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Abstract

Microgreens are important plants because of the nutritional, economic, environmental and social benefits.
The present investigation had the objective of evaluating the proximal composition and nutritional
potential of microgreens (Brassica oleracea, Brassica oleracea va. capitata, Beta vulgaris, Amaranthus) as a
function of days of storage. An A*B design was used where factor A was (Types of microgreens) and
Factor B was (days of storage). This study analyzed the proximate composition, pigment levels and
antioxidant capacity of selected microgreens (broccoli, cabbage, beetroot and red amaranth) during a ten-
day storage period. The results indicated high moisture content of up to 95.65% in cabbage, there were
significant decreases in protein content with values of 4.79% in cabbage and 2.90% in broccoli, as well as
in fat, which ranged from 0.69% in broccoli to 0.55% on day 10. Regarding pigments, chlorophyll showed
a decrease from 2.50 mg/g to 2.00 mg/g in broccoli, and f3-carotene was reduced from 0.77 ug/g to 0.82
ug/g. However, microgreens retained significant antioxidant capacity, with values up to 547 mg EAA/g
inbeet. Furthermore, the mineral analysis highlighted high levels of calcium and potassium in the broccoli
microgreen with values of 880 mg/kg and 4100 mg/kg, as well as a low presence of heavy metals,
supporting its consumption as a nutritional source. These results show the need to consider storage time
when evaluating the nutritional quality of microgreens.

Keywords: functional foods; Amaranthaceae; Brassicaceae; bioactive compounds; minerals; seedlings

1. Introduction

Over the past decade, society's growing interest in consuming fresh, functional and healthy foods
has led to a notable increase in the popularity of microgreens. These are young, tender edible seedlings
that are harvested when the cotyledonous leaves have fully developed and the first leaves emerge [1].
This category of vegetables is distinguished from common sprouts and tender leafy vegetables by their
higher content of vitamins, minerals and bioactive compounds, such as ascorbic acid and carotenoids [2].
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Microgreens are produced from a variety of crops including herbs, cereals and vegetables, with
a development cycle ranging from 7 to 21 days after germination, reaching heights of between 4 and
8 cm [3]. In addition to attracting health-conscious consumers, chefs have also incorporated them into
their dishes, taking advantage of their sensory attributes such as aroma, texture and flavour. Their
use ranges from soups and salads to sandwiches [4]. They have even been studied as potential food
supplements to support life in space environments [5].

Furthermore, microgreens are particularly valued within the vegan community as they offer an
important source of nutrients, including macro and microelements, minerals [6]. The most common
botanical families for its cultivation include Brassicaceae, Chenopodiaceae , Apiaceae , Amaranthaceae ,
Fabaceae , Lamiaceae and Poaceae , an interesting aspect is that the Brassicaceae family is the most popular
[7]. In particular, broccoli microgreens (Brassica oleracea var. italica) have been the target of several
studies due to the nutritional content and bioactive compounds, broccoli contains higher total
glucosinolates in sprouts (162.19 p mol g ') [8]. And have the ability to reduce the incidence of cancer
such as colon cancer. Other Brassica species studied include cabbage (Brassica oleracea var. sabellica)
containing bioactives such as glucosinolates, flavonoids, phenols, and anthocyanins, this popular food
also has therapeutic uses in traditional medicine to improve various respiratory, gastrointestinal, and
cardiovascular diseases [9]. Whereas beetroot (Beta vulgaris) is among the most popular varieties of
microgreens not only because of its nutrient-rich properties, containing betalains and polyphenols, but
also its intense aromatic flavor [10]. Moreover, it contains fiber, vitamins A and C, and essential minerals
such as iron and magnesium, which support cardiovascular health and immune function [11].

Microgreens from red amaranth (Amaranthaceae) cruentus L) stand out for their vibrant purple
color and distinctive, slightly nutty flavor. This superfood is rich in protein, vitamins, and minerals,
making it a nutritious and attractive option for salads and decorative dishes [12]. On the other hand,
due to the presence of various phytonutrients contained in microgreens, they are considered the next
generation of “superfoods” or “functional foods” [2]. Microgreens do not require much space for
cultivation as they are produced in small spaces, however, their production and use are limited by
their short shelf life, one of the major challenges in the microgreens industry [13]. As fresh-cut
products, microgreens are characterized by a relatively short shelf life, not exceeding 10-14 days [14].
Being composed of young tissues, fresh-cut microgreens are highly perishable whose decline is more
related to a stress-induced response following natural senescence [15].

