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Analysis of Cross-linked Starch Phosphate by Near-infrared Spectroscopy

Nobuaki OSAKT*, Kiyotaka NAKAYAMA*, Masao MATSUZAWA?*, Sigeyuki ITO*
*Kobe Customs Laboratory
12-1, Shinko-cho, Chuo-ku, Kobe, Hyogo 650-0041 Japan

For qualitative analysis of cross-linked starch phosphate, the sedimentation method provided in Customs Analytical

Method No. 403 is currently used. Nevertheless, the method takes quite a long time to confirm sedimentation. To solve this

problem, we studied qualitative and quantitative determination of cross-linked starch phosphate by using a near-infrared

spectrometer (NIR) which would allow faster and easier measurement. Of cross-linked starch phosphate synthesized in the

laboratory, near-infrared spectra were examined and the degree of cross-linking was measured by the Allen method but the

raw spectra remained indistinguishable from one another, so multivariate analysis was carried out to analyze the spectra. As

a result, we obtained a satisfactory prediction model showing a good correlation between the degree of cross-linking of the

phosphorus content measured by the Allen method and the predicted one.
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Fig. 1 Chemical structure of cross-linked starch phosphate.
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Table 1 Bonding phosphorus content of cross-linked tapioca starch.
sample | g | Phohons |
No. agent (g) content (%) content (%)
0 0 0.005854
1 0.03 0.008350 0.002500
2 0.06 0.012266 0.006416
3 0.09 0.008349 0.002499
4 0.12 0.008688 0.002838
5 0.15 0.010790 0.004940
6 0.18 0.010471 0.004621
7 0.30 0.009252 0.003402
8 0.60 0.016209 0.010359
9 0.90 0.022448 0.016598
10 1.20 0.035687 0.029837

Table 2 Bonding phosphorus content of cross-linked cornstarch.

Sample AmOL.mt f)f Phosphorus Bonding
No. cross-linking content (%) phosphorus
agent (g) content (%)

0 0 0.014445

1 0.03 0.017676 0.003231

2 0.06 0.018414 0.003968

3 0.09 0.018753 0.004308

4 0.12 0.018729 0.004284

5 0.15 0.022210 0.007764

6 0.18 0.017657 0.003212

7 0.30 0.015536 0.001091

8 0.60 0.017561 0.003115
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Fig.2 NIR-spectrum of cross-linked tapioca starch phosphate.
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Fig. 3 NIR-spectrum of cross-linked cornstarch phosphate.
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Fig.4 Prediction equations of cross-linked tapioca starch phosphate.
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Fig.5 Prediction equations of cross-linked cornstarch phosphate.
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Fig. 6 Correlation spectrum of prediction equations; Fig. 4.
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Table 3  Prediction result.

Bonding phosphorus o Difference (@) —
content measured by | Prediction result 2 @) *100/D
Allen method @
A 0.02184 0.02523 15%
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