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Nutritional interventions facilitating the consumption of natural, affordable, and
environment-compatible health-promoting functional foods are a promising strategy
for controlling non-communicable diseases. Given that the complex of tomato
micronutrients produces healthier outcomes than lycopene, its major antioxidant
component, new strategies to improve the health-supporting properties of the
berry are ongoing. In this context, a whole tomato food supplement (WTFS),
enriched by 2% olive wastewater containing a complex of healthy nutrients with
converging biologic activities, has recently been developed, which is superior to
those present in tomato commodities or obtained with whole tomato conventional
processing methods. WTFS equals the antioxidant activity of N-acetyl-cysteine
and interferes with multiple inflammation and cellular transformation-sustaining
metabolic pathways. In interventional studies, WTFS inhibits prostate experimental
tumors and improves benign prostate hypertrophy-associated symptoms with no
associated side-effects. Although WTFS may be susceptible to further improvements
and clinical scrutiny, its composition embodies the features of advanced functional
foods to ease adherence to dietary patterns, that is, the Mediterranean diet, aimed
at contrasting and mitigating the low-grade inflammation, thus being interceptive
or preventive of non-communicable diseases.
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1 Introduction

Due to the increasing incidence of slow-progressing non-communicable diseases (NCDs),
which represent the most frequent causes of long-term disability and death worldwide (1), a
widening gap between life and healthy life expectancy can be observed (2). This dichotomy is
becoming a global health and economic emergency, leading to associated social consequences,
especially in low- and middle-income countries (3). Paradoxically, despite NCDs being largely
preventable (4), the gap is widening between what we know about their social and biological
determinants and what is done for coordinated progressive corrective initiatives. Therefore,
the urgent need to reduce or mitigate this alarming trend is emerging through social and
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TABLE 1 Tomato's economic and environmental features.

10.3389/fnut.2025.1519905

Economic features References = Environmental features References
Worldwide second high-yielding crop (118) High biodiversity (119)
High consumption rate (120) High chemodiversity (30)
Expected 5% increase in the market in the near future (54) High nutritional yield (121)
Unique culinary versatility with wide acceptance in different (122) Cultivation requires moderate soil tillage and timely controlled (123)
dietary patterns irrigation
High recyclability of industrial processing waste and packaging (124) Growth moderately sensitive to increased environmental CO, (123)
Facilitator of circular economy (54, 125) Is considered an “excluder plant” when referred to soil (126)
contaminants
May be the scaffold for the development of a variety of dietary (127) Organic and conventional cultivations have no significant (128)
supplements of more targeted health claims influence in heavy metal content
Residues of pesticides are efficiently removed by washing and (88, 129)
cooking

individual initiatives. As for the former, current socio-political,
economic, and environmental factors are unlikely to improve rapidly.
Indeed, they require a coordinated mobilization of societies to reduce
the impact of disparities (5), of present conflicts and the outburst of
new confrontations (6), the uncontrolled migratory waves (7), and
increasing urbanization (8). Regarding personal choices, the well-
rooted marketing policies (9), uncensored information released by
social media platforms, and supporters of alternative remedies are
undermining the ability to make appropriate healthy choices. This
erodes the efficacy of health literacy efforts in raising awareness of the
risk factors of NCDs (10) and the diminishing healthcare provisions
(11). In this uncertain horizon, the compelling issue arises as to what
can be done to develop policies aimed at delaying the onset of NCDs
and dimming their related disability in a realistic approach beneficial
to the fractions of largest populations (12). While acute inflammation
can be effectively targeted pharmacologically (13), not infrequently at
the cost of severe side-effects, low-grade chronic inflammation (14),
which is a shared relevant pathological determinant in NCD incidence
and severity (15), remains an unmet therapeutic target. In this
challenging endeavor, the lowering of excess production and the
increased disposal of free oxygen and nitrogen radicals, the common
denominators, and culprits of the pathogenesis of age-related diseases,
remains a critical therapeutic goal (16), since it may lead to systemic
inflammation (17).

2 Dietary nutrients and NCDs

While innovation in drug development for NCDs is advancing at a
slow pace, epidemiologic and interventional studies have demonstrated
that healthy dietary patterns beyond their nutritional properties may
be major players in this regard (18), representing the mainstay of NCD
prevention and treatment as well. Thus, advocating the implementation
of healthier nutritional recommendations (19), supporting the use of
widely available natural resources, is gaining increased attention (20).
In particular, the Mediterranean diet (MD) (21), recommending the

Abbreviations: WTFS, Whole tomato food supplement; NCDs, Non-communicable

diseases; MD, Mediterranean diet; FF, Functional foods.
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constant uptake of nutritional antioxidants, has received major
attention for being associated with a lower risk of NCDs (22),
environmentally sustainable (23), and potentially beneficial also to the
population of non-Mediterranean countries (24). MD advocates the
consumption of healthy “functional foods” (FF), which despite lacking
a conclusive definition at the regulatory level, can be classified from the
translational point of view as those “foods containing biologically active
natural compounds which, in forms made highly bioavailable, produce
healthy effects in addition to nutritional ones, similar to natural food,
they can also be consumed as part of a normal diet” (25). Although this
definition can be largely agreed upon, the questions of which foods, in
which form, how much, and when remain to be answered to optimize
their consumption in the real world (26). In this context, the overall
well-established healthy biochemical activities exerted by the nutrient
complex present in tomatoes are of particular translational relevance.

3 Tomato as a major source of dietary
antioxidants

The transition to more inclusive global health requires
environmentally sustainable policies relying on accessible resources
(10): among these, tomatoes are an attractive one (27). As a potent
source of natural antioxidants, tomatoes, symbolic fruits of the MD
(28), are characterized by overall favorable economic and
environmental features (Table 1), largely falling within the frame of
the newly proposed paradigm which reconciles different past
controversies regarding the health role of food and nutrition (29).

In this context, epidemiological, experimental, and clinical studies
have been primarily focused on lycopene, the red-colored, open-chain
beta carotenoid, present in variable concentrations in different tomato
cultivars (30), which possesses potent free radicals scavenging
properties, enhanced by its ability to induce other endogenous
antioxidants (31). Lycopene, present in food in the trans isomeric
form (32), undergoes variable individual metabolic rates of
transformation (33) into the biologically active cis isomer, acquiring
a broad spectrum of healthy biological properties (34), sustaining
anti-cancer and anti-inflammatory activity (35). cis-Lycopene, which
is formed upon variably cooking the fruit (36), has a plasma
elimination half-life of 5days (37) and concentrates in definite
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anatomical sites (27), representing the preferential biological targets
of the carotenoid activity. Due to the limited bioavailability from
dietary sources, a constant intake of lycopene-rich foods is needed
(38), thus posing a fundamental translational aspect how to exploit its
wide beneficial properties.

This gap has been recently overcome by comparative analysis
consistently demonstrating that the multi-target healthy properties of
tomatoes derive not only from their lycopene content (39, 40). Whole
fruits consumption, in fact, by providing a combination of antioxidant
and anti-inflammatory nutrients with converging biological activities
(41-43), has been proven to result in dose-dependent healthier effects
than lycopene supplementation (44-46). This observation is not
unexpected since several bioactive compounds endowed with a wide
spectrum of biological properties are present in the fruit or are
generated following cooking (i.e., by Maillard’s reaction) (47). This
knowledge strongly supports the choice of whole tomato as FF for
equitable and sustainable diets (45). As recently reported, several
clinical studies involving lycopene supplementation and tomato
consumption have been performed in humans (48, 49), confirming
that tomato consumption and lycopene are both health-supportive
(50). However, the statistical strength of these findings is still not
verified (51), advocating for the development of new whole tomato
standardized formulations containing more lycopene-bioavailable
isoforms (52, 53).

3.1 Ongoing strategies to improve tomato
as FF

Because of its nutritional content, several strategies for improving
tomato crop yield and quality are also under exploration, meeting
the scaling-up demand for improved commodities (27, 54). Along
the same line, the development of friendly technologies using whole
tomatoes may represent an advancement in utilizing the fruit as
FF. Despite available grounded evidence that heating is the simplest
and low-cost processing of the fruit capable of increasing its healthy
properties (36, 55, 56), this knowledge has been only recently applied
to generate improved tomato food supplements by exploring
different controlled heating conditions. Indeed, it is well known that
the processing of various raw materials results in a series of
by-products containing various substances with a major role in
human health
environmentally friendly technologies can ensure sustainability and

and beyond, whose utilization through
added value. This approach originated from early studies
demonstrating that a diet enriched (10%) with a whole tomato
powder produced by spray drying improved the systemic antioxidant
and inflammatory status and prevented the onset of prostate
adenocarcinoma in transgenic mice (57) more efficiently than single
lycopene diet supplementation (44). To further optimize the tomato
powder properties in terms of carotenoid and flavonoid content and
to favor the formation of Amadori’s products (47), a new processing
treatment of whole fruits has been recently proposed. This included
the initial production of a puree by pre-heating at a temperature
between 80 and 90°C. This product, not completely freed from seeds
and peels, was then concentrated under pressure (300-400 mbar) at
lower temperature (60°C). When the refractive index of the
concentrate reached 29-30 °Brix, the product was diluted with hot

water at a concentration of 12 °Brix and then spray-dried using
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preferably an inlet temperature of 190°C and an outlet temperature
kept below 85°C. The turbine speed was maintained at 2,600 rpm
(58). The spray dry method has been selected because it provides
high lycopene concentration (27), better preservation of the
Amadori’s products (47, 58), long-term storage (59), and a more
metabolically effective product (60).