It is necessary to mention that pre-harvest, post-harvest treatments, packaging materials and
modified atmosphere packaging have been considered as variables that affect the shelf life of fresh
cut microgreens [16]. Like storage conditions, which include temperature, humidity, can accelerate
quality loss and limit shelf life [17]. However, storage at a temperature between 0 and 5 °C reduces
the respiration and aging rate, as well as the growth of microorganisms that cause deterioration,
significantly reducing quality loss and even extending shelf life [16]. It is necessary to mention that
the shelf life at room temperature is between 3 to 5 days [18].

Factors such as lighting, packaging method, and chlorine washing have been shown to impact
the phytochemical profile of microgreens [19]. Other research reports that using chlorine washing
results in an improvement in appearance and microbial quality [20]. Based on the above, the research
aimed to evaluate the proximal composition and nutritional potential of microgreens (Brassica oleracea,
Brassica oleracea var. capitata, Beta vulgaris, Amaranthus) depending on the days of storage.

2. Materials and Methods
2.1. Plant Material

Four varieties of microgreens (broccoli, cabbage, beetroot and red amaranth) were selected
based on the commercial demand of the chosen producer. The plant material was obtained from the
farm “Cultiva Farm Ecuador”, located in Puembo, Pichincha, Ecuador (Figure 1). The details of this
selection are presented in Table 1.
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Figure 1. Global market trend of microgreens and sampling site: (a) Top 10 exporting countries of microgreens in the world [21]. (b) Top 9 importing countries of microgreens in the world [21]. (c)

Global market size of microgreens [22] and (d) Geographical location of sampled site of the present investigation.
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Table 1. Information on the microgreens under study.

Trade name Broccoli Cabbage Beet Red Amaranth
Family Brassicaceae Brassicaceae Amaranthaceae Amaranthaceae
Brassica oleracea var. capitata

Scientific name Brassica oleracea Beta vulgaris Amaranthus

Photograph

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2. Proximal Composition

For the study, microgreen varieties were selected and harvested, using 25 boxes of each type.
Three samples of each variety were taken at random and divided into two parts. The first part was
immediately analyzed to assess dry matter, chlorophylls, antioxidant capacity and anthocyanins. The
second part was subjected to deep freezing at -40 °C for metal analysis.

To determine the proximate composition of the samples, the following analyses were carried
out: moisture content was measured on a fresh weight (FW) basis using AOAC method 964.22.
Protein content was calculated using the Kjeldahl nitrogen method (N x 6.25) according to AOAC
protocol 955.04. Lipid extraction was performed using the Soxhlet method according to AOAC
920.39C. Total dietary fiber was determined using an enzymatic-gravimetric procedure following
AOAC method 991.43. Ash content was measured using a muffle furnace according to AOAC
method 923.03. Finally, total carbohydrates were calculated by difference.

2.3. Content of Mineral Macroelements and Microelements

The analysis of mineral macro and microelements was carried out in the certified laboratory
“Multianalityca”. The samples were prepared according to the AOAC 2015.06 reference method and
were ultra-frozen to preserve their properties. Subsequently, analyses of mineral macroelements (Ca,
K, Na, Mg, P) and microelements, also known as trace elements (As, B, Co, Cu, Fe, Mn, Mo, Zn, Ag,
Al, Ba, Be, Cd, Cr, Hg, Li, Ni, Pb, Sb, Se, Sn, Sr, Ti, T1, V) were carried out using the ICP-MS technique,
according to the AOAC 2019 protocol. To characterize the mineral elements, present in the
microgreens, the analysis was carried out on the seventh day of storage, which represents the average
consumption time.

