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Changes in Membrane Lipid Peroxidation During Fruit Ripening of ‘Namwa’ Banana
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Abstract
Fruit ripening has been described as an oxidative process that is accompanied by increased
peroxidation damage and loss of membrane integrity. There is little information about oxidative stress during this
phase in cultivated Thai bananas. The aim of this study was to examine selected oxidative processes by
evaluating membrane lipid peroxidation (MLPO) during ‘Namwa’ banana ripening. Mature ‘Namwa’ banana fruits
were harvested at the mature — green stage and were kept at room temperature (29+1°C) with 85% RH for 6 days.
The fruits were noted for color (hue angle, h°), firmness, malondialdehyde (MDA) and conjugated diene (CD)
contents, electrolyte leakage (EL), and lipoxygenase (LOX) activity at 0, 0.25 (6 hours), 0.5 (12 hours), 1, 2, 3, 4, 5,
and 6 days of storage. It was found that fruit firmness and h° significantly (p<0.05) decreased during storage,
showing fruit senescence or ripening. Throughout the storage period, decreases in firmness and green color were
observed together with an increase of the MLPO (MDA and CD contents, EL, and LOX activity). Both in peel and
pulp, a significant (p<0.05) increase of MLPO was firstly observed during the first and second days of storage.
MLPO activity was higher in the pulp compared with the peel during the ripening process. This indicated that the
oxidative damage occurred at a higher level in the pulp than the peel. These results elucidated this oxidative

damage involved in the ripening process of ‘Namwa’ banana.
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Changes of firmness (A) and peel color (B) of ‘Namwa’ banana fruit during storage at 29+1°C for 6
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Figure 2 Changes of LOX activity (A), conjugated diene (B) and malondialdehyde (C) contents, and electrolyte

leakage (D) of ‘Namwa’ banana fruit during storage at 29+1°C for 6 days. Bars (standard deviation) with

18).

the same letter in peel (a-f) or pulp (u-z) are not significant difference. (n

=
NI

ULUNAaN
=

il

(lilFuansuanismaaea)
(chlorophyllase)
lgsfasluiasg (amylase)

aanualasuanALdeaL
P
AAA

=
laipanlsfa

Und Tmen

TANMNNNAUNBNIAZTANINUUY

% 1
ABEN

v
o
o

L4
q

AANTUNRN
AUNITNWNIUTBAIBDU

q

k%

211NNt

a

a
=

UNNNFRUNANT
(Figure 1)

a
o
2 '
a K K

=3
aa

A
gk

o

<
%

'
al
[%
=
=

v
°

deiinalinnraireinaefinuAnauddlinans

NANALUNA AL

HRNASeUUNNINTUIZNINNITALTNEN
T

FUANAIN

bR
4

v

k%

q

(pectinmethylesterase,

aa

FAINNUBNAULNINTZHAUNT

2549)

LAY INARULNYNALRAMDLIA

o

4

AUNITNWNIUTDIBDY

(

v
AN,

FUNNTA519ANINBNTELYE

¥

q

{314a (polygalacturonase, PG)

Ufisenisaanepaelsiadinlidizatveadaenuaarangly sauvisns

[
Y]

)

a
ANTLLANR

Teiad Ty

ana

PME) ﬁLéqﬂgﬂimmmmmwmﬁu‘mm

aaa

ﬂ{]mmmmmmﬁqLﬂuﬂ’]m@ LATNT

aan

o

NIAUIBILDU

a
NI

(a4

a

Tuszndnannsgn

1

FHADDUUN

tanaane dasal

A

THemagsinn

o

TR NN

o



'

116 n1nulasuuilag 91 45 K177 3/1 (MiAw) Fuenen-Fu91AN 2557 2. InEAanfineeg

£

Wi, 2549) aaunai i utsnadna@ennuengidensssunismelaliigan uaznsysunisaiweuyasasei
mmuslua‘vmwmﬁmﬂmmL@ﬂma‘@ummmmm%imumm mm”l.ﬁ@mimmmq Lmﬂm@@ﬂmmummmhmm

H

(Resende et al., 2012) ElmmmammmmN@nmﬂmfnuwummLmﬂm@@ﬂmmumunummmmﬂ |_P sn\nwmwum

=

lugauiteuazinldenua (Figure 2) IﬁﬂWUﬂ@ﬂﬁ‘ﬁ‘N”ﬂ'ﬂx‘iL'ﬂ‘Lﬂ"ﬂN LOX '1/1Lmﬂgnam@@ﬂmmummwmmumm‘ﬂmw 6 4
Futugiuanas oD Aiduanssanansaes LP 1/1mez_gmu@mmma‘qmummimw 6 229NBALINETUTY UfAeN
eendinduiisn fusellauldansudniusigaineie MDA TultBunoufingdusenndeiutiunn CD uazAanssy
reqeulsd LOX #an %ﬂﬁLLuﬁIﬁNﬂ’]i‘LﬁN%uﬂ’mﬁ’]‘%ﬂ'&’mﬁfﬁlﬁuﬁﬁur]’]?LﬂgﬂuLLﬂ@\m’N%fJLﬂﬁiuﬁ‘xﬂd’]\‘iﬂ’]?@ﬂﬂfm
wandae tufeiin LP @fjwmmtfa‘qmel,ﬁu@q‘%ﬂuimdwmazgﬂ AasneuluNanAElg Williams Wazkansdaeiig
Zibdia #ifiLfiuni MDA CD uazRanssumasiawlasl LOX LﬁNQQ%‘Lﬂ%?%Md’Nﬂ’]?@;ﬂ‘HNNﬂ (Yang et al., 2008; Arafat,
2005)

