MICROGREENS: TREND TOWARDS SUSTAINABLE AGRICULTURE
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Due to the interest of society in healthy eating
over the past twenty years, there has been an increase
in demand for fresh, functional, and nutraceutical
foods (Ebert 2012). The recent Covid 19 pandemic
caused agricultural systems to struggle with the
problem of food insecurity in many regions of the
world. Further, there is a higher demand for less
processed and fresh greens as food offered by urban
agriculture (UA) (Lal 2020). As a result, urban
agriculture (UA) has recently gained a lot of attraction
as it is recognised as an important tool for maintaining
local food security as well as for generating income and
employment in urban areas. Microgreens production
is an important part of urban agriculture (Paraschivu
etal. 2021; Pulighe et al. 2020). Microgreens, also called
‘vegetable confetti, are tender immature greens that
can be produced from the seeds of vegetables, grains
or herbs, including their wild species (Xiao et al.
popularity
fortified phytonutrient content, potential bioactive

2012). Their stems from
value and other quality attributes (such as their vivid
colors, delicate textures, unique flavor enhancing
properties as garnishes) (Sun et al. 2013, Xiao et al.
2015, 2012). Microgreens are the young leafy greens
during cotyledon growth stage when the first couple of
true leaves appear (7-14 days after sprouting,
depending on the species) (Du et al. 2022). Mostly
exploited the families of

species belongs to

Chenopodiaceae, Apiaceae, Amarillydaceae,
Asteraceae, Amaranthceae, Lamiaceae, Cucurbitaceae

and Brassicaceae (Andrejiova et al. 2017).

Microgreens can be produced on a big scale in
industries for commercial selling, or on a small scale by
quality s
considerably affected by their growing, harvesting and

individuals at home. Microgreens

post-harvest handling (Stoleru et al. 2016). Currently,

microgreens at large scale are produced in greenhouse
that helps to avoid the impact of environmental
pollution, making them available throughout the
year (Zhang et al. 2021). Microgreens are suitable crops
for indoor and greenhouse cultivation, as they require
negligible input (such as fertilisers) considering their
short growth period. Various soil substitutes (such as
vermiculite, coconut fibre, jute fabric and peat-based
media) have been explored as new growth substrates
to enhance nutritional quality of microgreens and
sprouts (Muchjijab et al. 2014). The suitability of these
soil substitutes is determined by various attributes
including their water holding capacity, bulk density,
particle density, air capacity, and total pore space
(Sharma et al. 2022). The effects of culture substrates
on the nutritional values vary with the species of
microgreens.

Hydroponics is modern planting

technology wused widely in wurban agricultural
production as it could avoid the transmission of pests
and diseases through the growth media to the plants.
In addition, hydroponics has been applied to improve
growth and nutritional content in microgreens by

fertigation with nitrogen and calcium (Li et al. 2021).
Nutritional composition

Microgreens have potential role as anti-
inflammatory, anti-carcinogenic, anti-obesogenic and
anti-atherosclerotic and are therefore popular as
functional food of the 21* century (Fuente et al. 2019).
The microgreens have abundant bioactive compounds
such as vitamins, minerals and phytochemicals as
examined in many research studies. Also, the
nutritional value and phytochemicals content of
vegetables and other crops may vary with plant growth
and development (Zhang et al. 2021). Generally, the
minerals, vitamins,

concentration of essential

bioactive compounds, and antioxidant activity is
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found to be higher in microgreens as compared with
their sprouted or raw seeds (Gioia et al. 2017).
Examples of variations of the content of essential
nutrients, vitamins, and phytochemicals are discussed

below.

Kowitcharoen et al. (2021), studied the
carbohydrate profile of 14 different microgreens from
Brassicaceae, Pedaliaceae, Malvaceae, Fabaceae and
Convolvulaceae were examined, and mungbean (7.16 g
100 g7) showed the highest content followed by
fenugreek (5.12 g 100 g). For the rest, the total
carbohydrate content ranged from 2.32 to 4.90 g 100
g”’. The protein content among 10 different
microgreens ranged from 1.8 to 4.4 g per 100g (Ghoora
et al. 2020). According to Paradiso’s study, the protein
content is higher in Brassicaceae microgreens
(broccoli) in comparison to the Asteraceae (chicory)
varying between 1.9 to 3.0 g per 100 g. Pajak et al. (2014)
and Khang et al. (2016) showed increase in total
phenolic content (TPC) and antioxidant activity of
mungbean, adzuki bean, black bean, soybean, peanut,
radish, broccoli and sunflower upon germination. The
seed-storage compounds are broken down during the
germination process leading to the synthesis of
structural proteins and other cellular components

(Mishra et al. 2021).

