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An Updated Overview on Lycopene Fame as a Potential Antioxidant Agent



Abstract 
Lycopene, a prominent carotenoid abundantly found in various fruits and vegetables, has garnered significant consideration for its potential as an antioxidant agent. This abstract provides an updated overview of the growing recognition of lycopene's antioxidant assets and its implications for human health. Its role as a potent antioxidant has been linked to its ability to scavenge free radicals and neutralize oxidative stress, thereby potentially preventing various degenerative diseases. These abstract highlights the increasing consumer demand for lycopene-rich foods and emphasizes the importance of incorporating such foods into a balanced diet. Moreover, it discusses the potential reimbursements of lycopene in food preservation and storage due to its antioxidant possessions. Besides, current studies have indorsed potential therapeutic applications of lycopene in combating conditions such as coronary artery disease, hypertension, and diabetes, owing to its antioxidant, anti-inflammatory, and anti-hypertensive effects. While lycopene's fame as a potential antioxidant agent continues to grow, further research is warranted to elucidate its mechanisms of action and explore its full therapeutic potential. In conclusion, this abstract underscore the importance of continued research efforts to harness the benefits of lycopene for promoting human health.
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Introduction  
Lycopene, a red carotenoid, was first discovered by Millardet in 1876 as a red pigment in tomatoes, later named “lycopene” by Schunck (Caseiro et al., 2020). Colored pigments produced naturally from plant products have drawn prodigious consideration wide-reaching (Nabi et al., 2023). Naturally occurring pigments demonstrate a variety of colors, which result from the presence of numerous phytochemicals typically found within the nutrient matrix. These pigments include orange (β-carotene), yellow-green (lutein), green (chlorophyll), and blue-purple (anthocyanin), (Bin-Jumah et al., 2022). Certainly, epidemiologic studies have unswervingly shown that diets rich in fruits and vegetables are accompanied with a reduced risk of chronic diseases, cardiovascular diseases (CVDs), cancer and its certain types. The epidemiological findings are supported by evidence from experimental studies, animal models, and clinical trials, which have provided mechanistic insights into the beneficial effects of fruits and vegetables on human health. Consequently, public health recommendations often emphasize the importance of consuming a diverse array of fruits and vegetables as part of a balanced diet to diminution the danger of chronic diseases and promote overall health and well-being.  It is estimated that approximately 50% of cancer cases and 35% of cancer deaths in the United States can be attributed to poor diet. Functional food contains bioactive ingredients known as phytochemicals. Phytochemicals or nutraceuticals may increase health and fitness. Such type of phytochemical is the carotenoid lycopene found in tomato fruit (Anna Kulawik et al., 2023).  Lycopene is a plant carotenoid that imparts red pigment to fruits and vegetables like tomatoes, watermelon, papaya, guava(pink), apricots, carrot and red bell peppers. It is naturally synthesized by plants (Desai P, 2018). Lycopene is water insoluble and solvable in organic solvents like chloroform, hexane, benzene, methylene chloride, acetone, and petroleum ether. Carotenoid pigments are synthesized in plants. Almost red and orange coloration in fruits and vegetables is accredited to this liposoluble pigment such as lycopene, chlorophyll and xanthophylls. Nevertheless this, it is similarly found in approximately non-red or non-orange plants such as asparagus and   parsley (Imran et al., 2020). It needs to be distinguished that lycopene cannot be produced in the human physique. Lycopene is absorbed and generally stored in the liver, adrenals and prostate.  Additionally, it can be also found in other body parts such as brain and skin in a minor concentration. The availability of lycopene can be reduced by several factors, for example ageing, and some of the compulsive states (Moran et al., 2013). Artificial coloring agent is mostly used in food and other industries. It has negative impact on human healthiness and destructive to the human physique such as sunset yellow, tetrazine, brilliant blue FC, Allura red etc, (Uchegbu et al., 2022).