These conditions allowed an optimal recovery of carotenoids,
flavonoids, and. in particular, of fructosyl amino acids as a function of
the selected time, temperature, and pressure conditions (58).

In view that olives are a source of chemo-preventive nutrients
(61), which modulate relevant inflammation-related signaling (i.e.,
mitogen-activated protein kinases, phosphoinositide 3-kinase, and
nuclear factor kappa B subunit 1) (62, 63), 2% of olive waste water was
added in the new tomato formulation with the dual aim of protecting
the carotenoids from oxidative degradation and of increasing its anti-
inflammatory properties. The waste water was obtained by:

(a) filtrating olive mill waters;

(b) concentrating the retentate under reduced pressure at a
temperature up to 20°C, and to a concentration of 10-15% w/w
dry matter;

(c) spray-drying the concentrated product from step (b) using an
inlet temperature of 150-170°C and an outlet temperature
below 80°C.

3.2 Properties of the new WTFS compared
with tomato-based commodities

WTES is produced by employing the “Roma” tomato cultivar.
These tomatoes were selected because of their high lycopene content
(64) and their frequent use in the industrial production of tomato
commodities, thus being the appropriate reference to establish
whether WTFS indeed represents an improved tomato. The WTES
characteristics include:

(a) It retains the sensory properties of red tomatoes, thus
potentially consumed with good acceptance;

(b) Further heating for traditional culinary use does not impair its
biological activity (65, 66). It may represent an advanced
bio-fortifier of a variety of foodstuffs (67), especially in
developing countries where supplementation of nutrients-poor
diets is increasingly relying on the use of available plants
products containing a high nutritional content (68);

(c) It has an improved nutrient composition compared to the
tomato powder generated by heat-processing the fruit through
a standard hot break procedure and spray-drying (Table 2)
(58). The final product is fully chemical-free and no additive
and excipients are present to attain the in vitro experimental
and human results;

(d) The concentrations of cis-lycopene and other lycopene isomers
are higher than those present in tomato consumer products
(69) and culinary-treated tomatoes (56, 70, 71). In
consideration of their largely variable composition, to reach the
daily acceptable requirement of this major antioxidant (0.5 mg
/kg body weight) (72), a subject must eat daily exceeding
quantities of commercial tomato puree, peeled fruits, or other
commodities (69);
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TABLE 2 Nutrient composition (100 g).

Tomato powder WTES
*Tomato (98%) *Olive waste water (2%)

Carbohydrates 66.0g 63.4g+54 Oleuropeinaglycon 59g+12
Proteins 102 ¢g 164g+1.7 Ligtrosideaglycon 1.8g+0.8
Lipids 16¢g 34g+05 Oleuropein-dialdehydeaglycon 162g+1.2
Total carotenoids 142.2 mg 499.5mg + 63.1

All-trans lycopene 109.2 mg 250.8 mg + 25.1 Ligtroside-dialdehydeaglycon 7.3g+1.0
5-cis-lycopene 7.4 mg 34.5mg +3.7

Lycopene isomers 15.7 mg 190.6 mg + 20.5 Verbascoside 6.4g+10
B-Carotene 8.7 mg 22.5mg+2.6 Pinoresinol/deacetoxy-pinoresinol 48g+09
Lutein 1.2 mg 29mg+0.4

a-tocopherol 1.9 mg 23mg+0.3 Thyrosol 29g+09
Total flavonoids 15.3 mg 199.3 mg + 51.9 Hydroxy-thyrosol 104 g+ 1.1
Quercetin derivates 1.1 mg 140.8 mg + 31.6 Unindefined polyphenols 84g+09
Naringenin derivates 4.2 mg 60.8 mg + 13.2 Polysaccharides 336g+1.1
Ketosamines - 7.5mg+2.4 Humidity 3.5g+03
Fru-His - 0.06 mg + 0.01

Fibers ND 158 mg+2.9

The concentration of carotenoids and flavonoids was determined by high-performance liquid chromatography using C30 and C18 chromatographic columns coupled with UV-Vis detection

(71). Fru-His was determined by high resolution mass spectrometry using an ExactiveOrbitrap equipment (ThermoFisher, USA). They represent approximately 12% of the water-soluble
y higl P y using P equip: Y rep! pp y

fraction per dry weight. Concetrations of differenti components are expressed as mean + SD determined in four WTFS production batches. ND: not determined.

(e) The biological activities of different WTFS production batches
are reproducible (66) and the presence of the lycopene cis-
isomer can contribute to reducing the individual variability in
efficiently metabolizing the carotenoid (33), also in view of the
powder form (27);

(f) It contains higher concentrations of flavonoids and newly
formed ketosamines, Fru-His compounds, and f-carotene,
which increases the absorption rate of lycopene (73, 74);

(g) Its composition is enriched with olive polyphenols, endowed
with converging biological activities with tomato nutrients in
increasing apoptosis, preventing DNA damage, oxidative stress,
receptor modulation, and activation of signal transducer and
activator of transcription-3 (STAT-3) a key modulator of the
expression of a wide range of oncogenic (66) and inflammation-
related pathways (75), and tumor cell energy metabolism (76)
(Figure 1);

(h) The in vitro antioxidant activity is comparable to N-acetyl-
cysteine (59);

(i) The power kept sealed for 2 years at constant temperature not
exceeding 25°C maintains consistent NAC equivalent
antioxidant activities among different batches of WTES (59, 66)
and shows no appreciable differences in biological activities
between different production batches (66);

(j) Ithasa translational potential in clinical settings. This property
has been explored in human benign prostate hypertrophy
(BPH), a frequent age-dependent disease sustained by chronic
inflammation (77), thus an ideal exploratory target organ (27).
The participants of two-phase II prospective (78, 79),
randomized double-blinded, placebo-controlled studies were
individuals with BPH diagnosed by trans-rectal ultrasound-
guided prostate biopsy and/or abnormal digital rectal
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examination. Of them, 40 were not infected by HIV while 31
were HIV-infected individuals selected among the 3,800
followed in the institution. The treatment with 5 g/day WTES,
which lasted for 2 months, significantly improved the patient’s
urinary tract symptoms and quality of life with no associated
side effects.

4 Potential areas of investigation using
WTEFS

It is well recognized that tomatoes are a rich source of carotenoids
and flavonoid compounds that are capable of reducing platelet
aggregation (80, 81) and that water and other forms of fresh tomato
extracts can decrease in vitro, ex vivo, and in vivo platelet activity
(82-84). Similarly, being enriched with a complex of anti-platelet
aggregating nutrients (85), WTFS induces a dose-dependent
inhibition of the STAT-3 transcription factor phosphorylation (66), a
relevant player in platelet production and activation (86). Therefore,
being WTEFS a dietary supplement endowed with anti-platelet activity,
it may offer a safe strategy to extend its possible health benefits to
cardiovascular health, inflammatory and infectious conditions, and
cancer (87).

It is also proven that lycopene protects from several chemical and
natural toxins due to the pro-apoptotic properties (88). The evidence
that WTEFS is capable of blocking in vitro the biological effects of
lindane (66), a class 1 carcinogen (89), the tomato-dietary
supplementation in the form of WTES or other comparable products
(90) opens the possibility of exploring a new remediation strategy to
this still globally diffused pollutant. Indeed, despite lindane
productionbeing discontinued over 30 years ago, it represents a
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FIGURE 1

The complex of tomato and olive bioactive compounds in the WTFS is individually or concurrently activating apoptosis, inhibiting DNA damage, the
metabolic shift toward the Warburg effect (76), and reactive oxygen species (ROS)-related cell damage (59). The inhibition of STAT-3 oncogene
phosphorylation reduces the production of inflammatory cytokines (75). The activation of the androgen and arylic receptors pathways is impaired (66).
Overall, the WTFS promotes rebalancing of the cell cycle, protecting cellular homeostasis (66).

relevant environmental health risk factor (91) because over 7 million
tons remain to be disposed of worldwide (92) and, due to its
remarkable stability, at the present, the only remediation is the long-
lasting decay. This interventional initiative is likely to be informative
in a relatively short time if focused on the young population exposed
to lindane. These subjects are known to be affected by impaired
spermiogenesis (93), which can be remediated by adherence to the
MD (94).