2.4. Analysis of Chlorophyll a and b, §— Carotene and Anthocyanins of Microgreens

Chlorophyll a and b, beta carotene and anthocyanins were evaluated on the fifth day of storage
to characterize the microgreens, since there is currently no established profile for these components.
To perform these analyses, 1 g of fresh weight (FW) of the samples was processed, which was
homogenized with a mixture of acetone and hexane in a 2:3 ratio for 2 minutes, until a homogeneous
mixture was obtained. Subsequently, they were centrifuged using an Eppendorf 5810 R centrifuge,
and the results were obtained using a UV-Vis spectrophotometer, following the equations described
by Samuoliene et al. [23]. In addition, the antioxidant power of the samples was analyzed using the
FRAP method, as established by Sanpimit et al. [24]. The results were expressed in milligrams of
ascorbic acid equivalent per gram of extracts (mg EAA/g)

2.5. Experimental Design

An A*B factor analysis was used with a significance level according to Tukey's multiple range
test (p< 0.05) using InfoStat statistical software. Data were expressed as mean with standard deviation
(+/-). Repeated measures ANOVA (p<0.05) was used to determine statistical significance between
microgreens varieties (Factor A) and storage days (Factor B) (Table 2).

Table 2. Treatments of the investigation.

Factor A: Factor B:
Treatments ) .
microgreen varieties days storage
T1 Day 0
T2 Broccoli Day 5
T3 Day 10
T4 Day 0
Cabbage
T5 Day 5

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1756.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 October 2025 d0i:10.20944/preprints202510.1756.v1

6 of 15

T6 Day 10
17 Day 0
T8 Beet Day 5
T9 Day 10
T10 Day 0
T11 Red Amaranth Day 5
T12 Day 10

3. Results

3.1. Proximal Composition of the Studied Microgreens

Table 3 presents the proximate composition of the evaluated microgreens, considering both the
microgreen varieties (Factor A) and storage time (Days 0, 5, and 10). Statistical analysis revealed
significant differences (p < 0.05) among varieties and across storage periods. Moisture content
increased progressively during storage, with cabbage microgreens exhibiting the highest value
(95.65%) on Day 10, while beetroot showed the lowest (94.20%) on Day 5. Protein content declined
over time, with cabbage recording the highest initial level (4.79% on Day 0) and red amaranth the
lowest on Day 10 (2.01%). Lipid content varied among species and storage days; amaranth
microgreens had the highest lipid level (0.85%) on Day 1, whereas cabbage presented the lowest
(0.25%) on Day 10. Dietary fiber content was highest in cabbage and beet microgreens on Day 1 (1.19-
1.22%), while broccoli (0.69%) and red amaranth (0.72%) experienced a decrease by Day 10. Ash
content, reflecting total mineral presence, also varied significantly across varieties and storage times,
with beet microgreens reaching the highest value (1.85%) and cabbage the lowest (0.81%) on Day 10.

Table 3. Proximal composition of the microgreens selected vs. days of storage.

Families Microgreens  Storage days =~ Humidity Protein Fat Fiber Ashes

Day 0 9450 +0.05> 350+0.01f 0.69+0.011 0.88+0.01¢ 1.21£0.08
Broccoli Day 5 94.80+0.024 3.20+0.02¢ 0.58+0.02f 0.80+0.01>  1.05%0.06 "¢
Day 10 95.10+£0.01f 290+0.02¢ 055+0.01¢ 0.69+0.012  0.95+0.0542

Brassicaceae
Day 0 95.31+0.01s 4.79+0.02i 0.36+0.02¢ 1.19+0.01¢ 1.12£0.13 be

Cabbage Day 5 9548 £0.03" 4.68+0.017 0.32+0.01° 1.08+0.01¢  0.96+0.112>
Day 10 95.65+0.021 458+0.01 0.25+0.012 0.99+0.014 0.81+0.032

Day 0 9450+0.01> 429+0.01* 0.60+0.018 1.22+0.03f 1.85+0.05¢
Beet Day 5 9420+0.03a 3.79+0.01s 0.62+0.02h 1.10+0.01¢ 1.62+0.104
Day 10 9490+0.01¢ 330+0.01¢ 0.49+0.014 1.01+£0.03 ¢ 1.48 +0.07 o
Amaranthaceae
Day 0 9459+0.01c 220+0.022 0.85+0.01k 0.80+£0.01>  1.63+0.03f
Red Amaranth Day 5 95.10+£0.01f 215+0.05> 0.82+0.01i 0.77£0.03>  1.64+0.10

Day 10 9535+0.028 2.01+0.01> 0.69+0.03! 0.72+0.03 2 1.23+0.02 ¢

The results of the selected parameters were presented as mean + standard deviation and different lowercase letters within

the column indicate significant differences according to Tukey's multiple range test (p<0.05).

