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Abstract

The impact of light on plant growth and biochemical profile is a fundamental aspect of plant physiology. This study aimed
to investigate how solar radiation affects the growth and biochemical composition of microgreens, including two commer-
cial rocket genotypes (Eruca sativa Mill. var. darkita and Eruca sativa Mill. var. lobata, RD1 and RD2, respectively) and a Si-
cilian Black sprouting broccoli (Brassica oleracea var. italica Plenck, Broccolo nero, BR), under varying levels of solar radia-
tion (control (SR100) and stress (SR40)) using black shade nets. The plantlets were analyzed for their main morphometric
traits such as weight, hypocotyl length, cotyledon and leaf dimensions, and biochemical parameters including total
flavonoid content (TFC), DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity, and FRAP (ferric reducing antioxidant
power). Additionally, we determined the total glucosinolates content, sucrose, fructose, and fructooligosaccharides (FOS).
BR exhibited the highest antioxidant capacity compared to the other genotypes tested. Regarding the sugar profile, signifi-
cant variations were observed, with RD1 and RD2 exhibiting the highest amount of sugar. Reduced solar radiation levels led
to a decrease in fructooligosaccharides (FOS) levels, while sucrose, glucose, and fructose increased. TFC was particularly in-
fluenced by control conditions. This study enhances our understanding of microgreens, providing insights into their re-

sponse to solar radiation variations and highlighting their potential commercial use in the market.

©2024 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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Introduction

Over the past three decades, consumer preferences
have undergone a notable shift towards natural foods, partic-
ularly those rich in bioactive compounds. This trend reflects
a growing interest in maintaining a balanced and healthy di-
et [1]. This is achieved through innovation in the develop-
ment of new products, with a focus on adding value to
agro-biodiversity at the local level. By doing so, there is a du-
al benefit of reducing environmental impacts while concur-
rently offering ready-to-eat options for reformulated vegeta-
bles [2]. The food supply chains have responded to this shift
in consumer behavior by introducing new, competitive, and
innovative products. Among these offerings are scientifical-
ly reformulated items, such as edible sprouts, microgreens,
and baby leaf salads [3]. Microgreens are young edible
plants harvested shortly after germination, typically within
a few weeks. They fall between the size of sprouts and baby
greens, typically reaching heights of 1-3 inches. Cultivated
from a diverse range of vegetables such as kale, spinach,
radish, broccoli, and more, microgreens are harvested at the
stage when their first true leaves emerge, hence the term "mi-

crogreens” [4].

The Brassicaceae family encompasses a diverse
range of cruciferous vegetables, which includes well-known
varieties like broccoli, kale, cauliflower, cabbage, kohlrabi,
and various wild rocket species valued for their edible
leaves, stems, or flower heads [5]. This extensive diversity
can be traced back to an ancient domestication process that
occurred in the Mediterranean basin and involved the culti-
vation of crop wild relatives (CWRs) [6,7]. Brassica oleracea
L. stands out as a model organism in plant science research,
maintaining consistent scientific interest due to its contribu-
tions to essential genetic [8,9] and physiological processes
[10]. Notably, Brassica oleracea L. possesses a distinctive bio-
chemical profile abundant in bioactive compounds with an-
tioxidant properties, including glucosinolates, polyphenols,
ascorbic acid, and vitamins [11,12]. Similarly, Eruca sativa,
commonly known as rocket salad, has been a focal point in

numerous studies, showcasing its high content of bioactive
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compounds such as glucosinolates[13], carotenoids, vita-

min C, fibers, and flavonoids [14,15].

The agronomic characteristics and the qualitative
and quantitative aspects of bioactive compounds are subject
to modulation by different factors, including plant organ
specificity, developmental stages, and external influencers
such as environmental stresses and biological stimuli
[16-18]. Predominant among the abiotic stressors are altera-
tions in light irradiance, temperature fluctuations, intermit-
tent periods of aridity, and heightened salinity levels. In re-
sponse to adverse environmental conditions, Brassica crops
adeptly increase their antioxidant defense mechanisms,
orchestrating a concerted response to alleviate the deleteri-
ous effects of oxidative stress [19,20]. This intricate inter-
play of environmental factors and biochemical responses un-
derscores the dynamic relationship between plant physiolo-
gy and external stressors, particularly in the context of Bras-
sica crops and their resilience against oxidative challenges
[21].

