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ABSTRACT

Tomato (Lycopersicum esculentum L.) is an excellent source of many nutrients
and secondary metabolites that are important for human health. Its fruits are
rich in antioxidant compounds, which are important for human metabolism.
Lycopene is one of the abundantly occurring antioxidants found in tomato.
Lycopen is beneficial in preventing various chronic diseases such as can-
cer, cardiovascular diseases etc. Tomato is an important source of bioactive
compounds which have antioxidant, anti-mutagenic, anti-proliferative, anti-
inflammatory and anti-atherogenic activities. A group of vitamins (ascorbic
acid and vitamin A), phenolic compounds (phenolic acids and flavonoids),
carotenoids (lycopene, α, and β carotene), and glycoalkaloids (tomatine) are
found in tomato. These compounds can provide protection to our health by
neutralizing free radicals which are responsible for the growth of a range
of degenerative diseases. The present review provides collective informa-
tion on the pharmacological actions and chemistry of bioactive compounds
(carotenoids, lycopene, β –carotene, lutein, and vitamins) found in tomato
along with discussing possible health benefits.
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1 Introduction
Tomato (Solanum lycopersicum L.) belongs to the fam-
ily Solanaceae which prefers to grow in shady regions
and flowers at night (Knapp, 2002). Tomato is the sec-
ond most valuable vegetable crop in the world. Its
current production is 182.3 million tons of fruits per
year from a total cultivated area of 4.85 million ha
(FAOSTAT, 2019). It is the world’s one of the most
commonly grown and consumed crops (Asero, 2013).
Tomato is regarded as the most commonly cultivated
and processed crop in the world (Tiwari et al., 2020).
Tomato is believed to be originated in South Amer-
ican region which comprises parts of Chile, Bolivia,

Ecuador, Colombia, and Peru from the Andean region
of modernity (Peralta and Spooner, 2007). Currently
China, India, the United States, Egypt, and Turkey are
the world’s five top tomato producers in the world
(FAOSTAT, 2013). Medicinal values of tomato has
been realized since the adoption of ancient medicinal
procedures such as Ayurveda, Homeopathy, Unani,
Chinese and Tibetan medicines (Tiwari et al., 2020).
Tomato is a phytomedicinal plant which consists of
various categories of vitamins, carotenoids, phenolic
compounds [flavonoids and hydroxycinnamic acid
derivatives, minerals (K, Ca, Mn, Zn, and Cu) and
lectins] and phenolic acid (caffeic acid, ferulic acid,

http://dx.doi.org/10.5455/faa.136276
https://orcid.org/0000-0002-8852-6749
https://orcid.org/0000-0001-6563-3181
https://orcid.org/0000-0002-1354-1987
https://orcid.org/0000-0002-3755-8812
https://orcid.org/0000-0002-7513-4092
mailto:mostofa@bsmrau.edu.bd
mailto:agri.kabita35@gmail.com
10.5455/faa.136276
http://dx.doi.org/10.5455/faa.136276


Shah et al. Fundam Appl Agric 6(2): 210–224, 2021 211

and p-coumaric acid).
Tomato is rich in bioactive compounds (L-ascorbic

acid, lycopene, and β-carotene). Due to presence of
antioxidants such as carotenoid, ascorbic acids and
other different bioactive compounds, tomato exhibits
a broad spectrum and array of physiological proper-
ties including anti-inflammatory, cardio-protective,
antioxidant antiallergenic, antimicrobial, vasodilatory
and antithrombotic properties (Raiola et al., 2014).
Carotenoid-rich tomatoes are one of the major sources
of lycopene in the human diet (Viuda-Martos et al.,
2014). The nutritional benefit of tomato is strength-
ened by carotenoids and polyphenolic compounds, as
well as their functional and sensory attributes such as
taste, flavor, and texture (Raiola et al., 2014; Tohge and
Fernie, 2015a; Marti et al., 2016). Because of increasing
economic and nutritional interests and widespread
development as a model research plant, tomato re-
mains a leading plant in agricultural research world-
wide (Kimura and Sinha, 2008).

