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Microgreens - Innovation for nutrient enhancement in current global scenario
Abstract
A miniature form of the green leafy vegetables, referred to as microgreens has gained popularity as a novel culinary ingredient during the last decade. Microgreens, frequently known as �vegetable confetti� are tender, young greens that enhances the texture, color and flavor of salads to garnish a variety of main dishes. Consumption patterns, lifestyle adaption and family systems are witnessing a drastic change in the modern era. Eating on the go habits and time constraints have left people, mostly the younger generation, to switch over to nibbling food which caters only to appeal, aroma and taste but not to their personal nutritional enrichment. Apart from rendering rich taste, colour, aroma and texture to food, these harvested green vegetables or tiny seedlings of edible plants have been reported to improve one�s nutrition, having appreciable levels of essential vitamins and minerals, fibre and protein. In terms of minerals, lettuce microgreens contained more of some elements (Calcium, Magnesium, Iron, Manganese, Zinc, Selenium and Molybdenum) than mature vegetables, and these levels were unaffected by changes in soil properties and composition. Recent studies found significant amounts of α-tocopherol (vitamin E), carotene (pro-vitamin A), ascorbic acid (vitamin C) and phylloquinone (vitamin K1). Phytochemicals such as phenolic antioxidants, anthocyanins, glucosinolates, and carotenoids have also been found in microgreens.
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Introduction 

According to UN, there will be tremendous increase in population to about 10 billion which puts enormous pressure on modern agriculture (McClung, 2014). Also, currently 1 billion people are chronically malnourished with 2 billion more on the go (Godfray et al., 2010 and Godfray and Garnett, 2014). Consumption patterns, lifestyle adaption and family systems are witnessing a drastic change in the modern era. Eating on the go habits and time constraints have left people, mostly the younger generation, to switch over to nibbling food which caters only to appeal, aroma and taste but not to their personal nutritional enrichment. In order to inculcate a healthy transformation with the aim of bringing up a healthy genre for future India, a nutritive as well as novel alternative must be introduced. In this context, it becomes necessary to shift our focus, attention and efforts on finding an innovative tool that can help solve this problem and ensure food security for the population (Lutz, 2010). This is where microgreens provide a lending hand (Mahalakshmi and Rajeswari, 2021). Microgreens in general are considered as a concept innovation in vegetable growing
. With abundant nutritional composition supporting human health and longevity, microgreens are an ideal candidate with short growing cycle with minimal inputs (Dereje et al., 2023). Microgreens are young plant seedlings grown from the seeds of vegetables, herbs, and other plants. They have two fully developed cotyledons, with the first pair of true leaves emerging or partially expanded, and are typically harvested without roots 7 to 21 days after planting (Xiao et al., 2012). They add visual interest as well as pungent flavours to a meal and are typically served fresh as an ingredient in salads, soups, and sandwiches, or as an edible garnish (Treadwell et al., 2020).

Apart from rendering rich taste, colour, aroma and texture to food, these harvested green vegetables or tiny seedlings of edible plants have been reported to improve one�s nutrition, having appreciable levels of essential vitamins and minerals, fibre and protein (Mahalakshmi and Rajeswari, 2021). In terms of minerals, lettuce microgreens contained more of some elements (Ca, Mg, Fe, Mn, Zn, Se, and Mo) than mature vegetables, and these levels were unaffected by changes in soil properties and composition. Brassicaceae microgreens have also been reported to be high in K, Ca, Fe, and Zn (Pinto et al., 2015; Xiao et al., 2016). Another nutrient class that contributes to the nutritional value of microgreens is vitamins and their precursors. Recent studies found significant amounts of α-tocopherol (vitamin E), carotene (pro-vitamin A), ascorbic acid (vitamin C) and phylloquinone (vitamin K1), but there was a lot of variation when different species and cultivars were compared (Brazaitytė et al., 2015; Xiao et al., 2014). Phytochemicals such as phenolic antioxidants, anthocyanins, glucosinolates, and carotenoids have also been found in microgreens (Vaštakaitė-Kairienė et al., 2023). Most of the reports that have been published so far has given emphasis on Brassicaceae family, those which are predominantly suitable for temperate regions. Apart from Brassicas, there are several other vegetables which are highly suitable for microgreen cultivation. Even carrots and beets can be sown and harvested as microgreens (Mohanty et al., 2021). Through this literature, we have collected, recorded and analysed the nutritional composition for some of the regularly used nutrient dense vegetables.

