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Abstract: Carotenoids are natural fat-soluble pigments that are common in colorful plants. They act as provitamin A and 

beneficial for human health, especially for the vision. Lycopene and beta-carotene which belong to carotenoids are 

quantitative traits that found as main pigments in tomatao. This experiment was conducted to study segregation of 

lycopene, beta-carotene, chlorophyll content and color values (L a b) in F
2 

population of tangerine and red fruit tomato. 

Tangerine tomato (Jinzhu No.1- P1) accumulated the high level of beta-carotene in contrast with red tomato 

(TTD1003A- P2) whereas red tomato accumulated the high level of lycopene. Tangerine and red tomato crossing 

produced orange pigmented F1 fruits with higher lycopene content and beta-carotene similar to those noted in to P1 

parental line. The average lycopene content in F2 generation was 0.203 mg/100 g Fresh weight (FW) while the beta-

carotene content was 0.279 mg/100 g FW. Beta-carotene content was ranged from 0 to 0.57 mg/100 g FW. Mid-parent 

heterosis of lycopene, beta-carotene, total chlorophyll and color values (L a b) were -59.08 44.24 -41.18 -5.28 -16.22 and 

-7.97 %, respectively. For distribution testing, only beta-carotene and a-value fit a normal distribution model (Shapiro-

Wilk test: P-value; 0.131 and 0.243, respectively). The best estimate for lycopene content was obtained using a/b ratio, r 

= 0.772. Beta-carotene had a linear positive correlation with L-value and b-value (r = 0.373 ** and r = 0.392**). The 

results of this study can be utilized for high nutrition tomato breeding programs, as present commercial tomato cultivars 

focused on red color for the selection criterion, regardless the lycopene content and other properties of consuming. 
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INTRODUCTION 

Tomato (Solanum lycopersicum) is a major 

vegetable crop and commonly grown in all over the 

world. Tomatoes are a good source of nutrients and 

vitamins. Lycopene is one of the most important 

natural carotenoids found in tomato, which is the main 

pigment that giving red color to tomatoes [15, 18]. 

Lycopene is a very powerful antioxidant and many 

researches have been reported the healthy benefits of 

lycopene including heart health, and reducing the risk 

of some types of cancers [1, 3, 9, 12]. Other carotenoids 

such as beta-carotene are also presented in tomato. 

Beta-carotene is a precursor of vitamin A. Several 

researchers have shown that beta-carotene inhibits the 

oxidation of other molecules, protects the body from 

free radicals, and essential for human immune system 

[2, 6, 8]. 

 

The previous studies have been reported that 

lycopene content in F2 population derived from a cross 

between the domestic and wild tomato species 

(Solanum lycopersicum and S. pimpinellifolium) was 

normally distributed [17]. In addition to that, total 

carotenoids content (phytoene, ζ-carotene, β-carotene, 

α-carotene, and lycopene) of carrot obtained from 

crossing with different backgrounds (orange Brasilia × 

dark orange HCM) in F2 population also showed 

normal distribution [4]. It showed that lycopene content 

and total carotenoids content are agriculturally 

important quantitative traits which controlled by many 

genes. 

 

Lycopene and beta-carotene are a good source 

of potential health beneficial carotenoids in tomato. The 

objective of this research was to study the main 

pigments segregation in F2 population of tomato in 

order to apply in high nutrition tomato breeding 

program. 

 

MATERIALS METHODS 

Plant materials  

Tangerine tomato Jinzhu No.1 (P1) and red 

tomato TTD1003A (P2) were used as parental 

genotypes. The F1 generation was derived from a cross 
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between P1 and P2. The F2 generation was obtained by 

self-pollinating the F1 plants. All fruits were harvested 

at full maturity.  

 

The tomatoes were cultivated under 

greenhouse covered with polymeric film during March-

July 2016 at the research green house of the Northwest 

A&F University, Shaanxi province, China. 

