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ABSTRACT 
As the global population continues to grow, ensuring food security and proper nutrition has become more challenging than ever. Edible flowers, once primarily valued for their beauty and cultural significance, are now gaining attention as a sustainable and nutritious food source. Packed with essential vitamins, minerals, and antioxidants, these flowers offer potential health benefits, such as anti-inflammatory and antimicrobial properties. Their ability to thrive with minimal resources makes them an environmentally friendly addition to modern food systems.
This review explores the historical and cultural significance of edible flowers, their nutritional and health benefits, and their role in promoting sustainable agriculture. We also discuss their growing presence in culinary and commercial applications, from salads and teas to functional food products. However, despite their potential, challenges like limited consumer awareness, concerns about food safety, and short shelf life remain barriers to widespread adoption. Addressing these issues through research, policy support, and education could unlock the full potential of edible flowers in enhancing global food security. By integrating these nutrient-rich blooms into daily diets, we can take a step toward a healthier, more sustainable future.
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1.INTRODUCTION

Global food security and nutrition challenges are pressing issues that require immediate and innovative solutions. The United Nations has highlighted the urgency of eradicating hunger and ensuring sustainable food systems, particularly as the global population is projected to reach 10 billion by 2050 (Vagsholm et al., 2020). Addressing these challenges necessitates a multifaceted approach that incorporates sustainable practices and innovative food sources. Sustainable food systems not only aim to provide adequate nutrition but also to minimize environmental impact, thus ensuring food security for future generations (Assan, 2023). One promising avenue for enhancing food security is the exploration of alternative food sources, such as edible flowers. Historically, edible flowers have been utilized in various cultures for their nutritional and medicinal properties, and they are gaining renewed interest in contemporary diets (Rop et al., 2012; , Netam, 2021). These flowers are not only aesthetically pleasing but also rich in bioactive compounds, including antioxidants, vitamins, and minerals, which can contribute to improved human health (Pires et al., 2019; , Zheng et al., 2018). The integration of edible flowers into diets can diversify food sources and provide essential nutrients, thus playing a significant role in addressing malnutrition and promoting overall health (Prabawati et al., 2021). The objective of this review is to explore the potential of edible flowers as a sustainable and innovative food source that can contribute to global food security and nutrition. This review will examine the nutritional benefits of edible flowers, their role in sustainable agriculture, and the innovative practices surrounding their cultivation and consumption. This review brings together insights from existing research to explore the role of edible flowers in today’s food systems. By highlighting their potential to improve food security, we aim to shed light on how these vibrant, nutrient-rich blooms can contribute to a more sustainable and diverse diet.

2.HISTORY AND CULTURAL RELEVANCE
Edible flowers have a rich history and significant cultural relevance across various civilizations, serving both culinary and medicinal purposes. In ancient cultures, such as those in China and Rome, flowers were integral to dietary practices. For instance, the Chinese have utilized edible flowers in their cuisine for over 3,000 years, incorporating them not only as food ingredients but also in herbal treatments (Janarny et al., 2021). Similarly, ancient Romans used flowers like violets and roses in various dishes, including soups and salads, highlighting their importance in culinary traditions (Fernandes et al., 2018). In medieval France, calendula was commonly added to salads, demonstrating the longstanding practice of using flowers to enhance flavor and aesthetics in food (Fernandes et al., 2018).
The traditional use of edible flowers extends beyond mere consumption; they have been employed in various cultural rituals and medicinal applications. In many indigenous cultures, flowers such as those from the pumpkin and squash plants were consumed for their nutritional benefits, while also being used in traditional medicine (Kresnapati et al., 2022). This dual role of edible flowers as both food and medicine underscores their cultural significance and the knowledge surrounding their use, which has been passed down through generations (Dankhade, 2024; , Santos & Reis, 2021).
In recent years, there has been a resurgence of interest in edible flowers, driven by a growing awareness of their nutritional and health benefits. Modern consumers are increasingly seeking functional foods that offer health advantages, and edible flowers fit this demand due to their rich content of antioxidants, vitamins, and minerals (Pires et al., 2018). Research has shown that many edible flowers possess high levels of phenolic compounds, which are associated with various health benefits, including anti-inflammatory and antioxidant properties (He et al., 2015; , Navarro‐González et al., 2014). This renewed interest is not only a return to traditional practices but also a response to contemporary challenges in food security and nutrition (Rop et al., 2012).
The rise of edible flowers as a sustainable food source is particularly noteworthy. With global food systems under increasing strain due to population growth and environmental challenges, these vibrant blooms offer a practical and eco-friendly solution. Edible flowers can thrive in a variety of environments and require fewer resources than many conventional crops, making them a promising option for a more resilient and sustainable food future. (Chrysargyris et al., 2018; , Dastidar et al., 2023). This shift towards incorporating edible flowers into modern diets reflects a broader trend of seeking sustainable and innovative food sources that align with health and environmental goals (Kandylis, 2022).

