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Abstract The phenotypes of tomatoes in various varieties (lines) were investigated including
lycopene and beta-carotenet contents on tomato flesh fruits. Results showed that the fruits of
var SL08 (N30B Orange) gave the highest lycopene and tomato var SA (40A Red) gave the
lowest lycopene. Moreover, tomato var. SL06 (39B Pink) has the highest beta-carotene content
and tomato var. SL02 (33A Yellow-Orange) has the lowest beta-carotene content. It can be
concluded that phenotype characters of tomato varieties (lines) in colour of flesh fruits are
related to lycopene and beta-carotene content. These preliminary results can be used for further
investigation of different genotypes of tomato and relate its fruit flesh colour to the expression
of target genes, lycopene beta-cyclase and lycopene epsilon-cyclase genes.
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Introduction
Tomato (Solanum lycopersicum L.) is the most popular garden crop
grown widely around the world. Tomatoes are commonly consumed in daily
diets. It is a major source of antioxidants, like lycopene, and are great sources
of vitamin C, potassium, folate, and vitamin K. It is a seasonal crop, and their
availability is limited during certain seasons. Tomatoes have numerous uses in
both fresh and processed forms. Processed products include ketchup, sauces,
pastes and juice. (Gastélum-Barrios et al., 2011).
On a global scale, the annual production of fresh tomatoes amounts to
approximately 180 million tonnes. In comparison, two times more potatoes and
four times more rice production are grown around the world (FAO, 2019).
However, about a quarter of those 160 million tonnes are grown for the
processing industry, which makes tomatoes the world’s leading vegetable for
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processing. Almost 39 million tonnes of tomatoes are processed every year in
factories belonging to the greatest labels of the global food industry.
The global tomato market revenue amounted to $190.4B in 2018, rising
by 6.5% against the previous year. This figure reflects the total revenues of
producers and importers (excluding logistics costs, retail marketing costs, and
retailers' margins, which will be included in the final consumer price).
The main production regions are located in temperate zones, close to the
th
40 parallels North and South, as illustrated on the following map. However,
most of this production is based on the Northern hemisphere, where an average
of 90% of the world’s crop is processed between the months of July and
December. The remaining 10% are processed in the Southern hemisphere
between January and June. Brazil is an exception, being the only country of the
Southern hemisphere to process more than one million tonnes per year at the
same time as the Northern hemisphere.
Lycopene is one of the several carotenoid compounds that is rich in
tomato fruits. It gives the characteristic red color in plants and has numerous
health benefits. Thus, improvement of tomato fruit color has led to indirect
improvement of its nutritional value. As known for the genetics involved in
carotenoids in tomatoes, loss-of-function mutation in one of the genes encoding
one enzyme in the carotenoids biosynthetic pathway is associated with a change
in color of a specific plant tissue due to a change in its pigment content
(D’Ambrosio et al., 2018).
Carotenoids are a group of lipid-soluble natural pigments which is the
precursor of vitamin A and play an essential role as an antioxidant to protect the
cells and tissues from peroxides (He et al., 2017). They responsible for the red,
yellow and orange pigments in plants are antioxidants known to reduce risk of
cancer and cardiovascular diseases and are a factor in attracting pollinators to
flowers (Howitt et al., 2016). Lycopene is one of the several carotenoid
compounds that is rich in tomato fruit. Carotenoid is a plant secondary
metabolite synthesized in plastids and responsible for the bright coloration of
many reproductive organs in plants like flowers and fruits. Lycopene gives the
characteristic red color and numerous other health benefits. Thus, improvement
of tomato fruit color has led to indirect improvement of its nutritional value. As
for genetics involved in carotenoids in tomatoes, loss-of-function mutation in
one of the genes encoding an enzyme of the pathway is almost always
associated with a change in the color of a specific organ due to a change in its
pigment content (D’Ambrosio et al., 2018).
Carotenoids are products of the isoprenoid biosynthetic pathway.
Carotenoid biosynthesis begins with the formation of phytoene from
geranylgeranyl diphosphate catalyzed by phytoene synthase (PSY). Three
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enzymes, including phytoene desaturase (PDS), ζ-carotene desaturase (ZDS)
and carotenoid isomerase (CRTISO), convert phytoene to lycopene via
phytofluene and ζ-carotene. Carotenoid biosynthesis bifurcates after lycopene