 

Fruit color measurement  

Color of each fruit was measured by a Chroma 

meter CR-400 (Konica Minolta®). The scales for color 

measurements in the L a b color Hunter system, were as 

follows. L-value indicates the level of light or darkness, 

a-value indicates redness or greenness, and b-value for 

yellowness or blueness. 

 

Pigment extraction 

The content of lycopene, beta-carotene and 

chlorophyll were determined based on a 

spectrophotometric analysis according to the method 

described by Nagata and Yamashita [13]. Briefly, 1 g of 

tomato sample was homogenized with 15 ml of 

Acetone–Hexane (4:6) solvent. After homogenization, 

two phases were separated and the upper solution was 

used for the measurements. The absorbance was 

measured with a UV-3802 spectrophotometer (Unico®) 

at 663, 645, 505, and 453 nm. Total cholorophyll, 

lycopene and beta-carotene were calculated using the 

following equations: 

 

Total chlorophyll   = Chlorophyll a + Chlorophyll b 

Chlorophyll a        =   0.999×A663 – 0.0989×A645 

Chlorophyll b        = –0.328×A663+ 1.77×A645 

Lycopene= –0.0458 × A663 + 0.204 × A645 + 0.372 × 

 A505 – 0.0806 × A453 

Beta-carotene        =   0.216 × A663 – 1.22 × A645 

 – 0.304 × A505 + 0.452 × A453 (A663, A645, A505 and 

A453 are the absorbance at 663, 645, 505 and 453 nm, 

respectively. 

 

Lycopene, beta-carotene and total chlorophyll 

contents were expressed as mg/100g fresh weight 

(FW)). 

 

Mid-parent heterosis estimation  

The levels of mid-parent heterosis of the F1 

hybrid were estimated over the mean value of the two 

parents using the following formula: 

 

Mid-parent heterosis (%) =  F1- MP 

                                                         ---------- × 100 

                                                          MP  

(F1 is mean of F1 and MP is mean of two parents) 

 

STATISTICAL ANALYSIS 

Main pigments content and fruit color data 

were analyzed using Pearson’s correlation coefficients 

and distribution frequencies among F2 generations were 

analyzed by Shapiro–Wilk test. Statistical analysis was 

performed using SPSS version 23. 

 

RESULTS AND DISCUSSION 

The quantity of beta-carotene presented in 

parental lines of tangerine tomato (P1) and red tomato 

(P2) were 0.253 and 0.077 mg/100g FW respectively. 

Both F1 and F2 progenies produced similar quantities of 

beta- carotene in tangerine parental line such as, 0.238 

and 0.279 mg/100g FW respectively. The result showed 

the higher beta-carotene content in tangerine fruit than 

red fruit. These data support a suggestion of dominant 

allele B enhanced the expression of lycopene β-cyclase 

(Lcy-B) enzyme that converts lycopene to beta-

carotene. Due to that beta-carotene, will be increased 

while decreasing the lycopene accumulation [7, 10]. 

Beta-carotene content in 152 fruit samples in F2 

generation showed a normal distribution (Shapiro-Wilk 

test: P-value; 0.131) in the range of 0 to 0.57 mg/100g 

FW (table1). It showed that beta-carotene content is a 

quantitative trait which controlled by poly-genes. The 

measurement of heterosis percentage found that beta-

carotene was the only one positive percentage of 

heterosis (44.24), indicating that the cross combination 

of tangerine tomato (JinzhuNo.1) × red tomato 

(TTD1003A) was the best and specific cross 

combinations for beta-carotene accumulation. 

 

The average lycopene quantity in tangerine 

tomato and red tomato were 0.011 and 0.424 mg/100g 

FW respectively. Lycopene content in the F1 progeny 

was comparatively higher (0.089 mg/100g FW) than 

P1. In F2 progeny this value was at the intermediate 

level between the two parents. Tangerine tomato (P1), 

red tomato (P2) and their progeny produced small 

amounts of total chlorophyll content in all generations 

and it was not-normally distributed in F2 generation 

(table1).  

