


Review Article

A Review On Edible Flowers As Functional Ingredients: Nutritional Composition, Bioactive Potential, Applications, And Safety Considerations

ABSTRACT
Edible flowers are being used in food and medicine from a long time in history. They are gaining  consumer interest again as people are preferring  natural, healthy, and unique food ingredients. In his review current knowledge regarding edible flowers is covered, which includes nutritional composition, health benefits, applications, and some essential safety considerations. Edible flowers are sources of macronutrients, minerals, and vitamins; however, their primary value comes from overall high contents of bioactive compounds or phytochemicals such as phenolics, flavonoids, and anthocyanins. These various compounds provide numerous health benefits including strong antioxidant, antimicrobial, antiviral, antidiabetic, anticancer, and neuroprotective properties. Edible flowers can be used as natural colouring, functional ingredients and preservatives in the form of yogurt, baked goods, and certain dairy products within the clean-label trend. Edible flowers with their naturally high bioactive contents may also be used in the generation of healthy products. However, safety must come first. There are some significant challenges related to the consideration of safety such as toxic edible flowers mistakenly used due to misidentification, chemical contamination from pesticides and microbiological hazards.
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1.INTRODUCTION
For generations, edible flowers have been used in medicine and cooking because of their distinctive taste, vibrant colors, and health-promoting qualities. (mulik et al.,2020; chamrro et al.,2022). They are used as both culinary and herbal medicinal ingredient, demonstrating their dual function in therapy and nutrition (Krasaekoopt et al., 2005; Wongwatt & Sathien et al., 2010). In ancient Rome, Greece, China, and the America, flowers were valued as part of traditional diet, ceremonies, and alternative medicine. This practice of using flowers as food has a long history in human history (Kirker & Newman, 2016; Takahashi et al., 2020). Flowers have never served only as ornaments. In the 17th century, people obtained sugar from scented violets (Viola odorata); the Romans heightened taste and sweetness of food with roses (Rosa spp.) (Mlcek & Rop, 2011). Edible flowers regain large favour, pushed by a renewed demand for foods judged to be natural, wholesome plus novel. Apart from the sensory attributes they add - odd colours, scents and tastes that refine upscale dishes - those blooms win new attention from both shoppers and food scientists because of their marked nutritional value and a wide set of bio active compounds. For that reason, they emerge as practical functional components on the world food market (Nowicka & Wojdyło, 2019; Takahashi et al., 2020).
With more than 180 species from 100 genera and 97 families documented globally, edible flowers are obtained from a diverse range of plant species. (Lu et al.,2016)
Flavonoids, anthocyanins, carotenoids, alkaloids, and phenolic chemicals are all plentiful in edible flowers (Carboni et al., 2025; Navarro-González et al., 2015). Strong antioxidant (Li et al., 2014), anti-inflammatory, antimicrobial (Krasaekoopt & Kongkarnchanatip, 2005), antidiabetic (Loizzo et al., 2016), anticancer (Nguyen et al., 2019), and neuroprotective effects are just a few of the many biological activities that these flowers posses. (Moliner et al., 2019; Rezende et al., 2019)
Edible flowers possess a strong bioactive profile which makes them a potential ingredient to be used in nutraceuticals and functional food. Flowers and their extracts are being used in variety of food products to increase their health benefits. Examples include the addition of ‘Moringa oleifera’ flower powder in bread and meat products (Dhakad et al., 2019; Madane et al., 2019), ‘Hibiscus sabdariffa’ powder in cookies (Antarkar et al., 2019), and ‘Clitoria ternatea’ and ‘Tagetes erecta’  extracts as natural colourant in dairy products and beverages (Saeed et al., 2025). Additionally, to prevent oxidation of food, antioxidant extracts from flowers have potential to be used as natural preservative in accordance with the clean-label movement (He et al., 2015).

