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The Predominant Ester Volatiles in Ripe Karawek (Artabotrys siamensis) Fruit
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Abstract

Most scents of Anonaceae flower are fruity esters. Its flower blooming behavior is similar to the ripening
pattern of climacteric fruit. Fruit of Karawek is aggregate type and sets after the petal detachment. Then, it
naturally develops into the ripening stage and has strong fragrance like its flower. Thus, the aim of this research
was to study the volatile component of ripe Karawek fruit. The mature green fruit was harvested and kept at
ambient temperature until becoming fully ripe. Thereafter, the volatile of ripe Karawek fruit was collected by SPME
and analyzed with GC-MS. The results showed that esters were predominant volatile compounds. The huge and
major groups that caused an odor character of sweet and bitter fruity green apple-like ester were cis-3-hexenyl
acetate, (Z)-3-hexenyl 2-methylbutanoate and 3-methylbuthyl acetate while the second group was fruity green
note such as 2-methylhexyl acetate and 3-methylbuthyl 2-methylbutanoate. Besides esters, terpene aroma, for
instance D-limonene, was also found which synergized the fragrance flavor. Therefore, it was reliable that the
odors of ripe Karawek fruit were fruity of green note and lemon-like odor.
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Introduction

Normally, plant volatiles are synthesized and accumulate in terms of essential oils or bounded as
glycoside then released with enzymatic reaction in senescing period of flower blooming or fruit ripening. Karawek
(Artabotrys siamensis) belonging to the family Annonaceae is a native plant of Thailand. Karawek flower emits its
scent when petal color turns from green to yellow in the night time. Its predominant volatile compound is ester
(Padungha et al., 2014) which is similar to that of Kradang Nga Chin (A. hexapetallus) flower scent (Noichinda et
al., 2015b). Ester biosynthesis in plants is an enzymatic reaction from alcohol and acyl CoA with alcohol
acetyltransferase (AAT) playing an important role in this activity (Padungha et. al., 2016). The blooming and
scenting behaviors of Krawek and Kradang Nga Chin flowers resemble the ripening pattern of climacteric fruit
depending on color changes. Moreover, an exogenous ethylene-releasing compound, ethephon, could initiate
ester scent biosynthesis in early harvested Kradang Nga Chin flower (Noichinda et al., 2015a). Karawek fruit is an
aggregate type (composed of 4-15 fruits) and fruit setting occurs after petal detachment (Charlermklin, 2001). The
differences in Karawek and Kradang Nga Chin fruits are at the fully mature stage considered by the triangular
shape at astylar end (Figure 1). The color of mature fruit is green. It turns yellow during ripening in concomitance
with scenting. To investigate this phenomenon, the ripening process and aroma biosynthesis of Karawek fruit were

the interesting points of our research.

Materials and Methods
The uniformly ripe (75% yellow) Karawek fruit was placed in a 100 ml Duran® glass bottle then closed
with silicon cap. For trapping emitting aroma t from the bottle headspace, StableFlex SPME fiber 65 ul PDMS-DVB
coating (SUPELCO®) was used and the aroma releasing from SPME was analyzed by GC-MS (Agilent 6850/HP
597) equipped with silica capillary (HP-5MS) column and oven temperature was 50-260°C. The spetrum analysis
was operated in the electron impact (El) with electron energy at 70 eV; mass range (m/z) 30-500 and EM voltage

3000 V. Volatile components were identified using ChemStation program with NIST98 library.

a) Karawek fruits b) Kradang Nga Chin fruits

Figure 1 Karawek (a) and Kradang Nga Chin (b) fruits at mature green stage
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Results and Discussion

From our investigation, the results showed that the aroma profile of ripe Karawek fruit were esters (Figure
2 and Table 1): cis-3 hexenyl acetate (61%) which had a green note character-like pear and green apple (Furia
and Bellanca, 1975) and is always found in the oxidation process of olive oil by lypoxygenase resulting in linolenic
acid changing to Z-3 hexenol then turning to cis-3 hexenyl acetate by AAT (Kalua et al., 2007) and [(Z) hex-3-enyl]
2-ethylbutanoate (21.84%), 2-methylhexyl acetate (0.584%) and 3-methylbutyl 2-methylbutanoate (1.34%) which
had apple, green-fruity, banana and strawberry-like odor characters, respectively (Burdock, 2004). Moreover, D-
limonene (2.63%) terpenoid (citrus-like flavor) was also found in Karawek fruit odor. Therefore, we concluded that
Karawek fruit volatile had more fruity-green odor than those of Karawek flower that were composed of ethyl
hexanoate, ethyl isobutanoate and ethyl-2 methyl butanoate (Padungha et. al., 2014). However, limonene was
observed in Kradang Nga Chin flower volatile that synergized more fragrance (Noichinda et al., 2015) and this

compound is related to carotenoid biosynthesis via malonyl pathway during fruit ripening or flower senescence.

cis-3-Hexenyl acetate
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Figure 2 Chromatogram of Karawek fruit volatiles identified by GC-MS
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Table 1 Ester components in Karawek fruit volatiles

Peak Volatile compounds % Area
1 3-Methylbutyl acetate 4.551
2 cis-3-Hexenyl acetate 61.244
3 1,4-Cyclohexadiene 7.816
4 D-Limonene 2.626
5 2-Methylhexyl acetate 0.584
6 3-Methylbutyl 2-methylbutanoate 1.336
7 [(2)Hex-3-enyl] 2-ethylbutanoate 21.844

Literature cited

Burdock, G. A. 2004. Fenaroli's handbook of flavor ingredients. 5" edition. CRC Press Inc., New York. 1864 p.

Charlermklin, P. 2001. Annonaceous plants. Amarin Printing & Publishing Public Company Limited, Bangkok. 368 p. (in Thai)

Furia, T.E. and N. Bellanca. 1975. Fenaroli's handbook of flavor ingredients. 2" edition, CRC Press Inc., Boston. 928 p.

Kalua, C.M., M.S. Allen, D.R. Jr. Bedgood, A.G. Bishop, P.D. Prenzler and K. Robards. 2007. QOlive oil volatile compounds, flavour
development and quality: a critical review. Food chemistry 100: 273-286.

Noichinda, S., K. Bodhipadma, C. Puangsiri and U. Chikhontod. 2014. Fatty acid degradation in different maturity stages of Kradang
Nga Chin (Artabotrys hexapetallus) flower. Agricultural science journal 45(2): 405-408.

Noichinda, S., K. Bodhipadma, N. Kruersawat, C. Rongyen and U. Chikhontod. 2015a. Initiation of Kradang Nga Chin (Artanotrys
hexapetalus) flower scent by ethephon. Agricultural science journal 46(3): 673-676.

Noichinda, S., K. Bodhipadma, C. Yeangmanit, J. Siritikul and C. Wongs-Aree. 2015b. Ester: a typical odor of Kradang Nga Chin
(Artabotrys hexapetallus) flower. Agricultural science journal 46(3): 864-866.

Padungha, W., S. Noichinda, K. Bodhipadma, C. Jirapong and C. Wongs-Aree. 2014. Evaluation of ester volatiles in Karawek
(Artabotrys siamensis) flower. Agricultural Science Journal 45(2): 413-416.

Padungha, W., S. Noichinda, K. Bodhipadma, H. Kasiolarn and C. Wongs-Aree. 2016. Presence of alcohol acetyltransferase and their
substrate specificity in ripe Karawek (Artabotrys siamensis) fruit. Agricultural science journal. (Submitted)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


