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ABSTRACT. Summer savory (Satureja hortensis L.) is extensively used in 
various pharmaceutical and food industries. Production of this plant in 
controlled environments attracted lots of attention; however, the proper 
lighting environment needs to be designed to achieve optimum yield and 
quality. Therefore, this study aimed to examine the effect of main 
photosynthetic light spectra on phytochemical properties and antioxidant 
capacity of summer savory.  To do this, young summer savory plants in the 
four-leaf stage were grown under different light spectra including red (R), 
white (W), and 70% R and 30% blue (R: B) with same photosynthetic photon 
flux density (PPFD) of LED sources for 50 days. Antioxidant activity, total 
phenol content and essential oil composition were assayed using DPPH 
radical inhibition, Folin-Ciocalteu reagent and gas chromatography-mass 
spectrometry (GC-MS), respectively. Moreover, anthocyanins and soluble 
and stored carbohydrate contents were spectrophotometrically obtained. R-
grown plants had higher anthocyanin (24.87%), starch (129.53%) and 
essential oil content (40.09%) compared to their levels in control (W light). In 
R: B-grown plants, the amount of total phenol (198.30%), soluble 
carbohydrates (65.31%) and essential oil (50.26%) increased compared to 
their amounts in control (W light).  In the next step, to inspect the influence of 
UV-C on the phytochemical contents and antioxidant capacity, plants that 
were grown under three indicated light spectra were exposed to UV-C 
radiation (for 12 h). As a result of UV-C exposure, anthocyanin content was 
increased by 5.96 %, 38.96% and 9.04% in W-, R-, and R: B-grown plants, 
respectively. Percentage of essential oil in plants was also increased by UV-
C exposure by 57.37%, 50% and 43.68% in W-, R-, and R: B-grown plants, 
respectively. The composition of summer savory essential oil was also 
affected by light quality. Therefore, by exposing the plant to different light 



S. Khalighi et al. 
 

100 

spectra, the physiological activities and phytochemical composition of 
summer savory can be changed. 
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INTRODUCTION 
 
In the last two decades, lots of attention is paid to the antimicrobial and 
medicinal properties of plants by the scientific and industrial communities, 
and the use of secondary metabolites of plants in medicine, pharmacy and 
food has been extensively studied and developed (Das et al. 2010). It is 
estimated that at least one third of all medicinal products are of plant origin 
(Tripathi & Tripathi 2003). 

The family Lamiaceae has more than 200 genera and 3500 species, the 
most important genera in this family are Mentha, Rosmarinus, Salvia, 
Thymus, Melissa, and Satureja. Satureja has 30 species; among them, 
Satureja hortensis is an annual and Satureja Montana is a perennial and 
permanent plant (Mihajilov-Krstev et al. 2009). The Satureja is chosen by 
the author Pliny and derived from the Latin name "satureia", an ancient 
word used for some aromatic plants in the eastern Mediterranean (Zavatti 
et al. 2011). 

Summer savory contains hydrocarbons of triterpene, thymol and methyl 
carvacrol, chlorogenic acid, rosmarinic acid, flavonoid compounds and 
phenylpropane (Kemertelidze et al. 2004). Summer savory essential oil 
contains phenolic compounds (Katar et al. 2017), and the leaves contain 
tannins (Hadian et al. 2010), therefore, it has antifungal, antimicrobial, anti-
inflammatory, antioxidant, and anti-diarrheal activities (Mahboubi & 
Kazempour 2011). It has been shown that summer savory can be used for 
treatment of infectious diseases, heart disease, Alzheimer's disease, and 
cancer (Mohtashami et al. 2018). Due to its antioxidant, antimicrobial, and 
biological activities of summer savory, it has diverse applications in food, 
pharmaceutical and cosmetic industries (Adiguzel et al. 2007). Large 
amounts of phenolic compounds such as carvacrol, γ-terpinene, thymol, p-
cymene, β-caryophyllene, linalool and other terpenoids have been 
determined in the essential oil of summer savory. Variation in the essential 
oil and composition of summer savory have been detected among diverse 
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species and conditions (Mohtashami et al. 2018). 
Plants are constantly adapting their growth and physiology to the 

