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Abstract 
 
Mung bean (Vigna radiata L.), is a plant species from Fabaceae family and represented a very good source of 
antioxidants and polyphenols, having also an important nutritional value. This paper presents the results obtained by 
treatments with white (W), red (R) or blue (B) light emitted of LED-s, on mung bean (Vigna radiata L.) sprouts. The 
parameters evaluated were the number and fresh weight of sprouts mung bean (Vigna radiata L.), obtained by 
application of the LED treatments. The reference was represented by sprouts mung bean (Vigna radiata L.), illuminated 
with sunlight. Biochemical studies included determination of concentration of polyphenols, proteins, flavonoids and 
antioxidant capacity. The white (W) LED treatments on sprouts mung bean (Vigna radiata L.), produced an important 
number of sprouts while the red (R) LED induced the high fresh weight of mung bean (Vigna radiata L.) sprouts. The 
content of polyphenols, flavonoids and the antioxidant capacity was significantly higher by treatment with white (W) 
light LED. The reference contains a higher content in proteins than the samples illuminated with LED emitted light. 
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INTRODUCTION 
 
Mung bean (Vigna radiata L.), is an annual 
herbaceous plant from the major group of 
Angiosperms, included in genus Vigna, family 
Leguminosae 
(http://www.theplantlist.org/tpl1.1/record/ild-
29556). 
Archaeobotanical record from many 
archaeological sites of India, indicate that mung 
bean (Vigna radiata), was presented from 2500 
BC to this days (Fuller, 2007). In our days, 
mung bean (Vigna radiata), is one of the most 
cultivated plant in India, Myanmar, China, 
Pakistan, Bangladesh, Cambodia, Thailand, Sri 
Lanka and Australia  (Rawal & Navarro, 2019).  
The quality and size of mung bean (Vigna 
radiata (L.) R. Wilczek), are depending of 
various abiotic (e. g., waterlogging and 
salinity), and biotic stresses (e. g., viral and 
fungal diseases) (Rawal & Navarro, 2019). 
This species presents a variable short-duration 
vegetable period from 70-110 days (Lambrides 
& Godwin, 2007) to 90-120 days (Lim, 2012) 
or 65-80 days (Rawal & Navarro, 2019), and is 
cultivated from 0 to 1850 m altitude (Lim, 
2012). The mung bean is a species very 

abundant in nutritive elements (polysaccharides 
with antioxidant activities, radicals scavenging 
activity, immunoregulatory and 
immunomodulatory activities and peptides with 
antioxidant activity) and also in active 
principles phenolic acids (1.81-5.97 mg rutin 
equivalent/g - hydroxycinnamic and 
hydroxybenzoic acid), flavonoids (1.49-1.78 
mg catechin equivalent/g - anthocyanins, 
flavonols, flavones, isoflavonoids), and tannins 
(1.00-5.75 mg/g) - Hou et al., 2019. The mung 
bean contains also balanced nutrients, including 
protein, dietary fiber, minerals, vitamins, and 
significant amounts of bioactive compounds 
(Gan et al., 2017). Furthermore, mung bean 
protein is easily digestible, as compared to 
protein in other legumes (Mubarak, 2005 and 
Yi-Shen, 2018) and high protein content with 
hypoallergic properties.   
Mung bean is one of the most consuming plant 
in all the world. The seeds of mung bean are 
eaten whole, as flour (Lim, 2012) or sprouts 
(Lambrides & Godwin, 2007; Lim, 2012; 
Tang et al., 2014). The mung beans sprouts 
contents an increased vitamin C concentration, 
an enhanced total phenolic compounds and 
flavonoids, quercitin 3-O-glicoside and 
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antioxidant capacity 6 times higher than that of 
mung bean seeds. 
As a result, it is useful to obtain sprouts of 
mung bean (Vigna radiata L.), through the 
method of care to reduce the negative influence 
of stressors of a biotic and / or abiotic nature.  
The goal of our research, was to notice the 
effect of lighting with white (W), red (R) or 
blue (B) light emitted of LED-s and sunlight 
(S, reference) on mung bean sprouts (Vigna 
radiata L.). 
 
