


Review Article
Emerging Opportunities and Challenges in the Microgreens Business: A Comprehensive Review

Abstract
The microgreen industry has gained significant traction in recent years owing to the growing consumer demand for fresh, nutrient-dense, and locally produced food. Microgreens are young, small, and tender cotyledonary leaves that are found in palettes of colours, textures, and flavours. These are a new class of edible vegetable greens that are harvested after sprouting and used in restaurants. Common microgreen species are grown mainly in mustard, cabbage, radish, buckwheat, lettuce, spinach, and pulses. Nowadays, the consumption of microgreens has increased owing to higher concentrations of bioactive components, such as vitamins, minerals, proteins, and antioxidants, which are essential for human health. Globally, the variety of high-quality microgreens is increasing through indoor and outdoor farming on both small and large scales. This review describes the current status of microgreen businesses, key market drivers, production methods, health benefits, and economic potential. Microgreen business represents a vibrant and growing segment of the agricultural economy, offering numerous benefits to both producers and consumers. Its success depends on innovation in cultivation techniques, effective marketing, and focus on quality and sustainability. Detailed studies are required for the optimisation of pre-processing treatments to standardise the procedures for commercialisation. Further studies are needed to determine the effects of the combination of different techniques on seed germination. 
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Introduction
[bookmark: bb0490][bookmark: bb0480][bookmark: bbb0475]One of the most challenging problems of the 21st century is the issue of food insecurity associated with healthy and chemical-free food. In the course of 20 years, there has been growing awareness among the masses about healthy meals, which has encouraged attention to fresh, functional, and nutraceutical foods of high-end. Leafy vegetables are well-suited for several soilless cultivation methods within CEA, offering an opportunity to enhance the nutritional content of the human diet (Mallor et al., 2023).  Microgreen cultivation is considered to be based on innovative farming technology because it is rich in phytonutrients and can be harvested in a short period of time. Microgreens are often confused with sprouts and, as a result, these terms are frequently used interchangeably (Riggio et al., 2019; Yeargin et al., 2023). Sprouts are uniquely different from microgreens in that they are cultivated in pure water without a growth medium or light. Sprouts have a growth period of 4–10 days and are not cut before harvesting. Owing to its various health benefits and nutrient-dense properties, as well as the rapid adoption of indoor farming in urban areas, the market for microgreens is on an increasing trajectory worldwide (Pattnaik et al., 2020). Microgreens have gained immense popularity in recent years due to their high nutritional value, diverse flavours and adaptability to small-scale and urban farming (Divyanshi et al., 2025).   Microgreens, one of the most frequent crops grown indoors, have a 60% profitability owing to their high income (Paraschivu et al., 2021). These plants are highly perishable once harvested, as their shelf life is limited to 2–3 days at room temperature; hence, to increase the shelf life, which can last up to 14 days, they are stored at approximately 4 °C as soon as they are harvested (Sharma et al., 2022). Their cultivation is resource-efficient, utilizing 158–236 times less water than mature crops, requiring minimum space and eliminating the need for pesticides, rendering them optimal for sustainable urban agriculture (Narendra et al., 2025). Microgreen production is on the rise among homemade food preparations, ready-to-eat markets, and the dietary supplement industry (Galieni et al., 2020). There are four reasons for considering microgreen production.
(1) Short Growth Cycle: Microgreens generally have a growth cycle of two to three weeks.
(2) Weather-Independent Vertical Farms. Cultivation operates regardless of the weather. Growing in controlled conditions guarantees yields.
(3) Space-Efficient Cultivation: Microgreens can be grown in a relatively small space compared with traditional agriculture.
(4) Growing Demand for Local Products: The demand for local products is continually rising. This interest arises from a desire to know the origin of our food and aligns with the European Union’s “Farm to Fork’ strategy.