3.Nutritional and Health Benefits

Edible flowers are recognized for their nutritional value and health benefits, making them a valuable addition to diets worldwide. These flowers are rich in essential nutrients, including vitamins, minerals, and antioxidants. For instance, studies have shown that edible flowers contain significant amounts of vitamins A, C, and E, as well as various B vitamins, which are crucial for maintaining overall health (Chensom et al., 2019; , Rop et al., 2012). Additionally, they are a source of important minerals such as potassium, calcium, magnesium, and iron, which play vital roles in various bodily functions (Traversari et al., 2021; , Drava et al., 2020).
The antioxidant properties of edible flowers are particularly important and worth recognizing. They are rich in phenolic compounds, flavonoids, and carotenoids, which contribute to their vibrant colors and are known for their ability to combat oxidative stress in the body (Loizzo et al., 2015; , He et al., 2015). Research indicates that these antioxidants can help reduce the risk of chronic diseases, including cardiovascular diseases, cancer, and neurodegenerative disorders (Motti et al., 2022; , Espejel et al., 2019). For example, the antioxidant capacity of various edible flowers has been demonstrated to be comparable to that of conventional fruits and vegetables, suggesting that they can serve as effective dietary sources of these beneficial compounds (Navarro‐González et al., 2014; , Zhang et al., 2023). In addition to their nutritional content, edible flowers offer several potential health benefits. They have been associated with anti-inflammatory, immune-boosting, and hypoglycemic properties. For instance, certain edible flowers have been found to exhibit anti-inflammatory effects, which can help alleviate symptoms of conditions such as arthritis and other inflammatory diseases (Rop et al., 2012; , Nowicka & Wojdyło, 2019). Furthermore, the consumption of edible flowers has been linked to improved immune function, potentially due to their high levels of antioxidants and vitamins (He et al., 2015; , Sood, 2024). Some studies also suggest that specific flowers may help regulate blood sugar levels, making them beneficial for individuals with diabetes (Loizzo et al., 2015; , Nowicka & Wojdyło, 2019).
When comparing the nutritional profiles of edible flowers to conventional vegetables and fruits, it is evident that while edible flowers may not provide the same caloric density, they offer a unique combination of nutrients and bioactive compounds. For example, the nutritional composition of certain edible flowers has been shown to be similar to that of leafy greens like spinach and herbs such as parsley (Chensom et al., 2019; , Navarro‐González et al., 2014). This similarity suggests that incorporating edible flowers into the diet can enhance nutritional diversity while providing additional health benefits. In conclusion, edible flowers represent a promising source of essential nutrients and bioactive compounds that can contribute to overall health and well-being. Their rich nutritional profiles, combined with their potential health benefits, underscore the importance of integrating these vibrant and flavourful additions into modern diets.

3.1ANTIOXIDANT PROPERTIES AND HEALTH BENEFITS

One of the most significant health benefits associated with edible flowers is their antioxidant capacity. Zheng et al. indicate that edible flowers exhibit health promotion effects against chronic diseases, including cancers and cardiovascular diseases, primarily due to their high antioxidant content (Zheng et al., 2018). The presence of phenolic compounds in these flowers has been correlated with their antioxidant activity, which plays a crucial role in combating oxidative stress and reducing inflammation (Fernandes et al., 2017). Research by Nowicka and Wojdyło supports these findings, demonstrating that edible flowers possess natural antioxidant properties that can help mitigate oxidative damage in the body (Nowicka & Wojdyło, 2019). Additionally, studies have shown that the antioxidant compounds found in edible flowers can contribute to the prevention of chronic diseases, reinforcing the idea that incorporating these flowers into the diet can have significant health benefits (Dastidar et al., 2023).

3.2ANTIMICROBIAL PROPERTIES OF EDIBLE FLOWERS

The antimicrobial properties of edible flowers have garnered attention as potential natural preservatives in food products. Various studies have reported that certain edible flowers possess antibacterial, antifungal, and antiviral activities, which can inhibit the growth of pathogenic microorganisms (Pires et al., 2021). For example, extracts from marigold flowers (Tagetes spp.) have demonstrated significant antibacterial effects against common foodborne pathogens, including Escherichia coli and Salmonella spp. (Chetia, 2024). The antimicrobial activity of edible flowers is largely attributed to their phytochemical constituents, including essential oils and phenolic compounds. These compounds can disrupt microbial cell membranes and inhibit enzymatic activity, thereby preventing the growth and proliferation of harmful microorganisms The potential use of edible flowers as natural preservatives aligns with the growing consumer demand for clean-label products and natural food additives.

