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Healthy diets prevent diet-related non-communicable diseases; they provide nutrients and health-promoting

substances from nutritious foods in adequate amounts. With society's growing interest in healthy eating, the

interest in fresh, ready-to-eat, functional food, such as microscale vegetables (sprouted seeds and microgreens),

has been on the rise in recent years globally. This entry briefly describes the crops commonly used for microscale

vegetable production, highlights Brassica vegetables because of their health-promoting secondary metabolites and

looks at consumer acceptance of sprouts and microgreens. Landraces, wild food plants, and crops' wild relatives

often have high phytonutrient density and exciting flavours and tastes, thus providing scope to widen the range of

crops and species used for this purpose. Moreover, the nutritional value and content of phytochemicals often vary

with plant growth and development stages of the same crop. Sprouted seeds and microgreens are often more

nutrient-dense than ungerminated seeds or mature vegetables. This entry also describes the environmental and

priming factors that may impact the nutritional value and content of phytochemicals of microscale vegetables. Due

to their short growth cycle, nutrient-dense sprouts and microgreens can be produced with minimal input and

without pesticides. They can even be home-grown and harvested as needed, hence having low environmental

impacts and a broad acceptance among health-conscious consumers.

microscale vegetables  sprouts  microgreens  phytonutrients  functional foods

seed priming  biofortification  illumination

1. Introduction

Healthy diets are essential for nutrition and health . As defined by Neufeld et al. , a healthy diet is “health-

promoting and disease-preventing. It provides adequacy without excess, of nutrients and health-promoting

substances from nutritious foods and avoids the consumption of health-harming substances.” Unfortunately,
about three billion people cannot afford healthy diets around the globe. The triple burden of
malnutrition, i.e., undernutrition, micronutrient deficiency, and overnutrition, affects most nations
worldwide. As incomes rise and food consumption patterns change, overnutrition from imbalanced
diets increasingly becomes a concern in developed and developing countries.

Malnutrition is a high-risk factor for non-communicable diseases (NCDs), also known as chronic diseases. Diet-

related NCDs, such as diabetes, cardiovascular disease, hypertension, stroke, cancer, and obesity, are escalating

globally. Out of the estimated 40.5 million people killed by NCDs each year (71% of the annual deaths worldwide),

approximately 32.2 million NCD deaths (80%) were attributable to cancers, cardiovascular diseases, chronic
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respiratory diseases, and diabetes . These figures illustrate the seriousness of diet-related diseases for the

healthcare sector. A truly transformed global food system may not only provide universal access to healthy diets

but may also co-deliver on climate and environmental Sustainable Development Goals (SDGs) .

The nutrition community frequently highlights the importance of fruits, vegetables, and nuts in combating the triple

burden of malnutrition . The World Health Organization (WHO) recommends a population-wide daily intake of

400 g of edible fruits and vegetables to prevent NCDs and alleviate several micronutrient deficiencies . This

WHO recommendation translates to roughly five portions of fruits and vegetables per day. People able to enjoy

more diverse diets, in general, also have better nutrition and health. A recent study analyzing data of a health

survey in Great Britain revealed a robust inverse association between fruit and vegetable consumption and

mortality .

With society’s growing interest in healthy eating and lifestyles, e.g., the Slow Food movement and the promotion of

novel and superfoods, the interest in fresh, ready-to-eat functional and nutraceutical food has been on the rise in

recent decades . In this context, microscale vegetables, i.e., sprouted seeds and microgreens, are becoming

increasingly popular worldwide as fresh, ready-to-eat functional and nutraceutical food. This is because they have

great potential to diversify and enhance the human diet and address nutrient deficiencies due to their high content

of phytochemicals .

Sprouts are commonly grown in the dark under high relative humidity. They are harvested when the cotyledons are

still under-developed and true leaves have not begun to emerge, usually after 3–5 days from seed hydration. The

entire plant (root, seed, and shoot) is consumed. The amount of antinutritive compounds (trypsin inhibitor, phytic

acid, pentosan, tannin, and cyanides) decreases, while palatability and nutrient bioavailability, as well as the

content of health-related phytochemicals (glucosinolates and natural antioxidants), are enhanced . While

sprouts usually take less than a week to mature, microgreens are harvested for consumption within 10–20 days of

seedling emergence . Microgreens, defined as tender, immature greens, are larger than sprouts, but smaller

than baby vegetables or greens. They have a central stem with two fully developed, non-senescent cotyledon

leaves and mostly one pair of small true leaves . The stem, cotyledons, and first true leaves are

consumed. Microgreens are used as garnishes in salads, sandwiches, soups, appetizers, desserts, and drinks 

and are highly appreciated because of their nutritional benefits . In vitro and in vivo research

studies have demonstrated microgreens’ anti-inflammatory, anti-cancer, anti-bacterial, and anti-hyperglycemic

properties, further strengthening their attractiveness as a new functional food that is beneficial to human health .

