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Abstract: Microgreens (young, edible plantlets) are a remarkable opportunity for both consumers, 

to benefit from health promoting compounds and for applied research, as such organisms have a 

very high plasticity related to environmental cues, allowing biotechnology development with low 

costs. Ocimum basilicum species naturally synthesize valuable, phenolic compounds, among which 

rosmarinic acid is most prominent. Basil plantlets were grown for 10 days under either full spectrum 

light (white light) or modulated blue:red:far-red:UV spectrum with an additional factorization, by 

applying fertilisation. Biomass accumulation reached up to 0.8 g/20 plantlets, while chlorophyll 

fluorescence was in the 0.75 – 0.78 range and remained uniform across treatments, indicating that 

no significant stress was exerted under modified light treatment. However, total phenolic contents 

and, in particular, rosmarinic acid contents were markedly enhanced (up to 7.5 mg/g in the red 

cultivar) under modulated light treatment and fertilization, compared to full spectrum light. 

Moreover, gene expression was enhanced, 1.3-6.3 fold for genes coding for enzymes involved in 

phenylpropanoid synthesis patwhays, such as phenylalanine ammonia lyase (PAL), Catechol-O-

methyltransferase (COMT) and renin-angiotensin system (RAS). Overall, light modulation coupled 

with fertilization led to the production of basil microgreens with up to 10% more total phenolics 

and up to 25% more rosmarinic acid. 

Keywords: polyphenols; LED treatment; fertilization; fluorescence; biological activity 

 

1. Introduction 

Phenolic compounds are secondary metabolites found in high concentration in medicinal and 

aromatic plants, as well as in micro plantlets that are used in various cuisines. Epidemiologically, a 

diet rich in polyphenols protects against diseases such as cancer, diabetes, osteoporosis, 

cardiovascular and neurological diseases [1], underpinned by mechanisms such as inflammation, 

oxidative stress, and cell ageing. For instance, inflammation caused by pathogens or toxic compounds 

[2],such as free radicals may exceed the antioxidant defence and lead to cell ageing,, progressive loss 

of tissue and organ function [3], associated with the progression of diseases such as diabetes [4], 

Alzheimer’s and Parkinson’s diseases [5,6]. In this sense, dietary bioactive molecules can positively 

influence tissue metabolism and alleviate oxidative and inflammatory effects at cellular level [7], 

while inadequate nutrient consumption may lead to imbalance between antioxidant defense and pro-

oxidant load that induces oxidative stress [8]. Relevant examples are polyphenols, which are good 

electron or hydrogen atom donors may neutralize free radicals and reactive oxygen species (ROS). 

Moreover, polyphenols act at different cellular sites, leading to antioxidant, antimicrobial, anti-

inflammatory or other biological functions, through several mechanisms [9,10]. Moreover, 

polyphenols alleviate the structural and functional damages caused by oxidative damage in 
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mitochondria by regulating the expression of some antioxidant enzymes, such as superoxid 

dismutase (SOD), glutathione S-transferase (GST) and glutathion peroxidase (GSH-Px) [9].  

Also, phenolic compounds exert anti-inflammatory through effects on gene expression, 

positively correlating with the levels of immune cell populations or cytokines production, or may 

inhibit the activity of enzymes such as cyclooxygenase (COX-2), lypooxygenase (LOX), inducible 

nitric oxide synthase (iNOS) [11],nuclear factor-kB (NF-kB), nuclear factor-erythroid factor 2-related 

factor 2 (Nrf-2) [1] and activate enzymes such as phase-II antioxidant detoxifying enzymes, mitogen 

activated protein kinase (MAPK), protein kinase-C.  

Furthermore, polyphenols act on different sites of bacterial cells, altering the structure or 

metabolic pathways or may inhibit the gene expression related to virulence factors produced by 

bacterial pathogens, exhibiting also antibacterial properties [12].  