Because any of the common side-effects associated with the
culinary use of the fruit have not been so far described for WTFES (78,
79, 95), studies are now ongoing to define its potential efficacy as an
alternative to aspirin uptake in individuals with gastrointestinal
intolerance. Since lycopene is an inhibitor of endothelial cell stress-
induced damage (96), WTEFS remains to be explored in aging persons
at a higher risk of brain bleeding and in those individuals who may
become more vulnerable to bleeding during and after surgery (97). In
addition, since WTFS can provide adequate lycopene dietary supply
with low-calorie uptake in patients with glucose intolerance, its
efficacy may increase insulin sensitivity through inhibition of STAT-3
(98, 99).

Finally, WTFS or similar supplements may currently represent the
FF that, facilitating the adherence to the MD, alleviate aging-related
carotenoid deficiency (100) and buffer the unhealthy effects of the
Western diet (101). A high intake of tomatoes with a low dietary
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inflammation index (102, 103), enhanced by their cooking processing
(104), is highly recommended by MD because tomato consumption
is associated with lower overall mortality rates (105). However, MD
has some intrinsic translational limitations (106) since its compliance
is highly influenced by socio-economic factors (107). In addition,
daily consumption of at least three servings of fruits and three of
uncooked veggies, recommended by MD as a source of antioxidants,
is unattainable in everyday life (94).

5 Discussion

According to the Council of Europe guidelines, tomatoes have two
health claims: contributing to prostate health and as an antioxidant (108).
Although encouraging, the results obtained with WTES in the treatment
of human prostate benign hypertrophy, a heterogeneous group of
diseases (109), require further validation, addressing issues such as
dosage, scheduling, amenability to combination therapies, and side-
effects upon prolonged use. Despite lycopene and tomatoes having been
extensively assayed in prostatic cancer prevention and management,
these relevant issues have not been fully verified. As WTES is of
reproducible composition (59), it represents a step forward in facilitating
the adherence to the otherwise hard-to-follow prostate dietary index
(110). In addition, from the translational point of view, the availability of
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standardized whole tomato formulations of proven superior and well-
defined biological activities compared with common source of tomato
nutrients and not associated with the common side-effects of culinary
tomato consumption will facilitate future clinical studies. The results
obtained in the treatment of BPH (78, 79) support this hypothesis and
provide informative data to experts of other fields regarding the
performance of interventional studies in other areas of interest regarding
patient numerosity, dosage, and time of treatment.

The broad biochemical properties of the new supplement (57, 59,
66) may be advantageous in preventing or interfering with the
molecular derangements associated with inflammation and malignant
transformation fueled by oxidative stress, in tissues where cis-lycopene
is known to preferentially accumulate (27).

We acknowledge that this review, addressing the “state of the art”
in enhancing whole tomato properties as FF in a formulation
potentially available to large population fractions may have some
limitations. Indeed, information not funneled through no peer-
reviewing or in languages other than English may have been missed.
Furthermore, comparative analyses between WTFS and thermally
treated whole tomatoes obtained in “culinary settings” has been
hampered by the lack a detailed composition of the whole fruit
preparation obtained (60) or because it generated final products with
lower bioavailable antioxidant concentrations (56, 70) than those
present in WTES.

Despite these limitations, advancements in devising friendly,
minimal waste-generating technology that improves tomato healthy
properties are becoming available. In this endeavor, WTFS, although
representing a step ahead, should nevertheless be considered at its
inception and seminal to further potential improvements relying on:

(a) Selection of tomato cultivars with a higher “index of antioxidant
nutritional quality” than Roma cultivar (30);

which

concentrations of Amadori’s products (56, 74);

(b) Devising heating processing, increases the

(c) Increasing the olive wastewater content (111);

(d) Exploring the possibility of developing more focused healthy
properties by increasing the concentration of some of its
components, that is, lutein (112);

The message often delivered that the regular convivial consumption of
tomato is sufficient to benefit from its healthy properties at low cost may
be misleading for a fraction of potential consumers. Indeed, the culinary
use of tomatoes requires the purchase of fresh or transformed tomato and
accompanying food (i. e., legumes, pasta, rice, and meat), the use of
condiments (oil and cheese), their cooking, and time required.
Furthermore, the dose dependency of tomato-based food consumption
benefit (110) implies a continuous monotonous and unhealthy, that is,
high-calorie uptake. In this regard, dietary supplementation with improved
FF can be of potential help. Because of the present glutting and parceling of
the food supplement market, the cost-benefit in consuming new tomato
functional food formulations requires wide affordability across economic
classes. Although at the present the cost of production of WTEFS or similar
products for large use is unavailable, a tentative affordable low-cost estimate
can be forecast in consideration of the increasing worldwide tomato
production, competitive price, spray-drying technology employed for large
bulk production, and the commercial availability of olive waste water.

The steady increase in NCD incidence is imposing non-health- and
health-related costs on all economies (113). When referring to the latter,
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healthy diets and nutrition are recognized of primary relevance (114).
The development of improved FF of common use may be an attractive
choice since they may integrate the dual aim of disease prevention and
reduction of severity as well across the homeostasis model (108).

The available data supporting the ability of WTFS to abolish major
metabolic pathways generating chronic inflammation offers a large
spectrum of in vitro and in vivo experimentations relevant to settle
contentious issues regarding the benefits of lycopene versus whole
tomato dietary supplementation.

In view that the benefit of the MD, it can be extendable to populations
outside the Mediterranean basin (115). The “Planeterranean” UNESCO
project is advocating the use of local food, which may recapitulate the
healthy properties of those available in the Mediterranean basin (116),
especially in developing countries. In consideration that different cooking
habits indeed improve tomato's healthy properties (117) and that WTFS
can undergo further moderate cooking retaining tomatos sensory
properties, it may offer a potential strategy to increase the fruition of the
benefits of the MD at a global level by a combined consumption with
legumes, tapioca, tuff, and okra, which share nutritional properties with
foods available in the Mediterranean area (116).

Author contributions

PGN: Conceptualization, Writing - original draft, Writing —
review & editing. MP: Writing - review & editing. AS: Writing -
review & editing. ME: Writing - review & editing. CB: Writing -
review & editing. LI: Conceptualization, Writing — original draft,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for the
research, authorship, and/or publication of this article.

Acknowledgments

The authors (PGN and ME) thank the Fondazione Federico
Calabresi Onlus, Rome, Italy (https://ffc.accmed.org/) for
continous support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519905
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://ffc.accmed.org/

Natali et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Center for Disease Control and Prevention (2024). Global Health Protection and
Security. Available at: https://www.cdc.gov/globalhealth/healthprotection/ncd/global-
ncd-overview.html (Accessed October 25, 2024).

2. Permanyer I, Trias-Llimos S, Spijker JJA. Best-practice healthy life expectancy vs.
life expectancy: catching up or lagging behind? Proc Natl Acad Sci USA. (2021)
118:€2115273118. doi: 10.1073/pnas.2115273118

3. World Health Organization (2014). Global status report on noncommunicable
diseases. Available at: https://www.who.int/publications/i/item/9789241564854
(Accessed October 25, 2024).

4. International Federation of Medical Students’ Associations (2018).
Noncommunicable Diseases and the 4 most common shared risk factors. Available at:
https://ifmsa.org/wp-content/uploads/2018/03/Noncommunicable-Diseases.pdf
(Accessed October 25, 2024).