2. Crops Commonly Used for Microscale Vegetable
Production

Sprouts and microgreens are grown from the seeds of many crops, such as legumes, cereals, pseudo-cereals,

oilseeds, vegetables, and herbs . The significant traits of interest for consumers are the appearance, texture,

flavor, phytochemical composition, and nutritional value of sprouts and microgreens . Most crops are grown for

sprouts and microgreens, except for beans and some oilseed tree species that are commonly grown as sprouts
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only. Mungbean and soybean sprouts have long been an essential, year-round component of Asian and vegetarian

dishes . Mungbean sprouts have become increasingly popular in the Americas, Europe, and Africa. They are

commonly recognized as “bean sprouts,” although this group comprises several different crops. Most food and

forage legumes are known for their high nutritional value and an abundance of minerals and secondary

metabolites. Sprouted seeds and microgreens often contain higher concentrations of bioactive compounds than

raw seeds (Figure 1,  Figure 2  and  Figure 3) . Sprouting cereal grains enhances their nutritional value,

especially when applying a sprouting duration of at least 3 to 5 days . The sprouting process activates hydrolytic

enzymes and releases nutrients from their phytate chelates, making them bioavailable; in addition, vitamins are

synthesized and accumulate . Sprouted grains are also used in many staple foods such as bread, pasta,

noodles, and breakfast flakes, but food processing often compromises their nutritional value.

Pseudocereals are underutilized food crops that are receiving increasing attention as highly nutritious and

functional foods . Among those, amaranth, quinoa, and buckwheat are increasingly becoming popular for sprout

and microgreen production . Apart from soybean, peanut (listed under legumes), and mustard

(classified here as a vegetable), almond, hazelnut, linseed, sesame, and sunflower are other oilseed crops that one

can use for sprouting or microgreen production. Among the group of vegetables and herbs, members of the

Brassicaceae family are widely used for sprouting and microgreen production, followed by crops of the Apiaceae,

Fabaceae, and Amaranthaceae families.

Figure 1.  Dormant seed with stored reserves. A display of a seed mix for sprouting, consisting of quinoa

(Chenopodium quinoa), lentil (Lens culinaris), and radish (Raphanus sativus) seed.
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Figure 2. Home-grown 3-day old pea (Pisum sativum) sprouts. Seed germination process and nutritional benefits

of sprouted seeds:

Seed activation through imbibition, favourable temperature, oxygen, light, or darkness

Enhanced respiration and metabolic activities

Enzymes mobilize stored seed reserves and convert starch to sugar

Hydrolysis of storage proteins, release of essential amino acids

Accumulation of phenolic compounds with antioxidant ability

Accumulation of vitamins (C, folate, thiamin, pyridoxin, tocopherols, niacin, etc.).

Reduction of antinutritional factors:

Phytate, oxalate, and tannin degradation, leading to enhanced palatability, improved bioaccessibility of iron and

calcium and enhanced digestibility of proteins.
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Figure 3. Home-grown 9-day old pea (Pisum sativum) microgreens. Commonly recognized nutritional benefits of

microgreens:

Photosynthetic activity in microgreens further enhances vitamin C, phylloquinone, and tocopherol accumulation

compared to sprouts

Accumulation of carotenoids is often higher than in mature vegetables

Increased accumulation of chlorophyll and phenolic compounds with antioxidant ability, compared to sprouts

Often higher content of macro- and micronutrients and lower content of nitrate in microgreens compared to the

adult growth stage

Biofortification with specific elements (iodine, iron, zinc, selenium) made easy in hydroponic systems

Microgreens are consumed raw, hence thermolabile ascorbic acid content can be fully utilized, unlike in cooked

mature vegetables.

2.1. Bioactive Composition and Potential Health Effects of Brassica Microscale
Vegetables

The Brassicaceae family comprises a wide range of crops commonly used for microscale vegetable production.

The intrinsic qualities of Brassica  vegetables, including their color, aroma, taste, and health properties, are
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profoundly determined by secondary plant metabolite profiles and their concentrations in plant tissues

. Brassica  vegetables are rich sources of bioactive compounds, such as glucosinolates (GSLs), polyphenols,

anthocyanins, ascorbic acid, carotenoids, and tocopherols . The biosynthesis of secondary plant

metabolites is closely linked to plant protection and defense mechanisms and can be modulated by environmental

and agronomical factors. Those factors may significantly change the concentration of secondary plant metabolites

with up to 570-fold increases for specific compounds, such as isothiocyanate .

Among the bioactive compounds of Brassica vegetables, polyphenols and GSLs have been widely studied due to

their known health-promoting effects , including the impact of cooking methods on the retention of these

essential compounds . In addition, polyphenols are good sources of natural antioxidants, which help decrease

the risk of diseases associated with oxidative stress . GSLs, defined as aliphatic, aromatic, or indolic based on

their side chains, are important secondary metabolites that are predominantly found in Brassica crops .

