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ABSTRACT 

Black tomatoes are an emerging functional food valued for their distinctive deep purple-

black colour and superior nutritional quality. Rich in both anthocyanins and lycopene, they 

possess strong antioxidant properties that may help reduce the risk of oxidative stress-

related diseases. Developed through conventional breeding and modern biotechnological 

approaches, these tomatoes represent a significant advancement in nutritional crop 

improvement. This article highlights their origin, anthocyanin biosynthesis, health benefits, 

recent breeding innovations, consumer acceptance, and market potential. With growing 

demand for nutrient-rich foods, black tomatoes offer promising opportunities for 

sustainable agriculture, functional food development, and improved human health, making 

them an important crop for the future. 

 

INTRODUCTION  
 

lack tomatoes are transforming the 

perception of one of the world's most 

popular vegetables. Characterized by 

their deep purple to nearly black skin and rich 

nutritional composition, they are the result of 

advances in plant breeding and nutritional 

science. Unlike conventional red tomatoes, 

black tomatoes are rich in anthocyanins, a 

powerful antioxidant pigments responsible for 

their distinctive colour while also retaining 

high levels of lycopene, another potent 

antioxidant associated with cardiovascular and 

overall health. 

The rising demand for foods that provide 

benefits beyond basic nutrition has positioned 
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black tomatoes as an emerging functional 

food. Their unique combination of 

anthocyanins and lycopene offers enhanced 

antioxidant potential, helping combat 

oxidative stress linked to ageing and chronic 

diseases. In addition to their health-promoting 

properties, black tomatoes are valued for their 

attractive appearance, longer shelf life, and 

premium market appeal. Today, they are 

increasingly cultivated in Europe, North 

America, Asia, and protected cultivation 

systems in countries such as India, reflecting 

their growing importance in modern 

agriculture and healthy diets. 

1.  The Origin of Black Tomatoes 

Contrary to popular belief, most commercially 

available black tomatoes are not naturally 

black but are the result of advanced plant 

breeding aimed at enhancing anthocyanin 

accumulation. Breeders exploited the genetic 

diversity of wild tomato relatives, particularly 

Solanum chilense and Solanum cheesmaniae, 

which harbor genes associated with 

anthocyanin production. The introduction of 

the Aft (Anthocyanin fruit) and atv 

(atroviolacea) genes through conventional 

breeding enabled the development of fruits 

with deep purple to black pigmentation, 

especially under sunlight exposure (Jones et 

al., 2003). A major breakthrough came when 

researchers at the John Innes Centre 

engineered tomatoes expressing the 

snapdragon-derived transcription factors 

Delila (Del) and Rosea1 (Ros1), activating the 

anthocyanin biosynthetic pathway throughout 

the fruit and producing tomatoes with 

substantially higher antioxidant levels. Parallel 

conventional breeding efforts have also led to 

the release of non-GM cultivars such as Indigo 

Rose, Sun Black, Blue Beauty and Black 

Beauty, which combine enhanced nutritional 

quality, attractive pigmentation, and good 

horticultural performance, making black 

tomatoes an important innovation in functional 

crop breeding (Blando et al., 2019). 

2.  Why Are Black Tomatoes Black?  

The dramatic colour of black tomatoes is the 

result of a sophisticated biochemical process 

that plants have evolved over millions of years 

(Fig 1.). Anthocyanins belong to a large family 

of plant compounds known as flavonoids, 

which are synthesized through the 

phenylpropanoid pathway. These pigments 

serve several important biological functions. 

They protect plant tissues from harmful 

ultraviolet radiation, defend against pathogens, 

reduce oxidative stress, and attract pollinators 

and seed-dispersing animals. 

In conventional tomatoes, the anthocyanin 

pathway is largely inactive in the fruit, so red 

carotenoid pigments—primarily lycopene—

dominate the mature fruit. In black tomatoes, 

however, specific regulatory genes activate 

anthocyanin biosynthesis during fruit 

development, particularly in tissues exposed to 

sunlight. 

The intensity of black pigmentation depends 

on several factors, including genetic 

background, light exposure, temperature, and 

fruit maturity. Fruits grown under high light 

intensity generally develop deeper purple or 

black coloration because sunlight stimulates 

anthocyanin production. Consequently, the 

shoulder of the fruit exposed directly to 

sunlight often appears darker than the shaded 

lower portion. This remarkable interaction 

between genetics and the environment 

illustrates how modern breeding can harness 

natural plant metabolic pathways to improve 

nutritional quality without compromising 

productivity. 