5. Penman-Aguilar A, Talih M, Huang D, Moonesinghe R, Bouye K, Beckles G.
Measurement of health disparities, health inequities, and social determinants of health
to support the advancement of health equity. J Public Health Manag Pract. (2016)
22:533-42. doi: 10.1097/PHH.0000000000000373

6. Garry S, Checchi F Armed conflict and public health: into the 21st century. ] Public
Health. (2020) 42:€287-98. doi: 10.1093/pubmed/fdz095

7. Akombi-Inyang B, Huda MN, Schutte AE, Macniven R, Lin S, Rawstorne P, et al.
The association between post-migration nutrition and lifestyle transition and the risk of
developing chronic diseases among sub-Saharan African migrants: a mixed method
systematic review protocol. Int ] Environ Res Public Health. (2021) 18:4706. doi: 10.3390/
ijerph18094706

8. Patil RR. Urbanization as a determinant of health: a socioepidemiological
perspective.  Soc  Work  Public  Health.  (2014)  29:335-41.  doi:
10.1080/19371918.2013.821360

9. Mialon M, Ho M, Carriedo A, Ruskin G, Crosbie E. Beyond nutrition and physical
activity: food industry shaping of the very principles of scientific integrity. Glob Health.
(2021) 17:37. doi: 10.1186/s12992-021-00689-1

10. Myers SS. Planetary health: protecting human health on a rapidly changing planet.
Lancet. (2017) 390:2860-8. doi: 10.1016/S0140-6736(17)32846-5

11. Raffetti E, Ahrne M, Doring S, Hagstron A, Mazzoleni M, Messori G, et al.
Sustainable transformations for healthcare systems in a changing climate. Cell Rep
Sustain. (2024) 1:100054. doi: 10.1016/j.crsus.2024.100054

12. Parthasarathy S. Innovation as a force for equity. Sci Technol. (2022) 38:30-6.

13. Panezai ], Van Dyke TE. Resolution of inflammation: intervention strategies and
future applications. Toxicol Appl Pharmacol. (2022) 449:116089. doi: 10.1016/j.
taap.2022.116089

14. Franceschi C, Bonafé M, Valensin S, Olivieri E De Luca M, Ottaviani E, et al.
Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N'Y Acad Sci.
(2000) 908:244-54. doi: 10.1111/j.1749-6632.2000.tb06651.x

15. Candore G, Caruso G, Jirillo E, Magrone T, Vasto S. Low grade inflammation as a
common pathogenetic denominator in age-related diseases: novel drug targets for anti-
ageing strategies and successful ageing achievement. Curr Pharm Des. (2010) 16:584-96.
doi: 10.2174/138161210790883868

16. Chaudhary MR, Chaudhary S, Sharma Y, Singh TA, Mishra AK, Sharma S, et al.
Aging, oxidative stress and degenerative diseases: mechanisms, complications and
emerging therapeutic strategies. Biogerontology. (2023) 24:609-62. doi: 10.1007/
510522-023-10050-1

17. Ronnback C, Hansson E. The importance and control of low-grade inflammation
due to damage of cellular barrier systems that may lead to systemic inflammation. Front
Neurol. (2019) 10:533. doi: 10.3389/fneur.2019.00533

18. Riboli E, Hunt K]J, Slimani N, Ferrari P, Norat T, Fahey M, et al. European
prospective investigation into cancer and nutrition (EPIC): study populations and data
collection. Public Health Nutr. (2002) 5:1113-24. doi: 10.1079/PHN2002394

19. Magni P, Bier DM, Pecorelli S, Agostoni C, Astrup A, Brighenti F, et al. Perspective:
improving nutritional guidelines for sustainable health policies: current status and
perspectives. Adv Nutr. (2017) 8:532-45. doi: 10.3945/an.116.014738

20. EAT-Lancet. EAT-Lancet commission 2.0: securing a just transition to healthy,
environmentally sustainable diets for all. Lancet. (2023) 402:352-4. doi: 10.1016/
S0140-6736(23)01290-4

21. Schwingshackl L, Morze J, Hoffmann G. Mediterranean diet and health status:
active ingredients and pharmacological mechanisms. Br ] Pharmacol. (2020)
177:1241-57. doi: 10.1111/bph.14778

Frontiers in Nutrition

10.3389/fnut.2025.1519905

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

22. Mozaffarian D. Mediterranean diet for primary prevention of cardiovascular
disease. N Engl ] Med. (2013) 369:672-7. doi: 10.1056/NEJMc1306659

23. Kiani AK, Medori MC, Bonetti G, Aquilanti B, Velluti V, Matera G, et al. Modern
vision of the mediterranean diet. J Prev Med Hyg. (2022) 63:E36-43. doi:
10.15167/2421-4248/jpmh2022.63.253.2745

24. Martinez-Gonzilez MA, Hershey MS, Zazpe I, Trichopoulou A. Transferability of
the mediterranean diet to non-mediterranean countries. What is and what is not the
mediterranean diet. Nutrients. (2017) 9:1226. doi: 10.3390/nu9111226

25. Aghajanpour M, Nazer MR, Obeidavi Z, Akbari M, Ezati P, Kor NM. Functional
foods and their role in cancer prevention and health promotion: a comprehensive
review. Am ] Cancer Res. (2017) 7:740-69.

26. Maillot M, Vieux E, Delaere F, Lluch A, Darmon N. Dietary changes needed to
reach nutritional adequacy without increasing diet cost according to income: an analysis
among French adults. PLoS One. (2017) 12:e0174679. doi: 10.1371/journal.pone.0174679

27. Vats S, Bansal R, Rana N, Kumawat S, Bhatt V, Jadhav P, et al. Unexplored nutritive
potential of tomato to combat global malnutrition. Crit Rev Food Sci Nutr. (2022)
62:1003-34. doi: 10.1080/10408398.2020.1832954

28. Naureen Z, Dhuli K, Donato K, Aquilanti B, Velluti V, Matera G, et al. Foods of the
mediterranean diet: tomato, olives, chili pepper, wheat flour and wheat germ. J Prev Med
Hyg. (2022) 63:E4-E11. doi: 10.15167/2421-4248/jpmh2022.63.253.2740

29. Cannon G, Leitzmann C. Food and nutrition science: the new paradigm. Asia Pac
J Clin Nutr. (2022) 31:1-15. doi: 10.6133/apjcn.202203_31(1).0001

30. Frusciante L, Carli P, Ercolano MR, Pernice R, di A, Fogliano V, et al. Antioxidant
nutritional quality of tomato. Mol Nutr Food Res. (2007) 51:609-17. doi: 10.1002/
mnfr.200600158

31. Subhash K, Bose C, Agrawal BK. Effect of short term supplementation of tomatoes
on antioxidant enzymes and lipid peroxidation in type-II diabetes. Indian ] Clin
Biochem. (2007) 22:95-8. doi: 10.1007/BF02912889

32. Boileau TW, Boileau AC, Erdman JJr. Bioavailability of all-trans and cis-isomers
of lycopene. Exp Biol Med. (2002) 227:914-9. doi: 10.1177/153537020222701012

33. Bohn T, Desmarchelier C, Dragsted LO, Nielsen CS, Stahl W, Rithl R, et al. Host-
related factors explaining interindividual variability of carotenoid bioavailability and
tissue concentrations in humans. Mol Nutr Food Res. (2017) 61:1600685. doi: 10.1002/
mnfr.201600685

34. Marquez CS, Reis Lima M], Oliveira ], Teixeira-Lemos E. Tomato lycopene:
functional proprieties and health benefits. World Acad Sci Eng Technol Int ] Agric Biosyst
Eng. (2015) 9:1109297. doi: 10.5281/zenodo.1109297

35. Magne TM, da Silva de Barros AO, de Almeida Fechine PB, Rebelo Alencar LM,
Ricci-Junior E, Santos-Oliveira R. Lycopene as a multifunctional platform for the
treatment of cancer and inflammation. Rev Bras. (2022) 32:321-30. doi: 10.1007/
543450-022-00250-0

36. Dewanto V, Wu X, Adom KK, Liu RH. Thermal processing enhances the
nutritional value of tomatoes by increasing total antioxidant activity. ] Agric Food Chem.
(2002) 50:3010-4. doi: 10.1021/jf0115589

37.Ross AB, Vuong T, Ruckle ], Synal HA, Schulze-Ko6nig T, Wertz K, et al. Lycopene
bioavailability and metabolism in humans: an accelerator mass spectrometry study. Am
J Clin Nutr. (2011) 93:1263-73. doi: 10.3945/ajcn.110.008375

38. Paetau I, Khachik E Brown ED, Beecher GR, Kramer TR, Chittams J, et al. Chronic
ingestion of lycopene-rich tomato juice or lycopene supplements significantly increases
plasma concentrations of lycopene and related tomato carotenoids in humans. Am J Clin
Nutr. (1998) 68:1187-95. doi: 10.1093/ajcn/68.6.1187

39. Basu A, Imrhan V. Tomatoes versus lycopene in oxidative stress and carcinogenesis:
conclusions from clinical trials. Eur J Clin Nutr. (2007) 61:295-303. doi: 10.1038/sj.
€jcn.1602510

40. Burton-Freeman B, Sesso HD. Whole food versus supplement: comparing the
clinical evidence of tomato intake and lycopene supplementation on cardiovascular risk
factors. Adv Nutr. (2014) 5:457-85. doi: 10.3945/an.114.005231

