidate for supplementing proteins in cereal products. Moreover,
tomato seed proteins could be used as a bioactive ingredient in functional
food systems and used for human consumption.?® Additionally, the lack of
antinutritional factor or harmful constituent in the tomato seed makes it a
better protein source over other nonconventional sources.?” It could be also
noteworthy that tomato seeds contain almost all essential amino acids,
especially leucine and lysine,” and protein hydrolysates and peptides of the
tomato seeds show antioxidant and ACE inhibitory activities.*’

1.2.6 DIETARY FIBERS

Dietary fibers have various technological (e.g., gel formation, water/
lipid binding, texture modification, and increasing sensory attributes) and
biological (e.g., anticancer, antidiabetic, antiobesity, hypocholesterolemia
effect, and blood glucose attenuation) functions.’’ Dietary fibers are
generally classified as water-insoluble dietary fiber (IDF) and water-soluble
dietary fiber (SDF). Compared with IDF, SDF (such as oligosaccharides,
pectin, and S-glucans) indicate higher viscosity and have the potential to
reduce blood cholesterol and glucose, and improve the commercial values
of related functional foods.*> Tomato peels could be employed as a cheap
source of SDF,** and it has been reported that they contain 48.5% IDF and
8.9% SDEF.*

1.3 EXTRACTION METHODS

Extraction, especially conventional solvent extraction (CSE), is gener-
ally applied to provide the bioactive molecules from fruit and vegetables.
Nonetheless, CSE needs long processing time and high solvent volumes,
thereby causing environmental pollution. Thus, new, modern, faster,
and more effective extraction methods have been recently developed to
increase the extraction efficiency and lower the volume of organic solvents
(Table 1.1).%



TABLE 1.1 Novel Extraction Methods used for Bioactive Extraction from Tomato and Its By-Products.

Extraction method Bioactive components  Part of tomato Conditions Reference
Microwave-assisted Lycopene Peel Solvent ratio solid liquid ratios, microwave power, 35
extraction delivered energy equivalents
Polyphenols Peel Solvents, temperatures (25, 55, and 90°C), 36
times (5 and 10 min)
Phenolic compounds Tomato Ethanol concentration (20-80%), 37
temperatures (60—100°C), times (0—4 min)
Supercritical fluid Trans-lycopene Tomato Carbon dioxide at 40°C without modifier 38
lycopene Dried tomato skin Temperature (40 and 70°C), pressure (25 and 45 39
MPa), modifier concentration (5 and 15%)
lipids, lycopene, and, Tomato-processing Pressures (250 and 300 bar), temperatures 12
[-carotene waste (skins and (60 and 80°C), particle sizes (80 and 345 um,
seeds) solvent flow rates (0.792 and 1.35 kg/h)
Ultrasonic extraction Lycopene Tomato-processing Ternary solvent system composed of 31% acetone, 40
waste 38% ethyl acetate, and 31% hexane
Carotenoids Dry tomato pomace  Hexane proportion in the solvent (25, 50, 75%), 41
25-45°C, 6 min
Ohmic extraction Oil Tomato seed Electric field strength (10-14 V/cm), end point 42
temperature (40—60°C), holding time (515 min)
Phenolic compounds Tomato wastes 70°C, 15 min, 70% ethanol 43
High-pressure/High- Flavonoids Lycopene Tomato pulp 450 MPa, 60% hexane concentration 44

pressure homogenization  pryteing Polyphenols Peel 20,000 RPM, 5 min, 10 passes 14

SaISDA [D1ISNPU]-046Y 03DUIO],
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1.3.1 MICROWAVE-ASSISTED EXTRACTION (MAE)

The MAE is considered an advanced extraction procedure that uses micro-
wave energy to heat solvents effectively. The analytes could be subsequently
partitioned from the sample matrix into the extraction medium (i.e., solvent).
The MAE is able to significantly reduce both solvent consumption and
extraction time.’” Ho et al.* determined the optimal MAE conditions for
lycopene extraction from tomato peels. Optimal conditions were: 400 W at
0:10 solvent ratio with an all-trans-lycopene yield of 13.592 mg/100 g. More-
over, ethyl acetate was found to be a better MAE solvent for the recovery
of lycopene than hexane. In addition, significant structural disruption was
observed in MAE-treated samples, likely leading to the improved lycopene
extraction. In another study, the MAE process was optimized to maximize
flavonoids/phenolic acids recovery from tomato. The tomato extract obtained
in optimum processing conditions showed a high potential to be used as
nutraceuticals or active ingredients in the development of functional foods.*
The application of MAE as an innovative technique has been also studied for
the isolation of polyphenols from tomato peel waste. The results showed that
the extraction time (5 and 10 min) had no significant effect on total phenols,
total flavonoids, and phenolic compounds recovery. On the other hand, the
temperature and the solvent had significant effects on the polyphenols yield,
and the tomato peel waste was therefore suggested as a sustainable resource
of polyphenols for MAE extraction purposes.*®

