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A Study of Analytical Methods for High Amylose Corn starch Derivatives

Aiko YAMAMORI*, Takayuki KATAYAMA*, Tetsuya AKASAKI* and Hirosuke TOMONAGA*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Since high amylose corn starch (HACS) is different from ordinary corn starch in certain properties, such as its high
gelatinization point exceeding 100°C, traditional analytical methods such as viscography cannot be used for it. Recently,
reaction pyrolysis gas chromatography/mass spectrometry (Py-GC/MS) in the presence of tetramethylammonium hydroxide
(TMAH) and proton nuclear magnetic resonance ('H NMR) spectroscopy are used to qualitatively analyze starch derivatives.
Under such circumstances, we synthesized three kinds of starch derivatives (acetylated starch, phosphorus monoesterified
starch and carboxymethylated starch) and determined each of them by the above two methods. When the reaction
Py-GC/MS method was used, methyl acetate and trimethyl phosphate, both of which were derived from substituents, were
detected respectively in acetylated HACS and phosphorus monoesterified HACS in the same manner as in the case of starch
derivatives made from ordinary corn starch. In the "H NMR spectra of acetylated starch and carboxymethylated starch,
which were respectively made from HACS and ordinary corn starch, a specific signal for each kind of the derivatives was
observed. Thus, the results produced by the two analytical methods showed no remarkable difference between HACS and
ordinary corn starch for the same kinds of starch derivatives and raw starch. These results suggest that the reaction

Py-GC/MS method and the 'H NMR method are useful ways to check if HACS is acetylated, phosphorus monoesterified or
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carboxymethylated and that ordinary corn starch may be used in place of HACS as a standard sample.
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Table 1 D.S.* value or phosphorus content of modified starches used in this
study

[A] [B] [€]
corn starch 0.02 1.4% 0.2
HACS 0.02 1.3% 0.3

[A] : D.S. value of acetylated starch
[B] : phosphorus content of phosphorus monoesterified starch
[C] : D.S. value of carboxymethylated starch

*: D.S. = Degree of Substitution
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Fig.1 Pyrograms of non-modified starch and acetylated starch in the presence of
TMAH
(a) acetylated starch synthesized from HACS
(b) raw HACS
(c) acetylated starch synthesized from ordinary corn starch

(d) raw ordinary corn starch
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Fig2 'HNMR spectra of non-modified starch and acetylated starch
(a) acetylated starch synthesized from HACS
(b) raw HACS
(c) acetylated starch synthesized from ordinary corn starch
(d) raw ordinary corn starch
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Fig.3 Pyrograms of non-modified starch and phosphorus monoesterified starch
in the presence of TMAH
(a) phosphorus monoesterified starch synthesized from HACS
(b) raw HACS
(c) phosphorus monoesterified starch synthesized from ordinary corn starch
(d) raw ordinary corn starch
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Fig4 'HNMR spectra of non-modified starch and carboxymethylated starch
(a) carboxymethylated starch synthesized from HACS
(b) raw HACS
(c) carboxymethylated starch synthesized from ordinary corn starch
(d) raw ordinary corn starch



LB o 5

BB, R o Py-GOMS WEZf o2l 25, HHHTI RUY
D EHREE LI IVRF S AF (D=2 25 —F 081 0
SATIE. RESW 35 » (ICH HEY K OHS RS 7MY Th
BEFASNEYY A-IBAFNIXFNOL— I HiGREN
tobﬂbﬁﬂb‘_@Aﬁﬂﬁ‘ﬁgfm%éﬁiwc
xaw%@ﬁfmﬁahu%ggémétm\@%@&@%é%

EIC) N2, ZOE—72&YIP WD T LIZH L TIIAN
&fzbméo

X
D ZRDEEE, O R, ST R EER NS R T Y7,
2) A" #4, d2FEA FJI“7 K42 H1)b, 10, 35, (1997)
3 FETE, C WY, REI-, W, SERY R X,
4) BT, BT RS, LB SR LIS 44, 49 (2004)
NS SUNIESLY SCEE TS
6) WU, BT B WA SRR 27, 1 (1987)
7) ENEES 0 MRS BRI A S5, p.253 (1979),

P, R EFZ, A)UEEE, FISE R, SRR A L SR LA

546 5 21

4.3 H

HACS 672 FIVI"TAF. B TAMOASIZATIV. 5
WRFLAFI"TAKES L. R o Py-GCMS ® U 'H NMR
AR MIVEFHTETHZ LK, BEDRREERRTDH &N
TELMRE Lz,

FROEPTEAOTEA TN A0S, § HACS & A
IZOWTOREDH & Z2H-EAT ST ENVEETHH =, HACS O
STEALAHFOI—2 AT —F D& FHA & OGPk
BEWTLS5NT, HACS EAFDI—2 AV —F L& %L1
FEHHERTHDIENS, TNS5D3H D HACS OFEA D
WTIE, BRTHACS W} F TERLSTH, ANDIA— 2 AY—F
IZDWTOR & Py-GC/MS TN 'HNMR ZRY kL & 8845 2
SRR, FHEANSIYTELET A B5N5,

A

p.300 (1977), GREEE)

p.124 (1985), (fa 24 B2 %)

44, 43 (2004)

GREE)E)
8) Silverstein, Bassler, Morrill : “% =8 DAY MUITK D 127, & 5k, p.195 (1992),

LA (7578 )




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