Light stands as a pivotal environmental determi-
nant with a substantial impact on the morphological and
biochemical attributes of broccoli (Brassica oleracea var. ital-
ica) [22]. Broccoli plants intricately adapt to fluctuating so-
lar radiation conditions through the process of photomor-
phogenesis [23]. Biochemically, solar radiation profoundly
influences the accumulation of pigments and bioactive com-
pounds in Brassica crops. Optimal light levels foster an in-
crease in chlorophyll content, facilitating efficient photosyn-
thesis. Solar radiation serves as a catalyst for the biosynthe-
sis of carotenoids, including beta-carotene, lutein, zeaxan-

thin, and anthocyanins [24].

The investigation entails a meticulous analysis of
morphometric characteristics and biochemical profiles
across distinct genotypes of commercially relevant rocket
plants, namely Eruca sativa Mill. var. darkita and Eruca sa-
tiva Mill. var. lobata, alongside Sicilian Black sprouting broc-
coli (Brassica oleracea var. italica Plenck, Broccolo nero), at
various growth stages encompassing sprouts, microgreens,

and baby leaves. Evaluation parameters include principal
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morphometric factors, as well as the biochemical finger-
print in correlation with the considered experimental vari-
ables. Key biochemical parameters such as total phenolic
content (TPC), total flavonoid content (TFC), and various
antioxidant assays, including DPPH (2,2-diphenyl-1-picryl-
hydrazyl), ORAC (oxygen radical absorbance capacity), and
FRAP (ferric reducing antioxidant power), were meticulous-
ly determined to comprehensively elucidate the intricate in-
terplay between solar radiation and the biochemical compo-

sition of these plants.

Material and Methods
Experimental Design

The experiment compared two solar radiation con-
ditions: SR100 for 100% solar radiation (control) and SR40
for 40% solar radiation (stress). It employed a split-plot ran-
domized design with two experimental factors: different so-
lar radiation levels (control and stress) and genotype (GE).
Each experimental treatment was replicated three times.
The experimental trial took place in a cold greenhouse on
September 11, 2023, in Catania, Italy (37°31'10" N
15°04'18" E; 105 m above sea level (m a.s.l.)), following or-
ganic practices. The seeds of the Sicilian landrace Broccolo
nero (BR, Brassica oleracea var. italica Plenck) were sourced
from the Di3A active brassica genebank collection, while
the seeds of two rocket genotypes (RD1 and RD2, Eruca sa-
tiva Mill. var. darkita and Eruca sativa Mill. var. lobata, re-
spectively) were provided by S.A.L.S. S.p.A. seed company
(Cesena, Italy). The seeds were sown in cellular trays filled
with organic substrate Brill®semina bio (Geotec, Italy), and
plantlets were irrigated using standard techniques. A black
polyethylene shade net (Arrigoni, Agrotextiles & Techtex-
tiles): 3070NE SCIROCCO 75 (hole dimension 0.35x1.39
mm) was utilized, with the control plot left without a net.
Light intensity was measured using a LI-COR Quantum/Ra-
diometer/Photometer (Model LI-250 Light Meter). The
plantlets were collected with the first appearance of the true

leaf after 15 days from the sowing.
Morphometric Measurements

The plants characterized for their main morpho-

metric traits: the weight of 10 individuals (W), hypocotyl
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length (HL), cotyledon length and width (CL and CW, re-
spectively), for sprouts; in addition, number (N), length and
width of the true leaves (LL and LW, respectively) for micro-
greens. measurements were performed using Epson Perfec-
tion V850 Pro (WinFolia Regular 2020). The plants, after
the characterization, were frozen at -80°C, freeze-dried, and
grounded to obtain a fine powder, and then utilized for bio-

chemical analysis.
Phytochemical Measurements

The phytochemical extracts were prepared by ho-
mogenizing 50 mg of freeze-dried material with 1 mL of
aqueous methanol (80/20, v/v) using 2.4 mm metal beads
(Omni kit 19-670, Kennesaw, GA, USA) at room tempera-
ture for 1 minute at 5 m/s (OmniBeadRuptorElite, Kenne-
saw, GA, USA). The mixture was then centrifuged at 16,000
x g for 10 minutes (Centric 350, Tehtnica), and the superna-
tants were transferred to clean tubes and stored at -80°C un-

til further analysis.

Total Antioxidant Capacity Measurement
Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay involved mixing 100 uL of sample
extract with 200 pL of FRAP reagent following Benzie et
al.'s method [25]. After a 10-minute incubation at room tem-
perature, absorbance was measured at 593 nm using a Te-
can Infinite 200 Pro M Nano+ spectrophotometer (Ménne-
dorf, Switzerland). FRAP values were determined based on
a Trolox+ calibration curve (y = 10.0044x — 0.094) con-
structed with serial Trolox dilutions (20, 40, 60, 80, 100 uM)
exhibiting a high coefficient of determination (R* = 0.9995),
expressed as pmol TE/g d.w.

