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Chapter

Potential of Carotenoids from Fresh
Tomatoes and Their Availability in
Processed Tomato-Based Products

Rose Daphnee Ngameni Tchonkouang,
Maria Dulce Carlos Antunes and Maria Mavgarida Cortés Vieira

Abstract

The high consumption of tomatoes worldwide has made them an essential source
of health-promoting carotenoids that prevent a variety of chronic degenerative
diseases, such as diabetes, high blood pressure, and cardiovascular disease. Tomatoes
are available year-round, consumed fresh, and used as a raw material for the produc-
tion of many processed products, such as juices, pastes, and purees. A plethora of
carotenoids has been characterized in tomatoes. Most of the relevant carotenoids
in the human bloodstream are supplied by fresh and processed tomatoes. Lycopene
is the predominant carotenoid in tomato and tomato-based food products. Other
carotenoids such as a-, f-, y- and &-carotene, phytoene, phytofluene, neurosporene,
and lutein are present in tomatoes and related products. There is a growing body of
evidence that these bioactive compounds possess beneficial properties, namely anti-
carcinogenic, cardioprotective, and hepatoprotective effects among other health ben-
efits, due to their antioxidant, anti-mutagenic, anti-proliferative, anti-inflammatory,
and anti-atherogenic properties. This chapter analyzes the carotenoid composition
of tomatoes and their based products as major contributors to the chronic disease-
preventive properties.

Keywords: tomato, carotenoids, health, antioxidant, chronic diseases

1. Introduction

Tomato (Solanum lycopersicum L.) belongs to the Solanaceae family and is one
of the most important and versatile crops in the world. Wild tomato is originated in
western South America along the coast and the high Andes from central Ecuador,
through Peru, to northern Chile, and in the Galapagos Islands [1-5]. The period and
center of domestication of tomatoes are still unclear, but it is believed that the region
of domestication was Central America [1-3]. Nowadays, with several selected culti-
vars adapted to different edaphoclimatic conditions and final food products, tomato
is cultivated worldwide and marketed either as fresh or as processing tomato [4]. The
global tomato production reached 186,821,216 tons in 2020. According to FAOSTAT,
the world’s top three tomato producers in 2020 were China, India, and Turkey [6].

1 IntechOpen



Carotenoids - New Perspectives and Application

Tomato consumption is dominant in China, India, North Africa, the Middle East, the
US, and Brazil [5]. They are consumed either fresh in salads or cooked in sauces, soup,
and various dishes. In addition, they can be processed into paste, purées, juices, and
ketchup. Canned and dried tomatoes are economically important processed products,
they contain abundant minerals, essential amino acids, sugars, and dietary fibers [4]
as well as many health-promoting compounds including vitamins, carotenoids, and
phenolic compounds [5]. Although these bioactive constituents could be obtained
through intake of dietary supplements, scientific evidence suggests that direct intake
from their natural matrix is much more effective regarding health benefits [7].

Carotenoids are well-known bioactive compounds involved in preventing the
development of diseases such as diabetes, gastrointestinal and cardiovascular diseases
(CVDs), for example, by reducing the amount of oxidized low-density lipoproteins
(LDLs). They are also known to reduce the risk of developing degenerative diseases
such as blindness, xerophthalmia, and degeneration of muscles. In addition, carot-
enoids possess anticancer properties in health conditions, such as stomach, lung, and
prostate cancers [3], being this disease-preventing action attributed to their antioxi-
dant components. Lycopene and p-carotene are carotenoids with particularly strong
antioxidant activities, based on their abilities to quench singlet oxygen and trap
peroxyl radicals [8]. In this chapter, the potential of tomato carotenoids in chronic
disease prevention is discussed. The role and types of carotenoids are presented, after
which the composition and distribution of carotenoids in tomato and tomato-based
products are documented. The factors influencing the bioavailability of tomato
carotenoids are explained. Finally, the action of carotenoids in the risk reduction of
non-communicable diseases is detailed.

2. Carotenoids: definition, classification, and food sources

Carotenoids represent a large family of non-water-soluble pigments that range from
yellow to red and are predominantly found in fruits and vegetables [9, 10]. Generally,
carotenoids are a class of isoprenoid molecules that are commonly referred to as pig-
ments due to their characteristic yellow to red color. This physical property is due to
a polyene chain containing 3-13 conjugated double bonds that act as a chromophore.
All photosynthetic organisms (such as plants and algae) and some non-photosynthetic
bacteria and fungi synthesize carotenoids that are tetraterpenes (terpenes consisting of
eight isoprene units, C4oHg4) derived from phytoene, a 40-carbon isoprenoid [11, 12].
Some carotenoids called higher carotenoids are made up of a 45- or 50-carbon skeleton,
while those having carbon skeletons with fewer than 40 carbons are called apocarot-
enoids [13]. Carotenoids can be synthesized de novo by flora and microbes, and do not
occur naturally in mammals with minor exceptions [14]. Therefore, carotenoids found in
animal tissues are either directly obtained from their diets or partially modified during
metabolic reactions [15, 16]. Carotenoids are essential compounds in all photosynthetic
species, such as algae, cyanobacteria, and plants, and are involved in basic physiological
processes, such as photoprotection and photosynthesis. They serve numerous important
functions, such as light-harvesting, photoprotection during photosynthesis, and photo-
oxidative damage prevention, and also accumulate in non-photosynthetic organs of
plants, such as fruits, pericarps, seeds, roots, and flowers. They provide color to flowers
and fruits which is useful in pollination and seed dispersal through pollination vector
attraction. They also serve as precursors for the biosynthesis of the phytohormone,
abscisic acid (ABA) in non-photosynthetic organs [12, 13, 16].
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2.1 Classification of carotenoids

