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Improvement on sedimentation testing for cross-linked starch phosphates (the second report)

Yuki TANAKA*and Tsutomu KUMAZAWA*
*Kobe Customs Laboratory
12-1,Shinko-cho,Chuo-ku,Kobe,Hyogo 650-0041 Japan

Currently, cross-linked starch is identified by its sedimentation property as measured by the Customs Analysis Method
“Analysis method of starch derivatives”. Also, the speed and safety of this method were improved by using a calcium
chloride solution as sedimentation liquid and by centrifuging. However, although this improved method, as well as the
current method, can be used to discriminate between unmodified starches and cross-linked starch phosphates with only a
medium degree of cross-linking, it is difficult to discriminate between unmodified starch and cross-linked starch phosphates
with a low degree of cross-linking, and between unmodified high amylose corn starch and cross-linked corn starch
phosphates with a high degree of cross-linking. In this study, to discriminate between unmodified starches and cross-linked
starch phosphates with a low degree of cross-linking, we conducted a sedimentation test using a potassium iodide solution
(for a low cross-linking reaction product) as a sedimentation liquid instead. For discrimination between unmodified high
amylose corn starch and cross-linked corn starch phosphates with a high degree of cross-linking, we conducted a
sedimentation test using a sodium hydroxide solution (for a high cross-linking reaction product). As a result, using a
potassium iodide solution, it was possible to discriminate between unmodified starches and cross-linked starch phosphates
with a low degree of cross-linking, and using a sodium hydroxide solution, it was possible to discriminate between high
amylose corn starch and cross-linked corn starch phosphates with a high degree of cross-linking by color instead of
sedimentation property.
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Table.1 Amount of cross-linking agent and added amount of sodium carbonate
of cross-linked each starch

Amoent of Phosphomas | Added amount of
Sample No. | enoss-Enkang agent comtent sodiom carbonate
(g (*a) ()
1 0.001 0.005 0.07
tapioca starch F 0.002 0.010 0.08
3 0,004 0,020 0,08
1 1] 3,000 0.15
2 0g 40060 015
com sarch 3 1 3000 0.1%
4 0.001 0005 0.07
wheat stasch 1 000 E LS 0.7
mice starch 1 0,00 LS 007
potato stanch 1 0.001 0005 0.07
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Fig. 2 Sedimentation of tapioca starch phosphates by using calcium chloride and
a centrifuge
1: unmodified tapioca starch
2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)
3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)
4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)
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Fig. 1 Sedimentation of tapioca starch by the present Customs Analysis Method
1: unmodified tapioca starch
2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)
3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)
4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)
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Fig. 3 Sedimentation of corn starches by the present Customs Analysis Method Fig. 4 Sedimentation of corn starches by using calcium chloride and a centrifuge
1: unmodified high amylose corn starch A 1: unmodified high amylose corn starch A
2: unmodified high amylose corn starch B 2: unmodified high amylose corn starch B
3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g) 3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g)
4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g) 4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g)
5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g) 5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g)
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Fig.5 Sedimentation of tapioca starch by using potassium iodide (5 g KI/200 ml H,0) Fig.6 Sedimentation of tapioca starch by using potassium iodide (10 g K1/200 ml H,O)
1: unmodified tapioca starch 1: unmodified tapioca starch
2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g) 2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)
3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g) 3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)
4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g) 4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)
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Fig. 8 Sedimentation of tapioca starch by using potassium iodide (5 g KI/100 ml
H,0) and a centrifuge
1: unmodified tapioca starch
2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)
3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)
4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)

Fig. 7 Sedimentation of tapioca starch by using potassium iodide (30 g K1/200 ml H,O)
1: unmodified tapioca starch
2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)
3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)
4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)
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Fig. 9 Sedimentation of tapioca starch by using potassium iodide (10 g K1/200 ml Fig. 10 Sedimentation of tapioca starch by using potassium iodide (30 g K1/100
H,0) and a centrifuge ml H,0) and a centrifuge

1: unmodified tapioca starch 1: unmodified tapioca starch

2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g) 2: cross-linked tapioca starch (amount of cross-linking agent is 0.001 g)

3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g) 3: cross-linked tapioca starch (amount of cross-linking agent is 0.002 g)

4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g) 4: cross-linked tapioca starch (amount of cross-linking agent is 0.004 g)
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Fig.11 Sedimentation of wheat starches by using potassium iodide (30 g K1/ 100 Fig.12 Sedimentation of corn starches by using potassium iodide (30 g KI/ 100 ml
ml H,0) H,0)
1:unmodified wheat starch 1:unmodified corn starch
2:cross-linked wheat starch phosphate (amount of cross-linking agent is 2:cross-linked corn starch phosphate (amount of cross-linking agent is 0.001g)

0.001g)
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Fig.13 Sedimentation of potato starches by using potassium iodide (30 g K1/ 100 Fig.14 Sedimentation of rice starches by using potassium iodide (30 g KI/ 100 ml
ml Hzo) HzO)
1:unmodified potato starch 1:unmodified rice starch
2:cross-linked potato starch phosphate (amount of cross-linking agent is 2:cross-linked rice starch phosphate (amount of cross-linking agent is 0.001g)
0.001g)

.-..;;',m'"“; ]

Fig.15 Sedimentation of wheat starches by using potassium iodide (30 g K1/ 100 Fig.16 Sedimentation of corn starches by using potassium iodide (30 g KI/ 100 ml
ml H,0) and a centrifuge H,0) and a centrifuge
1:unmodified wheat starch 1:unmodified corn starch
2:cross-linked wheat starch phosphate (amount of cross-linking agent is 2:cross-linked corn starch phosphate (amount of cross-linking agent is 0.001g)
0.001g)
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Fig.17 Sedimentation of potato starches by using potassium iodide (30 g KI/ 100 ml Fig.18 Sedimentation of rice starches by using potassium iodide (30 g KI/ 100 ml
H,0) and a centrifuge H,0) and a centrifuge
1:unmodified potato starch 1:unmodified rice starch

2:cross-linked potato starch phosphate (amount of cross-linking agent is 0.001g) 2:cross-linked rice starch phosphate (amount of cross-linking agent is 0.001g)
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Fig. 19 Sedimentation of wheat starches by using sodium hydroxide
(0.1 g NaOH/100 ml H,0)
1: unmodified high amylose corn starch A
2: unmodified high amylose corn starch B
3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g)
4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g)
5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g)

Fig. 21 Sedimentation of wheat starches by using sodium hydroxide
(1 g NaOH/100 ml H,0)
1: unmodified high amylose corn starch A
2: unmodified high amylose corn starch B
3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g)
4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g)
5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g)
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Fig. 20 Sedimentation of corn starches by using sodium hydroxide
(0.1 g NaOH/100 ml H,0) and a centrifuge
1: unmodified high amylose corn starch A
2: unmodified high amylose corn starch B
3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g)
4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g)
5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g)

Fig. 22 Sedimentation of corn starches by using sodium hydroxide
(1 g NaOH/100 ml H,0) and a centrifuge
1: unmodified high amylose corn starch A
2: unmodified high amylose corn starch B
3: cross-linked corn starch phosphate (amount of cross-linking agent is 0.6 g)
4: cross-linked corn starch phosphate (amount of cross-linking agent is 0.8 g)
5: cross-linked corn starch phosphate (amount of cross-linking agent is 1.0 g)
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