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Abstract

Microgreens now a days have evolved as an ultra-modern class of functional foods. They are
defined as young edible tender shoots and seedlings, harvested 7 to 21 days after germination.
They are fresh & ready to eat functional food mostly rich in vitamins, antioxidants, minerals,
phytochemicals, and bioactive compounds, with distinct flavors, colors and textures. Therefore,
they are mostly used as salads in households and hotel industry. They are one of the most preferred
choices for astronauts in space farming. They are beneficial and can be considered global
nutritional food as they grow very fast with minimum load in small area for full year. The potential
health benefits of Microgreens are mediated through action of micro nutrients and phytochemicals
by antioxidants activity, anti-inflammatory effects, gut microbiota interaction, chemo-preventative
pathways and cardio protective actions. They are very beneficial for patients who are at risk of
deficiency in iron, zinc and vitamins. Microgreens are considered as boon for human health as
they prevent obesity, cancer, diabetes, cardiovascular & kidney ailments. Consumption of micro
green poses microbiological risk due to contamination, short shelf life and post-harvest handling.
Current study suggests that Microgreens are micro nutrient dense which provides substantial
nutrient benefits while also being lower in calories. Therefore, we should enhance the inclusion of
diverse Microgreens to support public health by chronic disease prevention.

Keywords: Microgreens, functional food, bioactive compounds, antioxidants, space farming,
cardiovascular, food safety, shelf life, chronic disease prevention.

Introduction

Microgreens are considered as conservation-oriented agriculture, which makes it low input crop
along with high nutritional value. Basically, Microgreens are tender, edible seedlings of
vegetables, herbs, and flowering plants harvested after the cotyledonary leaves have fully opened
(Zhang et al., 2021; Tan et al., 2020; Sharma et al. 2022; Rouphael et al., 2021; Du et al., 2022).
They gained increased popularity due to their fresh taste and nutritional benefits over the past
decade (Lenzi et al., 2019). Microgreens are better substitute for sprouts due to their rich
nutritional content and more intense flavour, taste and low calorie (Lenzi et al.,2019).
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Figure 1: Microgreens: rich source of nutrition, research focus and gaps. (Sharma et al.,
2022)

Microgreens are a rich source of different vitamins (A, C, E and K)(Tan et al.,2020; Ghoora et
al.,2020; Choe et al.,2018; Acharya et al.,2021;Xiao et al.,2012;Xiao et al.,2019;Yadav et al.,2019)
minerals (K, Ca,Fe,Zn,P,S,Mg,Mn,Cu & Na)(Weber,2016; Xiao et al.,2016, Paradiso et al.,2018;
Kyriacou et al.,2021) and health promoting compounds such as phenolic compounds, amino acids,
glucosinolates , and glycero-phospholipids (Ghoora et al.,2020; Acharya et al.,2021; Brazaityte et
al., 2015; El-nakhel et al.,2021; Castellaneta et al.,2022; Kaur et al.,2022). Therefore,
incorporating Microgreens in diet can enhance the nutritional value which contributes to better
health for consumers (Zhang et al.,2021). Despite huge benefits, certain challenges are observed
which includes short shelf life, delicate nature, microbial growth, contamination, and post-
harvesting challenges.
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Microgreens have grown in popularity in recent years. The historical roots of Microgreens date
back to 1930s when Northern American pharmacies sold, dried wheat grass for medicinal use
(Choe et al., 2018). The first scientific study on enhancing Microgreens growth through sea
treatments were published in US(Lee et al.,2004). By 2010, Microgreens gained popularity in
research in USA, Italy and India (Puente et al., 2024).

Broccoli Black Radish Red Beet
(Brassica oleracea var (Raphanus sativus L. var (Beta vulgaris L. subsp.
italica) niger J. Kern) cicla)

Figure 2: Images of microgreens from six different plant species grown in the study.
Depending on the species, microgreens were harvested 7 to 21 days after germination. This
time frame was when the first true leaves developed, following the initial cotyledon leaves.

(Source: Balik et al., 2025)

The global microgreens market can be characterized into four main segments namely (i) Green
type (i1) Farm type (iii) End product uses (iv) regional markets [Globe Newswire Europe (GNU),
2023].

Microgreens consist of central stem and a pair of true leaves that start to emerge (Kyriacou et al.,
2016; Choe et al., 2018). Di Gioia et al. (2017) declare that not all tender young plant greens are
considered Microgreens. The size of them is approximately 1 to 3 inches tall and they are harvested
on average between 7-14 to 21 days, post planting.

Baby green and sprouts, in addition to Microgreens, are recognised and primary differences are

provided in (Table 1).
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Table 1: Culturd and Morphological Differences: Sprouts, Baby Grees and Micro Greens

From 2 to 6 From 0.8 to 1
From 15 to 40 From 2 to 4
From 7 to 21 From 1to 3

Taxonomic Diversity
The key plant families used for Microgreens production includes more than 13 families including

Brassicaceae (broccoli, kale, mustard, radish, cabbage), Amaranthaceae (amaranth, beet),
Fabaceae (pea, lentil, chickpea), Apiaceae (carrot, dill, celery), Poaceae (wheat, barley, maize),
and Lamiaceae (basil, mint) (Seth et al, 2025).