Carotenoids can broadly be classified into two subgroups according to their
chemical structure—(1) carotenes (hydrocarbon carotenoids), which are made up
of carbon and hydrogen. Examples of carotenes include a-carotene, p-carotene, B,
y-carotene (y-carotene), and lycopene; (2) oxycarotenoids or xanthophylls (oxygen-
ated carotenoids), which are derivatives of the hydrocarbons (carotenes) and are
constituted by carbon, hydrogen, and oxygen atom in the form of hydroxy, epoxy, or
oxy groups. Examples of xanthophylls include p-cryptoxanthin, lutein, zeaxanthin,
astaxanthin, fucoxanthin, and peridinin [13, 14, 16, 17, 22]. Moreover, carotenoids
are divided into primary or secondary. Primary carotenoids are compounds required

by plants in photosynthesis (f-carotene, violaxanthin, and neoxanthin), whereas
secondary carotenoids are localized in non-photosynthetic organs of plants, such
as fruits and flowers (a-carotene, p-cryptoxanthin, zeaxanthin, antheraxanthin,

capsanthin, and capsorubin) [14].

2.2 Carotenoids in foods

More than 700 naturally occurring carotenoids have been identified, and new
carotenoids are continuously identified [17]. The nutritionally important carotenoids

Carotenoid Food sources Health properties
B-Carotene Carrot, sweet potato, mango Protection against oxidative stress due to the
[18], pumpkin, kale, apricots, inactivation of reactive oxygen species (ROS) [20]
pepper, tomato paste [18], Anticancer properties [20]
cassava [23] Risk reduction of CVDs [24]
Protects against macular degeneration and reduces
aging [25]
oa-Carotene Spinach, cantaloupe [21] Antioxidant and anticarcinogenic agent [21, 24]
Tomato [28, 29]
Lycopene Tomato and processed products, Decreased risk of prostate cancer [18]

red carrot, red bell pepper,
watermelon, papaya [18]

Strong antioxidant effect due to the inactivation of ROS
and the quenching of free radicals [20]

Anticancer properties [24]

Risk reduction of CVDs [24]

Reduce the risk of macular degeneration [25]

p-Cryptoxanthin

Oranges, papaya, peaches,
tangerines, maize (yellow/
orange) [26]

mangoes [21], tomato [28, 29]

Antioxidants and anticancer properties [21]
Antimutagenic and immunomodulatory activities [24]
Protective against lung cancer and improved lung
function [26]

Lutein Tomato, goji berry, romaine Protective action against ocular diseases such as macular
lettuce, zucchini, kiwifruit, degeneration and cataract [23]
garden peas, olive [18], parsley, Antioxidant agents [24]
broccoli, avocado, Brussels improves visual acuity, scavenges harmful ROS [25]
sprouts, beans [21], corn [23]

Zeaxanthin Same as lutein Protects against macular degeneration and cataract [23]
Mandarins, peaches, oranges [21]  Antioxidant properties [24]

improves visual acuity, scavenges harmful ROS [25]
Table 1.

Major dietary carotenoids and their health properties.
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in human foods include the carotenes; -carotene, a-carotene, and lycopene and the
xanthophylls; f-cryptoxanthin, lutein, and zeaxanthin. These nutritionally important
carotenoids are of major interest because they are detectable in the human plasma
and can further be classified into provitamin A and non-provitamin A carotenoids.
Provitamin A carotenoids are f-carotene, a-carotene, and p-cryptoxanthin,
whereas non-provitamin A carotenoids are lutein, zeaxanthin, and lycopene [18].
Provitamin-A carotenoids are a major source of vitamin A, when ingested by human
beings, they are converted into vitamin A, which has several important functions
including vision, immune response, bone mineralization, reproduction, cell differen-
tiation, and growth [19].

p-Carotene is the most widely distributed carotenoid in the human diet. a-Carotene
is usually detected in similar foodstuff as f-carotene but in lower quantities. Table 1
summarizes the main carotenoids in foodstuff and their effects on human health.