3.3 ANTI-INFLAMMATORY AND ANTIMICROBIAL EFFECTS

In addition to their antioxidant properties, edible flowers have been found to possess anti-inflammatory and antimicrobial effects. Dastidar et al. highlight that the consumption of edible flowers can play a role in the prevention of various chronic diseases, including cardiovascular diseases and cancer, due to their rich content of bioactive compounds (Dastidar et al., 2023). Moreover, the antimicrobial properties of certain edible flowers have been documented, suggesting that they can help combat infections and promote overall health (Fernandes et al., 2017). The anti-inflammatory effects of edible flowers are particularly noteworthy. Huang et al. discuss how the phytochemicals present in these flowers can exert anti-inflammatory effects, which may be beneficial in managing conditions characterized by chronic inflammation (Navarro‐González et al., 2014). This is further supported by research indicating that the consumption of edible flowers can enhance immune function and reduce the risk of inflammatory diseases (Janarny et al., 2021).









Table 1 .  Nutritional, Bioactive, and Functional Properties of Edible Flowers

	Sl. No.
	Edible Flower Name
	Scientific Name
	Nutritional Value (per 100g)
	Individual Compounds/ Antimicrobial Compound
	Antioxidant Activity
	Uses 
	Reference

	1
	Marigold
	Tagetes erecta
	1.5g protein, 0.2g fat, 7.6g carbohydrates, 0.5g fiber
	Flavonoids, carotenoids 
	High 
	Culinary decoration, medicinal)

	( Magri et al. 2020 ; Loizzo et al., 2015; Navarro‐González et al., 2014; Dujmović et al. 2022)

	2
	Nasturtium
	Tropaeolum majus
	2.0g protein, 0.1g fat, 6.0g carbohydrates, 1.0g fiber
	Glucosinolates, flavonoids 
	Moderate 
	Salads, garnishes 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	3
	Calendula
	Calendula officinalis
	1.0g protein, 0.3g fat, 5.0g carbohydrates, 0.4g fiber
	Carotenoids, flavonoids 
	High
	Medicinal, culinary 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	4
	Rose
	Rosa spp.
	1.2g protein, 0.1g fat, 4.0g carbohydrates, 0.3g fiber
	Flavonoids, tannins 
	Moderate 
	Culinary uses, perfumes
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	6
	Dandelion
	Taraxacum officinale
	2.7g protein, 0.4g fat, 9.2g carbohydrates, 3.5g fiber
	Polyphenols, vitamins 
	High 
	Salads, herbal teas 
	(Magri et al.,2020; Kuceková et al., 2013; Socha et al., 2021;Atchaya 2024)

	7
	Hibiscus
	Hibiscus sabdariffa
	1.0g protein, 0.2g fat, 6.0g carbohydrates, 0.5g fiber
	Anthocyanins, flavonoids 
	High 
	Teas, jams 
	(Magri et al.,2020; Ningsih et al. 2021; Atchaya 2024)

	8
	Borage
	Borago officinalis
	1.0g protein, 0.1g fat, 7.0g carbohydrates, 0.3g fiber
	Flavonoids, vitamins 
	Moderate 
	Salads, herbal teas 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	9
	Elderflower
	Sambucus nigra
	0.5g protein, 0.1g fat, 9.0g carbohydrates, 0.2g fiber
	Flavonoids, phenolic acids 
	Moderate 
	Syrups, teas 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	11
	Lavender
	Lavandula angustifolia
	2.0g protein, 0.1g fat, 7.0g carbohydrates, 0.5g fiber
	Linalool, flavonoids 
	Moderate 
	Aromatherapy, culinary 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	12
	Chrysanthemum
	Chrysanthemum morifolium
	1.0g protein, 0.2g fat, 6.0g carbohydrates, 0.4g fiber
	Flavonoids, phenolic acids 
	High
	Teas, medicinal
	(Magri et al.,2020; Wang et al., 2016; Socha et al., 2021; Atchaya 2024)