Microgreens are young, edible, and leafy seedlings of different plant varieties that are harvested immediately after the appearance of 2-3 true leaves, with a length of 2-4 cm and are harvested including stems and leaves. In the modern world of scientific advancements, micro green is emerging as a functional food with abundant nutritional and therapeutic benefits. These are harvested without roots after one month of germination of the seeds, and the average time duration for harvesting microgreens ranges between 10 and 14 days. Microgreens are very easy to grow, and one can maintain the plants as a hobby during their free time, both indoors and outdoors at home. Owing to their short life cycle, micro-greens can be grown easily without soil or other pesticides and fertilisers. They were harvested later than the sprouts.  As the population shifts to urban areas,   innovative cultivation methods are used to raise microgreens in the  basements,  balconies,  and backyards of apartments.
Fig 1: Factors Affecting Microgreen Production 
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 Nutritional Value of Microgreens
[bookmark: bbb0005][bookmark: bbb0065][bookmark: bbb0420][bookmark: bbb0080][bookmark: bbib30][bookmark: bbb0025][bookmark: bbb0160][bookmark: bbib0027]Microgreens are superfoods with higher nutritional content than mature vegetables. While their concentrations may vary in smaller amounts, many types are rich in K, Fe, Zn, Mg, and Cu (Xiao et al., 2016). Microgreens can be considered as functional foods because of their high nutritional content and interesting organoleptic properties (Alloggia et al., 2025). They are consumed for their dense content of up to 40 times nutrients including vitamin C, vitamin E and antioxidants. They hold potential for addressing micronutrient deficiencies and contributing to public health due to their better anti-oxidant and anti-inflammatory functions (Jagdeep et al., 2025). These are considered as “Functional foods” which means the food products that possess particular health-promoting or disease preventing properties that are additional to their normal nutritional values (Janovska et al., 2010). Researchers have shown that the level of nutrients in microgreens is up to nine times greater than that in mature greens (Pinto et al., 2015). It contains the highest concentrations of ascorbic acid, carotenoids, phylloquinone, and tocopherols, found in red cabbage, cilantro, garnet amaranth, and green daikon radish microgreens, respectively, along with various bioactive components. Microgreens have phytochemical constituents, such as phenols, which are secondary compounds that help to increase the metabolic profile, reduce the risk of inflammation, and prevent free radical damage.  Usually, plant phenolics work as antioxidants and help to heal the body when damage is caused by free radicals and offer a healthy immune system to a human being (Bhaswant et al., 2023).  Phenolic content varies among cereals, pulses, and oilseed microgreens, contributing to their antioxidant properties, reaching up to 30 mg GAE/g (Lone et al., 2024). The composition of vitamins A, C, E, K, enzymes, and carotenoids varies according to the type of microgreen, growing medium, amount of sunlight, and the time of harvesting.  Epidemiological studies have shown that the consumption of Brassicaceae microgreens is directly associated with a reduced risk of chronic diseases owing to their phytoconstituents (Alloggia et al., 2023). At the same time, polyphenols represent a well-known family of phytochemicals with heterogeneous biological properties, acting as antioxidants, anti-inflammatories, antimicrobials, and anti-ageing compounds (Bafumo et al., 2024; García-Pérez, Becchi, et al., 2024).  Cereal grains, such as wheat, rice, maize, and millet, are fundamental to global food security, providing a significant portion of daily caloric and protein intake, which can be constrained by factors such as medium to low protein content, low bioavailability of essential micronutrients, and the presence of anti-nutritional compounds such as phytic acid (Sá and House, 2024). Typically consumed as young seedlings, they have shorter production cycles (1–3 weeks), lower agronomic requirements, and a richer phytochemical profile than their adult counterparts (Bafumo et al., 2024). These properties make microgreens one of the major actors of the “ready-to-eat” market, reporting a worldwide prediction of a 7.6 % yearly increase in 2025 (Partap et al., 2023). There is growing interest in establishing sustainable and cost-effective strategies to boost the nutritional properties of microgreens by improving their phytochemical profile and projected onto smarter crops with enhanced nutritional value. Coriander seeds must be soaked overnight prior to their distribution on growing media (Gupta et al., 2025).  
Increasing Demand for Healthy Foods: As people become health-conscious and prioritise nutrient-rich diets, the demand for microgreens has steadily risen. They are versatile and can be incorporated into salads, sandwiches, smoothies, and other dishes, making them a sought-after ingredient for health-conscious consumers.
Low Initial Investment and Space Requirements: Microgreens can be cultivated in relatively small spaces, making them suitable for urban farming or small-scale agriculture. Additionally, the initial investment for starting a microgreen farm is relatively low compared with larger-scale agricultural ventures, making it an accessible option for aspiring entrepreneurs.

