
agronomy

Editorial

Sprouts, Microgreens and Edible Flowers as Novel
Functional Foods

Youssef Rouphael 1,* , Giuseppe Colla 2 and Stefania De Pascale 1

����������
�������

Citation: Rouphael, Y.; Colla, G.; De

Pascale, S. Sprouts, Microgreens and

Edible Flowers as Novel Functional

Foods. Agronomy 2021, 11, 2568.

https://doi.org/10.3390/

agronomy11122568

Received: 5 December 2021

Accepted: 15 December 2021

Published: 17 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Agricultural Sciences, University of Naples Federico II, 80055 Portici, Italy; depascal@unina.it
2 Department of Agriculture and Forest Sciences, University of Tuscia, 01100 Viterbo, Italy; giucolla@unitus.it
* Correspondence: youssef.rouphael@unina.it; Tel.: +39-081-253-9134

Nowadays, interest in novel functional foods has been on the rise, compelled by
the increased interest of the consumers, researchers, food nutritionists, producers, and
extension specialists for diets able to maintain health and preventing chronic diseases
by providing essential nutrients, phytochemicals, and calories for the body metabolism.
Sprouts, microgreens, and edible flowers are three important classes of specialty crops
produced from the seeds of a wide range of ornamental plants, fruit trees, vegetables, herbs,
cereals as well as wild species. Sprouts, microgreens, and edible flowers are normally
consumed raw, and they are characterized by their phytochemical profile particularly, phe-
nolic compounds (phenolic acids, anthocyanin, chalcone, flavanones, flavones, flavonols),
carotenoids (carotenes and xanthophylls), betalains (betacyanins and betaxhantins), vita-
mins (ascorbic acid, phylloquinone, and tocopherols), glucosinolates, amino acids as well
as macro and micro-minerals [1–3].

The current special issue “Sprouts, Microgreens and Edible Flowers as Novel Func-
tional Foods” compiles one critical review and nine original research articles that examine
the implications of preharvest and postharvest factors on agronomical performance, nutri-
tional and functional quality of sprouts and microgreens. The present special issue contains
scientific papers of high-quality standard coming from several prestigious and renown
research groups. As such, it is geared to improve knowledge among consumers, academics,
breeding companies and farming communities on the benefits of these three important
categories of specialty crops towards providing and designing fresh, healthier (low calorific
and fat content) and functional (phytochemicals-rich) foods [1–3].

Sprouts which are basically germinated seeds of cereals, pseudo-cereals, legumes,
herbs, oilseeds, and vegetables usually grown under dark conditions without the use of a
substrate and the addition of synthetic agrochemicals and fertilizers since only water is
required. They are characterized by a very short cultivation cycle (4 to 10 days) and their
edible portion is constituted by the whole sprout including the roots [4]. The nutritional
and functional quality of sprouts, microgreens and edible flowers are modulated by several
preharvest (species/genotypes choice, mineral nutrition, micro-elements biofortification,
light intensity and spectrum composition). Cuong et al. [5] carried out an experiment
aiming to determine the effects of increasing concentrations of sodium chloride (0, 50,
100 or 200 mM NaCl) on phenylpropanoid compounds and their related genes. Increas-
ing the NaCl concentration from 0 to 200 mM decreased linearly the agronomical traits
such as fresh weight, shoot and root lengths. Interestingly, the highest concentrations of
epicatechin, ferulic acid trans-cinnamic acid, 4-hydroxybenzoic acid, and total phenyl-
propanoid were recorded on 6-day-old wheat sprouts treated with 50 mM NaCl. The
authors concluded that the application of moderate saline stress (50 mM NaCl) could be
considered an effective agronomical tool to improve the synthesis and accumulation of
phenylpropanoid compounds in wheat sprouts with a marginal decrease in fresh biomass.
Moreover, Martínez-Zamora et al. [6], carried out an experiment to assess the beneficial ef-
fect of light-emitting diode (LED) stimuli in the phytochemical synthesis and accumulation
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of carrot sprout. In their growth chamber trial, carrot seeds were grown under darkness
conditions for 7-days and after this initial period sprouts were subjected to different daily
light treatments (darkness, fluorescent, blue + red, blue + red + far red) with the following
photoperiod regime: 16 h light and 8 h of darkness. Although sprout and hypocotyl lengths
were improved under control conditions (i.e., darkness), LED stimuli with blue + red
and with blue + red + far red increased both phenolic compounds (chlorogenic, caffeic
acid, rutin), and carotenoids compared to fluorescent and especially the control treatment.
The authors concluded that the application of LED lighting during sprouting could boost
the synthesis and accumulation of key pigments in carrot such as carotenoids. Similar
findings were also observed in ginseng spouts cultivated under 16 light treatments in-
cluding: natural white, fluorescent, monochromatic (blue, red, or green), various red-blue,
red-green-blue combinations as well as supplemental far red [7]. Particularly, red light
significantly increases growth characteristics (shoot, and total fresh weight, leaf area, and
stem length) as well as photosynthesis parameters (SPAD value, photosynthetic rate, and
stomatal conductance), while the highest total saponin and ginsenosides contents was
recorded in ginseng sprouts treated with the combination of natural white + far red.