Tomato fruits are a significant source of substances
with well-known health-promoting properties, like
vitamins, nutrients, and antioxidants, especially ones
of many other plant species that contribute to our diet
(Frusciante et al., 2007). Tomatoes produce various
therapeutic compounds and are readily included in a
healthy diet as a nutritious component (Marti et al.,
2016). Their specific health-promoting substances,
such as antioxidants, carotenoids, and phenol com-
pounds, clarify the dietary benefit of tomatoes (Raiola
et al., 2014; Liu et al., 2016; Marti et al., 2016; Li et al.,
2019). Antioxidant inhibits the production of free
radicals formed in our body as a result of biological
oxidation (Modi, 2019). Indeed, a decrease in the in-
cidence of inflammatory factors, cancer, and chronic
non-communicable diseases (CNCD) including car-
diovascular disorders (CVD) such as hypertension,
diabetes, coronary heart problems, and obesity has
been correlated with a tomato fruit intake (Canene-
Adams et al., 2005). Consumers have become increas-
ingly acquainted with the safety advantages of diets
and their position in avoiding a variety of medical
illnesses and dysfunctions over the last decade (Pem
and Jeewon, 2015). While a significant number of
functional foods have been developed to meet such
criteria, it should be noted that the use of ’conven-
tional foods’ including fruits and vegetables in this
regard is more successful (Viuda-Martos et al., 2014).

Tomato has unique characteristics as owing to
its diploid (2n = 2x = 24), fairly compact and subse-
quently sequenced genome and its substantial genetic
and genomic resources, it is the first vegetables in cul-
tivation worldwide, and a model plant species (Ran-
jan et al., 2012). A sequencing process is underway
for the whole tomato genome, which is an abundant
genomic resource and for this crop all genetic, physi-
cal and molecular maps are achievable (Consortium,
2012; Suresh et al., 2014; Zhou et al., 2019). Many

factors like water scarcity, soil salinization as well as
other abiotic stresses, pose a challenge to tomato pro-
duction (Fahad et al., 2017; Gharbi et al., 2017; Zhou
et al., 2019). This relationship will affect plant growth
and yield depending on nutrient availability (Pandey
et al., 2020). The application of nitrogen, phospho-
rus, potassium, and micronutrients such as Zn and S
containing fertilizers is intimately correlated to plant
development, growth, and production (Shrestha et al.,
2020a). One important aspect that is of direct signifi-
cance to crop production is the size of the field or plot,
providing crops with the required amount of nutri-
ents at the right time, soil fertility management, and
nutrient distribution (KC et al., 2020). Different culti-
vation practices influence the production of tomato
fruits and the biosynthesis of the metabolites (Diouf
et al., 2018). Tomatoes have been the paradigm for
the study of fleshy fruit production as well as their
economic and nutritional importance (Karlova et al.,
2014; Kim et al., 2018; Li et al., 2019). Consumers
use tomatoes in processed products such as soups,
juices, and sauces in addition to consuming fresh
fruits (Krauss et al., 2006; Li et al., 2018).

The objective of this review was to assess the bio-
active compounds along with their pharmacological
actions found in tomato. This review would be useful
to nutritionists, agriculturist and health workers.

2 Bio-active components and
their Pharmacological actions

Bioactive compounds may naturally be found in var-
ious foods. Most of the bioactive compounds have
antioxidant, anticarcinogenic, antiinflammatory, and
antimicrobial properties. Therefore, many epidemi-
ologic studies report that some of them also have
protective effects on cardiovascular diseases Hamza-
lıoğlu and Gokmen (2016). The complex matrix of
compounds present in tomato pose many health bene-
fits for the human beings. The different class of bioac-
tive compounds and their health benefits is given in
Table 1. The chemical structure of some bioactive
compounds of tomato are given in Fig. 1.

