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Abstract—The effects of light quality on the quality formation 

of tomato (cv. MicroTom) fruits were studied in 

controlled-environment house. There were 4 LEDs treatments: 

the ratio of red (660nm): blue (460nm) was 1:1 (1R1B), 2:1 

(2R1B), 4:1 (4R1B) and 8:1 (1R1B), the Photosynthetic Photon 

Flux Density (PPFD) was 300µmol·m
-1

s
-1

 and illumination time 

was 6:00 - 18:00, the quality of tomato fruits were determined 

at 30, 45 and 60 days after anthesis (DAA). The contents of 

soluble protein, free amino acid, flavonoid and ferric reducing 

antioxidant potential (FRAP) in tomato fruits significantly 

increased under the 1R1B treatment with the development of 

tomato fruits. Under 4R1B treatment, the contents of soluble 

sugar significantly increased at 30 and 40 DAA, the rate of 

DPPH free radical scavenging significantly increased at 30 

DAA. The polyphenol contents significantly increased at 45 and 

60 DAA under 4R1B or 8R1B treatment. The lycopene contents 

significantly increased at 45 and 60 DAA under 2R1B 

treatment. 
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I. INTRODUCTION 

Light (light intensity, illumination time and light quality) 
is the most important factor for plant growth and 
development. Light is energy source for photosynthesis and 
an important environmental signal for plant growth and 
development. The combination of red and blue LED light is 
one of efficient light source for plant growth and 
development as well as improving the quality of plant 
nutrition [1, 2]. 

The contents of soluble sugar and vitamin C in lettuce 
increased under red light, and increased with the ratio of red 

light increased [3]. And soluble sugar content of lettuce 
significantly increased under the combination of red and blue 
light compared with monochromatic light [4, 5]. The 
contents of free amino acids and soluble protein in alfalfa 
sprouts [6] and Chinese toon sprouts [7] increased in blue 
light treatment. There were higher contents of phenol and 
flavonoids in lettuce under the combination of higher blue 
light, compared with the red light and control [8, 9].  There 
was the highest lycopene content in tomato fruits at 60 days 
after anthesis under red light LED treatment [10]. 

Tomatoes (Solanum lycopersicum L.) are one of the most 
widely consumed vegetables around world. Synergistic 
interactions between various phytonutrients (carotenoids, 
lycopene, total phenolics, etc.) in tomatoes are responsible 
for its beneficial health effects. Tomato has been conferred as 
a “functional and nutraceutical food” [11]. The functional 
quality and antioxidant constituents of tomato are 
significantly affected by environmental factors and genetics. 
The nutritional quality change during tomato fruit 
development under different ratio of red and blue LED light 
was determined in this study. 

II. MATERIAL AND METHODS 

A. Plant Material Cultivation 

The experiment was carried out in a controlled 
environment house in South China Agricultural University, 
24-26℃/15-18℃ (day/night), relative humidity (RH) 
60%-80%. The development of tomato fruit could be divided 
into four stages: immature green (15 days after anthesis, 
DAA), light-pink (30 DAA), red mature (45 DAA), and full 
mature (60 DAA). The tomato seedlings with 4 leaves 
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transplanted in hydroponic, nutrient solution including N 200 
mg/L, P 30 mg/L, K 240 mg/L, Ca 130 mg/L, Mg 48 mg/L, 
Fe 2 mg/L, B 0.5 mg/L, Mn 0.5 mg/L, Zn 0.05 mg/L, Cu 0.02 
mg/L, Mo 0.02 mg/L. The nutrient solution was refreshed 
every 9 days.  There were 4 LEDs treatments: the ratio of red 
(660nm): blue (460nm) was 1:1 (1R1B), 2:1 (2R1B), 4:1 
(4R1B) and 8:1 (81R1B). The Photosynthetic Photon Flux 
Density (PPFD) was 300µmol·m-1s-1 and illumination time 
was 6:00 - 18:00.  

The tomato fruits were sampled at 30, 45 and 60 DAA 
and stored under -4℃ for analysis. 