Above mentioned fruits and vegetables form a staple part of day-to-day diet; hence it calls for a study to assess the lycopene content in the tomato and papaya varieties available in this region. The antioxidant ability of lycopene has led to promising consequences in dropping the risk of some illness. Animals and humans do not synthesize lycopene and thus depend on dietary sources (Pandya D , 2017). Additionally, lycopene has been initiated to reduce the oxidation of LDL cholesterol, a key step in the development of atherosclerosis, and help lower cholesterol levels in the blood. Incorporating lycopene-rich foods, such as tomatoes, watermelon, pink grapefruit, and papaya, into the diet can deliver noteworthy health benefits. Cooking tomatoes or processing them with a slight quantity of oil, as in the case of tomato sauce or paste, can increase the bioavailability of lycopene, making it more easily absorbed by the body. Overall, including lycopene-rich foods as part of a balanced diet can contribute to overall health and help reduce the risk of chronic diseases (Sumathy J, 2016). In the intervening time natural medications are being certain cumulative consideration due to the widespread usage of natural chemicals rather than synthetic drugs to treat ailments, and lycopene is a capable nutraceutical in treating a variability of diseases by blocking disease pathways. 
[bookmark: _Hlk189130859]Lycopene is not demolished during food processing besides its bioavailability advances and bioavailability depends on coin gestion of fat also. Previous study substantiated that lycopene has a free radical capability of quenching and it is numerous times more than β-carotene and α-tocopherol. This has contributed to the awareness of cumulative stages of lycopene in crops, predominantly           in tomatoes by genetic crosses to intensification the quantities in the diets. Naturally produced mutants of tomatoes for instance a high-pigment variety have been rummage-sale in breeding approaches to modify lycopene levels (Chauhan et al., 2011). Literature also reports that the tomato defensive e action is commonly attributed to lycopene. Still, tomato products are also sources of other composite such as vitamins A, B, and E and it is not yet vibrant which precise compounds present in tomato impart these potential benefits or whether other constituents of tomatoes and tomato foodstuffs produce advantageous effects.
Lycopene sources
Lycopene is initiated in a numerous of foods, utmost having the emblem orange or red tinge that lycopene makes available. Foods to look for with the uppermost quantities of lycopene are watermelon, tomatoes, grapefruit, papaya, and mangoes. Somewhat tomato products, such as sun-dried tomato and tomato paste, are veritably potent sources. Other foods can also add a little lycopene to your daily diet, such as asparagus, persimmons and red bell peppers (Khan et al., 2021). In addition, other new sources similar as red carrot, bitter melon, rosehip and autumn olives are among the main sources of lycopene. The fresh fruits of Autumn olive have a lycopene content which ranges from five to twenty times compared to that of tomato and its Content of lycopene knowingly vary in various tomato varieties and further fruits and                   vegetables. The content of lycopene is depending on numerous factors such as degree of maturity, temperature (lycopene pigment is transformed to beta-carotene at higher temperature up to 350 C); and soil quality (microorganisms might origin lycopene quantity to be improved approximately 36%) (Imran et al., 2020). Going to the family of terpenoids, carotenoids are a part of these secondary metabolites. Different types of variety and many ecological factors have major influences on the lycopene contents of fruits. (Figure 1). Moreover, the conditions during and after processing could lead to different variations in its content in the final products (Aziz et al., 2019). Lycopene release from the various food matrix due to processing, the entrance of dietary lipids and heat-induced isomerization from an all-trans to a cis conformation augment lycopene bioavailability or solubility. The biological availability of lycopene pigment is correspondingly affected by the dosage and the occurrence of other various colorful carotenoids, similar as β-carotene. Human organs store lycopene to varying degrees. Lycopene is mostly found in the highest concentrations in liver, testes, adrenal glands, and adipose tissues. It is                 found in lowest concentrations in the kidney, ovary, lung and prostate.
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Fig.1: Content of lycopene in food sources14 