2.1 Lycopene

Lycopene is an acyclic β-carotene isomer which is
one of the carotenoids and lipid-soluble anti-oxidants
that is spontaneously synthesized by different plants,
microorganisms, and other algae and fungi but not in
mammals (Paiva and Russell, 1999). Chemical struc-
ture of lycopene consists of 11 conjugated and 2 non-
conjugated, double bonds, which makes it a strongly
unsaturated, hydrocarbon (Nguyen and Schwartz,
1999). As a polyunsaturated molecule lycopene con-
sists of a total of 13 double bonds which can be
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present in trans and cis- configurations (Hernandez-
Marin et al., 2013). Since it is a polyene; it undergoes
light, heat, and chemical-induced cis-trans isomeriza-
tion (Zechmeister et al., 1941). Lycopene from natural
plant sources exists predominantly in an all-trans con-
figuration, the most thermodynamically stable form
(Nguyen and Schwartz, 1999; Zechmeister et al., 1941)
(Fig. 1). Lycopene is observed in human plasma as
an isomeric structure of 50% as cis isomers and is
twice as strong as β-carotene with a single-oxygen-
quenching potential and 10-times stronger than α-
tocopherol (Clinton et al., 1996; DiMascio et al., 1989).
Lycopene content has been widely studied using sev-
eral techniques such as FT-IR, Raman spectroscopy
and so on (Baranska et al., 2006). Recent studies uti-
lize the combined power of confocal and atomic force
microscopy (AFM) to study cellular and subcellu-
lar feature in plant and animal cells. Confocal mi-
croscopy technique has shown that chloroplast is con-
verted into chromoplasts accumulating large amount
of lycopene (Andrea et al., 2014). Selected parts could
be used to study the feature of tomato fruit by using
AFM (Chatterjee et al., 2012).

Lycopene has important antioxidative function
which makes it a free radical scavenges of reactive
oxygen species (ROS), which is induced by partial
oxygen reduction (Friedman, 2013). In addition, re-
active species of nitrogen (RNS) may be generated.
Free radicals and other non-radicals also recognized
as oxidants (Halliwell and Cross, 1994) are classified
by ROS and RNS. Lycopene can be present in fresh,
all-trans (79–91%) and cis (9–21%) isomers (Shi et al.,
1999; Boileau et al., 2002a; Abdel-Fattah and Al-Amri,
2012) of red-ripe tomatoes. The primary nutrients N,
P, K, for plants, are nutrients that aid in constructing
and disseminating organ yield and quality, physio-
logical qualities, and component synthesis (Shrestha
et al., 2020b). With an increasing level of potassium,
the lycopene content in the nutrient solution rise lin-
early (Serio et al., 2007). Tomatoes grown in the field
seem to have higher lycopene concentrations between
5.2 mg/100 g fresh weight (FW) and 10.8 mg/100 g
FW (Ansari and Gupta, 2004) than tomatoes grown
in a greenhouse. Lycopene converts green tomato to
red, whereas thermal therapies such as illumination,
acids, oxygen, and digestion can contribute to a more
bio-active cis-form transition (Boileau et al., 2002b).

2.1.1 Role of lycopene in cancer

It has been reported from various studies that a
tomato rich diet has protective effects against number
of chronic diseases by removing or reducing oxidative
stress. The dietary intake of lycopene supplement in
one week has been reported to lower the endogenous
rates of lipid oxidation, protein oxidation, lipopro-
tein oxidation, and DNA (Agarwal and Rao, 1998;
Rao and Agarwal, 1998). The intake of 10 mg ly-

copene/day has been reported to reduce metastatic
prostate cancer from the stage PSA (Specific Antigen
Prostate), tumor type, bone pain, and urinary tract
symptoms (Ansari and Gupta, 2004) interfering with
activation of the receptor component of development
and initiation of the cell cycle (Amir et al., 1999).

Moreover, lycopene can also suppress certain
forms of cancer (endometrial, lung, breast, colorectal,
oral, and pancreatic) (Gonzales-Vallinas et al., 2013).
Furthermore, lycopene is not effective enough as a
treatment for prostate cancer, according to some re-
ports, since substantial quantities (above 1 mmol/L)
are required for significant human reaction (Ilic et al.,
2011, 2013; Sporn and Liby, 2013). Epidemiologic
studies have suggested that 6 mg per day is benefi-
cial for prostrate cancer prevention. Higher lycopene
concentrations of 35 mg to 75 mg per day could be
appropriate for reducing risk of diseases such as can-
cer and cardiovascular disorders (Heath et al., 2006).
Tomato products intake anti-inflammatory proper-
ties outweigh the lycopene in a single compound
(Hazewindus et al., 2012; Riso et al., 2006).

