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Tomato (Solanum lycopersicum Mill.), an important
horticultural crop in India, is currently the second largest
vegetable in terms of production. It is consumed in diverse
ways including raw, as an ingredient in many dishes, sauces,
salads, drinks etc. and widely known for its outstanding
source of bioactive compounds along with high
concentration of lycopene (Kaur et al. 2013). It is well
established fact that there is an important association
between lycopene and its antioxidant properties as it
quenches singlet oxygen and decreases the lipid
peroxidation and hydroxyl radical formation (Shi et al.
2002). Epidemiological studies also have indicated positive
health benefits by consumption of diets high in lycopene
(Jian et al. 2007, Matos et al. 2000).

In tomato, fruit colour is the most important quality
parameter for consumers as it imparts attractive red colour
due to predominant constituent pigment, lycopene. There
are several important factors that affect the fruit quality and
lycopene content in tomato, viz. light and temperature,
besides other cultural practices.

Optimal mean daily temperature for tomato lie between
21 and 24°C, depending on the developmental stage,
however, synthesis of lycopene in various tomato cultivars
was completely inhibited above 32°C (Dumas ef al. 2003).
Exposing the fruit to intense sunlight cause localized increase
in the fruit temperature which partially suppresses the
lycopene synthesis.

Lycopene content was recorded to be higher in the
shaded fruits than in the non-shaded fruits. This difference
was due to increased temperature on fruit surface exposed
to direct light as lycopene is the major membrane bound
antioxidant (inside the chromoplast) in tomato. Some of the
varieties of tomato were recently reported to be good in
maintaining lycopene level at elevated temperature
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(Shivashankara et al. (2015). Since lycopene has value as a
phytonutrient, the main objective of the breeders is to
maximize lycopene content in the breeding programme and
utilize production method to increase lycopene content.
Thus, simple and inexpensive assay to quantify lycopene
over a broad spectrum of tomato varieties/green plants is
desirable prerequisite to develop a tomato cultivar with
higher content of this phytonutrient.

Lycopene concentration in tomatoes can be determined
accurately in the laboratory by spectorphotometric
measurements of tissue extract (Mencarelli and Saltveit
1988). However, this is time-consuming and destructive
procedure. Nondestructive, external measurement of fruit
color provides a less tedious method for assessing ripening
than the chemical analysis. Measurement of color is closely
related to visual perception in tomatoes (Shewfelt et al.
1988). Goodenough et al. (1982) used ‘a’ values to monitor
colour development during storage of tomatoes. Several
workers (Yang ef al. 1990) measured tomato colour using
colorimeter and expressed values as colour difference but
they have not tested the chromaticity value in relation to
lycopene content. Effect of variable climatic conditions on
fruit quality and lycopene content under year round
cultivation in greenhouse has little been worked out.

The objective of present study is to evaluate the changes
in lycopene content in tomato cv. Naveen grown under
greenhouse condition in comparison to open conditions and
to establish its relationship with chromaticity value by a
non-destructive method.

Tomato cv. Naveen plants were transplanted in
greenhouses located at Central Institute for Subtropical
Horticulture, Rehmankhera, Lucknow located at 26.54°N
Latitude, 80.45°E Longitude and 127 m above mean sea
level. Seeds were treated with fungicide (Thiram 1g/kg) for
5 min and rinsed with distilled water thoroughly and sown
in protrays filled with cocopeat and farm yard manure (FYM)
in the ratio of 1:1 during the end of September 2011 and
2012. Grown up seedlings (up to 25-30 days) were
transplanted on October 214 week in twin rows, 0.60 m and
0.45 m spacing between plant to plant and row to row,
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respectively, (2.5 plants/m) in green house and similarly in
open condition for comparison. Black polyethylene mulch
(200 p thick UV stabilized) and drip irrigation was used
during experimental period in both condition. The
experimental design was a complete randomized block with
five replications. Air temperature (°C) and light intensity
(nE/s/m) in both the conditions were measured daily with a
HT-3001 C digital humidity/ temperature meter and TES
1332 digital Lux Meter, respectively. The first mature healthy
tomato fruits having comparable size and weight in a range
of 150-240 g were harvested manually at required ripening
stage (breaking, turning, pinkish, red and red ripe
respectively). Harvested fruits were properly washed under
running tap water and then air dried for further experimental
use. The fruits in five replications, each represented by 10
tomatoes from greenhouse and open condition at different
maturity stages were used.

Chromaticity of each fruit was recorded using a Konica
Minolta CM 2002 Spectrophotometer which uses a pulsed
xenon light bulb that illuminates a round aperture 0.8 cm in
diameter where the whole fruit was placed. The reflected
light was focused on a silicon photodiode and the retiected
light between 400 and 700 nm was measured. The chromacity
value in terms of L, a, b (lightness, red/green, yellow, a/b
coordinate) values were measured using the observer at 10°
and D65 illuminant. Five measurements were made in each
fruit (one on the peduncle zone, two on the equatorial zone
and two on the distal zone). The a and b values were used
to estimate the tomato color index (a/b) as recommended
earlier (Arias et al. 2000, Brandt et al. 2006).