In vitro studies have demonstrated the cancer-preventive potential of kale (B. carinata) has been demonstrated

through in vitro studies which indicated the protection of human liver cells against aflatoxin in vitro . Rose et al.

 obtained similar results with broccoli (Brassica oleracea  var.  italica) and watercress (Nasturtium officinale).

Isothiocyanates—hydrolysis products of GSLs—extracted from broccoli and watercress sprouts suppressed human

MDA-MB-231 breast cancer cells in vitro. In addition, extracts of 3-day-old broccoli sprouts were highly effective in

reducing the incidence, multiplicity, and rate of development of mammary tumors in rats treated with the carcinogen

DMBA (7,12-dimethylbenz[a]anthracene) . Therefore, diets high in  Brassica  vegetables may contribute to the

suppression of carcinogenesis, and this effect is at least partly related to their relatively high content of GSLs .

Among five of the microgreen species of the Brassicaceae, namely broccoli (Brassica oleracea var. italica), daikon

(Raphanus raphanistrum  subsp.  sativus), mustard (Brassica juncea), rocket salad (Eruca vesicaria), and

watercress (Nasturtium officinale), broccoli had the highest polyphenol, carotenoid, and chlorophyll contents, as

well as strong antioxidant power . Mustard microgreens showed high ascorbic acid and total sugar contents. On

the other hand, rocket salad exhibited the lowest antioxidant content and activity among the five evaluated

microgreen crops .

Broccoli, curly kale, red mustard, and radish microgreens are good sources of minerals. They provide considerable

amounts of vitamin C (31–56 mg/100 g fresh weight) and total carotenoids (162–224 mg β-carotene/100 g dry

weight), the latter being higher than in adult plants . In digestion studies, total soluble polyphenols and total

isothiocyanates showed a bioaccessibility of 43–70% and 31–63%, respectively, while the bioaccessibility of

macroelements ranged from 34–90% . Among the four microgreen crops tested, radish and mustard presented

the highest bioaccessibility of bioactive compounds and minerals.

2.2. Consumer Acceptance of Sprouts and Microgreens and Nutritional Profile of
Microscale Vegetables
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Six commonly grown and consumed microgreen species were tested by Michell et al.  for consumer

acceptance, as follows: (a) Brassicaceae: arugula (Eruca sativa), broccoli (Brassica oleracea var. italica), and red

cabbage (B. oleracea var. capitata); (b) Amaranthaceae: bull’s blood beet (Beta vulgaris) and red garnet amaranth

(Amaranthus tricolor); and (c) Fabaceae: tendril pea (Pisum sativum). All six microgreen crops received high

ratings for appearance acceptability; hence they could easily be used to enhance the visual appearance of meals if

they have the appropriate sensory attributes . Among the six microgreen crops evaluated, broccoli, red cabbage,

and tendril pea received the highest overall acceptability score with similar trends for taste and texture.

In a similar approach, Xiao et al.  evaluated six microgreen species for their sensory attributes and nutritional

value. The six species consisted of (i) three Brassicaceae crops: Dijon mustard—Brassica juncea, peppercress—

Lepidium bonariense, and China rose radish—Raphanus sativus; (ii) two representatives of the Amaranthaceae

family: bull’s blood beet—Beta vulgaris and red amaranth—Amaranthus tricolor; and (iii) one representative of the

Lamiaceae family: opal basil—Ocimum basilicum. Overall, all six microgreen species received “good” to “excellent”

consumer acceptance ratings and showed high nutritional quality. Among those six crops, bull’s blood beet

received the highest acceptability score regarding flavor and overall eating quality, while peppercress received the

lowest score . In addition, the authors detected the highest concentrations of total ascorbic acid and tocopherols

in China rose radish, the highest contents of total phenolics and phylloquinone (vitamin K1) in opal basil, and the

highest content of carotenoids in red amaranth.

In trials conducted at the World Vegetable Center, the consumer acceptance of amaranth (Amaranthus tricolor)

landraces, conserved in the Genebank, were compared with commercially available cultivars . A Genebank

accession (VI044470) consistently received the highest ratings for appearance, texture, taste, and general

acceptability at the sprout, microgreen, and fully grown stages.

A consumer acceptance study conducted in India comprised the following ten microgreens: carrot, fenugreek,

mustard, onion, radish, red roselle, spinach, sunflower, fennel, and French basil . The organoleptic acceptability

of all ten microscale vegetables ranged from very good to excellent.

The high appreciation of microgreens compared to mature vegetables might also be related to their aroma profile.