Several reports have demonstrated a substantial
reduction in the incidence of cancer by increasing
the consumption and serum rates of lycopene (Ku-
cuk et al., 2001; Rao and Rao, 2004; Rao et al., 2006).
Among newly diagnosed cancer patients who were
obtaining 15 mg of lycopene 3 weeks per day, be-
fore drastic prostatectomy was confirmed to have
lycopene lowered their PSA rates and prostate cancer
growth (Kucuk et al., 2001; Kucuk and Wood, 2002).
A reduced chance of prostate cancer from 30-40%
with regular intake with products high in lycopene
(Giovannucci et al., 2002).

Additional research found a substantial rise in
serum and prostate levels of lycopene (Bowen et al.,
2002) by consuming tomato sauce 30 mg lycopene
a day prior to prostatectomy in males diagnosed
with prostate cancer (Bowen et al., 2002). Pilot trials
in patients with prostate cancer have demonstrated
a tumor development and invasively that is possi-
bly decreased by the routine intake of lycopene pro-
duced from tomato sauce or tomato extract, both
by connexin 43 (Cx43) (tumor suppressor protein)
control (Kucuk et al., 2002). Solanum sisymbriifolium
(Solanaceae) one of the invasive alien species of
tomato’s phytochemical compounds, bioactive com-
pounds as lycopene and antioxidant activities helps
to cure hypotension activity, cardio-vascular disease
and anticonvulsant activity (Gupta et al., 2014). Heber
and Lu (2002) showed, from preclinical and clinical
studies, that a gene connexin 43 whose expression
has been uplifted and controlled through lycopene,
allowed for direct intercellular gap junctional commu-
nication (GJC). Nkondjock et al. (2005) have reported
that lycopene reduces the prevalence of pancreatic
cancer in the diet of tomatoes with a large content of
lycopene as well as the intake of tomato products.
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Figure 1. Chemical structure of some bioactive compounds of tomato. Redrawn from Nguyen and Schwartz
(1999) and Zechmeister et al. (1941).

2.1.2 Role of lycopene in cardiovascular disease

Lycopene protects against myocardial infarction and
stroke (Arab and Steck, 2000). In addition to the an-
tioxidant effect, the protective effect of lycopene was
thought to be triggered by some other process. The
same happens in the case of early atherosclerosis and
enhanced intimate thickness media in the ordinary
carotid artery wall (CCA-IMT), as stated by Rissanen
et al. (2002). In an study it was reported that the con-
sumption of tomato sauce, tomato juice or lycopene
oleo-resin capsules, and thereby shields LDL from
in vitro oxidations; substantially reduce rates of the
oxidized LDL/ lipid peroxidation (Safari, 2007).

2.1.3 Other roles of lycopene

The role of lycopene in male fertility is being investi-
gated by researchers. Lycopene protects sperm from
the oxidative damage. Studies show that people with
antibody influenced infertility have less serum ly-
copene than their fertile tests (Palan and Naz, 1996).
Lycopene has been demonstrated to avoid cataract
genesis due to its antioxidant ability (Gupta et al.,
2009). In earlier research, lycopene prevented the
sugar mediated diabetic cataract (Mohanty et al.,
2002). Further study may explore the role of ly-
copene in various human conditions such as diabetes,
rheumatoid arthritis, periodontal diseases, and in-
flammatory disorders (Rao et al., 2006). Modern phar-
maceutical applications; nutraceutical and cosmeceu-
tical products are opening up the antioxidant potency
of lycopene and can at an initial stage inhibit the de-
velopment or progression of many human diseases,
and improve life quality (Stahl, 2006). The treatment
of lycopene by 3-nitropropionic (acid-induced) rats

significantly improves the memory of the system and
restores the functioning of the glutathione system
(Kumar and Kumar, 2009). Akbaraly et al. (2007) also
suggested that low levels of lycopene plasma may
lead to cognitive impairment.