to produce α- and β-carotenoids through the action of two lycopene cyclase and
lycopene β-cyclase. The cyclization of lycopene with lycopene ε- and β-cyclase
is a critical branch-point in carotenoid biosynthesis. Lycopene ε-cyclase and
lycopene β-cyclase is a critical enzyme that catalyzes the synthesis of α-branch
carotenoids through the cyclization of lycopene. (Cazzonelli et al., 2010; Shi et
al., 2014) Overexpression of lycopene β-cyclase in tomato plastids resulted in
an unexpected increase in the total carotenoid content, with predominant
accumulation of β-carotene in the fruits and xanthophyll carotenoids in the
leaves. Downregulation of lycopene ε- cyclase in Brassica napus using RNAi
resulted in seeds with reduced expression of ε-CYC and increased levels of
total carotenoids, including β-carotene, zeaxanthin, violaxanthin and,
unexpectedly, lutein. (Apel and Bock, 2009; Yu et al., 2008) The lycopene
cyclase genes are component of the carotenoid biosynthetic pathway (McQuin,
2018) which is responsible for fruit color in tomato among other quality traits.
The cyclization of lycopene with lycopene ε- and β-cyclase is a critical branchpoint in carotenoid biosynthesis. Lycopene ε-cyclase and lycopene β-cyclase
are the critical enzymes that catalyzes the synthesis of α-branch carotenoids
through the cyclization of lycopene.
This research aimed to evaluate lycopene and beta-carotene content of
different varieties of tomato with different tomato flesh colors.
Materials and methods
Materials and sample preparation
The eight varieties (lines) of tomato namely: var. 15001, SA, SL06,
SL07, SL05, SL08, SL01 and SL 02 were sowed and grown in a plastic
greenhouse at Institute of Plant Breeding, University of the Philippines - Los
Baños. Tomato fruits were harvested from each plant and the weight, size, and
color were compared with Royal Horticultural Society Colour Charts Edition
V.Version 2 (http://rhscf.orgfree.com) and forms of tomato fruits (GastélumBarrios et al., 2011). After phenotypic evalutaion and frames, they were kept in
bio-freezer prior to the measurement of lycopene and beta-carotene content.
Lycopene content measurement
One gram of tomato fresh fruit was extracted twice in a 10ml mixture of
acetone: n-hexane at the ration of 4:6, and the mixture was let to stand in an ice
bath for 10 min. Then, it was centrifuged at 1370 x g for 10 min. The
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supernatant was separated using a separatory funnel. The absorbance of the
hydrophobic fraction was measured spectrophotometrically at wavelengths of
663, 645, 505 and 453 nm using a UV Vis spectrophotometer, using the
acetone/n-hexane mixture as blank (Aguirre and Cabrer, 2012). Three replicates
for every fruit were measured. The lycopene concentration was quantified using
the equation proposed by Nagata and Yamashita (1992) cited by Aguirre and
(Cabrer, 2012) as follows:
[lycopene] (mg/mL) = - 0.0458 A663 + 0.204 A645 + 0.372 A505 - 0.0806
A453
Beta-carotene content measurement
The beta-carotene concentration was determined using a colorimetric
assay which developed by Biswas et al. (2011). Five hundred (500) mg of dried
tomato fresh fruits were extracted twice using 5 mL chilled acetone, and the
mixture was let to stand in an ice bath for 15 minutes with occasional shaking.
The mixture was mixed vigorously for 10 minutes and centrifuged at 1370 x g
for 10 min. The supernatants were pooled and filtered using Whatman filter
paper No.42. The absorbance of the extract was read at 449 nm using a UV-Vis
spectrophotometer. Three replicates for every fruit were measured.
Experimental design and statistical analysis
The experiment was performed in Completely Randomixed Design
(CRD) with three replications. Analysis of variance (ANOVA) was computed,
and treatment means were compared by Duncan’s New Multiple Range Test
(DMRT) at P = 0.01.
Results
Lycopene content
Tomato fruits were measured for lycopene content. Tomato var SL08
expressed N30B Orange color had the highest lycopene content with 574.60
mg/100g DW, followed by tomato var SL05 (N20A Red- Orange), 15001 (42A
Red), SL07 (45C Pink), SL06 (39B Pink), SL02 (33A Yellow-Orange), SL01
(N30C Orange), and SL02 (33A Yellow-Orange) with lycopene values 479.56,
378.62, 364.02, 239.25, 182.18, 141.25 and 132.61 mg/100g DW, repectively
(Table 1 and Fig.1). Tomato var SL02 with 33A Yellow-Orange expressed
color which has the lowest amount of lycopene among all the studied varieties.
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Beta-carotene content
Beta-carotene was measured using using a UV-V spectrophotometer.
Result showed that tomato var. SL06 with 39B Pink colour registered the
highest beta-carotene content with 24.51 mg/100g DW, and followed by
15001(42A red), SL07 (45 C pink), SA (40Ared), SL01 (N30C Orange),
SL05(N20A Red-Orange) , and SL02 (33A Yellow-Orange ) which betacarotene values of 19.11, 18.05, 17.20, 9.06, 8.45 and 7.11 mg/100g DW,
respectively (Table 1 and Figure 1).
Table 1. Lycopene and Beta-carotene contents of tomato flesh fruits
Accession ID