1.3.2 SUPERCRITICAL FLUID EXTRACTION (SFE)

The SFE uses supercritical fluids to separate the extractant from the matrix.
CO, is considered the main extraction solvents for botanicals. CO, super-
critical extraction is performed above the critical pressure of 74 bar and the
critical temperature of 31°C. Supercritical fluids are highly compressible
gases with attractively combined gas and liquid properties. These fluids have
a potential to initiate reactions, which are not usually achievable in conven-
tional solvents. The SFE is a fast process (10—60 min) and the supercritical
fluid is separated from the analyte by simply releasing pressure; a pure
residue with almost no trace is therefore yielded.*® Rozzi et al.*’ used SFE
for lycopene extraction from tomato, ant the extraction yield of 61% was
obtained under optimum conditions of 34.47 MPa, 86°C, and 500 mL of CO,
(2.5 mL/min flow rate). In another study, the highest carotenoid concentration
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(with 90.1% lycopene) from industrial tomato waste was achieved by SFE
at 80°C and 460 bar, while tocopherols- and phytosterols-rich products were
obtained above 300 bar and 40°C.*

1.3.3 ULTRASONIC-ASSISTED EXTRACTION (UAE)

Ultrasound received the most attention among agitation techniques mainly
due to its ability to either disrupt cell wall of biological cells or provide a
better solvent diffusion into cellular materials and enhance the mass trans-
port. This is due to the cavitation phenomenon, which formed tiny bubbles in
the liquid bulk collapse (nonsymmetric) and exploded during a compression
cycle. Therefore, the ultrasound-assisted extraction (UAE) is considered
a proficient extraction technique capable of reducing working times and
increasing extraction yields.* Tomato waste was treated with ammonium
oxalate/oxalic acid by CSE and UAE at 37 kHz and temperatures of 60°C
and 80°C for the pectin extraction purposes. The CSE at 60°C resulted in
the highest yield, but UAE during a sonication time of 15 min produced the
pectin of better quality. The pectin yields obtained after the extraction at 80°C
were similar at times of 24 h for CSE and 15 min for UAE. Thus, it could be
deduced that the main advantages of UAE are the lower extraction time and
environmentally friendly status.?> Moreover, the extraction yield of lycopene
from tomato paste-processing wastes by UAE and CSE showed that UAE
requires lower solvent, lower temperature, and less time than CSE.*® The
UAE has been also used for the efficient extraction of carotenoids from dry
tomato pomace.*!

1.3.4 OHMIC EXTRACTION

Ohmic heating, also called Joule heating, is an alternative fast heating
method, which occurs when an alternating electrical current is passed through
food and the electrical resistance of food leads to food heating. It is a rapid,
uniform, and more environmentally friendly heating method with a high
potential to yield a high-quality product with minimal changes in nutritional,
structural, or organoleptic properties.’'*> Coelho et al.>* optimized the extrac-
tion of phenolic compounds from tomato byproducts using ohmic heating
technology. The best extraction conditions of polyphenols were 70°C for
15 min, using 70% ethanol as a solvent, and the recovery of rutin was 77%
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higher than control samples. Ohmic heating led to recover up to 4.93 pg/g
lycopene from tomato byproducts without resorting to organic solvents.
Thus, ohmic heating could be a fast, economical, and environmental-friendly
process to recover polyphenols from industrial tomato byproducts. Similar
observations were outlined in the literature.*

1.3.5 HIGH-PRESSURE AND HIGH-PRESSURE HOMOGENIZATION

High-pressure (HP) processing can effectively reduce the extraction time
and increase process efficiency. The HP is able to cause some structural
changes, such as cell membrane damage or cell deformation that increase
the permeability of cell and the diffusion of secondary metabolite and in turn
mass transfer rates. Interestingly, it has minimal effects on low-molecular-
weight components such as flavors, vitamins, and pigments. Therefore, HP
has been recently applied to extract biologically active compounds from
natural sources.”

