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ABSTRACT 

Ginseng sprouts have a high content of saponins (ginsenosides) in their 

shoots, and their value as medicinal vegetables is increasing. However, there 

are no standardized cultivation guidelines for ginseng sprouts for raw foods, 

and the effect of light quality on growth and ginsenoside content in ginseng 

sprouts is not clear. The objective of this study was to analyze the growth and 

ginsenoside content of ginseng sprouts aeroponically grown in plant factories 

under far-red and ultraviolet-B (UV-B) light treatments. One-year-old ginseng 

seedlings (Panax ginseng C. A. Meyer) were transplanted into a plant factory 

with a photosynthetic photon flux density of 50 μmol m-2 s-1 using light-

emitting diodes of red:blue = 1:1. Based on the phytochrome photostationary 

state value of solar radiation equal to 0.72, different far-red light treatments 

with 18 µmol m-2 s-1 for 16 h per day were applied from 0, 6, and 12 days after 
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transplanting (DAT). For UV-B light treatments, different UV-B radiation 

exposure times with 0.1 W m-2 dose were applied for 1, 2, and 3 h on the day 

before harvest. Under normal growth conditions, suitable harvest date for 

aeroponically grown ginseng sprouts was determined to be 18 DAT due to a 

notable increase in stem hardness. Under additional far-red light, the electron 

transport rates of photosystems II and I of ginseng leaves increased, and 

nonphotochemical quenching decreased only at higher light intensities. Far-red 

light treatments significantly lowered the stem hardness but did not induce 

significant differences in other growth factors or ginsenoside contents, 

regardless of duration. Under additional UV-B radiation, no significant 

differences in photochemical characteristics or ginsenoside content were 

observed. As a result, additional far-red lighting can be utilized to maintain low 

stem hardness and extend the cultivation period. 

 

Keywords: Aeroponics, Light quality, Medicinal plant, Panax ginseng, Saponin, 

Stem hardness 
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INTRODUCTION 

Ginseng is a representative medical plant and has long been used as a 

medical ingredient. Ginseng is reported to have antidiabetic (Cho et al. 2006; 

Vuksan et al. 2008), anticancer (Nakata et al. 1998; Li et al. 2012), 

neuroprotective (Liao et al. 2002; Ye et al. 2013), immunomodulatory (Kang 

and Min 2012; Zhu et al. 2015), and antistress (Rai et al. 2003; Lee and Rhee 

2017) effects. These useful effects are due to ginseng saponin (ginsenoside), 

which is known as the main ingredient of ginseng (Shibata et al. 1963). 

Although ginseng roots have been mainly used as a medical ingredient, recent 

studies have found that ginseng leaves and stems contain higher levels of 

ginsenosides than roots during early growth stages (Kim et al. 2010a; Kim et 

al. 2015). In this respect, ginseng sprouts that can be eaten whole from leaf to 

root are gaining the spotlight as a healthy food. However, ginseng, which is a 

perennial semishade plant belonging to the Araliaceae family, does not prefer 

high temperature and high light conditions, so it is generally grown under shade 

nets (Won et al. 2008; You et al. 2015). In fact, leaves of ginseng grown under 

conventional cultivation environments cannot be eaten due to frequent disease 

and residual pesticides (Kim et al. 2010b; Lee et al. 2011).  

Recently, plant factories with artificial lighting have been used for ginseng 

sprout production, which are free from external pollutants or diseases. 

Moreover, precise environmental control can improve the uniformity and yield 
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of crops (Kozai 2013). Jeong et al. (2018) reported that a growth period of 1 to 

4 months can be favorable for year-round production of ginseng sprouts. 

However, despite the advantages of ginseng sprout production in plant 

factories, there are no clear cultivation guidelines considering growth 

characteristics and rheological properties. 

Meanwhile, light plays an important role in plant growth and development; 

in particular, light quality has a notable influence on plant growth and 

secondary metabolite production (Kim et al. 2004; Shohael et al. 2006; Shimizu 

2016). A previous study reported that the intensity and ratio of red light affects 

the morphological properties and ginsenoside components of ginseng sprouts 

(Jang et al. 2020). In general, far-red light is known to increase plant growth 

indirectly through leaf expansion and thereby improve whole-plant net 

assimilation (Demotes-Mainard et al. 2016; Lee et al. 2016; Park and Runkle 

2017; Kalaitzoglou et al. 2019). As a defense mechanism, plants generate 

various secondary metabolites under ultraviolet-B (UV-B) light (Jansen et al. 

1998; Kakani et al. 2003; Jenkins 2009; Mewis et al. 2012; Hideg et al. 2013). 

