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ABSTRACT

Objective: To provide a comprehensive review of the ornamental, cultural, nutraceutical, and food-related
importance of the genus Viola, with an emphasis on the edible species Viola cornuta and Viola X wittrockiana.
Design/methodology/approach: An extensive review of recent scientific literature was conducted, focusing
on the diversity, morphology, traditional uses, nutraceutical value, and production of two Viola species,
highlighting their use as ornamental and edible flowers.

Results: The species Viola cornuta and Viola X wittrockiana display outstanding ornamental and nutritional
attributes. Both are rich in relevant bioactive compounds such as flavonoids, anthocyanins, and carotenoids,
which contribute to their nutraceutical and functional properties in gastronomy. Their demand as edible
flowers has grown significantly, driven by consumer trends favoring differentiated, healthy, and value-added
food products. This review describes their taxonomic diversity, morphological characteristics, phytochemical
composition, nutraceutical potential, and the main challenges and prospects associated with their production
and use in floriculture and the food industry.

Limitations of the study/implications: There remains a need to generate specific agronomic and food
safety information for these species, particularly under Mexican production conditions, to ensure the quality
and safety of flowers intended for human consumption.

Findings/conclusions: Edible Viola species represent a high value-added resource with great potential to
diversify Mexican floriculture and the functional food market, provided that sustainable production systems
are implemented and research on agronomic and food safety aspects is strengthened.

Keywords: Edible flowers, floriculture, phytochemicals, nutraceuticals.

IMPORTANCE OF ORNAMENTAL AND EDIBLE PLANTS
Ornamental plants are defined as those cultivated for their
aesthetic qualities, such as the beauty of their form
and colors, their foliage, flowers, fruits, and,
when present, their fragrance. They are
widely used in gardening, landscaping, and
interior design [1]. These plants provide
multiple benefits to humans, including
positive effects on emotional and physiological
health,
development, through sensory, biochemical,

social dynamics, and economic
and productive mechanisms [2]. Beyond
their aesthetic value, ornamental plants

play a significant role in environmental
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improvement through various mechanisms: providing pollen for pollinating organisms,
thermal regulation, oxygen production, modulation of rainfall patterns, mitigation of
desertification, carbon capture, reduction of urban glare, control of water and soil erosion,
buffering of climate impacts through windbreak barriers, and reduction of atmospheric,
water, and noise pollution [3].

The use of ornamental plants is associated with a wide range of emotional and mental
health benefits, including reduced anxiety and stress levels, improvement of attention deficit
symptoms, positive visual responses to fractal patterns, decreased depressive symptoms,
enhanced memory retention, increased happiness and life satisfaction, mitigation of post-
traumatic stress disorder, stimulation of creativity, improved productivity and concentration,
alleviation of dementia-related effects, and improved self-esteem [4]. Additionally, plants
provide cognitive benefits that also influence quality of life. These include strengthening of
place attachment and community belonging, reduction in crime rates, increased disaster
resilience, access to locally produced food, promotion of socialization among children,
improved academic performance, and therapeutic effects in community settings [3].
Ornamental flowers, in particular, act as cultural catalysts by promoting social cohesion,
intergenerational learning, and the expression of human values, while reinforcing cultural
identity, social health, and the connection with nature [6].

In terms of physiological well-being and its impact on quality of life, ornamental plants
have demonstrated positive effects in multiple areas: improved sleep quality, increased
birth weight, reduced diabetes incidence, alleviation of eye discomfort, strengthening of
the immune system, regulation of circadian rhythm, improved rchabilitation processes,
decreased cardiovascular and respiratory diseases, lower mortality rates, enhanced
digestion, reduced allergies, increased physical activity, and cognitive development [4].

On the other hand, edible flowers (EFs) are specific floral structures that contain
bioactive compounds with potential health benefits when consumed [7,8]. Since ancient
times, these flowers have been used as food ingredients, flavoring agents, and decorative
elements in culinary preparations, and they are currently experiencing a resurgence in
contemporary gastronomy [9].