3. Carotenoids in tomato and processed products
3.1 Carotenoids in fresh tomato

Carotenoids are highly abundant in tomatoes [27]. Over 20 carotenoids have
been previously characterized in tomato and tomato-based products, this includes
lycopene, a-carotene, p-carotene, y-carotene, &-carotene, {-carotene, phytoene,
phytofluene, cyclolycopene, neurosporene, lutein, violaxanthin, neoxanthin, zea-
xanthin, a-cryptoxanthin, and p-cryptoxanthin [28, 29]. The carotenoid content
in tomato fruits is unevenly distributed and its composition is highly dependent on
the cultivar (genotype), degree of maturation, climatic conditions, environmental
factors, and cultural practices [7, 20, 30]. The maximum quantity of total carotenoids
and lycopene is found in the outer pericarp, while the locules have a high proportion
of carotene compounds [31].

Carotenoids are synthesized in the leaves, flowers, and fruits of tomato plants.
Lutein is found in high quantities in the leaves where it functions as a photoreceptor

Tomato type Analytical method Carotenoid concentrations Reference
[mg/100 g fresh weight (FW)]

Cherry tomato High-performance liquid Phytoene (0.43-2.01) [32]
chromatography with diode- Phytofluene (0.12-0.8)
array detection (HPLC-DAD) B-Carotene (1.16-4.15)
Lycopene (0.17-9.66)
Industrial HPLC-DAD and HPLC Phytoene (5.57-10.75) [32,33]
(processing) Phytofluene (1.89-3.55)
tomato {-Carotene (3.01-7.07)

Neurosporene (0.8-1.74)
p-Carotene (0.23-0.45)
Lycopene (3.51-11.61)
Lutein (0.076-0.429)

Tomato for salad HPLC Lutein (0.077-0.338) [33]
Lycopene (5.18-8.47)
B-Carotene (0.29-0.62)

Table 2.
Mean carotenoid composition of ripe fruits of diffevent types of tomato.
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during photosynthesis. The xanthophylls, violaxanthin, and neoxanthin are abundant
in flowers and are responsible for their characteristic yellow coloration. The ripe
fruits of Lycopersicum esculentum owe their intense red color to the lycopene, the

main carotenoid at this maturity stage [7]. The most widely available carotenoids in
ripe tomato fruits are lycopene (x90%), p-carotene (x5-10%), and lutein (<1%).
Lycopene and B-carotene are mainly responsible for the characteristic color of ripe
tomatoes [30]. These carotenoids are important components for the determination of
quality characteristics of fresh tomatoes in routine analyses [16, 30]. Table 2 shows
the carotenoid profile of cultivars from different types of tomatoes.

There is a diverse carotenoid profile within tomato cultivars. This is particularly
true for traditional varieties constituting a wide source of genetic variation [25].
Tomatoes are abundant sources of lycopene, with average concentrations ranging
from 8 to 40 pg/100 g of FW. This represents about 80% of the total dietary intake of
this carotenoid [34]. Lycopene is a polyunsaturated compound containing 13 double
bonds that can exist in trans- and cis configurations. In fresh tomatoes, lycopene is
principally found in trans-conformation [35]. Lycopene is synthesized massively
during tomato ripening. Consequently, the highest content of lycopene is observed
in ripe tomato fruits [7, 27, 29]. Open field-cultivated tomatoes were reported to have
a higher lycopene content (ranging from 5.2 to 23.6 mg/100 g FW) than greenhouse-
cultivated tomatoes (0.1 to 10.8 mg/100 gFW) [35].

The p-carotene content in tomatoes is approximately one-tenth of the lycopene
content [31]. p-Carotene is equally an essential carotenoid identified in tomatoes, of
special interest mainly due to its pro-vitamin A activity [33]. In commercial cherry
tomatoes, f-carotene quantity reached 1.26 mg/100 gFW (Table 2). The unique-
ness of B-carotene is that it is the most powerful precursor to vitamin A (comprised
of retinol, retinal, and retinoic acid, which are classified as retinoids). Vitamin A
activity can be measured as retinol equivalents (RE) or retinol activity equivalents
(RAE). Current assumptions regarding the RAE or RE of the three major provitamin
A dietary carotenoids based on their bioavailability from foods, consider p-carotene
as a prominent contributor to the vitamin A intake with potential for conversion
to retinol, which is twice that of a-carotene and p-cryptoxanthin [36]. The central
oxidative cleavage of p-carotene in the intestine catalyzed by p-carotene 15,15-mono-
oxygenase allows for its conversion to two molecules of vitamin A, compared to one
molecule from another provitamin A carotenoids [37]. Lesser amounts of lutein are
present in tomatoes, with concentrations up to 338 pg/100 gFW (Table 2). Raw
tomato purchased from the supermarket was reported to have lutein concentrations
up to 32 pg/100 g FW, against a lutein content up to 800 pg/100 g FW reported ina
cherry tomato variety [35]. Other carotenoids identified in tomatoes are the color-
less hydrocarbon carotenoids (carotenes), phytoene, and phytofluene, precursors of
colorful carotenoids such as lycopene and $-carotene [25].