Material and methods

Microgreen selection and production

A list of ten
 microgreens comprising of different family viz., Amaranthus, Beetroot and Spinach (Amaranthaeceae), Carrot and Coriander (Umbelliferae), Cabbage, Broccoli, Cauliflower and Radish (Brassicaceae), Fenugreek (Leguminaceae) and Onion (Alliaceae) were taken for the experiment. The study was conducted at indoor conditions in Pondicherry, India. Cocopeat was used as a growing medium. The experiment was laid out in Completely Randomized Block Design (CRD) replicated thrice. Plastic trays with dimension 18 x 15 x 6 cm were taken for microgreen cultivation. The trays were filled respective medias. In each tray, 1 gram of seeds of different vegetables were sown. After covering it with a thin layer of media the trays were covered with gunny bag and kept in dark conditions for 1 - 2 days to promote seed germination. Later, gunny bag was removed and left in open condition to establish and develop. Growing cycle varied for different microgreens. When the greens attained a required height, they were cut with the help of scissors and used for proximate as well as bioactive component analysis.

Sample analysis for various treatment 
Protein content was determined using the micro-Kjeldahl method (N x 6.25) according to the AOAC 991.02 procedure (Thompson et al., 1995) and results were expressed as g/100 g FW. Total, soluble and insoluble dietary fibre (TDF, SDF and IDF, respectively) were determined enzymatically and gravimetrically according to the AOAC 985.29 method (Quemener et al., 1997) Beta- carotene was estimated by DMSO method given by Shoaf and Lium (1976). Ascorbic acid was analysed using 2, 6 � dichlorophenol indophenol dye (Paim and Reis, 2000). Alpha-tocopherol was estimated by HPLC (High Performance Liquid Chromatography), AOAC standard (Cert rtal., 2000). The macro-elements were estimated by adopting various methods. For phosphorus, vanado-molybdophosphoric yellow colour method (Jackson, 1973) and potassium by flame photometer (Bhargava and Raghupathi, 1993). Calcium and Magnesium was estimated by titration with EDTA. Sodium was predicted by di acid method (Johnson, 1959). Trace elements or mico-elements like Fe, Cu, Zn and Mn were estimated by using Atomic Absorption Spectrophotometer.
Statistical analysis

The data was converted to mean values for all the microgreens and was statistically analyzed using DSAASTAT tool. For treatments showing significance, critical differences were worked out at five percent probability level.

Results and Discussion

Microgreens vary considerably in chemical composition to their mature counterparts. Nowadays, a large number of microgreens are cultivated which includes several herbs and vegetables where their chemical composition has also been documented. Enormous amount of evidence states that, a huge number of bioactive compounds, including carotenoids, protein, fibre, vitamins and minerals are available in microgreens (Turner et al., 2020; Marchioni et al., 2021). In this study, eleven microgreens from different families were evaluated for their proximate composition, macro elements and micro nutrients which are documented (Table 1, Fig. 1; Fig. 2).

Table
 1. Proximate composition (g/100 g) analysis of eleven edible microgreens.