The growing interest in EFs is largely attributed to changing food consumption patterns,
which are increasingly focused on selecting healthier nutritional options. In addition to
their aesthetic and organoleptic contribution to various culinary preparations, EFs are
now recognized for their nutritional value due to their content of bioactive compounds
with multiple health benefits [10].

Floriphagy, defined as the practice of consuming flowers as food, represents an ancient
cultural tradition in various regions that continues to grow in popularity today [11]. This
practice has long been part of the food culture of Indigenous peoples in the Americas and
other parts of the world, who have appreciated and consumed flowers since ancient times.
Representative examples of this tradition include the consumption of Cucurbita maxima
flowers in Mexico, Calendula officinalis in Europe, and Jasminum officinale in Asia [12].

The EFs from different species provide a wide variety of bioactive compounds that
determine their organoleptic characteristics —such as flavor and aroma— and their

potential nutritional benefits. These bioactive metabolites, including antioxidants,
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vitamins, minerals, and various phytochemicals, confer not only sensory appeal but also
nutritional value. Their incorporation into the diet can enhance the overall nutritional
profile of food [13].

From a nutritional perspective, flowers can be divided into pollen, nectar, petals, and
other parts. Pollen is a source of proteins and carbohydrates, saturated and unsaturated
fatty acids, carotenoids, and flavonoids. Nectar contains a balanced mixture of sugars
(fructose, glucose, and sucrose), along with free amino acids, proteins, inorganic ions,
lipids, organic acids, phenolic compounds, alkaloids, and terpenoids, among others. Petals

and other flower parts are rich in vitamins, minerals, and antioxidants [14].

THE GENUS Viola: DIVERSITY AND CHARACTERISTICS
The genus Viola

The family Violaceae is cosmopolitan and comprises 26 genera and approximately 1,100
species of trees, shrubs, lianas, and herbs [15]. The genus Viola is the largest within this
family, with 664 species, divided into two subgenera, 31 sections, and 20 subsections [16].
It is characterized by plants that are generally herbaceous and distributed in temperate
regions, and it is defined by several apomorphies, with few exceptions, such as non-
articulated peduncles (meaning they lack an abscission zone at the level of the bracteoles),
solitary flowers, calyx appendages, a clearly spurred lower petal (rarely sacciform or
gibbous), and a blade shorter than the lateral and upper petals [16,17].

Importance of the genus

Certain species of the genus Viola are cultivated as ornamental plants for their floral
display, such as the pansy hybrids V. X williamsii and V. X wittrockiana, as well as some
cultivars of V. sororia, V. palmata, and V. prionantha [16]. Moreover, many more wild species
have been introduced as novelties for specialized gardeners. The flowers of V. odorata, a
commonly cultivated species, along with some wild species, are used for condiments, jellies,
syrups, and sweets. The young leaves of several Viola species are occasionally consumed
as an aromatic herb rich in vitamin G, and the flower syrup has been used for medicinal
purposes [17].

The genus Viola groups its cultivated varieties, or cultivars, into four main subgroups:
B1: pansies; B2: violas; B3: violetes; and B4: cornuta hybrids. Within this classification,
modern pansies are distinguished by presenting a well-defined central blotch or “eye”
on the flower, a characteristic that differentiates them from the other subgroups. In
ornamental horticulture, the term “pansy” is commonly used to refer to annual flowering
hybrids with large, multicolored flowers, mainly intended for bed decoration. In contrast,
the term “viola” is used to describe smaller varieties, whether annual or perennial, with a

more delicate growth habit [18].

General morphological description
The genus Viola consists of annual or perennial herbs, rarely suffrutescent, with
leaves and stipules of variable morphology. Its flowers, typically zygomorphic and

hermaphroditic, appear individually on non-articulated peduncles, generally with
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two bracts. The five sepals are slightly differentiated from one another and bear basal
appendages of diverse shapes. The petals are unequal, with the lower petal equipped
with a spur. The five stamens possess anthers with elongated connectives in the form
of membranous appendages, with the two lower stamens being nectariferous. The
tricarpellary ovary produces capsules with thickened valves that open by explosive
dehiscence. The seeds, usually ovoid, present a conspicuous elaiosome, a straight embryo,

and plano-convex cotyledons [19].