While mean dietary phenolic intake range from around 255 mg/day in US citizens [13] and up 

to 1756 mg/day in European citizens [14], major benefits from consumption were described, such as 

decreased body fat, body mass index(BMI), waist and hip circumference [15] or lower serum pro/anti-

inflammatory biomarkers’ ratio such as interleukin-10 (IL-10), T helper 1/T helper 2 balance 

(Th1:Th2), interleukin-1 (IL-1), interleukin-2 (IL-2) and interferon-gamma (IFN-γ) [16]. However, 

there is a great degree of variability in phenolic consumption, depending on the source, from olive-

based foods in Mediterranean countries, to coffee in European Non-Mediterranean countries [17], to 

tea in Asian countries [13]. Moreover, age could be a factor influencing dietary phenolic intake, as 

European adolescents have a mean of only 326 mg/day [18]. However, phenolic substances are truly 

relevant for human health only by repeated intake, as most are degraded after 1-2 hours, with 

phenolic acids having a longer retention time, however [19] and also considering that the effects of 

dietary phenolic on human physiology are also influenced by conditioning or cooking [20]. Thus, it 

appears logical that constant consumption of dietary phenolic may be a real solution to the occurrence 

of some chronic diseases, such as malnutrition, cardiovascular diseases, obesity, diabetes, cancer, 

neurodegenerative disorders [21].  

Dietary phenolic in microgreens stand out, as they share a set of very desirable traits related to 

healthy nutrition: young plants have a high moisture content and, hence, palatability, are easy to 

grow and have quick harvest turnaround times, are rich in enzymes, chlorophyll pigments etc. Also, 

microgreens have high nutritional quality, low environmental impacts, and broad consumer 

acceptance [22]. In the same time, microgreens are susceptible to influence of many environmental 

cues that offer the opportunity of modulating specific pathways, and, hence, increase bioactive 

production. The abundance of phenolic is high in basil microgreens, the most representative 

compounds being chicory acid, rosmarinic acid and caffeic acid, with values up to 17.58 mg/g dry 

matter [13]. The synthesis of this kind of phenolic acids was already proven that can be increased by 

modulating the spectrum of light delivered to microgreens, including in basil ones [23]. Various light 

regimes showed that bioactive compounds production can be stimulated, for instance, total phenolic 

and anthocyanin compounds under different blue:red proportions [24]. Other reports established 

that certain wavelengths increase nutraceutical and mineral contents [25] or specific bioactive such 

as rosmarinic acid [26] in various basil cultivars. While an undoubtable effect of light on the synthesis 

of specific compounds is agreed upon, only some works, such as [27,28] report the effect (usually 

beneficial) of the applied light treatments on the physiology of plants, as such effects are fundamental 

to designing proper technological setups for mass cultivation. Much less are the reports on the effects 

such treatments have on molecular mechanisms, such as gene expression, in order to truly 

characterize the process. While red, blue and UV appear to be main wavelengths affecting phenolic 

synthesis in microgreens [29], this aspect is addressed in papers focused on Lamiaceae species such 

as Mentha piperita [30] or Salvia verticillata [31], but not in Ocimum, as far as a reasonable literature 

screening.  

Building on previous results, the present paper, based on selected blue:red:UV spectrum, further 

explores the effects and mechanisms involved in primary and secondary plant metabolism 

modulation by light, by quantifying key metabolites and also looking at normal physiological 

processes and specific genes’ expression. 
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2. Results 

Plants exposed to light regimes exhibited various grades of effects in phenotypical traits but in 

biochemical and physiological processes as well. Regarding biomass accumulation, plants under 

either colored or light treatment recorded little differences, with respect to the fresh mass/20 plantlets 

and also to water content (Figure 1). The green cultivar consistently recorded higher biomass 

accumulation not from water, rather from organic matter (Figure 1), compared to the red cultivar. 

The different light spectra induced some significant variation, between the water and fertilizer treated 

plantlets, in the green cultivar  

  

Figure 1. Biomass accumulation (left) and water contents (%of fresh mass)(right) in Ocimum basilicum 

L. (BRUV – blue:red:UV light treatment, White – full spectrum light treatment). 

With respect to physiological processes such as the efficiency of the second photosystem, the 

applied factors (light and fertilization) did not exert influence. Overall, ΦPSII values ranged between 

0.75-0.79 in the red cultivar and between 0.76-0.78 in the green cultivar (Table 1). The former recorded 

lower values of both light-adapted steady state fluorescence (Fs) and maximal fluorescence (Fm’), 

which is attributable to the intrinsically lower chlorophyll contents in this cultivar.  