	S.no
	Crop
	Protein
	Fibre
	β - carotene
	Ascorbic acid
	α - tocopherol

	1.
	Amaranthus
	1.26
	4.24
	3.62
	131.82
	17.87

	2.
	Beetroot
	2.20
	3.77
	2.53
	43.75
	18.84

	3.
	Broccoli
	2.23
	2.72
	7.20
	106.96
	23.72

	4.
	Cabbage
	1.88
	1.37
	0.28
	70.69
	1.70

	5.
	Carrot
	2.52
	2.60
	5.91
	67.88
	14.77

	6.
	Coriander
	0.39
	0.21
	11.14
	37.23
	54.39

	7.
	Fenugreek
	3.42
	0.51
	3.06
	94.90
	5.00

	8.
	Onion
	2.56
	1.82
	3.82
	26.50
	15.49

	9.
	Radish
	1.73
	1.86
	7.07
	87.56
	58.06

	10.
	Spinach
	2.41
	2.49
	6.77
	72.28
	18.16

	11.
	Cauliflower
	1.90
	2.20
	13.57
	120.31
	12.12

	C. D

S. Ed
	0.99
	0.26
	0.72
	3.84
	1.91

	
	0.49
	0.13
	0.36
	1.92
	0.96


Proximate components 

Proteins make up the structural composition of our cells. Adequate intake of protein is particularly important during periods of rapid growth. Plants especially greens are the suitable source of protein for the vegans around the world. Among the microgreens evaluated, fenugreek (3.42 g/100g) contributed to the maximum protein content. This was followed by onion (2.56 g/100g) and carrot (2.52 g/100g), while the least being coriander (0.39 g/ 100g) followed by amaranthus (1.26 g/100g). in amaranthus, the protein content was found to be surprisingly high in fully grown mature leaves when compared to sprouts or microgreens (Ebert, 2022).

Dietary fibre imparts multiple beneficial roles in human nutrition, such as weight loss, prevention and treatment of constipation, reduction of risk of diabetes and stimulation of beneficial microorganisms (Perry and Ying, 2016). The fibre content of most of the microgreens were found to be higher (Paradiso et al., 2018) and the range observed between 1.37 � 4.24 g/ 100g. This difference in fibre content could be attributed to genotype variation. The least fibre content was recorded in coriander (0.21 g/100g) and fenugreek (0.51 g/100g).

Yellow � orange fruits, vegetables and green leafy vegetables are the most abundant sources having dietary carotenoid. Beta carotene, a precursor of vitamin A is known to prevent oxidative damage to biological membranes by means of quenching the free radicals (Muller and Bohm, 2011). The beta carotene content of the experimented microgreens ranged between 0.280 g/ 100g � 13.570 g/ 100g; where highest being cauliflower and lowest being cabbage. About five microgreen families were found to have higher carotene content than food sources that are rich in beta carotene like carrot (5.91 g/ 100g) (Longvah et al., 2017).

Ascorbic acid, a potent antioxidant is the most effective absorption enhancer of non- haem iron. Vitamin C is considered to be highly bounded in the families such as Malvaceae, Brassicaceae and Cucurbitaceae. Ascorbic acid, being water-soluble and heat liable in nature with acidic properties, is required in very small quantities for absorption by the body. It is of highest regards in enhancing healthy immune system and scurvy prevention (Yahia et al., 2018). The ascorbic acid content ranges from 26.50 g/100g to 131. 83 g/ 100g. Paramount portion of ascorbic acid content was observed in Amaranthus (131.83 g/100g), cauliflower (120.31 g/100g), broccoli (106.96 g/100g) and fenugreek (94.91 g/100g). The results were found to be similar to the findings in broccoli (Haytowitz, et al., 2018), cauliflower, amaranthus (Ghoora et al., 2020) and in fenugreek (De la Fuente et al., 2019). Where amaranthus microgreens had 6 times more vitamin C when compared to mature counterparts.
Alpha- tocopherol is a biologically active and most common form of vitamin E. The most frequently occurring Vitamin E in plants is Lambda tocopherol whereas alpha tocopherol is the most active form. Especially, Brassicaeceae and Apiaceae families of microgreen were found to be the richest source of Vitamin E. Accordingly, 58.06 g/100 g in radish being the highest, followed by coriander (54.395 g/ 100g). Similar reports were observed in some studies (Zhang et al., 2021; Xiao et al., 2016). Radish microgreens had 976 - fold higher alpha tocopherol levels than the mature roots (Longvah et al., 2017). Complementary results were given in coriander (Zhang et al., 2021).
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Fig. 1. Protein and Dietary fibre content of eleven edible microgreens.
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Fig
. 2. Composition of β - carotene (g/100 g), Ascorbic acid (g/100 g) and α – tocopherol (g/ 100 g) analysis of eleven edible microgreens.
Mineral composition

Microgreens were found to be excellent sources of minerals. Some of the minerals are important, but majority of them are considered essential nutrients. In general, the composition of macro-elements (potassium, calcium, magnesium, phosphorus and sodium) and trace elements (iron, zinc, copper and manganese) were 90% greater in majority of the microgreens cultivated (Huang et al., 2016). The concentration of various elements varied with the species of microgreens being taken up for study. The elemental composition is presented in Table 2 and Fig. 3.