3.  The Natural Pathway Behind the 

Purple Pigment 

The synthesis of anthocyanins begins with the 

amino acid phenylalanine, which enters the 

phenylpropanoid pathway through the action 

of phenylalanine ammonia-lyase (PAL). A 

cascade of enzymes subsequently converts 
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phenylalanine into colourful anthocyanin 

molecules (Xue et al., 2026). The entire 

pathway is tightly regulated by a complex of 

transcription factors, including MYB, bHLH, 

and WD40 proteins, collectively known as the 

MBW complex. In anthocyanin-rich tomatoes, 

these regulators activate structural genes 

responsible for pigment synthesis, resulting in 

the characteristic dark colour of the fruit (Fig 

2). Besides contributing to colour, 

anthocyanins act as natural antioxidants by 

scavenging reactive oxygen species, thereby 

protecting both plant tissues and, potentially, 

human cells from oxidative damage. 

4.  Protective Compounds 

The old saying, "You are what you eat," has 

never been more relevant than in today's 

world, where lifestyle diseases such as 

diabetes, cardiovascular disorders, obesity, and 

cancer are on the rise. Modern nutrition 

science increasingly recognizes that certain 

foods do more than simply provide calories 

they actively promote health. Black tomatoes 

are one such example, earning their place 

among the world's emerging functional foods. 

Black tomatoes are recognized as a natural 

antioxidant powerhouse owing to their unique 

combination of anthocyanins and lycopene, 

two bioactive compounds with complementary 

health-promoting properties. Anthocyanins, 

predominantly accumulated in the fruit peel, 

and lycopene, concentrated in the flesh, work 

synergistically to neutralize reactive oxygen 

species (ROS), thereby reducing oxidative 

stress a key factor in ageing and the 

development of chronic diseases. In addition 

to these antioxidants, black tomatoes are a 

valuable source of vitamin C, provitamin A, 

potassium, folate, dietary fibre, and 

flavonoids, making them a nutrient-dense 

functional food. This exceptional 

phytochemical profile enhances their 

nutritional value beyond that of conventional 

red tomatoes (Ha et al., 2021). 

Growing scientific evidence suggests that 

regular consumption of anthocyanin-rich 

foods, including black tomatoes, may support 

cardiovascular health by improving endothelial 

function, reducing inflammation, regulating 

blood pressure, and limiting LDL cholesterol 

oxidation. Their bioactive compounds have 

also shown promise in improving insulin 

sensitivity and glucose metabolism, 

highlighting their potential role in diabetes 

management. Furthermore, the antioxidant and 

anti-inflammatory properties of anthocyanins 

and lycopene may help protect DNA from 

oxidative damage, support brain health by 

reducing neuroinflammation, strengthen 

immune function, and contribute to healthy 

ageing. Although many of these findings are 

based on experimental and observational 

studies and require further validation through 

large-scale clinical trials, black tomatoes 

represent a promising functional food with 

significant potential to promote overall health 

and reduce the risk of lifestyle-related 

diseases. 

5.  Recent Scientific Advances 

Black tomatoes are an excellent example of 

how advances in genetics and biotechnology 

are reshaping agriculture. Rather than focusing 

solely on increasing crop yield, modern 

breeding increasingly aims to improve 

nutritional quality, shelf life, and consumer 

appeal. 

5.1. Conventional Plant Breeding 

The first generation of black tomatoes 

emerged through conventional hybridization 

between cultivated tomatoes and wild relatives 

carrying genes responsible for anthocyanin 

production. Breeders selected desirable 

combinations of traits, including high 

anthocyanin accumulation, good fruit size, 

improved flavour, disease resistance, high 

yield and better shelf life. This approach 

produced well-known cultivars such as Indigo 
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Rose, Sun Black, Blue Beauty, and Black 

Beauty, which are now grown commercially in 

several countries. 

5.2. Marker-Assisted Selection 

Traditional breeding requires several 

generations of evaluation before desirable 

plants can be identified. Marker-assisted 

selection (MAS) has greatly accelerated this 

process by allowing breeders to identify 

seedlings carrying anthocyanin-related genes 

using DNA markers. This technology reduces 

breeding time while increasing the precision of 

parent selection and variety development. 