HISTORY AND CULTURAL SIGNIFICANCE OF VIOLAS

The earliest records of the use of violas (Viola spp.) in Europe date back to Ancient
Greece, where they were sold at the Agora of Athens, praised in the poetry of the time, used
for medicinal purposes, and played an important role in myths such as that of Persephone.
They were also used in garlands, mentioned in the Odyssey, and maintained their relevance
throughout the Middle Ages and the Renaissance, when they became symbolically
associated with the Virgin Mary and humility [16,20].

In the Americas, viola nurseries were established on both coasts, in New England
along the Atlantic and in California along the Pacific. However, the locality most closely
linked to the history of these flowers in the United States was Rhinebeck, New York,
where varieties such as Viola ‘Marie Louise’ and Viola ‘Lady Hume Campbell’ were
widely cultivated [20].

Today, pansy flowers are used as garnishes in salads and desserts; the bluish or purplish
petals have been used to prepare syrups and jellies, and the tender leaves of several Viola
species are cooked as a leafy vegetable [16].

During the first half of the 20" century, nurseries and catalogs across Europe and the
Americas documented numerous iconic cultivars of Viola cornuta L., such as ‘Admiration’,
‘Alba’, ‘Papilio’, ‘Gelber Triumph’, and ‘Lord Nelson’, which were widely distributed and
contributed to consolidating the popularity of this Viola species in gardens and green
spaces. Today, many of these historical cultivars are still available through specialized
markets, demonstrating the enduring ornamental value and potential of Viola cornuta for
contemporary horticulture [21].

The history of the pansy (Viola X wittrockiana) is closely linked to that of the European
violet (Viola spp.). The name pansy comes from the French word pensée, which means
“thought” or “remembrance.” During the 19t century, systematic hybridization efforts
led by horticulturists such as Lord Gambier and his gardener William Thompson in
England resulted in the development of larger flowers with more striking color patterns,
giving rise to the modern Viola x wittrockiana. This achievement stimulated the expansion
of pansy cultivation throughout Europe and North America, where they quickly became
very popular ornamental flowers, noted for their diversity of colors and their ease of
propagation from seed [22].

EDIBLE FLOWERS OF THE GENUS Viola
The demand for EFs is growing worldwide, not only for their flavor, color, and aroma,
but also for their health benefits. They are a rich source of phytochemicals with potential
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health-promoting properties [23]. The use of EFs has been documented for thousands of
years; however, they still represent only a small fraction of the market and are currently
considered a culinary curiosity [24]. Different Viola species are known for their traditional
use as medicinal agents with analgesic, antitussive, febrifuge, hypnotic, pain-relieving, and
anti-inflammatory properties; moreover, they are considered edible flowers in certain
cultures [25]. The species Viola cornuta, V. tricolor, and V. X wittrockiana are currently the
three most consumed edible Viola species [24].

The growing interest in EFs is driving growers and technicians to seek cultivation
methods that ensure high yields and quality production without losing sight of
sustainability [26].

Viola cornuta: Horned violet

This species produces one of the most popular EFs cultivated as bedding and potted
plants [27]. Violas are short-lived annual or perennial plants that grow 10 to 15 cm tall and
produce flowers approximately 2.5 cm in diameter (Figure 1). From 2015 to 2020, sales of
Viola in the United States increased from approximately 95 to 100 million dollars, and in
the same period, the number of Viola growers rose from 1,714 to 1,869. These flowers are
among the most widely used for aesthetic food decoration. They are commonly used to
decorate cakes and desserts and have also gained popularity in the kitchen for their vibrant

colors and nutraceutical value [23].

Viola X wittrockiana: Pansy

The pansy, Viola X wittrockiana, is another species of this genus with edible flowers. In
addition, it is an important and attractive ornamental plant with a wide variety of flower
colors (Figure 2) [28]. This speciesis considered an unconventional food plant (UFP) because
it is not currently used in food, even on a seasonal basis, but it has high nutritional potential
and is also a source of bioactive compounds such as flavonoids and anthocyanins [29].
It is an herbaceous plant characterized by its remarkable tolerance to low temperatures
and its ability to flower early, traits that make it a key species in commercial floriculture.
Its versatility has made it a suitable option for residential gardens, urban green areas and

public spaces [30].

