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ABSTRACT

Sprouts are ready-to-eat and are recognized worldwide as functional components of the human diet. Recent
advances in innovative agricultural techniques could enable an increase in the production of healthy food. The
use of light-emitting diode (LED) in indoor agricultural production could alter the biological feedback loop,
increasing the functional benefits of plant foods such as wheat and lentil sprouts and promoting the bioavailability
of nutrients. The effects of white (W), red (R), and blue (B) light were investigated on the growth parameters and
nutritional value of wheat and lentil sprouts. In the laboratory, seeds were sown under three different LED treat-
ments: white, red, and blue light, while normal incandescent light served as a control. Percentage seed germina-
tion improved by 18.34% and 12.67% for wheat and 18.34% and 12.67% for lentil sprouts under LED treatments
R and B, respectively. An increase in total soluble protein and sugar by 33.4% and 9.23% in wheat and by 31.5%
and 5.87% in lentils was observed under the R LED treatment. Vitamin C concentrations in wheat and lentils were
significantly increased by R LED compared to all other treatments. Other parameters, including potassium and
sodium concentrations, were significantly increased under red and blue light compared to the control; white light,
on the other hand, significantly decreased all these parameters. According to the experimental data, red and blue
LED light could be beneficial in the production of functional wheat and lentil sprouts with high nutrient
concentrations.

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.
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1 Introduction

Indoor agricultural techniques are generally used to shorten the period of crop cultivation and accelerate
crop improvement by artificially controlling agricultural conditions so that crops can grow repeatedly
regardless of seasonal climate patterns [1]. The difficulties in placing fluorescent and metal halide lights
near crops due to excessive temperatures caused by radiant heat prevent the crop canopy from receiving
adequate light intensity. In addition, the generation of heat wastes electrical energy. Light-emitting diode
(LED) applications improve the productivity of indoor growing plants [2]. Solid-state lighting with LEDs
can improve light intensity and spectral distribution while providing high light output with minimal
radiant heat [3]. Although LEDs are very promising as a radiation source for plant growth, it is important
to further investigate how plants respond morphologically, biochemically, and genetically to LED light.
Throughout the life cycle of a plant, light signals- especially those related to light intensity and duration-
influence, almost all elements of growth and developmental activities [4]. By providing the energy
required for plant growth and development, and controlling seedling photomorphogenesis, stomatal
conductance, seedling improvement, chloroplast activity, signal transduction, and inductive reasoning
through the photoreceptor transmitter, spectral distribution patterns, especially in the red (R) and blue (B)
wavelength ranges, are involved in plant photosynthetic activity [5]. In crop plants, the impacts of light
quality on plant growth and production have already been studied in detail [6]. For instance, it was found
that B leads to larger leaves than R and that both together produce sweet basil with a medium total leaf
area [7]. In cucumber seedlings exposed to a mixture of R and B radiation, leaf area decreased with
increasing B photon flux, while seedlings raised with B radiation alone developed larger plants than those
irradiated with R radiation alone or with both types of radiation together [8]. The penetration of light into
the shoots of plants alters the characteristics of shoot growth and the development of the subsurface root
system [9]. Red decreased the development of lateral roots but increased the quantity of 1° lateral roots
and the density of 2° lateral roots in tobacco plants [10]. According to certain theories, the photoreceptor
cells regulate how much carbon is made available for the formation of biomass in a developing plant
[11]. The shoot biomass, root biomass, and root-to-shoot ratio of Mesembryanthemum crystallinum
cultivated under R-light conditions were the lowest, while the plants growing under R-to-B conditions
showed better photosynthetic performance [12]. Chlorophyll production failed under R irradiation alone
while B and R irradiation are required for the synthesis of pigments [13]. Red light increased the total
amount of chlorophyll in wheat [14]. Numerous plant functions, including stomata opening,
photomorphogenesis, phototropism, and photosynthetic activity of leaves, are influenced by blue light.
Blue light is associated with the expression of “sun-like” characteristics in the chloroplasts, such as high
photosynthetic activity [15].

