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Effects of Red and Blue LED on Developing of Apple Fruit cv. ‘Tsugaru’
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Abstract

This research aimed to study effect of red and blue light-emitting diode (LED) radiation on anthocyanin
accumulation in Tsugaru apple. The apple trees were irradiated with red and blue LED light after sunset 3 hours
and before sunrise 3 hours 60-142 days from full bloom. The tree without LED radiation treated served as a
control. Apple fruits were sampled at 117 until 142 days after full bloom (DAFB). The fruit size, sugar content,
activity of sugar biosynthesis related enzymes and anthocyanin content were analyzed. The results showed the
fruit size of apple was not significantly different among treatments. Sugar enzymes which involved in anthocyanin
accumulation including sucrose phosphate synthase (SPS), sucrose synthase (SS) and neutral invertase (NI) were
also not significantly different. Similar non significant finding was found in sucrose, fructose, glucose and sorbitol
content. However, anthocyanin content was significantly highest in the skin of red LED-treated fruit, while no effect
on anthocyanin content was found with blue LED-treated skin. It is concluded that irradiation with red LED has
effect on anthocyanin accumulation in Tsugaru apple skin.
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Figure 1 Changes of fruit diameter (A) and fruit length (B) of apple during fruit development from 60 to 142
DAFB.

Table 1 The activities of sugar biosynthesis enzymes (sucrose phosphate synthase (SPS), sucrose synthase
(SS) and neutral invertase (NI)) in Tsugaru apple with or without LED treated at 117, 124, 130, 136 and
142 DAFB. Within each row means of the same maturity stage followed by the same letter were not

significantly different according to the LSD multiple range test at p < 0.05.

Enzyme activity (unit mg-1 protein)

Control Red-LED Blue-LED
Enzymes
DAFB DAFB DAFB
117 124 130 136 142 117 124 130 136 142 117 124 130 136 142
SPS 0.092 0.033 0.156 0.397 0.342 0.344 0.182  0.312  0.406 0.781 0.117 0.372  0.318 0.385 0.786
SS -4.11 -4.85 -4.63° -1.40 -0.07 -2.74 -0.99 -0.33° 2.62 -0.179 0.09 -1.09 -0.82° 0.29 -0.672
NI 0.270 0.287 0.291 0.293 0.279" 0.251 0267 0267 0274 0295° 0279 0257 0290 0318 0.310°

Table 2 Sugar contents in peel of Tsugaru apple with or without LED treated at 117, 124, 130, 136 and 142 DAFB.
Within each row means followed by the same letter were not significantly different according to the LSD

multiple range test at p < 0.05.

Content of sugar (mg/ g FW)

Control Red-LED Blue-LED
Sugar
DAFB DAFB DAFB
117 124 130 136 142 117 124 130 136 142 117 124 130 136 142

Sucrose 2995  55.10°  58.16 66.23 64.25 31.06 38.66° 5712 5592 57.82 33.62 4922° 5876 6446  61.57
Fructose  45.16°  49.60 52.48 51.81 54.45 41.89°  47.03 4881 4820 56.67 4668 5093 5045 4941 5413
Glucose 9.10° 13.72° 15.03 16.34 21.06° 12.23°  16.42" 1681 2037 2925 1305 19.91° 17.63 1913  24.32%

Sorbitol 416 5.81 5.49 6.63" 8.74 413 4.56 5.74 5.76" 8.59 4.87 5.562 6.49 8.57° 11.59
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Figure 2. Total anthocyanin concentration in peel of Tsugaru apple treated with or without red or blue LED.