In particular, the synthesis of saponins in medicinal plants such as Glycyrrhiza 

uralensis, Withania somnifera, and Coleus forskohlii was triggered by UV-B 

radiation (Afreen et al. 2005; Takshak and Agrawal 2014, 2015). 

However, few studies have improved the growth and ginsenoside content 

of ginseng sprouts by changing the light quality with supplemental UV-B and 

far-red light. The objective of this study was to analyze the growth and 
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ginsenoside content of ginseng sprouts aeroponically grown in plant factories 

under far-red and UV-B light treatments. 
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LITERATURE REVIEW 

Ginseng and ginseng saponin 

Ginseng is reported to have antidiabetic (Cho et al. 2006; Vuksan et al. 

2008), anticancer (Nakata et al. 1998; Li et al. 2012), neuroprotective (Liao et 

al. 2002; Ye et al. 2013), immunomodulatory (Kang and Min 2012; Zhu et al. 

2015), and antistress (Rai et al. 2003; Lee and Rhee 2017) effects. The 

mechanism of action for ginseng had been known after ginseng saponin 

(ginsenoside) were extracted by Shibata et al. (1963). Ginsenosides have been 

shown to be the major pharmacological ingredient among the components in 

ginseng (Cheng et al. 2013). More than 150 different types of ginsenosides have 

been isolated and identified that are contained in all parts of ginseng plant 

(Christensen 2008). According to the skeleton of the aglycones, ginsenosides 

are classified as two main types of dammarane and oleanane (Tritsch et al. 

2010). Most ginsenosides of Panax ginseng are composed of a dammarane 

skeleton which consists of protopanaxadiol (PD) and protopanaxatriol (PT) 

(Lee et al. 2017). The total ginsenoside content is also important, but the PD/PT 

ratio is an important factor in terms of pharmacological efficacy (Jin et al. 

1999). The PD lowers blood pressure and has a sedative effect, while the PT 

acts as a stimulant and increases blood pressure (Park et al. 1982). In the whole 

plant, the roots have been mainly used as a medical ingredient, but the leaves 

and stems contain more ginsenosides than the root during early growth stages 
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(Kim et al. 2010a; Kim et al. 2015). However, the leaves grown under 

conventional cultivation environments cannot be eaten due to frequent diseases 

and residual pesticides (Kim et al. 2010b; Lee et al. 2011). 

 

Plant factories for medicinal plants  

As a new plant production system, plant factory with artificial light can 

safely cultivate plants from external hazards and precisely control the 

environment, improving the uniformity and high yield of crops as well as 

resource use efficiency (Kozai 2013). High productivity can be achieved 

through uniform lighting, temperature and relative humidity obtained by 

minimizing the interaction with the external climate. Controlling these 

interactions can also improve the efficient uses of energy, water and CO2
 (Goto 

2012). And plant factories can increase the productivity per area by extending 

plant cultivation to a vertical dimension, thus improving the utilization 

efficiency of crop production land (Eigenbrod and Gruda 2015). In addition, 

plant factories are more advantageous than greenhouses in controlling 

environmental factors, in particular, light quantity and quality (Kozai et al. 

2019). Plant factories can be one of the new ways to grow medicinal plants, 

because all environmental factors can be controlled without any restrictions on 

climate and location (Goto 2016). Secondary metabolites in plants, which are 

major ingredients for medicine, are influenced by environmental factors such 
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as light, water, CO2, and temperature (Akula and Ravishankar 2011). Root-zone 

temperature promoted the accumulation of secondary metabolites of 

Coriandrum sativum L. grown in plant factories (Nguyen et al. 2020). 

Perillaldehyde concentrations of green perilla bin ware significantly affected 

by light intensity and electrical conductivity of nutrient solution (Lu et al. 2017). 

Lutein and β-carotene concentrations in spinach highly depend on light quantity 

and quality (Li et al. 2009). 

 

Plant response according to far-red and UV-B light  

Light affects the growth, morphogenesis and production of phytochemical 

compounds (Cioć et al. 2018). In particular, light quality has a great influence 

on plant growth and secondary metabolite production (Kim et al. 2004; Shohael 

et al. 2006, Shimizu 2016). In this regard, LEDs that have specific wavelengths 

are used to optimize the crop production and quality, thus enabling the target 

accumulation of plant antioxidant compounds (Loi et al. 2021). Far-red light is 

known to increase plant growth indirectly through leaf expansion, petiole 

elongation, and thereby improving the net assimilation whole-plant (Demotes-

Mainard et al. 2016; Lee et al. 2016; Park and Runkle 2017; Kalaitzoglou et al. 

