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A B S T R A C T   

Buckwheat sprouts are rich in several nutrients such as antioxidant flavonoids that have a positive impact on 
human health. Although there are several studies reported the positive impact of laser light on crop plants, no 
studies have applied laser light to enhance the nutritive values of buckwheat sprouts. Herein, the contents of 
health-promoting minerals, metabolites and enzymes as well as the antioxidant and anti-inflammatory activities 
were determined in laser-treated (He–Ne laser, 632 nm, 5 mW) common buckwheat (CBW) and tartary buck-
wheat (TBW) sprouts. Out of 49 targeted minerals, vitamins, pigments and antioxidants, more than 35 param-
eters were significantly increased in CBW and/or TBW sprouts by laser light treatment. Also, laser light boosted 
the antioxidant capacity and anti-inflammatory activities through inhibiting cyclooxygenase-2 and lipoxygenase 
activities, particularly in TBW sprouts. Accordingly, laser light could be recommended as a promising method to 
improve the nutritional and health-promoting values of buckwheat sprouts.   

1. Introduction 

Plant-based foods have been receiving widespread attention in terms 
of their protective effects against various diseases, in addition to their 
main roles in providing the essential phytonutrients (Bachiega et al., 
2016). In particular, sprouts are regarded as important sources of 
valuable phytochemicals, such as minerals, vitamins and polyphenols, 
besides being valuable food additives (Manchali et al., 2012). 

Among the highly nutritive sprouts, buckwheat (Fagopyrum escu-
lentum Moench.) sprouts have been considered as a big store for a variety 
of phytochemicals, such as phenolic compounds, unsaturated fatty 
acids, amino acids, sugars, vitamins and minerals (Kim, Kim, & Park, 
2004). Buckwheat (BW) sprouts may serve as a valuable source of 

dietary carotenoids such as β-carotene, with high antioxidant capacity 
(Tuan et al., 2013). BW has been classified into two species: common 
buckwheat (CBW) and tartary buckwheat (TBW). TBW sprouts have 
been known to contain higher bioactive compounds than CBW sprouts 
(Kim et al., 2008). In comparison to BW seeds, BW sprouts are rich in 
flavonoids, particularly rutin, along with orientin, isoorientin, vitexin, 
isovitexin and quercetrin (Kim et al., 2008; Kim, Kim, & Park, 2004; Lim 
et al., 2012; Liu et al., 2008), which are being invested on their various 
health-promoting benefits such as vasodepressor, vasorelaxant, anti-
bacterial, antioxidant and antihypertensive properties (Zhang et al., 
2012). In addition, BW sprouts also contain proteins with hypo-
cholesterolemic and hypotensive effects (Chen, Jiao & Ma, 2008). Due to 
their anthocyanin content, BW sprouts are characterized by their 
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beautiful pink or red colors, which give them an attractive appearance 
when used as garnishing for food dishes (Tsurunaga et al., 2013). 

Based on the positive effects of some environmental factors and 
elicitors on the accumulation of bioactive compounds, several tech-
niques have been exploited to improve the nutritional and health- 
promoting values of many plants (Saleh et al., 2020, AbdElgawad 
et al., 2015) and sprouts as well (Almuhayawi et al., 2020). In this re-
gard, the application of physical methods, such as laser irradiation, to 
enhance plant productivity has been a promising approach to assure 
safety to the environment (Perveen et al., 2010, 2011). According to 
their uses and applications, laser light could be classified into two types, 
pulsed and continuous laser. The former has been used in medical ap-
plications such as Nd: YAG and XeCl laser, while the latter has been 
employed in improving crop production such as He-Ne and CO2 
(Perveen et al., 2010, Chen, Yue & Wang, 2005). The changes in plant 
physiological attributes in response to laser light are based on the effects 
of light, electromagnetism and temperature (Chen, Yue & Wang, 2005). 
Under this situation, the plant macromolecules can absorb light at a 
specific wavelength to trigger photosynthetic activity, resulting in an 
increased growth rate (Y.-P. Chen et al., 2005). Several studies have 
dealt with the effect of laser light on enhancing the crop yield and 
quality in many plants (Asghar et al., 2016; Khamis et al., 2020). For 
example, laser light has induced a significant increase in the antioxidant 
capacity and biomass accumulation of sunflower (Perveen et al., 2011). 

Although laser light seems to be an effective strategy to enhance the 
plant growth and accumulation of bioactive compounds, to the best of 
our knowledge, the effect of laser on improving the nutritional and 
health-promoting values of sprouts has not been investigated (Perveen 
et al., 2010, 2011). Thus, the current study aimed at evaluating the laser- 
enhanced effects on the nutritional and health-promoting bioactive 
phytochemicals of the two species of BW sprouts, CBW and TBW sprouts. 
For this purpose, bioactive metabolites, enzyme activities and mineral 
profile, as well as antioxidant and anti-inflammatory properties were 
investigated under He-Ne laser treatment in comparison with control. 
We assume that laser light could improve the bioactive phytochemicals, 
biological activities and health-promoting values of BW sprouts. 