Table 1. Chlorophyll contents and chlorophyll fluorescence markers in Ocimum basilicum L. (BRUV – 

blue:red:UV light treatment, White – full spectrum light treatment). 

Cultivar Fertilizer Treatment Fs Fm’ ΦPSII Chlorophyll (AU) 

Green 

Water 

 

BRUV 
474.63a±17.3

2 
2106.89ab±72.83 0.78ab±0.01 6.33a±0.28 

White 539.99a±21.1 2245.66a±80.99 0.77b±0.01 5.16a±1.91 

Fertilizer 

 

BRUV 
561.67a±89.4

5 
2288.25ab±343.99 0.76ab±0.02 - 

White 
568.34a±25.7

7 
2378.59a±99.4 0.77ab±0.01 - 

Red 

Water 

 

BRUV 
287.67b±16.1

9 
1288.27c±64.63 0.79a±0.01 5.97a±0.37 

White 321.5b±16.79 1388.1c±54.73 0.78ab±0.01 3.22b±0.37 

Fertilizer 

 
BRUV 

415.59ab±20.9

9 
1652.67bc±90.88 0.75b±0.01 - 
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White 
505.34a±27.5

3 
2083a±133.11 0.76ab±0.01 - 

As the efficiency of the second photo system was comparable among treatments, no indication 

of stress development in plants could be observed. In a similar pattern, chlorophyll contents were 

higher in the green cultivar and the lowest value of chlorophyll contents were recorded in the red 

cultivar under fertilization. Total phenolic contents recorded marked differences among treatments 

with the highest values in plantlets under modified spectrum illumination in the red basil cultivar 

(Table 2). Among quantified specific phenolic acids, rosmarinic acid was most abundant with values 

up to 8 micrograms per gram under modulated light treatment in the red basil cultivar. Overall, the 

red cultivar had the highest phenolic acid contents with significant increases under blue red and UV 

illumination (Figure 2). 

 

Figure 2. Selected phenolic acids (left) and rosmarinic acid (right) contents in Ocimum basilicum L. 

(different letters indicate statistical significance, p<0.05) (BRUV – blue:red:UV light treatment, White 

– full spectrum light treatment; BR – Red basil cultivar, BV – Green basil cultivar). 

Table 2. Total phenolic contents and antioxidant activity of Ocimum basilicum L. extracts (BRUV – 

blue:red:UV light treatment, White – full spectrum light treatment). 

Cultivar Fertilizer Treatment 

Total phenolic content 

(µg GAE/g dry plant 

mass) 

Antioxidant activity (% 

inhibition) 

Green 

Water 

 

BRUV 3739.1b±202.11 88.08±1.71a 

White 3846.48b±200.94 88.19±4.83a 

Fertilizer 

 

BRUV 5739.56b±313.12 85.28±1.54a 

White 4858.96b±264.71 81.4±3.85a 

Red 

Water 

 

BRUV 8194.1ab±476.49 86.96±3.97a 

White 7219.1ab±425.58 92.73±1.8a 

Fertilizer 

 

BRUV 14063.79a±755.69 87.84±1.26a 

White 13145.41a±768.87 92.33±1.46a 

Gene expression of selected phenolic pathways were reduced in plantlets under blue red and 

UV treatment come on with similar values under water or fertilization (Figure 3). 
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Figure 3. Specific gene expression changes in Ocimum basilicum L., red cultivar (left) and green cultivar 

(right). 