2019). End-of-day lighting is being used to modulate extension growth by 

controlling the red:far-red ratio to improve the commercial value of ornamental 

plants (Zhang and Runkle 2019). Although UV-B can damage plants by causing 
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DNA damage and reactive oxygen species production, plants can produce 

various secondary metabolites under UV-B as one of the defense mechanism 

(Jansen et al. 1998; Kakani et al. 2003; Jenkins 2009; Mewis et al. 2012; Hideg 

et al. 2013; Lazzarin et al. 2020). In particular, the synthesis of saponins in 

medicinal plants such as Glycyrrhiza uralensis, Withania somnifera, and 

Coleus forskohlii was triggered by UV-B radiation (Afreen et al. 2005; Takshak 

and Agrawal 2014, 2015). Short exposure to UV-B led to an elevated 

expression of defense-related genes, increasing the resistance to pests in 

tomatoes (Escobar Bravo et al. 2019). In addition, UV-B light increases net 

plant photosynthesis of various plant species under high levels of 

photosynthetic active radiation (Lazzarin et al. 2020). 
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MATERIALS & METHODS  

Plant materials and growth conditions 

One-year-old spring ginseng roots (Panax ginseng C. A. Meyer) were used 

for the experiments. Pesticide-free ginseng roots were purchased from a farm 

and stored at -3°C. One day before planting, ginseng roots were moved to 

storage at 2°C and defrosted. Approximately 0.8 g of ginseng that was not soft 

and flawless was selected and planted in 4 cultivation boxes (L × W × H, 21 × 

40 × 19 cm). For the nursery stage, the roots were grown in the dark until the 

stem grew 3 to 5 cm and then were grown at a photosynthetic photon flus 

density (PPFD) of 10 μmol m-2 s-1 for 16 h light periods using fluorescent tubes 

(FL40EX-D-2, Kumho Electric Inc., Seoul, Korea). Tap water was sprayed for 

5 s every 30 min using an aeroponic cultivation system. Three days after 

lighting, the plants were transplanted into cultivation systems (L × W × H, 83 

× 133 × 26 cm) in a plant factory using red and blue light-emitting diodes 

(LEDs) with spectrum peaks of 450 and 660 nm, respectively. The PPFD was 

set at 50 ± 2 µmol m-2 s-1 based on previous research (Jang et al. 2015b). The 

ratio of red and blue light was set at 1:1 based on previous research on ginseng 

growth and ginsenoside content (Jang et al. 2020), and the relative spectral 

distributions of red and blue LEDs are described in Fig. 1a. For the seedling 

and cultivation stages, the temperature and relative humidity were maintained 

at 19.5 ± 1.5°C and 70 ± 10%, respectively. The PPFDs and spectral irradiance 
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were measured using a quantum sensor (LI-250A, LI-COR, Lincoln, NE, USA) 

and a spectroradiometer (C-7000, Sekonic, Tokyo, Japan), respectively. The 

temperature and relative humidity were measured using a logger (Testo 174; 

Testo GmbH & Co., Lenzkirch, Germany). All buds were removed to facilitate 

the growth of shoots and roots. Among the plants with one to three petioles, the 

plants with two petioles were selected for growth comparison. 

  



10 

 

  
Fig. 1. Relative spectral distributions of red + blue (a), red + blue + far-red (b), 

and UV-B (c) light emitting diodes (LEDs) used in this study. 
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Far-red light treatment 

Based on the phytochrome photostationary state (PSS) value (Sager et al. 

1988) of solar radiation equal to 0.72, the ratio of red and far-red (FR) light was 

maintained at 1.2. To match this ratio, the far-red light intensity was 18.5 μmol 

m-2 s-1 using far-red LEDs with a spectrum peak of 730 nm (EPILEDS, Tainan, 

Taiwan) (Fig. 1b). Far-red light treatments with different times and durations 

were applied to identify the changes in growth and ginsenoside content (Fig. 

2a). In the treatments, n in FRn indicates the days of the treatment. FR18d is a 

continuous irradiation of far-red light from the date of transplantation to the 

date of harvest. FR12d and FR6d are the far-red light treatments from 6 and 12 

days after transplanting (DAT) to the date of harvest, respectively. 
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UV-B radiation treatment 

For UV-B radiation treatments, UV-B LEDs with a spectrum peak of 310 

nm (Ericsong Company Ltd., Bucheon, Korea) were used (Fig. 1c). UV-B 

radiation exposure with a dose of 0.1 W m-2 was applied for 1, 2, and 3 h (0.36, 

0.72, and 1.08 kJ m-2 d-1, respectively) on the day before harvest (Fig. 2b). The 