	14
	Cornflower
	Centaurea cyanus
	1.0g protein, 0.1g fat, 5.0g carbohydrates, 0.3g fiber
	Flavonoids, anthocyanins 
	Moderate 
	Culinary decoration, teas 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	15
	Peony
	Paeonia spp.
	1.0g protein, 0.2g fat, 4.0g carbohydrates, 0.2g fiber
	Flavonoids, phenolic acids 
	High 
	Medicinal, ornamental 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	16
	Cucumber Blossom
	Cucumis sativus
	1.0g protein, 0.1g fat, 4.0g carbohydrates, 0.3g fiber
	Flavonoids, vitamins
	Low 
	Salads, garnishes 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	17
	Jasmine
	Jasminum sambac
	1.0g protein, 0.1g fat, 5.0g carbohydrates, 0.4g fiber
	Flavonoids, essential oils 
	Moderate 
	Teas, perfumes 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	18
	Fennel Flower
	Foeniculum vulgare
	1.5g protein, 0.2g fat, 6.0g carbohydrates, 0.5g fiber
	Flavonoids, phenolic acids 
	Moderate 
	Culinary uses, teas 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	19
	Mint Flower
	Mentha spp.
	2.0g protein, 0.1g fat, 7.0g carbohydrates, 0.5g fiber
	Flavonoids, essential oils 


	Moderate 
	Culinary uses, teas 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	20
	Thyme Flower
	Thymus vulgaris
	2.0g protein, 0.1g fat, 6.0g carbohydrates, 0.4g fiber
	Thymol, flavonoids 
	Moderate 
	Culinary uses, medicinal 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	21
	Sage Flower
	Salvia officinalis
	1.5g protein, 0.2g fat, 5.0g carbohydrates, 0.3g fiber
	Rosmarinic acid, flavonoids 
	Moderate 
	Culinary uses, medicinal 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	22
	Cabbage Flower
	Brassica oleracea
	1.0g protein, 0.1g fat, 4.0g carbohydrates, 0.2g fiber
	Glucosinolates, vitamins 
	Moderate 
	Salads, garnishes 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	24
	Radish Flower
	Raphanus sativus
	1.0g protein, 0.1g fat, 5.0g carbohydrates, 0.3g fiber
	Glucosinolates, vitamins 
	Moderate 
	Salads, garnishes 
	(Magri et al.,2020; Loizzo et al., 2015; Xiong et al., 2014; Atchaya 2024)

	28
	Pansy
	Viola tricolor
	1.0g protein, 0.2g fat, 6.0g carbohydrates, 0.5g fiber
	Anthocyanins, flavonoids
	 High
	Culinary, ornamental
	(M,K.andHallmann, E. (2023), Magri et al. 2020; Atchaya 2024)




Table2: Edible Flowers and Their Commercial Applications

	Sl. No
	Flower
	Scientific Name
	Form of Consumption
	Name of Commercial Product
	Ingredients of Commercial Product
	Reference

	1
	Chamomile
	Matricaria chamomilla
	Tea, Culinary
	Chamomile Tea
	Dried chamomile flowers
	Guiné et al. (2020)

	2
	Nasturtium
	Tropaeolum majus
	Salads, Garnish
	Nasturtium Salad
	Fresh nasturtium leaves and flowers
	Navarro‐González et al. (2014)

	3
	Marigold
	Tagetes erecta
	Culinary, Garnish
	Marigold Petals
	Dried marigold petals
	Faisal et al. (2022)

	4
	Borage
	Borago officinalis
	Salads, Beverages
	Borage Tea
	Dried borage flowers
	Faisal et al. (2022)

	5
	Violet
	Viola spp.
	Salads, Garnish
	Violet Syrup
	Violet petals and sugar
	Figueredo-Urbina et al. (2021)

	6
	Rose
	Rosa spp.
	Culinary, Garnish
	Rose Water
	Rose petals, water
	Tardivo & Meru (2018)

	7
	Elderflower
	Sambucus nigra
	Beverages
	Elderflower Cordial
	Elderflower, sugar, lemon
	Loizzo et al. (2015)

	8
	Dandelion
	Taraxacum officinale
	Salads, Tea
	Dandelion Greens
	Fresh dandelion leaves
	Faisal et al. (2022)

	9
	Lavender
	Lavandula angustifolia
	Tea, Culinary
	Lavender Infusion
	Dried lavender flowers
	Faisal et al. (2022)

	10
	Hibiscus
	Hibiscus sabdariffa
	Tea, Beverages
	Hibiscus Tea
	Dried hibiscus flowers
	Sood (2024)

	11
	Chrysanthemum
	Chrysanthemum morifolium
	Tea, Culinary
	Chrysanthemum Tea
	Dried chrysanthemum flowers
	Rop et al. (2012)

	12
	Pansy
	Viola tricolor
	Salads, Garnish
	Pansy Salad
	Fresh pansy flowers
	Figueredo-Urbina et al. (2021)

	13
	Squash Blossom
	Cucurbita pepo
	Culinary, Stuffed
	Stuffed Squash Blossoms
	Squash blossoms, cheese
	Faisal et al. (2022)