3.2. Analysis of Chlorophyll a and b, §— Carotene and Anthocyanins of Microgreens as a Function
of Storage Days

Table 4 summarizes the concentrations of chlorophyll a, chlorophyll b, (-carotene, and
anthocyanins in the analyzed microgreens. Storage time (Factor B) had a significant effect (p < 0.05)
on all evaluated compounds, indicating that these bioactive pigments are highly sensitive to
degradation during storage. At the start of the study (Day 0), broccoli microgreens exhibited the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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highest chlorophyll a concentration (2.50 mg/g FW), whereas beetroot showed the lowest value (1.48
mg/g FW) by Day 10. For chlorophyll b, cabbage (Brassicaceae) had the highest content (6.35 mg/g
FW), while red amaranth (Amaranthaceae) had the lowest (2.49 mg/g FW). 3-Carotene levels were
generally lower than chlorophylls, with beetroot recording the highest concentration (0.91 ug/g FW)
and red amaranth the lowest (0.20 ug/g FW). Anthocyanin content varied significantly among
species, with beetroot showing the highest value (29.40 umol/100 g FW), followed by red amaranth
(19.01 pmol/100 g FW), and cabbage the lowest (3.80 pmol/100 g FW). These results confirm that both
the concentration and stability of pigments are strongly influenced by microgreen species and storage
duration.

Table 4. Analysis of chlorophyll a and b, 8 — carotene and anthocyanins of microgreens as a function of storage days.

Chlorophyll a (mg/g,Chlorophyll b8 -  caroteneAnthocyanins
Families Microgreens Storage days
FW) (mg/g, FW) (ug/g, FW) (umol/100 g, FW)
Day 0 2.50 +0.01r 490+0.018 0.77 +0.01f 4.03+0.01¢
Broccoli Day 5 2.30+0.02¢ 5.01+0.01h 0.80+0.01 18 415+0.014
Day 10 2.00+0.01¢f 4.78+0.01¢ 0.82+£0.04 8 3.98+0.01b
Brassicaceae
Day 0 1.80 +0.04 d 5.98+0.021 0.38+£0.01¢ 3.80+0.022
Cabbage Day 5 1.70 +0.05 < 6.35+0.02 % 0.34+0.02¢ 4.05+0.01¢
Day 10 1.50+0.012 6.12+0.03i 0.42+0.01¢ 415+0.024
Day 0 1.65 +0.01 be 2.80+0.01¢ 0.91+0.01h 29.40+0.02 1
Beet Day 5 1.50+0.022 2.61+£0.01° 0.88+£0.01h 28.76 +0.03 &
Day 10 1.48+0.012 2.49+0.012 0.79+0.01fs 29.00£0.02 8
Amaranthaceae
Day 0 1.90+0.10¢ 2.85+0.01¢ 0.25+0.01° 18.67 £ 0.01 f
Red
Day 5 1.80+0.02¢ 2.75+0.01 ¢ 0.22+0.012 19.01£0.05 £
Amaranth
Day 10 1.60+0.02 2.73+0.01 ¢ 0.20+0.012 17.04+0.01 ¢

The results of the selected parameters were presented as mean + standard deviation and different lowercase letters within

the column indicate significant differences according to Tukey’s multiple range test (p<0.05).

3.3. Analysis of Mineral Macro and Microelements of the Varieties Studied on Day 5

The analyzed microgreens exhibited a diverse and nutritionally significant mineral composition,
with high levels of essential macro- and micronutrients (Table 5). Among the macronutrients,
potassium, calcium, phosphorus, and magnesium were predominant across the studied varieties.
Notably, cabbage microgreens showed the highest potassium content (5600.0 mg/kg), whereas
broccoli contained the greatest concentrations of calcium (880.0 mg/kg), phosphorus (520.0 mg/kg),
and magnesium (290.0 mg/kg). Regarding micronutrients, beetroot microgreens stood out for their
elevated iron and zinc levels, reaching 12.0 mg/kg and 4.6 mg/kg, respectively. All evaluated
species—including broccoli, beetroot, red amaranth, purple cabbage, and pea microgreens—
demonstrated a dense mineral profile encompassing copper, selenium, phosphorus, iron, zinc,
molybdenum, and chromium. These findings highlight the superior mineral density of microgreens
compared to mature vegetables, supporting their potential role as functional foods capable of
enhancing dietary micronutrient intake and contributing to overall nutritional quality.

Table 5. Analysis of macro and micro mineral elements of microgreens.