Figure 1. Floral color diversity of Viola cornuta plants.
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Figure 2. Diversity of flower colors in the species Viola X wittrockiana.

Initially, this species was selected as an interspecific hybrid resulting from crosses
between species of the Viola section Melanium Ging. (B1), specifically V. tricolor, V. lutea, and
V. altaica [31]. Due to its hybrid origin, the modern variety offers a wide range of flowers in
terms of shapes, colors, and sizes. The main types of garden pansies include rayless violas,
with single-color flowers lacking dark-colored veins, and luxury pansies characterized by
large blotches on the three lower petals [30]. Although pansies are perennial plants in cold
climates, in regions of the southeastern United States they are cultivated as cool-season

annuals and rarely survive the high summer temperatures [32].

PHYTOCHEMICAL COMPOSITION AND NUTRACEUTICAL VALUE OF
Viola spp. FLOWERS

To date, approximately 370 compounds have been isolated from flowers of various species
within the genus Viola, including flavonoids, coumarins, alkaloids, lignans, sesquiterpenes,
three types of terpenoids, phytosterols, fatty acids, phenolic acids, cyclotides, and other
compounds. Cyclotides and flavonoids are the two most abundant groups of compounds
1isolated from Viola species, with cyclotides also considered characteristic components of
these plants [33].

The flowers of Viola cornuta represent a significant source of bioactive compounds,
particularly polyphenols and flavonoids. In addition, non-anthocyanin phenolic
compounds have been identified, with quercetin-3-O-rutinoside (7.5+0.1 mg g_1 of
extract), chrysin-6,8-di-C-glucoside (6.52+0.04 mg g_1 of extract), and quercetin-3-O-
(6-O-rhamnosylglucoside)-7-O-rhamnoside (1.27+0.01 mg g_l of extract) representing
the main constituents [25]. Other flavonoids, such as luteolin, apigenin, kaempferol, and
isorhamnetin, are also present in smaller amounts. This composition supports the potential
of V. cornuta as a natural source of antioxidants, with a possible contribution of vitamin
C and carotenoids as reported by other studies [34]. Additionally, this species is rich in
myrcene and a-farnesene [11].

The species Viola X wittrockiana produces an edible flower exhibiting exceptional
nutritional composition and nutraceutical potential. Throughout its floral development,
this plant exhibits appreciable levels of proteins, carbohydrates, and beneficial fatty acids,

with a high proportion of linoleic acid, accompanied by relevant amounts of palmitic and
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linolenic acids. Its phytochemical profile reveals the presence of bioactive compounds such
as carotenoids, anthocyanins, tannins, and flavonoids, all of which are associated with
notable antioxidant capacity [33].

The petals are rich in polyphenols, especially flavonoids such as rutin, violanthin,
vicenin-2, and orientin, as well as various anthocyanosides derived from delphinidin,
cyanidin, petunidin, and malvidin. These compounds contribute to a remarkable
antioxidant capacity, as demonstrated by ABTS, DPPH, ORAC, and FRAP assays,
which confirm a positive correlation between phenolic content and free radical scavenging
activity [36].

On a dry weight basis, the flowers contain high amounts of carbohydrates (80.27 g
100 g_l) and proteins (10.14 g 100 g_l), highlighting their nutritional contribution
compared to other edible flowers. Their energy value is approximately 376.67 kcal 100
g_l. The lipid profile is dominated by saturated fatty acids, mainly palmitic acid, followed
by arachidic and myristic acids; among unsaturated fatty acids, the presence of linoleic
acid, an essential omega-6 fatty acid, is significant. The petals exhibit considerable levels
of phenolic compounds (73 to 1033.5 mg gallic acid equivalents 100 g_l), anthocyanins
(0.54 to 543.49 mg 100 g~ ), and flavonoids (69.38 to 824.84 mg 100 g~ ), with variations
depending on petal color [29]. In addition, they contain carotenoids, mainly lutein,
zeaxanthin, f-carotene, violaxanthin, and antheraxanthin, which contribute to their
bioactive potential [37].