Lycopene Structure:
Lycopene pigment is a member of carotenoids family. Lycopene structure consists of a long chain of conjugate double bonds with two open end rings (Kadam A, 2017). Lycopene structure is the longest of all carotenoid’s members with longest chain. Lycopene ([C40H56], molecular weight 536.85) is an unsaturated hydrocarbon carotenoid containing 13 carbon-carbon double bonds11 of which are conjugated and arranged in a linear array. These 11 conjugated double bonds are accountable for the vibrant red or dark red color of lycopene. Lycopene is a lipophilic compound that is insoluble in water, but soluble in organic solvents (Bunghez et al., 2011), (Fatima & Saeed, 2020), (Figure 2).
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Fig. 2: Structure of lycopene12 

Molecular weight: 536.89 Molecularformula:C40H6           
Molecular composition: C: 9.49%; H: 10.51%

Lycopene Biosynthesis in Tomato
The intricate process of lycopene manufacturing begins when chlorophyll degrades to produce white-colored leucoplast, which produces specific, red-colored pigmented organelles called chromoplast (Gutierrez V, Elisabeth E., 2018). Lycopene is synthesized in chromoplast of fruit cells. Cells in the pericarp near the epidermis synthesize advanced lycopene levels than     the inner tissues of tomatoes. Carotenoids contribute to the aroma of certain plant foods, particularly during the ripening process (Rodríguez-Bustamante & Sánchez, 2007). Full ripening in tomato takes place 40-60 days after transplanting, during chloroplast change to chromoplast and synthesis of lycopene (Daga et al., 2021). Carotenoid biosynthesis occurs by the condensation of two C20 hydrocarbon chains to form C40 compounds such as phytoene and phytofluene, which are     colorless (Anna Kulawik et al., 2023), (Fig.3). Colorless precursor such as carotenoids, phytoene and phytofluene lead to synthesis of lycopene at the breaker phase of fruits (fruit bloom                  green end breaks with red lines, <10 colour change. The biological activities of carotenoids, for example β-carotene are related in general to their ability to form vitamin                            A within the body. Since lycopene lacks the β-ionone ring structure, it cannot form vitamin A. A study by (Unlu et al., 2005) showed a similar result, whereby the consumption of tomato salsa with avocado (as lipid source) led to a 4.4- fold increase in lycopene absorption as compared with salsa without avocado. Lycopene bioavailability can be exaggerated by several factors: the disintegration of food matrix, temperature, cooking, presence of lipids, dosage and other soluble compounds including lycopene and other carotenoids also. These factors cause lycopene production from the foodstuff medium and thus improve                                     its bioavailability.
Antioxidant characteristics of carotenoids include scavenging single oxygen and peroxyl radicals, thiyl, sulfonyl, Sulphur, and NO2 radicals and giving protection to lipids from superoxide and hydroxyl radical attack. The molecules of antioxidant that prevent or quench free radical reactions and retard or inhibit cellular damage (Young & Woodside, 2001). Though the antioxidant defenses vary from species to species, the existence of the antioxidant defense is comprehensive. Antioxidants exists both in enzymatic and non- enzymatic forms in the intracellular and extracellular environment (Nimse & Pal, 2015). The composition of carotenoids in fruits and their degradation products significantly affect both aroma and the expression of flavor volatiles. Lycopene increases lemon-fragranced monoterpene aldehyde (Gutierrez & Elisabeth 2018). The lycopene bioavailability is increased in heat-processed foods. Because all-transforms are converted to the cis-form, even increasing its solubility in bile acids and cis-isomers are additional readily absorbed by assorted micelles in the colon. Cis- isomers have slighter crystal sizes than all-trans forms, which simplifies significantly simpler blood absorption of lycopene (Ozkan et al., 2023). Exploring the biosynthesis of lycopene in tomatoes from the initial conversion of Geranylgeranyl diphosphate to phytoene and further steps foremost to the formation of lycopene delivers understandings into the complexity of its production, (Figure 3).
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Fig. 3: Demonstrated lycopene biosynthesis pathway24