Cultivation of Microgreens
[bookmark: bbib0019][bookmark: bbib0020]Microgreens can be cultivated in various environments, including greenhouses, hydroponic systems, vertical farms, and indoors with artificial lighting. Common microgreens grown using soil-based methods include radish, kale, and broccoli (Dubey et al., 2024).  The popular growing medium contains soil, coconut coir, and growing mats. Using soil-based media to grow microgreens may require washing off dirt after harvesting (Enssle, 2020).  There are two methods for growing microgreens.
Soil-Based Methods
1. Traditional Soil: Microgreens can be grown in a seed-raising mix or organic soil, providing a nutrient-rich base for growth. 
2. Soil Substitutes: Alternative growing media, such as peat-based mixes, coco coir, or mats made of natural or synthetic fibers, are also effective in the cultivation of microgreens.  
Soilless Methods 
[bookmark: bbib0028]1. Hydroponics: Hydroponic systems, such as the nutrient film technique (NFT), use channels with seeds sown on fibre mats or burlap, whereas aeroponic systems suspend roots in the air and mist them with nutrient solutions (Gupta et al., 2023). In this method, microgreens are grown in a nutrient-rich water solution in a space-efficient vertical farming system. Hydroponic growth of microgreens is famous among farmers growing in small urban areas, as well as in greenhouses.
2. Aeroponics: Another soilless technique that involves growing plants in the air, with their roots misted with a nutrient-rich solution.
3. Hydrogel-Based Growing: This is an innovative method in which hydrogels are cultivated. In this method, sodium alginate gel, agar, polyacrylamide, starch-based gels, and cellulose gels are used as moisture reservoirs and seed support media.               
[bookmark: bbib0056][bookmark: bbib0009]Indoor microgreen farming involves cultivating young edible plant species in a controlled environment, typically indoors, using various methods, such as soilless cultivation or growing mats.  This method offers advantages such as year-round production, faster growth cycles, and higher nutrient content than traditional farming. Some important factors were considered for the successful production of microgreens. Light is an important factor required by plants for photosynthesis. Plants grown in the field derive their light sources from the sun. Since plants are grown under controlled environmental conditions using indoor farming technology, they require external sources of light to carry out photosynthesis.  Other environmental factors such as carbon dioxide, temperature, and humidity play crucial roles in the growth and development of microgreens throughout their life cycles. Their levels are critical for different stages of plant growth (Ford and Thorne 1974). The outdoor cultivation of microgreens requires careful planning and consideration of environmental factors, such as temperature, humidity, and light. This can affect the growth and quality of the microgreens.  For successful outdoor cultivation of microgreens, it is essential to provide adequate sunlight, proper watering, and protection from extreme temperatures, pests, and diseases. Controlled environmental agriculture (CEA) techniques, such as LED lighting and CO2 supplementation, enhance growth and yield. Popular microgreens used for hydroponic cultivation include radishes, alfalfa, collards, kale, and kohlrabi (Cai et Paradiso, 2020; Cai et al., 2023).
Outdoor cultivation methods of microgreens: In outdoor cultivation, microgreens are produced using different methods.
a) Soil-Bed Method
· Prepare raised beds (10–15 cm high).
· Use of a loose, fine soil mix: garden soil + compost + sand/cocopeat.
· Sow seeds densely and cover lightly with soil.
· Keep moist with fine mist irrigation.
· Harvest in 7–14 days.
b) Tray/Container Method (placed outdoors)
· Fill shallow trays (5–7 cm deep) with soil/cocopeat.
· Place on verandas, rooftops, or farm plots.
· Easy to shift indoors during bad weather.
c) Shade Net House / Polyhouse
· Use of 30–50% shade nets to protect from intense sunlight.
· Maintain humidity and moderate temperature for year-round production.
· Recommended for commercial outdoor farms.
Fig. 2: Microgreen Development Techniques 
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Use of growing media in cultivation of microgreens
[bookmark: bbb0350][bookmark: bbb0140][bookmark: bbb0480][bookmark: bbb0245][bookmark: bbb0035]The growth media had a significant effect on the growth of microgreens. Di Gioia et al. (2017) concluded that the growing medium is critical for microgreen yield, quality, and microbiological quality. Microgreens can be grown on soil or on alternative growing media, such as clay, coccoir, copolymer fabric, fleece, glass wool, grape pomace, gravel, hemp, jute, paper straw, perlite, rice husks, rockwool, sand, sawdust, sugar cane fiber, tree bark, vermiculite, and zeolite (Di Gioia et al. 2017, Saleh et al. 2022 and Gunjal et al. 2024). To improve germination, seeds are pre-soaked and typically grown in trays containing soil, cocopeat, vermiculite, or a combination of both soil and cocopeat. During germination, the trays were kept in a less humid, well-lit environment, generally receiving 12–16 h of light per day. The quality, flavour, nutritional content, aroma, and colour of microgreens are greatly influenced by the intensity, duration, and wavelength of the light they receive (Kyriacou et al., 2016).  Sand and vermiculite composts, as well as composts made from sand, peat, coconut coir dust, sugarcane filter cake, and vermi compost, have been examined ( Karuthedath.   Fertilisation is used sparingly, with many farms relying on the nutritional density of commercially available peat-lite soils. The short time it takes for microgreens to grow means that they do not need a lot of fertiliser.  One of the best growth media for microgreens is cocopeat, a small and medium-length fibre obtained from the mesocarp of coconut (Cocos nucifera L.), which has various beneficial physical and chemical characteristics. It benefits the growth of microgreens and offers a good moisture content for seed germination. When used alone, it improves water retention and aeration and offers antifungal effects. There will be fewer naturally occurring air spaces around plant roots since coco peat has a denser volume (Dalal, Mainani, Thakker, & Solanki, 2022).   Cocopeat can also be combined with other soils to enhance growth over a short period (Shukla, Mishra, & Sarkar, 2021).  Gunjal et al. (2024) compared the effects of soil and cocopeat growing medium on the morphological, nutritional, and antioxidant properties of selected microgreens. The study showed that cocopeat growing medium was the most effective growth medium for the cultivation of microgreens to increase the growth, yield, nutritional, biochemical composition, and antioxidant activity of microgreens. The cocopeat growing medium helps to enhance the fresh weight and dry weight of microgreens (Arya, Kutty, & Pradeepkumar, 2023). Other studies have determined the impact of substrate on the nutritional quality and yield of microgreens. The hydroponic system uses mineral fertiliser solutions and abundant oxygen sources to grow plant crops without the need for soil. The most frequently hydroponically grown crops include tomatoes, lettuce, spinach, strawberries, cucumbers, melons, eggplants, peppers, and herbs (including basil, cilantro, and rosemary) (Meluin et al. 2021).   
Soil less media such as coco coir, vermiculite
and organic manures such as FYM and poultry
manure are also used as the growing medium
for  microgreens.