Lycopene extractions of the fruits were conducted
immediately after colour measurement following the method
as described by Hunter et al. (1987). Pulp (2g fresh weight)
along with pericarp corresponding to the locations of
chromaticity measurements was removed and then
homogenized. Lycopene content of the homogenized fruits
was extracted in 10 ml of pure acetone in darkness at 4°C
to prevent its oxidation. Extraction was done in separating
funnel with 10-15 ml petroleum ether by shaking for 15
min. The extract was centrifuged at 1 000 g for 10 min, and
absorbance of the supernatant was measured at 473 nm
using a Double beam UV-VIS Spectrophotometer. The
concentration of lycopene was calculated using the specific
extinction coefficient 17.2 x 104 mole/cm and expressed as
mg/g fresh weight (Beerh and Siddappa 1959). The data
was analyzed using two way analysis of variance (ANOVA)
and the mean values were separated according to the student’s
test (P = 0.05). Correlation analysis were used to determine
the relationship between L, a and b, a/b chromacity value
and lycopene content of fruit. Some varieties of tomato
were earlier reported to contain a good quality of lycopene
with high phenol and flavonoid under greenhouse (Kavitha
et al. 2013).

Perusal of data clearly showed that the colour index
changed and lycopene content increased gradually during
the course of ripening in tomato grown both in green house
and in open condition (Table 1). As expected the colour
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Table I Color index (a/b) and lycopene concentration (mg/g

FW) in tomato cv. Naveen fruit in different maturity

stages
Stages Polyhouse condition Open condition
Lycopene a/b Lycopene a/b
(mg/g fw) (mg/g fw)
Breaking stage 0.061+0.001 -0.022  0.007+0.001 -0.033
Turning stage  0.075+0.001  0.080  0.022+0.001  0.060
Orangish stage 0.131+0.002 0.232  0.085+£0.002  0.185
Red 0.189+£0.002 0.405  0.095+0.002 0.308
Red ripe 0.779+£0.008 0.908  0.099+0.006 0.612

index was minimum at breaker stage and maximum during
red ripe stage in both the conditions at different magnitude.
Similarly lycopene varied at different stage of ripening and
increased gradually from breaker stage to red ripe stage.
Interestingly, the lycopene content in fruits produce in the
green house was higher (0.061-0.779 mg/g FW) than the
fruits harvested from open condition (0.007-0.099 mg/g
FW) at different stages of ripening. In both the conditions
there was no significant difference in the following ripening
stage being highest lycopene content at red ripe stage in
greenhouse (0.779 mg/g FW) as compared to other stages
(0.061 - 0.189 mg/g FW) as well as corresponding stages in
open condition (0.007- 0.099 mg/g FW). These data clearly
showed that the green house condition had a significant
positive influence on lycopene content of the fruit.

The light intensity inside the polyhouse was in the
range of 312.65 - 444.00 p mol/m/s while the light intensity
outside was in the range 0f456.95-1 665.00 p mol/m/s. The
results suggest that moderate light intensity and consistent
temperature (22.0 to 31.5°C ) inside the greenhouse as
compared to the open condition, positively affect the
lycopene biosynthesis. Present study also indicated that
lycopene content decreases, especially in situations where
the fruit has been directly exposed to intense sunlight. Thus,
under more direct sunshine in open condition, the fruit are
exposed to higher surface temperature, leading to lower
fruit lycopene content.

The elevated lycopene content of greenhouse grown
tomato than those grown in the open field suggests that the
differences in its content may be due to temperature induced
differences in lycopene synthesis rather than lycopene
degradation. Temperature influence on total carotenoids
and lycopene content in other variety of tomato were also
reported (Kaur 2013). The yield (140.00 tonnes /ha) and
span ( 120 days) of harvesting period in tomato grown in
green house was also increased as compared to open
condition, i.e. 48.00 tonnes/hectare and 90 days,
respectively.

Best fit linear regression model was used to relate
chromacity values to lycopene concentrations. L*, which
represents degree of lightness, provided a reasonably good
fit (R2=0.855) and negatively correlated to lycopene content.
The ‘a’ value (a measure of redness) was a fairly good
predictor and is positively related with lycopene, however,
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the ‘b’ value (a measure of yellowness) was poorly related
(R2=0.0710). Using the ratio of (‘a’ and ‘b’) increased
predictability of lycopene because it was consistently well
related to lycopene concentrations and provided a reasonably
good fit (R2=0.8571). The equation do not predict lycopene
concentration accurately enough to substitute entirely for
chemical extraction, however, it is useful for screening or
estimating lycopene concentrations, especially in-situ studies
because the colorimetric method is destructive. Thus, besides
the yield, the quality of tomato in terms of lycopene can be
maximized by growing under greenhouse condition and its
level can be predicted non-destructively by measuring fruit
chromacity value.