Lycopene Biochemistry
 	Lycopene is the most predominant carotenoid present naturally in greater amounts than β-carotene and other dietary carotenoids in plasma of human (Daga et al., 2021). Over 600 diverse carotenoids are found in nature. and these are predominantly colorful molecules, built through plants, fungi and bacteria experiencing photosynthesis (Marquès et al., 2015). Lycopene (Lyc) is present in plant (tomato, watermelon etc.) chloroplasts in microcrystalline structures formed by the linear, trans-isomer of lycopene. Heat processing assisted to enlarged lycopene bioavailability along with lycopene isomerization, creating a mixture of trans- and cis-isomers found in cooked tomato products. Lycopene, β-carotene, and lutein are among the most abundant carotenoids found in human serum and tissues. The colour of lycopene depends on its isomeric form (Story et al., 2010). Lycopene can              ensue in different forms in fresh fruit plant foods, including carotenoid-protein complexes in chloroplasts or crystalline form inside chromoplasts.
[bookmark: _Hlk189128669]Different varieties of tomatoes exhibit significant variation in both the quantity and quality of lycopene content. Lycopene quantity depends on multiform factors. Besides, it contributes on            to colour of fruits and vegetables, lycopene is recognized to have a role to absorb light during photosynthesis and accordingly protects plants from photosensitization (Aziz et al., 2019). The most important natural lycopene occurs in all-trans form. Its numerous other geometric isomer forms, mono- or poly-cis isomers can occur under conditions like high temperatures, oxygen, and catalysts. The optimal pH range for lycopene stability is 3.5 to 4.5. The carotenoids also come up with some plant food pleasant odor (Rodríguez-Bustamante & Sánchez, 2007). Nonetheless, of the number of carbons, all those carotenoids possess an isoprenoid determination. Considerably two categories of    carotenoids: hydrocarbon carotenoids and xanthophylls carotenoids. Hydrocarbon carotenoids, analogous to lycopene, are composed entirely of hydrogen and carbon molecules.  Xanthophylls, such as lutein, contain oxygen in addition to carbon and hydrogen. Several hydrocarbon carotenoids, analogous as β-carotene and α-carotene, can be enzymatically                   adhered to form vitamin A (Story et al., 2010).
Types of Antioxidants 
Antioxidants are generally considered into two groups based on their origin: natural antioxidants and synthetic antioxidants.
1. Natural Antioxidants:
 Antioxidants like natural composites that are initiate naturally in food sources such as fruits, vegetables, nuts, seeds, and whole grains. These antioxidants are often phytochemicals, which are certainly occurring compounds produced by plants to protect themselves from ecological stressors (Fernández-Mar et al., 2012). Indeed, oxidative stress acting a decisive part in the development and progression of various disorders, including cancer, Parkinson's disease, Alzheimer's disease, atherosclerosis, and heart failure. Oxidative stress occurs when there is an imbalance between the making of reactive oxygen species (ROS) and the body's ability to detoxify them or repair the resulting damage (Kontou et al., 2011).
2. Synthetic Antioxidants:
[bookmark: _Hlk183788557]Compounds such as synthetic antioxidants that are manufactured artificially and added to food, cosmetics, and other products to prevent oxidation and extend shelf life. While synthetic antioxidants can be effective at inhibiting oxidation, there is some concern about their safety and potential health risks with long-term consumption. Phenolic compounds, both natural and synthetic, are renowned for their antioxidant properties. These compounds are characterized by a hydroxyl (-OH) group attached to an aromatic ring, and their antioxidant activity stems from their capability to donate hydrogen atoms or electrons to neutralize free radicals, thereby preventing oxidative damage. Butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and tertbutyl hydroquinone (TBHQ) are indeed commonly used synthetic antioxidants in various industries, particularly in food and cosmetic products. They are added to products to prevent oxidation, which can cause spoilage, off-flavors, and potentially harmful changes in the product (Jatawa et al., 2012).
The interest in ordinary antioxidants has been steadily growing, and there are numerous ins and outs for this shift, including concerns about the safety and potential side effects of synthetic antioxidants, as well as the desire for more sustainable and environmentally friendly alternatives. Additionally, natural antioxidants often come with other health-promoting properties beyond just their antioxidant effects, (Table 1).
                        
  Table 1:  Biotic activities of lycopene in various diseases30,31,32
	Sr. No.
	Biotic assets
	Advantageous in diseases condition