1,1-diphenyl-2-picrylhydrazil scavenging (DPPH)

100 pL of sample extract was mixed with 200 pL of
0.1 mM DPPH reagent, following Brand-Williams et al.'s
method [26]. After a 30-minute incubation at room temper-
ature, absorbance was measured at 517 nm. Results were ex-
pressed as pmol TE/g d.w. using a Trolox standard curve (y
= —15.147x + 15.186) derived from Trolox dilutions (20, 40,
60, 80, 100 uM) with a remarkable coefficient of determina-
tion (R* = 0.9999).
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Total Flavonoid Content (TFC)

TFC was determined using the aluminum chloride
colorimetric assay method described by Sembiring et al.
[27] with adaptations. Absorbance was recorded at 415 nm
after a 40-minute incubation period, and results were ex-
pressed as milligrams of Quercetin (QE)/g d.w. using a
Quercetin standard curve (y= 7.1021x - 0.005) based on se-
rial Quercetin dilutions (20 to 100 mg/L) with a high coeffi-
cient of determination (R*= 0.9999).

Total Glucosinolates Content (SEQ)

100 L of the plant extract was combined with 100
uL of a 0.2 M Na,PdCl, for the determination of total glu-
cosinolates content. After one minute, 100 uL of a 6% (w/v)
sodium carbonate (Na,CO,) solution were added. The mix-
ture then was incubated at 25 °C for 60 min, following ab-
sorbance measurement at 750 nm using a Tecan Infinite
200 Pro M Nano+ spectrophotometer (Médnnedorf, Switzer-
land). The quantification was carried out using a standard
curve constructed with sinigrin (y = 3.7585x — 0.0035), in-
volving serial dilutions ranging from 20 to 100 pg/mL. This
calibration exhibited a high coefficient of determination (R?
= 0.9997). The results were expressed in terms of gram of

Sinigrin Equivalents (SEQ) per gram of dry weight (d.w.).
Soluble Sugar Analysis

150 mg of freeze-dried samples were homogenized
with 2.4 mm metal beads for 1 min at 5 m/s in 3 mL of 80%
methanol in water using a bead mill (Omni kit 19-670, Ken-
nesaw, GA, USA) for 1 min at 5 m s in 3 mL of 80%
methanol in water using a bead mill (Omni Bead Ruptor
Elite, Kennesaw, GA, USA). The samples were subsequently
centrifuged for 5 min at 5000xg. The extracts were filtered
through a 0.22 pm nylon filter. The analysis of sucrose, glu-
cose, fructose, and inulin (FOS) content was carried out us-
ing an HPLC system with a system controller (Shimadzu
CBM-40, Kyoto, Japan), a degassing unit (Shimadzu
DGU-405, Kyoto, Japan), a solvent delivery unit (Shimadzu
LC-20Ai, Kyoto, Japan), an autosampler (Shimadzu
SIL-20AC, Kyoto, Japan), column oven (Shimadzu
CTO-40S, Kyoto, Japan) and a refractive index detector (Shi-
madzu RID-20A, Kyoto, Japan). The chromatographic sepa-

ration was carried out by injecting 10 uL of the sample on a
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300 x 8 mm, 9 um particle size, calcium cation exchange col-
umn (Ammerbuch, Germany) held at 80 °C using deionized
water as the mobile phase (0.6 mL min-1, isocratic elution).
The results were elaborated by comparing the retention
times and peak areas of the investigated sugars to analytical
standards for identification and quantification, respectively.
The calibration curves were obtained with serial dilutions of
inulin (0.05, 0.1, 0.5, 1.0, 5.0, 10.0 and 20.0 g L") (y =
114.85x - 1.743, coefficient of determination, R* = 0.99999),
sucrose (y = 130.79x — 0.3583, coefficient of determination,
R’ =0.99999), glucose (y = 132.36x — 2.101, coefficient of de-
termination, R* = 0.9999). The results were given in

gram/100 grams of dry weight (d.w.).
Statistical Analysis

The data are presented as mean + standard devia-
tion (SD) of replicates for each analysis. The statistical signif-
icance of morphometric trait differences was assessed using
a two-way analysis of variance (ANOVA) in CoStat version
6.451 (CoHort Software, Birmingham, England). For bio-
chemical profiles, a two-way ANOVA considering geno-
types and stress conditions was conducted, followed by
Tukey’s multiple comparisons test, performed in GraphPad
Prism version 8.0 (GraphPad Software, Inc., San Diego, CA,
USA). Statistical significance was defined at p-values < 0.05.
Principal component analysis (PCA) was employed for mul-
tivariate analysis to elucidate and summarize sample differ-
ences using XLSTAT2018 software (Addinsoft, Paris,

France).