Figure 3: Different microgreens grown in aiiab. (A5 7173’(;k ;hgy, (B) Red amaranth, ()]
Purple radish, (D) Kale, (E) Broccoli, and (F) Bok choy—top view. (Source: Bhaswant et
al., 2023)
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Brassicaceae species are particularly well studied due to their glucosinolate content and associated
health benefits (Dereje et al.,2023) Solanaceae crops such as tomato and eggplant are generally

avoided at the Microgreens stage because of potentially higher levels of anti-nutritional or toxic
alkaloids (Seth et al, 2025).

Microgreens: Space Farming

Microgreens offer an ideal carotenoid rich food for space farming as a part of space life support
system (SLSSs) (Perchonok et al.,2012) as they require low photon flux and can be grown on
synthetic media with little or no nutrient supplementation (Teng et al., 2023). Microgreens are
ideal candidates for astronauts’ functional salads (Kyriacou et al., 2017) due to their requirement
of low inputs and quick turn-around time when power, mass,and volume constraints prohibit the
growth of crops to maturity.

— 165,000
seeds

Figure 4: It would take 10.9 years to use 0.5 kg of seeds. (Source: Johnson, 2019)

During space flight missions, more than 1.90 kg of edible biomass can be harvested annually from
a 40 cm? growth chamber by growing 26 crops of Microgreens (Johnson, 2019). Around 1.00 kg
of seeds is sufficient for 3-month production during a space mission, as 1.09 and 1.36 kg of fresh
biomass can be produced from 6-7g of seeds of cabbage and radish, respectively (Amitrano et al.,
2023). Therefore, 20 meals can be produced considering 50g Microgreens per meal (Seth et al.,
2025).

vields ] » Blomass

-/////{

Figure 5: With a 40 cm? growth chamber, we can produce 26 crops of microgreens per
year, and yield >1.9 kg of edible biomass. (Source: Johnson, 2019)
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Microgreens: Nutrition

Micro green popularity is skyrocketing due to a variety of nutritional and chemical factors. The
pilot study confirmed effectiveness in the reduction of blood glucose, weight control, and
cardiovascular disease prevention. The high bio accessibility of phytochemicals after digestion can
provide the antimicrobial, anti-inflammatory, antioxidant, or anti-diabetic potential of
Microgreens (De La Fuente et al., 2020; Le et al., 2020).

Multiple compositional studies consistently show that Microgreens are enriched in essential micro
nutrients, relative to mature leaves. Comparative analysis suggests that Microgreens of 25
Brassicaceae family and other vegetables provided 2-12% of recommended daily intake (RDI) of
iron, 2-13% of zinc, 1-6% of selenium, 28-116% of Vitamin C,28-332% of Vitamin E and 24-72%
of Vitamin A per 100g fresh weight (Seth et al.,2025).

Figure 6: Red Cabbage; Brassica oleraceavar. Capitata; Garnet Giant Mustard; Brassica
juncea (Source: Johnson, 2019)

Micro and macronutrients (Ca, Mg, F, Fe, Zn,Cu, Se & Mo) are widely present in broccoli, Chinese
cabbage, radish, China rose, Cabbage Red (Pinto et al.,2015), green purple basil, coriander,
mustard, radish (Kyriacou et al., 2019; Kyriacou et al.,2020), pea, sunflower (Poudel et al.,2023)
and black gram, moong beans and chickpeas (Kaur et al., 2022). They are extremely rich in vitamin
C, K and E present in coriander, mustard, radish, green and purple basil, jute (Kyriacou et al.,
2019; Kyriacou et al.,2020), fennel (Ghoora et al.,2020), lettuce (Pannico et al.,2020), and broccoli
(Kathi et al.,2023).

Lutein is present in basil, parsley, mustard (Samuolien¢ et al.,2016; Craver et al.,2017), amaranth
(Kyriacou et al.,2019), cabbage, and radish (Amitrano et al.,2023). Along with that neoxanthin
and violaxanthin is present in cabbage and radish (Amitrano et al.,2023). Red basil is rich in caffeic
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acid and rosmarinic acid (Lobiuc et al.,2017). Phytochemicals (polyphenols, flavonoids,
antioxidant activity) were seen in bottle gourd, cucumber, pumpkin, amaranthus, jute, spinach
(Yadav et al.,2019), finger millets, green peas, soyabean (Zhang et al., 2019), moong bean (Ma et
al., 2022) and red amaranth (Gunjal et al.,2024).

Health Benefits

Microgreens are being recognized as functional food and have become increasingly popular in
western countries (Kyriacou et al., 2017; Mir et al., 2017). Microgreens have their effectiveness in
blood glucose and weight control. Overleaf regulation of adipose tissue lay the foundation for
studying the potential value of Microgreens on preventing and treating chronic diseases, such as
obesity, type two diabetes and cardiovascular diseases (Sun et al., 2020; Huang et al.,2016).
Microgreens help in digestion due to high percentage of total phenolics and glucosinolate levels.
The high bioaccessibility of these bioactive compounds after digestion can provide anti-
inflammatory, anticancer, antimicrobial, and anti-diabetic activities( Le et al., 2020). Anti
proliferative effects of Microgreens on colon cancer cells were also observed (Feunte et al., 2020).
Figure 7: Another biological activity of microgreens. Abbreviations: ROS — reactive oxygen