0. Some Widely Used Edible Flowers.
A wide variety of species are considered edible flowers due to their both practical and sensory qualities. Rosa spp., Hibiscus sabdariffa and other flowers are among the most frequently used and researched. (Lavandula spp.) lavender, (Calendula officinalis) pot marigold (Chrysanthemum morifolium) nasturtium, (Tropaeolum majus) nasturtium, (Matricaria chamomilla) chamomil ,(Nelumbo nucifera) lotus, (Tagetes erecta) marigold, and (Rosa spp.) Rose flowers. These species which are frequently eaten raw in salads brewed as teas or added to soups and jams are essential to many worldwide cuisines and traditional medical systems. (Carboni et al. 2025; Lu et al.,2016; Takahashi et al. 2020; Hegde et al.,2023).
Some flowers other than ornamental characteristics are also packed with nutrients too. Chive flowers and banana are loaded with protein, which isn’t something expected from flowers (Bhaskar et al., 2012; Grzeszczuk et al., 2011; Liang et al., 2013). (Bauhinia variegata) orchid, known for its high protein and vitamin. The byproducts from floral oil extraction plants contains plenty of nutritional factors which can be re used. These byproducts contain fiber, essential amino acids, plus vitamins E and C (Hegde et al., 2023).
Edible flowers are frequently used in the culinary industry as organic coloring agents. (Clitoria ternatea) Butterfly Pea is highly valued for its pH-sensitive blue anthocyanins, which are used in Southeast Asian delicacies like "Nasi Kerabu,", Tagetes erecta is cultivated for its lutin pigment, which is used to enhance the color of dairy products and poultry feed (Harmayani et al., 2019; Hegde et al., 2023). The brilliant crimson anthocyanins of Hibiscus sabdariffa give drinks and preserves a striking coloure(Formagio et al., 2015), while the petals of Calendula officinalis are commonly used as a saffron substitute to colour cheeses (Panda et al., 2019).
A lot of edible flowers have also been used for a long time in traditional medicine. While (Matricaria chamomilla) chamomile is commonly used as a tea for its soothing and gastrointestinal properties, Hibiscus sabdariffa is drunk for its alleged digestive, diuretic, and antihypertensive effects (Formagio et al., 2015; Khayyal et al., 2019). Other species, such as (Cynara cardunculus) Cardoon, are used for purposes other than cooking, such making cheese the old-fashioned way by acting as a vegetable rennet coagulant (Gomes et al., 2019).







2. NUTRITIONAL COMPOSITION.
Water makes up the maturity of edible flowers, with trace amounts of minerals, proteins, lipids, and carbs. (Navarro- González et al., 2014).
Table no.1 general nutritional composition for edible flowers.
	Component Category
	General Composition
	Key Examples & Variability
	References

	Water
	High moisture content, typically >80%.
	
	Navarro-González et al., 2014.

	Macronutrients
	Contain small amounts of proteins, fats, and carbohydrates.
	Proteins: Generally moderate (2-7.6). Exceptions include Banana flower (12.5%) and Chive flowers (15.4%).
Carbohydrates: Content can be high (e.g., Centaurea: 88.4% ).
Lipids: Generally low. Some, like Chive and Pot Marigold, are sources of beneficial unsaturated fatty acids (linoleic, oleic acid).
	Bhaskar et al., 2012; Grzeszczuk et al., 2011; Pires et al., 2019

	Dietary Fiber
	Content is highly variable.
	Ranges from moderate (e.g., Chive flowers: 6.1%) to very high (e.g., Banana flower: 65.6% .).
	Bhaskar et al., 2012; Grzeszczuk et al., 2011; USDA, 2018c

	Minerals & Vitamins
	Good sources of various minerals and vitamins.
	Sunflower florets are notably high in minerals (Potassium-K, Calcium-Ca, Phosphorus-P, Iron-Fe) and vitamins (E and C).
	Liang et al., 2013