Results
Climatic Conditions

Variations of the climatic conditions were ob-
served among the different experimental thesis compared.
The main climatic conditions were registered from the be-
ginning of the trial (September 11, 2023), after 7 days from
sowing (September 18, 2023) and at the end of the experi-
ment (September 25, 2023).

The solar radiation intensity varied from 126.38 +
15.47 umol s m™ for the control to 58.74 + 0.62 pmol s' m
for the stress (Figure 1).
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Figure 1: Greenhouse conditions during the growth cycle, maximum temperature (T max), minimum temperature (T min) and average rela-
tive humidity (%)

Morphometric Parameters

For microgreens, no significant differences were
observed for the weight. We ascertained a significant inter-
action between SR and GE for hypocotyl length, and its val-
ues varied from 5.08 + 0.54 mm to 1.99 + 0.15 mm, for BR
SR40 and RD2 SR100, respectively (Table 1). The cotyledon
length was significantly affected by the genotype, with val-
ues ranged from 9.10 to 10.45 mm, for RD1 and BR, respec-

tively. A significant interaction was observed for cotyledon
width, which value varied from 1.01 to 0.89 mm, for BR
SR40 and SR100, respectively. No significant variations
were ascertained for leaf length. The highest value was ascer-
tained for RD1 SR100 (3.35 mm), whereas the lowest one
was determined for BR SR40 (3.46 mm). For leaf width, we
observed a significant interaction between SR and GE and
its value varied from 0.22 to 0.38 for RD2 SR100 and BR
SR100, respectively.

Table 1: Morphometric characteristics of the microgreens of the Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sativa var. lo-
bata (RD2) studied. Data are reported as mean + S.E. (n = 10). W = weight of 10 individuals (g); HL = hypocotyl length of 10 individuals (m-
m); CL = cotyledon length of 10 individuals (mm); CW = cotyledon width of 10 individuals (mm); LL = leaf length of 10 individuals (mm);
LW = leaf width of 10 individuals (mm)

Control Stress Mean

BR RD1 RD2 X BR RD1 RD2 X BR RD1 RD2
W (g) | 0.4240.20 | 0.58+0.12 | 0.65+0.23 | 0.55+0.12 | 0.59+0.36 | 0.54+0.10 | 0.51+0.14 | 0.55+0.04 | 0.51+0.09 0.57+0.03 0.58+0.07
gm) 2.58+0.39 | 2.07+0.16 | 1.99£0.15 | 2.21+0.32b | 5.08+0.54 |2.96+0.37 | 2.47+0.29 | 3.5+1.38a | 3.87+1.25a |2.73+£0.58b |2.37+0.34b
(Cnl;m) 9.82+0.08 | 9.18+0.04 | 9.27+0.03 | 9.42+0.03 | 11.09£0.08 | 9.01£0.06 | 9.14+0.01 | 9.75+£0.12 | 10.45£0.07a | 9.10£0.03b | 9.20+0.05b
(Cn\ll\r]n) 0.89+0.05 | 0.83+0.04 | 0.81+0.03 | 0.85+0.03 | 1.01+0.12 | 0.79+0.03 | 0.82+0.02 | 0.87+£0.12 | 0.96+0.06a | 0.81+0.02b | 0.85+0.04b
%;m) 4.65+0.01 | 5.35+0.19 | 3.39+0.07 | 4.46+0.10 | 3.46+0.05 | 3.76+0.07 | 3.57+0.03 | 3.60+£0.02 | 4.06+0.07 4.56+0.10 3.48+0.03
%n\:/m) 0.38+0.02 | 0.27£0.05 | 0.22+0.04 | 0.29+0.08a | 0.24+0.03 | 0.25£0.03 | 0.22+0.02 | 0.24+0.02b | 0.29+0.08a | 0.25+0.02ab | 0.22+0.01b
Significancy of the differences by ANOVA Newman-Keuls method

SR GE SRxGE
JScholar Publishers J Adv Agron Crop Sci 2024 | Vol 3: 101



W (g) ns. n.s n.s
HL (mm) bk okt okt
CL (mm) n.s. ot n.s
CW (mm) n.s. il *
LL (mm) n.s. n.s n.s
LW (mm) ok - ok

The mean values associated with the two factors and their interaction were evaluated according to Tukey’s test. Means significantly different

are indicated by different letters. n.s. not significant; * significant at p < 0.05; ** significant at p < 0.01; *** significant at p < 0.001.