3.2 Carotenoids in processed tomato products

Although tomatoes are consumed fresh, over 80% of tomato intake is in the
form of processed products, such as tomato pulp, ketchup, juice, and sauce [38].
During food processing, the naturally occurring carotenoid composition of products
is altered. Reactions induced by heat, acids, light, or oxygen exposure occur as a
consequence of the processing steps [39]. Thermal treatment is responsible for an
increased level of total carotenoid content and antioxidant capacity by 30% and 15%,
respectively. Tomato processing may activate the enzymes e- and f-carotene cyclase,
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Tomato Product Analytical method Carotenoid concentrations (mg/100 gFW) Reference
Ketchup HPLC Lycopene (18.80-100.87) [41]
B-Carotene (0.46-10)
Canned cherry HPLC Lycopene (11.42-11.78) [42]
tomatoes B-Carotene (0.74-0.76)
Lutein (0.14-0.16)
Tomato Purée HPLC Lycopene (53.36-128.60) [41]

f-Carotene (0.40-2.80)

Table 3.
Concentration of carotenoids in processed tomato products.

involved in the synthesis of f- and a-carotene. Consequently, stimulating the produc-
tion of a- and B-carotene [40]. The concentrations of carotenoids in different tomato
products are depicted in Table 3.

During tomato processing, an increase in carotenoid content on a fresh weight
basis is observed as a result of water loss [41]. This may also be ascribed to the tech-
nological treatments of pasteurization and homogenization which can improve the
extractability of pigments from the fruit matrix. For canned tomato products, the
carotenoid increase can be explained by the use of tomato juice derived from high
ripening stage tomatoes with very high lycopene content [42]. Increased content of
the major tomato carotenoids, lycopene, and p-carotene was reported after process-
ing at 45°C (drying) and 95°C (thermal treatment of tomato juice) [43]. Similarly, an
increase in lycopene content in tomatoes exposed to drying at 42°C was previously
demonstrated. This occurs due to the release of lycopene bound from the tissues
[44]. A decrease in the lycopene content of dried tomatoes treated at 55-110°C was
found [45-47]. On a dry weight basis, there is an increase or decrease of the lycopene
content depending on the origin of the tomato variety, while the f-carotene content
reduces or remains relatively constant [41]. Nevertheless, in certain instances,
processing causes little or no change in the content and activity of naturally occurring
bioactive compounds [48].

4. Bioavailability of tomato carotenoids

Only 25 carotenoids are present in the human bloodstream, out of approximately
40 carotenoids present in foods normally included in the human diet and most of
these carotenoids found in human blood are present just in fresh tomato and related
products [43]. This is due to the selective intake of carotenoids in the gastrointestinal
tract and the food matrix surrounding them [16, 43]. Carotenoids present in the
human serum tend to be associated with specific body tissues. For example, lycopene
is concentrated in the prostate, -carotene is concentrated in the corpus luteum, and
lutein and zeaxanthin are concentrated in the neural retina and brain neocortex.
These carotenoids can retard the development of disease at these locations based
on reducing inflammatory and oxidative stress [49]. For carotenoid intake, the food
matrix made up of fiber or protein must first be broken down by mastication, gastric
acid, pancreatic enzymes, and bile acids to ensure the release of these nutrients [16].
Carotenoid release from the tomato matrix and its subsequent incorporation in the
oil and micellar phase are crucial steps in rendering these compounds bioavailable
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during digestion [19]. There is a great variation in the bioaccessibility and bioavail-
ability of different dietary carotenoids between the type of food consumed (whether
it is chopped or pureed, raw or cooked, and whether or not fat is consumed simul-
taneously), and for a given carotenoid in different foods [36, 50]. Bioaccessibility is
defined as the fraction of carotenoid released during digestion from the food matrix
to mixed micelles and thus, made accessible for absorption in the gut following diges-
tion [51], whereas bioavailability of carotenoids is the amount of these micronutrients
that are absorbed by the intestinal absorptive cell, transported in the bloodstream
and/or deposited in target tissues where it can exert its biological function [52].