SUMMARY

Lycopene content as well as colour are the most
important factors in the visual and nutraceutical quality of
tomatoes (Solanum lycopersicum L.) and these factors are
affected by temperature and light in different condition. In
the present study color development in terms of chromaticity
value (L, a, b and a/b) and lycopene accumulation in tomato
fruits cv. Naveen known for virus resistant with prolific
bearing, was assessed independently at different maturity
stages, viz. breaking, turning, pinkish, red and red ripe,
grown in greenhouse and compared with the fruits grown
in open condition. The data on light and temperature were
recorded periodically throughout the experimental period.
The lycopene content (0.779+0.008 mg/FW) and
chromacity value (a/b 0.908) were maximum in red ripe
tomato fruits harvested from greenhouse as compared to
open condition (0.099+0.006 mg/FW and 0.612 ,
respectively) . The direct relationships between chromaticity
value and lycopene concentration at different stages was
obtained. Thus the assessment of chromaticity value can
be used as a nondestructive method to envisage the lycopene
content in tomato fruits.

ACKNOWLEDGEMENTS

The authors thank Director, ICAR-Central Institute for
Subtropical Horticulture, Lucknow, for providing laboratory
facilities and encouragement and NCPAH, MoA & FW,
Gol, New Delhi for providing necessary financial support
during the study.

REFERENCES

Arias R, Lee T, Logendra L and Janes H. 2000. Correlation of
lycopene measured by HPLC with the L*, a*, b* color readings
of a hydroponic tomato and the relationship of maturity with
color and lycopene content. Journal of Agricultural and Food

LYCOPENE ESTIMATES IN TOMATO

127

1227

Chemistry 48: 1 697-702.

Beerh O P and Siddappa G S. 1959. A rapid spectrophotometric
method for the detection and estimation of adulterants in tomato
ketchup. Food Technology, 13: 414-8.

Brandt S, Pék Z, Barna E, Lugasi A and Lajos H. 2006. Lycopene
content and color of ripening tomatoes as affected by
environmental conditions. Journal of the Science of Food and
Agriculture 86: 568—72.

Dumas Y, Dadomo M, Di Lucca G, and Grolier P. 2003. Effects of
environmental factors and agricultural techniques on antioxidant
content of tomatoes. Journal of the Science of Food and
Agriculture 83: 369-82.

Goodenough P W, Turker G A, Griersen D and Thomas T. 1982.
Changes in color, polygalacturonase mononsaccharide and
organic acids during storage of tomatoes. Phytochemistry 21:
281-4.

Hunter R S and Harold R W. 1987. The Measurement of
Appearance, 2nd ed. Wiley, New York.

Jian L, Lee A H and Binns C W. 2007. Tea and lycopene protect
against prostate cancer. Asia Pac J Clin NutrAsia Pacific
Journal of Clinical Nutrition, 16 Suppl 1: 453-7.

Kaur C, Walia S, Nagal S, Walia S, Singh J, Singh B B, Saha S,
Singh B, Kalia P, Jaggi S and Sarika. 2013. Functional quality
and antioxidant composition of selected tomato (Solanum
lycopersicum L) cultivars grown in Northern India. Food
Science and Technology 50: 139-45.

Kavitha P, Shivashankara K S, Rao V K, Sadashiva A
T, Ravishankar K V and Sathish G J. 2013. Genotypic variability
for antioxidant and quality parameters among tomato cultivars,
hybrids, cherry tomatoes and wild species. Journal of the
Science of Food and Agriculture 94: 993-9.

Matos H R, Di Mascio P and Medeiros M H. 2000. Protective
effect of lycopene on lipid peroxidation and oxidative DNA
damage in cell culture. Archives of Biochemistry and Biophysics
383(1): 56-9.

Mencarelli F and Saltveit M E Jr. 1988. Ripening of mature-green
tomato fruit slices. Journal of the American Society for
Horticultural Science 113: 742-5.

Shewfelt R L, Thai C M, and Davis J W. 1988. Prediction of
changes in color of tomatoes during ripening at different
constant temperatures. Journal of Food Science, 53: 1433-7.

Shivashankara K S, Pavithra K C, Laxman R H, Sadashiva A T,
Roy T K and Geetha G A. 2015. Changes in fruit quality and
carotenoid profile in tomato (Solanum lycopersicon L.)
genotypes under elevated temperature. Journal of Horticultural
Science 10: 38—-43.

ShiJ, Maguer Le M and Bryan M. 2002. Lycopene from tomatoes.
(In) Shi J, Ghazza Le Maguer, Funtional Foods. Biochemical
and Processing Aspects, Vol 2, pp 135-66. M (Eds), CRC
Press, Ottawa, Canada.

Yang R F, Cheng T S and Shewfelt R L. 1990. The effect high
temperature and ethelene treatment on the ripening of Tomatoes.
Journal of Plant Physiology 136: 368-72.



1228 [Indian Journal of Agricultural Sciences 86 (9)

DIRECTORATE OF
KNOWLEDGE MANAGEMENT IN AGRICULTURE

The Indian Journal m‘é‘aﬂ

s
Agricultural Sciences A'éﬁ?m’l‘:‘lﬁ'e

N T HANDBOOK OF
Horticulture ANIMAL HUSBANDRY
¥l

FISHERIES ano
AQUACULTURE
p

www.icar.org.in





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