Phytochemical Measurements

The results of the FRAP activity analysis revealed a

significant variation among the tested genotypes, as depict-

ed in Figure 2. BR exhibited the highest antioxidant activity,

pmol TE/g d.w

304

40

304

with a value of 38.07 pmol TE/g d.w. under control condi-
tions, which closely resembled the stress plot. Conversely,
RD2 demonstrated an increase in FRAP activity under
stress conditions, registering a value of 25.90 umol TE/g

d.w. compared to the control (Figure 2).

FEAP
a B control
ﬂl [ stress
ab
D = -
o
b
| 1 1
RD1 RIx2 BR
Cenoty pes

Figure 2: Variation of FRAP (umol TE/g d.w.) in microgreens of Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sativa var. lo-

bata (RD2). Each value represents the mean * S.E. of three replicates. The letters above bars indicate significant differences according to
Tukey’s test (p < 0.05)

Regarding the DPPH activity, BR demonstrated

the highest value under control conditions (19.44 pmol

TE/g d.w.), more than double compared to RD1 and RD2,
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which recorded 10.55 and 6.85 umol TE/g d.w. under con-
trol conditions, respectively. Similarly, RD2 exhibited an in-
crease in DPPH activity under stress conditions (8.87 pmol
TE/g d.w.) (Figure 3).

J Adv Agron Crop Sci 2024 | Vol 3: 101



DPPFH
255 Bl control
. 3 stress
20
= ab
Lo %
a0 154 e
= a1
F
e 10+ ¢ be
E C
5_ ‘l‘
0= T T T
ED1 RD2 BR
Genotypes

Figure 3: Variation of DPPH (umol TE/g d.w.) in microgreens of Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sativa var. lo-

bata (RD2). Each value represents the mean * S.E. of three replicates. The letters above bars indicate significant differences according to

Tukey’s test (p < 0.05)

Significant variations in the Total Flavonoid Con- stress conditions. In contrast, BR displayed the lowest TFC
tent (TFC) were observed based on the genotype (Figure 4). activity, with values of 3.05 mg QE/g d.w. and 4.93 mg QE/g
RD2 exhibited the highest TFC value (7.89 mg QE/g d.w.), d.w. under control and stress conditions, respectively. The
closely followed by RD1 (5.53 mg QE/g d.w.), both under results indicate an increase in TFC content under stress con-

ditions during the microgreens stage.

TFC
10 =
4 Bl conirol
Chy ahb —T— ] stress
z ab ab
- i I
o
&
w 4= b b
E
7
| T T
RD1 RD2 BR
Genotypes

Figure 4: Variation of TFC (mg Quercetin Equivalents/g d.w.) in sprouts, microgreens, and baby leaves of Broccolo nero (BR), Eruca sativa
var. darkita (RD1) and Eruca sativa var. lobata (RD2). Each value represents the mean * S.E. of three replicates. The letters above bars indi-

cate significant differences according to Tukey’s test (p < 0.05)

The total glucosinolate content exhibits a signifi- values ranging from 8.28 to 4.95 g SEQ/g d.w. for BR and

cant variation between genotype and stress condition, with RD2, respectively, under control conditions (Figure 5). Re-
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markably, RD1 demonstrated a comparable value to RD2, crease under stress conditions, ranging from 4.95 to 5.73 g
while for RD2, the total glucosinolates content tended to in- SEQ/g d.w. for control and stress conditions, respectively.
S5EQ
ll] ] a3
Bl control
X 84 ik T stress
= ] e gE
Bn - 20 2
- L b M
&
e A
=
s
y
0= T T T
RD1 RD2 BR
Genotypes

Figure 5: Total Glucosinolates (g SEQ/g d.w.) variation in microgreens of Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sa-
tiva var. lobata (RD2). Each value represents the mean + S.E. of three replicates. The letters above bars indicate significant differences accord-
ing to Tukey’s test (p < 0.05)

The total sugars content (g/1000 g d.w.) exhibited ranging from 78.67 to 193.03 g/1000 g d.w. from SR40 to
significant variations among the genotypes. RD1 showed SR100, respectively (Figure 6). In contrast, for the other
the highest amount under stress conditions, with values genotypes tested, we observed no significant variations be-

tween stress and control conditions.