Table 2. Macro-element (mg/100 g) analysis of eleven edible microgreens.

	S.no
	Crop
	Calcium
	Potassium
	Magnesium
	Phosphorus
	Sodium

	1.
	Amaranthus
	78.83
	561.17
	35.82
	46.04
	15.21

	2.
	Beetroot
	90.93
	306.51
	82.66
	74.35
	102.67

	3.
	Broccoli
	85.53
	291.06
	59.29
	72.11
	61.17

	4.
	Cabbage
	89.49
	181.18
	53.77
	58.69
	54.48

	5.
	Carrot
	56.11
	318.33
	39.19
	34.48
	119.02

	6.
	Coriander
	23.01
	84.25
	12.17
	9.72
	43.73

	7.
	Fenugreek
	56.55
	112.00
	15.66
	19.20
	49.23

	8.
	Onion
	29.18
	272.33
	22.53
	32.35
	37.62

	9.
	Radish
	37.67
	218.68
	34.78
	77.77
	19.69

	10.
	Spinach
	19.39
	70.68
	73.40
	53.84
	20.648

	11.
	Cauliflower
	91.33
	210.01
	60.57
	60.07
	59.07

	C. D

S. Ed
	2.49
	22.11
	2.56
	2.65
	3.29

	
	1.25
	11.06
	1.28
	1.33
	1.65


Macro elements: 
Calcium content was found to be maximum in cauliflower (91. 33 g/100 g), beetroot (90.93 g/100g), cabbage (89.49 g/100g) and broccoli (85.53 g/100g). Amongst all elements taken up for study, potassium was in higher concentration compared to both proximate components and trace elements. Potassium, miraculously
 recorded higher values in amaranthus (567.17 g/100g) followed by carrot (318.33 g/100g) and beetroot (306.57 g/100g). Similarly, amaranth and beetroot were reported to contain high concentration of potassium among 17 microgreen species although amaranthus was considered a good source of calcium. From this nutritional status it is evident that microgreens are richest sources of Ca and K. Their nutritional superiority over the adult counterparts were also more pronounced. This is because during germination and sprouting stages most of the nutrients were found to be at their peak concentrations which gradually reduce over growth period. Several reports also conclude the same. Our results were also in accordance with other related studies (Haytowitz, et al., 2018; De la Fuente et al., 2019; Ebert, 2022; Renna, 2020).