ANTIOXIDANT ACTIVITY ANTIMICROBIALACTIVITY
+ activation of antioxidant enzymes (POD, CAT, SOD, GPX) + disruption of cell wall (G-; G+ bacteria)
+ inhibition of prooxidant enzymes (X0, LOX) + destabilization of plasma membrane
* ROS inhibition + 4 antimicrobial peptides

+ growth inhibition

ANTIDIABETICACTIVITY

+ peroxisome profilerators-activated receptors
+ glucose homeostasis
+ Jinseruminsuline

ANTIOBESITY ACTIVITY
+ regulation in lipid metabolism
+ low-density lipoprotein ratio
* induction of Nrf2 patwhay
+  gluconeogenesis

OTHER EFFECTS

+ analgesicand antinociceptive effects
+ nasal responsesto the influenzavirus
+ prevention of cerebral palsy
* inhibition of XO

species, XO — xanthine oxidase, LOX — lipoxygenase, POD — peroxidase, CAT — catalase,
SOD - superoxide dismutase, GPX — glutathione peroxidase, G- - Gram-negative bacteria
G+ -Gram-positive bacteria, Nrf2 - nuclear factor erythroid 2-related factor 2
(Source: Jambor et al.,2022)
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Huang et al. [2016] investigated the effects of red cabbage Microgreens on modulating
hypercholesterolemia in obese mice induced by high fat diet. Rats fed with a high fat diet and red
cabbage Microgreens powder showed a significantly lower plasma low density lipoprotein (LDL)
level and lower hepatic triglycerides level compared with those receiving a high fat diet
supplemented with mature red cabbage powder. Huang et al. (2016) describe inhibition of
cholesterol and triglycerides synthesis, together with regulation of plasma and liver lipid metabolism.
Due to the richness of vitamins and phytochemicals, Microgreens have a strong antioxidant
capacity and are effective in the regulation of plasma lipoprotein and cholesterol metabolism,
showing a potential value in the prevention and/or treatment of chronic diseases (Zhang et al.,
2021).

Microgreens and Functional Mechanism

There is a novel functional mechanism which links Microgreens to human health. The potential
health benefits of microorganisms are mediated primarily through the action of their
micronutrients and phytochemicals. The biological activity of microorganisms includes proposed
mechanism:

a) Antioxidant activity — Vitamins C and E, carotenoids and phenolic compounds scavenge
reactive oxygen species, reduce oxidative damage to lipids, proteins and DNA, and up-regulate
endogenous antioxidant enzymes such as superoxide dismutase and glutathione peroxidase
(Bhaswant et al., 2023; Balik et al., 2025)

b) Anti-inflammatory effects — Polyphenols and isothiocyanates can inhibit NF-xB signalling,
down-regulate pro-inflammatory cytokines (e.g., TNF-a, IL-6) and modulate eicosanoid
synthesis, thereby attenuating low-grade chronic inflammation implicated in metabolic and
cardiovascular diseases(Bhaswant et al., 2023;Jambor et al., 2022)

c) Modulation of glucose and lipid metabolism — Animal studies suggest that phenolic-rich
microgreen extracts improve insulin sensitivity, reduce fasting glucose and modulate lipid
profiles via AMPK activation, improved GLUT4 translocation and inhibition of hepatic
lipogenesis (Bhaswant et al., 2023).

d) Gut microbiota interactions — Dietary polyphenols and fibre serve as substrates for colonic
microbiota, leading to production of short-chain fatty acids and other metabolites that support
gut barrier integrity and systemic metabolic health (Jambor et al., 2022).

e) Chemopreventive pathways — Glucosinolate-derived isothiocyanates, such as sulforaphane
from broccoli Microgreens, induce phase II detoxification enzymes (e.g., NQOI1, GSTs),
promote apoptosis in initiated cells and may inhibit tumour growth in experimental models
(Dereje et al.,2023).
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f) Cardioprotective actions — Antioxidant and anti-inflammatory effects, together with
improved lipid profiles and endothelial function, provide a mechanistic rationale for potential
reductions in atherosclerosis and hypertension risk (Jambor et al., 2022).

Sustainable Food System

Anticancer
Antidiabetic
Anti-obesity

Antioxidant

Figure 8: Microgreen's functional mechanism in a nutshell (Source: Dereje et al.,2023)

Collectively, these mechanisms support the hypothesis that regular consumption of Microgreens
could contribute to the prevention or attenuation of multiple non-communicable diseases (NCDs),
although direct human evidence remains limited.

Microgreens and Safety Perspective

Microgreens are vulnerable to bacterial internalization. During germination, the seed releases a
mix mixture of carbohydrate and peptide that can attract microbes present in rhizosphere (Warriner
et al., 2003). More microbial contamination is found on hydroponic over soil or growing media
(Riggio et al., 2019). Microbial contamination is due to the constant warm temperature and humid
condition of the hydroponic system (Turner et al., 2020). Salmonella (Reed et al., 2018) and
Escherichia Coli (Xiao et al.,2015) are common pathogens responsible for microbial activity in
microgreens.