4.1 Processing effects on tomato carotenoid bioavailability

The bioavailability of carotenoids is higher from processed foods than their raw
or less processed counterparts [52]. In general, the relative bioavailability of carot-
enoids has been estimated to vary from less than 10% in raw, uncooked vegetables to
50% in oils or commercial preparations [50]. Processing techniques such as grind-
ing, marinating, fermentation, freezing, and moderate heating improve the release
and absorption of carotenoids. This is explained by the release of these nutrients
from the food matrix as a result of the disruption of plant tissues and the transfer of
carotenoids to the lipid carrier. It is believed that since carotenoids in plant tissues
occur in the form of complexes with proteins, mild thermal processes allow them to
break down these connections and destroy cellulose structures in plant cells, thus
contributing to an increase in the absorption of these compounds [53]. The bioavail-
ability of p-carotene is improved as a result of gentle heating or enzymatic disruption
of the vegetable cell wall structure during processing [48]. Lycopene bioavailability is
higher in thermally processed tomato products, such as paste, puree, ketchup, juice,
soup, and sauce, than in fresh tomatoes [33, 35, 54]. This fact could be attributed to
the lower availability of lycopene from the raw tomatoes where it is probably bound in
the surrounding food matrix [55]. The incorporation of oil in tomato sauce has been
reported to enhance the accessibility and extractability of carotenoid compounds
in tomatoes. A constant quantity of fat and other ingredients significantly increases
the bioavailable lycopene in tomato paste compared to fresh tomatoes [40]. Previous
research demonstrated that a combination of homogenization and heat treatment
improves the bioavailability of carotenoids from fruits and vegetables. Studies on
the effect of heat treatment and homogenization on the carotenoid bioavailability
of industrially heat-treated peeled and canned tomatoes have shown that blood
plasma lycopene responses increased with increasing degree of homogenization and
additional heat treatment, while homogenization enhanced the plasma response of
p-carotene only if the tomatoes were not subjected to additional heat treatment [56].
Moreover, high-pressure homogenization has a greater impact on the bioavailability
of carotenoids compared to homogenization under normal pressure, since it disrupts
extra cell membranes [42].

4.2 Effect of isomerization on bioavailability

The physical state of carotenoids has been proven to significantly impact their
bioaccessibility and bioavailability and consequently their health-promoting proper-
ties [39]. Carotenoids exist in a variety of geometric isomers and predominantly
occur in their all-trans conformation in fresh tomatoes. For instance, trans-lycopene
accounts for approximately 95% of the lycopene present in raw tomatoes [48]. Food
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processing may induce the formation of cis isomers possessing different biological
properties. Trans-to-cis isomerization can also be initiated during storage [55].
Trans-isomers are thermodynamically more stable, whereas cis are more polar, more
soluble in o0il and hydrocarbon solvents, and are less prone to crystallization than
their all-trans counterparts [38, 55]. More than 50% of the carotenoids identified in
the human body are in the cis configuration, suggesting that this is the most bioavail-
able form [40]. Several reports have demonstrated that the cis isomers of lycopene
are more bioavailable and play a more important biological function than all-trans
lycopene properties [57, 58] because of being more soluble and easily absorbed from
the intestinal lumen than the trans-lycopene [59]. Therefore, lycopene from pro-
cessed tomato products is generally more bioavailable than the one from the unpro-
cessed counterparts. Nevertheless, inadequate processing and storage conditions can
cause isomerization during the byproducts’ formation, diminishing the absorption
of carotenoids and making the product less desirable to the consumer [19]. On the
other hand, cellular studies reported that cis isomers of }-carotene are not easily
absorbed by intestinal enterocytes. High quantities of cis isomers of {3-carotene are
not detected in the bloodstream, suggesting preferential absorption of the all-trans
isomer of nutrients possessing provitamin A activity [52].

5. Role of tomato carotenoids in chronic disease prevention

Consumption of fruits and vegetables with beneficial health properties has been
exploited for their ability to treat or prevent several chronic diseases [60]. There is
an inverse relationship between the balanced consumption of tomatoes and tomato-
derived products and the incidence of chronic diseases such as CVDs and various
forms of cancers. These beneficial effects are attributed to carotenoids and phenolic
compounds, which have high antioxidant capacities [48].

5.1 Oxidative stress

Oxidative stress plays an essential pathophysiological role in various chronic
diseases such as CVDs, diabetes, neurodegenerative diseases, and cancer [60]. Free
radicals, or other reactive oxygen- or nitrogen-containing species, are responsible
for oxidative stress [48]. Oxidative stress occurs when there is a relative excess of
ROS when compared with antioxidants [61]. ROS are reduced oxygen metabolites
characterized by strong oxidizing capabilities. They are deleterious to cells at high
concentrations but at low concentrations, they play a major role in cellular signaling
and function [62]. ROS are formed as a by-product of mitochondrial respiration or
metabolic activities (such as breathing, digesting food, metabolizing alcohol and
drugs, and turning fats into energy) or by enzymes, such as superoxide dismutase,
glutathione peroxidase, catalase, peroxiredoxins, and myeloperoxidases [60, 63].
Cells possess complex biochemical and genetic mechanisms to maintain ROS at physi-
ologically normal concentrations, and deregulation in this balance has detrimental
health effects [61, 62]. This is because abnormally high ROS levels may attack certain
biomolecules (DNA, RNA, proteins lipids, and carbohydrates) causing damage to
cells, tissues, and organs. [64]. The continuous production of free radicals in humans
must be equivalent to the rate of antioxidant intake/synthesis [60]. Molecules such
as ascorbate, a-tocopherol, and carotenoids are examples of antioxidants that are
capable of quenching ROS. The structural properties of carotenoid molecules,
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particularly the presence of conjugated carbon—carbon double bonds enable the
quenching of ROS and subsequently a reduction in ROS levels [18]. Tomato and
related products contain carotenoids, particularly lycopene, one of the most potent
antioxidants that have been found to protect against these chronic diseases by miti-
gating oxidative damage and improving the oxidative status [19, 48, 65]. Lycopene
exerts strong antioxidant activity because it contains many double-conjugated bonds
(11 conjugated double bonds and two unconjugated double bonds), which explains
why lycopene can quench ROS and efficiently scavenge free radicals [7]. A study
demonstrated that a long-term tomato-rich diet consisting of tomato juice, tomato
sauce, tomato paste, ketchup, spaghetti sauce, and ready-to-serve tomato soup can
reduce oxidative stress, this was attributed to an increase in serum lycopene levels
from 181.79 + 31.25 to 684.7 + 113.91 nmol/l, as well as an increase in total antioxidant
potential from 2.26 + 0.015 to 2.38 + 0.17 mmol/]l Trolox equivalent [65]. The level of
oxidative stress induced by in-vitro X-ray exposure in healthy adults was determined
using serum 8-oxo-7, 8-dihydro-2-deoxyguanosine (8-oxo-dG), and plasma reactive
oxygen metabolite-derived compounds (d-ROMs), the results suggested that continu-
ous tomato juice consumption could decrease extracellular 8-0xo-dG and d-ROMs
[66]. Previous studies have shown that tomato extracts containing 6% lycopene, other
tomato carotenoids (phytoene and phytofluene above 1%, beta-carotene above 0.2%),
can prevent oxidative stress-induced damage to fibroblast skin cells [67].