Total Sugars

300 = B control
5 a a ] stress
a
. a = T
z 2004 [
=
1
= b
& 100 -
= I | |
R RD2 BR

Genotypes

Figure 6: Variation of the Total sugars (g/1000 g d.w.) in microgreens of Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sa-

tiva var. lobata (RD2). Each value represents the mean + S.E. of three replicates. The letters above bars indicate significant differences accord-
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ing to Tukey’s test (p < 0.05)

The glucose content (g/1000 g d.w.) exhibited sig-
nificant variations in relation to the experimental factors
considered. The smallest reduction was observed for BR,

with a value of 4.79 g/1000 g d.w. under stress conditions

compared to the control. The glucose amount generally in-
creased from the control to stress conditions for the other
genotypes tested, with values ranging from 26.26 to 38.22
¢/1000 g d.w. for RD1 and RD2, respectively (Figure 7).

Glucose
S - Hl confrol
[ siress
40 - a
= ab
Lo a0
= 30—
o ab l
g 20—
B
10
e
0= T T T
RD1 RD2 BR

Grenol Vpes

Figure 7: The variation of glucose (g/1000 g d.w.) in microgreens of Broccolo nero (BR), Eruca sativa var. darkita (RD1) and Eruca sativa

var. lobata (RD2). Each value represents the mean + S.E. of three replicates. The letters above bars indicate significant differences according
to Tukey’s test (p < 0.05)

The FOS amount was significantly influenced by
the experimental factors genotype and light effect (Figure
8). RD1 exhibited the lowest content under control condi-
tions (50.13 g/1000 g d.w.) compared to the stress condi-
tion. RD2 and BR showed similar FOS amounts across both

conditions studied.

The sucrose amount varied significantly in rela-
tion to solar radiation, as previously mentioned for glucose.
The sucrose content ranged from 2.85 to 16.26 g/1000g d.w.
in relation to solar radiation, with SR100 RD2 and SR40 BR
exhibiting these values, respectively (Figure 9). Generally,
the sucrose amount increased from stress to control condi-

tions for all genotypes tested.

The correlation matrix provides a comprehensive
overview of the associations between antioxidant activities
(DPPH, FRAP), total flavonoid content (TFC), total glucosi-

nolates (TGLSs), and sugar profiles (glucose, fructose, su-
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crose, and FOS) considering the microgreens stage. The
heatmaps in Figure 10 depict the Pearson correlation be-
tween the different biochemical compounds. Regarding the
control condition, DPPH demonstrates a strong positive
correlation with FRAP (r=0.96), TGLSs (r=1.00). Addition-
ally, DPPH exhibits notably strong positive correlations
with FOS (r=0.47) and total sugars (r=0.32). TFC shows a
strong positive correlation with sucrose (r=0.94) and glu-
cose (r=0.86). Furthermore, FOS displays a positive correla-
tion with the antioxidant assays, while it is negatively corre-
lated with sucrose (r=-0.14) and glucose (r= -0.33). For the
stress plot, DPPH and FRAP exhibit a strong positive corre-
lation (r=0.98) (Figure 11). Additionally, DPPH shows a
strong positive correlation with TGLSs and FOS (r=1.00).
Fructo-oligosaccharides (FOS) share a negative correlation
with TFC (r= -0.53), sucrose (r= -0.47), and glucose
(r=-0.79). Total sugars and FOS are positively correlated
(r=0.31) (Figure 11).
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Figure 11: Pearson’s correlation coefficients among the different variables studied for stress condition

The distribution of the studied accessions along
the PC1 and PC2 axes reveals that the first axis accounts for
61.11% of the total variation, while the second axis explains
30.96% of the total variability (Figure 12). PC1 is positively

associated with antioxidant parameters such as DPPH,

JScholar Publishers

FRAP, total glucosinolates (TGLSs), FOS, and total sugars,
indicating a higher antioxidant activity. Conversely, PC2 is
positively correlated with total flavonoid content (TFC), su-
crose, and glucose. Under both stress and control condi-

tions, BR demonstrates a significant positive correlation
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with PCI, indicating a higher antioxidant activity compared
to the sugars profile. BR consistently exhibits a preference
for antioxidants across different solar radiation levels at the
microgreens stage. In contrast, RD2 in both experimental
conditions shows a correlation with TFC, particularly with
sugars such as sucrose and glucose, suggesting a preference
for characteristics linked to carbohydrates over antioxidant
activities (Figure 12). RD1 displays a different trend: under

stress conditions, it shows an association with TEC, sucrose,

12

and glucose similar to RD2. However, under control condi-
tions, its profile differs entirely. The distribution of acces-
sions along the principal component axes provides valuable
insights into the relationship between biochemical proper-
ties and plant responses to solar radiation. The different as-
sociations observed between genotypes and biochemical
traits underscore the genotype-specific regulation of these
compounds, contributing to our understanding of the bio-

chemical diversity within cultivars.