According to Riggio et al., (2019) microbial contamination can be easily overcome through good
agriculture practices like use of uninfected seeds, seed treatments, clean & sanitized utensils and
use of UV for disinfection of hydroponic systems. Since micro greens are young and tender, so
they must be handled with care, rapid cooling and gentle handling, which can reduce wilting and
quality loss (Seth et al., 2025). While no foodborne illness outbreaks have yet been attributed to
microgreens (Yaergin et al., 2023), they remain classified as a potential transmission route for
bacterial pathogens (Xiao et al.,2015).
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Good hygiene practices in indoor farms and appropriate cold chain maintenance during storage
and distribution are the various strategies for risk mitigation by pathogens (Seth et al.,2025).
Microgreens generally contain low level of nitrates, oxalates and trypsin inhibitors, which remain
within safe limits for human consumption (Seth et al., 2025). However, nutrients solution and
substrates can influence accumulation of nitrates and heavy metals, so careful management of
fertilizer and growing media is required, especially in urban industrial areas (Seth et al.,2025).

The greatest shelf life of microgreens is achieved by selling the still rooted microgreens in growth
medium. Harvested microgreens must be kept in cold to maintain quality (Chandra et al., 2012;
Mir et al., 2017). High humidity is necessary to prevent dehydration (Zagory & Kader, 1988).The
available information on the microbial safety of microgreens is still inadequate. Comprehensive
studies are necessary to examine the persistence and growth of foodborne pathogens on

microgreens exposed to diverse environmental, storage, and temporal conditions (Di Gioia et al.,
2017).
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Figure 9: Overview of health benefits of microgreens (Source: Bhaswant et al., 2023)
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Conclusion

Microgreens are divine food supplement that can be considered as a boon to human health as they
are fully loaded with the macro and micro nutrients, proteins, vitamins, minerals, bioactive
phytochemicals, flavonoids, anthocyanin. Microgreens are more nutritive than mature vegetables.
They have antioxidant, anti-inflammatory, antibiotic, antiobesity, antimicrobial, anti fungal
properties. They also have metabolic and potential chemo preventive effects. In resource
constrained and urban environment microgreens play a vital role to supply improved micro
nutrients and dietary diversity. This functional food production requires less input, time, effort and
investment and provides more profit. Microgreens are heroic food among astronaut as they are
carotenoid rich food for space farming. Microgreens provide tremendous health benefits which
leads to treatment and prevention of non-communicable diseases (NCDs) such as obesity, type two
diabetes, cardiovascular diseases, cancer etc. Consequently, microgreens have gained attention in
gastronomy and nutritional science over time. They have intense flavours and vibrant colors so
they are used as salads in homes as well as hotel industry. Microgreens also possess strong
consumer appeal due to their vibrant visual appearance, distinct flavors profile, and crisp texture,
all of which serve as indicators of freshness and quality. These attributes collectively contribute to
a more satisfying sensory and overall eating experience. Microgreens if not grown in hygienic
conditions and rigorous sanitization will have maximum chances of microbial contamination like
salmonella, E. Coli and listeria. They should be stored at low temperature to increase shelf life,
and slow spoilage. Although this review reveals nutritional health beneficial aspects of
microgreens but future research is needed to justify the characterization of microgreens as a ‘boon
to human health’. Future research must inculcate well designed human trials, comprehensive
safety assessment, and integrated evaluation of sustainability and social economic impact. In the
interim, emphasizing the inclusion of diverse microgreens within a plant-rich dietary pattern may
serve as a pragmatic strategy to enhance nutritional intake and support broader public health
outcomes.

References

e Acharya, J., Gautam, S., Neupane, P., & Niroula, A. (2021). Pigments, ascorbic acid, and total
polyphenols content and antioxidant capacities of beet (Beta vulgaris) microgreens during
growth. International ~ Journal of  Food  Properties, 24(1), 1175-1186.
https://doi.org/10.1080/10942912.2021.1955924

e Amitrano, C., Paglialunga, G., Battistelli, A., De Micco, V., Del Bianco, M., Liuzzi, G.,
Moscatello, S., Paradiso, R., Proietti, S., Rouphael, Y., & De Pascale, S. (2023). Defining
growth requirements of microgreens in space cultivation via biomass production, morpho-
anatomical and nutritional traits analysis. Frontiers in Plant Science, 14.
https://doi.org/10.3389/fpls.2023.1190945

e Balik, S., Elgudayem, F., Dasgan, H. Y., Kafkas, N. E., & Gruda, N. S. (2025). Nutritional
quality profiles of six microgreens. Scientific Reports, 15(1). https://doi.org/10.1038/s41598-
025-85860-z

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 80

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

Bhaswant, M., Shanmugam, D. K., Miyazawa, T., Abe, C., & Miyazawa, T. (2023).
Microgreens—A Comprehensive Review of Bioactive Molecules and Health Benefits.
Molecules, 28(2), 867. https://doi.org/10.3390/molecules28020867

Brazaityté, A., Virsilé, A., Jankauskiené, J., Sakalauskiené, S., Samuolien¢, G., Sirtautas, R.,
Novickovas, A., Dabasinskas, L., Miliauskiené, J., Vastakaité, V., Bagdonaviciene, A., &
Duchovskis, P. (2015). Effect of supplemental UV-A irradiation in solid-state lighting on the
growth and phytochemical content of microgreens. International Agrophysics, 29(1), 13-22.
https://doi.org/10.1515/intag-2015-0004