Recent research undertaken by Dimita et al.  has shown that the aroma profile of  Perilla

frutescens var. frutescens (Chinese basil or perilla; green leaves) and P. frutescens var. crispa (red leaves) is much

higher at the microgreens stage than at the later adult stage. Both varieties have a clearly distinct aroma profile at

the microgrreens stage. The red variety emitted a citrusy, spicy, and woody aroma, while the green type produced

a fruity, sweet, spicy, and herbaceous aroma at the microgreens stage . After the microgreen stage, at the age of

four weeks, green Chinese basil no longer emitted any aroma volatiles. Hence, the aroma profile of Chinese basil

leaves at the microgreen stage is clearly variety-specific and not related to the content of total phenols or the

antioxidant capacity of the leaves.

Attempting a nutritional determination among five Brassicaceae microgreen crops (broccoli, daikon, mustard,

rocket salad, and watercress), broccoli excelled . Broccoli microgreens had the highest content of
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isothiocyanates, known for their cancer-preventing abilities  and displayed the most potent antioxidant power.

Broccoli microgreens exhibited the overall best nutritional profile and, therefore, are considered as one of the most

promising functional food species .

Based on the determination of the contents of 11 nutrients and vitamins, as well as the anti-nutrient oxalic acid, and

their relative contribution to the diet as per the estimated daily intake published in the United States Department of

Agriculture (USDA) database for green leafy vegetables, Ghoora et al.  computed a nutrient quality score (NQS)

to assess the nutritional quality of ten culinary microgreen species. The selected species included vegetable crops

(spinach, carrot, mustard, radish, roselle, and onion); leguminous crops (fenugreek); oleaginous crops (sunflower);

and aromatic species (French basil and fennel). All microgreen crops are moderate to good sources of protein,

dietary fiber, and essential nutrients. Concerning their vitamin content, the studied microgreens are excellent

sources of ascorbic acid, vitamin E, and beta-carotene (pro-vitamin A), meeting 28–116%, 28–332%, and 24–72%

of reference daily intake of the respective vitamins . In general, microgreens had low levels of oxalic acid, which

is a predominant anti-nutrient in mature leafy vegetables. Based on the calculated NQS, radish microgreens

showed the highest nutrient density, followed by French basil and roselle microgreens. On the other hand,

fenugreek and onion microgreens are the least nutrient-dense. Furthermore, the calculated NQS revealed that all

microgreens were 2–3.5 times more nutrient-dense than mature leaves of spinach cultivated under similar

conditions.

While high nutrient density and high phytochemical content are considered a must in sprouts and microgreens,

these microscale vegetables must also have high consumer acceptability in flavor attributes and visual

appearance. Based on organoleptic and nutritional properties, Caracciolo et al.  assessed different microgreens

species regarding consumer acceptance of appearance, texture, and flavor. The 12 microgreen species included in

the studies were amaranth, coriander, cress, green basil, komatsuna, mibuna, mizuna, pak choi, purple basil,

purslane, Swiss chard, and tatsoi. The results revealed that while the visual appearance of the microgreens played

a role, the flavor and texture of microgreens were the main determining factors for consumer acceptance. In

general, low astringency, sourness, and bitterness enhanced the consumer acceptability of microgreens .

Among the 12 examined microgreen species, mibuna (Brassica rapa  subsp.  nipposinica) and cress (Lepidium

sativum) received the lowest consumer acceptance score, while Swiss chard (Beta vulgaris subsp. vulgaris) and

coriander (Coriandrum sativum) were the most appreciated microscale vegetables.

Unfortunately, phenolic content strongly correlates with flavor attributes such as sourness, astringency, and

bitterness. Therefore, microscale vegetables rich in phenolics, such as red cabbage (Brassica

oleracea var. capitata), sorrel (Rumex acetosa), and peppercress (Lepidium bonariense), in general, receive a low

consumer acceptability score . However, rich content in minerals, vitamins, phenolics, and antioxidant activity

can also be found in species of more acceptable tastes, such as amaranth, coriander, and Swiss chard 

. As shown with the above examples, identifying microgreen species that satisfy both sensory and health

attributes at a high degree remains a challenge since acrid taste’s acceptability is subject to both inherited and

acquired taste factors . Providing concise, crop-specific information about the culinary uses and the outstanding

nutritional and health benefits of microscale vegetables might increase consumer interest. Such information might
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convince them to try products of high nutritional value but less agreeable tastes, eventually broadening the overall

consumer acceptability of such produce .