B. Fruit Quality Determined 

The contents of soluble sugar were measured with 
anthrone colorimetric method according to [12]. The 
contents of soluble protein were measured with Coomassie 
brilliant blue method according to [12]. The contents of free 
amino acid were determined with ninhydrin coloration 
method according to [12]. The lycopene contents were 
measured by spectrophotometer according to [13]. The 
polyphenol contents were determined by the Folin-Ciocalteu 
procedure according to [14]. The flavonoid content was 
measured referring to [15]. The DPPH radical-scavenging 
activity was estimated following the method of [14]; FRAP 
was determined according to the method described by Benzie 
et al. (1999) [16].  

Data were analyzed by SPSS System (SPSS 10.0, SPSS 
Inc). Mean separations were conducted using a LSD test 
protected by ANOVA (Analysis of Variance) at p < 0.05 (n = 
5). 

III. RESULTS 

A. Effect of Light Quality on The Contents of Soluble Sugar 

in Tomato Fruit 

With the tomato fruits development, the contents of 
soluble sugar continuously and significantly decreased, 
especially in 4R1B treatment (Fig. 1). The contents of 
soluble sugar significantly increased at 30 and 45 DAA under 
4R1B treatment, while increased at 60 DAA under 8R1B 
treatment. At 30 DAA, the contents of soluble sugar in 4R1B 
treatment were 13.02%, 25.20% and 36.84% higher than 
8R1B, 2R1B and 1R1B treatment respectively. And at 45 
DAA, the contents of soluble sugar in 4R1B treatment 
increased 12.90% and 19.26% than 2R1B and 1R1B. While 
at 60 DAA, the contents of soluble sugar in 8R1B treatment 
increased by 11.10%, 14.86% and 22.09% than 1R1B, 4R1B 
and 2R1B respectively.   

 
Figure 1. Effects of light quality on soluble sugar content in tomato fruit 

B. Effect of Light Quality on The Content of Soluble Protein 

in Tomato Fruit 

With the development of tomato fruits, the contents of 
soluble protein increased under 4R1B treatment (Fig. 2), 
while those in other treatments increased and then decreased. 
During the development of tomato fruits, the contents of 
soluble protein significantly increased at 45 and 60 DAA 
under 1R1B treatment, while significantly increased at 30 
DAA under 8R1B treatment. At 30 DAA, the content of 
soluble protein in 8R1B treatment increased by 8.17%, 
17.30% and 27.18% than 4R1B, 1R1B and 2R1B treatment 
respectively. At 45 DAA, the content of soluble protein in 
8R1B treatment increased by 3.72%, 13.13% and 22.94% 
than 1R1B, 2R1B and 4R1B respectively. At 60 DAA, the 
contents of soluble protein in 1R1B treatment increased by 
6.48%, 7.18 % and 20.71% comparing with that treated with 
8R1B, 4R1B and 2R1B respectively.  

 
Figure 2. Effects of light quality on soluble protein content in tomato fruit 

C. Effect of Light Quality on The Content of Free Amino 

Acid in Tomato Fruit 

With tomato fruit development, the contents of free 
amino acid decreased under 1R1B and 2R1B treatment (Fig. 
3). During the development of tomato fruit, the content of 
free amino acid significantly increased at 30, 45 and 60 DAA 
under 1R1B treatment. Comparing with 4R1B, 8R1B and 
2R1B treatment, the contents of free amino acid in 1R1B 
treatment increased by 30.60%, 39.52% and 39.79% at 30 
DAA, and by 18.84%, 33.86% and 47.52% at 45 DAA, 
respectively. At 60 DAA, the contents of free amino acid in 
1R1B treatment were 18.84%, 33.86% and 47.52% higher 
than in 8R1B, 4R1B and 2R1B treatment, respectively. 