Magnesium and Phosphorus concentration of samples analyzed in this study ranged from 12.17 g/100 g (coriander) to 82.65 g/100 g (beetroot) and 9.72 g/100 g (coriander) to 77.77 g/100 g (radish) respectively. Similar to K and Ca, Mg and P were also found to be predominantly high in most of the microgreens. For sodium content, the range lies between 15.21 g/100g to 119.02 g/100g. Sodium concentration was considerably low when compared to other macro-elements. K was found to be in highest in almost all the microgreens followed by Ca, P, Mg and Na. Subsequently, Renna et al., 2020 (38) observed a higher average content of potassium, calcium, phosphorus and magnesium and lower  concentrations of sodium.
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Fig. 3. Macro-element (mg/100 g) composition of eleven edible microgreens.
Trace elements: 
The trace elemental range for various microgreens are as follows; iron (0.42 � 3.525 mg/100 g); copper (0.025 � 0.530 mg/ 100 g); manganese (0.020 � 1.14 mg/100 g) and zinc (0.080 � 1.625 mg/100 g). Iron and zinc were found to be in higher concentration in the eleven microgreens analyzed when compared to manganese and copper (Fig. 4). In accordance with our result, Xiao et al., 2016 also have reported that vegetable microgreens are considered to be a good source of mineral elements like Fe and Zn and play an important role in human diet. He also reported a lower concentration of Cu content. In most of the literature reviewed, the trace elements were found to be in maximum in Brassicaceae vegetables which were contradictory to our results. This may be due environmental fluctuations. Also, the genotype and growing conditions had a major impact on this deviation on nutritional traits.
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Fig. 4. Mean performance of eleven microgreens for four trace elements (mg/100 g).
Conclusion and Future thrust 
Microgreens, also known as �super foods� are novel functional food sources with great potential for sustainably diversifying global food systems. These speciality crops, that have gained increased attention in the last decade proved to be a warehouse of several nutrient compounds which are multi-fold higher than their mature counterparts. This also assist people especially in urban and semi-urban areas in promoting nutrient dense microgreens, as they are gaining popularity on the supermarket shelves. These natural supplements which are low in certain elements can be improved by biofortification of those elements through agronomic systems. However, harvesting and postharvest handling may impact the phytonutrients, additional studies are required to evaluate the effect of agricultural practices on phytonutrient retention. As
 they are mostly consumed as raw, degradation during food processing has been nullified. Most of the studies are highly concentrated in major vegetables, extensive research works are to be done in underutilized vegetables and herbal species which can also be consumed as microgreens.

DISCLAIMER (ARTIFICIAL INTELLIGENCE): Author(s) hereby declare that  NO generative  AI technologies such  as Large Language  Models (ChatGPT, COPILOT, etc) and text-to-image generators  have  been  used  during  writing  or editing of this manuscript.

COMPETING INTERESTS: Authors have declared that no competing interests exist.
References 

Bhargava BS and Raghupathi HB. (1993). Analysis of plant materials for macro and micronutrients. Methods of analysis of soils, plants, water and fertilizers. 49-82. https://scholar.google.com/scholar?cites=9640916902238602148&as_sdt=2005&sciodt=0,5&hl=en 
Brazaitytė A, Sakalauskienė S, Samuolienė G, Jankauskienė J, Viršilė A, Novičkovas A, Sirtautas R, Miliauskienė J, Vaštakaitė V, Dabašinskas L, and Duchovskis P. (2015). The effects of LED illumination spectra and intensity on carotenoid content in Brassicaceae microgreens. Food Chem. 173:600-6. https://doi.org/10.1016/j.foodchem.2014.10.077.

Cert A, Moreda W, and Pérez-Camino MC. (2000). Chromatographic analysis of minor constituents in vegetable oils. J. Chromat. A. 881(1-2):131-48. https://doi.org/10.1016/S0021- 9673(00)00389-7.
De la Fuente B, López-García G, Máñez V, Alegría A, Barberá R,and  Cilla A. (2019). Evaluation of the bio-accessibility of antioxidant bioactive compounds and minerals of four genotypes of Brassicaceae microgreens. Foods. 8(7):250. https://doi.org/10.3390/foods8070250.

Dereje B, Jacquier JC, Elliott-Kingston C, Harty M, and Harbourne N. (2023). Brassicaceae microgreens: phytochemical compositions, influences of growing practices, postharvest technology, health, and food applications. ACS Food Science & Technology. 3(6):981-98. https://doi.org/10.1021/acsfoodscitech.3c00040. 
Ebert AW. (2022). Sprouts and microgreens�novel food sources for healthy diets. Plants. 11(4):571. https://doi.org/10.3390/plants11040571.