5.3. Genome Editing: CRISPR Opens New 

Possibilities 

The emergence of CRISPR/Cas9 technology 

has transformed plant breeding. Unlike 

conventional breeding, which depends on 

naturally occurring variation, CRISPR enables 

precise modification of genes involved in 

pigment biosynthesis. Scientists are now 

exploring genome editing to increase 

anthocyanin accumulation, enhance 

antioxidant activity, improve disease 

resistance and extend post-harvest shelf life. 

Because CRISPR can make targeted changes 

without introducing foreign DNA in some 

applications, it offers new opportunities for 

developing nutritionally enhanced tomatoes 

that may face fewer regulatory challenges in 

certain countries. 

5.4. Metabolomics 

One of the most exciting developments in 

plant science is metabolomics, the 

comprehensive study of all small molecules 

produced by plants. Using advanced analytical 

techniques such as liquid chromatography and 

mass spectrometry, researchers can now 

identify hundreds of metabolites present in 

black tomatoes.Metabolomic analyses have 

revealed that black tomatoes contain elevated 

concentrations of anthocyanins, flavonols, 

phenolic acids, carotenoids, organic acids and 

volatile aroma compounds. This information 

helps breeders understand how genetics 

influences nutritional quality and flavour, 

ultimately supporting the development of 

superior cultivars. 

5.5. Integrating Multi-Omics Technologies 

Modern research increasingly combines 

genomics, transcriptomics, proteomics, and 

metabolomics to obtain a comprehensive 

understanding of fruit development. This 

multi-omics approach allows scientists to 

identify key genes regulating pigment 

biosynthesis, stress tolerance, fruit quality, and 

nutritional composition. Such integrated 

studies are expected to accelerate the breeding 

of climate-resilient, nutrient-rich tomato 

varieties in the coming decade. 

6.  Consumer Acceptance 

Whenever an unfamiliar food enters the 

market, consumer perception becomes just as 

important as scientific innovation. Initially, 

many consumers mistake black tomatoes for 

overripe or diseased fruits because of their 

unusual colour. However, surveys conducted 

in Europe and North America indicate that 

once consumers learn about their nutritional 

benefits, acceptance increases significantly. 

Health-conscious individuals, gourmet chefs, 

and organic food enthusiasts have been among 

the earliest adopters. Black tomatoes are now 

featured in salads, gourmet sandwiches, artisan 

pizzas, fresh juices, and premium restaurant 

menus, where their striking appearance 

enhances culinary presentation. 

Taste evaluations generally describe black 

tomatoes as slightly sweeter, richer, and more 

complex than conventional tomatoes, often 

with subtle fruity notes that appeal to 

consumers seeking unique food experiences. 

Nevertheless, public education remains 

essential. Clear nutritional labelling, attractive 

packaging, and science-based communication 
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can help overcome initial hesitation and 

encourage wider acceptance. 

7.  Market Potential 

The global market for functional foods 

continues to expand rapidly, driven by 

increasing awareness of preventive healthcare. 

Black tomatoes fit perfectly within this trend. 

Several factors contribute to their commercial 

potential like premium retail prices, attractive 

appearance, high nutritional value, longer shelf 

life due to elevated antioxidant content, 

demand from gourmet restaurants, growing 

interest in organic and specialty vegetables, 

potential use in nutraceutical products and 

health beverages. For farmers, black tomatoes 

offer an opportunity to diversify production 

and target high-value markets rather than 

competing solely on yield. Protected 

cultivation systems, including greenhouses and 

polyhouses, are particularly suitable because 

they allow better control of light intensity, 

which influences anthocyanin accumulation. 

Countries such as Italy, the United States, 

Japan, South Korea, China and India are 

witnessing increasing interest in specialty 

tomato cultivation.  

Conclusion 

Black tomatoes represent a remarkable 

advancement in plant breeding, combining 

exceptional nutritional value with striking 

visual appeal. Their high anthocyanin and 

lycopene content makes them a promising 

functional food with potential benefits for 

human health and disease prevention. 

Continued innovations in breeding, genomics, 

and biotechnology are expected to further 

enhance their nutritional quality, productivity 

and climate resilience. As consumer awareness 

of health-promoting foods continues to grow, 

black tomatoes are likely to gain wider 

commercial acceptance and market value. 

With their unique blend of science, nutrition, 

and sustainability, black tomatoes are poised 

to become an important component of future 

agriculture and healthy diets. 

Fig 1. Black tomato (Variety Indigo Rose) 

Fig 2. Metabolic pathway for biosynthesis of 

anthocyanins 
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