privilege environmental conditions (Galvão & Fankhauser 2015). Light is an 
indispensable and effective environmental cue affecting morphology, gene 
expression, metabolism and physiology of plants (Folta & Carvalho 2015). 
The quality and quantity of received light cause can induce changes in 
plant phytochemical level and composition such as flavonoids, ascorbic 
acid, carotenoids, enzymatic antioxidants and essential oil (Li & Kubota 
2009). 

Certain light spectrum can induce specific responses in plants. R and B 
light have a high influence on plant structure, development of 
photosynthetic systems and synthesis of chemicals (Chen et al. 2018). R 
light increases branch and shoot length, and changes in plant anatomy, 
and B light cause chlorophyll biosynthesis, stomatal opening, enzyme 
synthesis and chloroplast maturation (Shin et al. 2008). Ultraviolet light 
affects the morphology, physiology, photosynthesis and phytochemistry of 
the plant (Hoffmann et al. 2015). 

Extensive free radicals’ production as a result of exposure to UV rays 
has a destructive influence on different scale from DNA, proteins, and 
membrane lipids to the photosynthetic apparatus. In response to UV light 
exposure, plants activate various defense mechanisms, including the 
production of flavonoids such as anthocyanins (Hoffmann et al. 2015). It is 
reported that the B and ultraviolet light increases the carotenoids and 
anthocyanins and R light causes the accumulation of carbohydrates in the 
leaves (Carvalho et al. 2016). 

Light signal transmission depends on a set of receptors and their signal 
pathways that affect the function and content of secondary metabolites (Li 
et al. 2017). Plants have several light receptors, each of them receives a 
specific spectrum of light. Phytochromes typically receive R and far red 
(FR) spectra, while, cryptochromes and phototropins, are B light receptors 
and are able to perceive some UV light, ultimately affecting the shape, 
function, and content of plant primary and secondary metabolites (Briggs & 
Huala 1999). 

Today, Light Emitting Diodes (LEDs) are considered as novel light 
sources for plant production in controlled environments as well as in plant 
research (Li et al. 2013). LEDs have many advantages over other light 
sources, such as long life, small size, reduced energy dissipation and 
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adjustable intensity, and quality (Taulavuori et al. 2018). It has been shown 
that plant growth, development, and chemical compositions are 
differentially affected by different spectral range of LED lights. For example, 
growing Ocimum basilicum (Carvalho et al. 2016; Hosseini et al. 2018; 
Taulavuori et al. 2018), Salvia officinalis and many other plant species (Heo 
et al. 2006) under different LED-provided light spectra resulted in alteration 
in their chemical compositions. 
 
 
MATERIALS AND METHODS 
 
Plant material and growth conditions 
The seeds of the summer savory were planted in plug trays containing cocopeat 
and perlite (1: 2 volumetric ratio). Plants were germinated in greenhouse condition 
at day/night temperature of 25/23°C. At four-leaf stage, plants were transferred to 
pots containing same composition of cocopeat and perlite. The pots were located 
inside three growth chambers (1m, 0.8m, and 1m, height, depth, and width, 
respectively) equipped with white (W), red (R) and red: blue (R: B with the ratio of 
70: 30) LEDs at photosynthetic photon flux density (PPFD) of 200±20 µmol m-2 s-
1. Photoperiod and temperature were set at dark/night light and temperature cycles 
of 16/8 h and 25/23 °C. Plants were daily irrigated with half-strength of Hoagland 
nutrient solution. Following 50 days of plant growth under different light spectra in 
the photosynthetic active radiation (PAR) range, half of the plants that were grown 
under each light spectrum were treated by the UV-C light (Philips TUV 30W / G30 
T8 25P model, Poland) at wavelength of 254 nm from 30 cm distance for 12 hr. 
The treatments included: W: UV, R: UV and R: B: UV indicative of exposure to UV-
C after growth of plants under W, R, and R: B lights, respectively.  
 