The high-pressure homogenization (HPH) technology pressurizes a fluid
to flow through a narrow gap valve. This leads to a marked increase in its
velocity and in turn a pressure drop with high shear stress and cavitation.
The suspended particles and macromolecules in the fluid undergo twisting
and deformation under high mechanical stresses applied.”” HPH is an effec-
tive and fast method for the micronization of plant tissue in suspension
and to release active biomolecules from cells, resulting in high extraction
yields. Thanks to its ease of operation, reproducibility, scalability, and high
throughput, HPH is considered a method particularly suitable for industrial
applications.'* HP and HPH technologies have been successfully applied to
extract bioactive compounds from tomato wastes. Briones-Labarca et al.*
studied the effect of operating HP and solvent polarity (solvent mixture)
on extraction yield, flavonoid, and lycopene content from tomato pulp.
The HP and solvent mixture had significant effects on the responses. The
optimum HPH extraction condition was acquired at 60% hexane and 450
MPa, provided the maximum extraction yield of 8.71%, flavonoid content
of 21.52 £ 0.09 mg QE/g fresh weight and lycopene content of 2.01 +
0.09 mg QE/100 g fresh weight. In another study, it has been reported that
the tomato peels treatment by the HPH method could increase the release
of intracellular compound, such as proteins (+70.5%) and polyphenols
(+32.2%), and improve the antioxidant activity (+23.3%) and reduce the
oil-water interfacial tension (—15.0%).!* Thus, HPH extraction could be a
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powerful tool to increase the extraction and release of bioactive compounds
from tomato wastes.

1.4 TOMATO PRODUCTS
1.4.1 TOMATO PASTE

The tomato paste-manufacturing industry is known as one of the most
important sections in the food industry.®® The production pipeline of the
tomato paste involves multiple uses of heat (Figure 1.3). In brief, the intact
fruit is sorted, washed, and then crushed. The crushed tomato goes through
a heat exchanger and is subjected to steam heating (88-99°C) to inactivate
pectinase enzymes. This process is known as the hot break. Then, the juice of
crushed tomatoes is separated from skins and seeds by an extractor. The juice
goes through a multieffect evaporation step to lower its moisture content
and form the paste. The paste is subjected to sterilization process via steam
heating and is then packaged aseptically.”

1.4.2 KETCHUP

Ketchup, as one of the most popular products of tomato in the global market,
needs lower equipment and simple processing.’ Tomato paste (23-35° Brix)
is generally used for ketchup production.®® Ketchup is a heterogeneous
spiced product and its consistency is an important feature from the consumer
and engineering views.®! Thickening agents are also added to the formulation
to increase the consistency and inhibit serum separation from ketchup.® The
microbial stability of tomato ketchup is based on final pH (pH < 4.0), on
pasteurization or the addition of preservatives. Ketchup subjects to several
relatively important heat treatments and the product can be therefore stored
at room temperature for one or more years.*

1.4.3 TOMATO JUICE

Tomato juice consists of suspended particles (>150 pm) which include intact
or broken cells, water-insoluble pectic, long-chain polymers of cellulose,
hemicellulose, and lignin material.** Tomato juice is a well-known healthy
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beverage containing 93.1% moisture, 4.89% carbohydrate, minerals, and
vitamins, and is low in fat and protein.® The color of fruit juice is a primary
factor in evaluating juice quality and sensory acceptance by consumers.
It could be also noteworthy that the nutritional quality of tomato juice is
mainly attributed to the presence of vitamin C and other biologically
active compounds, such as lycopene, which is responsible for the color
of tomato juice. And epidemiological studies show that tomatoes and the
related products, such as tomato juice, could decrease the probability of
cardiovascular diseases and developing prostate cancers.®

FIGURE 1.3 Flow diagram of processes in tomato paste production under conventional
processing.”

Source: Adapted from Ref. [59].
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1.4.4 TOMATO SAUCE

Tomatoes are generally consumed in the form of industrially processed
products, especially tomato sauces. Dietary antioxidants (such as hydroxyty-
rosol, virgin olive oil), phenolic compounds from vegetables (such as garlic,
peppers, carrots, and onions), spices, and herbs could be added to tomato
sauces to improve its health benefits and sensory properties.*® It is worth-
while noting that tomato sauce represents 40.8% of all sauce consumption
in Spain.?’

1.4.5 TOMATO PUREE

Cold-break and hot-break processes are conventionally applied for tomato
puree processing. In this context, cold-break process (<66°C) leads to partial
inactivation of polygalacturonase, and the corresponding paste has a good
color and taste quality; however, the viscosity instability during storage and
the relative low consistency of the product are the main problems related to
this technique. Indeed, a tomato product with low consistency could not retain
its solid fraction in suspension, and the product undergoes syneresis during
the storage period. The hot-break process is generally applied to overcome
syneresis problems, and tomatoes are processed at about 75-100°C for 30
min. The enzymes polygalacturonase and pectin-methyl esterase are therefore
completely inactivated and a paste with firm consistency is achieved after
concentration.®®

1.5 CONCLUSIONS

The ever-growing level of agricultural waste has motivated the manufacturers
and researchers to utilize these waste materials to develop green-processing
technologies and extract bioactive compounds with health-promoting
effects from this waste. This book chapter summarized the main bioactive
components of tomato wastes and the advanced technologies to extract
them. It was shown that different valuable compounds could be extracted by
various technologies from tomato wastes and used as functional ingredients
to develop novel functional foods. However, further research and optimiza-
tion studies on the extraction techniques of tomato bioactive compounds
might be necessary to increase their relevance for industrial applications.
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