2. Materials and methods 

2.1. Plant material and experimental conditions 

Seeds of CBW and TBW (Fagopyrum esculentum Moench.) were ob-
tained from Field Crops Research Institute, Agricultural Research 
Centre, Giza, Egypt. The uniform seeds were soaked before laser re- 
illumination in distilled water for two hours. The seeds were divided 
into two groups (each group contains 100 seeds) i.e., non-irradiated 
control group and laser-irradiated group. The light source used in this 
experiment was the helium-neon (He-Ne) laser equivalent system 
(equipment whitening, laser II, DMC Equipment Ltd.). Treated seeds 
were irradiated by a He–Ne laser (632 nm at a power of 5 mW for 5 min 
and 500 mJ energy from the embryonic area side, beam diameter 1 mm). 
These conditions were selected following a preliminary experiment for 
detecting the most optimum laser treatment conditions based on the 
responses of BW species to laser in terms of fresh weight and antioxidant 
capacity (Supplementary Material Table 1). The distance between the 
laser source and the seeds was 12 cm, the laser was perpendicular to the 
seeds. The irradiated group was under controlled conditions and the 
whole system was in the dark covered with a box. The experiment was 
repeated three times. 

The pretreated seeds were kept and rinsed in distilled and spread on 
trays lined with vermiculite and watered for the first three days with 
Milli-Q water and kept in dark at room temperature. The trays were then 
transferred and maintained at 25 ◦C air temperature in a controlled 
growth chamber under 16 h light/8h dark cycle managed through cool 
white fluorescent tubes with photosynthetically active radiation (PAR) 
of 400 µmol m− 2 s− 1 and relative humidity of 60% per day. Aquaponic 

water (100 mL) was poured evenly over the BW seeds in each tray. After 
9 days, the sprouts from each tray (a biological replicate) were taken and 
weighed as fresh mass then frozen in liquid nitrogen and stored at 
− 80 ◦C for further biochemical analyses. Five biological replicates (each 
biological replicate was a pooled of 10 plants of the same tray) were used 
for each measurement. 

2.2. Elemental analysis 

Elemental analysis was done according to Hamad et al. (2015) by 
using inductively coupled plasma (ICP-MS, Finnigan Element XR, Sci-
entific, Bremen, Germany). 

2.3. Pigment analysis 

Sprouts were homogenized in acetone using MagNALyser (Roche, 
Vilvoorde, Belgium, 1 min, 7000 rpm), and centrifuged at 14,000 g 
(4 ◦C, 20 min), and the supernatant was filtered (Acrodisc GHP filter, 
0.45 µm 13 mm) and analyzed by high-performance liquid chromatog-
raphy (HPLC, Shimadzu SIL10-ADvp, reversed-phase, at 4 ◦C) (Thayer & 
Björkman, 1990). Pigments and carotenoids were separated on a silica- 
based C18 column (Waters Spherisorb, 5 µm ODS1, 4.6 × 250 mm, and 
column temperature used was 40 ◦C). Mobile phase: A) 81:9:10 aceto-
nitrile:methanol:water and solvent B) 68:32 methanol: ethyl acetate. 
The flow rate of the mobile phase was 1.0 mL/min at room temperature. 
Chlorophyll a and b, beta-carotene and xanthophylls were detected 
using a diode-array detector (Shimadzu SPD-M10Avp) at four wave-
lengths (420, 440, 462, 660 nm). Concentrations were determined using 
the Shimadzu Lab Solutions Lite software and a calibration curve. 

2.4. Determination of antioxidant metabolites 

Polyphenols and flavonoids were extracted by homogenizing 100 mg 
of frozen sprouts in 1 mL of 80% ethanol (v/v). After centrifugation at 
4 ◦C for 20 min, the supernatant was used to measure the total phenolic 
and flavonoid contents. Phenolic content was determined using a 
Folin–Ciocalteu assay with gallic acid as a standard (Versieren et al., 
2017). While flavonoid content was estimated using the modified 
aluminum chloride colorimetric method, with quercetin as a standard 
(Hassan, 2012; de Sousa et al., 2019). 

Individual phenolic acids and flavonoids were determined following 
the protocol described by Hamad et al. (2015) and Alam (2016), Fina 
(2017), Hassan (2012), Naudts (2014) using HPLC (SCL-10A vp, Shi-
madzu Corporation, Kyoto, Japan). Approximately 50 mg of 
freeze-dried sprouts were homogenized in an acetone–water solution 
(4:1 v/v) for 24 h. The Shimadzu HPLC system (SCL-10 AVP, Japan), 
equipped with a Lichrosorb Si-60, 7 µm, 3 × 150 mm column, diode 
array detector). 90:10 (v/v) of water-formic acid 85:10:5 (v/v/v) of and 
acetonitrile/water/formic acid were employed a mobile phase at 0.8 
mL/min (flow rate) and the internal standard was 3,5-dichloro-4-hy-
droxybenzoic. The concentration of each compound was calculated 
through a calibration curve of the corresponding standard. 

Similar to ASC, GSH was extracted in 1 mL of 6% (w/v) meta-phos-
phoric acid at 4 ◦C and was separated by reversed-phase HPLC coupled 
with a UV detector (100 mm X 4.6 mm Polaris C18-A, 3 lm particle size; 
40 ◦C, isocratic flow rate: 1 mL min− 1, elution buffer: 2 mM KCl, pH 2.5 
with O-phosphoric acid). 