In addition to sprouts, microgreens also known as ‘vegetable confetti’ are another
important class of specialty crop, defined as tender immature greens produced under
light conditions from the seeds of vegetables, herbs or grains, including wild species.
The most popular microgreens are produced from seeds of the following plant families:
Asteraceae, Apiaceae, Amaryllidaceae, Amaranthaceae, Lamiaceae and Brassicaceae [8–11].
Microgreens are generally harvested at the soil level, 7 to 28 days from seed germination
(depending on the species/varieties and cultivation conditions). The edible portion of
microgreens is constituted of the two cotyledons and the first and/or second true leaves
without roots.

Concerning the implications of mineral nutrition on the productive characteristics and
bioactive profile of microgreens El Nakhel et al. [12] and Keutgen et al. [13] shed light on the
importance of this preharvest factor (i.e., mineral nutrition) on novel microgreens species
from the Brassicaceae botanical family. El Nakhel et al. [12] demonstrated that growing
microgreens species such as Brussels sprouts and cabbage without fertilization application
(only osmotic water was used during the whole cultivation cycle) can be feasible (10%
of yield reduction accompanied with an 99% reduction of nitrate compared to nutrient
supplementation treatment). In the same study, the absence of nutrient supplementation in
microgreens rocket exhibited a significant increase in a wide range of metabolites such as
β-carotene, lutein, and ascorbic acid but manifested a major 47% decrease in fresh yield.
Moreover, Keutgen et al. [13] examine the effect of five nutrient solution concentrations
(full-, half- and quarter-strength NSs, tap water and demineralized water) on nutritional
and sensorial quality of garden cress and radish cress. The authors demonstrated that the
induction of moderate nutrient stress may represent an efficient tool to modulate the bioac-
tive compounds, whereas the sensory attributes of the two tested microgreens was rated
highest when macronutrient content in the nutrient solution was highest. The consumer
acceptability and sensory attributes of 12 microgreens species/genotypes (komatsuna,
tatsoi, pak choi, cress; mibbuna, mizuna, Swiss chard, amaranth, coriander, green basil,
purple basil, purslane was assessed by Caracciolo et al. [14], on a sample of 54 untrained
student’s volunteers having an average age of 22 years. The authors demonstrated that the
lower the sensory attributes such as astringency, bitterness, and sourness the higher the con-
sumer acceptability of microgreens species. Particularly, mibuna and cress (Brassicaceae)
exhibited the lower acceptance of by consumers, whereas Swiss chard (Chenopodiaceae)
and coriander (Apiaceae) where the most requested and appreciated by the consumers.

Human body deficiency in essential and/or beneficial microelements has become
a serious threat among the global population. Biofortification of vegetables crops and
microgreens with key microelements such as iodine, iron, selenium, and zinc may represent
an effective approach for providing the human diets with these important beneficial and
essential microelements [15,16]. Puccinelli et al. [17] investigated how the application
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of 1.5 mg/L of sodium selenate could biofortified three wild species Rumex acetosa L.,
Plantago coronopus L., and Portulaca oleracea L., grown as microgreens. All microgreens’
species exhibited an increase in the selenium concentration in the shoot parts in particular
P. coronopus which was characterized by the highest ability to accumulate selenium, and
the selenium enriched microgreens showed the highest flavonoid and chlorophyll content.
The authors concluded that a daily consumption of 10 g of wild species microgreens
fortified with 1.5 mg/L of Se will satisfied 27–53% of the recommended daily allowance
for selenium.

The increasing consumption of microgreens as nutrient dense vegetables invites a
closer examination of their comparative composition compared to their mature greens’
counterparts [18]. In this special issue two research articles have addressed the differ-
ences in nutritional and functional quality between microgreens and mature plants [19,20].
Di Bella and co-workers [19] investigated the variation of secondary metabolites and
functional quality of two broccoli types (‘Broccolo nero’ and ‘Cavolo broccolo Ramoso
Calabrese’) and kale (‘Cavolo Lacinato Nero di Toscana’) at three different growth stages:
sprouts, microgreens, or baby leaf. The highest concentration of kaempferol and apigenin
was observed at the baby leaves growth stage, whereas the highest value of ascorbic acid
was observed for the microgreens of ‘Broccolo Nero’. Moreover, the antioxidant capacity
showed in general the highest values for the sprouts for all the two broccoli and kale
analyzed. In a similar growth chamber experiment, El-Nakhel et al. [20] examined the
antioxidant molecules and mineral profile of parsley at two different stages of ontogeny
(microgreens and baby leaves). The authors showed that microgreens provided more
key carotenoids (lutein and β-carotene), more potassium and phosphorus and less nitrate,
whereas parsley baby leaves provided more total polyphenols and total ascorbic acid. The
authors concluded that both ontogeny maturity stages of parsley presently examined have
proven potential sources of phytochemicals for the human diet. Finally, concerning the
future perspectives in the field of specialty crops, Galieni et al. [21] reviewed the potential
benefits of sprouts and microgreens as functional foods. In their review paper, they indi-
cated that future efforts should focus on new research prospects related to key preharvest
(seeds treatments, biofortification and elicitation techniques) as well as to postharvest
techniques (shelf-life extension and seed sanitation) that may additionally enhance target
phytochemicals in these important specialty crops.
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