MATERIALS AND METHODS 
 
The biological material consisted of mung 
bean seeds (Vigna radiata L.), from two 
varieties:  from China (TRS brand) M1 and 
Myanmar (RAPUNZEL brand) M2. Mung 
bean seeds (Vigna radiata L.) in the dormant 
phase present an oval shape, were colored in 
brownish green. The seeds from China had a 
larger diameter (0.4-0.5 cm) compared to those 
from Myanmar (0.3-0.4 cm). The main 
distinguish element of the two categories of 
seeds was the type of agriculture used to obtain 
them, respectively: organic agriculture for M1 
variety or conventional agriculture M2 variety. 
The experimental variants used in the 
experiment were the following:  

- V1 = M1 + treatment by white color LED-s 
– emitted light ; 

- V2 = M1 + treatment by red color LED-s – 
emitted light ; 

- V3 = M1 + treatment by blue color LED-s – 
emitted light; 

- V4 = M1 + treatment by sunlight, control 
(S)/reference variant; 

- V5 = M2 + treatment by white color LED-s 
– emitted light; 

- V6 = M2 + treatment by red color LED-s – 
emitted light; 

- V7 = M2 + treatment by blue color LED-s – 
emitted light; 

- V8 = M2 + treatment by sunlight, 
control/reference variant. 

Groth conditions and plant material: 
Lighting treatment were performed in 
controlled environmental conditions. 
The seeds of mung bean (Vigna radiata L.), 
were sterilised using a 2.5% sodium 
hypochlorite solution for 5 minutes; washed 10 
minutes for 3 times with sterile distilled H2O 

(Badea & Săndulescu, 2001; Cachiță-Cosma et 
al., 2004). The seeds were watered and 
germinated in sterile condition on gauze soaked 
in sterilized distilled H2O (Enache & Livadariu, 
2016), to obtain sprouts of mung bean. The 
seed were placed in food casseroles 
(transparent plastic, sterile and provided with a 
lid); and germinated under light LED treatment 
(white, red - Li et al., 2014 - or blue), The 
lighting emitted by LED-s or sunlight was 
performed for 8 days, photoperiod of 16 h, at a 
temperature of 23°C ± 2°C/photoperiod and 
20°C ± 2°C/dark period. The technical 
characteristics of LED-s are: voltage 220 V, 
power 18 W and light flux 435 lm (Livadariu & 
Maximilian, 2017). 
Morphological measurements (fresh weight) 
rates (number of sprouts/time) and 
quantification of proteins, flavonoids, 
polyphenols, antioxidant capacity was 
analyzed. 
The protein extraction was performed by 
grinding the sprouts tissue in 50 mM potassium 
phosphate buffer, 0.05% β-mercaptoethanol, 
0.5 mM (DIFP) diisopropyl fluorophosphat – 
protease inhibitor, pH = 6.8 (1.0 g/0.5 ml, dry 
weight/buffer) at 4°C for 24 hours. The extract 
was centrifuged 18.000 rpm for 20 min. and the 
supernatant was used for protein assay. The 
protein concentration was carried out using 
Bradford method (Bradford, 1976). For the 
polyphenols, flavonoids content and 
antioxidant capacity assay was used methanolic 
extracts. The polyphenols concentration was 
evaluated using Folin - Ciocalteu reagent 
(Mihailović et al., 2013). The results were 
expressed as mg gallic acid equivalent / g fresh 
weight. The antioxidant capacity was carried 
out according to Marxen et al. (2007), using 
DPPH (2,2-diphenyl-1-picrylhydrazyl) and a 
calibration curve with Trolox as antioxidant 
standard. The antioxidant capacity was 
expressed as mM Trolox/g fresh weight. The 
flavonoid compounds were estimated using 
Zhishen et al., 1999, modified method with 
aluminum chloride. The absorbance of the 
mixtures was measured at 510 nm. A 
calibration curve with rutin was used. The 
flavonoids concentration was expressed as mg 
equivalent rutin/g fresh weight.  
Statistical procedures. Each experimental 
variant were consisted from twenty mung bean 
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(Vigna radiata L.) seeds/variety M1/M2. All 
analysis were performed in triplicate. The data 
have been statistically analyzed and the 
standard deviation of mean was calculated. The 
rate, the fresh weight of sprouts (A), 
polyphenols, flavonoids, proteins content, and 
antioxidant  capacity were determined. 
 