Brassicaceae Amaranthaceae
Minerals Broccoli Cabbage Beetroot Red amaranth
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Aluminum (Al) 24.0 23.5 46.0 25.0

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Antimony (Sb) 0.0023 0.0022 0.0026 0.0024
Arsenic (As) 0.0050 0.0035 0.0055 0.0040
Barium (Ba) 2.5 1.5 1.7 1.8
Beryllium (Be) <0.001 <0.001 <0.001 <0.001
Boron (B) 5.0 3.7 1.8 4.0
Cadmium (Cd) 0.00025 0.00090 0.00030 0.00028
Calcium (Ca) 880.0 330.0 380.0 400.0
Cobalt (Co) 0.0070 0.0200 0.0220 0.0210
Copper (Cu) 0.450 0.800 0.550 0.600
Total Chromium (Cr) 0.0170 0.0300 0.0280 0.0250
Tin (Sn) 0.0030 0.0075 0.0050 0.0045
Strontium (Sr) 7.0 0.3 3.5 3.0
Total phosphorus (P) 520.0 325.0 30.0 420.0
Iron (Fe) 12.0 12.0 22.0 20.0
Lithium (Li) 0.075 0.060 0.080 0.070
Magnesium (Mg) 290.0 375.0 330.0 340.0
Manganese (Mn) 2.5 5.5 8.0 7.0
Mercury (Hg) 0.0009 0.0010 0.0009 0.0008
Molybdenum (Mo) 0.050 0.040 0.100 0.090
Nickel (Ni) 0.250 0.170 0.180 0.160
Silver (Ag) 0.0018 0.0020 0.0020 0.0022
Lead (Pb) 0.000140 0.000150 0.000190 0.000180
Potassium (K) 4100.0 5600.0 5250.0 5300.0
Selenium (Se) 0.012 0.006 0.011 0.010
Sodium (Na) 520.0 1300.0 570.0 550.0
Thallium (T1) 0.065 0.005 0.008 0.007
Titanium (Ti) 0.600 0.700 1.5 1.4
Vanadium (V) 0.027 0.030 0.065 0.060
Zinc (Zn) 42 4.0 4.6 45

3.4. Antioxidant Capacity of Microgreens

Figure 2 illustrates notable differences in the antioxidant capacity among the analyzed
microgreens. Beet (Beta vulgaris) and broccoli (Brassica oleracea var. italica) microgreens exhibited
the highest antioxidant capacities, reaching 547 mg EAA/g and 545 mg EAA/g, respectively. In
contrast, cabbage microgreens displayed the lowest value, with 339 mg EAA/g. Additionally, the
antioxidant capacity of microgreens, expressed as uM Trolox equivalents per 100 g, was generally
lower than that reported for their mature counterparts. Among the species evaluated, broccoli and
beetroot consistently showed relatively higher antioxidant activity, highlighting their potential as
functional foods for enhancing dietary antioxidant intake.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Antioxidant capacity (milligrams of ascorbic acid equivalent per gram of extracts of microgreens.

4. Discussion
4.1. Proximal Composition of the Studied Microgreens

The progressive increase in moisture content observed during storage may be attributed to
condensation and the absorption of ambient humidity within the storage environment. This trend is
consistent with the findings of Kowitcharoen et al. [25], who reported moisture levels of 94.07% in
broccoli and 93.63% in cabbage microgreens, as well as values ranging from 80.83% to 92.63% in
carrot, spinach, watercress, and Bengal gram microgreens. Elevated moisture levels are directly
associated with a reduced shelf life due to the higher susceptibility to microbial growth, underscoring
the need for controlled storage conditions to maintain quality and safety [26].

The observed decline in protein content during storage can be explained by enzymatic and
microbial activity that progressively degrades proteins over time. Similar patterns have been
reported in microgreens of Cichorium intybus L. and Brassica oleracea L., where protein content
decreased to 1.9-2.08% after 10 days of storage [27]. These results confirm that members of the
Brassicaceae family generally maintain higher protein concentrations than species from other
botanical families, such as Linaceae [28], likely due to differences in intrinsic amino acid composition
and nitrogen metabolism.