2.2 Carotenoids

Carotenoids contribute to the photosynthetic machin-
ery and protect them from photo-damage (Rao and
Rao, 2007). Over 600 identified carotenoids in nature,
of which around 40 are common in foods included
in human diets (Gerster, 1997). Carotenoids induce
changes in the expression of several cell proliferation
and signaling pathways proteins. Cyclin D1 is an
oncogene that is overexpressed in many breast can-
cer cell lines. Lycopene is associated with cycline D1
protein reduction. Lycopene also can increase the ex-
pression of many proteins that are associated with
differentiation, such as cell surface antigen (CD14),
explosive oxygen, and receptors of the chemo-tactic
peptide (Sharoni et al., 2004). Dietary supplemen-
tation carotenoids can function as moderate hypoc-
holesterolemic agents, resulting in a reduction of the
rate limitation enzyme in cholesterol synthesis (HMG-
CoA) on macrophage 3-hydroxy-3-methyl glutaryl
coenzyme A (Heber and Lu, 2002).

2.2.1 β-Carotene

Carotenoids, which including β-carotene is an es-
sential antioxidant protective factors in living cells
against lipid peroxidation (Agarwal et al., 2005). Ery-
thema development has been decreased significantly
if β-carotene is used for 12 weeks in human skin
or in combination with alpha-tocopherol or alone
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dietary intervention (Stahl and Sies, 2003). Ameri-
can Institute for Cancer Research (AICR Food, 2016)
concluded that the beneficial effects on prostatic can-
cer, carotenoid-containing foods are protected against
mouth, pharyngeal, and larynx cancers, as well as
lung cancer and, are particularly oesophageal cancer
are protected by lycopene (β-carotene). The increased
risk of CHF (congestive cardiac failure) and cardiac
death in men could be associated with low serum
β-carotene concentrations (Karppi et al., 2013). Data
from epidemiological research has demonstrated that
higher beta carotene intake can decrease the risk of
cancer and prevent various chronic disorders, includ-
ing cancer, cardiovascular, neurological, and ocular
disorder (Khachik et al., 1996; Wood, 2001; Lavecchia,
1998; Giovannucci, 1999). Dietary tomato paste pro-
tects against ultraviolet light-induced erythema in
humans. Tomato paste is applied daily on dorsal skin
over 10 weeks protects against UV radiation (Stahl
et al., 2001).

2.2.2 Lutein

Lutein is a yellow carotenoid that is synthesized in
chloroplasts and chromoplasts. It is found in large
quantities in the leaves (DellaPenna and Pogson, 2006;
Giorio et al., 2013). Improved interest in lutein and
zeaxanthin was due to its significant role for the pro-
tection of eye disease (Granado et al., 2003). Age-
related macular degeneration (ARMD) is the lead-
ing cause of vision loss in aging Western societies.
It is a disease involving genetic, neurological, nutri-
tional, and environmental influences, the intake of
lutein and zeaxanthin was found better for curing
this disease (Richer et al., 2004; SanGiovanni et al.,
2007). Moreover, lutein also performs various essen-
tial biological roles, such as cancer and the prevention
of cardiovascular diseases and oxidant-induced cell
damage defense (Arnal et al., 2010; Lakshminarayana
et al., 2010; Nakagawa et al., 2009). Nevertheless, the
connection between lutein consumption and normal
vision maintenance has not yet been demonstrated
clearly (European Food Safety Authority, 2012).

2.2.3 Medicinal value of carotenoids

Several studies have reported the health benefits of
carotenoids in connection with their antioxidant prop-
erties, such as stimulation of the immune system and
antitumors (Gonzales et al., 2011; Ciccone et al., 2013;
Maiani et al., 2009). The most important nutritional
contribution of this fruit is carotenoid intake from
tomatoes and therefore carotenoid content has the
highest weight within the Antioxidant Nutritional
Quality Index (Frusciante et al., 2007). The main di-
etary form of provitamin A is plant carotenoids, with
β-carotene. The absorption of carotenoids is confined
to the small intestine or duodenum, which is essential

for vitamin E (alpha-tocopherol) absorption (van Ben-
nekum et al., 2005). The nutritional value of tomatoes
is enhanced by carotenoids and polyphenolic com-
pounds. These compounds also improve the quality
features and sensory attributes, namely taste, aroma,
and appearance (Tohge and Fernie, 2015a).