Recently, sprouts have gained popularity as a way to design the “Mediterranean diet,” especially in
plant-based and vegan diets. Observant customers benefit from including fresh plant foods such as
sprouts in their diet as they contain high amounts of easily digestible nutrients [16]. Sprouts are produced
by the germination of seeds, which is associated with physiological and biochemical disorders as
polysaccharides and proteins are converted into sugars and amino acids. Germination of certain legumes
leads to an increase or decrease in vitamins and nutritional variables [17], such as an increase in natural
antioxidants [18], and angiotensin-transmitting enzyme [16]. The sprouting process improves the
nutritional content of sprouts by increasing nutrient content, decreasing phytic acid, and increasing
protein and vitamin C content [19]. Furthermore, the essential utilizable properties of the nutrient content
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of sprouts have attracted the interest of researchers as potential future health-promoting functional foods [20].
Numerous antihypertensive, antihyperlipidemic, and antidiabetic substances have also been discovered in
sprout seeds [21].

More than half of the oilseeds produced come from the commercially significant crops wheat and lentil,
which are the subject of much research to understand their physiological molecular processes and stress
responses [19]. For many studies, it is essential to cultivate the plants in controlled environments, mainly
in phytotrons, which emit different intensity levels or spectral distributions of radiation that are
inadequate for legumes. The impacts of LED light on seedlings have only been investigated in a few
studies. R-LED light dramatically reduced the growth of chickpea and wheat sprouts in both daylight and
dark periods [22]. However, current knowledge of how lentils and wheat seedlings respond to light
quality is rather inconsistent. In this work, three different LED light qualities were used to investigate the
growth responses of wheat and lentil sprouts. This study aims to learn more about how wheat and lentil
sprouts respond to spectral distribution. By specifically addressing the timing of germination under
different light qualities, this study aims to provide a more nuanced understanding of how light influences
the growth stages and subsequent nutrient composition of sprouts.

2 Materials and Methods

2.1 Seed Collection
The analyses were carried out on wheat (Var KD/2017) and lentil (Punjab Mansoor-2019) seeds

collected from Barani Research Centre, Kohat, KP. The seeds were stored at 4°C for further use.

2.2 Light Treatments
The seeds were planted in petri dishes and treated with distilled water in a growth room (25°C). The Petri

dishes were kept under three different light spectra, namely white LED (HT100-5700), red LED (660 nm,
HT080-Red), and blue LED (450 nm, HT080-Blue). These LEDS lights were manufactured by Zam LED
Co. Limited, Chungcheongbuk-do, South Korea. Three Petri dishes with seeds grown under normal
incandescent light were used as controls. Seedlings were then harvested after 12 days and stored for
various parameters. To achieve a randomized arrangement of growth conditions, the experiment was
conducted twice separately. The experiments were conducted in a growth chamber at a temperature of 22
± 3°C (day and night), a humidity of 75%, and 900 mole CO2 for each treatment.

2.3 Growth Metrics for Plants
The germination of wheat and lentil seeds, the shoot/root length, the fresh weight, and the number of

secondary roots were measured.

2.4 Calculating Soluble Sugar
The total soluble sugar was calculated using the Fairbairn technique [23]. A test tube containing 0.05 g

of fresh shoot was added mixed with 5 mL of distilled water and placed in a water bath at 85°C for 30 min.
After 30 min, the supernatant was collected. This procedure was carried out three times, adding 10 mL of
distilled water. Using the sulfuric acid enthronement method, the amount of total soluble sugar was
measured at a wavelength of 620 nm.

2.5 Soluble Protein Concentration
The Bradford technique was used to calculate the amount of total soluble proteins in the sample [24]. In

a mortar, the materials (0.05 g of the fresh weight of the shoots) were crushed with liquid nitrogen gas before
mixing with 3 mL of a phosphate-buffered liquid (pH 7.0). The extraction was centrifuged at 13,000 rpm for
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15 min at 4°C. The supernatant was collected and 0.1 mL of Coomassie Brilliant Blue G-250 solution was
added. The total soluble proteins were calculated at a wavelength of 595 nm wavelength for two min.