 

Fruit color measurements were taken using the 

L a b color Hunter system, which L-value indicates the 

level of lightness, a-value the redness or greenness and 

b-value yellowness or blueness. The research results 

showed the fruit color in F1 generation derived from the 

cross between tangerine tomato (Jinzhu No.1) and red 

tomato (TTD1003A) were orange with color value (L a 

b) 37.82, 11.78 and 17.1, respectively and as reported 

earlier, the B allele produced orange fruits instead of red 

fruit due to the high levels of beta-carotene and low 

levels of lycopene. F2 generation showed various colors 

in orange to red color levels with a wide range of color 

values (L= 29.43-45.37, a= 4.14-22.35, b= 8.71-23.73). 

This color variation influenced by genetic control of 

lycopene and beta-carotene concentration [16]. 

However, a-value which indicates the level of redness 

showed the distribution resembles to the bell-shaped 
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curve for a normal distribution (Shapiro-Wilk test: P- value; 0.243) (table1, figure 2).  

 

Table 1: Color values (L a b), beta-carotene, lycopene, total chlorophyll (mg/100g FW) and mid-parent heterosis 

 
 

Table 2: The correlation analysis of color values (L a b) and main pigment content in F2 population 
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Fig-1: Relationship between the a/b ratio of fruit color and lycopene content of tomato flesh 

 

 
Fig 2: Histogram of the frequency distribution of main pigments and color values (L a b) in the F2 population 

 

To determine the relationships among the 

analyzed traits, a Pearson correlation coefficient 

analysis was performed as showed in Table2. Lycopene 

and a/b ratio showed the best positively correlated 
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coefficient of r = 0.772 ** and a-value was also 

correlated with lycopene (r = 0.464**) in contrast with 

L-value and b-value (r = -0.693** and r = -0.718**) 

(Figure 1). As summarized by Liu [11], the correlation 

between color related traits in the Lycopersicon 

pennellii IL populations, L* and a* values were 

correlated to lycopene content (-0.73 and 0.69). Chen 

[5] and Saad AG et al.; [14] have been reported, the 

a*/b* ratio often used as an indicator for estimate the 

accumulation of lycopene content. Beta-carotene 

showed the positive significant correlation with L-value 

and b-value (r = 0.373 ** and r = 0.392**). Whereas, 

beta-carotene was negatively correlated with a-value 

and a/b ratio (r = -0.253** and r = -0.449**). Total 

chlorophyll content was not correlated with any 

parameter. 

 

CONCLUSION 

In this research, we found different quantities 

of principal carotenoids of beta-carotene and lycopene 

in two parental tomato varieties.  The higher level of 

beta-carotene was found in tangerine tomato (Jinzhu 

No.1) while, lycopene was higher in red tomato 

(TTD1003A). The F1 plants of tangerine and red fruit 

tomatoes produced fruits with a higher level of both 

lycopene and beta-carotene. Carotenoid content in F2 

plants were identified as a quantitative heritable trait 

and this cross combination can be utilized for high 

nutrition tomatoes breeding program. F2 progeny 

displayed a wide range of color values. These color 

values (L a b) could be useful for estimating beta-

carotene and lycopene contents in tomato. 

 

ACKNOWLEADGEMENT 

 This research was funded by The National Key 

Research and Development Program of China (No. 

2016YFD0101703); The National Key Research and 

Development Program of China (No. 

2016YFD0100204-30; National Science & Technology 

Projects of China (No.2013BAD01B00); Science and 

Technology Innovation Project of Shaanxi Province 

(No. 2015KTTSNY03-01). Special thanks go to 

Diddugodage Chamila Jeewani for her proof reading 

throughout the research. 