Overall, these findings suggest that both moisture accumulation and protein degradation are
critical factors affecting microgreen quality during storage. Maintaining optimal storage conditions
is therefore essential to preserve their nutritional and functional properties. Future research should
focus on strategies to extend shelf life, including modified atmosphere packaging, humidity control,
and exploration of cultivar-specific responses to storage. Regarding lipid content, the low and stable
values during storage confirm that microgreens have a lipid profile similar to that of mature plants.
Comparable lipid levels have also been reported in broccoli (0.49%), purple radish (0.495%), cabbage
(0.36%), lentils (0.43%), beans (0.36%), and peas (0.15%) [25,27]. These low lipid values reinforce the
classification of microgreens as low-fat, nutrient-dense foods suitable for healthy diets.

The observed decline in dietary fiber in broccoli and red amaranth microgreens toward Day 10
is consistent with enzymatic degradation processes and moisture variations that affect structural
carbohydrates [29]. Fiber content in spinach (Spinacia oleracea) and hibiscus (Hibiscus sabdariffa) ranges

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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between 1.00-1.50% [30], supporting the results obtained in this study. The minor fluctuations
observed confirm that storage conditions significantly influence fiber integrity in microgreens.

Lastly, the variation in ash content indicates changes in the mineral profile over storage time.
The highest value in beet microgreens (1.85%) suggests higher mineral accumulation compared to
cabbage (0.81%). Similar studies on the characterization of microgreens documented ash values of
1.10% in lettuce (Lactuca sativa) and 1.20% in wild cabbage (Brassica oleracea L.) [27]. It is emphasized
that these were attributed to environmental factors, growth media, and species-specific physiology
[31]. The gradual reduction in ash content over time underscores the sensitivity of microgreen
minerals to environmental conditions during storage.

4.2. Analysis of Chlorophyll a and b, §— Carotene and Anthocyanins of Microgreens as a Function of Stoage
Days.

The results demonstrate that storage time plays a critical role in determining the stability of
bioactive pigments in microgreens.

The higher chlorophyll a content observed in broccoli on day 0 indicates a greater capacity to
retain photosynthetic pigments during the early postharvest stages. This trend is consistent with
studies on phytonutrient content and yield of brassica microgreens, which found chlorophyll a
content between 0.80 and 1.18 mg/g fresh weight in cabbage microgreens, chlorophyll degradation
over time can be attributed to enzymatic oxidation and exposure to light or temperature fluctuations,
which reduce the stability of photosynthetic pigments [32]. Similarly, research on oxidative stress in
plants mentions that chlorophyll levels are key indicators of photosynthetic efficiency and plant
vitality, so its conservation is essential to maintain nutritional quality [33].

The higher chlorophyll b content present in cabbage confirms the greater capacity for
photosynthetic pigment synthesis of Brassicaceae species. Studies on growth and phytochemical
enhancement of two amaranth microgreens by LED light irradiation reported comparable values
(2.5-3.0 mg/g fresh weight) in amaranth microgreens grown under LED light, highlighting that light
quality and intensity significantly influence chlorophyll biosynthesis. Therefore, the observed
differences between families suggest that both genetic factors and cultivation conditions affect
chlorophyll accumulation and retention during storage [34].

Regarding {3-carotene, the higher concentration observed in beetroot (0.91 ug/g fresh weight)
compared to other species shows a high potential as a natural source of provitamin A, essential for
antioxidant defense, visual function and the body's immune response. This value exceeds those
reported in broccoli microgreens grown under controlled artificial lighting conditions [35]. The
difference can be attributed to the variability in the light spectrum used, the type and quantity of
pigments present, as well as the specific metabolic activity of each species. Furthermore, it has been
pointed out that 3-carotene content is strongly influenced by factors of the growth environment and
by post-harvest handling, which must be optimized to maximize the stability and conservation of
this bioactive compound [36].

The anthocyanin content was markedly higher in beetroot and red amaranth, both belonging to
pigment-rich families such as Amaranthaceae. These findings are consistent with previous research
reporting anthocyanin degradation after dehydration in microgreens, confirming the sensitivity of
these compounds to environmental factors [37]. Moreover, pH levels and substrate composition have
been shown to significantly influence anthocyanin biosynthesis and stability [38]. Therefore,
maintaining optimal cultivation and storage conditions particularly temperature, light, and pH could
enhance the retention of these valuable pigments and improve both the nutritional and sensory
quality of microgreens.