2.6 Measurement of Vitamin-C Level
The modified Gahler approach was used to determine the vitamin C concentration [25]. For this purpose,

15 mL of 4.5 diluted phosphoric acid was added to 0.2 g of the fresh lentil and wheat sample and placed in a
shaker. The samples were then centrifuged at 16,000 rpm for 10 minutes. The vitamin C concentration in the
supernatant was measured using high-performance liquid chromatography (Agilent, Model-1100, USA) with
column chromatography at 254 nm against the ascorbate standard.

2.7 Measurement of Mineral Level
The macro and micronutrients were calculated as ground sprouts of wheat lentil sprouts. For the

measurement of sodium (Na) and potassium (K), an acid method with HNO3:HClO4 (2:1, v:v) was
performed and the measurement was carried out with a flame photometer (ICP-OES 725-ES; Agilent;
Santa Clara, CA, USA) [26].

2.8 Statistical Evaluation
The data were analyzed using analysis of variance (ANOVA) and least significant difference (LSD) test

at a level of p ≤ 0.05. SAS software, version 9.1 was used for all data analyses (SAS Institute; Cary, NC,
USA).

3 Results

3.1 Growth, Morphology, and Pigmentation of Plants
The results in Fig. 1 show that LED light treatments had different effects on germination, germination

rate, and seed viability. Compared to the control, the germination percentage improved by 18.34% and
12.67% for wheat and 18.34% and 12.67% for lentil sprouts under the R and B LED light treatments,
respectively. The R-LED light significantly increased the germination potential compared to the white
(W) and blue light treatments and decreased the germination rate of wheat and lentil sprouts by 13.3%
and 6.67%, respectively, compared to the W-LED treatment. This indicates that blue light improves the
germination capacity of bitter gourd, while red light increases the germination capacity of seeds. Fig. 2
shows the results of the mass evaluation of wheat and lentil sprouts affected by the LED light spectra.
The plants responded to the different light treatments with different growth patterns. The shoot/root
length and fresh weight of the plants were highest when grown under red and blue light and lowest under
white light. Compared to the control, shoot length and fresh weight increased by 19.3% and 9.59% for
wheat and 18.76% and 8.68% for lentils when treated with R light from the LED (Fig. 3). Plants treated
with B light of LED had significantly greater root length and fresh weight (FW) than those treated with
the control, i.e., 20.88% and 5.27%, for wheat and 17.66% and 5.76% for lentil shoots, respectively. The
R- and B-light treatments had higher shoot length and weight than the control; however, the W-light LED
treatment was detrimental to these shoots (Fig. 4).

3.2 The Nutritive Concentration of Lentil and Wheat Sprouts
Fig. 5 depicts the change in the total concentration of soluble sugars in the sprouts on the 10th day of

sowing. The results show that the soluble sugar concentration showed an upward trend from W, B to R.
Compared with the control treatment, the R treatment significantly increased the amount of soluble
protein and sugar in the wheat and lentil sprouts by 33.4% and 9.23%, and 31.5% and 5.87%,
respectively. The soluble sugar and protein concentration decreased in the W-LED treatment compared to
B and R, but was still higher than in the control.
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Figure 1: Effects of white, blue, and red light from LEDs on germination percentage of wheat (a) and lentils
(b) sprouts, respectively. Seeds were sown under white, blue, and red LED treatments. Normal light served as
a control. Values are means of three replicates, with standard errors represented by vertical bars. Using the
least significant difference test (as a reference for the LSD test), different lowercase letters show significant
differences at a level of p ≤ 0.05

Figure 2: Effects of white, blue, and red light from LEDs on shoot/root length (mass evolution) in cm of
wheat (a, b) and lentil (c, d) sprouts, respectively. The seeds were sown under white, blue, and red LED
treatments. The weight of the sprouts/roots of wheat and lentils was measured on the 10th day. Normal
light served as a control. Values are means of three replicates of standard errors represented by vertical
bars. Using the test for least significant differences (various range tests), different lowercase letters show
significant differences at a level of p ≤ 0.05
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Figure 3: Effects of white, blue, and red light from LEDs on shoot/root fresh weight in g of wheat (a, b) and
lentil (c, d) sprouts. Seeds were sown under white, blue, and red LED treatments respectively. The shoot/root
weight of wheat and lentil sprouts was determined on the 10th of sowing. Normal light served as a control.
Values are means of three replicates standard errors are represented by vertical bars. Using the least
significant difference test (p ≤ 0.05, n = 3), various lowercase letters show significant differences