3. Underutilized Species with Potential for Microscale
Vegetable Production to Enhance Nutrition Security

Breeding for high yield, appearance, etc., may sometimes unintentionally lead to a decline in essential nutrients

and phytochemicals. This hypothesis is supported by a review study conducted on 43 garden crops that revealed a

statistically reliable reduction in six nutritional factors (protein, Ca, P, Fe, riboflavin, and ascorbic acid) between

1950 and 1999 based on USDA food composition data for this period . These changes can be explained by

changes in the crop varieties cultivated during this same period. Similar trends have been observed in wheat grain

 and potato tubers [6 . Marles  conceded that some modern varieties of vegetables and grains might have

lower contents in some nutrients than older varieties due to a dilution effect of increased yield by the accumulation

of carbohydrates without a proportional increase in certain other nutrients. Nevertheless, he argued that eating the

WHO-recommended daily servings of fruits and vegetables would provide adequate nutrition . Nonetheless, it is

known that most countries and the majority of the global population, especially in sub-Saharan Africa, are still well

below the WHO-recommended daily intake levels of fruits and vegetables.

When aiming for high phytonutrient density and exciting flavors and tastes, it might well be worth exploring farmers’

landraces, wild food plants, or populations found in a semi-wild or wild state, such as crops’ wild relatives. Such

species are often part of the conservation focus of national genebanks, e.g., the genebanks maintained by the

USDA in the USA, or international ones, e.g., the Genebank maintained by the World Vegetable Center

(WorldVeg). This idea of exploring landraces, wild food plants, or crops’ wild relatives for microscale vegetable

production has recently gained impetus .

The microgreens of wild plants and culinary herbs could constitute a source of functional food with attractive

aromas, textures, and visual appeal, which could provide health benefits due to their elevated nutraceutical value

and could be exploited in new gastronomic trends . Studies of 13 wild edible plants from 11 families

undertaken by Romojaro et al.  revealed that their outstanding nutritional value would merit promotion to provide

health benefits. Fennel, which is commonly used for sprout and microgreen production, has higher radical

scavenging activity, total phenolic, and total flavonoid contents in its wild form compared to medicinal and edible

fennel . Variations in the phytochemical content of wild fennel obtained from different geographical areas were

also reported. For broccoli, kale, and pak choi, there is a variation of the concentrations of secondary plant

metabolites among cultivars with ranges up to 10-fold .

Studies involving three wild leafy species,  Sanguisorba minor  (salad burnet),  Sinapis arvensis  (wild mustard),

and Taraxacum officinale (common dandelion), at the microgreen and baby green stages, were conducted by Lenzi

et al. . The authors recognized the potential of those wild edible plants in achieving competitive yields and

contributing to the dietary intake of nutritionally essential macro- and microelements, as well as bioactive

compounds.
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Sprouted seeds of chia (Salvia hispanica), golden flax, evening primrose, phacelia and fenugreek are an excellent

source of health-promoting phytochemicals, especially antioxidants and minerals . Germination significantly

increased the total phenolic content (e.g., from 1.40 to 4.54 mg GAE g  in fenugreek and from 0.33 to 5.88 mg

GAE g   in phacelia), antioxidant activity (e.g., 1.5 to 52.5-fold in fenugreek and phacelia, respectively), and the

content of phenolic acids and flavonoids in sprouts compared to the ungerminated seed of the mentioned species.

A rather exotic medicinal vegetable with a mild, bitter flavor is Korean ginseng (Panax ginseng). Sprouts of this

crop can be grown to whole plants in 20 to 25 days in a soil-less cultivation system . Their main bioactive

compounds are ginsenosides which have anti-cancer, anti-diabetic, immunomodulatory, neuroprotective,

radioprotective, anti-amnestic, and anti-stress properties (see references in ). Korean ginseng sprouts can be

included in salads, milkshakes, sushi, soups, and tea. Korean ginseng is also used in health food supplements and

cosmetics.

In summary, underutilized plants, such as farmers’ landraces, wild food plants, or crops’ wild relatives, often

conserved in genebanks, might offer valuable opportunities to produce sprouts and microgreens with high

nutritional value and exciting flavors and tastes, thus meeting the demands of health-conscious consumers.

However, additional research efforts are required to determine whether the germination performance of these novel

plant materials is satisfactory for commercial microscale vegetable production.

4. Variation of Nutritional Value and Content of
Phytochemicals According to Plant Growth Stages

Numerous studies have shown that the nutritional value and content of phytochemicals of vegetables and other

crops may vary with plant growth and development. The concentration of essential minerals, vitamins, bioactive

compounds, and antioxidant activity often increases in this sequence: raw seeds—sprouted seeds—microgreens

(Figure 4) . In many cases, sprouts and microgreens even exceed the nutritional value of fully grown plants

(Figure 5) . 
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Figure 4.  The antioxidant activity (%) in methanol extract (100 mg/mL) of raw seed, sprouts, and microgreens

of Vigna radiata and Cicer arietinum; a graphical representation of data published by Kurian and Megha .

Figure 5. A comparison of selected phytochemical concentrations of red cabbage (Brassica oleracea var. capitata)

at the microgreen and adult growth stage. FW = fresh weight; DW = dry weight; a graphical representation of data

[29]
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published by Choe et al. .