Castellaneta, A., Losito, I., Leoni, B., Santamaria, P., Calvano, C. D., & Cataldi, T. R. 1. (2022).
Glycerophospholipidomics of Five Edible Oleaginous Microgreens. Journal of Agricultural
and Food Chemistry, 70(7), 2410-2423. https://doi.org/10.1021/acs.jafc.1c07754

Chandra, D., Kim, J. G., & Kim, Y. P. (2012). Changes in microbial population and quality of
microgreens treated with different sanitizers and packaging films. Horticulture, Environment,
and Biotechnology, 53(1), 32—40. https://doi.org/10.1007/s13580-012-0075-6

Choe, U., Yu, L. L., & Wang, T. T. Y. (2018). The Science behind Microgreens as an Exciting
New Food for the 21st Century. Journal of Agricultural and Food Chemistry, 66(44), 11519—
11530. https://doi.org/10.1021/acs.jafc.8b03096

Craver, J. K., Gerovac, J. R., Lopez, R. G., & Kopsell, D. A. (2017). Light Intensity and Light
Quality from Sole-source Light-emitting Diodes Impact Phytochemical Concentrations within
Brassica Microgreens. Journal of the American Society for Horticultural Science, 142(1), 3—
12. https://doi.org/10.21273/jashs03830-16

Dereje, B., Jacquier, J.-C., Elliott-Kingston, C., Harty, M., & Harbourne, N. (2023).
Brassicaceae Microgreens: Phytochemical Compositions, Influences of Growing Practices,
Postharvest Technology, Health, and Food Applications. ACS Food Science & Technology,
3(6), 981-998. https://doi.org/10.1021/acsfoodscitech.3¢00040

Di Gioia, F., Renna, M., & Santamaria, P. (2017). Sprouts, Microgreens and “Baby Leaf”
Vegetables. In  Food Engineering Series (pp. 403-432). Springer US.
https://doi.org/10.1007/978-1-4939-7018-6 11

Du, M., Xiao, Z., & Luo, Y. (2022). Advances and emerging trends in cultivation substrates
for growing sprouts and microgreens toward safe and sustainable agriculture. Current Opinion
in Food Science, 46, 100863. https://doi.org/10.1016/j.cofs.2022.100863

El-Nakhel, C., Pannico, A., Graziani, G., Giordano, M., Kyriacou, M. C., Ritieni, A., De
Pascale, S., & Rouphael, Y. (2021). Mineral and Antioxidant Attributes of Petroselinum
crispum at Different Stages of Ontogeny: Microgreens vs. Baby Greens. Agronomy, 11(5),
857. https://doi.org/10.3390/agronomy 11050857

Fuente, B. de la, Lopez-Garcia, G., Manez, V., Alegria, A., Barbera, R., & Cilla, A. (2020).
Antiproliferative Effect of Bioaccessible Fractions of Four Brassicaceae Microgreens on
Human Colon Cancer Cells Linked to Their Phytochemical Composition. Antioxidants, 9(5),
368. https://doi.org/10.3390/anti0x9050368

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 81

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

e Ghoora, M. D., Babu, D. R., & Srividya, N. (2020). Nutrient composition, oxalate content and
nutritional ranking of ten culinary microgreens. Journal of Food Composition and Analysis,
91, 103495. https://doi.org/10.1016/j.jfca.2020.103495

e Ghoora, M. D., Haldipur, A. C., & Srividya, N. (2020). Comparative evaluation of
phytochemical content, antioxidant capacities and overall antioxidant potential of select
culinary microgreens. Journal of Agriculture and Food Research, 2, 100046.
https://doi.org/10.1016/;.jafr.2020.100046

e Globe Newswire FEurope. Available online: https://www.globenewswire.com/news-
release/2023/07/27/2712305/0/en/ Microgreens-Market-Revenues-to-Reach-USD-315-
billion-by-2028-Market-Size-Share-Forecasts-Trends-Analysis-Report-by Mordor-
Intelligence.html (accessed on 20 September 2024).

e Gunjal, M., Singh, J., Kaur, J., Kaur, S., Nanda, V., Mehta, C. M., Bhadariya, V., & Rasane,
P. (2024). Comparative analysis of morphological, nutritional, and bioactive properties of
selected microgreens in alternative growing medium. South African Journal of Botany, 165,
188-201. https://doi.org/10.1016/j.sajb.2023.12.038

e Huang, H., Jiang, X., Xiao, Z., Yu, L., Pham, Q., Sun, J., Chen, P., Yokoyama, W., Yu, L. L.,
Luo, Y. S., & Wang, T. T. Y. (2016). Red Cabbage Microgreens Lower Circulating Low-
Density Lipoprotein (LDL), Liver Cholesterol, and Inflammatory Cytokines in Mice Fed a
High-Fat Diet. Journal of Agricultural and Food Chemistry, 64(48), 9161-9171.
https://doi.org/10.1021/acs.jafc.6b03805