Fruit colour

Lycopene content
(mg/100g DW)
15001
42A Red
378.62 abc1
SA
40A Red
132.61 c
SL06
39B Pink
239.25 bc
SL07
45C Pink
364.02 abc
SL05
N20A Red- Orange
479.46 ab
SL08
N30B Orange
574.60 a
SL01
N30C Orange
141.25 c
SL02
33A Yellow-Orange 182.18 c
C.V. (%)
19
1
Means of three replications, means followed by a common letter in
significantly differed by DMRT at P=0.01.

A

E

B

C

F

G

Beta-carotene content
(mg/100gDW)
19.11ab
17.20 abc
24.51a
18.05 abcd
8.45 cd
NA
9.06 bcd
7.44 d
20
each column were not

D

H

Figure 1. Morphological characteristics of tomato varieties, A= 15001, B= SA,
C=Sl06, D=SL07, E=SL05, F= SL08, G=SL01 and H+ SL02
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Interestingly, even when the color of the fruits are similar in some varietal
lines, it has shown different amounts of lycopene and beta-carotene contents. In
addition, the pink fruit fleshed tomato has shown a high amount of both
lycopene and beta-carotene. However, red fruit fleshed tomato showed a
varying amount of lycopene and beta carotene. Super apollo (SA), which is the
red-fruit-fleshed local OPV tomato in the Philippines, has shown the lowest
amount of lycopene content but high concentration of beta-carotene. Most
orange fruits have shown a high amount of lycopene content, while pink and
red-fruit-flesh have shown a high beta-carotene content.
Discussion
The results of this research revealed that tomato flesh fruits with
dominant orange color (SL08) expressed the highest lycopene content while the
tomato flesh fruits with pink and yellow-orange color registered the lowest in
beta-carotene content. This is also seen in the study of Malgorzata et al. (2007)
which showed that lycopene and beta-carotene occur vary among different
tomato fruits and various tomato products. Tomatoes are major sources of
lycopene, micronutrient and beta-carotene. The beta-carotene analysis showed
that tomato with pink colour expressed the highest beta-carotene content while
tomatoes with orange and yellow-orange color had the lowest beta-carotene
content. Kondratieva and Golubkina (2016) also reported that the highest
lycopene content was found in 2 types of red fruits tomato at 11.5 and 8.7
g/100g. respectively. Tomatoes with orange color had shown highest lycopene
content at 6.2 mg/100g and the higher beta-carotene content than in standard.
However, the yellow fruits line has shown the highest content of betacarotene
at 4.1 mg/100g.
Tomato phenotype, like colour of the flesh, which can be related to the
lycopene and beta-carotene accumulation may vary with different
environmental settings and will have an effect on the biosynthesis of these
compounds. Brandt et al. (2006) demonstrated the effect of different
environmental conditions in the the biosynthesis of lycopene. If the temperature
of the tomato fruits exceeds 30 °C, the synthesis of lycopene is inhibited. The
strong direct radiation on fruits (∼2990 µmol m−2 s−1 for 1.5–4 h) is also
harmful to the fruits. Temperature, photosynthetically active radiation (PAR),
and harvesting time are the main reasons for the variation of lycopene content
in tomato fruits. The high temperature in the Philippines ranging from 40 to 43
°C may have caused the low lycopene content among the studied varieties.
Lycopene content of tomato fruit was increased after storage. Tomato
fruit color change after storage was estimated with variables of tomato fruit
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color before storage, storage temperatures and durations by multiple regression
(R＝0.76). It showed that the color of tomato fruits stored above 10℃ was
increased after storage. With storage condition above 20℃, lycopene content of
tomato fruit was increased after storage (Takahashi et al., 2018)
Consumption of tomatoes for the purpose of dietary antioxidant lycopene
and pro-Vitamin A could maximally be achieved at fully-ripe stage under field
ripening condition. Ibrahim et al. (2019) evaluated that the variations of pH,
titratable acidity, reducing sugar, total solid, lycopene and beta-carotene
contents of these tomatoes were investigated under ambient temperature and
field ripening techniques and the mean values of these parameters investigated
at different ripening stages and techniques were compared. Lycopene contents
were significantly higher (p < 0.05) in tomatoes subjected to field ripening
compared with those ripened under ambient temperature. The highest lycopene
content (17.18 μg/g) was observed in Roma VF cultivar at fully-ripe stage
under field ripening technique while the lowest value (0.64 μg/g) was in 4lobes cultivar at semi-ripe stage under ambient temperature ripening. Similar