Quantification of total phenolic content 
Total phenolic contents in aerial parts of summer savory were determined for each 
treatment by Folin-Ciocalteu method (Chen et al. 2013). Briefly, methanolic extract 
in 500 μl was mixed with 2.5 ml of Folin-Ciocalteu. Following adding 2 ml of 
Na2CO3, the resultant mixture incubated in the darkness at room temperature (2h). 
The absorbance of samples was recorded at 735 nm using a UV-Vis 
spectrophotometer (Lambda 25- UV/VIS spectrometer). 

The total phenolic contents were quantified as mg of gallic acid equivalents per 
g of leaf fresh weight (mg GAE/g FW) using gallic acid calibration curve.  
 
Determination of antioxidant capacity 
The radical detoxification activity of the methanolic extract of summer savory was 
assayed through DPPH method (Chen et al. 2013). In brief, following 30 min 
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incubation of a mixture containing 100 μl of extract and 2 ml of DPPH solutions (0.1 
Mm), the absorbance was measured at 515 nm. The DPPH-scavenging activity (%) 
was determined by the following formula: DPPH-scavenging activity (%) = 
[(Absorbance of control - Absorbance of sample)/ Absorbance of control] × 100 
 
Anthocyanin content 
The anthocyanin concentration in aerial parts of summer savory was determined 
by the protocol described by Teng et al. (2005). Briefly, 250 mg of each sample 
was soaked in 5 ml of acidified methanol (1% v/v HCl) at 4°C for 24 h and then the 
extract absorbance was read at 530 and 657 nm. The concentration of 
anthocyanins was calculated based on the following formula: Anthocyanin content 
(units/g FW) = A530 - 0.25 × A657 
 
Determination of soluble carbohydrates 
Extracts for soluble carbohydrate analysis were provided by grinding 0.5 g plant 
tissue with 5 ml of 96% ethanol for 24 h at 4°C on an incubator shaker. The 
supernatant was separated following centrifugation of the mixture at 3000 g for 10 
min. The sediment was again mixed with 5 ml of 70% ethanol. The obtained 
mixture was kept at 4 °C for 1 h, centrifuged as above and the supernatant 
collected again. Total soluble carbohydrates were determined by reacting 50 μl of 
the supernatant with 3 ml of anthrone reagent (mixture of 150 mg of anthrone with 
100 ml of 72% sulphuric acid). The samples were placed in a water bath at 100°C 
for 10 min. Total soluble carbohydrate was estimated at 625 nm using glucose as a 
standard (Irigoyen et al. 1992). 
 
Quantification of starch content 
To evaluate the starch content, the residue from extraction of soluble carbohydrate 
was dried. The residue was suspended in 5 ml of distilled water and 6.5 ml of 52% 
perchloric acid. After 15 min, the mixture was centrifuged at 2000 g for 10 min. The 
procedure was repeated three times and the supernatants were gathered and 
diluted to the final volume of 100 ml. 2.5 ml of extract was analyzed for starch 
content following the same procedure as that of soluble carbohydrate (McCready 
et al. 1950). 
 
Analysis of essential oil components 
Fresh aerial part from summer savory plants were hydrodistilled using Clevenger-
type apparatus for 4 h. Analysis of the obtained essential oil was performed 
through a Thermoquest gas chromatograph with a flame ionization detector (FID). 
Compounds were separated on a DB-5 column (30 m × 0.25 mm × 0.25 μm) and 
the temperature of the injector was set at 250 °C. Helium (1.1 ml/min) was used as 
carrier gas. The oven temperature was set from 60 °C to 250 °C at the rate of 5 °C 
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min-1. The quadrupole mass spectrometer was scanned over 40-460 amu with a 
70 eV of ionizing voltage and ion chamber temperature was set to 200 °C. The 
compounds were identified by comparison of their mass spectral and retention 
index with those for the internal reference mass spectra library 
 