2.3 Vitamins

Tomato contains natural antioxidants, such as Vita-
min C and Vitamin E (Agarwal and Rao, 2000; Marti
et al., 2016) and significant amounts of metabolites
including sucrose, hexoses, citrate, malate, and ascor-
bic acid (Li et al., 2019). Tomato is rich in minerals,
vitamins (Vitamin A and vitamin C), and lycopene.
Tomato is extremely waterborne and has low calories
(Wilcox et al., 2003). Vitamin C is an oxidant that
eliminates the cancer risk, arteriosclerosis and heart
disease (Sablani et al., 2006). Tocopherol is the richest
in tomato plants and helps maintain plant photosyn-
thesis at an optimum level under high stress. Frus-
ciante et al. (2007) found that in tomatoes the levels
of vitamin E ranged from 0.17 to 0.62 mg/100 g Sup-
plemental vitamin E was associated with a decreased
risk of prostate cancer among smokers and supple-
mental beta-carotene was associated with a decreased
risk of prostate cancer among men with low baseline
plasma beta-carotene levels (Kirsh et al., 2006). The
study evaluating the impact of including tomato ex-
tract in the treatment schedule showed an important
link between systolic and antioxidant activity rates
and in the treatment of moderate hypertension with
uncontrolled blood pressure levels (Paran et al., 2009).

Tomato fruit contains an increased and full value
of ascorbic acid when ripened and then declines
(Malewski and Markakis, 1971). Yahia et al. (2001)
reported that Ascorbic acid in tomato fruit increased
slowly reaching a maximum of 94.9 mg/100 g at 74
days and then declined slowly. The decrease in ascor-
bic acid coincided with the initiation of ripening, as
indicated by color change, and with an increase in the
activity of ascorbate oxidase. The insufficient ascor-
bic acid intake leads to scurvy, a disease with dry
skin, open skin sores, weariness, wound-related im-
pairment, and depression (Olson, 1999; Naidu, 2003).
Some studies have shown that ascorbic acid can pre-
vent cancer by neutralizing free radicals before it can
destroy DNA and cause tumor growth or help the
body to tumor destruction in early phases acting as a
prooxidant (Block, 1991).

Total cholesterol and CRP (C-reactive protein) lev-
els have decreased for 2 weeks due to the consump-
tion of tomato sage (500 mL), a marker of inflamma-
tions (Jacob et al., 2008). Folate metabolism is part of
many andrological and gynecological physiological
mechanisms (Forges et al., 2007). Folates play a par-
ticular role in various transmission reactions of one
carbon, including purine and pyrimidine biosynthe-
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Table 1. Different class of chemical compounds found in tomato and their health effect

Class Compound Main effects References

Carotenoids Lycopene Cancer inhibition (colorectal, prostate, breast, en-
dometrial, oral, lung, and pancreatic)

Gonzales-Vallinas et al.
(2013); Ansari and Gupta
(2004)

β-Carotene Photooxidant damage prevention Stahl and Sies (2003)

Atherosclerosis inhibition and myocardial infarc-
tion prevention

Karppi et al. (2013)

Lutein Eye health protection and symptom improve-
ment in ARMD

Richer et al. (2004); San-
Giovanni et al. (2007)

Improved endogenous damage and repair resis-
tance to DNA

Herrero-Barbudo et al.
(2013)

Vitamins Vitamin E Inhibition of cardiovascular diseases and lipid
peroxidation

Hazewindus et al. (2012);
Abushita et al. (2000)

Decreasing risks of advanced prostate cancer and
type II diabetes

Kirsh et al. (2006); Monto-
nen et al. (2004)

Vitamin C LDL oxidation inhibition, and monocyte adhe-
sion

Rodriguez et al. (2005); Li
and Schellhorn (2007)

Total cholesterol and CRP decrease Jacob et al. (2008)

Folates Monitoring homocysteine metabolism Solini et al. (2006)