	14
	Fennel
	Foeniculum vulgare
	Culinary, Salads
	Fennel Flower Salad
	Fresh fennel flowers
	Faisal et al. (2022)

	15
	Pea Flower
	Lathyrus odoratus
	Culinary, Garnish
	Pea Flower Salad
	Fresh pea flowers
	Faisal et al. (2022)

	16
	Apple Blossom
	Malus domestica
	Culinary, Garnish
	Apple Blossom Tea
	Dried apple blossoms
	Faisal et al. (2022)

	17
	Carnation
	Dianthus caryophyllus
	Culinary, Garnish
	Carnation Syrup
	Carnation petals, sugar
	Faisal et al. (2022)

	18
	Sunflower
	Helianthus annuus
	Culinary, Snacks
	Sunflower Seed Oil
	Sunflower seeds
	Faisal et al. (2022)

	19
	Cucumber Flower
	Cucumis sativus
	Culinary, Salads
	Cucumber Flower Salad
	Fresh cucumber flowers
	Faisal et al. (2022)

	20
	Sage Flower
	Salvia officinalis
	Culinary, Garnish
	Sage Flower Infusion
	Fresh sage flowers
	Faisal et al. (2022)

	21
	Thyme Flower
	Thymus vulgaris
	Culinary, Garnish
	Thyme Flower Oil
	Fresh thyme flowers
	Faisal et al. (2022)

	22
	Clary Sage
	Salvia sclarea
	Culinary, Beverages
	Clary Sage Tea
	Dried clary sage flowers
	Faisal et al. (2022)

	23
	Orange Blossom
	Citrus sinensis
	Culinary, Beverages
	Orange Blossom Water
	Orange blossoms, water
	Faisal et al. (2022)

	24
	Cabbage Flower
	Brassica oleracea
	Culinary, Salads
	Cabbage Flower Salad
	Fresh cabbage flowers
	Faisal et al. (2022)

	25
	Pumpkin Flower
	Cucurbita pepo
	Culinary, Stuffed
	Stuffed Pumpkin Blossoms
	Pumpkin blossoms, cheese
	Faisal et al. (2022)

	26
	Fuchsia
	Fuchsia spp.
	Culinary, Garnish
	Fuchsia Salad
	Fresh fuchsia flowers
	Faisal et al. (2022)

	27
	Cornflower
	Centaurea cyanus
	Culinary, Garnish
	Cornflower Tea
	Dried cornflower petals
	Faisal et al. (2022)

	28
	Cress
	Lepidium sativum
	Salads, Garnish
	Cress Salad
	Fresh cress flowers
	Faisal et al. (2022)

	29
	Tansy
	Tanacetum vulgare
	Culinary, Tea
	Tansy Tea
	Dried tansy flowers
	Faisal et al. (2022)

	30
	Safflower
	Carthamus tinctorius
	Culinary, Oil
	Safflower Oil
	Safflower petals
	Faisal et al. (2022)




4.SUSTAINABILITY AND ENVIRONMENTAL BENEFITS

Edible flowers play a significant role in promoting sustainable agriculture and offer various environmental benefits compared to traditional crops. One of the primary advantages of cultivating edible flowers is their compatibility with sustainable farming practices. Many edible flowers can be grown in diverse environments, including urban settings, which allows for the integration of these plants into local food systems. This integration not only enhances biodiversity but also supports pollinator populations, which are crucial for maintaining healthy ecosystems Wani et al. (2023).
The environmental impact of flower cultivation is generally lower than that of conventional crops. Edible flowers often require fewer resources, such as water and fertilizers, and can thrive in less-than-ideal soil conditions. This resilience makes them an attractive option for sustainable farming, particularly in areas facing water scarcity or soil degradation (Wang et al., 2016). Furthermore, many edible flowers can be grown as companion plants, which can enhance soil health and reduce the need for chemical pesticides by attracting beneficial insects (Chensom et al., 2019).
Another critical aspect of sustainability associated with edible flowers is their potential to reduce food waste. Ornamental plants that are typically discarded after blooming can be repurposed as edible flowers, thereby minimizing waste and maximizing resource use. This practice not only contributes to a circular economy but also encourages consumers to adopt more sustainable eating habits by incorporating flowers into their diets (Motti et al., 2022). By utilizing flowers from ornamental plants, growers can diversify their product offerings while simultaneously addressing food waste issues.
The integration of edible flowers into urban agriculture and vertical farming systems presents an innovative approach to enhancing food security and sustainability. Vertical farming, which involves growing crops in stacked layers or controlled environments, allows for year-round production of edible flowers in urban areas, reducing the carbon footprint associated with transportation (Touliatos et al., 2016). This method also optimizes land use, making it possible to cultivate a variety of crops, including edible flowers, in limited spaces (Al‐Kodmany, 2018). The combination of hydroponics and aeroponics in vertical farming systems further enhances resource efficiency, as these methods use significantly less water than traditional farming practices (Touliatos et al., 2016).
In conclusion, the cultivation of edible flowers offers numerous sustainability and environmental benefits. Their role in sustainable agriculture, low environmental impact compared to traditional crops, potential for reducing food waste, and integration into urban agriculture and vertical farming systems highlight their importance in promoting a more sustainable food future.