Statistical analysis  
One-way analysis of variance (ANOVA) and then the Duncan's multiple range (P < 
0.05) were used to study the differences between different light spectra before and 
after UV-C irradiation (indicated with lower-case letters). To observe changes after 
UV-C treatment, student’s t-test was performed (indicated with capital letters). The 
experiment results were statistically analyzed by SAS program (SAS Institute Inc., 
Cary, N.C.). Data were expressed as mean ± SE of three replications. Correlations 
were calculated by Pearson correlation coefficient using SPSS software (SPSS 
Inc., Chicago, USA).  
 
 
RESULTS  
 
Light quality affected total phenolic content in summer savory 
Growth under different light spectra significantly (p < 0.05) affected total 
phenolic content of summer savory. The highest total phenolic content was 
found in summer savory under R: B light (6.15 mg GAE/g FW), whereas its 
lowest value was found in W-grown plants (2.06 mg GAE/g FW). No 
significant difference was found for the total phenolic content among light 
spectra after UV-C exposure. Significant differences were detected in the 
total phenolic content before and after the UV-C exposure in plants that 
were grown under different light spectra. By UV-C application, the total 
phenolic content was remarkably increased only in W-grown plants, while it 
was obviously decreased in plants grown under R and R: B LED lights 
(Figure 1). 
 
Light quality affected antioxidant activity in savory 
Light spectra significantly (p<0.05) influenced antioxidant activity of summer 
savory. The maximum DPPH radical scavenging activity was found in W-
grown plants (85.78%). No differences were detected in antioxidant activity 
among different light spectra after UV-C exposure. The antioxidant activity 
in plants grown under W light were decreased as a result of UV-C 
exposure, but no significant difference detected in antioxidant capacity of 
R- and R:B-grown plants following UV-C exposure (Figure 2). 
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Figure 1. Total phenolic content of summer savory grown under different light 
qualities. Plants grown under white (W), red (R) and 70% red: 30% blue (R: B) 
LED lights, thereafter they were exposed to UV-C for 12 hr. W: UV, R: UV and R: 
B: UV are indicative of plants exposed to 12 h UV-C after growth under W, R and 
R: B lights, respectively. Different lower-case letters indicate significant 
differences among different light spectra, and different capital letters indicate 
significant differences between plants grown under different light spectra before 
and after the UV-C exposure. Columns show mean value of three replications + 
SEM. 

 

 
 

Figure 2. Total antioxidant activity of summer savory grown under different light 
qualities. Plants grown under white (W), red (R) and 70% red: 30% blue (R: B) 
LED lights, after they were exposed to UV-C for 12 hr. W: UV, R: UV and R: B: 
UV are indicative of plants exposed to 12 h UV-C after growth under W, R and R: 
B lights, respectively. Different lower-case letters indicate significant differences 
among different light spectra, and different capital letters indicate significant 
differences between plants grown under different light spectra before and after 
the UV-C exposure. Columns show mean value of three replications +SEM. 
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Light quality affected anthocyanin content in summer savory 
The anthocyanins concentration was the highest in R-grown plants (1.36 
units/g FW) and no significant difference was observed in the anthocyanin 
level of W- and R:B-grown plants before and after UV-C exposure. UV-C 
exposure induced accumulation of anthocyanin irrespective of light spectra 
(Figure 3). 
 

 
 

Figure 3. Total anthocyanin content of summer savory grown under different light 
qualities. Plants grown under white (W), red (R) and 70% red: 30% blue (R:B) 
LED lights, thereafter they were exposed to UV-C for 12 hr. W: UV, R: UV and R: 
B: UV are indicative of plants exposed to 12 hr UV-C after growth under W, R and 
R: B lights, respectively. Different lower-case letters indicate significant 
differences among different light spectra, and different capital letters indicate 
significant differences between plants grown under different light spectra before 
and after the UV-C exposure. Columns show mean value of three replications + 
SEM. 