Lowering the risk of neural tube defects Wals et al. (2007)

Phenolics Flavonoids Anti-inflammatory intestinal activity Martin et al. (2006)

TNF- alpha inhibition -mediated inflammation Gonzales et al. (2011)

Phenolic acids DNA oxidation protection and antitumor activity
against carcinogenesis in the colon

Lodovici et al. (2001);
Prasad et al. (2011)

Tannins Adipogenesis inhibitors Seabra et al. (2006)

Antibacterial, antiviral, cardiovascular, anti- car-
cinogenic action

Koleckar et al. (2008)

sis, metabolism of amino acids, methylation of nucleic
acid proteins, and lipids (Lucock, 2000). Folates are
therefore essential for fetal growth (Wagner, 1995).
The addition of folic acid (200–400 mg/day) is rec-
ommended for women who are pregnant (FNBNRC,
1970). Nishiumi et al. (2011) reported that tannins can
enhance glucose absorption and inhibit adipogenesis,
which acts like possible medicines for the treatment of
noninsulin-dependent diabetes mellitus (Seabra et al.,
2006). Koleckar et al. (2008) reported that tannins play
a role in the pathways of anti-bacterial, antiviral, anti-
cancerous and avoidance of cardiovascular activity
in addition to anti-inflammatory effects.

2.4 Phenolic compounds

Common sources of bioactive natural substances such
as secondary metabolites and antioxidants are plants
(Ghasemzadeh and Ghasemzadeh, 2011). Polyphe-
nols are secondary plant metabolites and are com-
monly used to protect the skin from UV radiation or

pathogens aggressions (Kumar and Pandey, 2013).
Plants contain large quantities of bioactive phyto-
components, for example, phenolics, flavonoids, tan-
nins (Parajuli et al., 2012). Phenolic acids, flavones,
including hydroxycinnamic acid lignans, stilbenes,
coumarins, and tannins, are typically found in food-
stuffs as the most common phenolic acids (Harborne
and Williams, 2000). Phenolic compounds in toma-
toes have been considered accountable in addition
to their lycopene content for antioxidant activity
(Takeoka et al., 2001). Tomato contains up to 200
mg gallic acid equivalents for each 100 g (as dried
weight) of total phenolic content (Kahkonen et al.,
1999). Tomato polyphenols, mainly phenolic acids,
are present in an insoluble-bound form, otherwise
present in free soluble form. In tomatoes flavonols
has a high antioxidant activity (Shahidi et al., 1992).
The key factors affecting the quantity and compo-
sition of phenolic compounds present in food are
genotype, storage conditions, extraction process and
environmental conditions (Luthria et al., 2006).
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Figure 2. Main stages of tomato fruit development, ripening and maturation. Redrawn from Gillaspy et al.
(1993).

3 Pharmacological properties of
tomato

Recently tomato has gained recognition for the pre-
vention of some human diseases (Table 1). This is
because of carotenoids, especially lycopene appears
to be an active substance in cancer prevention, car-
diovascular risk, and slowed down cellular aging
(Gerster, 1997; DiCesare et al., 2012; Abdel-Fattah and
Al-Amri, 2012). Tomato is health-effective by decreas-
ing the risk of cancer and cardiovascular diseases due
to its high lycopene and β-carotenes, serving as an-
tioxidants and free radical scavenger (Giovannucci,
1999). On the other hand, tomato consumption can
cause allergic reactions attributed to the prevalence
of various allergenic proteins (Martin-Pedraza et al.,
2016). High intakes of tomato products in the diet
can reduce LDL cholesterol levels and increase LDL
oxidation resistance (Silaste et al., 2007). During the
meal, tomato intake decreased oxidative stress caused
by postprandial lipemia and related inflammatory
responses (Burton-Freeman et al., 2012). Tomatoes
have also played a significant role to play in main-
taining DNA stability. Daily intake of tomato drink-
ing known as Lyc-O-Mato reduces DNA damage to
lymphocytes under oxidative stress considerably by
approximately 42% (Porrini et al., 2005). A substan-
tial decrease in mortality (48%) and a decreased risk
of death from diarrhea have been related to the con-
sumption of tomatoes 2-3 days compared to zero days
(Fawzi et al., 2000).