 
Figure 3. Effects of light quality on free amino acid content in tomato fruit 
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D. Effect of Light Quality on Lycopene Content in Tomato 

Fruit 

The lycopene contents continuously and significantly 
increased as tomato fruits developed (Fig. 4). There was no 
significant difference at 30 DAA among the treatments, 
while the lycopene content significantly increased at 45 and 
60 DAA in 2R1B treatment than other treatment. Comparing 
with 1R1B, 8R1B and 4R1B treatment, the lycopene contents 
in 2R1B treatment increased by 4.98%, 8.19% and 15.71% at 
45 DAA, and by 16.10%, 17.43% and 24.08% at 60 DAA, 
respectively. 

 
Figure 4. Effects of light quality on lycopene content in tomato fruit 

E. Effect of Light Quality on Polyphenol Content in Tomato 

Fruit 

During the development of tomato fruits, the polyphenol 
content significantly increased at 45 and 60 DAA under 
4R1B and 8R1B treatment (Fig. 5). At 30 DAA, the 
polyphenol content in 1R1B treatment increased by 8.81%, 
9.21% and 35.15% than in 4R1B, 8R1B and 2R1B treatment 
respectively. At 45 DAA, comparing with in 1R1B and 2R1B 
treatment, the polyphenol content in 4R1B treatment 
increased by 24.89% and 32.63%. However there was the 
highest polyphenol content in 8R1B treatment, which was 
6.42%, 18.11% and 26.06% higher than in 4R1B, 1R1B and 
2R1B treatment.  And at 60 DAA, the polyphenol contents in 
treatments were significantly difference, the contents in 
8R1B treatment were 6.42%, 18.11% and 26.06% higher 
than in 4R1B, 1R1B and 2R1B treatment, respectively. 

 
Figure 5. Effects of light quality on polyphenol content in tomato fruit 

F. Effect of Light Quality on Flavonoid Content in Tomato 

Fruit 

With tomato fruit development, the flavonoid contents 
increased under 1R1B treatment (Fig. 6), while those 
increased and then decreased under other treatments. At 30 
DAA, the flavonoid content in 1R1B treatment increased by 
24.29%, 30.45% and 33.04% than in 2R1B, 4R1B and 8R1B 
treatment, respectively. At 45 DAA, there was significantly 
difference in flavonoid contents among treatments, those in 
8R1B treatment increased by 11.87%, 28.42% and 41.73% 
than in 1R1B, 4R1B and 2R1B treatment, respectively. And 
at 60 DAA, the flavonoid contents in treatments were 
significantly difference, the contents in 1R1B treatment were 
30.39%, 37.78% and 51.19% higher than in 4R1B, 8R1B and 
2R1B treatment, respectively.  

 
Figure 6. Effects of light quality on flavonoid content in tomato fruit 

G. Effect of Light Quality on The Rate of DPPH and FRAP 

in Tomato Fruit 

During the development of tomato fruits, there was a 
trend that the rate of DPPH free radical scavenging 
significantly increased and then were steady (Fig. 7). At 30 
DAA, the rate of DPPH in 4R1B treatment increased by 
18.98%, 32.71% and 34.50% than in 1R1B, 8R1B and 2R1B 
treatment, respectively. However, there was no significant 
difference among treatments at 45 DAA, and there was only 
few difference between 1R1B and 8R1B at 60 DAA.   

 
Figure 7. Effects of light quality on rate of DPPH free radical scavenging in 

tomato fruit 

With the tomato fruits developed, FRAP increased and 
then decreased under treatments (Fig. 8). FRAP significantly 
increased at 45 and 60 DAA under 1R1B, but significantly 
increased at 30 DAA under 8R1B treatment. At 30 DAA, 
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there was no significant difference between 8R1B and 4R1B 
treatment, and FRAP in 8R1B treatment increased by 
12.27% and 27.36% than 1R1B and 2R1B treatment. At 45 
DAA, FRAP in 1R1B treatment was 6.92% and 17.47% 
higher than in 4R1B and 2R1B treatment.  At 60 DAA, 
FRAP in 1R1B treatment increased by 30.39%, 37.78% and 
51.19% than in 2R1B, 8R1B and 4R1B treatment, 
respectively.  