'

2. IngAanfinees 7 46 R17U# 3/1 (MiAw) Fueend-f191AN 2558 NAYBIUAY 183

AANT0INA

Hufinsufuaduasinasanisainauinloandulunals (Kataoka et al., 2003: Mori ef al., 2005) a1
Tinaawnialneldvasn LED Lﬂum\iLﬁ@nwfi\ii?iinﬂumﬂﬂ'mﬂ?uﬁmu@uiw”lsnmﬁusluﬁﬂmm'mm (Li and Kubota,
2009) uaragu (Kondo et al., 2014) luemAfeiivuinnisWuasuiued dalusswinamsimnuadaenaen LED A
wastaanszfusazislfiiianisazanuaunlaeniivlunldanueldaldmndy inliulaenueililadduasdniaundinag
Tiuaadoanasn LED ﬁfnﬁuummmuauﬁﬂ"\imtﬂuﬁ@mﬂummﬁ@ﬁqmmvﬁ’%mmﬂ@hiuimﬁmﬁu (130 TuUnas
ABNLW) faflmnugenAdesiLLAsa RN U NN s LED Huasenivinaaes phytochrome 3225y
LasRunsienaasinaseaiaueninloeniy (Mizuno et al., 2011) zﬁ'ma*umzmummﬁ”‘wﬁﬁm@ﬁﬂmﬁLﬂuﬁﬁwﬁq
i unnsfnemafistureaueutnloeniiy Lﬁmmnﬁwmmq‘ﬂmmﬁﬁlﬁmmqmﬁmwNmmmhmﬂ‘ﬁm@mmu@u
Inlweniulu Arabidopsis (Ohto et al., 2001) wazlawinle (Hara et al., 2004) lunan1snaaeanLdiANaNA1es
Aanssuiaulod S Tusuft 130 Sundanantny uazianssueuled NI Tduf 142 Sundsnaniim wansnefuesnd]
HeidnAny ualsifpasuananafurenimautazaiialufiuil 130 fundimenuny mewudn@mmﬁﬁmmnq‘ﬂmﬁ
Fadulifiusiuiansmienlsd NI iR 142 Sundenenuu LLﬁfhﬂ?ﬁmmi’i’]m@ﬁﬂm ﬁwmmﬂgﬂim way
ﬁﬁmmg‘lﬁm HFNnugagARINAAL Fausuil 124 B 142 Sundamenunu wazduiusiufansseulml Ss uaz
NI ‘ﬁﬁﬁ@m’mL@uisnﬂl,ﬁu%u@ﬂwwi@lﬁm LLﬁiiSJWUﬂ’W?@ﬂﬂd‘ﬂ'ﬂﬂﬂ?‘m’]m{i’][ﬂ’]@’ﬂﬂm L“'fi@\‘mﬂﬁmiﬁ@nﬁm@uisnﬁ SPS
Fiisauashasiaitetui TneflawlsT SPs Lﬂummwmmmimmmn‘lﬁuL@ﬂmmmmmmﬂimLmummaﬂ@‘lﬁm
(Nguyen-Quoc and Foyer, 2001; Li et al., 2012) meﬂﬂmummmmL@uimuwmmmmﬂummmqmmmm“
Pnnanasihmasiiasnabifivasenisaiaueulnlssiulueils

agu
n3lduas LED Aupsanansonseaunisduasziieuinlaenivluasnuelilawug Tsugaru l8andanasld
N8 A 4 Ay ° s o a A , a o o X o
WA R Tanan1anaaesi idannsati Wl lunsdeeimmndnlaenuasdaaiinansd Any lunauathtald

AURLANM
9IDUATUNY  Japan Student Service Organization (JASSO) Alilanauazatiuanulunismiiey
A oo o . = o v mem vl XX o
wanendeduy Inenandadler Ussmadgiu wazrereunnviesljuinisualinieaideaniuiuarginanilunig
NAE

LaNA1981984

Blanco-Gomis, D., M.D.Gutierrez-Alvarez, J.J. Mangas-Alonso and A. Noval- Vallina. 1988. Determination of sugars and alcohols in
apple juice and cider by high performance liquid chromatography. Chromatographia 25(8): 701-707.