e Huang, H., Jiang, X., Xiao, Z., Yu, L., Pham, Q., Sun, J., Chen, P., Yokoyama, W., Yu, L. L.,
Luo, Y. S., & Wang, T. T. Y. (2016). Red Cabbage Microgreens Lower Circulating Low-
Density Lipoprotein (LDL), Liver Cholesterol, and Inflammatory Cytokines in Mice Fed a
High-Fat Diet. Journal of Agricultural and Food Chemistry, 64(48), 9161-9171.
https://doi.org/10.1021/acs.jafc.6b03805

e Jambor, T., Knizatova, N., Valkova, V., Tirpak, F., Greifova, H., Kovacik, A., & Lukac, N.
(2022). MICROGREENS AS A FUNCTIONAL COMPONENT OF THE HUMAN DIET: A
REVIEW. Journal of Microbiology, Biotechnology and Food Sciences, ¢5870.
https://doi.org/10.55251/jmbfs.5870

e Johnson, C.M. Microgreens for human nutrition in spaceflight. In Annual Meeting of the
American Society for Gravitational and Space Research; No. KSC-E-DAA-TN75341;
Kennedy Space Center: Denver, CO, USA, 2019.

e Kathi, S., Laza, H., Singh, S., Thompson, L., Li, W., & Simpson, C. (2023). Vitamin C
biofortification of broccoli microgreens and resulting effects on nutrient composition.
Frontiers in Plant Science, 14. https://doi.org/10.3389/fpls.2023.1145992

e Kaur, N., Singh, B., Kaur, A., & Yadav, M. P. (2022). Impact of growing conditions on
proximate, mineral, phenolic composition, amino acid profile, and antioxidant properties of
black gram, mung bean, and chickpea microgreens. Journal of Food Processing and
Preservation, 46(7). https://doi.org/10.1111/jfpp.16655

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 82

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

Kyriacou, M. C., De Pascale, S., Kyratzis, A., & Rouphael, Y. (2017). Microgreens as a
Component of Space Life Support Systems: A Cornucopia of Functional Food. Frontiers in
Plant Science, 8. https://doi.org/10.3389/fpls.2017.01587

Kyriacou, M. C., El-Nakhel, C., Graziani, G., Pannico, A., Soteriou, G. A., Giordano, M.,
Ritieni, A., De Pascale, S., & Rouphael, Y. (2019). Functional quality in novel food sources:
Genotypic variation in the nutritive and phytochemical composition of thirteen microgreens
species. Food Chemistry, 277, 107—118. https://doi.org/10.1016/j.foodchem.2018.10.098
Kyriacou, M. C., El-Nakhel, C., Pannico, A., Graziani, G., Soteriou, G. A., Giordano, M.,
Palladino, M., Ritieni, A., De Pascale, S., & Rouphael, Y. (2020). Phenolic Constitution,
Phytochemical and Macronutrient Content in Three Species of Microgreens as Modulated by
Natural Fiber and Synthetic Substrates. Antioxidants, 9(3), 252.
https://doi.org/10.3390/antiox9030252

Kyriacou, M. C., El-Nakhel, C., Pannico, A., Graziani, G., Soteriou, G. A., Giordano, M.,
Zarrelli, A., Ritieni, A., De Pascale, S., & Rouphael, Y. (2019). Genotype-Specific Modulatory
Effects of Select Spectral Bandwidths on the Nutritive and Phytochemical Composition of
Microgreens. Frontiers in Plant Science, 10. https://doi.org/10.3389/fpls.2019.01501
Kyriacou, M. C., El-Nakhel, C., Pannico, A., Graziani, G., Zarrelli, A., Soteriou, G. A.,
Kyratzis, A., Antoniou, C., Pizzolongo, F., Romano, R., Ritieni, A., De Pascale, S., &
Rouphael, Y. (2021). Ontogenetic Variation in the Mineral, Phytochemical and Yield
Attributes of Brassicaceous Microgreens. Foods, 10(5), 1032.
https://doi.org/10.3390/foods10051032

Kyriacou, M. C., Rouphael, Y., Di Gioia, F., Kyratzis, A., Serio, F., Renna, M., De Pascale,
S., & Santamaria, P. (2016). Micro-scale vegetable production and the rise of microgreens.
Trends in Food Science & Technology, 7, 103-115.
https://doi.org/10.1016/.tifs.2016.09.005

Le, T. N., Chiu, C.-H., & Hsieh, P.-C. (2020). Bioactive Compounds and Bioactivities of
Brassica oleracea L. var. Italica Sprouts and Microgreens: An Updated Overview from a
Nutraceutical Perspective. Plants, 9(8), 946. https://doi.org/10.3390/plants9080946

Lee, J. S., Pill, W. G., Cobb, B. B., & Olszewski, M. (2004). Seed treatments to advance
greenhouse establishment of beet and chard microgreens. The Journal of Horticultural Science
and Biotechnology, 79(4), 565-570. https://doi.org/10.1080/14620316.2004.11511806

Lenzi, A., Orlandini, A., Bulgari, R., Ferrante, A., & Bruschi, P. (2019). Antioxidant and
Mineral Composition of Three Wild Leafy Species: A Comparison Between Microgreens and
Baby Greens. Foods, 8(10), 487. https://doi.org/10.3390/foods8100487

Lobiuc, A., Vasilache, V., Oroian, M., Stoleru, T., Burducea, M., Pintilie, O., & Zamfirache,
M.-M. (2017). Blue and Red LED Illumination Improves Growth and Bioactive Compounds
Contents in Acyanic and Cyanic Ocimum basilicum L. Microgreens. Molecules, 22(12), 2111.
https://doi.org/10.3390/molecules22122111