3. Discussion 

With an astounding structural diversity, natural phenolic substances are known for their 

valuable, health-promoting properties and offer the opportunity to be used as part of a regular diet 

or may serve as starting points for further enhancement of structure and function [12]. Phenolic 

compounds are a class of secondary metabolites that play pivotal roles in plant physiology and 

adaptation to the environment. They are involved in a wide range of processes, including defense 

against pathogens, protection from UV radiation, attraction of pollinators, and modulation of plant-

microbe interactions [32]. The biosynthesis of phenolic compounds in plants is a complex process, 

involving various enzymes and associated genes such as phenylalanine ammonia lyase (PAL), caffeic 

acid O-methyltransferase (COMT), rosmarinic acid synthase (RAS), and tyrosine aminotransferase 

(TAT). Phenylalanine ammonia lyase is a key enzyme in the phenolic synthesis pathway, catalyzing 

the deamination of phenylalanine to form cinnamic acid, the entry point for phenolic biosynthesis in 

plants [33]. Meanwhile, caffeic acid O-methyltransferase is involved in the methylation of 

hydroxycinnamic acids, converting them into their corresponding methyl esters. This enzyme 

contributes to lignin biosynthesis and regulates the accumulation of various phenolic compounds 

[34]. Rosmarinic acid synthase, responsible for the synthesis of rosmarinic acid, catalyzes the 

condensation of caffeic acid with 3,4-dihydroxyphenyllactic acid. Tyrosine aminotransferase is 

involved in the conversion of tyrosine to p-coumaric acid, a precursor of various phenolic compounds 

and is crucial for the biosynthesis of flavonoids and other phenolics [35,36].  

Several studies have highlighted that the spectral quality of light can significantly influence the 

production of phenolic compounds. For instance, an experiment with spring barley acclimated to 

different spectral qualities—white, blue, green, and red—at various irradiances found a complex 

interaction between photosynthetically active radiation (PAR) irradiance and spectral components in 

the accumulation of phenolic compounds [37,38]. The impact of light quantity (intensity and 

photoperiod) and quality (spectral composition) extends to plant growth and physiology, interacting 

with other environmental parameters and cultivation factors. This complexity influences plant 

behavior and metabolism, including the synthesis of phenolic compounds, as it was seen when 

comparing the effects of blue, red, and a combination of blue and red lights on metabolism of young 

wheat plants, which is related to stress responses and secondary metabolite production [39]. 

The spectral composition of light plays a significant role in photosynthesis and the overall 

functioning of photosystems in plants. The diversity of effects observed due to variations in light 

spectrum is attributed to three main factors: the activation of different photoreceptors, the variable 

efficiency of different spectral components in driving photosynthesis, and the depth of penetration 

of these spectral components into the leaf [40]. Different wavelengths of light are known to trigger 

various photoreceptors in plants, such as phytochromes for red light and cryptochromes for blue 
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light, which subsequently influence plant growth and metabolism. The influence of blue light 

(maximum 450 nm) and red light (maximum 660 nm) on plant growth and metabolism is recognized, 

but not fully understood, however the spectral composition of light modifies the expression of light-

dependent genes and impacts the growth, photosynthesis, and physiological responses in plants, as 

observed in seedlings [41,42]. 

Blue and red lights are known to have significant effects on PSII and PSI [43]. Blue light, 

particularly in the range of 400-500 nm, has been shown to enhance the rate of photosynthesis and 

stomatal opening, leading to increased CO2 assimilation [44,45]. Also, the use of red and blue LED 

spectra has been shown to increase the accumulation of polyphenols, flavonoids, and other 

phytochemicals, although not necessarily enhancing antioxidant activity [46], possibly due to 

premature plant allocation of metabolites to alternative pathways (such as curcumin synthesis). The 

mechanisms appears to be related to the stress, induced by high light intensity or specific light 

spectral compositions, which activates plant response mechanisms that include the production of 

phenolic compounds through hormonal pathways [47].  

