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Abstract Microgreens are innovative vegetable products related to their novelty and health-
promoting benefits. However, growth media and light conditions affect microgreens'
nutritional content, which may limit their production in rural community settings. Brassica
carinata is an essential local Kenyan vegetable, but its production and full utilization are
limited by its early maturity. The potential of using B. carinata as a microgreen would be an
excellent alternative production technique to minimize its early maturity limitation. This
study investigated the influence of white and blue light on Vitamin C and phenol content in
B. carinata microgreens grown using sand and cocopeat. B. carinata microgreens were
grown for 14 days in a growth chamber using plastic punnet containers filled with cocopeat
and sand under white and blue light. The capillary wick watering technique was used for
irrigation. Temperature and relative humidity were monitored and maintained at 26°C+ 2,
and 60%, respectively. The photoperiod and intensity of light were also maintained at 12 hr
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and 160 + 2.5 pmol m2s7") respectively. After 14 days, microgreens were harvested and
freeze-dried to analyze Vitamin C and phenol content. And. Data was subjected to ANOVA
and was separated by Tukey’s multiple comparison test. Results indicated that light had no
significant effect on B. carinata microgreens phenol content. However, microgreens grown
in locally available sand showed statistically higher amounts of phenol content than those
grown using cocopeat. For vitamin C content, media and light had no significant effect. Our
results show that sand medium can be used equally to produce microgreens with higher
phenol content for Brassica carinata.
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INTRODUCTION

Microgreens, young and tender cotyledonary leafy greens of most vegetables, grains, and herbs
(Michell et al., 2020) are also defined as immature vegetable greens harvested after cotyledonary
leaves are developed (Zhang et al., 2021). Microgreens have recently gained public and research
attention due to their potential as rich food resources. Microgreens have thus been called “functional
foods” (Kalinova et al., 2023) with huge health benefits, especially in combating an array of non-
communicable diseases (NCDs) and other chronic illnesses (Bhaswant et al., 2023; Zhang et al.
2021). In Sub-Saharan Africa, hidden hunger is prevalent, and little progress has been made over
time (Ekholuenetale et al., 2020). Microgreens may provide a good alternative to alleviating
undernutrition, especially in communities where poverty is prevalent.

Microgreen production media, a significant component of production costs, is a key determinant
of yield and quality (Di Gioia et al., 2017). The high media cost has been noted as one limiting factor
to upscaling microgreen production, prompting a search for alternatives (Thepsilvisut et al., 2023).
Different low-cost media have been studied with varying results.

In addition to media, microgreen production is influenced by light, particularly light-emitting
diodes (LEDs) treatments, which act as elicitors that trigger various biosynthetic pathways associated
with different phytochemicals. The effects of light are further characterized by direction, duration of
exposure, and intensity; all constituting a ‘dose’ (Artés-Hernandez et al., 2022) for eliciting activation
of singular pathways. Recent investigations into the effects of light on microgreen production
demonstrate that altering the quality and type of spectra can enhance the accumulation of targeted
phytochemicals (Kyriacou et al., 2016). As such, light optimization is crucial. Such optimization may
require specificity to a desired phytochemical or other attributes. While many studies have defined
the effects of light on microgreen phytochemicals, as reviewed by Artés-Hernandez et al. (2022),
Putri et al. (2022), Toscano et al. (2021), and Zhang et al. (2020) studied the effects and interactions
between both light and media are rare.

OBJECTIVE

This study investigated the role of media and light on vitamin C and phenol content of Brassica
carinata. Specifically, we compare vitamin C and phenol content of B. carinata microgreens grown
in sand, an abundant resource in Africa, and cocopeat, under white and blue lighting regimes.

METHODOLOGY

Brassica carinata A. Braun, Ethiopian mustard, is an indigenous vegetable with origins in Ethiopia
and parts of East Africa (Alemayehu and Becker, 2002), and which is commonly cultivated in
Southern Africa, where it is utilized as a medicinal plant (Nakakaawa et al., 2023). Similar to most
vegetable species in Southern Africa, B. carinata microgreens production dynamics are yet to be
studied. To date, traceable studies on B carinata microgreens remain an assessment of the toxicity of
B carinata microgreens (Nakakaawa et al., 2023) and the influence of salinity and light spectra of
phytochemical production (Maina et al., 2021).
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The experiment was conducted in a controlled environment in a locally fabricated walk-in
growth chamber at the Tokyo University of Agriculture between April and October 2023. The
chamber was divided into two compartments using a black opaque, fabric material to prevent light
interference. Each compartment measured 1.0 m by 1.0 m. In each compartment, an LED light was
placed 50 cm above the surface of the substrate. Ethiopian kale (Brassica carinata) seeds were
sourced from a commercial vendor in Kenya.