UV-B doses were equivalent to biologically effective UV radiation (UVBE) 

doses of 36, 72 and 108 J m-2 d-1, calculated using a biological spectral 

weighting function in the UV range (Flint and Caldwell 2003). According to 

the UVBE/photosynthetically active radiation (PAR) ratio of the standard solar 

spectrum on AM 1.5 (ASTM G173-03 2012), the UV-BBE/PAR ratios in this 

experiment were 50%, 100% and 150%. The light intensity and spectrum of the 

UV-B LED were measured with a UV sensor (MU-200, Apogee Instruments 

Inc., Logan, UT, USA) and a spectroradiometer in the range of 280–400 nm 

(Blue-Wave spectrometer, StellarNet Inc., Tampa, FL, USA). 
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Fig. 2. Schematic diagram of far-red (a) and UV-B (b) light treatments. FR18d, 

FR12d, and FR6d indicate the additional far-red radiation to the control 

from 0, 6, and 12 days after transplanting (DAT) to harvest, respectively. 

UV1h, UV2h, and UV3h indicate 0.1 W m-2 UV-B radiation for 1, 2, and 3 

h on the day before the harvest date, respectively. Refer to Fig. 1 for the 

light spectra of far-red and UV-B light treatments. 
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Growth measurement 

Fresh and dry weights of leaf, stem, root, leaf area, stem length, and stem 

hardness were measured. Fresh weights were measured immediately after 

harvest, and dry weights were measured after those samples were oven-dried at 

70°C for 120 h. Leaf area and stem length were measured using ImageJ 

software (U.S. National Institutes of Health, Bethesda, MD, USA). Stem 

hardness was measured using a CT3 texture analyzer (AMETEK Brookfield, 

Middleboro, MA, USA). In the experiment, to investigate an adequate harvest 

date, 10 plants were sampled every 3 days in a typical cultivation environment. 

Five plants were sampled every 6 days in an experiment to detect the change 

by treating far-red and UV-B light. 

 

Chlorophyll fluorescence measurement 

The chlorophyll fluorescence was measured with a chlorophyll 

fluorescence meter (Handy PEA, Hansatech Instruments, Kings Lynn, UK) at 

room conditions. The middle part of each leaf was dark-adapted for 15 min 

using a leaf clip (HPEA/LC, Hansatech), with 5 replicates per treatment. The 

measurements were performed using a saturating pulse of 1500 μmol m−2 s−1 (a 

pulse duration of 1 s and a fixed gain of 1 ×) to obtain the maximal 

photochemical efficiency of photosystem II (Fv/Fm), which was calculated as 

[maximal fluorescence (Fm) - minimal fluorescence (F0)]/Fm. The electron 
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transport rates of photosystems I and II (ETRI and ETRII, respectively) and 

nonphotochemical quenching (NPQ) were measured in light curve mode using 

a Dual-PAM-100 measuring system (Dual PAM-100, Heinz Walz, Effeltrich, 

Germany) with software (Dual PAM v1.19, Heinz Walz). The light curve was 

determined with PPFDs of 0, 10, 18, 36, 94, 172, 214, 330, 501, 759, and 1,178 

μmol m–2 s–1 for 30 s duration. The saturation pulse was 10,000 μmol m–2 s–1 

for 300 ms. The actinic light was 31 μmol m–2 s–1, which is approximately half 

of the light intensity in the cultivation stage. 

 

Analysis of ginsenosides by HPLC 

The process of ginsenoside extraction was conducted by dividing ginseng 

shoots and roots. After soaking the freeze-dried ginseng shoots and roots in 2 

mL of 70% methanol and homogenizing for 1 min, the samples were extracted 

using an ultrasonic bath (Hwashin Powersonic 420-1, Hwashin Tech Co., Ltd., 

Seoul, Korea) at 50°C for 30 min. After ultrasonic extraction, centrifugation 

was performed for 5 min at 13,000 rpm, and the supernatant was filtered using 

a 0.45 syringe filter (SV13P045NL, Hyundai micro, Seoul, Korea) for HPLC 

analysis. The P grade ginsenoside standards Rg1, Re, Rb1, Rc, Rb2, and Rd were 

purchased from ChromaDex (ChromaDex Inc., Santa Anna, CA, USA). The 

ginsenoside content was analyzed using an HPLC system (Ultimate3000, 

Thermo Fisher, Waltham, MA, USA) equipped with an autosampler and a UV 
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detector using a C18 column (4.6 mm x 250 mm, 5 µm, YoungjinBiochrom, 

Korea). Gradient elution was performed using solvent A (acetonitrile) and 

solvent B (distilled water). The flow rate of the mobile phase (0–1 min, 5% A; 

1–45 min, 5–70% A; 45–50 min, 70–90% A; 50–55 min, 90% A; 55–56 min, 

90–5% A; 56–60 min, 5% A) was 1 mL min-1, and the column temperature was 

40°C. The samples were detected at an absorbance of 203 nm.  