These characteristics suggest that V. X wittrockiana could be used as a functional
ingredient to enhance the nutritional value of various foods, representing a promising

option within the edible flower market due to its potential health benefits [35].

PROSPECTS AND CHALLENGES IN THE PRODUCTION OF Viola spp.
Potential of Mexican floriculture

Floriculture in Mexico represents a strategic component within the agricultural sector,
resulting in high profitability and employment generation capacity, surpassing even
several conventional crops. This activity has shown remarkable growth in recent decades,
driven mainly by geographic, edaphoclimatic, and biodiversity advantages that position
the country as a territory with high potential to become a leader in the production and
export of traditional ornamental species [38].

At the territorial level, flower production is concentrated in states such as Jalisco, State
of Mexico, Morelos, Puebla, and Michoacdn, regions that offer optimal agroecological
conditions and a constantly modernizing production infrastructure [39]. A representative
example is Mexico City, where over 100 varieties of ornamental plants are cultivated,
mainly under intensive potted and greenhouse production systems. Among the most
relevant crops of the autumn-winter season is the Dutch tulip, which in 2019 occupied
an area of 2.2 hectares, generating approximately 326,700 plants, with a market value
reaching 9,088,794 Mexican pesos [40].

However, despite the implementation of public policies and support programs to
promote this subsector, the dynamics of foreign trade have faced structural challenges.

Imports of floricultural products have increased at a faster rate than exports, generating a
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persistent trade balance deficit [38]. This imbalance demonstrates that, although Mexico
possesses considerable productive and biological potential, it is essential to strengthen
competitiveness, biosecurity, innovation, and integration with international markets in

order to fully capitalize on the opportunities in this sector.

Consumption trends of Viola cornuta and Viola X wittrockiana

Species of the genus Viola, particularly Viola cornuta and Viola X wittrockiana, occupy
a prominent place within the edible flowers segment due to their long-standing tradition
of use and their growing popularity today. These ornamental flowers are highly valued
for their morphological and organoleptic characteristics: they display a wide range of
vibrant colors, single-color or multicolor presentations, diverse floral shapes with varying
diameters, and a velvety texture that complements their sweet and refreshing flavor. These
attributes make them a versatile resource for gourmet cuisine and functional foods [11].

The interest in incorporating Viola spp. and other edible flowers into the human diet has
intensified in response to the increasing prevalence of inadequate eating habits, which are
associated with the development of various metabolic and chronic degenerative diseases.
This situation has boosted the search for novel foods that improve the nutritional profile of
the diet and provide bioactive compounds with potential health benefits [41].

Although the use of flowers in gastronomy dates back to ancient times, there is currently
a sustained trend toward their use as functional ingredients, driven by growing consumer
awareness of the link between food and well-being. This trend is further reinforced by
lifestyles that prioritize the consumption of fresh, local, and healthy foods, as well as by
increasing scientific evidence documenting the nutritional, antioxidant, and nutraceutical
properties of edible flowers. All these factors have positioned Viola cornuta and Viola X
wittrockiana as species with high added value for the food industry, responding to the
demand for differentiated and functional products [42].

To fully capitalize on this emerging trend, it is essential that V. cornuta and V. X
wittrockiana production systems incorporate sustainable agronomic practices that ensure
the phytosanitary quality and food safety of flowers intended for human consumption.
The adoption of greenhouse cultivation technologies, integrated pest management, and
biofortification strategies can contribute to maximizing the content of bioactive compounds
and optimizing shelf life. Likewise, the certification of good agricultural practices and the
generation of added value through product traceability and differentiation will enable
access to gourmet and functional food market niches, meeting the demands of increasingly
informed and discerning consumers. This synergy between agronomic innovation,
biological quality, and commercial strategies will strengthen the competitiveness of the
national floriculture sector and consolidate various Viola species as benchmarks in the

high-value edible flower market.