Economic viability and business models
Starting a microgreen business requires relatively low capital investment compared with other agricultural ventures. The short growth cycle and high market prices make it profitable for small-scale producers. Business models include direct consumer sales, partnerships with restaurants, hotels, farmers’ markets, subscription boxes, and retail supply chains. Urban entrepreneurs, particularly those with access to small spaces, find microgreens viable entries into agribusinesses.
Challenges in the Microgreens industry: Despite its potential, the industry faces several challenges.
1. Market saturation in urban areas: Some consumers may not be familiar with microgreens or their benefits, requiring efforts to educate and promote their value. 
2. Perishability and short shelf life: Microgreens are highly perishable because of their high surface-area-to-volume ratio and delicate leaves, making them prone to wilting, decay, and nutrient leakage.  
3. Lack of Standardisation: The lack of industry-wide standards for labelling and defining microgreens can confuse consumers and create inconsistencies in the market. 
4. Consistent Quality and Output: Maintaining consistent quality and output throughout the year is a significant challenge due to factors like climate variations and pest control. 
5. Proper planning, education and value addition, such as packaging and branding, are essential to address these issues.
6. Climate Control: Maintaining optimal temperature, humidity, and airflow within the growing environment is crucial for preventing mould and ensuring high-quality crops, but this can be a challenge.  
7. Overwatering: Overwatering is a common issue that can create favourable conditions for mould growth and damage microgreens. 
8. Competition: Microgreens face competition from other speciality crops like sprouts and baby greens, especially when considering price and availability. 
9. Finding a Customer Base: Building a strong customer base and effectively marketing microgreens is crucial for the success of any microgreens business. 
Sustainability and future prospects
The microgreen industry shows strong sustainability potential and promising prospects owing to its resource efficiency, adaptability to urban settings, and contribution to local food systems.  Microgreens, a young, nutrient-rich vegetable, are gaining popularity owing to their health benefits and ease of cultivation.  Future growth is likely to be driven by increasing consumer awareness, technological advancements, and integration with existing food systems, with a key focus on sustainability.  These are considered sustainable crops owing to their low water and space requirements, minimal use of chemicals, and compatibility with indoor farming. The integration of smart agriculture technologies, including postharvest treatments, may help to maintain the quality and extend the shelf life of microgreens. 
Sustainability Aspects:
1.Resource Efficiency: Microgreen cultivation uses significantly less water and land compared to traditional agriculture, making it a more sustainable option. 
2. Controlled Environment Agriculture (CEA): Many microgreens are grown indoors using hydroponic systems, which further reduces water consumption and minimises the need for pesticides. 
3. Reduced Transportation: Microgreens can be grown locally, even in urban areas, reducing transportation needs and associated emissions. 
4. Waste Reduction: Composting organic waste from microgreen production and using compostable growing mediums are becoming standard practices. 
5. Carbon Footprint Reduction: The use of solar energy in microgreen farming and the potential for vertical farming contribute to a smaller carbon footprint. 