RESULTS AND DISCUSSIONS 
 
A. Determination of the rate and the fresh 
weight of two variety of mung bean (M1 and 
M2) (Vigna radiata L.) sprouts by treatment 
with white (V1/V5), red (V2/V6), blue 
(V3/V7) LED-s or sunlight (V4/V8) -
reference variant (control) 
 
A1. Determination of the rate of mung bean 
(Vigna radiata L.) sprouts  
According to the experimental data presented 
in Figures 1 and 2, the mung bean seeds (Vigna 
radiata L.) begin to germinate in the second 
day of the experiment. 
In the second day, under the influence of the 
white light treatment emitted by LED-s (V1 
and V5) the highest number of sprouts was 
obtained, both M1 (Figure 1) and M2 (Figure 
2) varieties in comparison with all variants 
analyzed (V2-V4 and V6-V8).  
 

 
Figure 1. The rate of mung bean (Vigna radiata L.) 

sprouts (no.), for experimental variaty M1 illuminated by 
LED 

 
Also, on the second day, the smallest number 
of sprouts, was registered: in the case of M1 
seeds under the influence of sunlight treatment 
(V4) (Figure 1), and in the case of M2 seeds, 
under the influence of the blue light LED 
treatment (V7) (Figure 2). 

 
 

Figure 2. The rate of mung bean (Vigna radiata L.) 
sprouts (no.), for experimental variaty M2 illuminated by 

LED 
 

On the third day, it can be observed the highest 
number of sprouts from M1 and M2 varieties, 
also under the influence of white light 
treatments emitted by LED-s (V1 and V5). But, 
unlike the second day, the smallest number of 
sprouts was recorded for M1 seeds under the 
influence of the red light emitted by LED-s 
(V2) and for the M2 seeds, under the influence 
of sunlight treatment (V8). In the fourth and 
fifth day were recorded minor differences in the 
number of sprouts, stabilizing on the eighth 
day. These results complement those obtained 
(Livadariu et al., 2019), the treatment with blue 
LED, induced a superior rate of sprouts in 
comparison with others variants, red and green 
LED-s light. 
 
A2. Determination of the fresh weight of mung 
bean (Vigna radiata L.) sprouts  
According to the graphic (Figure 3), it can be 
observed that the values of fresh weight of 
mung bean sprouts (Vigna radiata L.) have the 
lowest value (2.5 g) for the generated sprouts 
from M2 seeds, under the influence of sunlight 
(V8). The highest value (9.05 g) was registered 
for sprouts illuminated with red light emitted 
by LED-s, from M1 seeds (V2). Thus, it can be 
noticed a clear difference of the average values 
of the fresh weight of mung bean sprouts 
(Vigna radiata L.) between M1 and M2. Other 
authors Park et al., in 2019, found that red 
light-irradiated canola (Brassica napus) sprouts 
being significantly higher than those of sprouts 
exposed to white and blue LEDs. 
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Figure 3. The fresh weight of mung bean (Vigna radiata 
L.) sprouts (g), for experimental variant from M1 variety 

and M2 variety 
 
B. Biochemical analyses 
B.1. Determination the protein content in mung 
bean sprouts illuminated with LED 
The biochemical analyses regarding the content 
of proteins in mung bean sprouts illuminated 
with LED for M1 and M2 variety emphasized 
that the sample represented by reference variant 
(sunlight) had the higher concentration. The 
treatment of sample from M1 and M2 varieties 
illuminated with LED did not induce an 
increase of protein concentration (Figure 4). 
 

 
Figure 4. The protein concentration in M1 and M2 

varieties illuminated by LED 
 
The white LED produces a higher 
concentration in M2 variety (V7) while red 
LED induced a higher content in protein in M1 
variety (V2). The values of proteins 
concentration are very close for M1 and M2 
varieties illuminated with blue LED (V3, V5). 
There are not data in the literature regarding the 
effect of different types of illuminated LED on 
sprouts. However, there are some information 
regarding the sprouts treatment with the light 
traditional bulb which induced a higher protein 
concentration in compared to those illuminated 
by LED light, by 17% respectively, to obtain 
plants with increased protein content the light 

should be used with an increased proportion of 
wavelengths 600-780 nm (as in the case of 
traditional bulbs) (Fiutak et al., 2018). Our 
previous study (Livadariu et al., 2019), on 
effect of LED treatment have shown that the 
illumination with blue light LED produced the 
highest protein concentration for hemp sprouts 
compared with green and red LED. 
 