5. Environmental and Priming Factors That Have an Impact
on the Nutrient and Phytochemical Content of Sprouts and
Microgreens

Many factors determine the contents of nutrients and phytochemicals in microscale vegetables, such as the

selected crop and cultivar, the chosen genotype’s breeding status, and the growth stage. Other factors that may

impact the nutritional quality of microscale vegetables are the environment in which they are grown, the selected

illumination, substrates used, nutrient biofortification, and salinity stress. On the other hand, packaging methods

and storage temperature help retain nutrients and phytochemicals . All these factors may influence microscale

vegetables’ photosynthetic and metabolic activities and may improve nutritional quality, depending on the

crop/species and genotype used.

5.1. The Effect of Growth Environment and Growing Substrates

Microgreens can be easily self-produced by consumers at home or commercially grown using controlled

environment agriculture (CEA). However, recent research has shown that the cultivation environment might

influence the composition of secondary metabolites, such as polyphenols and glucosinolates. This has been the

case with kale and broccoli microgreens grown under commercial (growth chamber) and home-grown (windowsill)

environments . Windowsill-grown microgreens showed higher concentrations of hydroxycinnamic acid esters of

flavanols than those produced in a growth chamber. On the other hand, the contents of 4-methoxyglucobrassicin

and neoglucobrassicin were higher in microgreens grown under a controlled environment.

The substrates used for microgreen production significantly impact the nutrient content per gram of fresh weight of

plant material. Cabbage microgreens grown on vermicompost had considerably higher concentrations of K, S, Ca,

Mg, Mn, Cu, Zn, Fe, and Na than hydroponically grown cabbage . Exceptionally high nutrient ratios for Fe were

detected in cabbage microgreens grown on vermicompost (54.6-fold content of mature cabbage), while cabbage

microgreens grown hydroponically still exceeded mature cabbage by a factor of 5.4. Similarly, lettuce microgreens

grown on vermicompost showed significantly larger quantities of K, S, Ca, Mn, Zn, Fe, and Na than hydroponically

grown lettuce microgreens . Regarding Zn, cabbage microgreens had a 5 to 7.5 times higher nutrient ratio than

mature cabbage. Microgreens are apparently able to absorb significant amounts of essential micronutrients from

nutrient-rich food wastes that accumulate in households (mainly fruit and vegetable wastes) and become

bioavailable in vermicompost.

5.2. Response to Environmental Stresses

Polyphenols play a fundamental role in the defense system of plants against heavy metals, salinity, drought,

extreme temperatures, pesticides, and ultraviolet (UV) radiations . In response to environmental stresses, plants

produce diverse metabolites, which also contribute to the functional quality of edible plant parts, such as mineral
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nutrients, amino acids, peptides, proteins, vitamins, pigments, and other primary and secondary metabolites .

The application of eustress, i.e., mild to moderate salinity or nutritional stress, can elicit targeted plant responses

by activating physiological and biochemical mechanisms. These, in turn, may lead to the accumulation of desired

bioactive compounds in the harvested produce . Salinity eustress may enhance health-promoting

phytochemicals such as lycopene, β-carotene, vitamin C, and polyphenols in vegetables . For example,

exposing Se-biofortified maize grains to mild NaCl stress (i.e., 25 mM NaCl) during germination resulted in good

sprout yields, increased the content of selenocysteine, and boosted the synthesis of pro-nutritional semipolar

metabolites with antioxidant properties .

Nutrient deprivation in wild rocket (Diplotaxis tenuifolia) microgreen production elicited a substantial increase in

secondary metabolites, such as lutein (110%), β-carotene (30%), total ascorbic acid (58%), and total anthocyanins

(20%); however, with a concomitant significant yield reduction of 47% . On the other hand, moderate nutrient

stress (half-strength nutrient solution-NS) applied to red Salanova butterhead lettuce (Lactuca sativa var. capitata)

enhanced the concentrations of total ascorbic acid, total phenolic acids, and anthocyanins by 266%, 162%, and

380%, respectively, compared to the control, grown under full-strength NS . For the above reasons, mild salinity,

unbalanced mineral nutrition, or complete nutrient deprivation in the growth solution of soil-less culture systems for

microscale vegetable production may prove helpful to naturally modulate the levels of functional compounds, such

as ascorbate, carotenoids, and phenols. Moreover, it may also curtail anti-nutrients such as nitrate .

Sulfur is essential in the biosynthesis of secondary metabolites, such as glucosinolates in Brassica crops. Levels of

sulfur and/or nitrogen nutrition during plant growth may result in significant changes in the phenolic content of

edible plant parts, especially flavonoids and hydroxycinnamic acid derivatives . Sulfur fertilization significantly

improved the antioxidant activity of two ecotypes of spring broccoli, also known as Italian turnip (Brassica

rapa  subsp. sylvestris var. esculenta). It was associated with a genotype-dependent significant reduction in leaf

nitrate content .