	1.
	Antioxidant
	Neurodegenerative disorder 

	2.
	Antioxidant & Anti-inflammatory
	Cardiovascular disease, uveitis, Lowers blood pressure

	3.
	Systemic anti-inflammatory
	Chronic bronchitis and emphysema

	4.
	Gap junction communication
	Damage or dysfunction of the nervous system, gland cancer

	5.
	Anti- Osteoporosis
	Maintaining a balance between osteoclast and osteoblast activity

	6.
	Chronic obstructive pulmonary diseases
	Regulating oxidative stress and proinflammatory stress

	7. 
	Skin health
	Hydration, protective and antiaging purposes, Promotes collagen synthesis, improving skin elasticity




Lycopene is an Antioxidants Agents
[bookmark: _Hlk183789006]Numerous studies have identified that lycopene is among the most effective in vitro antioxidants when compared to other carotenoids. It can be concluded that the antioxidant properties of lycopene play an important part in disease prevention. Oxidation reactions are foremost for life expectancy but then yet again, they are correspondingly harmful to the cells (Antonucci et al., 2021). Indeed, the maintenance of complex systems involving multiple types of antioxidants and enzymes like glutathione, vitamins C and E, catalase, superoxide dismutase, and various peroxidases is crucial for the health and survival of both plants and animals. These components play integral roles in combating oxidative stress, which arises from the production of reactive oxygen species (ROS) during cellular metabolism. Low levels of antioxidants, or inhibition of antioxidant enzymes, causes oxidative stress and damages or kill cells (Sunitha D, 2016). Lycopene is a biologically active phytochemical reported in various fruit and vegetables. Reactive oxygen species (ROS) are oxygen-containing molecules that have the potential to generate free radicals such as superoxide, oxygen radicals, peroxyl radical etc. Over production                  of ROS results in a condition recognized as oxidative stress, which has been linked to both cancer and cardiovascular disease (Oxidative stress is an imperative risk factor for various diseases.
Dietary consumption of carotenoids, including lycopene, has been accompanying with reducing oxidative stress in human beings. Oxidative stress happens when there is an unevenness between the production of reactive oxygen species (ROS) and the body's ability to neutralize them with antioxidants. This imbalance can lead to damage to cells, proteins, DNA and is implicated in various chronic diseases, including cancer, cardiovascular disease, and neuro degenerative disorders (Franco et al., 2021). Naturally produced several free radicals in the body through normal metabolism of carbohydrates, amino acids and fats. Other factors known to increase free radicals in our body include chronic diseases, smoking, environmental poisons, alcohol and ionizing radiation etc. Excessive production of free radicals can affect oxidative stress a deleterious process that damages the cell and cell structure. Lycopene can ameliorate the cellular antioxidant security system through the regeneration of the non-enzymatic antioxidants such as vitamins E and C, from their radicals. In fact, it is believed that lycopene   can protect vitamin E (Kong et al., 2010).
Chemical compounds such as antioxidants that can bind to free oxygen radicals thwarting these radicals from damaging healthy cells whereas pro-antioxidant act indirectly either by modulation of direct agents or by regulation of the biosynthesis of antioxidant proteins (Nurul & R. Asmah, 2012). Antioxidants can be functioning in the inhibition and/or treatment of chronic                        diseases, blocking or slowing down the responses of biomolecules with free radicals by transferring electrons to free radicals and inhibiting the oxidative process (Losada-Barreiro et al., 2022). This phenomenon some pigments found in natural foods may offer protection against certain toxins through their antioxidant and detoxifying properties, their effects are not absolute and may vary depending on the toxin and individual factors (Hedayati et al., 2018). Carotenoids are also significant for male fertility. Sperm is susceptible to oxidative damage from the various reactive oxygen species. The isomerization of lycopene, particularly in the presence of lipids, can enhance its bioavailability. Isomerization refers to the rearrangement of atoms within a molecule, leading to different structural forms (isomers) of the compound. In the case of lycopene, isomerization can result in changes to its molecular structure, potentially increasing its solubility and absorption. Studies have indeed shown that processing tomatoes with corn oil, which likely facilitates the isomerization of lycopene, can significantly enhance the bioavailability of lycopene compared to fresh tomatoes combined with corn oil. This increased bioavailability means that more lycopene is absorbed and utilized by the body, potentially enhancing its health benefits, including its protective effects against degenerative diseases (Gutierrez V, Elisabeth E., 2018). Hypertension, a ‘silent killer,’ is a disorder in which indications are not observed until a more advanced and a fatal stage is reached. The antioxidant belongings of lycopene have attracted scientific research into its protective part in hypertension. A current study showed lycopene supplementation of 15 mg/ day for 8 weeks suggestively decreased systolic blood pressures from baseline values to 144mm Hg to 134 mm Hg in slightly hypertensive subjects. Naringenin chalcone from tomato skin has also been shown to produce anti-inflammatory effects in mice  (Escribano-Ferrer et al., 2019). These studies deliver signs that flavonoids may play a role in the health effects of tomatoes and tomato                                 products. Additional studies have demonstrated that glycoalkaloids present in tomatoes also produce multiple biological effects. In addition, contemporary investigate has suggested that water soluble components of tomatoes may reduce platelet aggregation, a risk factor for cardiovascular disease although the components present in this fraction have not been undoubtedly identified (O’Kennedy et al., 2006). Inflammation is called one of the utmost imperative key points in various cancers. Overall, the potential anti-inflammatory properties of lycopene make it an intriguing nutraceutical compound for further investigation in both preclinical and clinical cancer-related studies. However, more robust evidence from well-designed clinical trials is needed to confirm its efficacy and safety in the prevention and treatment of cancer, (Figure 4).
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Fig. 4: Nutraceutical compound (lycopene) against multiple diseased conditions, The idea of the figure is adapted from3