Future Prospects:
· Increased Market Demand: With growing awareness of health and environmental issues, the demand for microgreens is expected to continue to rise.  
· Technological Advancements: Further developments in CEA, automation, and AI will improve production efficiency and sustainability.  
· Integration with Food Systems: Microgreens are becoming increasingly integrated into local food systems, from home gardens to restaurants.  
· Expansion of Varieties: Research and development are continually expanding the range of microgreen varieties available for cultivation.  
· Improved Shelf Life: Research has focused on extending the shelf life of microgreens, making them more accessible to mainstream markets.  
· Economic Opportunities: Microgreen cultivation offers small-scale farmers and entrepreneurs economic opportunities.  
· Global Market Expansion: While North America currently leads, other regions such as Europe and Asia are seeing significant growth.  

Conclusion
Microgreen business represents a vibrant and growing segment of the agricultural economy, offering numerous benefits to both producers and consumers. Its success depends on innovation in cultivation techniques, effective marketing, and focus on quality and sustainability. With increasing demand and awareness, microgreens are poised to become stable in health-focused diets and in urban farming ventures. Their antioxidant, antimicrobial, anti-inflammatory, antidiabetic, and anticancer properties underscore their versatility in medicinal applications. However, further research is imperative to understand their in vitro and in vivo physiological roles, including cardioprotective, hepatoprotective, neuroprotective, and enzyme inhibitory potential. These young plants should be further explored for their potential food applications to increase their market value. Moreover, detailed studies are required for the optimisation of preprocessing treatments to standardise the procedures for commercialisation. Further studies are needed to determine the effects of the combination of different techniques on seed germination. Continued interdisciplinary collaboration between agronomists, food scientists, and policymakers is needed to unlock the full potential of microgreens as nutrient-dense and sustainable food ingredients, optimise their cultivation, assess varietal differences in bioactive content, and validate their long-term health effects through clinical trials.  
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Microgreen Development Techniques

Soil-based system

A traditional, low-costmethod |
using soil or organic inert
medias.

Hydroponic system
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thrive in inert media and
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Plant roots are suspended in the
air and sprayed with a nutrient
mist
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Innovative seed treatments like
PEF, HPP, cold plasma, etc.
improve germination, reduce

pathogens, and enhance
nutritional quality—without /
heat.
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