41. Landrier JF, Breniere T, Sani L, Desmarchelier C, Mounien L, Borel P. Effect of
tomato, tomato-derived products and lycopene on metabolic inflammation: from
epidemiological data to molecular mechanisms. Nutr Res Rev. (2023) 1-17:1-17. doi:
10.1017/S095442242300029X

42.Linnewiel-Hermoni K, Khanin M, Danilenko M, Zango G, Amo Y, Levy J,
et al. The anti-cancer effects of carotenoids and other phytonutrients resides in
their combined activity. Arch Biochem Biophys. (2015) 572:28-35. doi: 10.1016/j.
abb.2015.02.018

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519905
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/globalhealth/healthprotection/ncd/global-ncd-overview.html
https://www.cdc.gov/globalhealth/healthprotection/ncd/global-ncd-overview.html
https://doi.org/10.1073/pnas.2115273118
https://www.who.int/publications/i/item/9789241564854
https://ifmsa.org/wp-content/uploads/2018/03/Noncommunicable-Diseases.pdf
https://doi.org/10.1097/PHH.0000000000000373
https://doi.org/10.1093/pubmed/fdz095
https://doi.org/10.3390/ijerph18094706
https://doi.org/10.3390/ijerph18094706
https://doi.org/10.1080/19371918.2013.821360
https://doi.org/10.1186/s12992-021-00689-1
https://doi.org/10.1016/S0140-6736(17)32846-5
https://doi.org/10.1016/j.crsus.2024.100054
https://doi.org/10.1016/j.taap.2022.116089
https://doi.org/10.1016/j.taap.2022.116089
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.2174/138161210790883868
https://doi.org/10.1007/s10522-023-10050-1
https://doi.org/10.1007/s10522-023-10050-1
https://doi.org/10.3389/fneur.2019.00533
https://doi.org/10.1079/PHN2002394
https://doi.org/10.3945/an.116.014738
https://doi.org/10.1016/S0140-6736(23)01290-4
https://doi.org/10.1016/S0140-6736(23)01290-4
https://doi.org/10.1111/bph.14778
https://doi.org/10.1056/NEJMc1306659
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2745
https://doi.org/10.3390/nu9111226
https://doi.org/10.1371/journal.pone.0174679
https://doi.org/10.1080/10408398.2020.1832954
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2740
https://doi.org/10.6133/apjcn.202203_31(1).0001
https://doi.org/10.1002/mnfr.200600158
https://doi.org/10.1002/mnfr.200600158
https://doi.org/10.1007/BF02912889
https://doi.org/10.1177/153537020222701012
https://doi.org/10.1002/mnfr.201600685
https://doi.org/10.1002/mnfr.201600685
https://doi.org/10.5281/zenodo.1109297
https://doi.org/10.1007/s43450-022-00250-0
https://doi.org/10.1007/s43450-022-00250-0
https://doi.org/10.1021/jf0115589
https://doi.org/10.3945/ajcn.110.008375
https://doi.org/10.1093/ajcn/68.6.1187
https://doi.org/10.1038/sj.ejcn.1602510
https://doi.org/10.1038/sj.ejcn.1602510
https://doi.org/10.3945/an.114.005231
https://doi.org/10.1017/S095442242300029X
https://doi.org/10.1016/j.abb.2015.02.018
https://doi.org/10.1016/j.abb.2015.02.018

Natali et al.

43. Mohri S, Takahashi H, Sakai M, Takahashi S, Waki N, Aizawa K, et al. Wide-range
screening of anti-inflammatory compounds in tomato using LC-MS and elucidating the
mechanism of their functions. PLoS One. (2018) 13:¢0191203. doi: 10.1371/journal.
pone.0191203

44. Applegate C, Rowles J3rd, Miller R, Wallig M, Clinton S, O’Brien W, et al. Dietary
tomato, but not lycopene supplementation, impacts molecular outcomes of castration-
resistant prostate cancer in the TRAMP model (P05-015-19). Curr Dev Nutr. (2019)
3:n22030.P05-015-19. doi: 10.1093/cdn/nzz030.P05-015-19

45. Canene-Adams K, Campbell JK, Zaripheh S, Jeffery EH, Erdman JW]Jr. The tomato
as a functional food. J Nutr. (2005) 135:1226-30. doi: 10.1093/jn/135.5.1226

46. Rowles JL3rd, Erdman JW]Jr. Carotenoids and their role in cancer prevention.
Biochim Biophys Acta Mol Cell Biol Lipids. (2020) 1865:158613. doi: 10.1016/j.
bbalip.2020.158613

47. Tamanna N, Mahmood N. Food processing and Maillard reaction products: effect
on human health and nutrition. Int ] Food Sci. (2015) 2015:526762. doi:
10.1155/2015/526762

48.Shafe MO, Gumede NM, Nyakudya TT, Chivandi E. Lycopene: A potent
antioxidant with multiple health benefits. ] Nutr Metab. (2024) 2024:6252426. doi:
10.1155/2024/6252426

49. Widjaja G, Doewes RI, Rudiansyah M, Sultan MQ, Ansari MJ, Izzat SE, et al. Effect
of tomato consumption on inflammatory markers in health and disease status: A
systematic review and meta-analysis of clinical trials. Clin Nutr ESPEN. (2022)
50:93-100. doi: 10.1016/j.clnesp.2022.04.019

50. Mazidi M, Katsiki N, George ES, Banach M. Tomato and lycopene consumption
is inversely associated with total and cause-specific mortality: a population-based cohort
study, on behalf of the international lipid expert panel (ILEP). Br J Nutr. (2020)
124:1303-10. doi: 10.1017/S0007114519002150

51.Li N, Wu X, Zhuang W, Xia L, Chen Y, Wu C, et al. Tomato and lycopene and
multiple health outcomes: umbrella review. Food Chem. (2021) 343:128396. doi:
10.1016/j.foodchem.2020.128396

52.Li M, Xia Q, Zhang H, Zhang R, Yang J. Metabolic engineering of different
microbial hosts for lycopene production. J Agric Food Chem. (2020) 68:14104-22. doi:
10.1021/acs.jafc.0c06020

53.Liang X, Ma C, Yan X, Liu X, Liu F Advances in research on bioactivity,
metabolism, stability and delivery systems of lycopene. Trends Food Sci Technol. (2019)
93:185-96. doi: 10.1016/j.tifs.2019.08.019

54. Mordor Intelligence (2023). Tomato market size & share analysis - growth trends
& forecasts (2024-2029). Available at: https://www.mordorintelligence.com/industry-
reports/tomato-market (Accessed October 25, 2024).

55. Unlu NZ, Bohn T, Francis DM, Nagaraja HN, Clinton SK, Schwartz SJ. Lycopene
from heat-induced cis-isomer-rich tomato sauce is more bioavailable than from all-
trans-rich tomato sauce in human subjects. Br ] Nutr. (2007) 98:140-6. doi: 10.1017/
$0007114507685201

56. Vitucci D, Amoresano A, Nunziato M, Muoio S, Alfieri A, Oriani G, et al.
Nutritional controlled preparation and administration of different tomato purées
indicate increase of p-carotene and lycopene isoforms, and of antioxidant potential in
human blood bioavailability: a pilot study. Nutrients. (2021) 13:1336. doi: 10.3390/
nul3041336

57. Pannellini T, Iezzi M, Liberatore M, Sabatini F, Tacobelli S, Rossi C, et al. A dietary
tomato supplement prevents prostate cancer in TRAMP mice. Cancer Prev Res. (2010)
3:1284-91. doi: 10.1158/1940-6207.CAPR-09-0237

58. Fogliano V., Tacobelli S., Piantelli M. (2013). Tomato power-based composition.
Euro patent no 3 052 113 B1, no 68843 2018-2019. Italian Health Ministry. Available at:
https://worldwide.espacenet.com/patent/search/family/049226079/publication/
EP3052113A12q=3052113 (Accessed October 25, 2024).