5.APPLICATIONS IN FOOD SYSTEMS

The culinary uses of edible flowers have gained significant traction in recent years, reflecting a growing consumer acceptance and interest in incorporating these vibrant ingredients into various dishes. Edible flowers are not only valued for their aesthetic appeal but also for their unique flavors and nutritional benefits. They are commonly used in salads, desserts, beverages, and as garnishes, enhancing both the visual and sensory experience of meals (Stefaniak & Grzeszczuk (2018), Loizzo et al., 2015). Research indicates that the inclusion of edible flowers can elevate the overall quality of dishes, making them more appealing to health-conscious consumers seeking natural and visually striking food options (Navarro‐González et al., 2014).
In addition to their use in fresh preparations, edible flowers are increasingly being incorporated into processed foods and beverages. They are finding their way into products such as herbal teas, flavored oils, and specialty sauces, where their unique flavors and health benefits can be highlighted (Wang et al., 2016; , Pires et al., 2021). The functional properties of edible flowers, including their antioxidant and anti-inflammatory effects, are driving their inclusion in health-oriented products, catering to a market that increasingly prioritizes functional foods (Chensom et al., 2019; , Xiong et al., 2014). This trend is supported by studies demonstrating that edible flowers are rich in bioactive compounds, including flavonoids and phenolic acids, which contribute to their health-promoting properties (Kaisoon et al., 2012; , Dankhade, 2024). Market trends indicate robust growth in the edible flower industry, driven by consumer demand for innovative and healthful food options. The increasing popularity of gourmet cuisine and the rise of farm-to-table dining experiences have further propelled the use of edible flowers in culinary applications (Simoni et al., 2018). As consumers become more aware of the nutritional and aesthetic benefits of edible flowers, the market for these products is expected to expand significantly. Reports suggest that the edible flower market is evolving, with more growers and producers entering the field to meet this rising demand (Koike, 2019; , Koike et al., 2015). Moreover, the integration of edible flowers into urban agriculture and local food systems is fostering a sustainable approach to food production. By cultivating edible flowers in urban settings, growers can provide fresh, locally sourced products that appeal to environmentally conscious consumers (Pêgo et al., 2022). This trend aligns with broader movements towards sustainability and the reduction of food miles, as urban agriculture can significantly decrease the carbon footprint associated with food transportation (Koike et al., 2021).

6.Challenges and Limitations
Despite the growing interest in edible flowers, several challenges and limitations hinder their widespread adoption in culinary practices and food systems. One of the primary concerns is safety, particularly regarding toxicity, allergies, and pesticide residues. Not all flowers are safe for consumption; some may contain toxic compounds such as cyanogenic glycosides, alkaloids, or oxalic acid, which can pose significant health risks(Navarro‐González et al. (2014), Pires et al., 2021). Moreover, the potential for allergic reactions to certain flowers can limit their use among sensitive individuals (Sood, 2024). Additionally, the presence of pesticide residues in commercially grown edible flowers raises concerns about food safety and consumer health (Barani et al., 2022). It is crucial for consumers and producers to be aware of these risks and to ensure that edible flowers are sourced from reputable suppliers who adhere to safety standards.
Another significant challenge is the lack of awareness and consumer education regarding edible flowers. Many consumers remain unfamiliar with the culinary uses and health benefits of these flowers, which can impede their acceptance and incorporation into diets (Dankhade, 2024). Educational initiatives are needed to inform consumers about the nutritional value, safety, and versatility of edible flowers, as well as to dispel myths surrounding their use. Such efforts could enhance consumer confidence and encourage more widespread adoption of edible flowers in everyday cooking (Netam, 2021).
Economic challenges also pose limitations to the large-scale production and distribution of edible flowers. While there is a growing market for these products, the cultivation of edible flowers often requires specialized knowledge and practices that may not be readily accessible to all growers. Additionally, the relatively short shelf life of many edible flowers complicates their distribution, as they are perishable and require careful handling and storage to maintain quality (Chrysargyris et al., 2019; , Pêgo et al., 2022). This can lead to increased costs for producers and retailers, which may ultimately be passed on to consumers, potentially limiting market growth. Furthermore, the competition with traditional crops, which are often more established and economically viable, can make it difficult for edible flowers to gain a foothold in the agricultural market (Alonso‐Esteban et al., 2022).