trend was observed in the variation of betacarotene (a pro-Vitamin A index)
among the tomato cultivars. The evaluated reducing sugar contents (ranging
from 1.84 to 5.23 μg/g) were significantly higher (p < 0.05) in fully-ripe
tomatoes compared to semi-ripe ones under field ripening and the trend was
reversed for some cultivars under ambient temperature ripening.
The lycopene concentration was quantified using the equation proposed
by Nagata and Yamashita (1992) and the absorbance of the extract read at 449
nm using a UV-Vis spectrophotometer was used to quantify beta-carotene.
Szuvandzsiev et al. (2004) stated that the quality characteristics of processing
tomato, which is important for the food industry, are soluble solids and
lycopene content. However, lycopene content determination using
spectrophotometry is destructive and time consuming and because of this using
a portable handheld near-infrared (NIR) spectrometer to predict lycopene
content of tomato fruit is a good alternative. Vilbett et al. (2019) stated that the
extracted tomato pulp by high hydrostatic pressure (HHPE) with different
selected factors (high pressure and solvent mixture) had significantly
influenced on extraction yield, flavonoid and lycopene content by using
response surface methodology (RSM). Tomato pulp which extracted at 450
MPa and 60% hexane concentration in the solvent mixture by HHPE provided a
significant the maximum extraction yields (8.71%), flavonoid (21.52 ± 0.09 mg
QE/g FW) and lycopene content (2.01 ±0.09 mg QE/100 g FW).
Alsina et al. (2019) demonstated that correlation between lycopene and
β-carotene content in tomatoes determined with reflectance spectrometer and
extraction of pigments. Linear regression analyses were performed to correlate
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spectral data with lycopene and β-carotene concentrations measured by pigment
extraction and obtained absorption spectra by spectrophotometer UV-Vis -1800
(Ltd. Shimadzu). The best reflectance region for lycopene spectral detection
was 570 ± 5 nm, but for β-carotene 487 ± 5 nm. Reflectance indexes for both
pigments were worked out. High linear correlation (R2 > 0.9) between spectral
parameters and lycopene concentration was detected. Correlation between
results obtained with methods used for β-carotene determination was lower and
depended on colour of tomatoes fruits.
The genoypes expression of tomato fruit colour are of great interest for
valid and stable development of tomato varieties. The sgRNA target sequence
of tomato LCY1 and LCYE and design of CRISPR-Cas9 constructs will be
further selected and designed. The sgRNA target for lycopene beta-cyclase and
lycopene epsilon-cyclase genes will be searched in the entire gene sequence
and the annotated gene sequences will be used to screen candidate guide RNA
based on parameters (Doench et al., 2014). Moreover Li et al. (2018) suggested
that CRISPR/Cas9 system using Agrobacterium tumefaciens-mediated
transformation can be used for significantly improving lycopene content in
tomato fruits with advantages such as high efficiency, rare off-target mutations,
and stable heredity. It used a bidirectional strategy: promoting the biosynthesis
of lycopene, while inhibiting the conversion from lycopene to β- and αcarotene. The accumulation of lycopene was promoted by knocking down some
genes associated with the carotenoid metabolic pathway.
The research finding resulted to know the basis investigation of betacarotene and lycopene contents of the eight tomato varieties (lines) var. 15001,
SA, SL06, SL07, SL05, SL08, SL01 and SL 02. These results can be served to
find the different genotypes of tomato which related to the target gene
expression of lycopene beta-cyclase and lycopene epsilon-cyclase genes
through its fruit flesh colour.
Acknowledgements
The authors would like to thank the. Philippine Council for Agriculture, Aquatic and
Natural Resources Research and Development of the Department of Science and Technology
(DOST-PCAARRD) for funding this research through the CRISPR project. The authors would
also like to express its gratitude to the Genetics Laboratory and Analytical Service Laboratory
and Institute of Plant Breeding (IPB), University of the Philippines Los Baños (UPLB) for
allowing them to conduct the experiment in their laboratories. Special thanks to Crislan C.
Aglibot, Melvin M. and the other staff for assistance in the greenhouse and laboratory. The
research findings are preliminary investigated as part of Ph. D. dissertation at UPLB.