 (Note - The values are measured on dry weight basis.)
3. BIOACTIVE POTENTIAL.
Edible flowers are a rich source of different bioactive composites, which are responsible for a wide range of health- promoting parcels, including antioxidant, antimicrobial, antiviral, antidiabetic, anticancer, and neuroprotective activities (Takahashi et al., 2020; lu et al., 2016).
3.1 Antioxidant Capacity.
The antioxidant capacity is the most extensively studied bioactive property of edible flowers, primarily attributed to their high amount of phenolic compounds, flavonoids, and anthocyanins (Takahashi et al., 2020).
The antioxidant capacity is the most considerably studied bioactive property of edible  flowers, primarily attributed to their high content of phenolic composites, flavonoids, and anthocyanins (Takahashi et al., 2020). Research constantly demonstrates potent exertion across a wide range of species. For case, extracts from Sweet Osmanthus (Osmanthus fragrans) and Rose (Rosa hybrida) have displayed exceptionally high values in standard assays, reaching 2078.34 µmol Trolox/ g(ABTS) and 629.64 µmol Fe (II)/ g(FRAP), independently (Chen et al., 2015; Li et al., 2014). also, Chinese Peony (Paeonia lactiflora) and Sambuco nero (Sambucus nigra) show high total phenol content, at 222.01 and 228.5 mg GAE/ g (Loizzo et al., 2015; Skrajda, 2017). Certain structural characteristics, especially the presence of ortho-dihydroxy groups in composites like quercetin, myricetin, and rutin, are commonly associated with the strength of this antioxidant activity (Takahashi et al., 2020). 
While studying the antioxidant activity of flowers one thing to pay attention is the antioxidant effect we measure is not simply the addition of its composites.  The effectiveness of phytochemicals is increased by some notable synergistic relationships with some community factors reported to be in  range of 56 to 1416.  This makes it easier to understand why theoretical calculations frequently account for less than one of the energies that we actually see. This strong and synergistic effect makes edible flowers as important natural option for combating oxidative stress (Breda et al., 2025).
3.2 Antimicrobial Activity.
Broad- range of antimicrobial activity against a variety of significant foodborne and natural pathogens is shown by edible flowers, which makes them a potential natural alternative for food preservation and medicinal operations. effective inhibitory action against bacteria like staphylococcus aureus Escherichia coli and Bacillus cereus is demonstrated by extract from traditional Thai flowers senna siamea, sebania grandiflora, and telosma minor.(Krasaekoopt & Kongkarnchanatip, 2005). Some common flowers also show this antibacterials for example, Rose(Rosa spp.) extracts are effective against pathogens including klebsiella pnuemoniae and pseudomonas aerinosa, while e Cornflower (centaurea cyanus) and Daisy (Bellis perennis)  have specific activity against dangers like Listeria monocytogenes and other Gram-positive bacteria (Takahashi et al., 2020). n- Hexane extracts from Lotus arabicus and L. glaber have been shown to significantly inhibit the growth of the incentive Candida parapsilosis and the mycotoxin- producing fungus Aspergillus flavus(Youssef et al., 2021) 
3.3. Antiviral Properties.
Along with their antifungal and antibacterial capabilities, some edible flowers also possess direct antiviral activity, indicating a broader medicinal capability(Takahashi et al., 2020). The most prominent findings involve species from the Lotus genus, which protects specific goods against pathogenic viruses. According to various researches extracts from Lotus arabicus has shown active against both the Coxsackie B4 virus and the Hepatitis A contagion. On contrary , extracts from Lotus glaber demonstrated activity specifically against the Coxsackie B4 contagion. This substantiation positions these edible flowers as precious sources of bioactive composites for unborn exploration into natural antiviral agents (Youssef et al., 2021) 
3.4. Other Biological Activity.
Beyond their well-proved antioxidant and antimicrobial properties, edible flowers show a different range of other significant natural activities that contribute to their eventuality as functional food constituents and nutraceuticals. specially, several species demonstrate promising antidiabetic goods through the inhibition of crucial carbohydrate-digesting enzymes. For illustration, extracts of Malva sylvestris have shown potent inhibition of α- amylase and α- glucosidase, outperforming the pharmaceutical medicine acarbose (Loizzo et al., 2016)., while (Cucurbita pppepo) quash flower extracts and (Sambucus nigra) elderberry flowers have also demonstrated significant α- glucosidase inhibition and enhanced glucose metabolism in vivo (Morittu et al., 2019). likewise, elect flowers retain anticancer eventuality; Hibiscus sabdariffa extracts acts as aco-adjuvant in bone cancer remedy by widely targeting cancer cells and mollifying chemotherapy side goods (Nguyen et al., 2019), and extracts from Dahlia pinnate cav and Rosa spp. have been shown to inhibit the growth of cervical and hepatocellular melanoma ccells (ires et al., 2018). also, neuroprotective properties are apparent through acetylcholinesterase inhibition, a crucial remedial target for Alzheimer’s complaint, observed in extracts from (Dianthus caryophyllus) carnation, (Viola x wittrockiana) pansy. (Handy et al., 2018; Moliner et al., 2019; Rezende et al., 2019). Other reported conditioning includeanti-inflammatory, gastroprotective, hepatoprotective, and indeedanti-leishmanial goods (Bragueto Escher et al., 2019;), as proved for species like Calendula officinalis (Nikmehr et al., 2014), emphasizing the vast and largely untapped pharmacological eventuality of edible flowers. (Takahashi et al., 2020).