Hara, M., K. Oki, K. Hoshino and T. Kuboi. 2004. Effects of sucrose on anthocyanin production in hypocotyl of two radish (Raphanus
sativus) varieties. Plant Biotechnology 21(5): 401-405.

Hiratsuka, S., H. Onodera, Y. Kawai, T. Kubo, H. ltoh and R. Wada. 2001. ABA and sugar effect on anthocyanin formation in grape
berry cultured in vitro. Scientia Horticulturae 90: 121-130.

Hubbard, N.L., S.C. Huber and D.M. Pharr. 1989. Sucrose phosphate synthase and acid invertase as determinants of sucrose
concentration in developing Muskmelon (Cucumis melo L.) fruits. Plant Physiology 91: 1527-1534.

Kataoka, I., A. Sugiyama and K. Beppa. 2003. Role of ultraviolet radiation in accumulation of anthocyanin in berries of ‘Gros Colman’
grape (Vitis cinifera L.). Journal of the Japanese Society for Horticultural Science 72: 1-6.

Kondo, S., H. Tomirama, R. Abhichartbut, K. Okawa, H. Ohara, S. Sugaya, N. Terahara and N. Hirai. 2014. Abscisic acid metabolism
and anthocyanin synthesis in grape skin are affected by light emitting diode (LED) irradiation at night. Journal of Plant
Physiology 171: 823-829.

Li, Q. and C. Kubota. 2009. Effects of supplemental light quality on growth and phytochemicals of baby leaf lettuce. Environmental
and Experimental Botany 67: 59-64.

Li, M.J., F.J. Feng and L.L. Cheng. 2012. Expression patterns of genes involved in sugar metabolism and accumulation during apple
fruit development. PLoS ONE 7(3): e33055.

Mizuno, T., A. Wakanori and W. Hiroyuki. 2011. Effects of monochromatic light irradiation by LED on the growth and anthocyanin
contents in leaves of cabbage seedlings. Acta horticulturae 907:179-184.



'

184 HAYBIUAY 7 46 a17U# 3/1 (MiAw) Fueend-Fu91AN 2558 2. IngAanfinesg

Mori, K., H. Saito, N. Goto-Ymamoto, M. Kitayama, S. Kobayashi , S. Sugaya,H. Gemma and K. Hashizume. 2005. Effects of abscisic
acid treatment and night temperatures on anthocyanin composition in Pinot noir grapes. Vitis journal 44: 161-5.

Morrow, R.C. 2008. LED light in horticulture. Horticultural Science 47: 1047-1950.

Nguyen-Quoc, B. and C.H. Foyer. 2001. A Role for ‘Futile Cycles’ Involving Invertase and Sucrose Synthase in Sucrose Metabolism of
Tomato Fruit. Journal of Experimental Botany 52: 881-889.

Ohto, M., K. Onai, Y. Furukawa, E. Aoki, T. Araki and K. Nakamura. 2001. Effects of sugar on vegetative development and floral
transition in Arabidopsis. Plant Physiology 127: 252-261.

Solfanelli, C., A. Poggi, E. Loreti, A. Alpi and P. Perata. 2006. Sucrose-specific induction of the anthocyanin biosynthetic pathway in
Arabidopsis. Plant Physiology 140: 637-646.

Vinterhalter, B., S. Ninkovi¢, B. Kozomara and D. Vinterhalter. 2007. Carbohydrate nutrition and anthocyanin accumulation in light
grown  and etiolated shoot cultures of carob (Ceratonia siliqua L.). Archives of Biological Science Belgrade 59(1): 51-
56.

Winkel-Shirley, B. 2001. Flavonoid biosynthesis: A colorful model for genetics, biochemistry, cell biology, and biotechnology. Plant
Physiology 1126: 485-493.

Yamane, T., S.T. Jeong, N. Goto-Yamamoto, Y. Koshita and S. Kobayashi. 2006. Effects of temperature on anthocyanin biosynthesis
in grape berry skins. American Journal of Enology and Viticulture 57:54-9.




<<
  /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