Recommended Dosage
[bookmark: _Hlk183789201]There is no established optimal daily dose for lycopene consumption. The concepts about lycopene consumption at a diverse level from earlier studies that would be more accommodating. For example, an in vivo study discovered that lycopene 6.5 mg per day was active         against cancer in men reported by Imran et al., 2020. Nevertheless, lycopene dose should be increased up to 10 mg/day, in the case of advanced prostate cancer (PCa). Additional studies, lycopene supplement (15 mg/day, for 12 weeks) in an old, aged population enhanced immune role through increasing natural killer cell commotion by 28 percent.
[bookmark: _Hlk158644507]Therefore, it looks that diverse lycopene prescriptions and interval of supplement can be recommended for innumerable health tenacities. Deliberating to different studies of epidemiology daily feasting of lycopene can be recommended to be 2 to 20 mg          per day (Saini et al., 2020). Food processing food stuffs from the puree and sauces of tomato industry are frequently used in the development of lycopene rich products. Previously (Toor & Savage, 2005) had conveyed that tomato cuticle (skin) confined a high quantity of lycopene. 
Tomato processing products are normally used as feed for livestock. Midst the agro-industrial by products (cereal and pulsed, oilseeds, sugar industry, textile industry, vegetables and fruits industry, and                               miscellaneous), tomato wastes are the only by-products that are rich in lycopene (Chauhan et al., 2011). Lycopene in mixture with other antioxidants such as vitamins E and C, polyphenols and other carotenoids have extensive potential for human health. Current formulations of antioxidant mixtures in the advancement of nutritional products have been in favour for their healthiness benefits. In the light of current clinical trials, a combination of      naturally taking place carotenoids, including lycopene, in food sources and supplements, is a healthier tactic to prevention of diseases and therapy, versus a solitary nutrient. Lycopene has                shown different antioxidant and anti-carcinogenic effects at cellular levels and contributes to the health welfare of consumption of tomato products. Age may be another factor                affecting lycopene absorption. The biological availability of lycopene was less in those 60–75 years of age compared to those 20–35, (Figure 5)







Fig.5: Trends of antioxidant pigment based on marketing41 .