59. Natali PG, Piantelli M, Minacori M, Eufemi M, Imberti L. Improving whole
tomato transformation for prostate health: benign prostate hypertrophy as an
exploratory model. Int ] Mol Sci. (2023) 24:5795. doi: 10.3390/ijms24065795

60. Gholami F, Antonio ], Evans C, Cheraghi K, Rahmani L, Amirnezhad F. Tomato
powder is more effective than lycopene to alleviate exercise-induced lipid peroxidation
in well-trained male athletes: randomized, double-blinded cross-over study. J Int Soc
Sports Nutr. (2021) 18:17. doi: 10.1186/s12970-021-00415-7

61.Piroddi M, Albini A, Fabiani R, Giovannelli L, Luceri C, Natella F, et al.
Nutrigenomics of extra-virgin olive oil: a review. Biofactors. (2017) 43:17-41. doi:
10.1002/biof.1318

62. Peroulis N, Androutsopoulos VP, Notas G, Koinaki S, Giakoumaki E, Spyros A,
et al. Significant metabolic improvement by a water extract of olives: animal and human
evidence. Eur ] Nutr. (2019) 58:2545-60. doi: 10.1007/s00394-018-1807-x

63. Pounis G, Bonaccio M, Di Castelnuovo A, Costanzo S, de Curtis A, Persichillo M,
et al. Polyphenol intake is associated with low-grade inflammation, using a novel data
analysis from the Moli-sani study. Thromb Haemost. (2016) 115:344-52. doi: 10.1160/
TH15-06-0487

64. Toma RB, Frank GC, Nakayama K, Tawfik E. Lycopene content in raw tomato
varieties and tomato products. ] Food. (2008) 19:127-32.  doi:
10.1111/j.1745-4506.2008.00094.x

Frontiers in Nutrition

10.3389/fnut.2025.1519905

65. Graziani G, Pernice R, Lanzuise S, Vitaglione P, Anese M, Fogliano V. Effect of
peeling and heating on carotenoid content and antioxidant activity of tomato and
tomato-virgin olive oil systems. Eur Food Res Technol. (2003) 216:116-21. doi: 10.1007/
500217-002-0626-7

66. Rubini E, Minacori M, Paglia G, Macone A, Chichiarelli S, Altieri F, et al. Tomato
and olive bioactive compounds: A natural shield against the cellular effects induced by
B-hexachlorocyclohexane-activated signaling pathways. Molecules. (2021) 26:7135. doi:
10.3390/molecules26237135

67. Szabo K, Catoi AF, Vodnar DC. Bioactive compounds extracted from tomato
processing by-products as a source of valuable nutrients (2018) Plant Foods Hum Nutr,
73:268-77. doi: 10.1007/s11130-018-0691-0

68. Islam Z, Islam SMR, Hossen F, Mahtab-Ul-Islam K, Hasan MR, Karim R. Moringa
oleifera is a prominent source of nutrients with potential health benefits. Int ] Food Sci.
(2021) 2021:6627265. doi: 10.1155/2021/6627265

69. Soares NDCP, Elias MB, Lima Machado C, Trindade BB, Borojevic R, Teodoro AJ.
Comparative analysis of lycopene content from different tomato-based food products
on the cellular activity of prostate cancer cell lines. Food Secur. (2019) 8:201. doi:
10.3390/foods8060201

70. Romano R, De Luca L, Manzo N, Pizzolongo E Aiello A. A new type of tomato
puree with high content of bioactive compounds from 100% whole fruit. J Food Sci.
(2020) 85:3264-72. doi: 10.1111/1750-3841.15423

71. Vitaglione P, Fogliano V, Stingo S, Scalfi L, Caporaso N, Morisco F. Development
of a tomato-based food for special medical purposes as therapy adjuvant for patients
with HCV infection. Eur J Clin Nutr. (2007) 61:906-15. doi: 10.1038/sj.¢jcn.1602571

72. European Food Safety Authority (EFSA). Safety of synthetic lycopene - scientific
opinion of the panel on scientific panel on dietetic products, nutrition and allergies.
EFSA J. (2008) 6:676. doi: 10.2903/j.efsa.2008.676

73. Johnson EJ, Qin J, Krinsky NI, Russell RM. Ingestion by men of a combined dose
of beta-carotene and lycopene does not affect the absorption of beta-carotene but
improves that of lycopene. J Nutr. (1997) 127:1833-7. doi: 10.1093/jn/127.9.1833

74. Yang C, Zhang S, Shi R, Yu J, Li S, Tao G, et al. LC-MS/MS for simultaneous
detection and quantification of Amadori compounds in tomato products and dry foods
and factors affecting the formation and antioxidant activities. J Food Sci. (2020)
85:1007-17. doi: 10.1111/1750-3841.14979

75. Matsuda T. The physiological and pathophysiological role of IL-6/STAT3-mediated
signal transduction and STAT3 binding partners in therapeutic applications. Biol Pharm
Bull. (2023) 46:364-78. doi: 10.1248/bpb.b22-00887

76. Marrocco I, Altieri F, Rubini E, Paglia G, Chichiarelli S, Giamogante F, et al. Shmt2:
a Stat3 signaling new player in prostate cancer energy metabolism. Cells. (2019) 8:1048.
doi: 10.3390/cells8091048

77.Kruslin B, Tomas D, DZombeta T, Milkovi¢-Perisa M, Ulamec M. Inflammation
in prostatic hyperplasia and carcinoma-basic scientific approach. Front Oncol. (2017)
7:77. doi: 10.3389/fonc.2017.00077

78.Cormio L, Cald B, Falagario U, Iezzi M, Lamolinara A, Vitaglione P, et al.
Improvement of urinary tract symptoms and quality of life in benign prostate
hyperplasia patients associated with consumption of a newly developed whole tomato-
based food supplement: a phase II prospective, randomized double-blinded, placebo-
controlled study. J Transl Med. (2021) 19:24. doi: 10.1186/s12967-020-02684-3

79. Quiros-Roldan E, Carriero C, Paghera S, Degli Antoni M, Fiorini C, Quaresima
V, et al. Symptoms and quality of life in HIV-infected patients with benign prostatic
hyperplasia are improved by the consumption of a newly developed whole tomato-based
food supplement. A phase II prospective, randomized double-blinded, placebo-
controlled study. ] Funct Foods. (2021) 82:104495. doi: 10.1016/j.jff.2021.104495

80. Concha-Meyer A, Palomo I, Plaza A, Gadioli Tarone A, Mardstica Junior MR,
Séyago-Ayerdi SG, et al. Platelet anti-aggregant activity and bioactive compounds of
ultrasound-assisted extracts from whole and seedless tomato pomace. Food Secur. (2020)
9:1564. doi: 10.3390/foods9111564

81. Fuentes E, Forero-Doria O, Carrasco G, Maricén A, Santos LS, Alarcon M, et al.
Effect of tomato industrial processing on phenolic profile and antiplatelet activity.
Molecules. (2013) 18:11526-36. doi: 10.3390/molecules180911526

82. Krasinska B, Osiniska A, Osinski M, Krasinska A, Rzymski P, Tykarski A, et al.
Standardised tomato extract as an alternative to acetylsalicylic acid in patients with
primary hypertension and high cardiovascular risk - a randomised, controlled trial. Arch
Med Sci. (2018) 14:773-80. doi: 10.5114/a0ms.2017.69864

83.O'Kennedy N, Crosbie L, Song HJ, Zhang X, Horgan G, Duttaroy AK. A
randomised controlled trial comparing a dietary antiplatelet, the water-soluble tomato
extract Fruitflow, with 75 mg aspirin in healthy subjects. Eur J Clin Nutr. (2017)
71:723-30. doi: 10.1038/ejcn.2016.222

84. Rodriguez-Azla R, Treuer A, Moore-Carrasco R, Cortacins D, Gutiérrez M,
Astudillo L, et al. Effect of tomato industrial processing (different hybrids, paste, and
pomace) on inhibition of platelet function in vitro, ex vivo, and in vivo. ] Med Food.
(2014) 17:505-11. doi: 10.1089/jmf.2012.0243

85. Pulcinelli E Curreli M, Natali PG, Quaresima V, Imberti L, Piantelli M.
Development of the whole tomato and olive-based food supplement enriched with anti-
platelet  aggregating nutrients. Nutr  Health. (2023) 29:193-7. doi:
10.1177/02601060221135334