 
 
UV-C reduced soluble carbohydrate content in summer savory 
Highest amount of soluble carbohydrates was detected in plants grown 
under R: B (23.22 mg /g FW) light before the UV-C exposure. UV-C 
exposure reduced the soluble carbohydrate content in all the plants (Figure 
4), however, soluble carbohydrate content under R light was the highest 
among different light spectra. 
 
R light caused accumulation of starch in summer savory plant 

There was a significant (p < 0.05) difference among starch content of 
plants grown under different light spectra (Figure 5). The highest starch 
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Figure 4. Total soluble carbohydrates of summer savory grown under different light 
qualities. Plants grown under white (W), red (R) and 70% red: 30% blue (R: B) 
LED lights, after they were exposed to UV-C for 12 hr. W: UV, R: UV and R: B: 
UV are indicative of plants exposed to 12 h UV-C after growth under W, R and R: 
B lights, respectively. Different lower-case letters indicate significant differences 
among different light spectra, and different capital letters indicate significant 
differences between plants grown under different light spectra before and after 
the UV-C exposure. Columns show mean value of three replications + SEM. 

 
 

 
 

Figure 5. Total starch content of summer savory grown under different light 
qualities. Plants grown under white (W), red (R) and 70% red: 30% blue (R:B) 
LED lights, after they were exposed to UV-C for 12 hr. W: UV, R: UV and R: B: 
UV are indicative of plants exposed to 12 hr UV-C after growth under W, R and R: 
B lights, respectively. Different lower-case letters indicate significant differences 
among different light spectra, and different capital letters indicate significant 
differences between plants grown under different light spectra before and after 
the UV-C exposure. Columns show mean value of three replications + SEM. 
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content was detected in R-grown plants (40.06 mg/g FW) and this 
superiority was also maintained following UV-C exposure. However, UV-C 
exposure decreased the starch content in plants grown under R and R: B 
lights. 
 
UV-C increased the amount of essential oil and altered its 
composition in summer savory plant 
Table 1 shows the essential oil composition and yield in summer savory 
plants under different light qualities. The highest amount of essential oil 
was obtained in R: B-grown plants both before and after UV-C exposure. 
The essential oil yield was increased by UV-C exposure in all the treated 
plants. Fifteen compounds were identified in summer savory plants in the 
present study. γ-terpinene and carvacrol were determined as the main 
components of summer savory essential oil. The highest γ-terpinene and 
carvacrol concentrations were detected in essential oil of plants exposed to 
UV-C after growth under R and R: B lights, respectively. The highest 
percentages of α-terpinene, p-cymene, β-myrcene, α-thujene and β-
bisabolol in summer savory essential oil were found in W, R: UV, R: UV, R: 
UV and R: B: UV treatments, respectively. δ-2-carene was found in 
summer savory only after the UV-C exposure. 

Strong correlations were observed among some of the essential oil 
compounds in summer savory plants that were grown under different light 
qualities (Table 2). The highest negative correlation was found between the 
carvacrol and γ-terpinene with r = 0.99. Carvacrol was also negatively 
correlated with α-thujene, α-pinene, camphene, β-myrcene and limonene in 
essential oil composition of summer savory plant. 
 
 
DISCUSSION 
 
The yield and quality of plants are a result of gene-environment 
interactions. Light is the main environmental cue directly influencing 
photosynthesis, morphogenesis, plant growth, and accumulation of 
secondary metabolites (Folta & Carvalho 2015; Thoma et al. 2020). 
Recently, there is high tendency to grow plants in controlled environments 
in order to achieve maximum yield irrespective of environmental 
challenges. LED technology provide opportunities to grow plants under 
optimized lighting condition for growth of plants in controlled environments. 
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Table 1. Effect of light qualities on essential oil yield and composition of summer 
savory. 