 

REFERENCES  

1. Arab L, Steck S. Lycopene and cardiovascular 

disease. The American Journal of Clinical 

Nutrition. 2000; 71:1691S–5S. 

2. Bendich A. From 1989 to 2001: what have we 

learned about the “biological actions of beta-

carotene”? The Journal of nutrition. 2004 Jan 1; 

134(1):225S-30S. 

3. Bramley PM. Is lycopene beneficial to human 

health? Phytochemistry. 2000 Jun 1; 54(3):233-6. 

4. Fernandes Santos CA, Simon PW. Heritabilities 

and minimum gene number estimates of carrot 

carotenoids. Euphytica. 2006 Sep 1; 151(1):79-86. 

5. Chen L. Non-destructive measurement of tomato 

quality using visible and near-infrared reflectance 

spectroscopy (Doctoral dissertation, McGill 

University). 

6. Chew BP, Park JS. Carotenoid action on the 

immune response. The Journal of nutrition. 2004 

Jan 1; 134(1):257S-61S. 

7. Devitt LC, Fanning K, Dietzgen RG, Holton TA. 

Isolation and functional characterization of a 

lycopene β-cyclase gene that controls fruit colour 

of papaya (Carica papaya L.). Journal of 

experimental botany. 2009:erp284. 

8. Institute of Medicine. Food and Nutrition Board; 

Beta-carotene and other carotenoids, “Dietary 

reference intakes for vitamin C, vitamin E, 

selenium, and carotenoids”. Washington, D.C.: 

National Academy Press. 2000; 325–400. 

9. Kong KW, Khoo HE, Prasad KN, Ismail A, Tan 

CP, Rajab NF. Revealing the power of the natural 

red pigment lycopene. Molecules. 2010 Feb 23; 

15(2):959-87. 

10. Lincoln RE, Porter JW. Inheritance of beta-

carotene in tomatoes. Genetics. 1950 Mar; 

35(2):206. 

11. Liu YS, Gur A, Ronen G, Causse M, Damidaux R, 

Buret M, Hirschberg J, Zamir D. There is more to 

tomato fruit colour than candidate carotenoid 

genes. Plant Biotechnology Journal. 2003 May 1; 

1(3):195-207. 

12. Mordente AL, Guantario B, Meucci E, Silvestrini 

A, Lombardi E, E Martorana G, Giardina B, Bohm 

V. Lycopene and cardiovascular diseases: an 

update. Current medicinal chemistry. 2011 Mar 1; 

18(8):1146-63. 

13. Nagata M, Yamashita I. Simple method for 

simultaneous determination of chlorophyll and 

carotenoids in tomato fruit. Nippon Shokuhin 

Kogyo Gakkaishi. 1992 Oct 15; 39(10):925-8. 

14. Saad AM, Ibrahim A, El-Bialee N. Internal quality 

assessment of tomato fruits using image color 

analysis. Agricultural Engineering International: 

CIGR Journal. 2016 Mar 22; 18(1):339-52. 

15. Shi J, Le Maguer M, Kakuda Y, Liptay A, 

Niekamp F. Lycopene degradation and 

isomerization in tomato dehydration. Food 

Research International. 1999 Jan 31; 32(1):15-21. 

16. Stommel JR, Haynes KG. Inheritance of beta 

carotene content in the wild tomato species 

Lycopersicon cheesmanii. Journal of Heredity. 

1994 Sep 1; 85(5):401-4. 

17. Sun YD, Liang Y, Wu JM, Li YZ, Cui X, Qin L. 

Dynamic QTL analysis for fruit lycopene content 

and total soluble solid content in a Solanum 

lycopersicum x S. pimpinellifolium cross. Genetics 

and Molecular Research. 2012 Jan 1; 11(4):3696-

710. 

18. Tomes ML. Delta-carotene in the tomato. Genetics. 

1969 Aug; 62(4):769. 

https://saspublishers.com/journal/sajb/home