]
o

Lox iweulasldndnyfiselfifeneendindulu LP dewaliidfiasesmiusuiinanandemaniclasaing

o

(CD uay MDA EJ‘]_G‘JJ’]ELL’&\?) LL@wMuﬁVl@uvLN@’]ﬂJ’ﬁ‘ﬂV’]’JLIﬂNﬂ’]iN’]uL‘ﬂ’]@@ﬂmﬂﬂ@’]i‘fﬂ’]\T‘] 1@ WﬂiﬂLﬂ@ﬂﬂi‘i‘Qiﬂ@ﬂ@\‘i@’]ﬁ‘

al

aanuneluuaznneuanmas (Kamdee et al., 2009) fadunmldanniiens EL qummumwmmﬂwmumm
Aanssuaesienlosl LOX nelulaifdalus LLZ\]ZLﬁINQ\ﬂIuﬂ\‘i 3.5 wirludugainevesniaiiuine (Figure 2a and 2d)
seandasiusenilunandaelduasianduiidnm EL faduduiusiunafinauaesianssuaeaeulal LOX uay
171104 CD uaz MDA lusendnanisgnaedua (Kamdee et al., 2009; Singh et al., 2012) 1unﬁﬁ?v1m@@\1ﬁ;”q§ Wy LP
geasLAnTu e NI Aenua zﬁ“uﬁmmdﬂwﬁ@mmﬁmﬁmLL@”ﬂ?mmmﬁmaum%mﬁamdﬁLﬂaﬂﬂ
Na ﬂi”mmﬁmwmim@m@umamvmLﬂumqmimmmlumimm LP AsAnndn (Leontowicz et al., 2003) NTANETHA
m@qmamuauumammmmmﬂum LP Tusandaeiflusuddefiinaulauazazdnmaeliluaunan

a9l
aa IS a o | 2 A a é’ ' [% ¥ Y & a d’f '
anmnefeandindureannu unszusunisiinaaulusendenisgnaesuandaanindi daisauating
somianaludos 12 duusnaesnisfiuinen  wasiiluanvndidguileineadesiunisulaaunlamisdaaily
FTUINNIGNVBILA

ANUBLIAM
2970UAM  AMEANEAART Nuanededenlad wazlasanIRuAAIAUSANEmans  (uEEUA
AIngnenansuialszinalne) Raduayutuulunimiiideaiel

LANA9B19BY

saud Awaile. 2549, Fvineudmafiuiauaznianevediie. Raiekd 1. TnafingudduainuasineusunisnensuieTna
NUINENREUNHATIAART INEULANTAINALY, BATLITH. 453 U,

Arafat, L. 2005. Chilling Injury in Mangoes. Ph.D. Thesis. Wageningen University.

Bhattacharjee, S. 2012. The language of reactive oxygen species signaling in plants. Journal of Botany 2012: 1-22.

Devasagayam, T.P.A., K.K. Boloor and T. Ramasarma. 2003. Model for estimating lipid peroxidation: an analysis of merits and demerits.
Indian Journal of Biochemistry and Biophysics 40: 300-308.

Kamdee, C., S. Ketsa and W.G. van Doorn. 2009. Effect of heat treatment on ripening and early peel spotting in cv. Sucrier banana.
Postharvest Biology and Technology 52: 288-293.

Leontowicz M., S. Gorinstein, H. Leontowicz, R. Krzeminski, A. Lojek, E. Katrich, M. Ciz, O. Martin-Belloso, R. Soliva-Fortuny, R. Haruenkit and
S. Trakhtenberg. 2003. Apple and pear peel and pulp and their influence on plasma lipids and antioxidant potentials in rats fed
cholesterol-containing diets. Journal of Agricultural and Food Chemistry 51: 5780-5785.

Resende, E.C.O., P.F. Martins, RA.de Azevedo, A.P. Jacomino and I.U. Bron. 2012. Oxidative processes during ‘Golden’ papaya fruit
ripening. Brazilian Journal of Plant Physiology 24: 85-94.

Singha, S.P., Z. Singha and E.E. Swinnyb. 2012. Climacteric level during fruit ripening influences lipid peroxidation and enzymatic and non-
enzymatic antioxidative systems in Japanese plums (Prunus salicina Lindell). Postharvest Biology and Technology 65: 22-32.

Yang, S., X. Su, KIN. Prasad, B. Yang, G. Cheng, Y. Chen, E. Yang and Y. Jiang. 2008. Oxidation and peroxidation of postharvest banana
fruit during softening. Pakistan Journal of Botany 40: 2023-2029.




<<
  /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