5.2 Tomato consumption and cardiovascular diseases

Worldwide, CVDs are an increasing concern due to the rising prevalence and
consequent mortality and disability with a heavy economic burden since it is an
important contributor to the cost of medical care [68, 69]. In 2019, 17.9 million people
died from CVDs, representing 32% of all global deaths [70]. There is a growing body
of epidemiological evidence that tomato and tomato products intake lower the risk
of CVDs, through antioxidative, anti-inflammatory, and hypotensive effects [71].
The improvement of biomarkers associated with CVD development and the subse-
quent reduction in CVD risk has been ascribed to increased plasma lycopene levels.
Moderate intake (2-4 servings) of tomato products such as soup, paste puree, juice, or
any other tomato beverages, when consumed with the addition of dietary lipids, such
as olive oil or avocados, leads to a rise in plasma carotenoids, particularly lycopene
[72]. Dietary lycopene consumed as oil-based tomato products confers cardiovascular
benefits. The consumption of >7 servings/week of tomato-based food products
has been associated with a 30% reduction in CVD development in women [73].
Consumption of two glasses of tomato juice satisfies the recommended daily intake
of lycopene (35 mg), [74]. Table 4 shows the lycopene content of tomatoes and some
frequently consumed tomato-derived products.

Epidemiological studies also suggest that the risk of myocardial infarction is
lowered in individuals with higher lycopene content in adipose tissue. The EURAMIC
(European community multicenter study on antioxidants, myocardial Infarction, and
breast cancer) case—control study conducted in 10 European countries to assess the
relations between antioxidant status and acute myocardial infarction, found lycopene
concentration of adipose tissue to be independently protective against myocardial
infarction [76]. A recent study by Cheng et al. [77] reported that higher intakes of
lycopene or its high serum concentrate have been associated with significant reduc-
tions in the risk of stroke (26%) and CVDs (14%). Another carotenoid present in
processed tomato products associated with CVD risk reduction is -carotene [78].
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Product Lycopene (mg/100 g)
Fresh tomatoes 0.72-20
Tomato juice 5-11.60
Tomato puree 16.67-34.7
Tomato paste 5.40-150.00
Ketchup 9.90-17.00

Adapted from [72, 74, 75].

Table 4.
Lycopene content of tomatoes and processed tomato products.

Low levels of high-density lipoprotein (HDL) cholesterol and elevated LDL
cholesterol are established CVD risk factors [79]. Pharmacological therapies aimed at
LDL lowering have convincingly proven to reduce CVD disorders, such as coronary
heart disease. Therefore, LDL cholesterol levels should be lowered as much as pos-
sible to prevent CVD [80, 81]. Lycopene may modulate the expression of adhesion
molecules in human vascular endothelial cells and increase the expression of LDL
receptors involved in the regulation of cholesterol metabolism [75]. Increasing
the concentration of HDL can slow and even reverse the progression of coronary
atherosclerosis (coronary heart disease) and reduce CVD risk in those with dyslip-
idemia (abnormal levels of blood lipids including cholesterol). Consumption of two
uncooked tomatoes per day demonstrated a significant elevation of HDL levels in
overweight women [79]. Michali¢kova et al. [71] conducted a randomized controlled
study to examine the effect of tomato juice on LDL cholesterol. The intervention
group was supplemented with 200 g of tomato juice for 4 weeks and a significant
reduction in total cholesterol and LDL was observed [71] indicating that tomato and
derivatives have favorable effects on lipid metabolism.