Ma, S., Tian, S., Sun, J., Pang, X., Hu, Q., Li, X., & Lu, Y. (2022). Broccoli microgreens have
hypoglycemic effect by improving blood lipid and inflammatory factors while modulating gut

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 83

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)



International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

microbiota in mice with type 2 diabetes. Journal of Food Biochemistry, 46(7).
https://doi.org/10.1111/jfbc.14145
Mir, S. A., Shah, M. A., & Mir, M. M. (2017). Microgreens: Production, shelf life, and
bioactive components. Critical Reviews in Food Science and Nutrition, 57(12), 2730-2736.
https://doi.org/10.1080/10408398.2016.1144557
Pannico, A., Graziani, G., El-Nakhel, C., Giordano, M., Ritieni, A., Kyriacou, M., & Rouphael,
Y. (2020). Nutritional stress suppresses nitrate content and positively impacts ascorbic acid
concentration and phenolic acids profile of lettuce microgreens. Italus Hortus, 27(3), 41-52.
https://doi.org/10.26353/j.itahort/2020.3.4152
Paradiso, V. M., Castellino, M., Renna, M., Gattullo, C. E., Calasso, M., Terzano, R.,
Allegretta, 1., Leoni, B., Caponio, F., & Santamaria, P. (2018). Nutritional characterization and
shelf-life  of packaged microgreens. Food & Function, 9(11), 5629-5640.
https://doi.org/10.1039/c8fo01182f
Perchonok, M. H., Cooper, M. R., & Catauro, P. M. (2012). Mission to Mars: Food Production
and Processing for the Final Frontier. Annual Review of Food Science and Technology, 3(1),
311-330. https://doi.org/10.1146/annurev-food-022811-101222
Pinto, E., Almeida, A. A., Aguiar, A. A., & Ferreira, I. M. P. L. V. O. (2015). Comparison
between the mineral profile and nitrate content of microgreens and mature lettuces. Journal of
Food Composition and Analysis, 37, 38-43. https://doi.org/10.1016/j.jfca.2014.06.018
Poudel, P., Di Gioia, F., Lambert, J. D., & Connolly, E. L. (2023). Zinc biofortification through
seed nutri-priming using alternative zinc sources and concentration levels in pea and sunflower
microgreens. Frontiers in Plant Science, 14. https://doi.org/10.3389/fpls.2023.1177844
Puccinelli, M., Malorgio, F., Rosellini, L., & Pezzarossa, B. (2019). Production of selenium-
biofortified microgreens from selenium-enriched seeds of basil. Journal of the Science of Food
and Agriculture, 99(12), 5601-5605. https://doi.org/10.1002/jsfa.9826
Puente, L., Char, C., Patel, D., Thilakarathna, M. S., & Roopesh, M. S. (2024). Research
Trends and Development Patterns in Microgreens Publications: A Bibliometric Study from
2004 to 2023. Sustainability, 16(15), 6645. https://doi.org/10.3390/sul 6156645
Reed, E., Ferreira, C. M., Bell, R., Brown, E. W., & Zheng, J. (2018). Plant-Microbe and
Abiotic Factors Influencing Salmonella Survival and Growth on Alfalfa Sprouts and Swiss
Chard Microgreens. Applied and Environmental Microbiology, 84(9).
https://doi.org/10.1128/aem.02814-17
Riggio, G. M., Wang, Q., Kniel, K. E., & Gibson, K. E. (2019). Microgreens—A review of
food safety considerations along the farm to fork continuum. International Journal of Food
Microbiology, 290, 76—85. https://doi.org/10.1016/j.ijfoodmicro.2018.09.027
Rouphael, Y., Colla, G., & De Pascale, S. (2021). Sprouts, Microgreens and Edible Flowers as
Novel Functional Foods. Agronomy, 11(12), 2568.
https://doi.org/10.3390/agronomy11122568
Samuolieng, G., Brazaityté, A., Virsile, A., Jankauskiené, J., Sakalauskien¢, S., & Duchovskis,
P. (2016). Red Light-Dose or Wavelength-Dependent Photoresponse of Antioxidants in Herb
Microgreens. PLOS ONE, 11(9), e0163405. https://doi.org/10.1371/journal.pone.0163405

Page 84

www.ijir.info | Volume 2 (Issue 10) | June, 2026

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

e Seth, T., Mishra, G. P., Chattopadhyay, A., Deb Roy, P., Devi, M., Sahu, A., Sarangi, S. K.,
Mhatre, C. S., Lyngdoh, Y. A., Chandra, V., Dikshit, H. K., & Nair, R. M. (2025).
Microgreens: Functional Food for Nutrition and Dietary Diversification. Plants, 14(4), 526.
https://doi.org/10.3390/plants 14040526

e Sharma, S., Shree, B., Sharma, D., Kumar, S., Kumar, V., Sharma, R., & Saini, R. (2022).
Vegetable microgreens: The gleam of next generation super foods, their genetic enhancement,
health benefits and processing approaches. Food Research International, 155, 111038.
https://doi.org/10.1016/j.foodres.2022.111038