2.5. Vitamin level analysis 

Ascorbate and tocopherols were estimated using reversed-phase 
HPLC methods (Hamed et al. 2017). Ascorbate and tocopherols were 
mixed with metaphosphoric acid and hexane in MagNALyser, respec-
tively. The homogenized samples were centrifuged at 14,000g (4 ◦C for 
20 min). Ascorbate was extracted in 1 mL of 6% (w/v) meta-phosphoric 
acid at 4 ◦C and was separated by reversed-phase HPLC coupled with a 
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UV detector (100 mm × 4.6 mm Polaris C18-A, 3 lm particle size; 40 ◦C, 
isocratic flow rate: 1 mL min− 1, elution buffer: 2 mM KCl, pH 2.5 with O- 
phosphoric acid). Tocopherols were separated in Particil Pac column 
material and measured by HPLC according to Hamed et al. (2017). 
Tocopherol was separated on Particil Pac 5 µm column material (length 
250 mm, i.d. 4.6 mm) and quantified by HPLC (Shimadzu‘s Herto-
genbosch, normal phase conditions), coupled with a fluorometric de-
tector (excitation at 290 nm and emission at 330 nm). The HPLC method 
with fluorescence detection was applied for the determination of ribo-
flavin and thiamine in ethanol extracts of BW (Sunarić et al., 2020). The 
separation was performed on Zorbax Eclipse plus C18 solvent saver 
analytical column (3.0 mm × 150 mm, 3.5 µm) at 30 ◦C. The mobile 
phase consisting of 30.0% (v/v) methanol and 70.0% (v/v) 0.005 M 
NH4Ac (pH 5.0) was isocratically pumped. The flow rate was kept at 
0.425 mL/min. 

2.6. Determination of total antioxidant capacity 

The antioxidant capacities were conducted in vitro through ferric 
reducing antioxidant power (FRAP, µmol trolox/g FW), diphenylpi-
crylhydrazyl (DPPH, %) and 2,2′-azino-bis(3-ethylbenzothiazoline-6- 
sulfonic acid) (ABTS, µmol trolox/g FW) (Benzie and Szeto, 1999; 
Casasole et al., 2017; Hamad et al., 2015). About 0.1 g of each BW sprout 
sample was extracted in 80% ethanol and centrifuged (20 min at 14,000 
rpm). Where 0.1 mL of diluted extract was used to determine the anti-
oxidant capacity after mixing with 0.25 mL of FRAP reagent (mixing 
FeCl3 (20 mM) in acetate buffer (0.25 M, pH 3.6) at room temperature. 
The ABTS radical was prepared by mixing ABTS with 2.4 mM potassium 
persulphate, which were allowed to react for 12 h in the dark at room 
temperature and measure the absorbance at 734 nm. Regarding DPPH, 
the antioxidant capacity was measured by mixing 0.1 mL of the diluted 
sprout extracts with 0.25 mL of the DPPH solution. After incubation at 
room temperature, the absorbance was measured at 517 nm using the 
spectrometric method, respectively. 

2.7. Investigation of enzymatic antioxidants 

Peroxidase (POX), ascorbate peroxidase (APX), glutathione peroxi-
dase (GPX) and Superoxide dismutase (SOD) activities were measured 
according to Fina (2017), Naudts (2014), Hamed et al. (2017), El-Soud 
et al. (2013) and Sinha et al. (2015). These enzyme activities were 
determined by homogenizing (MagNA Lyser, Germany) freeze-dried 
leaves in 1 mL of 50 mM potassium phosphate buffer (pH 7.0) con-
taining 10% polyvinyl pyrrolidone (PVP), 0.25% Triton X-100, 0.001 M 
polymethylsulfonyl fluoride (PMSF) and 0.001 M ascorbate. POX, APX, 
GPX and SOD were expressed in µmol oxidized pyrogallol, µmol ascor-
bate, µmol NADPH and Unit SOD (the amount of enzyme required to 
inhibit the autooxidation of nitro blue tetrazolium by 50%) per mg 
(protein) min, respectively. POX activity was determined by the oxida-
tion of pyrogallol. APX activity was measured as the decrease in ascor-
bate absorbance measured at 240 nm. GPX activity was assayed by 
measuring the decrease in NADPH absorbance measured at 340 nm. 
While SOD activity was determined by measuring the inhibition of NBT 
reduction at 560 nm. All activity measurements were scaled down for 
semi-high throughput analysis using a microplate reader (Synergy Mx, 
Biotek Instruments Inc., Germany). 

2.8. Determination of lipoxygenase (15-LOX) inhibition 

The linoleic acid was used as a substrate and 15-LOX as an enzyme to 
evaluate the anti-lipoxygenase. The extracts (100 mg/mL of 80% 
ethanol) of each BW sprout type were subjected to laser light and the 
control was performed as well, whereas 10 µL from each extract were 
mixed with 90 µL of 15-LOX (400 U/mL) and kept in dark condition for 
5 min at 25 ◦C. To start the reaction, 100 µL of linoleic acid solution (0.4 
mM) were added to each well, then the reaction was maintained in dark 

condition for 20 min at 25 ◦C. Afterwards, we added 100 µL of freshly 
prepared ferrous orange xylenol (FOX) reagent containing (90% meth-
anol, 10 µM FeSO4, 100 µM xylenol orange, 30 mM H2SO4). The reaction 
was incubated for 30 min at 25 ◦C, then the absorbance was measured at 
560 nm. The percentage of inhibition was calculated using the following 
formula: % inhibition = 100 − ((ODsample − ODblank/ODcontrol) × 100). 

2.9. Determination of cyclooxygenase-2 inhibition 

A total of three replicates were used from each type of BW sprouts 
subjected to laser light and the control. The experiments were conducted 
according to the manufacturer’s instructions. The effect of 80% ethanol 
sprouts extract on cyclooxygenase-2 activity was performed by using the 
kit of COX assay (Cayman chemical company, Ann Arbor, MI (USA). The 
microtitre plate (96-well) was covered with plastic film and maintained 
at room temperature on an orbital shaker for 18 h. According to the 
manufacturer’s instructions, the microtitre plate was incubated in a dark 
condition for 90 min at 25 ◦C. Then, the reading of the plate was per-
formed at 420 nm. Calculation of the inhibition of enzyme activity was 
conducted using the following formula: % inhibition =100 − ((ODsample 
− ODblank/ODcontrol) × 100). 