Systemic arterial hypertension is a condition in which an individual has abnormally
high blood pressure (BP) and is a primary risk factor for CVDs [82]. BP above 140 mmHg
systolic and/or 90 mmHg diastolic is considered hypertensive [83]. Several studies
indicated that tomato products intake leads to a significant reduction in BP [84, 85]. A
higher dosage of tomato-derived supplements (containing more than 12 mg lycopene per
day) could significantly lower systolic blood pressure (SBP), particularly among popula-
tions with baseline SBP > 120 mmHg [84]. The effect of treatments with tomato nutrient
complexes (containing 5, 15, and 30 mg lycopene) was compared with 15 mg of synthetic
lycopene and a placebo over 8 weeks, significant reductions in mean SBP were noted in
tomato nutrient complexes treatments with 15 or 30 mg of lycopene [86]. A recent trial
highlighted the benefits of processed tomato products on BP management in overweight
middle-aged adults. A lowered diastolic BP was observed in participants that consumed
a high tomato diet consisting of approximately 200 g/day or 1400 g/week of tomato
products [78]. In a quasi-experimental study, 32 type 2 diabetes patients consumed 200 g
raw tomato daily for 8 weeks. A significant decrease in systolic and diastolic BP was noted
at the end of the study compared with initial values [87]. Tomato consumption might be
beneficial for reducing CVD risk in type 2 diabetic patients.

5.3 Anti-cancer role of tomato carotenoids

The consumption of tomatoes and tomato-derived products is inversely related
to the incidence of different types of cancers, (prostate, stomach, and lung cancers)
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[7,72, 88, 89]. A study on elderly patients in the US attributed a 50% reduction in
mortality rates from cancer of all sites to a high intake of tomatoes [90]. Tomatoes
and tomato products are typical components of the Mediterranean diet (MD). The
MD represents a dietary pattern suitable for the prevention of chronic diseases [91].
A meta-analysis of observational studies, which evaluated the effects of the adoption
of the MD on incidence and mortality of different types of cancer, showed that the
high adherence to this diet was associated with a significantly lowered risk of overall
cancer, especially colorectal cancer, pharyngeal and esophageal cancer, and prostate
cancer [92]. The protective role of tomatoes is predominantly ascribed to the carot-
enoid, lycopene [93]. Researchers found that there was a lower rate of mortality from
cancer in the group of US adults with the highest tomato and lycopene intake (42.5%
and 45.9%, respectively) [94].

Extensive research has been conducted on the role of lycopene in the prevention
of prostate cancer, the second most frequent cancer (after lung cancer) diagnosed in
men worldwide [7, 72, 95], with higher incidence and mortality observed in devel-
oped countries [96]. Findings from ecological and migrant studies suggest that the
wide disparity in incidence rates of prostate cancer worldwide may be attributed to
a “Westernized” diet and lifestyle in developed countries [97]. A study conducted in
2011 using DU145 cells (human prostate cancer cells), revealed that the proliferation
of these cells was significantly inhibited by lycopene. The authors found that lyco-
pene induced a reduction of the proliferation rate at concentrations of 15 and 25 pM,
but not at physiological concentrations (>2 pM) [98]. The US health Professionals
Follow-up Study investigated the relationship of various carotenoids and retinol con-
sumption with the risk of prostate cancer. There was an inverse relationship between
the estimated intake of lycopene and the risk of this cancer. This reduced incidence
was not observed with any other carotenoid. A reduction in risk of almost 35% was
observed for a consumption rate of 10 or more servings of tomato products per week,
and the protective action was greater with more advanced or aggressive prostate
cancer [95]. In a more recent study, there was an 18% lower risk of prostate cancer
associated with adherence to the same recommended tomato intake [97].

Evidence pointing to the protective effect of tomato product consumption for
other cancer sites other than the prostate is ambiguous [99]. Lung cancer is the lead-
ing cause of cancer death, with an estimated 1.8 million deaths (18%) [100]. Growing
evidence suggests that tomato lycopene may be preventive against the development of
this cancer [101]. In 2020, a study demonstrated that lycopene treatment may inhibit
the growth of lung tumor cell line A549. Varying amounts of lycopene (2.5, 5, and
25 puL) were used to treat lung cancer cell cultures and higher lycopene concentrations
were more damaging to cancer cell nuclei [102]. Among 14 case-control lung cancer
studies, only 6 studies showed a statistically significant risk reduction for cancer
incidence, averaging 51%. However, cohort studies showed no beneficial relation
between lung cancer reduction and tomato product consumption [99]. According to
epidemiological studies, higher lycopene intake is associated with either a reduced
or no change in lung cancer risk when compared to lower intake levels [103]. Gastric
(stomach) cancer remains one of the dominant causes of cancer mortality in the world
[104, 105]. Tomato or lycopene intake has proven to reduce gastric cancer risk in a
variety of populations [72, 95]. However, few studies have been conducted to date. A
meta-analysis study consisting of 21 studies supports an inverse association between
tomato consumption and risk of gastric cancer [106]. Previous research projects have
reported a negative relationship between tomato intake and the risk of gastric cancer.
A study conducted in Korea consisting of 1245 subjects (415 cases and 830 matched
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controls; 810 men and 435 women), highlighted that the consumption of tomatoes and
tomato ketchup was inversely associated with GC risk in the overall subjects [107]. In

a case-control study in Uruguay, tomato consumption had a strong inverse association
with gastric carcinogenesis. The carotenoids, a-carotene, and lycopene were strongly
associated with this reduction in stomach cancer development [108].