Red light, predominantly absorbed by chlorophyll, increases the efficiency of PSII [48], while 

far-red wavelengths, such as those used in our research, lead to higher yield also by enhancing PSII 

efficiency through reduced the heat dissipation of PSII, increased light energy available for 

photosynthesis and decrease in NPQ through faster reoxidation of plastoquinone and reopening of 

the PSII reaction center [49]. UV light, particularly UV-B (280-315 nm), has been proved to increase 

phenolic acids synthesis through the UVR8 photoreceptor, which interacts with the COP1/HYH/HY5 

signaling pathway and leads to increases in mRNA levels and activities of phenylalanine ammonia 

lyase (PAL), cinnamic acid 4-hydroxylase (C4H), 4-coumarate coenzyme A ligase (4CL), p-coumaric 

acid 3-hdroxylase (C3H), caffeic acid O-methyltransferase (COMT) [50]. UV also increases phenolic 

contents by increasing PAL activity as a response to induced energy excess in mitochondrial electron 

transport chain and reactive oxygen species (ROS) generation and by enhancing vitamin C 

production and, thus, protection of phenolic substances from degradation [51]. 

Rosmarinic acid production, in particular, was shown to increase by a few folds in Lamiaceae 

plants by exposure to blue:red:far-red treatments, following increases in PAL, TAT, and 

hydroxyphenyl pyruvate reductase (HPPR) enzymes, but with minimal effects on chlorophyll 

contents, as shown in our study [52]. The mechanisms appears to be a modified balance of transcript 

levels of downstream genes (C4H, chalcone synthase (CHS), chalcone isomerase (CHI), and RAS) and 

upstream genes (PAL, TAT, and HPPR) [53]. 

As such, our results point to the fact that phenolic acids production was increased, as a result of 

light modulation and due to the fact that the quality of light can be perceived by plants as a cue for 

the need to protect from excess energy and that phenylpropanoid pathways are involved in such 

protection [54]. In the arsenal of plant defense mechanisms against harsh light environments and the 

overproduction of reactive oxygen species (ROS), phenolic compounds stand out for their significant 

antioxidative capability. While plants employ various strategies to avert ROS accumulation—

including UV-protective epidermal layers, dissipation of surplus light energy as heat, optimizing the 

architecture of leaves, moving chloroplasts, and transitioning photosystem states—phenolics play a 

pivotal role in the detoxification process. These compounds are part of the plant’s sophisticated 

antioxidant system that springs into action under stress to neutralize ROS. Alongside enzymatic 

antioxidants like (SOD), catalase (CAT), and ascorbate peroxidase (APX), phenolics are integral low-

molecular-weight antioxidants. They work in concert with other antioxidants such as tocopherols, 

ascorbate, glutathione, and carotenoids, ensuring the equilibrium between ROS production and 

scavenging is maintained in non-stressful conditions [39]. 

4. Materials and Methods 

4.1. Plant Material and Growth Conditions 

Two basil cultivars were used for microgreens production, “Sweet Genovese”, a green, acyanic 

cultivar, and “Red Rubin”, a red pigmented, cyanic cultivar, seeds being provided by VS (author) 

from the research and educational seed stock of the Life Sciences University in Iasi. For each 
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treatment, approximately 150 seeds were sowed in plastic boxes (5 boxes per treatment, 3 used for 

biochemical analyses and 2 for phenotypic measurements), 10 × 10 × 12 cm, using a mixture of 

general-purpose soil and peat moss 2:1. Boxes were irrigated daily for 1 minute using automated drip 

systems, with either tap water or fertilizer. The fertilizer was prepared according to the recipe 

presented in Khater et al ) [55] and had the final concentrations: N:P:K 210:31:234 ppm. The minerals 

were introduced as the following salts: NH4NO3, P2O5 and C2K2O4xH2O. Each light treatment was 

provided by a Phytofy RL LED unit (OSRAM, Golden Dragon, Munich, Germany), from a distance 

of 30 cm from the top of the boxes. The two light treatments applied were a control variant, using a 

white LED program (0:0:0:0:0:1, UV:blue:green:red:far-red:white, in µmoles) and a colored program 

(1:9:0:9:3:0, UV:blue:green:red:far-red:white), respectively. After seeding, the boxes were kept in the 

dark for 3 days and afterwards, total PPFD (Photonic Flux Density) for the two treatments were 160 

and, respectively, 161 µmoles/m2/s. The emission spectra of LED lights (according to OSRAM 

software) used are given in Figure 4. Plants were collected for biochemical and gene expression 

analyses 10 days after germination. 