 

Compound RI 
Treatments 

W 
(%) 

R 
(%) 

R: B 
(%) 

W: UV 
(%) 

R: UV 
(%) 

R: B: UV 
(%) 

α-Thujene 926 1.3833 1.3776 1.2959 1.294 1.6586 0.7798 
α-Pinene 935 0.8221 0.8036 0.7748 0.7262 0.8845 0.5074 
Camphene 953 0.0719 0.0707 0.0732 0.068 0.0785 0.0452 
Sabinene 974 0.1449 0.1594 0.1706 0.1811 0.2063 0.1379 
β-Pinene 982 0.3435 0.3276 0.3646 0.2858 0.2914 0.2575 
β-Myrcene 989 2.3207 2.1594 2.0778 2.0375 2.6551 1.5268 
δ-2-carene 1004 -- -- -- 0.8268 1.0188 0.599 
α-Phellanderene 1010 0.428 0.2538 0.395 0.2621 0.3467 0.2324 
α-Terpinene 1020 4.7483 4.5291 4.4421 2.9478 3.688 2.3605 
p-Cymene 1028 2.7273 1.915 2.0827 2.8442 3.3349 2.0144 
Limonene 1032 0.1627 0.1489 0.1282 0.1279 0.1648 0.0983 
β-Phellanderene 1034 0.1165 0.1203 0.1027 0.0854 0.0886 0.0413 
γ-Terpinene 1065 49.4957 46.2612 44.486 44.8216 54.8781 38.5177 
Carvacrol 1297 35.9914 40.6914 42.7184 41.9126 28.3268 51.9899 
β-Bisabolol 1508 1.2439 1.182 0.888 1.579 2.3791 0.8919 
Essential oil yield (%) -- 0.48 0.67 0.72 0.76 1.01 1.04 

 

Plants grown under white (W), red (R) and 70% red: 30% blue (R:B) LED lights, thereafter they were 
exposed to UV-C for 12 hr. W: UV, R: UV and R: B: UV are indicative of plants exposed to 12 hr UV-C 
after growth under W, R and R: B lights, respectively. 

 
 

Present study aimed to investigate the effect of light spectra on 
phytochemical properties and antioxidant capacity of summer savory. 
Results indicated that light spectrum greatly influencing the bioactive 
compound content and composition of summer savory. Changes in 
secondary metabolites by manipulation of light spectrum is reported 
previously (Ouzounis et al. 2014). Growth of summer savory plants under 
R: B light elevated the total phenolic content (198.30%) compared to the 
control (W light). R and B are the two important light wavebands for 
photosynthesis and metabolite production of plants. For instance, in rose, 
campanula, chrysanthemum, sage and callus culture of Verbena officinalis 
L., R: B light increased phenolic content (Ouzounis et al. 2014; Kubica et al. 
2020; Zhang et al. 2020). All phenolic compounds are originated  from  
shikimate/phenylpropanoid  pathway  in  plants.  In  the  early  step  of  the 
phenylpropanoid   pathway,   the   phenylalanine   ammonia   lyase   (PAL) 



S. Khalighi et al. 
 

110 

Table 2. Correlations among some essential oil compounds in summer savory 
plants grown under different light qualities. 

 

 
 
catalyzes the deamination of phenylalanine to cinnamate and ammonia 
(Urban et al. 2016). B light induction of transcription of those genes taking 
role in the phenolic and flavonoid biosynthetic pathways has been reported 
(Son et al. 2017; Zhang et al. 2019a). It has also been reported that PAL 
activity is stimulated by R or B light (Wojciechowska et al. 2015).  