4. APPLICATIONS.
The operation of edible flowers varies from direct culinary use to their incorporation as functional constituents in modern food products, driven by their sensitive appeal and bioactive properties. Flowers were used to be consumed directly in fresh forms from a long time, as in salads, or are used in desserts, and brewed into teas, wines, and infusions, where they provide vibrant colour, unique aroma, and subtle flavour  (Skrajda, 2017; Takahashi et al., 2020). Blue pea flower is good example of their traditional used as they were used as natural colourant (Clitoria ternatea), which gives a pictorial blue tinge which is pH-sensitive, making it popular in drinks and traditional dishes in Southeast Asia (Harmayani et al., 2019).
In order to enhance nutritive and antioxidant value there's a growing trend to incorporate edible flowers into functional food products (Breda et al., 2025). They're being successfully added to yogurts to ameliorate their phytochemical content and sensitive profile (Takahashi et al., 2020). likewise, extracts from species like hibiscus and rosehip have been integrated into baked goods similar as eyefuls and chuck, perfecting their antioxidant capacity and offering a new health- acquainted product order (Takahashi et al., 2020).  marigold is employed as a source of lutein for naturally colouring dairy products (Hegde et al., 2023).
Possibly one of the most innovative usages is the use of antioxidant-rich flower extracts as natural preservatives. Their bioactive compounds can inhibit microbial growth and lipid oxidation, extending the shelf- life of food products while replacing synthetic additives (he et al., 2015; breda et al., 2025). Eventually, due to their concentrated bioactive compounds, edible flowers hold significant eventuality in the nutraceutical sector for the development of salutary supplements and health products aimed at preventing oxidative stress, inflammation, and habitual conditions (kumari & bhargava, 2021; prabawati et al., 2021).
5. Safety Considerations for Edible Flowers.
5.1 Toxicity and Misidentification.
Not every flower is safe to eat; numerous ones have natural anti-nutritional elements or harmful substances like alkaloids, cyanogenic glycosides, and trypsin inhibitors (Skrajda, 2017). Adding to this risk is a notable regulatory void, since there is no formal international inventory from prominent food safety bodies such as the FAO, WHO, FDA, or EFSA that clearly classifies which flowers are deemed safe for human consumption (Takahashi et al., 2020). Moreover, even in an edible species, not every part may be safe, since pollen can induce allergic responses, while other parts such as stems or sepals might harbor bitter or toxic compounds (Takahashi et al., 2020)
5.2 Chemical Contamination from Cultivation.
It is important  to know the origin of edible flowers for safety purpose, as if  those sourced from non-food origins can carry a significant risk of chemical contamination. Flowers from florists or decorative nurseries contains residuals of pesticides, herbicides, and fertilizers that are not permitted for food crops and can be dangerous for the consumer (Mlcek & Rop, 2011). Therefore, it is important to ensure that the flowers meant for consumption purpose are collected from safe, tested varieties, and cultivated specifically. This problem has resulted in an increasing trend in organic farming, which is highlighted as a crucial approach to guarantee that the end product is free of dangerous chemical remnants (Takahashi et al., 2020)
5.3 Microbiological Contamination.
Their low processing steps and high surface area are two reasons why edible flowers have poor resistance to microbial contamination, representing an additional important safety problem. These involve the possibility of contamination with pathogenic bacteria including salmonella, Staphylococcus aureus and Bacillus spp., as well as with some mycotoxin producing molds such as Aspergillus and Penicillium (Carboni et al., 2025). Under these circumstances, rigorous controls are necessary at all stages of the supply chain. Proper farming practices, hygienic post-harvest handling practice, effective sanitizing and appropriate storage atmosphere are important for the preservation assuring microbiological safety for consumers (Lu et al., 2016)
5.4 Cytotoxicity AND Toxicological Effects.
Although some edible flowers may have biologically active properties, they are not cytotoxic or toxic; therefore, the need of toxicological assays. Cytotoxicity Cytotoxic effects derived from Lotus species have been determined, showing CC50 values at 4.68 mg/mL (Lotus arabicus), and 2.11 mg/mL (Lotus glaber) and the highest no-toxic concentration found was 625 µg/ml in a study using chronic ethanol-induced gastric ulcer rats (Youssef et al., 2021). also, in H. sabdariffa; whereas long-term treatment of rats with extracts resulted in changes to liver enzymes, creatinine and spleen weight, suggesting possibility of high dose, long duration consumption toxicity at the organ level. It is worth noting that hibiscus might interact with some medications. (Fakeye et al., 2008).
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