 
Figure 8. Effects of light quality of FRAP in tomato fruit 

IV. DISCUSSION 

Red light promotes the enzyme activity related sugar 
metabolism by inducing expression of phytochrome gene 
[17]. The contents of soluble sugar in lettuce increased with 
the ratio of red LED light increased [3]. The contents of 
soluble sugar in tomato fruits significantly increased at 
30DAA under 4R1B treatment, while increased at 60 DAA 
under 8R1B treatment, which can be confirmed that red light 
plays a more important role on the accumulation of soluble 
sugar.  

The contents of free amino acids and soluble protein 
increased under Blue light treatment in alfalfa sprouts [6] and 
Chinese toon sprouts [7].The contents of free amino acid and 
soluble protein significantly increased during the 
development of tomato fruits under 1R1B treatment. Under 
blue light, dark respiration significantly enhanced, could 
provide carbon frame for the synthesis of organic nitrogen 
compounds, and then the synthesis of free amino acid and 
soluble protein increased [18].  And the activities of nitrate 
reductase could be enhanced by blue light, thus provided 
more nitrogen for protein synthesis [19, 20].  

Lycopene is the important pigment in tomato fruits. The 
lycopene contents significantly increased in tomato fruit 
under red light [10], however significantly increased in 
cherry tomato fruit under blue light [21]. With tomato fruits 
development, the lycopene contents continuously and 
significantly increased, and significantly increased from 45 
to 60 DAA under 2R1B treatment. Phytoene synthase (PSY) 
is the main rate-determining enzyme in the carotenoid 
biosynthesis pathway, and up-regulation of PSY was 
mediated by light through phytochrome, PSY was induced 
significantly in red light conditions [22-24].   

With higher blue light ratio all phenolic acids and 
flavonoids increased in roses, chrysanthemums, and 
campanulas [25].The polyphenol content significantly 
increased at 45 and 60 DAA under 4R1B or 8R1B treatment, 

and significantly increased at 30, 45 and 60 DAA under 
1R1B, but significantly increased at 45 DAA under 8R1B 
treatment.    

Shorter wavelengths, in the range of blue and UV-light 
show the most prominent effect in the accumulation of 
flavonoids in fruits, often by increasing the expression of 
flavonoid pathway genes. Flavonoid contents in tomato fruit 
significantly increased at 30, 45 and 60 DAA under 1R1B, 
but significantly increased at 45 DAA under 8R1B treatment. 
Flavonoid content in alfalfa sprouts significantly increased 
under blue light treatment [9]. In unripe strawberries, blue 
light increased significantly the biosynthesis of anthocyanins 
and the expression of FaCHS [26] Fruit-specific suppression 
of an endogenous photomorphogenesis regulatory gene 
(DET1) by light resulted in enhanced carotenoid 
accumulation and increased flavonoid levels in tomato fruits 
[27].  Carotenogenic genes and carotenoid accumulation 
were both induced by blue light treatment in citrus juice sacs 
in vitro [28] and by red light in citrus fruits [29]. However, 
variation in response can be high between and even within 
species. 

The rate of DPPH only significantly increased in 4R1B 
treatment at 30 DAA, while FRAP significantly increased at 
45 and 60 DAA under 1R1B, but significantly increased at 30 
DAA under 8R1B treatment. The increase in contents of total 
phenol and flavonoid by the LED treatments has a strong 
positive correlation with the enhancement of antioxidant 
capacity [30].  Red and blue compound light affects 
antioxidant capacity and radical scavenging potential by 
affecting the contents of polyphenol and flavonoid. 

Thus, during tomato fruit development, the nutritional 
quality was significantly affected by supplemental Red and 
Blue light. The contents of soluble protein, free amino acid, 
flavonoid and ferric reducing antioxidant potential (FRAP) 
significantly increased under the 1R1B (Red : Blue =1:1) 
treatment, and the contents of soluble sugar and polyphenol, 
the rate of DPPH free radical scavenging significantly 
increased  under the 4R1B (Red : Blue =4:1) treatment, the 
lycopene contents significantly increased under 2R1B (Red : 
Blue =2:1) treatment. 
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