In the current study, exposure to UV-C reduced total phenolic content in 
R: B-grown summer savory plants but increased phenolic compounds 
under W light. It was shown that UV-C exposure can inhibit PAL activity or 
even degraded PAL (Huyskens-Keil et al. 2020). On the other hands, 
elevated PAL activity by UV-C is also reported (Surjadinata et al. 2017). 
Plant response to UV- C may depend on species and the condition at which 
plants are grown. In Pajaro strawberries, UV-C increased PAL activity and 
phenolic compounds (Nigro et al. 2000), but in tomato UV-C elevated PAL 
transcript levels (Tiecher et al. 2013). In a study on Mentha arvensis L., it 
was found that W:UV light increased the amount of phenolic compounds 
compared to W light alone (Hikosaka et al. 2010).   

In the current study, the highest percentage of free radical scavenging 
activity was detected in W- and R-grown plants. The antioxidant activity of 

Compound 1 2 3 4 5 6 8 10 11 13 14 
α-Thujene (1) 1 - - - - - - - - - - 
α-Pinene (2) 0.98** 1 - - - - - - - - - 
Camphene (3) 0.96** 0.98** 1 - - - - - - - - 
Sabinene (4) - - - 1 - - - - - - - 
β-Pinene (5) - - - - 1 - - - - - - 
β-Myrcene (6) 0.97** 0.95** 0.91* - - 1 - - - - - 
δ-2-carene (7) - - - - - - - - - - - 
α-Phellanderene (8) - - - - - - 1 - - - - 
α-Terpinene (9) - - - - 0.91** - - - - - - 
p-Cymene (10) - - - - - -  1 - - - 
Limonene (11) 0.91* 0.93** 0.85* - - 0.94** - - 1 - - 
β-Phellanderene (12) - 0.82* - - 0.82* - 0.93** - - - - 
γ-Terpinene (13) 0.94** 0.90* 0.84* - - 0.98** - - 0.93** 1 - 
Carvacrol (14) -0.95** -0.91* -0.86* - - -0.99** - - -0.93** -0.99** 1 
β-Bisabolol (15) - - - 0.83* - - - 0.89* - 0.81* -0.82* 
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plants is also depend on species and the cultivation conditions (Lobiuc et 
al. 2017). In lamb's lettuce and broccoli, R light improves antioxidant activity 
(Wojciechowska et al. 2015; Jiang et al. 2019), while in coriander R light 
decreases antioxidant activity (Naznin et al. 2016). In the green and red 
basil microgreens, free radical scavenging activity improved by 
predominantly R and B lights, respectively (Lobiuc et al. 2017).  

UV-C application reduced the percentage of DPPH scavenging activity 
in summer savory plants grown under W light but not under the R and R: B 
lights. It has been reported that the reduction in antioxidant activity as a 
result of high dose of UV-C irradiations is the consequence of activation of 
antioxidant machinery to remove the reactive oxygen species accumulated 
due to UV exposure (Papoutsis et al. 2016). Furthermore, some antioxidant 
compounds, including L-ascorbic acid, are degraded by UV-C (Tikekar et 
al. 2011).  

The findings of present study shown that the highest anthocyanin 
concentration was obtained in summer savory plants grown under R light. 
Anthocyanins are synthesized via the flavonoid pathway. Light affects 
flavonoid production by changes in gene expression (Kokalj et al. 2019). 
Several studies have shown that B or R lights stimulate the synthesis of 
anthocyanins via cryptochrome and phytochrome light receptors, 
respectively (Huyskens-Keil et al. 2020). In cranberry fruit accumulation of 
anthocyanin as a result of R light has been reported (Zhou & Singh 2004). 
In summer savory plants grown under different light spectra, anthocyanin 
synthesis stimulated by UV-C exposure. Anthocyanins in return provide a 
filter layer against UV-C penetration (Zhang et al. 2019b). A recent study in 
peach revealed that the expression of dihydroflavonol 4-reductase, 
anthocyanidin synthase and UDP-glucose: flavonoid 3-O-
glucosyltransferase, the genes involved in the process of anthocyanins 
synthesis, are provoked by UV-C (Zhou et al. 2020).  