 

Statistical analysis 

All statistical analyses were performed using R software (The R foundation, 

Vienna, Austria). The statistical significance of the differences was determined 

using Duncan’s multiple tests and one-way analysis of variance, evaluating 

significant differences at p < 0.05. 
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RESULTS AND DISCUSSION 

Growth of ginseng sprout according to DAT 

The leaflets began to fully expand from 3 DAT, and the leaf area and leaf 

dry weight gradually increased (Fig. 3). The dry weight of the stem gradually 

increased to 21 DAT. The fresh weight of the root decreased sharply to 3 DAT, 

did not change until 15 DAT, and increased after 18 DAT. The dry weight of 

root also decreased steeply to 3 DAT, remained constant until 9 DAT, and then 

increased, showing a steeper increase than the fresh weight. The total fresh 

weight of ginseng sprouts initially decreased below 1.07 g when planted in the 

plant factory, then began to increase from 12 DAT to 1.19 g, and increased 

gradually afterwards. The stem length increased steeply to 12 DAT and then 

gradually increased to 21 DAT. The stem hardness increased steeply by 12 

DAT, remained constant at 18 DAT, and then increased steeply again at 21 

DAT.  

The stem hardness at 21 DAT was 22.9 N, which is approximately 125% 

larger than that at 18 DAT, becoming too tough to eat raw. This is consistent 

with the results of Seong et al. (2019), who determined that a stem hardness of 

19.2 N or more was regarded as a hardened stem that was not marketable. 

Therefore, it was suggested that 18 DAT or earlier is appropriate for harvest 

considering stem hardness. The change pattern of the root weight decreasing 

sharply to 3 DAT in this study can be explained by the source-sink theory 
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(Marchi et al. 2005; Lemoine et al. 2013). After planting ginseng roots, the root 

weight decreased since the nutrients in the root were used for the growth of the 

shoot (Jeong et al. 2018). Afterwards, the distribution of assimilation products 

by photosynthesis increased the fresh and dry weight of roots. In conclusion, 

the growth of ginseng sprouts increases gradually, but given its rheological 

properties, harvesting at 18 DAT before the stem hardens is adequate for 

ginseng sprouts of high commercial value. 
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Fig. 3. Growth characteristics of leaves, stems, and roots of ginseng sprouts 

(Panax ginseng) at days after transplanting (DAT). The vertical bars 

indicate standard deviations (n = 10). 
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Characteristics of ginseng growth with far-red light treatment 

When the ginseng sprouts were treated with far-red light immediately after 

transplanting (FR18d), both the total fresh and dry weights of the plants did not 

have significant differences compared to the control regardless of measurement 

time (Fig. 4). In particular, there were no significant differences in stem length, 

leaf area, leaf fresh and dry weight, or stem fresh and dry weight, and the 

growth factors excluding roots even tended to decrease at 18 DAT (Table 1). 

The growth of the plants had no significant differences in any growth factor 

except stem hardness between the far-red light treatment and the control. The 

stem hardness in the far-red treatment was significantly lower than that in the 

control. 

The far-red light did not result in a significant difference in the growth of 

ginseng sprouts (Table 1, Fig. 4). In general, however, far-red light is known to 

accelerate leaf expansion and plant growth (Demotes-Mainard et al. 2016; Lee 

et al. 2016; Park and Runkle 2017; Kalaitzoglou et al. 2019). Kim et al. (2020) 

also reported that the leaf area of ginseng was increased and the fresh weight 

of the shoot was increased by far-red light. However, a recent study showed 

that blue light can work as an attenuator for far-red effects on plant growth 

(Park and Runkle 2019), which can be the cause of no effect on growth by far-

red light in this study. In this study, a high fraction of blue light (50%) was used 

to improve the growth and ginsenoside content based on a previous report (Jang 
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et al. 2020). Meanwhile, Kim et al. (2020) showed that the leaf area and the 

total fresh weight were most improved when treated with red and blue light 

only with a 20% blue light ratio. Additionally, low levels of PPFD and far-red 

light can play a role as shade for plants (Hersch et al. 2014; Pedmale et al. 2016). 

In this respect, additional far-red light at a low PPFD level of 50 μmol m-2 s-1 

can have no effect on growth expansion. The short growth period of 18 days 

after transplanting can be insufficient to make a difference in the growth of 

ginseng sprouts by far-red treatment. Meanwhile, the far-red treatment 

produced significantly lower stem hardness than the control. Therefore, far-red 

treatment for several days before harvest can lower the stem hardness, which is 

expected to improve the texture of the stem. In other words, far-red lighting can 

be used to keep the stem hardness low and extend the cultivation period, 

producing larger ginseng sprouts. 
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Fig. 4. Total fresh and dry weights of ginseng sprouts that were treated with 

far-red light from the date of transplantation to the date of harvest (FR18d). 