7.RESEARCH AND DEVELOPMENT

Current research on edible flowers is increasingly focusing on their phytochemical properties, nutritional characterization, and potential applications in food systems. Studies have highlighted the rich composition of bioactive compounds in edible flowers, including polyphenols, flavonoids, and carotenoids, which contribute to their antioxidant properties and health benefits. For instance, Hegde's research on wild edible flowers from the Western Himalayas emphasizes the nutritional characterization and phytochemical profiling of these flowers, revealing significant antioxidant properties and bioaccessibility of polyphenols (Hegde, 2023). This underscores the need for comprehensive investigations into the nutritional and phytochemical composition of various edible flower species, as much of the existing literature has primarily focused on specific compounds rather than a holistic view of their benefits (Hegde, 2023).
Innovations in cultivation and harvesting techniques are also being explored to enhance the yield and quality of edible flowers. Advances in agricultural practices, such as the use of controlled environment agriculture and precision farming, are being applied to optimize the growth conditions for edible flowers. For example, studies have shown that environmental factors such as soil conditions and harvest timing can significantly influence the phytochemical composition and antioxidant activity of edible flowers (Petkova et al., 2020). These findings suggest that tailored cultivation practices can enhance the nutritional profiles of edible flowers, making them more appealing to consumers and food manufacturers alike.
The potential for genetic engineering and breeding to enhance the nutritional value of edible flowers is an exciting area of research. Genetic approaches can be employed to increase the concentration of beneficial phytochemicals, improve disease resistance, and enhance growth rates. For instance, research on Chrysanthemum has identified phenolic compounds that exhibit anti-glycation effects, which could be further explored through breeding programs to enhance these properties (Wang, 2024). Additionally, studies on the metabolomics of various edible flowers, such as Dianthus caryophyllus, have revealed significant differences in antioxidant and anticancer properties based on flower color, suggesting that breeding for specific traits could yield flowers with enhanced health benefits (Zhou et al., 2023).
Moreover, the exploration of extraction techniques for maximizing the yield of bioactive compounds from edible flowers is gaining attention. For example, the use of deep eutectic solvents and ultrasound-assisted extraction methods has been shown to effectively extract polyphenols from flowers, enhancing their potential applications in food and nutraceutical products (Kaltsa et al., 2020). Such innovations in extraction and processing techniques can significantly impact the utilization of edible flowers in the food industry, promoting their incorporation into functional foods and beverages.
In summary, ongoing research and development in the field of edible flowers are focused on understanding their phytochemical properties, optimizing cultivation practices, and exploring genetic enhancements. These efforts aim to unlock the full potential of edible flowers as a sustainable and nutritious food source, contributing to improved health outcomes and greater consumer acceptance.

8.Policy and Regulation

The regulatory frameworks governing the use of edible flowers in food systems are essential for ensuring safety, quality assurance, and proper labeling. These frameworks are increasingly important as the popularity of edible flowers grows, driven by their nutritional benefits and aesthetic appeal in culinary applications. Policymakers play a crucial role in establishing guidelines that promote the safe consumption of these flowers while also encouraging sustainable agricultural practices.
Edible flowers are recognized for their rich phytochemical content, which includes antioxidants and other beneficial compounds. For instance, studies have shown that various edible flowers possess significant antioxidant properties, which can contribute to health benefits such as reducing hyperglycemia and modulating lipid profiles (Loizzo et al., 2015; Wang et al., 2016; Nowicka & Wojdyło, 2019). The European Food Safety Authority (EFSA) and the Food and Drug Administration (FDA) have established guidelines for the identification and commercialization of edible flowers, ensuring that only safe and non-toxic varieties are marketed (Demasi et al., 2021; Drava et al., 2020). These regulations help protect consumers from potential health risks associated with the consumption of toxic flower species, which underscores the importance of proper labeling and education regarding edible flowers (Janarny et al., 2021).
Quality assurance standards are also critical in the production and distribution of edible flowers. These standards ensure that flowers are grown in safe environments, free from harmful pesticides and contaminants. Research indicates that organic edible flowers tend to have higher safety profiles due to the prohibition of synthetic pesticides and fertilizers (M & Hallmann, 2023). Furthermore, studies have highlighted the nutritional value of edible flowers, noting their potential as a source of essential minerals and vitamins, which can enhance dietary diversity (Dastidar et al., 2023). Policymakers can support these initiatives by promoting organic farming practices and providing incentives for growers to adopt sustainable methods.
In addition to safety and quality, policymakers have a role in promoting the sustainable sourcing of edible flowers. The integration of edible flowers into local food systems can enhance food security and biodiversity. For example, the cultivation of native edible flowers can support local ecosystems and provide economic opportunities for farmers (Figueredo-Urbina et al., 2021; Zhang, 2023). By encouraging the use of local edible flowers, policymakers can help reduce the carbon footprint associated with food transportation while also fostering community engagement in sustainable agricultural practices.