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519905
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0191203
https://doi.org/10.1371/journal.pone.0191203
https://doi.org/10.1093/cdn/nzz030.P05-015-19
https://doi.org/10.1093/jn/135.5.1226
https://doi.org/10.1016/j.bbalip.2020.158613
https://doi.org/10.1016/j.bbalip.2020.158613
https://doi.org/10.1155/2015/526762
https://doi.org/10.1155/2024/6252426
https://doi.org/10.1016/j.clnesp.2022.04.019
https://doi.org/10.1017/S0007114519002150
https://doi.org/10.1016/j.foodchem.2020.128396
https://doi.org/10.1021/acs.jafc.0c06020
https://doi.org/10.1016/j.tifs.2019.08.019
https://www.mordorintelligence.com/industry-reports/tomato-market
https://www.mordorintelligence.com/industry-reports/tomato-market
https://doi.org/10.1017/S0007114507685201
https://doi.org/10.1017/S0007114507685201
https://doi.org/10.3390/nu13041336
https://doi.org/10.3390/nu13041336
https://doi.org/10.1158/1940-6207.CAPR-09-0237
https://worldwide.espacenet.com/patent/search/family/049226079/publication/EP3052113A1?q=3052113
https://worldwide.espacenet.com/patent/search/family/049226079/publication/EP3052113A1?q=3052113
https://doi.org/10.3390/ijms24065795
https://doi.org/10.1186/s12970-021-00415-7
https://doi.org/10.1002/biof.1318
https://doi.org/10.1007/s00394-018-1807-x
https://doi.org/10.1160/TH15-06-0487
https://doi.org/10.1160/TH15-06-0487
https://doi.org/10.1111/j.1745-4506.2008.00094.x
https://doi.org/10.1007/s00217-002-0626-7
https://doi.org/10.1007/s00217-002-0626-7
https://doi.org/10.3390/molecules26237135
https://doi.org/10.1007/s11130-018-0691-0
https://doi.org/10.1155/2021/6627265
https://doi.org/10.3390/foods8060201
https://doi.org/10.1111/1750-3841.15423
https://doi.org/10.1038/sj.ejcn.1602571
https://doi.org/10.2903/j.efsa.2008.676
https://doi.org/10.1093/jn/127.9.1833
https://doi.org/10.1111/1750-3841.14979
https://doi.org/10.1248/bpb.b22-00887
https://doi.org/10.3390/cells8091048
https://doi.org/10.3389/fonc.2017.00077
https://doi.org/10.1186/s12967-020-02684-3
https://doi.org/10.1016/j.jff.2021.104495
https://doi.org/10.3390/foods9111564
https://doi.org/10.3390/molecules180911526
https://doi.org/10.5114/aoms.2017.69864
https://doi.org/10.1038/ejcn.2016.222
https://doi.org/10.1089/jmf.2012.0243
https://doi.org/10.1177/02601060221135334

Natali et al.

86. Zhou Z, Gushiken FC, Bolgiano D, Salsbery BJ, Aghakasiri N, Jing N, et al. Signal
transducer and activator of transcription 3 (STAT3) regulates collagen-induced platelet
aggregation independently of its transcription factor activity. Circulation. (2013)
127:476-85. doi: 10.1161/CIRCULATIONAHA.112.132126

87. Zara M, Guidetti GE. Editorial: platelets and their multi-faceted roles in health and
disease. Front Mol Biosci. (2024) 11:1375090. doi: 10.3389/fmolb.2024.1375090

88. Hedayati N, Naeini MB, Nezami A, Hosseinzadeh H, Wallace Hayes A, Hosseini
S, et al. Protective effect of lycopene against chemical and natural toxins: a review.
Biofactors. (2019) 45:5-23. doi: 10.1002/biof.1458

89. Tripathi V, Edrisi SA, Chaurasia R, Pandey KK, Dinesh D, Srivastava R, et al.
Restoring HCHs polluted land as one of the priority activities during the UN-
international decade on ecosystem restoration (2021-2030): a call for global action. Sci
Total Environ. (2019) 689:1304-15. doi: 10.1016/j.scitotenv.2019.06.444

90. Fernédndez-Bedmar Z, Anter J, Alonso Moraga A. Anti/genotoxic, longevity
inductive, cytotoxic, and clastogenic-related bioactivities of tomato and lycopene.
Environ Mol Mutagen. (2018) 59:427-37. doi: 10.1002/em.22185

91.US. Environmental Protection Agency (2000). Lindane (Gamma-
Hexachlorocyclohexane). Available at: https://www.epa.gov/sites/default/files/2016-09/
documents/lindane.pdf (Accessed October 25, 2024).

92. Vijgen J, Aliyeva G, Weber R. The forum of the international HCH and pesticides
association--a platform for international cooperation. Environ Sci Pollut Res Int. (2013)
20:2081-6. doi: 10.1007/s11356-012-1170-z

93. Perrone P, Lettieri G, Marinaro C, Longo V, Capone S, Forleo A, et al. Molecular
alterations and severe abnormalities in spermatozoa of young men living in the "valley
of Sacco river" (Latium, Italy): a preliminary study. Int ] Environ Res Public Health.
(2022) 19:11023. doi: 10.3390/ijerph191711023

94. Montano L, Maugeri A, Volpe MG, Micali S, Mirone V, Mantovani A, et al.
Mediterranean diet as a shield against male infertility and cancer risk induced by
environmental pollutants: a focus on flavonoids. Int ] Mol Sci. (2022) 23:1568. doi:
10.3390/ijms23031568

95. Salehi B, Sharifi-Rad R, Sharopov F, Namiesnik J, Roointan A, Kamle M, et al.
Beneficial effects and potential risks of tomato consumption for human health: an
overview. Nutrition. (2019) 62:201-8. doi: 10.1016/j.nut.2019.01.012

96. Guo W, Huang D, Li S. Lycopene alleviates oxidative stress-induced cell injury in
human vascular endothelial cells by encouraging the SIRT1/Nrf2/HO-1 pathway. Clin
Exp Hypertens. (2023) 45:2205051. doi: 10.1080/10641963.2023.2205051

97. Cloud GC, Williamson JD, Thao LTP, Tran C, Eaton CB, Wolfe R, et al. Low-dose
aspirin and the risk of stroke and intracerebral bleeding in healthy older people:
secondary analysis of a randomized clinical trial. JAMA Netw Open. (2023) 6:¢2325803.
doi: 10.1001/jamanetworkopen.2023.25803

98. Leh HE, Lee LK. Lycopene: a potent antioxidant for the amelioration of type IT
diabetes mellitus. Molecules. (2022) 27:2335. doi: 10.3390/molecules27072335

99.Zeng Z, He W, Jia Z, Hao S. Lycopene improves insulin sensitivity through
inhibition of STAT3/Srebp-1c-mediated lipid accumulation and inflammation in mice
fed a high-fat diet. Exp Clin Endocrinol Diabetes. (2017) 125:610-7. doi:
10.1055/s-0043-101919

100. Petyaev IM. Lycopene deficiency in ageing and cardiovascular disease. Oxidative
Med Cell Longev. (2016) 2016:3218605. doi: 10.1155/2016/3218605

101. Clemente-Suérez VJ, Beltran-Velasco AI, Redondo-Flérez L, Martin-Rodriguez
A, Tornero-Aguilera JE. Global impacts of western diet and its effects on metabolism
and health: a narrative review. Nutrients. (2023) 15:2749. doi: 10.3390/nul15122749

102. Bonaccio M, Costanzo S, Di Castelnuovo A, Gialluisi A, Ruggiero E, De Curtis
A, et al. Increased adherence to a mediterranean diet is associated with reduced low-
grade inflammation after a 12.7-year period: results from the Moli-sani study. ] Acad
Nutr Diet. (2023) 123:783-795.e7. doi: 10.1016/j.jand.2022.12.005

103. Clark JS, Dyer KA, Davis CR, Shivappa N, Hébert JR, Woodman R, et al.
Adherence to a mediterranean diet for 6 months improves the dietary inflammatory
index in a western population: results from the MedLey study. Nutrients. (2023) 15:366.
doi: 10.3390/nu15020366

104. Hoffman R, Gerber M. Food processing and the mediterranean diet. Nutrients.
(2015) 7:7925-64. doi: 10.3390/nu7095371

105. Xu X, Li S, Zhu Y. Dietary intake of tomato and lycopene and risk of all-cause
and cause-specific mortality: results from a prospective study. Front Nutr. (2021)
8:684859. doi: 10.3389/fnut.2021.684859

106. Buscemi S. What are the determinants of adherence to the mediterranean diet?
Int ] Food Sci Nutr. (2021) 72:143-4. doi: 10.1080/09637486.2021.1889995

107. Bonaccio M, di A, Pounis G, Costanzo S, Persichillo M, Cerletti C, et al. High
adherence to the Mediterranean diet is associated with cardiovascular protection in
higher but not in lower socioeconomic groups: prospective findings from the Moli-sani
study. Int ] Epidemiol. (2017) 46:1478-87. doi: 10.1093/ije/dyx145

Frontiers in Nutrition

09

10.3389/fnut.2025.1519905

108. Council of Europe (2008). Homeostasis, a model to distinguish between foods
(including food supplements) and medical products. Available at: https://www.dgav.pt/
wp-content/uploads/2021/04/LINK-10-Homeostasis.pdf (Accessed on October
25,2024).