4 Metabolic changes in totmato

Dramatic metabolic changes occur during tomato
fruit development (Carrari and Fernie, 2006). Tomato
is a climateric fruit, it is subjected to a rise in respira-
tion and ethylene at the beginning of maturation (Li
et al., 2019). As maturation progress (Fig. 2), tomato
fruits move through the simultaneous sorting of the
chloroplast through the chromoplasts and the domi-
nation of carotenoids and lycopene in ripe fruit cells
from a partly photosynthetic to actual heterotrophic
tissue (Carrari and Fernie, 2006). Ripening stimu-

lates pathways that typically affect the number of
pigments, sugars, acids, and flavors, making the fruit
more enticing and at the same time facilitating soften-
ing and deterioration of the tissue, which promotes
seed release (Matas et al., 2009). The quality of tomato
fruits and the biosynthetic pathway of metabolites are
influenced by plant growing conditions.

4.1 Primary metabolism

The growth of fleshy tomato fruits takes place in
three different phases. Tomatoes undergo a transi-
tion phase from a partly photosynthetic to a total het-
erotrophic metabolism during this evolution. Includ-
ing young, mature green, breaker, pinkish and red
mature fruit, are called typical morpho-physiological
measures. While fruit ripening is an important step in
determining fruit quality and nutrient values, recent
work has shown that early fruit development also
has key functions for quality acquisitions, including
the accumulation of organic acids and sugars (Car-
rari and Fernie, 2006; Beauvoit et al., 2014; Biais et al.,
2014; Bauchet et al., 2017).

4.2 Secondary metabolism

The onset and progression of ripening in tomato is
typically linked to changes in the external color of
pericarp that reflects the accumulation of carotenoids
and flavonoid pigments (Shinozaki et al., 2018). The
characteristic red tomato color is a result of the ac-
cumulation of the carotenoid lycopene in both the
fruit skin as well as pulp (Seymour et al., 2013; Borgh-
esi et al., 2016; Ambrosio et al., 2018). Carotenoids
increase by 10-to 14-fold during tomato ripening,
primarily because of the accumulation of lycopene.
Fraser et al. (1994) found that as the fruit matures that
increase lycopene (Tamasi et al., 2019). During tomato
fruit maturation light signaling and plant hormones,
especially ethylene and lesions, have been recognized
as important regulators of carotenoid biosynthesis
(Cruz et al., 2018). Semi-polar metabolites such as
flavonoids, phenolic acids, and alkaloids also accu-
mulate in tomatoes, which are important compounds
to promote public health (Bovy et al., 2007; Tohge
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and Fernie, 2015b; Ballester et al., 2016; Tohge et al.,
2017; Tamasi et al., 2019; Wang et al., 2019). The fruit
taste and aroma are caused by volatile metabolites
biosynthesized during tomato ripening (Carrari and
Fernie, 2006; Ballester et al., 2016; Shinozaki et al.,
2018). Over 400 volatiles were contained in toma-
toes, but a smaller range of 15 to 20 was produced in
sufficient quantities to influence humans’ perception
(Baldwin et al., 2000; Mathieu et al., 2009; Zanor et al.,
2009).

5 Conclusion

Tomatoes has been studied extensively for fresh fruit
production and active compounds regarding its nutri-
tional, health and economic benefits. Tomtoes are
cosumed fresh or in the form of processed prod-
ucts. Tomato is the second most consumed vegetable
worldwide, thus being an important source of nour-
ishment for the world’s population. It is rich in bioac-
tive compounds such as lycopene, carotenoids, β-
carotene, lutein and vitamins, which contribute to
health-promoting effects. This study highlights the
antioxidant properties, metabolism, nutritional val-
ues with health benefits of tomato. Tomato is en-
riched in antioxidants with anti-carcinogenic prop-
erties. Tomato consumption tends to improve the
vision, and also helps in tumor and skin diseases. In
the years to come research on tomatoes should be
centered in improving the quality and taste as well as
extraction and commercialization of the active com-
pounds that has health and nutritional benefits.
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