e Sun, B., Lin, P.-X,, Xia, P.-X., Di, H.-M., Zhang, J.-Q., Zhang, C.-L., & Zhang, F. (2020).
Low-temperature storage after harvest retards the deterioration in the sensory quality, health-
promoting compounds, and antioxidant capacity of baby mustard. RSC Advances, 10(60),
36495-36503. https://doi.org/10.1039/d0ra07177¢

e Tan, L., Nuffer, H., Feng, J., Kwan, S. H., Chen, H., Tong, X., & Kong, L. (2020). Antioxidant
properties and sensory evaluation of microgreens from commercial and local farms. Food
Science and Human Wellness, 9(1), 45-51. https://doi.org/10.1016/].fshw.2019.12.002

e Teng, Z., Luo, Y., Pearlstein, D. J., Wheeler, R. M., Johnson, C. M., Wang, Q., & Fonseca, J.
M. (2023). Microgreens for Home, Commercial, and Space Farming: A Comprehensive
Update of the Most Recent Developments. Annual Review of Food Science and Technology,
14(1), 539-562. https://doi.org/10.1146/annurev-food-060721-024636

e Turner, E. R, Luo, Y., & Buchanan, R. L. (2020). Microgreen nutrition, food safety, and shelf
life: A review. Journal of Food Science, 85(4), 870-882. https://doi.org/10.1111/1750-
3841.15049

e Warriner, K., Ibrahim, F., Dickinson, M., Wright, C., & Waites, W. M. (2003). Internalization
of Human Pathogens within Growing Salad Vegetables. Biotechnology and Genetic
Engineering Reviews, 20(1), 117-136. https://doi.org/10.1080/02648725.2003.10648040

e Weber, C. F. (2016). Nutrient Content of Cabbage and Lettuce Microgreens Grown on
Vermicompost and Hydroponic Growing Pads. Journal of Horticulture, 03(04).
https://doi.org/10.4172/2376-0354.1000190

e Xiao, Z., Bauchan, G., Nichols-Russell, L., Luo, Y., Wang, Q., & Nou, X. (2015). Proliferation
of Escherichia coli 0157:H7 in Soil-Substitute and Hydroponic Microgreen Production
Systems. Journal of Food Protection, 78(10), 1785-1790. https://doi.org/10.4315/0362-
028x.jfp-15-063

e Xiao, Z., Codling, E. E., Luo, Y., Nou, X., Lester, G. E., & Wang, Q. (2016). Microgreens of
Brassicaceae: Mineral composition and content of 30 varieties. Journal of Food Composition
and Analysis, 49, 87-93. https://doi.org/10.1016/j.jfca.2016.04.006

e Xiao, Z., Lester, G. E., Luo, Y., & Wang, Q. (2012). Assessment of Vitamin and Carotenoid
Concentrations of Emerging Food Products: Edible Microgreens. Journal of Agricultural and
Food Chemistry, 60(31), 7644-7651. https://doi.org/10.1021/j£300459b

e Xiao, Z.,Rausch, S. R., Luo, Y., Sun, J., Yu, L., Wang, Q., Chen, P., Yu, L., & Stommel, J. R.
(2019). Microgreens of Brassicaceae: Genetic diversity of phytochemical concentrations and
antioxidant capacity. LWT, 101, 731-737. https://doi.org/10.1016/j.1wt.2018.10.076

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 85

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




International Journal of Innovations in Research
ISSN: 3048-9369 (Online)

Special Issue for Selected Papers of 4th International Conference on Shakti se Samridhi by IFTDO-
CWYEE and Divathary Vikas Foundation at Jaipur in February '26

e Yadav, L. P., Koley, T. K., Tripathi, A., & Singh, S. (2018). Antioxidant Potentiality and
Mineral Content of Summer Season Leafy Greens: Comparison at Mature and Microgreen
Stages Using Chemometric. Agricultural Research, 8(2), 165-175.
https://doi.org/10.1007/s40003-018-0378-7

e Yeargin, T. A., Lin, Z., do Prado, L., Sirsat, S. A., & Gibson, K. E. (2023). Consumer practices
and perceptions regarding the purchasing and handling of microgreens in the United States.
Food Control, 145, 109470. https://doi.org/10.1016/j.foodcont.2022.109470

e Zagory, D., & Kader, A. A. (1988). Modified atmosphere packaging of fresh produce. Food
Technology, 42, 7077

e Zhang, X., Bian, Z., Li, S., Chen, X., & Lu, C. (2019). Comparative Analysis of Phenolic
Compound Profiles, Antioxidant Capacities, and Expressions of Phenolic Biosynthesis-
Related Genes in Soybean Microgreens Grown under Different Light Spectra. Journal of
Agricultural and Food Chemistry, 67(49), 13577-13588.
https://doi.org/10.1021/acs.jafc.9b05594

e Zhang, Y.; Xiao, Z.; Ager, E.; Kong, L.; Tan, L. Nutritional quality and health benefits of
microgreens, a crop of modern agriculture. Journal of Future Foods 2021, 1 (1), 58—66.
https://doi.org/10.1016/j.jfutfo.2021.07.001

www.ijir.info | Volume 2 (Issue 10) | June, 2026 Page 86

AR BRSSO G RBAD

Licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)