B. carinata microgreens were sown and grown using two media, cocopeat and sand. and two
LEDs in a factorial experiment. The light spectra were blue (450 nm) and cool white light in each
compartment. The different LED lights were placed 50 cm above the growing media. An opaque
black material was used to separate the different light spectra within the growth chamber. Each
compartment contained two experimental units, cocopeat or sand, and one LED light in a split-plot
design, with light as the main plot factor and media as the subplot factor. Four replications for light
spectra and nine for the media were done. In each light treatment, a fixed light intensity of 160 + 2.5
umol m%s~! was maintained and was applied for a 12h/day photoperiod. Air temperature in the walk-
in growth chamber was set and maintained at 26°C+ 2, and humidity was maintained at 60% during
the experiment. Temperature and relative humidity were monitored using a data logger. The growth
substrate and the growing microgreens were irrigated using capillary wick technology throughout
the growth period.

Phenol and Vitamin C are key food components that protect communities from chronic ailments
including cardiovascular disease, cancer, diabetes, and other inflammatory conditions (Calderén-
Pérez et al., 2021; Mutha et al., 2021). Vitamin C is a phytochemical with diverse health benefits,
and microgreens are known to contain high levels of Vitamin C (Kathi et al., 2022; Kathi et al.,
2023). Because of these advantages, Phenol and Vitamin C were included in this study. The
estimation of total phenol was determined using the Folin-Ciocalteau method using Gallic acid as
standard (Meas, et al., 2020). Vitamin C content was analyzed using a rapid reflectometric test,
Reflectoquant ascorbic acid test, using an RQflex hand-held reflectometer (Merk, Darmstadt,
Germany).

Statistical analysis was performed using R software, version (4.3.2). All data were subjected to
ANOVA and differences among means were determined by Tukey’s multiple comparison test at p<
0.05.

RESULTS AND DISCUSSION

Effect of Media on Phenol and Vitamin C Content

The content of Phenol and Vitamin C in microgreens was compared between the two media (Fig. 1).
Microgreens grown in the sand showed significantly higher amounts of phenol content compared to
those grown using cocopeat media. B. carinata microgreens grown using sand had the highest
vitamin C content (69 mg/100g D/W) compared to those grown using cocopeat (60 mg/100g D/W).
Still, they were not statistically significant from those grown in cocopeat. Furthermore, phenol
content in B. carinata grown using sand and cocopeat substrate was 1.01 mg/DW and 0.95mg/DW,
respectively.

Research citing the use of sand in microgreen production are scarce. A study by Hoang and Vu
(2022) that used sand-soil mix as one of the test media for Brassica microgreens found sand-soil mix
as the least-performing media in all the attributes studied. Another study on broccoli microgreens
(Sulistiya, 2021) reported that cocopeat outperformed sand media. The use of media where sand was
was mixed with other media, did not assess media comparisons (Priti, et al., 2022).

Effect of LED on Phenol and Vitamin C Content

Vitamin C content in blue and white LEDs was approximately 67 mg/100g DW and 63 mg/100g
D/W, respectively. The values for phenol in blue and white light were 1.03 mg/100g DW and 0.93
mg/100g DW respectively (Fig. 2). There was no significant difference in Vitamin C and phenol
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content between microgreens grown with blue and white lights. Other studies on assessments of light
effects on growth and phytochemical accumulation, exhibited variability in Brassica microgreens
(Kamal et al., 2020) grown under different red, blue, and green, lighting ratios. White light
supplemented with red, blue, or ultraviolet-A, facilitated better accumulation of phytochemicals than
white light alone (Gerovac, et al., 2016). Research shows that some light combinations promote
growth while at the expense of phytochemical accumulation (Kamal, et al., 2020) and vice versa.

These results show that sand and white light can successfully produce B. carinata microgreens.
Sand, a readily available resource, can eliminate the need for expensive peat and peat-based mixes
as media. White light can be sourced from low-cost LED bulbs, replacing halogens and incandescent
bulbs in most African countries (Enongene et al., 2017). Such a prospect entails a relatively cost-
effective microgreen production in this region, enabling communities to tap into the diverse health
benefits offered by microgreen consumption.
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CONCLUSION

The study aimed to assess the effects of media and lighting on the content of vitamin C and phenol
in B. carinata microgreens. Results indicate that readily available sand and lights can be used as a
production media targeting the two phytochemicals. These findings indicate an opportunity,
particularly for Sub-Saharan Africa, where most chronic ailments that can benefit from the protective
effects of microgreen phytochemicals are prevalent, to embrace the relatively cost-effective
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production using sand media. There remains a gap to investigate lighting optimization and media
adjustments further to elucidate optimal doses for this species.
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