734

International Journal of Agricultural Technology 2021Vol. 17(2):727-736

References
Aguirre, N. C. and Cabrera, F. A. V. (2012). Evaluating the fruit production and quality of
Cherry Tomato (Solanum lycopersicum var. cerasiforme). Revista Facultad Nacional de
Agronomí
a Medellí
n, 65:6593-6604.
Alsina, I., Dubova, L., Duma, M., Erdberga, I., Avotiņš, A. and Rakutko, S. (2019).
Comparison of lycopene and β-carotene content in tomatoes determined with chemical
and non-destructive methods. Agronomy Research, 17:343-348.
Apel, W. and Bock, R. (2009). Enhancement of carotenoid biosynthesis in transplastomic
tomatoes by induced lycopene-to-provitamin A conversion. Plant Physiology, 151:5966.
Biswas, A. K., Sahoo, J. and Chatli, M. K. (2011). A simple UV-Vis spectrophotometric
method for determination of β-carotene content in raw carrot, sweet potato and
supplemented chicken meat nuggets. LWT - Food Science and Technology, 44:18091813.
Brandt, S., Pek, Z. and Barna, E. (2006). Lycopene content and colour of ripening tomatoes as
affected by environmental conditions. Journal of the Science of Food and Agriculture,
86:568-572.
Cazzonelli, C. I. and Pogson, B. J. (2010). Source to sink: Regulation of carotenoid
biosynthesis
in
plants.
Trends
Plant
Science,
15:266-274.
DOI:
10.1016/j.tplants.2010.02.003.
D’Ambrosio, C., Stigliani, A. L. and Giorio, G. (2018). CRISPR/Cas9 editing of carotenoid
genes in tomato. Transgenic Research, 27:367-378. https://doi.org/10.1007/s11248-0180079-9
ast lum- arrios, A.,
rquez-L pez, R. A., Rico- arc a, E., Toledano-Ayala, M. and Sotoaraz a, . M. (2011). Tomato quality evaluation with image processing A review.
African journal of agricultural research, 6:3333-3339.
He, ., Wang, S., Yang, Y., Hu, J., Wang, C., Li, H., Ma, . and Yuan, Q. (2017). β Carotene
production promoted by ethylene in Blakeslea trispora and the mechanism involved in
metabolic responses Process Biochemistry, 57:57-63.
Howitt, C. A. and Pogson, B. J. (2006). Carotenoid accumulation and function in seeds and
non-green tissues. Plant Cell Environ, 29:435-445 (DOI: 10.1111/j.1365-3040.2005.
01492.x
Ibrahim, A. O., Abdul-Hammed, M., Adegboyega, S. A., Olajide, M. and Aliyu, A. A. (2019).
Influence of the techniques and degrees of ripeness on the nutritional qualities and
carotenoid profiles of Tomatoes (Solanum lycopersicum). Annals of Science and
Technology, 4:48-55.
Kondratieva, I. Y. and Golubkina, N. A. (2016). Licopene and B-carotene in tomato. Vegetable
crops of Russia, 4:80-83.