4.3. Analysis of Mineral Macro and Microelements of the Varieties Studied on Day 5

The obtained results demonstrate that microgreens are excellent sources of essential minerals,
confirming their role as nutrient-dense foods suitable for human consumption and dietary
enrichment. The predominance of potassium in cabbage (5600 mg/kg) is consistent with previous
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reports showing that potassium levels in Brassica rapa subsp. chinensis microgreens were nearly
tenfold higher than those of magnesium and calcium, highlighting potassium’s central role in osmotic
regulation, enzyme activation, and photosynthetic efficiency [39].

Similarly, the elevated calcium, phosphorus, and magnesium concentrations found in broccoli
microgreens (880, 520, and 290 mg/kg, respectively) are consistent with previous reports showing
that these macronutrients are particularly concentrated in Brassicaceae microgreens compared to their
mature counterparts [40]. These minerals are critical for structural functions such as cell wall stability
and bone mineralization, as well as for metabolic processes including ATP synthesis and energy
transfer [41].

The relatively high iron (12 mg/kg) and zinc (4.6 mg/kg) levels in beetroot microgreens
underscore their potential contribution to oxygen transport and enzymatic reactions, as both
elements are indispensable cofactors for redox enzymes and heme-proteins. These results are
consistent with previous reports showing iron concentrations ranging from 100-118 ppm and
manganese levels between 34-77 ppm in various microgreen species. Moreover, mineral
accumulation is significantly affected by the growth stage, with calcium content increasing markedly
between Days 5 and 7 of development [30].

Taken together, these findings highlight that the mineral composition of microgreens is strongly
determined by the species grown and the growth conditions employed. The high bioavailability of
these minerals in young seedlings reinforces their potential as functional foods, capable of
complementing dietary micronutrient intake and contributing to the maintenance of metabolic
balance, positioning them as a valuable nutritional alternative in healthy eating strategies.

4.4. Antioxidant Capacity of Microgreens

The high antioxidant capacity found in beet and broccoli microgreens highlights their potential
as functional foods that can contribute to cellular protection against oxidative damage [42]. This
superior activity may be attributed to their high content of phenolic compounds, flavonoids, and
vitamins synthesized during the early growth stages. Conversely, the lower values obtained for
cabbage microgreens could be related to the variability in the bioactive compound profile of each
species, as well as to external factors such as cultivation method and environmental conditions [43].

Broccoli and beetroot microgreens generally exhibited higher antioxidant capacities compared
to other species, reflecting their rich content of bioactive compounds. These observations are in line
with previous studies reporting similar trends in mature vegetables, where Brassicaceae and pigment-
rich species consistently demonstrated elevated antioxidant activity [27,45]. This suggests that
microgreens from these families could serve as potent dietary sources of antioxidants, with potential
benefits for oxidative stress mitigation and overall human health.

5. Conclusions

The analyzed microgreens, including Brassica oleracea (broccoli and cabbage), Beta vulgaris
(beetroot), and Amaranthus (red amaranth), exhibited a nutritional profile rich in moisture, protein,
fiber, and essential minerals. During storage, moisture content generally increased in some species,
while protein, fat, fiber, and ash tended to decrease, reflecting changes in their overall nutritional
composition. For instance, broccoli protein declined from 3.50 to 2.90 g/100 g between Day 0 and Day
10. Regarding bioactive compounds, chlorophyll and antioxidant levels showed progressive
deterioration over time. Broccoli chlorophyll content decreased from 2.50 to 2.00 mg/g within ten
days, whereas beet and red amaranth maintained relatively stable anthocyanin levels (29.40 umol/100
g and 18.67 umol/100 g, respectively), reflecting their high antioxidant potential, which ranged from
547 mg EAA/g in beet to 540 mg EAA/g in red amaranth. Mineral analysis further demonstrated that
microgreens are a rich source of essential macro- and micronutrients. Broccoli contained elevated
levels of calcium (880 mg/kg) and iron (12 mg/kg), while beet was particularly notable for its iron
content, reaching 22 mg/kg. These findings underscore the potential of microgreens to prevent
nutritional deficiencies, especially in populations relying on plant-based sources to meet

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1756.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 October 2025 d0i:10.20944/preprints202510.1756.v1

12 of 15

micronutrient requirements. In conclusion, the analyzed microgreens offer a remarkable nutritional
and functional profile; however, proper storage and management of contamination risks are essential
to preserve their quality, maximize nutritional benefits, and ensure consumer safety.
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