Production and sustainability challengesin Viola cornuta and Viola X wittrockiana
The species Viola cornuta and V. X wittrockiana have been established as key ornamental
crops thanks to physiological attributes such as their high tolerance to low temperatures and

their early flowering capacity, making them strategic in seasonal floriculture. Traditionally,
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breeding programs in V. X wittrockiana have focused on maximizing vegetative vigor,
promoting rapid establishment, and ensuring continuous and abundant flowering.
However, specific morphological traits are now also prioritized, such as plant compactness,
the development of larger, round-shaped flowers, and the presence of straight petals held
on short peduncles, all of which directly influence ornamental quality and commercial
acceptance.

One of the main challenges during the nursery stage is controlling excessive seedling
elongation, a phenomenon that compromises the uniformity and final plant quality [30].
In addition, floriculture faces limitations associated with the postharvest phase: crops are
often exposed to high thermal fluctuations and inadequate irrigation practices along the
retail chain, increasing the incidence of water stress. It is estimated that such conditions
can cause up to 15% yield loss during commercialization by directly affecting the aesthetic
quality of the flowers. Consequently, studies aimed at strengthening V. cornuta tolerance
to water deficit stress [43] and V. X wittrockiana frost resistance under different irrigation
regimes [44] have been constantly increasing in recent years.

From a reproductive perspective, since the propagation of these species is primarily
carried out through sexual reproduction, another technical challenge lies in optimizing
seed quality and viability, an aspect that is currently being actively researched in V. cornuta
to ensure efficient and uniform production [45].

In terms of food sustainability, the growing consumer interest in innovative and healthy
products has driven the development of an emerging industry dedicated to the production
and commercialization of edible flowers. In addition to their sensory appeal (unique
colors, textures, and flavors), various Viola species can provide bioactive compounds with
nutraceutical properties, expanding their potential as functional food.

However, this market faces significant challenges related to food safety, since not all
ornamental flowers are suitable for human consumption, as some may contain toxic
secondary metabolites or antinutritional compounds [37].

Furthermore, given that edible flowers are often consumed fresh or minimally processed,
there is a considerable microbiological risk. Therefore, it is essential to guarantee proper
agricultural practices, strict phytosanitary controls, and hygienic postharvest handling
to reduce microbial load. The implementation of effective preservation, packaging, and
storage methods not only helps minimize contamination but also preserves the nutritional
quality and stability of the bioactive compounds present in the flowers [10].

Summing up, the comprehensive challenge for producers, researchers, and marketers
1s to adopt sustainable production systems that integrate genetic improvement, efficient
agronomic management, food safety, and value-added strategies, thereby ensuring the
competitiveness of Viola cornuta and V. X wittrockiana as high-value ornamental and
edible crops.

CONCLUSIONS
The genus Viola, and specifically the species Viola cornuta and V. X wittrockiana, represents
a valuable resource with great potential for diversification within both the floriculture and

functional food industries. In addition to their undeniable ornamental value, these species
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produce edible flowers rich in bioactive compounds, including polyphenols, flavonoids,
anthocyanins, and carotenoids, which contribute to their antioxidant capacity and potential
health benefits.

The increasing demand for edible flowers, driven by consumer preferences for innovative,
healthy, and visually appealing products, highlights the need to develop sustainable
production systems that ensure product quality, safety, and added value. To achieve this, it
is essential to integrate agronomic innovation, genetic improvement, efficient postharvest
management, and rigid food safety protocols.

Although Viola cornuta and V. X wittrockiana are already consolidated as important
ornamental crops, their emerging role as functional food ingredients presents significant
opportunities for the Mexican floriculture and food sectors. However, the challenges
related to seed viability, postharvest preservation, food safety, and market differentiation
must be addressed to fully exploit their potential.

In conclusion, promoting sustainable production, scientific research and innovation
focused on these species will be key to strengthening their competitiveness as high-value
edible and ornamental flowers, positioning them as a strategic alternative for responding to
market trends and consumer demands for differentiated and health-promoting products.
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