 

Figure 4. LED emission spectra (left) BRUV Treatment; (right) White Treatment). 

4.2. Analyses 

Chlorophyll pigments were analyzed non-destructively, using a MC-100 Chlorophyll 

Concentration Meter (Apogee Instruments), by measuring 24 leaves/treatment/basil cultivar. 

Chlorophyll fluorescence related parameters - Fs – steady state fluorescence, Fm’ – maximal 

light adapted fluorescence and ΦPSII – quantum efficiency of the photosystem II, were measured 

using an FMS2 fluorimeter (HansaTech, Norfolk, UK) for 12 cotyledons/treatment, during light 

treatment period. Chlorophyll related analyses were performed at the end of the experiment before 

harvest. 

Total phenolic content and antioxidant activity were determined in microtiter plates according 

to the methods described by Herald [56]. Briefly, total phenolic contents were assayed using Folin-

Ciocalteu reagent, expressing results as gallic acid equivalents (GAE)/mg, while antioxidant activity 

was measured as % inhibition of DPPH free radical in ethanolic extracts. The reads were performed 

with BioTek Epoch 2 microplate spectrophotometer (Agilent, United States). The extracts were 

prepared from the dry plant and 70 % (w/w) ethanol in a ratio of 1:9, by maceration at 50˚ for 60 

minutes. For High Performance liquid chromatography (HPLC) determination the extracts were 

filtered through a polyethersulfone (PES) membrane with 0.22 µm diameter pores.  

Identification and quantification of the phenolic compounds from samples were performed on 

a Waters 2695e Alliance HPLC system coupled with a 2998 PDA Detector. The resulting 

chromatograms were processed using Empower software. Separation was achieved on a Waters 

XBridge column C18 column (50 x 4.6 mm, 3.5 µm), maintained at 30°C. The mobile phase A consisted 

in a solution of 0.1 % trifluoroacetic acid (TFA) in water, while for mobile phase B a solution of 0.1 % 

TFA in acetonitrile was used. The gradient program was: 0–4 min 100% (A), 5–20 min 98% (A), 27–30 

min 96% (A), 32–35 min 90% (A), 40–45 min 82% (A), 50–53 min 0% (A), 55–60 min 100% (A). The 

flow rate was set up at 0.7 mL/min and the injection volume was 20 µL. HPLC/DAD analyses were 

performed monitoring the 280 nm wavelength. The identification of phenolic compounds was 

realized by comparing retention time with the available standards. The phenolic compounds 

quantification was performed using standard curves of external standards, obtained by plotting 

HPLC peak areas against the concentrations (µg/mL) (r2 > 0.99). 

Gene expression analysis was carried out using qRT-PCR commercial assays on a Applied 

Biosystems QuantStudio5 real time PCR equipment. Total RNA extraction was performed using 

RNeasy Plant Mini Kit (Qiagen Inc.), from liquid nitrogen frozen cotyledons. RNA extracts were 

assessed for nucleic acid purity and amount using Qubit fluorometer, then samples were prepared 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 June 2024                   doi:10.20944/preprints202406.2029.v1

https://doi.org/10.20944/preprints202406.2029.v1


 8 

 

according to manufacturer specifications for amplification and detection, using GoTaq® 1-Step RT-

qPCR System (Promega Corp., Madison, USA). ΔΔCt calculations were performed, relative to 

GADPH reference and expressed logarithmically. 

5. Conclusions 

The spectral composition of light is a critical factor that influences the functioning of 

photosystems in plants, affecting a wide range of physiological and developmental processes. Our 

results showed that a modulation of light quality and quantity, alongside basic fertilization of 

Ocimum basilicum plants can lead to significant increases in the production of the valuable phenolic 

substances, in particular rosmarinic acid, with up to 25%. Moreover, basil microgreens retain their 

biomass production, thus the light treatment does not impede economic reasons and no significant 

stress is recorded in plants. The breadth of the influence of light spectrum variation on plant life 

underscores the importance of this area of study, particularly in the context of artificial lighting in 

agriculture and the potential for targeted manipulation of light spectra to enhance plant growth and 

productivity. 
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