2.10. Statistical analyses 

Statistical analyses were performed using the SPSS statistical 

Table 1 
Fresh weight (g) of and contents of pigments and minerals in control and laser 
light-treated common buckwheat (CBW) and tartary buckwheat (TBW) sprouts. 
Data are represented by the means of at least 3 replicates ± standard deviations.  

Parameters Common buckwheat Tartary buckwheat  

Control Laser- 
treated 

Control Laser- 
treated 

Growth (Fresh 
weight, g) 

0.12 ±
0.02a 

0.15 ±
0.03a 

0.09 ±
0.0259b 

0.22 ±
0.04a 

Pigments (mg/g FW) 
Chlorophyll a 1.14 ±

0.40a 
1.10 ±
0.10a 

1.17 ± 0.36a 1.40 ±
0.39a 

Chlorophyll b 0.39 ±
0.02a 

0.45 ±
0.04a 

0.43 ± 0.04a 0.41 ±
0.26a 

α-Carotene 0.06 ±
0.01b 

0.09 ±
0.002ab 

0.06 ± 0.02b 0.12 ±
0.03a 

β-Carotene 0.05 ±
0.003b 

0.07 ±
0.01ab 

0.06 ±
0.001b 

0.13 ±
0.57a 

Lutein 0.17 ±
0.00b 

0.39 ±
0.06a 

0.23 ± 0.01b 0.40 ±
0.04a 

Neoxanthin 0.01 ±
0.002b 

0.02 ±
0.002ab 

0.01 ±
0.002ab 

0.03 ±
0.01a 

Violaxanthin 0.05 ±
0.006b 

0.11 ±
0.01a 

0.05 ±
0.005b 

0.10 ±
0.01a 

Minerals (mg/g DW) 
Ca 0.55 ±

0.23bc 
0.99 ±
0.21b 

0.19 ± 0.07c 1.57 ±
0.12a 

Cu 0.23 ±
0.05ab 

0.33 ±
0.05a 

0.082 ±
0.02b 

0.43 ±
0.15a 

Fe 0.07 ±
0.01b 

0.13 ±
0.02a 

0.02 ± 0.00c 0.06 ±
0.01b 

K 5.25 ±
0.42a 

5.13 ±
0.81a 

4.42 ± 1.01a 6.08 ±
1.58a 

P 4.10 ±
0.75c 

8.17 ±
1.62ab 

5.29 ±
1.11bc 

9.72 ±
1.32a 

Na 2.12 ±
1.25a 

2.91 ±
0.31a 

2.98 ± 0.15a 3.05 ±
0.81a 

Zn 0.59 ±
0.18b 

0.96 ±
0.06a 

0.21 ± 0.04c 0.77 ±
0.20ab 

Mn 0.14 ±
0.03b 

0.29 ±
0.05a 

0.11 ± 0.02b 0.44 ±
0.10a 

Mg 0.65 ±
0.20ab 

0.91 ±
0.26ab 

0.44 ± 0.15b 1.52 ±
0.64a 

Different small letter superscripts (a, b, c…) within a row indicate significant 
differences between control and laser-treated samples at p < 0.05. 
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package (SPSS Inc., Chicago, IL, USA). One-way Analysis of Variance 
(ANOVA) was applied to all data. Tukey’s Test (P < 0.05) was carried 
out as the post-hoc test for mean separations. Each experiment was 
replicated at least three times (n = 3–5). Hierarchical clustering (Pear-
son correlation) was generated by the Multi-Experimental Viewer (TM4 
software package). 

3. Results and discussion 

3.1. Laser treatment improved the growth of BW sprouts 

At the species level, the traits of sprout growth of CBW were signif-
icantly higher than those of TBW. Compared to TBW grown under 
control condition, CBW showed high dry and fresh weights, larger seed 
size and high sprouts from its seeds. In agreement with the study of 
Shin et al. (2010), fresh weight (FW) of CBW was higher under the 
control condition. The increased FW of CBW can be explained by 
larger seeds that tend to do better in germination and growth 
(Perveen et al., 2010). 

Laser light has been considered as a stimulating factor for seed 
germination and plant growth. When laser light is absorbed by phyto-
chromes at a certain wavelength, it tends to increase the internal energy 
of seeds by converting light energy into chemical energy (Chen, Yue & 
Wang, 2005), which consequently increases cell pumping and enhances 
the electro potential of biomembranes (Chen, Yue & Wang, 2005). 
Accordingly, the produced energy is utilized in enhancing the germi-
nation rate, inducing the thermodynamic properties, and physiological 

and biochemical processes. As well, this energy accelerates cell division 
and improves enzymatic activities such as amylase and protease, all of 
which that end up with an improved growth and higher plant yields 
(Asghar, Jamil, Iqbal & Abbas, 2016; Chen, Yue & Wang, 2005; Perveen 
et al., 2010). Supporting such a concept, the current results showed that 
the growth (FW) of both laser light treated CBW and TBW sprouts was 
improved, such improvement was significant (p < 0.05) in the case of 
TBW (Table 1). In addition, TBW sprouts exhibited higher biomass 
accumulation than CBW sprouts. 

In agreement, several studies have previously investigated the 
enhancing effects of laser light on plant growth and biomass accumu-
lation, such as sunflower (Perveen et al., 2011), Isatis indogotica (Chen, 
Yue & Wang, 2005), fennel and coriander (Osman, El-Tobgy, & El- 
Sherbini, 2009). Similar to laser light treatment, lower concentrations 
of NaCl and silicon enhanced the growth of CBW and/or TBW sprouts 
(Lim et al., 2012, Azad et al., 2020). The observed induction in plant 
growth after laser light treatment can be explained by that the laser light 
increased net photosynthetic activity (Perveen et al., 2011, Chen, Yue & 
Wang, 2005). In this context, the higher the photosynthetic rate, the 
more the biosynthesis of sugars and organic acids, and thus the higher 
biomass production (Li et al., 2017). 

