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Editorial on the Research Topic

Bioactive Compounds Biosynthesis and Metabolism in Fruit and Vegetables

BIOACTIVE COMPOUNDS BIOSYNTHESIS AND METABOLISM IN
FRUIT AND VEGETABLES

Fruit and vegetables are considered to be among the most important sources of bioactive
compounds with proven beneficial effect on human diet. Tomato has been evolved as a model
crop to study both fruit ripening pattern as well as for understanding how different environmental
and agricultural factors can enhance the accumulation of bioactive compounds. The concentration
of bioactive compounds is highly dependent on the crop species, cultivar/genotype, agronomic
management, preharvest environmental conditions, and postharvest management practices
(Toscano et al.). Bioactive compounds in fruit and vegetables are of consumer interest for their
potential benefit to the health, especially in counteracting several diseases related to aging and stress.
However, the bioactive molecules also have preservation properties that extend the shelf life of the
produce. Postharvest technologies and storage conditions can reduce the degradation of bioactive
compounds and some industrial operation can even promote their accumulation.

The systematic screening of key bioactive compounds with high content in a wide range of
germplasm and the restoration of key genes and gene clusters from wild species and/or landraces
both are important for reducing the loss of agro-biodiversity and the creation of a “gene pool” that
can be exploited in future breeding programs toward the release of new cultivars with added
nutraceutical value (Manganaris et al., 2018). Furthermore, the understanding how the
accumulation of bioactive compounds can be enhanced or preserved is crucial for improvement
of crop and product quality (Toscano et al.). The availability of advanced molecular tools allows fast
and accurate transcriptome profiling that can help in the identification of the main gene clusters that
are activated or repressed under different conditions. Such information coupled with the big data
from metabolomics studies will be useful both for preharvest and postharvest management of
produce with high nutritional value.
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IMPACT OF GENOTYPE AND
SIGNIFICANCE OF ‘OLD-FASHIONED’
CULTIVARS ON BIOACTIVE CONTENT

Bioactive compounds show wide variations among different
species. Several studies have reported that ancient or old
varieties accumulate higher concentration of bioactive
compounds that have been linked to their adaptation to
different environmental conditions (García-Mier et al., 2013;
Manganaris et al., 2018). The accumulation of bioactive
compounds can serve as defenses against biotic and abiotic
stresses. Local varieties of tomato (Solanum lycopersicum L.)
grown in Tuscany showed higher polyphenols, flavonoids, and
carotenoids compared with commercial ones (Berni et al.). Similar
results have been reported in onion (Allium cepa L.) and sweet
cherry [Prunus avium L., (Berni et al.)]. In the meantime, breeding
projects are targeting toward the release of new cultivars with
enhanced bioactive content, as this is the case for tomatoes
(Lenucci et al., 2006). Recently, interest for the black tomatoes
has been attributed to the high carotenoid and anthocyanin
contents. The ‘Sun Black’ tomato, a result of a 20-years breeding
activity, derived from wild tomato species, such as Solanum
chilense, Solanum cheesmaniae, Solanum lycopersicoides, and
Solanum habrochaites, through introgression with cultivated
genotypes (Mazzucato et al., 2013). A comparative study showed
that the anthocyanins-enriched ‘Sun Black’ tomato had an almost
double concentration of phenolics and carotenoids at the ripe
stage compared to the wild type. Color is often an indicator of the
composition and concentration of the bioactive compounds. In
tomatoes and watermelon, the red color is due to the accumulation
of lycopene while the yellow color due to b-carotene. The
concentration of these two carotenoids can induce different flesh
and skin colors (Ilahy et al.). These compounds are also substrates
for volatile biosynthesis, contributing to fruit aroma with direct
effect on produce quality (Ilahy et al.).
ENVIRONMENTAL CONDITIONS AFFECT
THE ACCUMULATION OF BIOACTIVE
COMPOUNDS

Environmental conditions can positively or negatively affect the
concentration of bioactive molecules in different horticultural
produce. Tomato fruits obtained from plants exposed to high
salinity conditions (60 or 120 mM NaCl) showed a reduction of
antioxidant capacity and several secondary metabolites such as
lycopene and phenols (Moles et al.).

Environmental conditions including altitude, temperature,
and light can influence bioactive compound accumulation. A
study carried out on blueberry (Vaccinium corymbosum L.)
grown in different altitudes, was shown that lower altitudes
induced an early ripening and a higher anthocyanin
accumulation (Spinardi et al.).

Light quality can induce the biosynthesis of different
secondary metabolites that can have protective functions
against biotic and abiotic stresses. Plants exposed to UV-B
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treatments have increased phenolic compounds in a dose-
response manner. In a study performed in peaches (Prunus
persica L.), UV-B treatments applied for 1 or 3 h enhanced
several phenolic compounds. The employment of UV-B was also
studied as priming for preventing the development of Monilinia
fructicola fungus (Santin et al.). Treatments applied for different
durations indicated that 1 and 3 h of UV-B treatments increased
the phenolics in the fruit except near the inoculation point, while
around the inoculation point the effect of UV-B treatments were
not always consistent depending also on the effects of fungus, the
wounding and their interaction (Santin et al.).
HORMONAL REGULATION OF BIOACTIVE
COMPOUNDS

There are plant hormones that have bioactive molecules as
precursors such as abscisic acid (ABA), auxin, salicylic acid (SA),
and melatonin. ABA biosynthesis is derived from the catabolism of
carotenoids, while the auxins, SA, and melatonin are synthetized
from the chorismite as their precursor. The connecting molecules
may explain the cross-talks among them and their roles in the
modulation of the growth and the ripening process of both
climacteric and non-climacteric fruits (Pérez-Llorca et al.).