9.FUTURE PROSPECTS
 
The potential of edible flowers in addressing global food security and nutrition goals is increasingly recognized as a viable strategy to enhance dietary diversity and improve health outcomes. Edible flowers are rich in essential nutrients and bioactive compounds and can serve as a sustainable food source that can be integrated into various culinary practices. The incorporation of edible flowers into diets aligns with emerging trends in sustainable eating and functional foods, which emphasize the consumption of nutrient-dense, minimally processed ingredients. Research indicates that edible flowers are abundant in phytochemicals, including antioxidants, vitamins, and minerals, which contribute to their health-promoting properties. For instance, studies have shown that many edible flowers possess significant antioxidant activity, which can help mitigate oxidative stress and reduce the risk of chronic diseases such as cardiovascular conditions and diabetes( Loizzo et al. (2015)Zheng et al., 2018; Chensom et al., 2019). The nutritional composition of edible flowers often mirrors that of vegetables, making them a valuable addition to diets, particularly in regions where access to fresh produce may be limited (Chensom et al., 2019; Navarro‐González et al., 2014). This characteristic positions edible flowers as a potential solution to enhance food security by diversifying food sources and improving nutritional intake.Emerging trends in sustainable diets highlight the growing consumer interest in functional foods that offer health benefits beyond basic nutrition. Edible flowers fit this trend well, as they are increasingly perceived as innovative ingredients that can enhance the sensory qualities of dishes while providing health benefits (Najar et al., 2019; Motti et al., 2022). The cultivation of edible flowers can also support local economies and promote biodiversity, as many species can be grown in home gardens or small-scale farms, reducing reliance on industrial agriculture (Demasi et al., 2021; Figueredo-Urbina et al., 2021). Furthermore, the valorization of local edible flower varieties can lead to higher revenues for growers and contribute to the preservation of traditional agricultural practices (Demasi et al., 2021; Figueredo-Urbina et al., 2021).
Integrating edible flowers into public health initiatives can further enhance their role in promoting healthy eating habits. Educational campaigns that raise awareness about the nutritional benefits of edible flowers can encourage their inclusion in everyday diets (Barani et al., 2022; Pires et al., 2017). Additionally, public health programs can promote the cultivation of edible flowers in community gardens, thereby fostering a connection between food production and consumption while addressing issues of food insecurity (Kaisoon et al., 2012). By leveraging the unique flavors and aesthetic appeal of edible flowers, health initiatives can inspire individuals to explore diverse culinary options that are both nutritious and enjoyable.

10.CONCLUSION

In conclusion, the exploration of edible flowers as a sustainable and nutritious food source reveals significant potential for enhancing global food security and nutrition. Key findings indicate that edible flowers are rich in essential nutrients, including vitamins, minerals, and antioxidants, and they possess unique phytochemical profiles that contribute to their health benefits. Studies have demonstrated that many edible flowers exhibit considerable antioxidant activity, which is linked to their high phenolic content, thus supporting their role in reducing oxidative stress and chronic disease risk ( Chensom et al. (2019)Kaisoon et al., 2012; Nowicka & Wojdyło, 2019; Wang et al., 2016; Xiong et al., 2014). The integration of edible flowers into diets aligns with emerging trends in sustainable eating and functional foods. As consumers increasingly seek natural and nutrient-dense ingredients, edible flowers offer an innovative way to enhance the sensory qualities of dishes while providing health benefits (Rop et al., 2012; Pires et al., 2018). Furthermore, the cultivation of edible flowers can promote biodiversity and support local economies, making them a viable option for sustainable agriculture (Mahamad et al., 2020; Chetia, 2024). To fully realize the potential of edible flowers, there is a pressing need for increased research, public awareness, and policy support. Research should focus on the nutritional and phytochemical characterization of various edible flower species, as well as their potential applications in food systems (Faisal et al., 2022; Pêgo et al., 2022; Darmawati & Shacrudin, 2023). Public awareness campaigns can educate consumers about the benefits and uses of edible flowers, encouraging their incorporation into everyday diets (Netam, 2021; Zheng et al., 2018). Additionally, policymakers should consider supporting initiatives that promote the cultivation and consumption of edible flowers, particularly in urban and food-insecure areas, to foster healthier eating habits and enhance food diversity (Vanella, 2023; Pires et al., 2017; M & Hallmann, 2023). In summary, edible flowers represent a promising avenue for addressing nutritional challenges and promoting sustainable food practices. By fostering research, awareness, and supportive policies, we can harness the potential of edible flowers to contribute to a healthier and more sustainable food system.
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