3.2. Laser light stimulated higher photosynthetic pigments levels 

Laser light could affect the growth of sprouts, either directly through 
enhancing germination and thermodynamic parameters, or indirectly 
through affecting the photosynthetic process. In this regards, laser light 

Fig. 1. Vitamin contents in control and laser light-treated common buckwheat (CBW) and tartary buckwheat (TBW) sprouts. A) Ascorbate, B) Tocopherols, C) 
Thiamin and D) Riboflavin. Data are represented by the means of at least 3 replicates and error bars represent standard deviations. Different small letters above bars 
indicate significant differences between means at p < 0.05. 
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has been also reported to enhance chlorophyll content (chlorophyll a 
and b) in many plants such as Isatis indogotica (Chen, Yue & Wang, 
2005), soybean (Asghar, Jamil, Iqbal & Abbas, 2016) and sunflower 
(Perveen et al., 2011). Moreover, the photon energy of laser radiation is 

absorbed by chlorophyll and directly affects the photosynthetic intensity 
(Aladjadjiyan, 2007). In the present study, there were insignificant in-
creases in chlorophyll a and b, but significant elevations in all caroten-
oids measured in both CBW and TBW sprouts subjected to laser light 

Fig. 2. The overall antioxidant capacity (A-C) and antioxidant enzyme activities (D-H) of control and laser light-treated common buckwheat (CBW) and tartary 
buckwheat (TBW) sprouts. A) Ferric reducing antioxidant power (FRAP), B) 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and C) Diphenylpi-
crylhydrazyl (DPPH), D) Catalase (CAT), E) Peroxidase (POX), F) Ascorbate peroxidase (APX), G) Glutathione peroxidase (GPX), and H) Superoxide dismutase (SOD). 
Data are represented by the means of at least 3 replicates and error bars represent standard deviations. Different small letters above bars indicate significant dif-
ferences between means at p < 0.05. 
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versus control ones (Table 1). Supporting our results, previous studies 
have reported the positive effect of different light sources on chlorophyll 
accumulation in 9-day-old BW sprouts (Nam, Lim, & Eom, 2018). Ca-
rotenoids have been known to play a key role in the photosynthesis 
process, so carotenoid biosynthesis is supposed to be affected by light 
quality and intensity (Wu, Gao & Zhang, 2007). 

In our study, lutein seems to be the dominant carotenoid, followed by 
alpha-carotene in all laser-treated and non-treated BW sprouts of both 
types. It has been previously observed by Tuan et al. (2013) that BW 
sprouts grown under light conditions had a high content of total carot-
enoids, whereas lutein and β-carotene were the major carotenoids. The 
accumulation of carotenoids has been attributed to the up-regulation of 
the genes involved in carotenoid biosynthesis, which indicates the 
essential role of light in such process (Tuan et al., 2013). Similar reports 
have demonstrated that BW sprouts-treated with other elicitors, such as 
sucrose, had higher contents of β-carotene (Jeong et al., 2018). Carot-
enoids have been well documented as important nutrients, being a 
precursor for vitamin A. Therefore, a diet containing carotenoids can 
help in lowering the risk of many diseases (Tuan et al., 2013). 

3.3. Accumulation of vitamins and minerals indicates the high nutritive 
value of laser light-treated BW sprouts 

The deficiency of mineral elements and vitamins has been strongly 
associated with negative effects on human health. In this sense, sprouts 
have been known as a rich source of bioavailable mineral elements such 
as Fe, Zn, Mn, Mg, Cu and Ca (Sun Lim et al., 2001). Therefore, 
increasing the mineral element contents of sprouts, such as BW sprouts, 
by employing physical methods such as laser light, might improve the 
nutritional and health-promoting effects of BW sprouts. 

The results of the present investigation have shown that most of the 
measured elements have significantly increased (p < 0.05) in both CBW 
and TBW sprouts after laser light treatment, in comparison to the non- 
irradiated sprouts (Table 1). The highest concentrations were recorded 
for K, P and Na in the laser-treated species. Supporting our results, laser 
light has previously enhanced the accumulation of K, Ca and Mg in 
sunflower (Perveen et al., 2011), P and Mo in alfalfa (Cwintal, 
Dziwulska-Hunek, & Wilczek, 2010) and N, P and K in fennel and 
coriander (Osman, El-Tobgy, & El-Sherbini, 2009). It was suggested that 
the energy produced from the absorption of laser light by the plant cell 
could stimulate plant growth, metabolism and nutrient uptake (Dinani 
et al., 2019). In this regard, laser light has been assumed to induce 
changes in mitochondria, which consequently cause an increase in ATP 
production. Such a process of energy production is necessary for plants 
to absorb minerals (Dinani et al., 2019; Wu et al., 2007). Higher mineral 
content in laser light treated Moringa oleifera particularly in roots was 
explained by increased root growth which consequently increased 
mineral uptake and accumulation (Shafique et al., 2017). Thus, laser 
light treatment could have pronounced effects on the mineral profile of 
sprouts through providing high energy needed for the growth of sprout 
roots which induces mineral uptake. 