109. Liu D, Shoag JE, Poliak D, Goueli RS, Ravikumar V, Redmond D, et al. Integrative
multiplatform molecular profiling of benign prostatic hyperplasia identifies distinct
subtypes. Nat Commun. (2020) 11:1987. doi: 10.1038/s41467-020-15913-6

110. Er V, Lane JA, Martin RM, Emmett P, Gilbert R, Avery KN, et al. Adherence to
dietary and lifestyle recommendations and prostate cancer risk in the prostate testing
for cancer and treatment (ProtecT) trial. Cancer Epidemiol Biomarkers Prev. (2014)
23:2066-77. doi: 10.1158/1055-9965.EPI-14-0322

111. Bulotta S, Celano M, Lepore SM, Montalcini T, Pujia A, Russo D. Beneficial
effects of the olive oil phenolic components oleuropein and hydroxytyrosol: focus on
protection against cardiovascular and metabolic diseases. J Transl Med. (2014) 12:219.
doi: 10.1186/s12967-014-0219-9

112. Mrowicka M, Mrowicki ], Kucharska E, Majsterek I. Lutein and zeaxanthin and
their roles in age-related macular degeneration-neurodegenerative disease. Nutrients.
(2022) 14:827. doi: 10.3390/nu14040827

113. Pan American Health Organization (2018). Economics of noncommunicable
diseases. Available at: https://www.paho.org/en/topics/economics-ncds [Accessed on
October 25, 2024].

114. World Cancer Research Fund International (2014). The link between food,
nutrition, diet and non-communicable disease. Available at: https://www.wcrf.org/wp-
content/uploads/2021/07/WCRF-NCD-A4-WEB.pdf (Accessed on October 25, 2024).

115. Mattavelli E, Olmastroni E, Bonofiglio D, Catapano AL, Baragetti A, Magni P.
Adherence to the mediterranean diet: impact of geographical location of the
observations. Nutrients. (2022) 14:2040. doi: 10.3390/nu14102040

116. Colao A, Vetrani C, Muscogiuri G, Barrea L, Tricopoulou A, Soldati L, et al.
"Planeterranean” diet: extending worldwide the health benefits of mediterranean diet
based on nutritional properties of locally available foods. J Transl Med. (2022) 20:232.
doi: 10.1186/s12967-022-03433-4

117. Ruiz-Rodriguez A, Marin FR, Ocafa A, Soler-Rivas C. Effect of domestic
processing on bioactive compounds. Phytochem Rev. (2008) 7:345-84. doi: 10.1007/
s11101-007-9073-1

118. Ritchie H., Rosado P,, Roser M. (2023). Agricultural production. Available at:
OurWorldinData.org. https://ourworldindata.org/agricultural-production (Accessed
October 25, 2024).

119. Bhattarai K, Sharma S, Panthee DR. Diversity among modern tomato genotypes
at different levels in fresh-market breeding. Int | Agron. (2018) 2018:1-15. doi:
10.1155/2018/4170432

120. Branthome E-X. (2020). Worldwide consumption of tomato products, 2018/2019
(part 1). 2020 WPTC Congress. aVAILABLE AT: https://www.tomatonews.com/en/
worldwide-consumption-of-tomato-products-20182019-part-1_2_994.html (Accessed
October 25, 2024).

121. Erika C, Ulrich D, Naumann M, Smit I, Horneburg B, Pawelzik E. Flavor and
other quality traits of tomato cultivars bred for diverse production systems as revealed
in organic low-input management. Front Nutr. (2022) 9:916642. doi: 10.3389/
fnut.2022.916642

122. Hanson C. (2023). All recipes. Available at: http://www.allrecipes.com/gallery/
world-recipes-for-fresh-tomatoes/ (Accessed October 25, 2024).

123. Sainju UM, Singh BP, Rahman S, Reddy VR. Tillage, cover cropping, and
nitrogen fertilization influence tomato yield and nitrogen uptake. HortScience. (2000)
35:217-21. doi: 10.21273/HORTSCI.35.2.217

124. Trombino S, Cassano R, Procopio D, Di Gioia ML, Barone E. Valorization of
tomato waste as a source of carotenoids. Molecules. (2021) 26:5062. doi: 10.3390/
molecules26165062

125. Madia VN, de D, Ialongo D, Tudino V, de A, Scipione L, et al. Recent advances
in recovery of lycopene from tomato waste: a potent antioxidant with endless benefits.
Molecules. (2021) 26:4495. doi: 10.3390/molecules26154495

126. Salem NM, Albanna LS, Awwad AM. Toxic heavy metals accumulation in tomato
plant (Solanum lycopersicum). ARPN ] Agric Biol Sci. (2016) 11:399-404.

127. LiY, Wang H, Zhang Y, Martin C. Can the world's favorite fruit, tomato, provide
an effective biosynthetic chassis for high-value metabolites? Plant Cell Rep. (2018)
37:1443-50. doi: 10.1007/s00299-018-2283-8

128. 1li¢ ZS, Kapoulas N, Suni¢ L, Bekovi¢ D, Mirecki N. Heavy metals and nitrate
content in tomato fruit grown in organic and conventional production systems. Pol J
Environ Stud. (2014) 23:2027-32. doi: 10.15244/pjoes/23922

129. Abou-Arab AAK. Behavior of pesticides in tomatoes during commercial and
home preparation. Food Chem. (1999) 65:509-14. doi: 10.1016/
S0308-8146(98)00231-3

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519905
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1161/CIRCULATIONAHA.112.132126
https://doi.org/10.3389/fmolb.2024.1375090
https://doi.org/10.1002/biof.1458
https://doi.org/10.1016/j.scitotenv.2019.06.444
https://doi.org/10.1002/em.22185
https://www.epa.gov/sites/default/files/2016-09/documents/lindane.pdf
https://www.epa.gov/sites/default/files/2016-09/documents/lindane.pdf
https://doi.org/10.1007/s11356-012-1170-z
https://doi.org/10.3390/ijerph191711023
https://doi.org/10.3390/ijms23031568
https://doi.org/10.1016/j.nut.2019.01.012
https://doi.org/10.1080/10641963.2023.2205051
https://doi.org/10.1001/jamanetworkopen.2023.25803
https://doi.org/10.3390/molecules27072335
https://doi.org/10.1055/s-0043-101919
https://doi.org/10.1155/2016/3218605
https://doi.org/10.3390/nu15122749
https://doi.org/10.1016/j.jand.2022.12.005
https://doi.org/10.3390/nu15020366
https://doi.org/10.3390/nu7095371
https://doi.org/10.3389/fnut.2021.684859
https://doi.org/10.1080/09637486.2021.1889995
https://doi.org/10.1093/ije/dyx145
https://www.dgav.pt/wp-content/uploads/2021/04/LINK-10-Homeostasis.pdf
https://www.dgav.pt/wp-content/uploads/2021/04/LINK-10-Homeostasis.pdf
https://doi.org/10.1038/s41467-020-15913-6
https://doi.org/10.1158/1055-9965.EPI-14-0322
https://doi.org/10.1186/s12967-014-0219-9
https://doi.org/10.3390/nu14040827
https://www.paho.org/en/topics/economics-ncds
https://www.wcrf.org/wp-content/uploads/2021/07/WCRF-NCD-A4-WEB.pdf
https://www.wcrf.org/wp-content/uploads/2021/07/WCRF-NCD-A4-WEB.pdf
https://doi.org/10.3390/nu14102040
https://doi.org/10.1186/s12967-022-03433-4
https://doi.org/10.1007/s11101-007-9073-1
https://doi.org/10.1007/s11101-007-9073-1
http://OurWorldinData.org
https://ourworldindata.org/agricultural-production
https://doi.org/10.1155/2018/4170432
https://www.tomatonews.com/en/worldwide-consumption-of-tomato-products-20182019-part-1_2_994.html
https://www.tomatonews.com/en/worldwide-consumption-of-tomato-products-20182019-part-1_2_994.html
https://doi.org/10.3389/fnut.2022.916642
https://doi.org/10.3389/fnut.2022.916642
http://www.allrecipes.com/gallery/world-recipes-for-fresh-tomatoes/
http://www.allrecipes.com/gallery/world-recipes-for-fresh-tomatoes/
https://doi.org/10.21273/HORTSCI.35.2.217
https://doi.org/10.3390/molecules26165062
https://doi.org/10.3390/molecules26165062
https://doi.org/10.3390/molecules26154495
https://doi.org/10.1007/s00299-018-2283-8
https://doi.org/10.15244/pjoes/23922
https://doi.org/10.1016/S0308-8146(98)00231-3
https://doi.org/10.1016/S0308-8146(98)00231-3

	A step forward in enhancing the health-promoting properties of whole tomato as a functional food to lower the impact of non-communicable diseases
	1 Introduction
	2 Dietary nutrients and NCDs
	3 Tomato as a major source of dietary antioxidants
	3.1 Ongoing strategies to improve tomato as FF
	3.2 Properties of the new WTFS compared with tomato-based commodities

	4 Potential areas of investigation using WTFS
	5 Discussion

	References