Environmental shocks such as high light (exposure to a light intensity of 700 µmol m  s  for 1 day) and chilling

(exposure to 4 °C at a light intensity of 120 µmol m  s  for 1 day) enhanced the total phenolic content in sprouts

of alfalfa (Medicago sativa), broccoli (Brassica oleracea  var.  italica), and radish (Raphanus sativus) . The

enhanced phenolic content was correlated with higher antioxidant activity, and dry biomass accumulation was

unaffected. High light produced a more robust response than chilling in enhancing the content of individual

phenolic compounds. Similarly, kale sprouts (B. oleracea var. acephala) exposed to low-temperature stress (growth

temperature of 8 °C with intermittent freezing for one hour at −8 °C) increased the total content of phenolic acids

and glucosinolates. However, such a treatment should be used with caution, as it also led to a significant decrease

in the content of carotenoids and total flavonoids .

Radiation with short wavelengths, such as ultraviolet (UV) lights (200–400 nm), stimulates the production of

pigments that absorb light and enhance leaf coloring, such as chlorophylls and carotenoids . UV radiation may

also induce physiological and metabolic stress responses in plants, such as the production of antioxidant systems,

the activation of reparative enzymes, the expression of genes involved in UV protection and repair, and the
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accumulation of UV-absorbing compounds (e.g., phenolics and carotenoids) and defense-related (e.g.,

glucosinolates) phytochemicals . This effect of UV light has been applied to broccoli sprouts to induce the

biosynthesis and accumulation of flavonoids and glucosinolates . Within 24 h after application of low UV-B (280–

320 nm) doses, the flavonoids kaempferol and quercetin and glucosinolates accumulated in broccoli sprouts. A

single exposure of broccoli sprouts to UV-B and UV-A (320–400 nm) for 120 min before the harvest was shown to

enhance the phenolic and glucosinolate contents . A synergistic effect in the accumulation of neoglucobrassicin

was observed by exposing broccoli sprouts to a combination of UV irradiation and sprays of the phytohormone

methyl jasmonate (25 µM). A single application of UV-B triggered the production of aliphatic or specific indole

glucosinolates .

Exposing kale (Brassica oleracea var. sabellica) sprouts to periodical low UV-B treatments on days 3, 5, 7, and 10

of sprouting, with the four treatments reaching a total dose of either 10 or 15 kJ m , is a helpful tool to stimulate

the biosynthesis of phytochemicals without compromising sprout growth . During sprouting, repeated UV-B

treatments increased the total phenolic content of kale sprouts by 30%, stimulating the synthesis of glucosinolates

(glucoraphanin and glucobrassicin) by 30% and enhancing the antioxidant activity by 20%. Therefore, the periodic

application of low UV-B doses during sprout growth can optimize the content of phytochemicals in microscale

vegetables.

Postharvest exposure of broccoli and radish sprouts to abiotic stress treatment in the form of UV-B radiation

enhanced total phenolic content (TPC) and total antioxidant capacity (TAC) after a shelf life of 10 days at 4 °C .

UV-B treatment also enhanced the glucosinolates content of both crops by about 30%, while the content of

sulforaphane increased by 38% in broccoli sprouts and 72% in radish sprouts.

Zlotek et al.  compared the effect of thermal (2-day-old sprouts exposed for 2 h to 40 °C), osmotic (NaCl

exposure), and oxidative (H O   exposure) stresses on adzuki bean (Vigna angularis) sprouts. Their research

revealed that only thermal stress enhanced the antioxidant activity of extracts obtained from the adzuki bean seed

coat . Similarly, Świeca et al.  were able to demonstrate that both low (4 °C) and high (40 °C) temperature

stress may cause an increase in the content of polyphenols and enhance the antioxidant properties of lentil (Lens

culinaris) sprouts.

The preharvest treatment of broccoli microgreens with 10 mM calcium chloride (CaCl ) to extend
their shelf life led to a significant increase in aliphatic and indolic glucosinolates . The raised
glucosinolate (GLS) levels may have been responsible for the strengthened stress tolerance and
defense mechanisms of broccoli microgreens, which resulted in delayed postharvest decay of the
microgreens. This positive effect of a 10 mM calcium chloride (CaCl ) preharvest treatment was
confirmed in experiments conducted by Lu et al. , which showed a significant increase in aliphatic
glucosinolates levels and an overall improvement in visual quality and a longer storage life of
broccoli microgreens.