Godfray HC, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JF, Pretty J, Robinson S, Thomas SM, and Toulmin C. (2010). Food security: the challenge of feeding 9 billion people. Sci. 327(5967):812-8. https://doi.org/10.1126/science.1185383.
Ghoora MD, Babu DR, and Srividya N. (2020). Nutrient composition, oxalate content and nutritional ranking of ten culinary microgreens. J. Food Comp. Anal. 91:103495. https://doi.org/10.1016/j.jfca.2020.103495.
Godfray HC, and Garnett T. (2014). Food security and sustainable intensification. Philosophical transactions of the Royal Society B: biological sciences. 369(1639):20120273. https://doi.org/10.1098/rstb.2012.0273.
Haytowitz DB, Wu X, and Bhagwat S. (2018). USDA database for the flavonoid content of selected foods, release 3.3. US Department of Agriculture. 173. https://www.ars.usda.gov/ARSUserFiles/80400525/Data/Flav/Flav3.3.pdf 
Huang H, Jiang X, Xiao Z, Yu L, Pham Q, Sun J, Chen P, Yokoyama W, Yu LL, Luo YS,  and Wang TT. (2016). Red cabbage microgreens lower circulating low-density lipoprotein (LDL), liver cholesterol, and inflammatory cytokines in mice fed a high-fat diet. J. Agril Food Chem.  64(48):9161-71. https://doi.org/10.1021/acs.jafc.6b03805.
Johnson CM, and Ulrich A. (1959). Analytical Methods for Use in Plant Analysis. University of California Agricultural Experiment Station, Berkeley, CA, 766: 26�78. https://cir.nii.ac.jp/crid/1570009749367070592 
Jackson, M. L. 1973.  Soil chemical analysis. Pub: Prentice Hall of India. Pvt. Ltd., New Delhi. https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Jackson%2C+M.+L.+1973.++Soil+chemical+analysis.+Pub%3A+Prentice+Hall+of+India.+Pvt.+Ltd.%2C+New+Delhi.&btnG=#:~:text=%5BCITATION%5D%20Soil%20chemical%20analysis%20prentice%20hall%20of%20India%20private%20limited
Longvah T, An̲antan̲ I, Bhaskarachary K, Venkaiah K, and Longvah T. (2017). Indian food composition tables. Hyderabad: National Institute of Nutrition, Indian Council of Medical Research. https://www.academia.edu/download/51599403/IFCT.pdf 
Lutz W Kc S. (2010). Dimensions of global population projections: what do we know about future population trends and structures. Philosophical Transactions of the Royal Society B: Biological Sciences. 365(1554):2779-91. https://doi.org/10.1098/rstb.2010.0133.

Mahalakshmi MS, and Rajeswari SV. (2021). Model biophilic spaces for waste management at the household level. The Journal of Research ANGRAU. 49(2):126-34. https://epubs.icar.org.in/index.php/TJRA/article/download/133456/49299 
Marchioni I, Martinelli M, Ascrizzi R, Gabbrielli C, Flamini G, Pistelli L, and Pistelli L. (2021). Small functional foods: Comparative phytochemical and nutritional analyses of five microgreens of the Brassicaceae family. Foods. 10(2):427.   https://doi.org/10.3390/foods10020427
McClung CR. (2014). Making hunger yield. Sci. 344 (6185):699-700. https://doi.org/10.1126/science.1254135.
[image: image7.png]