o Total sugars
e i p FOS
7 1 X ”
IFC, \
' 1
Sucrose ], ] g —
- 5 T N e I-.R.-\I S
slucose, ~ ’ 3R slress 1 =
= T g [ ‘w T sEQ BR_control |y
T X « DPPA
_ e e 5 Lo
o T ~ = i
= IR 58 \\
\ .
= \ N
~
(39 \ N\
\ \
A\
\
X
\
N
Ny N1
g
e
-
e

F1(61.11 %)

Figure 12: Principal component analysis biplot with control=SR100, stress= SR40, BR= Broccolo nero, RD1= Eruca sativa var. darkita and

RD2= Eruca sativa var. lobata

Discussion

Different species and cultivars have been evaluated
as potential candidates for space food production, with a fo-
cus on factors like nutritional value, resource efficiency, and
adaptability to controlled environments [28]. Therefore, un-
derstanding how environmental variables interact to influ-
ence the growth, development, and phytochemical produc-
tion of microgreens becomes crucial. The findings of this
study provide valuable insights into the morphometric pa-
rameters and phytochemical composition of microgreens
under solar radiation stress conditions, highlighting geno-

type-specific responses.

The morphometric analysis revealed significant
variations in hypocotyl length, cotyledon length and width,
and leaf width among the different genotypes concerning
the stress conditions. Interestingly, the interaction between

solar radiation and genotype influenced hypocotyl and

JScholar Publishers

cotyledon dimensions. This suggests that environmental fac-
tors, such as solar radiation, interact with genetic traits to
modulate morphological characteristics in microgreens. Un-
derstanding these interactions is crucial for optimizing culti-
vation practices and enhancing crop yield and quality [29].
The observed variations in leaf width indicate genotype-spe-
cific responses to stress, with certain genotypes exhibiting
wider leaves under stress conditions. This could be attribut-
ed to genetic factors influencing leaf development and adap-

tation to environmental stressors [30].

Phytochemical analysis revealed significant geno-
type-specific variations in antioxidant activities, total
flavonoid content (TFC), total glucosinolate content, and su-
gar profiles under stress conditions. Notably, some geno-
types exhibited increased antioxidant activity and phyto-
chemical content in response to stress, suggesting a poten-
tial adaptive mechanism to enhance stress resilience and nu-

tritional quality. The observed variations in antioxidant ac-
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tivities, particularly FRAP and DPPH, reflect the genotypic
diversity in microgreens and their ability to scavenge free
radicals under stress conditions. These findings underscore
the crucial role of genotype selection in breeding programs
targeted at enhancing the antioxidant capacity and nutritio-
nal value of microgreens. Duan et al. emphasize the pivotal
significance of genetic variation in this regard [31]. Modulat-
ing light intensity can positively impact the nutraceutical
values of plants [32]. Even under high light intensity, which
may be perceived as stress by plants, they can synthesize an-
tioxidant compounds to mitigate the formation of reactive

oxygen species (ROS) [33].

The increase in TFC and total glucosinolate con-
tent under stress conditions suggests a dynamic response to
environmental cues, potentially mediated by stress-respon-
sive signaling pathways, our findings align with prior re-
search, as studies by Huseby et al. [34] and Perez-Balibrea et
al. [35].have also reported a significant reduction in the con-
centration of glucosinolates in plants grown in darkness
compared to those grown in light conditions. Understand-
ing the genetic and biochemical basis of these responses
could facilitate the development of stress-tolerant varieties

with enhanced phytochemical profiles.

The variations in sugar profiles, including glucose,
fructose, sucrose, and fructo-oligosaccharides (FOS), high-
light genotype-specific metabolic responses to stress. The
observed increase in glucose content in certain genotypes
under stress conditions may serve as a carbon source for en-
ergy metabolism and stress adaptation as reported by Kuai
et al [36]. Similarly, the differential accumulation of sucrose
and FOS underscores the complexity of carbohydrate
metabolism in microgreens under stress. The findings of
this study have implications for breeding programs and cul-
tivation practices aimed at improving the nutritional quality
and stress resilience of microgreens. Understanding the ge-
netic basis of morphometric and phytochemical responses
to stress can inform targeted breeding strategies to develop
stress-tolerant varieties with enhanced nutritional profiles
[37].