The vertical bars indicate standard deviations (n = 5). Refer to Fig. 2a for 

the treatment. 
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Table 1. Growth of ginseng sprouts (Panax ginseng) under different far-red treatments at 18 days after transplanting. Refer 

to Fig. 2 for treatments. 

Treatment 
Stem length 

(cm) 

Leaf area 

(cm²) 

Fresh weight (mg) Dry weight (mg) Stem hardness 

(N) Leaf Stem Root Leaf Stem Root 

Control 6.35 
N.S.

 26.21 
N.S.

 312 
N.S.

 245 
N.S.

 776 ab
y
 73 

N.S.
 33 

N.S.
 139 ab 18.93 a 

FR18dz 5.95 24.52 271 217 812 a 68 28 156 a 15.39 b 

FR12d 6.21 24.97 285 222 629 c 67 28 119 b 15.95 b 

FR6d 6.01 26.32 307 218 670 bc 75 29 126 b 15.08 b 

zFR18d, FR12d, and FR6d are far-red light treatments from the day after transplanting (DAT), 6 DAT, and 12 DAT to harvest, 

respectively 

yDifferent letters indicate significant differences by Duncan’s multiple range test at p < 0.05 

N.S.Not significant at p < 0.05 (n = 5) 
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Photochemical characteristics of ginseng leaves under far-red and UV-

B treatments 

The additional far-red light increased ETRII and ETRI and decreased NPQ 

only at higher light intensities (Fig. 5). At the highest level of PPFD, the ETRI 

in all FR treatments was higher, the ETRII in the FR12d treatment was higher, 

and the NPQ in the FR6d and FR12d treatments was lower than that in the 

control. In the UV treatment, the ETRII and ETRI showed the opposite 

tendency as the FR treatment (Fig. 5). On the other hand, the Fv/Fm was 0.79–

0.81 for all treatments with no significant difference (data not shown), which 

indicated normal leaves with intact photochemical activity of PSII. Although 

the Fv/Fm is one of the representative indicators of plant stress, the level tends 

to be less sensitive to light quality as well as abiotic stress than other 

chlorophyll fluorescence parameters (Yang et al. 2018; Yoon et al. 2020a, 

2020c). Similarly, a previous study showed increased NPQ, decreased 

photochemical efficiency and unchanged Fv/Fm in grapevine leaves exposed to 

UV radiation (Martínez-Lüscher et al. 2013). 

These ETR and NPQ results under the FR treatment were consistent with 

previous research, which showed that the long-term effect of far-red light on 

the quantum yield of photosystem II was accompanied by a reduction in NPQ 

(Zhen and Iersel 2017). In general, far-red light causes unbalanced excitation 

of photosystems I (PSI) and II (PSII) and preferentially excites PSI 
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(Hogewoning et al. 2012). Synergistically combined with short wavelength 

light, such as red and blue light, which overexcites PSII, the excitation of PSI 

under far-red light can enhance photosynthetic efficiency (Zhen et al. 2019). In 

this study, although the additional far-red light enhanced photochemical 

efficiency, the low PPFD level may not be enough to enhance plant growth 

(Table 1). Considering the photochemical efficiency and growth results in this 

study, it is necessary to find an optimal light intensity and quality at a light 

intensity higher than 50–80 μmol m-2 s-1, which are commercial conditions in 

current plant factories. 
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Fig. 5. Electron transport rates of photosystems I and II (ETRI and ETRII, 

respectively) and nonphotochemical quenching (NPQ) in ginseng sprouts 

that were treated with far-red and UV-B light. The vertical bars indicate 

standard deviations (n = 3). Refer to Fig. 2 for the treatment. 
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Changes in ginsenoside content under far-red and UV-B treatments 

The total ginsenoside content in shoots under far-red or UV-B light 

treatment did not show a significant difference compared to the control (Table 

2). In particular, the total ginsenoside content in shoots was smaller under 

longer treatments of far-red or UV-B light, indicating that when ginseng sprouts 

are grown for a short period of time, far-red or UV-B light does not have a 

positive effect on the ginsenoside content in shoots. Meanwhile, there was no 

significant difference in all kinds of ginsenosides in roots (Table 3). The total 

ginsenoside content per plant showed no significant difference between the 

treatments and tended to be lower in the treatment than in the control (Fig. 6). 