Concerning vitamins, we demonstrated that laser light exposure 
significantly enhanced (p < 0.05) all targeted vitamins [ascorbate (Vit- 
C), tocopherol (Vit-E), thiamin (Vit-B1) and riboflavin (Vit-B2)] con-
tents, particularly in TBW sprouts and to less extent in CBW sprouts 
(Fig. 1). In addition to their nutritive value, vitamins such as ascorbate 
and tocopherols have high antioxidant activity. Such laser-induced in-
crements in vitamin content could be ascribed to the increased photo-
synthetic activity, which leads to increased carbon allocation and excess 
non-structural carbohydrates, that in turn, could be used as precursors 
for the synthesis of secondary metabolites and antioxidants such as vi-
tamins (Li et al., 2017). Moreover, the stimulation of vitamin and anti-
oxidant production was due to the increasing energy supply of seeds by 
laser light treatment, which is later transformed into a chemical one and 
accelerated the vital processes during sprouting such as intensive mo-
lecular transformations (Aladjadjiyan, 2007). 

In this regard, BW sprouts have been considered as a rich source of 
Vit-B1, B2, B6, C and E (Kim, Kim, & Park, 2004; Zhang et al., 2012). 
Generally, TBW contains higher concentrations of Vit-B (Bonafaccia, 
Gambelli, Fabjan, & Kreft, 2003) and tocopherol (Kim, Kim & Park, 
2002) than CBW. Moreover, light conditions increased Vit-C levels in 
both TBW and CBW sprouts (Kim et al., 2006). Similarly, laser light has 
been revealed to promote the ASC contents in soybean (Asghar, Jamil, 
Iqbal & Abbas, 2016). It was also reported that seed germination stim-
ulated a high level of Vit-C and B1 content in TBW. Furthermore, it has 
been found that BW sprouts treated with other elicitors, such as sucrose, 
had higher contents of tocopherol than the control sprouts (Jeong et al., 
2018), while the elicitation with both sucrose and CaCl2 effectively 
enhanced the accumulation of vitamin C and E (Sim et al., 2020). 

3.4. Laser light improved the antioxidant activity of BW sprouts, 
particularly TBW 

High antioxidant activities as indicated by increased DPPH, FRAP 
and ABTS levels were recorded for BW sprouts (Zych-Wężyk & Krze-
piłko, 2012). Similarly, we found that BW sprouts showed high overall 
antioxidant capacity, which was further induced by laser treatment. 
That enhancement was significant (p < 0.05) in the case of DPPH, FRAP 

Table 2 
Contents of phenolics and total glutathione in control and laser light-treated 
common buckwheat (CBW) and tartary buckwheat (TBW) sprouts. Data are 
represented by the means of at least 3 replicates ± standard deviations.  

Parameters Common buckwheat Tartary buckwheat  

Control Laser- 
treated 

Control Laser- 
treated 

Phenolic compounds (mg/100 g FW) 
Total phenols 5.82 ± 1.0b 12.19 ±

1.98a 
6.52 ±
1.09b 

10.14 ±
3.45ab 

Total flavonoids 1.34 ±
0.40b 

3.72 ±
0.92ab 

1.99 ±
0.55b 

5.46 ± 1.69a 

Phenolic acids (mg/100 g FW) 
Galic acid 0.02 ± 0.0b 0.04 ± 0.0ab 0.029 ±

0.0b 
0.055 ± 0.0a 

Caffeic acid 0.8 ± 0.01a 1.20 ± 0.4a 1.20 ± 0.1a 1.50 ± 0.8a 

Ferulic acid 0.34 ± 0.0b 0.6 ± 0.1ab 0.4 ± 0.07b 0.85 ± 0.1a 

Protocatechuic 
acid 

0.046 ±
0.01a 

0.038 ±
0.0a 

ND ND 

p-Coumaric acid 1.2 ± 0.2b 2.08 ± 0.3ab 1.6 ± 0.3b 1.9 ± 0.5a 

Sinapic acid ND ND ND 0.001 ± 0.0a 

Flavonoids (mg/100 g FW) 
Catechin 0.97 ± 0.5a 1.6 ± 0.8a 1.21 ±

0.070a 
2.28 ± 1.3a 

O- 
hydroxydaidzein 

0.03 ±
0.00b 

0.52 ± 0.1a ND ND 

Luteolin 0.05 ±
0.00b 

0.15 ±
0.002a 

0.07 ±
0.01b 

0.17 ± 0.0a 

Apigenin 0.1 ± 0.02c 0.22 ±
0.00b 

0.14 ±
0.01bc 

0.39 ± 0.01a 

Quercetin 0.8 ±
0.001a 

1.1 ±
0.001a 

1.1 ±
0.0016a 

1.8 ± 0.00a 

Isoquercetrin 0.04 ±
0.02a 

0.11 ±
0.06a 

0.05 ±
0.01a 

0.04 ± 0.01a 

Ellagic acid 0.08 ±
0.004a 

0.24 ±
0.01a 

0.1 ±
0.005a 

0.3 ± 0.016a 

Velutin ND 0.01 ±
0.01b 

0.06 ±
0.04ab 

0.18 ± 0.1a 

Vitexin 4.0 ± 0.7b 6.9 ± 0.9b 0.7 ± 0.0ab 0.46 ± 0.0a 

Isovitexin 7. 0 ± 0.2a 1. 1 ± 0.08a 0. 1 ± 0.05a 0.17 ± 0.01a 

Orientin 1.1 ± 0.00b 3.0 ± 0.01a 0.2 ± 0.0b 0.4 ± 0.06a 

Isoorientin 0. 9 ± 0.0b 2. 1 ± 0.0a ND ND 
Rutin 497 ± 3.8d 749 ± 11c 845 ± 33b 1022 ± 27a 

Glutathione (mg/gFW) 
Total glutathione 0.09 ±

0.007b 
0.12 ±
0.03ab 

0.09 ±
0.01b 

0.17 ± 0.01a 

ND: not detectable. 
Different small letter superscripts (a, b, c…) within a row indicate significant 
differences between control and laser-treated samples at p < 0.05. 
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and ABTS in TBW sprouts and ABTS in CBW sprouts (Fig. 2). Similarly, 
the application of other biophysical treatments, such as UV irradiation 
(>300 nm for 24 h at room temperature) increased the DPPH activity of 
7th days old BW sprouts by about 1.6 fold (Tsurunaga et al., 2013). In 
this context, TBW had a higher antioxidant capacity than CBW (Liu 
et al., 2008). Moreover, BW sprouts-treated with sucrose had signifi-
cantly higher DPPH and ABTS antioxidant potential than control sprouts 
(Jeong et al., 2018). 