Mohanty A, Mahahlik G, and Parida S. (2021). Nutritional analysis of few edible microgreens in variable growth medium using XRF technique. Asian J. Biol. Life Sci. 9:360-4. 10.5530/ajbls.2020.9.54.
Muller L and Bohm V. (2011). Antioxidant activity of β-carotene compounds in different in vitro assays. Mol. 16(2):1055-69. doi:10.3390/molecules16021055.
Paim AP and Reis BF. (2000). An automatic spectrophotometric titration procedure for ascorbic acid determination in fruit juices and soft drinks based on volumetric fraction variation. Analytical Sciences. 16(5):487-91. https://doi.org/10.2116/analsci.16.487
Paradiso VM, Castellino M, Renna M, Gattullo CE, Calasso M, Terzano R, Allegretta I, Leoni B, Caponio F, and Santamaria P. (2018). Nutritional characterization and shelf-life of packaged microgreens. Food Funct. 9(11):5629-40. https://doi.org/10.1039/C8FO01182F.
Perry JR and Ying W. (2016). A review of physiological effects of soluble and insoluble dietary fibers. J. Nutr. Food Sci. 6(2): 1 - 6 10.4172/2155-9600.1000476. 
Pinto E, Almeida AA, Aguiar AA, and Ferreira IM. 2015. Comparison between the mineral profile and nitrate content of microgreens and mature lettuces. J. Food Comp. Anal. 37:38- 43. https://doi.org/10.1016/j.jfca.2014.06.018.
Quemener B, Thibault JF, and Coussement P. (1997). Integration of inulin determination in the AOAC method for measurement of total dietary fibre. International Journal of Biological Macromolecules. 1;21(1-2):175-8. https://www.sciencedirect.com/science/article/pii/S0141813097000585 
Renna M, Stellacci AM, Corbo F, and Santamaria P. (2020). The use of a nutrient quality score is effective to assess the overall nutritional value of three brassica microgreens. Foods. 9(9):1226. https://doi.org/10.3390/foods9091226
Shoaf WT and Lium BW. (1976). Improved extraction of chlorophyll a and b from algae using dimethyl sulfoxide. Limnology and oceanography. 1(6):926-8. 
https://doi.org/10.4319/lo.1976.21.6.0926
Thompson Jr HC, Braselton Jr WE, Coleman MR, Hasselberger ML, Latimer Jr GW, Perry D, Reimann LM, Rihs T, Mowrey DH, and Walsh MC. (1995). Committee on feeds, fertilizers, and agricultural related topics. Journal of AOAC International. 78(1):217-8. https://academic.oup.com/jaoac/article-abstract/78/1/217/5685747 
Treadwell D, Hochmuth R, Landrum L, and Laughlin W. (2020). Microgreens: a new specialty crop: HS1164, rev. 9/2020. Edis. 21(5). https://doi.org/10.32473/edis-hs1164-2020
Turner ER, Luo Y, and Buchanan RL. (2020). Microgreen nutrition, food safety, and shelf life: A review. J. Food Sci. 85(4):870-82. https://doi.org/10.1111/1750-3841.15049.
Vaštakaitė-Kairienė V, Jurkonienė S, Rasiukevičiūtė N, Karklelienė R and Samuolienė G. (2023). The influence of pre-harvest leds on phytochemical constituents and antioxidant activity of microgreens during short-term storage. Agron. 13(8):2188. https://doi.org/10.3390/agronomy13082188.

Xiao Z, Lester GE, Luo Y, Xie ZK, Yu LL, and Wang Q. (2014). Effect of light exposure on sensorial quality, concentrations of bioactive compounds and antioxidant capacity of radish microgreens during low temperature storage. Food Chem. 151:472-9. https://doi.org/10.1016/j.foodchem.2013.11.086.
Xiao Z, Lester GE, Luo Y, and Wang Q. (2016). Assessment of vitamin and carotenoid concentrations of emerging food products: edible microgreens. J. Agril. Food Chem. 60(31):7644-51. https://doi.org/10.1021/jf300459b.

Xiao Z, Codling EE, Luo Y, Nou X, Lester GE, Wang Q. (2016). Microgreens of Brassicaceae: Mineral composition and content of 30 varieties. J. Food Comp. Anal. 49:87-93. https://doi.org/10.1016/j.jfca.2016.04.006.
Yahia, E. M.; García-Solís, P.; Celis, M. E. M. (2018). Contribution of fruits and vegetables to human nutrition and health. Postharvest Physiology and Biochemistry of Fruits and Vegetables; Elsevier Inc., https://doi.org/10.1016/B978-0-12-813278-4.00002-6 
Zhang Y, Xiao Z, Ager E, Kong L, Tan L. (2021). Nutritional quality and health benefits of microgreens, a crop of modern agriculture. J. Fut. Foods. 1(1):58-66. https://doi.org/10.1016/j.jfutfo.2021.07.001.
Calcium





Potassium





Cauliflower





Amaranthus


600


500


400


300


200


100


0





Beetroot





Spinach





Broccoli





Radish	Cabbage





Onion





Carrot





Fenugreek





Coriander








�use cultivation rather


�Eleven rather


Include a key underneath the table, showing abbreviations from the table in full, apply same to affected tables


�This title does not describe the accompanying chart


�I suggest you use "surprisingly" rather


�Recast






[image: image8.png]


[image: image9.png]