There have been few studies exploring the effect of light quality, such as 

far-red light, on ginsenoside content. In contrast to this study, Kim et al. (2020) 

reported that supplemental far-red light to red, green, and blue or to white LEDs 

increased ginsenoside content. Several studies have reported that UV-B 

radiation improves the antioxidant capacities and bioactive compounds of 

vegetables such as Brassica oleracea L., Hypericum perforatum L., and 

Lactuca sativa L. (Brechner et al. 2011; Lee et al. 2014; Yoon et al. 2020b). In 

contrast, it is difficult to conclude that there was a positive effect on ginseng 

shoots using UV-B treatment in this research. In previous studies, UV-B 

radiation exposure to Centella asiatica also did not affect the saponin 

concentration (Müller et al. 2013). However, the ginsenoside of 
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protopanaxadiol (PD) is known to be converted to the ginsenoside of 

protopanaxatriol (PT) as a defense mechanism under high light stresses 

(Haralampidis et al. 2001; Jang et al. 2015a). Similar to the previous study, the 

Rd content became lower with longer far-red and UV-B light treatments in this 

study. However, although there was no significant difference, the Rg1 content 

at UV2h or UV3h tended to be higher than that at the control. Rg1 has 

antioxidant and anti-inflammatory functions and recovers neural damage 

associated with the brain (Li et al. 2017; Gao et al. 2020). Therefore, to improve 

this efficacy, UV-B irradiation with more than 100% UV-B/PAR over a day 

under natural conditions may be a good method. In roots, there was almost no 

difference in all kinds of ginsenoside contents with far-red light and UV-B 

radiation treatments. Jang et al. (2020) also reported that changes in ginsenoside 

content with combinations of red and blue light were less common in roots than 

in leaves, and the total ginsenoside content in roots was not significantly 

different. Therefore, the reason that the ginsenoside content in roots was not 

affected by light treatment may be because roots that are not directly exposed 

to light react more slowly than shoots. 
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Table 2. Ginsenoside content per plant in shoots of ginseng sprouts (Panax ginseng) grown under different light treatments 

at 18 days after transplanting. Refer to Fig. 2 for treatments. 

zProtopanaxadiol (PD) = Rb1 + Rb2 + Rc + Rd 

yProtopanaxatriol (PT) = Re + Rg1 

xDifferent letters indicate significant differences by Duncan’s multiple range test at p < 0.05 

 N.S.Not significant at p < 0.05 (n = 3) 

  

Treatment 

Ginsenoside content (mg g
-1

dry weight)   

Protopanaxadiol (PD)
z
 Protopanaxatriol (PT)

y
 

    

Rb
1
 Rb

2
 Rc Rd Re Rg

1
 Total PD Total PT PD/PT Total 

           

Control 2.95 
N.S.

 1.10 
N.S.

 2.37 a
x
 10.63 a 25.63 

N.S.
 7.01 

N.S.
 17.05 

N.S.
 32.64 

N.S.
 0.51 a 49.69 

N.S.
 

FR18d 1.38 0.88 0.97 c 04.31 b 25.31 6.05 7.54 31.37 0.23 a 38.91 

FR12d 2.13 1.04 1.78 abc 07.02 ab 28.13 7.03 11.96 35.16 0.34 ab 47.13 

FR6d 2.53 0.90 1.92 abc 08.34 ab 24.82 6.77 13.68 31.58 0.43 abc 45.27 

UV1h 2.72 0.84 2.44 a 09.44 a 24.35 6.63 15.43 30.98 0.51 abc 46.42 

UV2h 2.42 1.04 2.18 ab 08.29 ab 23.53 9.96 13.93 33.49 0.41 bc 47.42 

UV3h 1.17 1.02 1.09 bc 03.92 b 21.66 8.27 7.20 29.94 0.26 c 37.14 
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Table 3. Ginsenoside content per plant in roots of ginseng sprouts (Panax ginseng) grown under different light treatments at 

18 days after transplanting. Refer to Fig. 2 for treatments. 

zProtopanaxadiol (PD) = Rb1 + Rb2 + Rc + Rd 

yProtopanaxatriol (PT) = Re + Rg1 

 N.S.Not significant at p < 0.05 (n = 3) 

 

  

Treatment 

Ginsenoside content (mg g
-1

dry weight)   

Protopanaxadiol (PD)
z
 Protopanaxatriol (PT)

y
 

    

Rb
1
 Rb

2
 Rc Rd Re Rg

1
 Total PD Total PT PD/PT Total 

           

Control 0.91 
N.S.