Figure 4: (Continued)
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3.3 Vitamin-C, K, and Na Concentrations
The vitamin C concentration of wheat and lentil sprouts changed with the different R, B, or W light of

the LEDs, as depicted in (Fig. 5). This could indicate that the vitamin C concentration responded to the light
spectrum. The wheat and lentil sprouts treated with R had the highest vitamin C concentration, which was
significantly higher than on the plants exposed to the other treatments. These findings showed that R-LEDs
stimulate vitamin C synthesis in wheat and lentil sprouts. The levels of K and Na differed significantly
between the various light treatments, indicating that light quality has a significant effect on K and Na
concentrations (Fig. 6). Plants exposed to the R treatment had the highest K and Na concentrations in the
wheat and lentil sprouts followed by the B light and LED treatments in the wheat and lentil shoots,
respectively. The wheat and lentil sprouts treated with W had lower nitrate concentrations than the plants
treated with R and B and the control plants.

Figure 4: Effects of white, blue, and red light from LEDs on total soluble protein and sugar concentrations
(‰) of wheat (a, c) and lentil (b, d) sprouts. In panel b, TSP and not TSS are indicated. Seeds were sown
under white, blue, and red LED treatments, respectively. The shoot/root weight of wheat and lentil
sprouts was determined on the 10th day after sowing. Normal light served as a control. Values are means
of three replicates of standard errors, represented by vertical bars. Using the least significant difference
test (p ≤ 0.05, n = 3), various lowercase letters show significant differences

Figure 5: Effects of white, blue, and red light from LEDs on vitamin-C concentrations (‰) on wheat (a) and
lentil (b) sprouts, respectively. Seeds were sown under white, blue, and red LED treatments. The shoot/root
weights of wheat and lentil sprouts were determined on the 10th day of sowing. Normal light served as a
control. Values are means of three replicates standard errors are represented by vertical bars. Using the
least significant difference test (p ≤ 0.05, n = 3), various lowercase letters show significant differences
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4 Discussion

In general, plants can use light to control their morphological growth and to provide them with energy
for their development, and all these activities work together. Light affects some developmental and growth
processes, including seed germination, seed size, and flower formation [22]. The percentage of germination
of bitter gourd was promoted by red light, which also maintained a high level of germination. This indicates
that bitter gourd seed germination responds differently to different types of light.

Both wheat and lentils are important crops that are grown all over the world. Lentils are sensitive to
different light conditions and are therefore, grown in greenhouses worldwide [22,27] The current study,
we investigated how different LED lights affect the morphological growth and biochemical properties of
wheat and lentil sprouts. Wheat and lentil sprouts cultivated under R, B, and W LED treatments showed
significantly higher biomass of roots and leaves than the control plants. Furthermore, both wheat and
lentil plants treated with R-LEDs had the highest shoot/root length and weight than those treated with B-
and W-LEDS (Fig. 3). Overall, the increased promotion of wheat and lentil sprouts indicates that this
LED illumination can affect growth, increase the mean weight of wheat and lentil sprouts and, keep the
market price of the vegetables high. W-LED lighting caused wheat and lentil sprouts to grow longer with
a lower yield [28]. B-LED lighting is crucial for leaf growth and promotes leaf area (LA) and biomass
production [29]. Previous studies have shown that sprouts cultivated under R light with the addition of B
LED light accumulate more mass than sprouts produced under R light only [30]. Furthermore, the leaves
of wheat and lentil sprouts irradiated with B-light showed higher fresh weight of sprouts than plants
irradiated with W-LED light [31]. In the current studies, it was concluded that the R-light of the LED
treatment outperformed the B-light of the LED treatment as an irradiation source for the development and
growth of wheat and lentil shoots. Similar outcomes were obtained for the in vitro growth of tomatoes
[32]. Compared to the R and W light treatments, the shoot/root biomass and length of wheat and lentil
shoots increased significantly after the R and B LED treatments compared to the W and control
treatments (Fig. 2). The considerable increase in fresh weight may have been caused by the greater ability
of the leaves to absorb light. Previous studies have shown that the larger photosynthetic area per unit
effort in leaf tissue is significantly higher under R-light LED [33]. Plants require a continuous supply of
water and nutrients to strengthen the shoot and root systems. Sprouting seedlings, on the other hand, have
short roots that cannot absorb enough water or minerals, which slow down plant growth and cause the
stems to expand rapidly when there is little sunlight or too much water. Crops with a high shoot-to-root