When R and B lights are used together resulted in the accumulation of 
the soluble carbohydrates in summer savory, and R light alone caused the 
highest level of starch. Soluble carbohydrates and starch are the major 
photosynthetic products. Starch is the main reserve carbohydrate in higher 
plants and soluble carbohydrates have indispensable role in growth and 
metabolism through controlling the carbon gain by metabolically active sink 
(Koch 2004). Chlorophyll molecules absorb B and R light spectra. R light 
influences chlorophyll accumulation, photosynthetic functionality and 
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accumulation of starch, while B light is mainly influencing the chlorophyll 
biosynthesis, chloroplast development, and provoking stomatal opening 
(Wang et al. 2016; Li et al. 2017). B light stimulates starch degradation 
through promotion of stomatal opening (Wei et al. 2020). Accumulation of 
carbohydrates occurred in tomato plants grown under combination of R and 
B lights when compared to the carbohydrate content of W-grown plants (Li 
et al. 2017). R and B lights promote photosynthesis and as the result 
accumulation of soluble carbohydrates. In rapeseed, R light induced starch 
accumulation that attributed to inhibition of photosynthesis product's 
translocation out of the leaves (Li et al. 2013). 

UV-C application decreased the levels of soluble carbohydrates and 
starch in summer savory except in plants treated with W light. UV-C 
negatively influencing the Chlamydomonas photosynthetic functionality and 
decreased the concentration of soluble sugars (Colina et al. 2020). While, 
the accumulation of starch is reported by UV exposure in potato, lily bulb 
and Chlamydomonas (Lin et al. 2017; Huang et al. 2017; Colina et al. 
2020). In the case of lily bulb, it has been indicated that suppression the 
activity of starch-degrading enzymes is the reason for such accumulation 
(Huang et al. 2017). 

Maximum yield of summer savory essential oil was found in R: B-grown 
plants followed by R-grown plants. Furthermore, UV-C exposure induce 
accumulation of essential oil in all plants. Inductive impact of R, B and UV 
lights on the induction of essential oils and phenolic compounds production 
has been reported in diverse herb species compared to the impact of W 
light or sunlight on the production of those compounds (Dou et al. 2017). R 
light has been reported to improve photosynthesis compared than B light 
(Dou et al. 2017) and R and B light combination exhibit better 
photosynthetic activity than monochromatic R light.  

UV light is considered as a stress factor especially for the 
photosynthesis of plants, while essential oil play role in protecting plants 
against UV radiation (Dou et al. 2017). In the current study, the 
compositions of essential oils in plant were affected by the lighting 
treatments. The highest percentage of γ-terpinene and carvacrol, as the 
two main components of summer savory essential oil, were found in plants 
treated with UV-C following growth under R and R: B light treatments, 
respectively. Previous studies revealed that the composition of plant 
essential oil changes in response to light quality in a species-dependent 
manner (Mulas et al. 2006; Katar et al. 2017; Hosseini et al. 2018). The 



Light quality affects phytochemicals and antioxidant capacity of Satureja hortensis 
 

113 

findings of current study showed a negative relationship between carvacrol 
and α-thujene, α-pinene, camphene, β-myrcene, limonene and its 
precursor, γ-terpinene. This finding was consistent with previous study on 
summer savory (Mohtashami et al. 2018). It seems promoting the 
conversion of γ-terpinene to carvacrol through environmental stimuli is a 
feasible way to increase carvacrol in plants. 
 
 
CONCLUSION 
 
Quality improvement of medicinal plants is important to meet growing 
demand for herbal food and pharmaceutical products. Spectrum is an 
important attribute of light that affects plant secondary metabolism. The 
findings obtained from the current study revealed dependency of the 
summer savory quality on the spectrum of the lighting environment. Quality 
of summer savory was improved by growing this plant under R and B 
spectral combination or monochromatic R light rather than its quality under 
the regular W spectrum. In addition, short-term exposure to UV-C can lead 
to an improvement in summer savory quality. Therefore, considering the 
light quality of the environments where medicinal plants are produced is of 
great importance. 
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