5.4 Tomato in protection against obesity and diabetes

The incidence of type 2 diabetes (diabetes mellitus) and obesity has increased
worldwide during the last century in both developed and developing countries [109].
Obesity is a chronic inflammatory disorder in which an increase in circulating inflam-
matory mediators is caused by an increase in body fat [19, 110]. Destructive mecha-
nisms associated with obesity increase ROS and hamper the antioxidant status [111].
Individuals having a fasting blood sugar level of 126 mg/dl or higher on 2 separate days,
will be diagnosed with type 2 diabetes [112]. The strong link between type 2 diabetes and
obesity [113], with 80 percent of type 2 diabetes patients being overweight [112], was
named “diabesity.” According to the WHO, overweight and obesity account for 44% of
diabetes cases. Therefore, it is necessary to develop therapeutic strategies favoring weight
loss and blood glucose control (anti-obesity and antidiabetic treatment) [114].

A randomized controlled clinical trial was conducted on 64 overweight or obese
demonstrated that tomato juice reduces oxidative stress in overweight females and
may prevent the development of obesity-related diseases. In this study, the antioxidant
parameters of study participants that ingested 330 ml/day of tomato juice for 20 days
were analyzed at the beginning and after this period verifying an increase in plasma total
antioxidant capacity (TAC) and erythrocyte antioxidant enzymes [115]. Ghavipour et al.
[110] demonstrated that tomato juice consumption lowers inflammation in overweight
and obese females. The predictive biomarkers of inflammation [tumour necrosis factor-
alpha (TNF-a) and interleukin 8 (IL-8)] were examined in study participants who drank
330 ml of tomato juice every day for 20 days. The serum levels of IL-8 and TNF- a were
significantly lower in overweight people that consumed the tomato juice compared to the
control group. The scientists concluded that eating more tomatoes may lower the risk of
inflammatory disorders, such as CVDs and diabetes [110].

The goal of diabetes management is to maintain plasma glucose concentrations at
near-normal levels [112]. According to the WHO, expected values for normal fasting
blood glucose levels are between 70 mg/dl (3.9 mmol/l) and 100 mg/dl (5.6 mmol/1)
[116]. Chemicals found in fresh or processed tomatoes have been shown to have
antihyperglycemic properties that enable the lowering of glucose levels in the blood.
In streptozotocin (STZ)-induced hyperglycemic rats, oral administration of tomato
extract lycopene (90 mg/kg of body weight) resulted in a lower serum glucose level.
The therapeutic amount of lycopene in humans is around 14.5 mg/kg of body weight.
Lycopene’s anti-diabetic properties may be linked to its antioxidant activity, which
reduces the number of free radicals generated [117]. Another study indicated that
fasting blood sugar levels decreased after drinking tomato juice for 3 weeks [112].
The reduction in fasting blood glucose levels was found to be an average of 9.00 mg/
dl (7.64%). Supplementation with p-carotene did not affect type 2 diabetes in ran-
domized controlled trials [118, 119]. The impact of lycopene consumption on blood
glucose concentration was analyzed, each 1 mg increase in lycopene consumption
was associated with a 0-005 mmol/l decrease in fasting blood glucose concentration
[120]. The effects of pre-prandial tomato intake on body weight, fat percentage,
triglyceride, cholesterol, and blood sugar levels were evaluated in 35 young women
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aged 18 to 21 years. Participants ate raw, ripe tomatoes (90 g) before lunch each day
for 4 weeks. At the end of the study, there were significant reductions in body weight
(1.09 £ 0.12 kg), fat % (1.54 + 0.52%), fasting blood glucose (5.29 + 0.80 mg/dl),
triglycerides (8.31 + 1.34 mg), and cholesterol (10.17 + 1.21 mg/dl). Thus, tomato
consumption before meals was positively correlated with body weight, fat %, triglyc-
erides, blood sugar, and cholesterol levels in young adult women [121].

6. Conclusion

Tomato is a food product available all year round and is highly consumed by
populations around the world. Tomato carotenoids have demonstrated antioxidant
and protective effects against chronic diseases. Among these carotenoids, lycopene, in
particular, has shown distinct antioxidant and anticancer properties at cellular levels.
Numerous studies highlighted the potential benefits of tomato carotenoids in delay-
ing or preventing the development of chronic degenerative diseases. Nevertheless,
further research is required to better elucidate the beneficial health effects of these
carotenoids as well as their precise modes of action in the risk reduction of chronic
diseases. Considering the reported positive implications of tomatoes and their prod-
ucts in chronic disease prevention, dietary intake of naturally occurring carotenoid-
rich tomato and processed tomato products should be highlighted and recommended.
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