Li, X., Wang, Y., Chen, S., Tian, H., Fu, D., Zhu, B., Luo, Y. and Zhu, H. (2018). lycopene is
enriched in tomato fruit by CRISPR/Cas9-Mediated multiplex genome editing. Front.
Plant Science, 9:559. doi: 10.3389/fpls.2018.00559
Malgorzata B., Schutze, W. and Schulz, H. (2007). Determination of lycopene and β-carotene
content in tomato fruits and related products: Comparison of FT-Raman, ATR-IR, and
NIR Spectroscopy. Analytical Chemistry, 78:8456-61.
McQuinn, R. P., Wong, B. and Giovanni, J. J. (2018). AtPDS overexpression in tomato:
exposing unique patterns of carotenoid self-regulation and an alternative strategy for the
enhancement of fruit carotenoid content. Plant Biotechnology Journal, 16:482-494.
735

Nagata, M. and Yamashita I. (1992). Simple method for simultaneous determination of
chlorophyll and carotenoids in tomato fruit. The Japanese Society of Food Science and
Technology, 39:925-928.
Shi, Y., Wang, R., Luo, Z., Jin, L., Liu, P., Chen, Q., Li, Z., Li, F., Wei, C., Wu, M., Wei, P.,
Xie, H., Qu, L., Lin, F. and Yang, J. (2014). Molecular cloning and functional
characterization of the lycopene ε-cyclase gene via virus-induced gene silencing and its
expression pattern in nicotiana tabacum. International Journal of Molecular Sciences,
15:14766-14785.
Szuvandzsiev, P., Helyes, L., Lugasi, A., Szanto, C., Baranowski, P. and Pek, Z. (2004).
Estimation of antioxidant components of tomato using VIS-NIR reflectance data by
handheld portable spectrometer. International Agrophysics, 28:4.
Takahashi, N., Yokayama, N., Takayama, K. and Nishina, H. (2018). Estimation of tomato fruit
lycopene content after storage at different storage temperatures and durations.
Environmental Control in Biology, 56:157-160.
Vilbett, B. L., Claudia, G. V. and Raúl, C. S. (2019). Optimization of extraction yield,
flavonoids and lycopene from tomato pulp by high hydrostatic pressure-assisted
extraction. Food Chemistry, 278:751-759.
Yu, B., Lydiate, D. J., Young, L. W., Schäfer, U. A. and Hannoufa, A. (2008). Enhancing the
carotenoid content of Brassica napus seeds by downregulating lycopene epsilon
cyclase. Transgenic Research, 17:573-585.
Global Tomato Industry Report (2020). Trends & opportunities by country, consumption,
production, price developments, imports and exports (2007-2025). Retrived from
https://www.globenewswire.com/news-release/2020/02/14/1985135/0/en/GlobalTomato-Industry-Report-2020-Trends-Opportunities-by-Country-ConsumptionProduction-Price-Developments-Imports-and-Exports-2007-2025.html

(Received: 16 December 2020, accepted: 28 February 2021)

736