Probable Side Effects
[bookmark: _Hlk161328578]A clinical entity specified by skin coloration i.e., pigmentation colour from yellow to pastel orange or yellowish tint is recognized as Lycopenemia. Lycopenemia is indeed a condition characterized by elevated stages of lycopene in the blood. It typically occurs due to excessive ingestion of lycopene-rich foods, such as tomatoes and tomato-based products, but it can also result from lycopene supplementation. When lycopene intake exceeds the body's capacity to metabolize and eliminate it, lycopene accumulates in various tissues, including the skin. The stratum corneum, the outermost skin layer, is particularly prone to lycopene deposition due to its high lipid content and the affinity of lycopene for lipids. Frequently, the identification of Lycopenemia is resolute by an antiquity of diet. With the changes in diet, the indications are eliminated (Shaw & Koti, 2009).
Including red-orange fruits and vegetables in your diet, which are rich sources of lycopene, during pregnancy and lactation is generally considered safe and can provide numerous health assistances for both the mother and the developing fetus or breastfeeding infant. The safety of lycopene supplementation during pregnancy is a topic of ongoing research and debate. While lycopene obtained from natural food sources, for instance fruits and vegetables, is commonly considered safe when used up as part of a balanced diet during pregnancy, the safety of lycopene supplements in pregnancy is less well-established. Accordingly, it is suggested to sidestep accompanying   lycopene in accumulation of food-borne lycopene in prenatal period and lactation phase (Kurra P, 2016)The toxicity of the carotenoids observed in both observational studies and intervention studies seems to be reliant on the several parameters. High doses of β-carotene were sophisticated than those in vegetables and fruits: the carotenoids activity can be shifted from antioxidant to prooxidant conferring to their concentration, partial pressures of oxygen, or interactions with other co-antioxidants (i.e., vitamins E and C), (Marquès et al., 2015).
While Lycopenemia itself is generally benign, it may serve as an indicator of excessive lycopene intake, which could potentially lead to other health issues. Therefore, it is essential to consume lycopene-rich foods in temperance and to be needful of lycopene supplementation to avoid excessive accumulation in the body. As always, it is recommended to look up with a health care specializing in custom-made dietary advice and management of any health concerns.
Future Directions and Collaborative Initiatives
[bookmark: _Hlk183789332][bookmark: _Hlk183789343]Research Priorities: Identifying key research areas, including multi-disciplinary collaborations, to advance the understanding of lycopene biosynthesis and its modulation for sustainable crop improvement. Genomic studies can recognize the genes and regulatory elements involved in lycopene synthesis pathways. Collaborations with geneticists and genomics experts can help in genome-wide association studies (GWAS), quantitative trait locus (QTL) mapping, and functional genomics approaches to elucidate the genetic architecture of lycopene biosynthesis.
Public-Private Partnerships: Promoting joint efforts between research institutions and industry stakeholders and governmental agencies to initiative innovation and investment in lycopene enhancement. Lycopene is a commanding antioxidant with abundant probable health benefits. Collaborative initiatives can help maximize the nutritional value of foods by enhancing their lycopene content, thereby promoting public health and wellness.
Global Impact: Envisioning the global impact of lycopene-enhanced tomatoes on public health, food security, and sustainable development, underscoring the transformative potential in agriculture. In summary, lycopene-enhanced tomatoes hold immense promise for addressing public health challenges, enhancing food security, and advancing sustainable development goals. By harnessing the transformative potential of agricultural innovation, stakeholders can produce constructive bearings that outspread far beyond the farm gate, improving lives, and fostering resilient food systems worldwide.
Conclusion
Peer group of unstable atoms, highly reactive such as free radicals and collapse of free radical scavengers are the prime source of numerous diseases. Lycopene being an almost all effective antioxidant and free radical scavenger revelations its advantageous execute in numerous illnesses. Now in this review paper, we concise chemistry of lycopene, sources, intake, biological availability and current data regarding the conceivable health effects of lycopene. Ensuring the consumption of a variability of foods will permit the individual to sample from thousands of phytochemicals that may help to neutralize an increased risk of chronic disease. There are multitudinous benefits to eating plant- based foods, especially fruits and vegetables. Lycopene, which has a lipophilic property, can be taken directly from the food or consumed as a food supplement. Lycopene, mostly extracted from tomatoes, exerts a foremost role in human wellbeing, including skin diseases. Additionally, considering that different antioxidants have a specific location in cell membranes, the mixture of lycopene with other antioxidants will offer a large eventuality for human health. Processed tomato products consumption, comprehending lycopene, is of substantial health                               benefit and can be accredited to an amalgamation of naturally occurring nutrients in tomatoes.
Future scope
[bookmark: _Hlk158644613]Consumers’ demand for vigorous food stuffs provides an opportunity to develop lycopene-rich products as innovative functional foods, as well as food-grade and pharmaceutical-grade lycopene as new nutraceutical products. The ongoing nutritional commendation to escalation the ingesting of red- orange fruits and leafy, marrow, root and many other vegetables rich in proteins, vitamins, minerals and antioxidant has generated interest in the position of lycopene in numerous preventions of diseases. Additional research is perilous to clarify the bit part of lycopene and to formulate guiding principle for hale and hearty eating and prevention from many diseases. With growing studies across the world concerning the health welfare of lycopene, the demand for the same is expected to stand up in the nutraceutical and other industries. Natural lycopene has become increasingly and progressively widespread in the previous few years. This is attributed to the circumstances that natural lycopene has witnessed increase in demand in numerous applications. Understanding the part of antioxidant (lycopene) in plants, including its involvement in stress responses and photosynthesis, sheds light on the significance of enhancing its content in tomatoes. Moreover, rise in consumer awareness about the consequence associated with synthetic complements has shifted their preference toward natural lycopene and lycopene rich fruits and vegetables, which is regarded as safe for ingesting. Metabolic engineering and breeding have lately been used specially in tomato fruits to intensification nutritional superiority of some products. 
The future scope of lycopene-rich tomatoes is multifaceted, with opportunities for innovation, health promotion, economic development, and environmental sustainability. Continued investment in research, breeding, and value chain development is essential to unlock the full potential of lycopene-rich tomatoes and realize their benefits for individuals, communities, and societies globally. The emergent science suggests that it is now time to make alimentary changes as the scientific indication continues to physique. The limited availability of tomato cultivars through high lycopene quantity poses a challenge for meeting the increasing demand for this valuable nutrient.
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