Microgreens are found to be rich in vitamins
(e.g., vitamin C, tocopherol and -Carotene), minerals
(viz. copper and zinc), phenolic compounds and
phytochemicals, which act as antioxidants in human
body (Zhang et al. 2021). Ascorbic acid (vitamin C), -
Carotene (provitamin A) and tocopherols are the fat-
and water-soluble vitamins that act as antioxidants
protecting the cellular damage by free radicles
scavenging activity (Singh et al. 2006). Phylloquinone
(vitamin K,), on the other hand is required for blood
coagulation in the human body (Ramirez et al. 2020).
Xiao et al. (2012) determined the concentrations of
phylloquinone, and

ascorbic acid, carotenoids,

tocopherols in 25 commercially available microgreens.
B-carotene levels ranged from 0.6 to 12.1 mg/i00 g
being highest in red sorrel (12.1 mg/100 g) and lowest
in golden pea (around 0.6 mg/100 g). Red cabbage
(147.0 mg/100 g) microgreens showed 6 times higher
ascorbic acid content and 40 times higher tocopherol
content than their mature counterpart (24.4 mg/100 g;
0.06 mg/100 g, respectively) (Singh et al., Podsedek et
al. 2006). High content of o and y-tocopherol were
detected in green radish (87.4 and 39.4 mg/100 g,
respectively) while for other microgreens the range of
a-tocopherol varied from 41.2 to 53.1 mg/100 g. Among
the 25 microgreens assayed, the highest concentration
of phylloquinone was observed in garnet amaranth (4.1
pg/g), followed by red sorrel (3.3 pg/g), green basil (3.2
pg/g), pea tendrils (3.1 pg/g), and red cabbage (2.8
pg/g) microgreens. Generally, green (pea) or bright red
(amaranth) coloured microgreens were found rich in
phylloquinone content were generally green (e.g., pea
tendrils) or bright red in colour (viz. garnet amaranth
microgreens), while light-coloured microgreens
(golden pea) depicted relatively low concentration

(Bolton-Smith et al. 2000).

Polyphenols are another group taste and color
providing antioxidants in the human diet. They are
found abundantly in plants as secondary metabolites.
Microgreens have varied number of polyphenols
varying among different species (Xiao et al. 2015). Due
to the antioxidant activity microgreens can help to
avoid several diseases like cancer, diabetes and heart
disease (Ramirez et al. 2020). Thirteen different
microgreens species representing Brassicaceae,
Chenopodiaceae, Lamiaceae, Malvaceae and Apiaceae
family were evaluated for phenolic content using LC-
MS. Total phenolic content differed significantly
across  microgreens  species ranging from
691mg kg™ to 5920 mgkg™. Twenty-eight phenolic
compounds were variably detected and quantitated in
species examined.

the 13 microgreens
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Flavonol glycosides, flavones and flavone glycosides
and hydroxycinnamic acids represented 67.6%, 24.8%
and 7.6% of the mean total phenolic content (Kyriacou
et al. 2019). Several strategies have been used to
enhance phenolic content in microgreens such as the
application of (Light-emitting diode) LED light,
utilization of salinity stress and selenium
biofortification. The transcription level of phenolic
biosynthesis genes increased on illumination with
blue light and UV-A for soybean microgreens (Zhang
etal. 2019). Red and blue light treatment in green basil
microgreens enhanced the gallic acid and rosmarinic
acid content by 4 and 15 folds, respectively (Lobiuc et
al. 2017). Also, phenolic acid and flavonoid in the
wheat microgreen extract increased significantly by
application of NaCl (12.5mM) (Islam et al. 2019).
Further, selenium biofortification (16 pM) increased
the total phenolic content by 21% in coriander

microgreens (Pannico et al. 2020).

In mineral composition of three different
microgreens chicory, lettuce and broccoli the most
abundant was K and Ca followed by P and S. Lettuce
microgreens had considerably higher contents of P,
Ca, Mg and Zn (872 mg kg7, 1466 mg kg™, 248 mg
kg™ and 5.2 mg kg™, respectively) than mature lettuce
butterhead (330 mg kg™ P, 350 mg kg™ Ca, 130 mg
kg* Mg, and 2 mg kg™ Zn) (Paradiso et al. 2018).
Lettuce microgreens possessed higher mineral content
(Ca, Mg, Fe, Mn, Zn, Se, and Mo) and lower nitrate
content than mature lettuce (Pinto et al. 2015).
Although the microgreen species has higher minerals
then their mature form, still some (such as Fe and Zn)
are not adequate to meet the RDA value (Gude et al.
2019). Therefore, biofortification of microgreen is new
trend adopted for enhanced mineral content. The
(Zn and Fe)

microgreens was tested on arugula, red cabbage, and

biofortification of Brassicaceae

red mustard microgreens. Zn content enhancement in

microgreens was observed (ranging from 75% to 281%)
at 5 and 10 mg L™ of zinc sulfate solution. On the other
hand, iron enhancement (64% in arugula and 278% in
red cabbage) was observed at 10 and 20 mg L™ of iron

sulfate (Gioia et al. 2019).
Conclusion

Microgreens are widely recognised functional
foods as they are beneficial to human health due to
their high levels of minerals, vitamins, polyphenols
and antioxidative compounds. Several ways have been
explored to enhance the nutritional content of
microgreens such as biofortification (Se, Zn, Fe and
others), use of different substrates (vermiculite,
coconut fibre, and jute fabric) and LED light
application. Hence, microgreens proved to have high
research potential and help in coping with the food
security and hidden hunger problem. There are still
variety of wild species that need to be explored in
Microbial

contamination in microgreens is a major drawback

terms of their nutritional value.
leading to the nutrition exploitation. Several pre and
post-harvest handling strategies could help to extend

the shelf life of microgreens.
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