The protection of plant cells from external environments and
biotic or abiotic stresses is partly provided by the cell wall and, in
several species, by the cuticular waxes. The major components of
cuticular wax are very long chain fatty acids and derived
compounds (Trivedi et al.). However, the concentration and
composition of these molecules in the cuticular waxes varies
among species and within cultivars of the same species. Tomato
mutants such as NON-RIPENING (nor) and RIPENING
INHIBITOR (rin) have different cuticular waxes (Kosma et al.,
2010). These findings suggest that ethylene plays a role in the
wax biosynthesis and accumulation. This hypothesis has been
confirmed in the apple and orange. At molecular level, it has
been shown that many transcription factors are involved in the
regulation of wax biosynthesis such as FRUITFULL and
TOMATO AGAMOUS-LIKE1 (Trivedi et al.). In particular,
the MADS-RIN transcription factor TDR4/FUL1 and its
homolog MBP7/FUL2 have high similarity with FRUITFULL
of Arabidopsis. This TDR4 transcription factor has been
reported to be involved in pigment biosynthesis in tomato
fruit. A functional analysis of this gene using virus-induced
gene silencing technology (VIGS) demonstrated that the TDR4
gene is effectively involved in the biosynthesis of bioactive
molecules. In fact, TDR4-silenced tomatoes showed a strong
reduction of amino acids and a-tomatine (Zhao et al.).

Thecollectionofarticles in thisResearchTopicdemonstratesthat
the accumulation of bioactive compounds in produce can derive
from different environmental, genetic, and agronomic factors.
AUTHOR CONTRIBUTIONS

All authors planned the structure of the editorial, contributed in
its writing, read and approved the submitted version.
February 2020 | Volume 11 | Article 129

https://doi.org/10.3389/fpls.2018.01983
https://doi.org/10.3389/fpls.2018.01983
https://doi.org/10.3389/fpls.2019.00769
https://doi.org/10.3389/fpls.2019.00769
https://doi.org/10.3389/fpls.2019.01078
https://doi.org/10.3389/fpls.2019.01078
https://doi.org/10.3389/fpls.2018.01598
https://doi.org/10.3389/fpls.2018.01598
https://doi.org/10.3389/fpls.2019.00136
https://doi.org/10.3389/fpls.2019.00431
https://doi.org/10.3389/fpls.2019.00431
https://doi.org/10.3389/fpls.2019.00792
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


Francini et al. Editorial: Bioactive Compounds in Fruit and Vegetables
REFERENCES

Blando, F., Berland, H., Maiorano, G., Durante, M., Mazzucato, A., Picarella, M. E.,
et al. (2019). Nutraceutical Characterization of Anthocyanin-Rich Fruits
Produced by “Sun Black” Tomato Line. Front. Nutr. 6, 133. doi: 10.3389/
fnut.2019.00133

García-Mier, L., Guevara-González, R. G., Mondragón-Olguín, V. M., del Rocío
Verduzco-Cuellar, B., and Torres-Pacheco, I. (2013). Agriculture and
bioactives: achieving both crop yield and phytochemicals. Int. J. Mol. Sci. 14
(2), 4203–4222. doi: 10.3390/ijms14024203

Kosma, D. K., Parsons, E. P., Isaacson, T., Lu, S., Rose, J. K. C., and Jenks, M. A.
(2010). Fruit cuticle lipid composition during development in tomato ripening
mutants. Physiol. Plant 139, 107–117. doi: 10.1111/j.1399-3054.2009.01342.x

Lenucci, M. S., Cadinu, D., Taurino, M., Piro, G., and Dalessandro, G. (2006).
Antioxidant composition in cherry and high-pigment tomato cultivars. J. Agric.
Food Chem. 54 (7), 2606–2613. doi: 10.1021/jf052920c

Manganaris, G. A., Goulas, V., Mellidou, I., and Drogoudi, P. (2018). Antioxidant
phytochemicals in fresh produce: exploitation of genotype variation and
Frontiers in Plant Science | www.frontiersin.org 3
advancements in analytical protocols. Front. In Chem. 5, 95. doi: 10.3389/
fchem.2017.00095

Mazzucato, A., Willems, D., Bernini, R., Picarella, M. E., Santangelo, E., Ruiu, F.,
et al. (2013). Novel phenotype related to the breeding of purple-fruited
tomaoes and effect of peel extracts on human cancer cell proliferation. Plant
Physiol. Biochem. 72, 125–133. doi: 10.1016/j.plaphy.2013.05.012

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Francini, Pintado, Manganaris and Ferrante. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
February 2020 | Volume 11 | Article 129

https://doi.org/10.3389/fnut.2019.00133
https://doi.org/10.3389/fnut.2019.00133
https://doi.org/10.3390/ijms14024203
https://doi.org/10.1111/j.1399-3054.2009.01342.x
https://doi.org/10.1021/jf052920c
https://doi.org/10.3389/fchem.2017.00095
https://doi.org/10.3389/fchem.2017.00095
https://doi.org/10.1016/j.plaphy.2013.05.012
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles

	Editorial: Bioactive Compounds Biosynthesis and Metabolism in Fruit and Vegetables
	Bioactive Compounds Biosynthesis and Metabolism in Fruit and Vegetables
	Impact of Genotype and Significance of ‘Old-Fashioned’ Cultivars on Bioactive Content
	Environmental Conditions Affect the Accumulation of Bioactive Compounds
	Hormonal Regulation of Bioactive Compounds
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.40
    /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 false
  /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 0.40
    /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 false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