[80]

[81]

[82]

[82]

−2

[83]

[84]

[85]

2 2

[85] [86]

2
[87]

2
[88]



Sprouts and Microgreens for Healthy Diets | Encyclopedia.pub

https://encyclopedia.pub/entry/20778 15/25

The above examples have shown that applying environmental stresses might be a viable approach to enhance the

health-promoting qualities of microscale vegetables. However, the most promising type of environmental stress and

its intensity require crop-specific research.

5.3. Seed Priming and Biostimulants

Seed priming enhances seed germination, seedling growth, plant establishment, and crop performance. Priming

techniques include hydro-priming (soaking seeds in water); osmo-priming (soaking seeds in osmotic solutions,

such as polyethylene glycol); halo-priming (soaking seeds in sodium and potassium salts); solid matrix priming

(mixing seeds with solid or semi-solid material and a specified amount of water); biopriming (coating seeds with

beneficial fungi or bacteria); and treatment with plant growth regulators that are incorporated into the priming

medium .

Seed priming with potassium nitrate (KNO ) improves seedling establishment and plant vigor . Sprouts of

three Medicago species treated with KNO  showed increased total phenolic and flavonoid contents and enhanced

antioxidant and antidiabetic activities . The response of KNO   priming was species-specific, with  Medicago

intertexta showing the highest antioxidant and antidiabetic activities, followed by M. polymorpha and M. indicus.

The phytohormones jasmonic acid and methyl jasmonate (MeJA) (25–250 μM) and the amino acid DL-methionine

(1–10 mM) were used as elicitors to enhance the total glucosinolate content of broccoli and radish sprouts . The

most effective treatments consisted of 24 h imbibition of seeds in priming solution, followed by exogenous sprays

of elicitors on the cotyledons from days 4 to 7 of sprouting. MeJA priming in combination with exogenous sprays of

elicitors led to the most significant increases of total glucosinolate content, from 34% to 100% in broccoli sprouts

and from 45% to 118% in radish sprouts.

Commercial biostimulants containing beneficial fungi or bacteria promoting plant growth are often recommended as

a sustainable strategy to increase plant performance productivity and produce quality under environmental

stresses aggravated by climate change . Plant biostimulants are commonly defined as “Substance(s) and/or

micro-organisms whose function is to stimulate natural processes that enhance nutrient uptake, nutrient use

efficiency, tolerance to abiotic stress, and crop quality” . Bioactive molecules in commercial biostimulants

enhance the capability of plants to overcome adverse environmental conditions through their action on primary or

secondary plant metabolism . In addition, the presence of phytohormones and other secondary metabolites,

vitamins, antioxidants, and inorganic nutrients in the extract of biostimulants may affect plant growth and

production directly by enhancing plant tolerance against abiotic stresses .

The use of exogenous fungal polysaccharide elicitors obtained from the endophytic fungus  Bionectra

pityrodes (race Fat6) enhanced the sprout growth and flavonoid (rutin, quercetin) production of tartary buckwheat

(Fagopyrum tataricum) . Seed inoculation of common buckwheat (Fagopyrum esculentum) with the endophytic

bacterium  Herbaspirillum  sp. (isolate ST-B2), isolated from common buckwheat seedling stems, enhanced the

growth of sprouts and microgreens, promoted root elongation, and increased sprout and microgreen yields .
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Soaking common buckwheat seeds in a solution containing  Ecklonia maxima  algae extract, which is known to

enhance plant tolerance to abiotic stressors and plant growth, promoted the accumulation of dry matter in sprouts

. Buckwheat sprouts grown from seeds soaked in a solution containing nitrophenols, which occur naturally in

plants (Biostimulant Asahi SL), and  Pythium oligandrum  oospores, showed a significantly higher level of crude

protein . P. oligandrum is a common oomycete found in soils worldwide and has a beneficial effect on pathogen

control and induces resistance in the host plant . Therefore, using fungal, bacterial, or other elicitors could be

an efficient strategy for improving the nutritional and functional quality of sprouts and microgreens. During recent

years, the study and use of plant biostimulants has been steadily growing. They may be applied singly or in

combination, and there may be synergistic and additive effects of microbial and non-microbial plant biostimulators.

Meanwhile, the design and development of the second generation of plant biostimulants are underway with specific

modes of action to render agriculture more sustainable and resilient .

6. Conclusions

Sprouts and microgreens are novel functional food sources with great potential for sustainably diversifying global

food systems, promoting human health, and facilitating the access of a steadily growing urban population to fresh

microscale vegetables. These novel food sources have vivid colors, exciting textures, and diverse flavors and

tastes, and they can be purchased in supermarkets or even home-grown for daily harvesting as needed.

Furthermore, due to their short growth cycle, these nutrient-dense food sources can be produced with minimal

input, without using pesticides; hence, they have low environmental impacts and a broad acceptance among

health-conscious consumers. Furthermore, as sprouts and microgreens are usually consumed raw, there is hardly

a loss or degradation of heat-sensitive micronutrients or vitamins through food processing.
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