In controlled conditions, significant correlations
were observed, notably between DPPH and FRAP (r=0.96),
as well as with total GLSs (r=1.00), indicating a
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synchronized response in antioxidant defence mechanisms.
These findings align with the research conducted by Major
et al [38]. Equally intriguing were the positive correlations
of DPPH with FOS (r=0.47) and total sugars (r=0.32), indi-
cating potential crosstalk between antioxidant pathways
and sugar metabolism. The strong positive correlations of
TEC with sucrose (r=0.94) and glucose (r=0.86) underscore
the role of flavonoids in carbohydrate regulation and energy
metabolism. Conversely, the negative correlations of FOS
with sucrose and glucose hint at a regulatory role of fruc-
tooligosaccharides in sugar homeostasis. Transitioning to
stress conditions, the robust positive correlation between
DPPH and FRAP (r=0.98) persisted, indicating a conserved
antioxidative response even under adverse environmental
conditions. Additionally, DPPH exhibited significant posi-
tive associations with TGLSs and FOS (r=1.00), implying a
potential link between antioxidant capacity and glucosino-
late production. Notably, FOS displayed negative correla-
tions with TFC (r= -0.53), sucrose (r= -0.47), and glucose
(r= -0.79), suggesting a trade-off between fructooli-
gosaccharide accumulation and other biochemical pathways
under stress. However, the positive correlation between to-
tal sugars and FOS (r=0.31) hints at a coordinated stress re-
sponse, possibly through osmotic regulation or signaling
mechanisms. Comparing the effects of light stress on the
biochemical parameters elucidates distinctive responses
within microgreens. Under control conditions, where light
stress is absent, microgreens exhibit robust antioxidant de-
fense mechanisms, as evidenced by strong positive correla-
tions between DPPH and FRAP, indicating a coordinated re-
sponse to neutralize reactive oxygen species. Moreover, the
positive correlations of DPPH with TGLSs and FOS suggest
a potential enhancement of antioxidant capacity and se-
condary metabolite production in the absence of stress. Con-
versely, under light stress conditions, microgreens appear to
prioritize antioxidant defense mechanisms, as indicated by
the high positive correlation between DPPH and FRAP.
This suggests an adaptive response to mitigate oxidative da-
mage caused by increased light intensity. Additionally, the
significant positive associations between DPPH and TGLSs,
as well as FOS, underscore the integration of antioxidant
pathways with stress-responsive metabolic processes, poten-
tially enhancing the plants' resilience to environmental chal-

lenges. Interestingly, the negative correlations observed be-
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tween FOS and TFC, sucrose, and glucose under light stress
suggest a trade-off between fructooligosaccharide accumula-
tion and other biochemical pathways involved in growth
and development. This implies that microgreens may allo-
cate resources away from sugar metabolism towards stress-
responsive pathways, such as antioxidant defense and se-
condary metabolite biosynthesis, under light stress condi-
tions. Future research will focus on elucidating the molecu-
lar mechanisms underlying genotype-specific responses to
stress in microgreens. Transcriptomic and metabolomic
analyses could provide insights into the genetic pathways
and metabolic networks regulating morphological and phy-

tochemical traits under stress conditions.

Conclusion

In conclusion, our study provides valuable in-
sights into the mechanisms governing plant responses to so-
lar radiation, a critical factor influencing crop yield and sus-
tainability. The observed variations in hypocotyl length,
cotyledon dimensions, and leaf morphology serve as impor-
tant indicators of the impact of solar radiation on plant de-
velopment. Moreover, our investigation into phenolic con-
tent and antioxidant capacities, including Fructooli-
gosaccharides (FOS), reveals genotype-specific regulation of
these compounds, thereby enriching our understanding of
biochemical diversity within cultivars. These findings have

significant implications for the development of strategies

JScholar Publishers
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aimed at enhancing crop productivity amidst evolving envi-
ronmental dynamics. By elucidating the relationship be-
tween genetic and environmental interactions, we aim to
contribute to the advancement of agricultural sustainability
and productivity in microgreens, ultimately fostering the de-
velopment of a more resilient and efficient agricultural land-

scape for future generations.
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