 2.00 
N.S.

 1.37 
N.S.

 0.59 
N.S.

 8.12 
N.S.

 1.10 
N.S.

 4.86 
N.S.

 09.21 
N.S.

 0.53 
N.S.

 14.07 
N.S.

 

FR18d 1.09 2.41 1.41 0.53 9.23 1.22 5.43 10.45 0.52 15.88 

FR12d 1.56 2.63 1.76 0.73 9.14 1.22 6.68 10.36 0.64 17.04 

FR6d 1.12 2.52 1.39 0.51 8.39 1.32 5.53 09.71 0.57 15.24 

UV1h 1.33 2.19 1.44 0.46 7.62 0.85 5.42 08.47 0.65 13.89 

UV2h 1.02 2.14 1.27 0.47 6.73 1.35 4.90 08.08 0.61 12.98 

UV3h 1.46 2.54 1.46 0.56 8.81 1.95 6.02 10.76 0.56 16.77 
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Fig. 6. Total ginsenoside content per plant of ginseng sprouts that were treated 

with far-red and UV-B light. The vertical bars indicate standard deviations 

(n = 3). Refer to Fig. 2 for the treatment. Different letters indicate significant 

differences by Duncan’s multiple range test at p < 0.05. 
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CONCLUSION 

This study analyzed the growth and ginsenoside content of ginseng sprouts 

grown under far-red and UV-B light treatments in a plant factory. Under normal 

growth conditions, the harvest date for aeroponically grown ginseng sprouts 

was 18 days after transplanting due to a sharp increase in stem hardness. Far-

red light treatments significantly lowered the stem hardness but did not show 

significant differences in other growth factors, such as leaf area or fresh and dry 

weights of ginseng sprouts. Under FR treatment, the electron transport rates of 

photosystems II and I increased, and nonphotochemical quenching decreased 

only at higher light intensities. No significant difference in ginsenoside content 

was observed under the far-red and UV-B light treatments compared to the 

control. In this study, far-red and UV-B light treatments did not exert positive 

effects on growth and ginsenoside content, but additional far-red lighting can 

be used to keep the stem hardness low and extend the cultivation period to 

produce larger ginseng sprouts. 
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ABSTRACT IN KOREAN 

 

새싹 인삼은 지상부의 사포닌 함량이 높아 약용 채소로서의 

가치가 높다. 그러나 새싹 인삼의 표준화된 재배 가이드라인이 

없으며 새싹 인삼의 생육 및 진세노사이드 함량 증진에 관련된 

광질 연구가 활발히 이루어지지 않았다. 본 연구의 목적은 far-red 

및 UV-B 광 처리가 분무경 식물공장에서 재배되는 새싹 인삼의 

생육 및 진세노사이드 성분에 미치는 효과를 분석하는 것이다. 

1 년생 인삼 묘삼(Panax ginseng C. A. Meyer)을 분무경에 정식하여 

광도 50 μmol m-2 s-1, 광질 R:B=1:1 의 식물공장 환경에서 생육의 

변화를 측정하였다. Far-red 광 처리는 태양광의 수준인 Phytochrome 

photostationary state (PSS) 0.72 를 기준으로 하루 16 시간씩 18 μmol 

m-2 s-1 의 광도를 정식 후 0, 6, 12 일부터 처리하였다. UV-B 광 

처리는 0.1 W m-2의 세기로 수확 전날 1, 2, 3 시간 동안 처리하였다. 

수확 시기는 줄기 경도를 근거로 18 일로 설정하였다. 광도가 높을 

때 far-red 에 의한 인삼 잎의 광계 II 와 광계 I 전자전달율이 

높아졌고 비광화학적 소멸이 감소하였다. Far-red 광 처리는 줄기 

경도를 낮추었지만, 처리 시기에 무관하게 새싹 인삼의 생육과 

진세노사이드 함량에서 대조군에 비해 유의미한 차이를 보이지 
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않았다. UV-B 광 처리는 광화학적 특성과 진세노사이드 함량에서 

유의미한 차이를 보이지 않았다. 결과적으로 far-red 보충광은 

새싹인삼의 줄기 경도를 낮추고 재배기간을 연장시키는 데 사용될 

수 있다. 

 

 

추가 주요어: 경도, 광질, 분무경, 사포닌, 약용작물, 인삼, 줄기  

 

학  번: 2019-22792
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APPENDICES 

Appendix 1. Growth of ginseng sprouts (Panax ginseng) grown under far-red light at 6 days after transplanting (n = 5). Refer 

to Fig. 2 for the treatment. 

zP-values > 0.05 were regarded as non-significant (N.S.) by Studentized t-test.  

 

Treatment 
Stem length 

(cm) 

Leaf area 

(cm2) 

Fresh weight (mg)  Dry weight (mg)   Stem hardness 

(N) Leaf Stem Root Leaf Stem  Root  

Control 4.95 9.55 129 153 643 30 16 98 10.26 

FR18d 4.20 6.87 103 121 686 25 14 105 09.71 

P-valuez N.S. 0.009 0.019 N.S. N.S. N.S. N.S. N.S. N.S. 
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