3.5. Laser light induced the production of antioxidant metabolites in BW 
sprouts 

The elevated levels of polyphenolic compounds, especially flavo-
noids, in BW sprouts are being reflected on their higher antioxidant 
activities (Lee et al., 2016). Sprouting is means of increasing active 
primary and secondary metabolites as seeds undergo several physio-
logical and morphological changes. Active phytochemicals such as 
phenols and flavonoids increase gradually during sprouting processes in 
BW species, however, the number and concentration of such metabolites 
may differ due to genetic differences and expression of the biosynthesis- 
related gene (Rauf et al., 2019). For instance, TBW sprouts contain 
higher flavonoids, e.g. rutin content, than that of CBW sprouts (Rauf 
et al., 2019). 

The present results revealed that the non-laser treated sprouts of both 
CBW and TBW had almost similar total phenols and flavonoids contents 

(Table 2), the result which is in line with other previous studies (Kim 
et al., 2008). Meanwhile, the total phenols and total flavonoids were 
significantly enhanced under laser light treatment in both sprout types 
(p < 0.05), whereas TBW sprouts had higher flavonoid and lower 
phenolic contents than CBW sprouts, in response to laser exposure 
(Table 2). This also concurs with the reported enhancing effects of laser 
light on the total phenolic content of some plants such as soybean 
(Asghar, Jamil, Iqbal & Abbas, 2016) and sunflower (Perveen et al., 
2011). Similarly, the application of other elicitors, such as methyl 
jasmonate (Kim, Park, & Lim, 2011) and silicon biostimulant (Azad 
et al., 2020), to BW sprouts resulted in significant increases in the total 
amount of phenolics and antioxidant capacity. 

In general, antioxidant phenols and flavonoids individuals, such as 
rutin has been shown to be the principal contributor to the antioxidative 
capacity of BW sprouts, where a strong correlation has been found be-
tween rutin content and DPPH radical scavenging activity (Tsurunaga 
et al., 2013). According to our results, catechin was quantified as the 
most prominent phenolic acid (about 100% increase in comparison to 
control sprouts), followed by p-coumaric acid (80% increase compared 
with untreated sprouts); while rutin was the predominant flavonoid in 
both BW sprouts (3-fold change comparing to control sprouts), treated 
and non-treated with laser light (Table 2). There were significant in-
crements in the majority of all the detected phenolic acids and flavo-
noids following laser treatment. In TBW sprouts, sinapic acid and 
isovitexin were found to appear in response to laser irradiation, while 
protocatechuic acid and O-hydroxydaidzein were not detected even 
after laser treatment. Similarly, in CBW sprouts, velutin was stimulated 
to appear under laser light treatment, while isoorientin was not detected 
following laser exposure. So, laser light might act like a stress factor that 
promotes the appearance of some phenolic compounds. In agreement 
with our results, some of the detected compounds here have been pre-
viously identified in CBW sprouts, such as chlorogenic acid, catechin, 
orientin, vitexin, isovitexin, rutin and quercetin, while only rutin, along 
with low concentrations of quercetin were detected in TBW sprouts as 
reported by Kim et al. (2008). Rutin was reported as the major flavonoid 
and a determinant factor of the nutritional value of BW sprouts, being 
higher in TBW sprouts than in CBW sprouts (Kim et al., 2008), also it was 
reported to increase in 9-old day BW sprouts (Nam et al., 2018). While, 
no significant differences were reported for vitexin and isovitexin con-
tents of 9-old day BW sprouts grown under different light conditions 
(Nam et al., 2018). The presence of these antioxidant flavonoids such as 
quercitrin reportedly depends on environmental factors, such as light 
intensity (Kim, Kim, & Park, 2004). Similarly, it has been observed that 
BW sprouts treated with certain concentrations of NaCl significantly 
increased the accumulation of phenolic compounds such as isoorientin, 
orientin, rutin, and vitexin, and consequently their antioxidant activity 
(Lim et al., 2012). Furthermore, methyl jasmonate-treated CBW sprouts 
have been reported to exhibit higher levels of antioxidant capacity and 
phenolic compounds, such as chlorogenic acid, catechin, isoorientin, 
orientin, rutin, vitexin, and quercitrin (Kim et al., 2011). The elicitation 
of BW sprouts with sucrose and CaCl2 (Sim et al., 2020), indole-3-acetic 
and gibberellic acids (Park et al., 2017), as well as silicon biostimulant 
(Azad et al., 2020) have resulted in increases in flavonoids and phenolic 
compound contents. 

Additionally, the present results also showed significant increments 
in the activities of total GSH in the laser-treated BW sprouts of the two 
species comparing with controls (Table 2). Meanwhile, laser-treated 
TBW sprouts displayed a higher total GSH than that of CBW sprouts. 