Figure 6: Effects of white, blue, and red light from LEDs on mineral concentrations (‰) of wheat (a) and
lentil (b) sprouts, respectively. Seeds were sown under white, blue, and red LED treatments. The shoot/root
weights of wheat and lentil sprouts were determined on the 10th day of sowing. Normal light served as a
control. Values are means of three replicates standard errors are represented by vertical bars. Using the
least significant difference test (p ≤ 0.05, n = 3), various lowercase letters show significant differences
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ratio are not ideal for vigorous growth, as their poor roots cannot provide enough water for the huge
branches [34].

The absorption bands of plant pigments are different at different wavelengths. The action spectra are
the frequencies used in the biosynthesis and synthesis of plant pigments [35]. The best light absorption
occurs in the range of 400–500 and 630–680 nm for chlorophyll “a” and “b” and carotenoids,
respectively, while low absorption occurs in the 530–610 nm. The plants showed identical absorption
spectra of the photosynthetic pigments, i.e., chlorophyll a, b, a + b, and carotenoids, despite the
application of light of different quality for all treatments with the same photon flux density (PFD). It is
possible that the applied PFD level (210 µmol m-2 s-1) reached a certain PFD minimum required for
adequate production and activation of chlorophyll activity. Plants with lower chlorophyll concentrations
appeared to utilize chlorophyll more effectively than plants with higher chlorophyll levels [36]. It is
possible to use a specific type of light to increase the yield and nutritional quality of vegetable
production. The metabolic activities of the investigated vegetable species were influenced differently by
the selected LED lights. The main products of photosynthesis, the sugars, and their accumulation in the
leaves reacted the most strongly [25]. Consequently, light variations affect sugar and protein
concentrations and also measure the signaling molecules that contribute to the control of important
morphological functions of plants [37,38]. In terms of food quality, total soluble sugar concentration can
be a useful trait. The findings indicated that wheat and lentil sprouts had the highest concentrations of
soluble sugars and proteins under R-light from LEDs, suggesting that this light source may contribute to
wheat and lentil sprouts storing soluble sugars and proteins (Fig. 4). Furthermore, there were significant
differences in the concentration of proteins and soluble sugars in the treated plant leaves. This suggests
that the light spectra could be useful for sugar and protein biosynthesis and that the amount of soluble
sugar and protein could be a reliable indicator of the nutritional value of wheat and lentil sprouts.

Previous studies have shown that supplemental B-light increases the amount of vitamin C that
accumulates in sprouts [25]. In this study, red light treatment was shown to significantly increase vitamin
C synthesis in wheat and lentil sprouts compared to the other light treatments. It was also found that the
vitamin C concentration increased in plants irradiated with R and B light and LED light and in the control.

5 Conclusion

The use of favorable light conditions for seed germination has attracted much attention in recent
decades. In this study, we investigated how different light spectra (white, blue, and red) affect the growth
parameters and nutrient concentrations of two sprout species. The findings presented here showed that the
growth, development, and nutrient concentration of sprouts can be influenced by changes in light color.
Three general trends emerged from the findings for the two sprout species studied:

(i) Blue LED light had a positive effect on the growth parameters and nutrient concentration of wheat
and lentil sprouts.

(ii) Red LED light proved to be more effective in increasing the growth characteristics and nutrient
concentration of wheat and lentil sprouts.

(iii) White LED light harmed the growth parameters and nutrient concentration of wheat and lentil
sprouts.
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