B2. Determination the polyphenols 
concentration in mung bean sprouts 
illuminated with LED 
The higher concentration of polyphenols in 
mung bean sprouts was determined by 
illumination with white LED light for both 
varieties M1 and M2 (V1 and V5) (Figure 5). 
 

 
Figure 5. The polyphenols concentration in M1 and M2 

varieties illuminated by LED 
 
The effect of red LED illuminated the mung 
bean sprouts induced a higher concentration of 
polyphenols in M2 variety comparative with 
content of polyphenols in M1 variety, while the 
blue LED treatment produced a stronger effect 
in M1 variety. The white LED treatment 
induced an effect similar with blue LED 
illuminated mung bean sprouts. Similar results 
obtained by Matysiak & Kowalski, 2019, who 
mentioned that the phenols concentration was 
enhanced by illuminated with white LED 
lighting compared to the control in basil green 
leaves, lamb’s lettuce and garden rocket leaves, 
but was unaffected in basil purple-leaves. 
 
B3. Determination the flavonoids concentration 
in mung bean sprouts illuminated with LED 
The treatment with white LED on mung bean 
sprouts determined a high biosynthesis of 
flavonoids for M1 (V1) and M2 (V5) varieties 
(Figure 6). Estimating the effect of type LED it 
can be observed that the white and blue light 
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was similar revealing a higher content in 
flavonoids for M1 variety. The effect of red 
LED illuminated the mung sprouts was 
significant in flavonoids concentration for M2 
variety. Other studies (Matysiak & Kowalski, 
2019) emphasized that plants growth under 
blue LED light had a content in flavonols (a 
class of flavonoids) higher than in the case of 
leaves from basil, lamb’s lettuce and garden 
rocket, as compared with white LED light 
treatment. 
 

 
 

Figure 6. The flavonoids concentration in M1 and M2 
varieties illuminated by LED 

 
B4. Determination of antioxidant capacity in 
mung bean sprouts illuminated with LED 
A significant increase in antioxidant capacity 
was observed by illuminated the mung sprouts 
with white LED (V1 and V5) for both M1 and 
M2 varieties (Figure 7). 
 

 
 

Figure 7. The antioxidant capacity in M1 and M2 
varieties illuminated by LED 

 
Comparing the effect induced by each LED 
type white, red and blue was observed the 
following: the white and blue LED produced an 

increase of antioxidant capacity for M1 variety. 
The treatment with red LED has positive effect 
for M1 (V2) and M2 (V6) variety of mung bean 
sprouts.  
Comparing the effect of red LED on each mung 
bean variety we conclude that in M2 variety 
was stimulated a biosynthesis of polyphenols 
and flavonoids but the antioxidant capacity was 
similar for both varieties. In the similar manner, 
the effect of blue and white LED amplified the 
accumulation of polyphenols, flavonoids and 
antioxidant capacity. 
Our results differ from those of Wu & al. 
(2007), that noticed the antioxidant capacity of 
pea seedlings, after 96 h of radiation by various 
LED lights, was significantly enhanced by red 
light radiation. 
 
CONCLUSIONS 
 
Spouts development, morphogenesis, growth, 
and secondary metabolite synthesis are 
significantly affected by light quality and the 
lighting spectrum.  Regarding comparatively 
the M1 and M2 varieties, the highest average 
values of the number of sprouts were recorded 
under the influence of white lights emitted by 
LED-s, while the highest average values of the 
fresh weight of sprouts were recorded under the 
red-light treatment emitted by LED-s. In our 
study, white LED light was found to be suitable 
for biosynthesis of polyphenols, flavonoids and 
antioxidant capacity.  
Analyzing the results obtained, we observed a 
direct correlation between the highest 
concentration of polyphenols, flavonoids and 
antioxidant capacity and the rate of mung bean 
sprouts induced by treatment with white LED. 
The experimental results obtained from testing 
light treatments emitted by LED-s for 
achieving mung bean sprouts (Vigna radiata 
L.) from seeds obtained through organic 
agriculture (M1) or conventional agriculture 
(M2), recommend further research for growing 
sprouts, because, predominantly, there were 
recorded better experimental values under the 
influence of treatments with white, red or blue 
light emitted by LED-s, compared to the 
sunlight treatment.  
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