In a broader sense, several reports have highlighted the positive ef-
fects of various physical factors and light sources, such as light-emitting 
diodes (LEDs) and UV, on the production of secondary metabolites, 
especially flavonoids in BW sprouts (Lee et al., 2014; Tsurunaga et al., 
2013; Tuan et al., 2013). It has been also found that BW sprouts exposed 
to LED light increased the accumulation of rutin and cyanidin 3-O-ruti-
noside (Thwe et al., 2014). Moreover, the application of LED light 
together with l-phenylalanine, to TBW sprouts has been reported to 

Fig. 3. The anti-inflammatory activity of control and laser light-treated com-
mon buckwheat (CBW) and tartary buckwheat (TBW) sprouts represented by A) 
Cyclooxygenase-2 (COX-2) and B) Lipoxygenase (LOX) activities. Data are 
represented by the means of at least 3 replicates and error bars represent 
standard deviations. Different small letters above bars indicate significant dif-
ferences between means at p < 0.05. 
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increase their contents of phenolic compounds such as chlorogenic acid 
and rutin (Seo et al., 2015). Such increments in flavonoid contents have 
been ascribed to the increased enzymatic activities of phenylalanine 
ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL) that are 
incorporated in the phenylpropanoid pathway (Lim et al., 2012). 
Following the same principle, treatment of BW sprouts with elicitors 
such as sucrose (Jeong et al., 2018) or methyl jasmonate (Kim et al., 
2011) could significantly increase the flavonoid contents and antioxi-
dant potential of BW sprouts. 

3.6. Laser light enhanced the activities of antioxidant enzymes in BW 
sprouts 

In addition to the laser irradiation role in the induction of antioxi-
dant metabolites, it has been employed to stimulate the activity of 
antioxidant enzymes (Chen & Wang, 2003). Herein, we found that all 
the measured antioxidant enzymes were markedly stimulated in the two 
species irradiated with the laser, being much higher in TBW sprouts 
(Fig. 2). In agreement with our results, laser light has been reported to 
trigger the activities of POX, APX, SOD and CAT in wheat (Qiu, Liu, Tian, 
& Yue, 2008), and SOD, POX, APX and CAT in soybean (Asghar, Jamil, 
Iqbal & Abbas, 2016). Also, the use of other physical methods such as 
microwave irradiation was reported to increase CAT and SOD activities 
in BW sprouts (Wang, Wang & Guo, 2018). Furthermore, it has been 
observed that treatment of BW sprouts with sucrose significantly 
enhanced the enzymatic activities of CAT, GR, SOD, and GPX (Jeong 
et al., 2018). 

3.7. High antioxidants increased the anti-inflammatory activity of laser- 
treated BW sprouts 

Rutin was reported to have a wide range of biological properties, 
such as anti-inflammatory, antitumor, antibacterial, antiprotozoal and 
antiviral activities (Calabro et al., 2005). Therefore, BW sprouts have 
been well known for their health-promoting values. 

To test the effect of laser treatment on the anti-inflammatory activity 
of BW sprouts, we measured cyclooxygenase (COX-2) and lipoxygenase 
(LOX) activities, which are known as inflammatory markers. Herein, we 
determined the COX-2 and LOX activities of laser light treated and non- 

treated BW sprouts (Fig. 3). Apparently, laser light led to a significant 
reduction in the activities of COX-2 and LOX of both CBW and TBW 
sprouts, which indicates an enhancement in the anti-inflammatory ac-
tivities. Similarly, BW sprouts have previously exerted strong anti- 
inflammatory effects, by inhibiting some inflammatory mediators such 
as COX-2 (Karki, Park, & Kim, 2013), and inflammatory cytokines such 
as interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) (Karki, Park, 
& Kim, 2013). The anti-inflammatory properties of BW sprouts have 
been basically ascribed to their rich content of phenolic compounds 
particularly rutin (Karki, Park, & Kim, 2013), and probably quercetin, 
which was reported to inhibit low-density lipoprotein (LDL)-induced 
inflammatory events by modulating TLR4- and TLR2-induced NF-κB 
activation (Bhaskar, Shalini & Helen, 2011). 

3.8. Species-specific response to laser light treatment 

The hierarchical clustering data in Fig. 4 confirms that there was an 
obvious sprout species-specific response to the effect of laser light 
treatment. TBW sprouts showed a more prominent response to the 
positive effect of laser light than CBW sprouts. The variations among the 
two species could be ascribed to the ontogeny and species diversity. In 
agreement, relative to CBW sprouts, TBW showed higher levels of 
bioactive compounds (Kim et al., 2008). For instance, TBW contains 
higher tocopherol (Kim, Kim & Park, 2002) and Vit-B (Bonafaccia, 
Gambelli, Fabjan, & Kreft, 2003) content as well as overall antioxidant 
capacity (Liu et al., 2008) than CBW. 

4. Conclusions 

Our findings illustrated the potentiality of using laser light treatment 
as a successful way to produce BW sprouts with high nutritional and 
health-promoting values. The accumulation of vitamins and minerals 
and the induction of antioxidant and anti-inflammatory activities by 
laser treatment could make laser-treated BW sprouts, particularly TBW, 
an excellent dietary source. Our results, combined with those previously 
obtained from the application of other biophysical methods in 
enhancing plant productivity, could effectively support the use of laser 
irradiation as a promising approach for increasing the bioactive me-
tabolites and health-promoting values of sprouts. 

Fig 4. Species-specific responses of common and tartary buckwheat sprouts to the effect of laser light treatment on the nutritional and health-promoting charac-
teristics. The measured parameters are represented by antioxidant metabolites and enzymes, overall antioxidant capacity, contents of pigments, minerals and vi-
tamins and anti-inflammatory activity. Data are represented by the means of at least 3 replicates. 
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