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Possible amendment of Customs Analysis Method
“ Analysis method for a-starch in starch products”

Tomoki OTA*, Ayako MATSUSHIMA*, Kiyotaka NAKAYAMA and Tetsuya AKASAKI*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Due to the methodological problem of the present Customs Analysis Method which provides alpha conversion degrees of

more than 100% for pre-gelatinized starches with higher degrees, we checked the entire procedure of the method. After a

comprehensive review, we found that insufficient pH adjustment of the test solution in the present method, following the

alkaline-gelatinization of a starch sample, caused the incomplete reaction of the subsequent enzymatic digestion. In order to

optimize the pH of the solution, in this study, we proposed to increase the volume of 2 mol/L acetic acid from 2 ml to 3 ml.

The modification required additional neutralization for the test solution for complete deproteinization and accurate

quantitative analysis. The adequacy of the improved Customs Analysis Method was proved by validation tests with starch

samples of known alpha conversion degrees, and the test clarified that the improved method provides more accurate results

than the present method.
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Sample solution
Solution A Solution B Solution C Solution D Solution E Solution F
10 ml 10 ml 10 ml 10 ml 10 ml 10 ml
2 mol/L NaOH: 2 ml 2 mol/LNaOH: 2 ml
Incubation for 30 min at 37 Incubation for 30 min at 37
2 mol/L Acetic acid: 2 ml 2 mol/L Acetic acid: 3 ml
Glucoamylase Glucoamylase Glucoamylase

Solution: 2 ml

Solution: 2 ml

Solution: 2 ml

Incubation for 2 hrs at 37

2 mol/L NaOH: 1 ml

200 ml (fill up), deproteinizing agent and distilled water

Determination of glucose by Hanes method

Alpha conversion degree = 2_5) (Custom Analysis Method)
Alpha conversion degree = afi‘) (Improved Method)
e

Fig. 1 Procedure of the Customs Analysis Method and the improved method to determine the alpha conversion degree of pre-gelatinized starch
a, b, c, d, e and f'in the formulas indicate the consumed amount of sodium thiosulfate for the test solutions A, B, C, D, E and F, respectively.
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pH pH SevenEasy Mettler Toledo
2.3.2(2) 2mol/lL pH
10 ml 2 mol/L
2 ml
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2.3.2(3) pH
200 ml 2 mol/L 2 ml
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2 3 4 ml
A B 10 ml
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200 ml 1.0144 g/100 ml 5
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120 0 1 2 3 !
Added valime of acetic acid (ml)
pH Fig. 3 Relationship between the pH value of pre-gelatinized starch solution
prepared following the Customs Analysis Method and the added volume of
pH 2 mol/L acetic acid
Grey indicates the optimum pH range (4.5 to 5.0) for hydrolysis with
223 ¢ glucoamylase.
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Fig. 2 Effect of pH value and reaction time on the hydrolysis of pre-gelatinized
starch 2 mol/L
The solutions A and C were prepared according to the Customs Analysis
Method (see Fig. 1).
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Table 1
2 mol/L 2 ml 0.4 1
100% pH

100% 2 mol/L 02 1

Glucose (mg) / Starch (mg)

0.0 ‘ ‘ ‘
100% 2.0 25 3.0 35 4.0

Added volume of 2 mol/L acetic acid (ml)

Fig. 4 Effect of added volume of 2 mol/L acetic acid on starch hydrolysis
Pre-gelatinized starch was hydrolyzed for 120 min at 37°C. The dotted line
indicates the ratio of the weight of glucose generated from a pre-gelatinized
starch by enzymatic hydrolysis at pH 4.8 and the original weight of the
pre-gelatinized starch.

Table 1 Effect of pH value on the accuracy of determining glucose using
Hanes’ method

Added volume of o o/\b)
acetic acid (ml) pH Recovery (%) RSD (%) 3.1.6

2.0 6.0 100.0 0.15
2.5 53 100.9 0.46 Fig.5
3.0 5.0 101.5 0.30 Rhizopus sp.
35 48 1011 0.40 10 unit/ml Aspergillus niger
4.0 4.7 102.0 0.69 75 unit/ml
2.5 neutral ¥ 100.0 0.67
3.0 neutral” 100.1 0.76
35 neutral ¥ 100.1 0.93 3.2
4.0 neutral ¥ 100.1 1.40 321

a) neutral :pH was adjusted to the neutral value by adding 1 mol/L sodium

hydroxide.
b) RSD: relative standard deviation Table 2
3.1.5 2mollL
2 mol/L 104.8%  100%
Fig.4 100%
2 mol/L 3 ml 99.3%
2 mol/L 3 ml
2 mol/L
3ml pH
Fig.5
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3.2.2

Aspergillus niger Rhizopus sp.

Table 3
Table 2 Comparison of the alpha conversion degrees of known samples Aspergillus niger
determined by the present Customs Analysis Method and the improved .
method Rhizopus sp.

Aspergillus niger

Degree of alpha conversion (%)

Pre-gelatinized

starch (%) Theoretical Improved method ¥ Customs An:lysis 8
value method
Tapioca Aspergillus niger
0 6.0 5.8+ 0.51 6.2+0.58 Rhizopus sp.
25 29.5 27.2+0.79 29.1+£0.97
50 53.0 52.0+0.34 56.0+£0.76
75 76.5 76.5+0.65 82.5+1.78
100 100.0 99.3+£0.99 104.8 £2.68 Table 3 Comparison of the alpha conversion degrees of unknown samples,
Corn determined by the improved method using glucoamylase from Aspergillus
0 8.8 8.7+0.31 8.840.31 niger and Rhizopus sp..
Do o wer T e
100 100.0 99.8+0.14 100.1 +0.33 (%) Aspergillus niger RhiZOpUS sp.
Potato 0 3.3+£0.45 5.8+0.51
0 0.5 0.5+0.37 0.5+041 25 27.5+£0.40 27.2+0.79
30 30.4 32.0+0.56 32.3+0.52 50 52.5+0.56 52.0+0.34
80 80.1 79.5+0.59 79.1 £0.68 75 76.4% 0.17 76.5 + 0.65
100 100.0 99.4 +0.49 100.8 +0.56 100 100,74 0.29 99.3+0.99

a) Mean +Standard deviation, n=S (tapioca), n=3 (com and potato) - a) Mean +Standard deviation, n=3 (Aspergillus niger) , n=5 (Rhizopus sp.)
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Fig. 5 Effect of glucoamylase activity on the hydrolysis of pre-gelatinized starch
Pre-gelatinized starch was hydrolyzed with glucoamylase from (A) Rhizopus
sp. and (B) Aspergillus niger for 120 min at 37°C.
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Table 4 Alpha conversion degrees determined by the improved method in interlaboratory study
Material 1, % Material 2, % Material 3, % Material 4, % Material 5, % Material 6, %
Laboratory
2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
A 357 364 356 787 790 79.8 393 395 387 804 793 798 420 443 429 809 82.1 82.0
B 452 467 459 853 867 868 432 442 449 769 769 759 363 385 355 8.1 813 813
C 413 429 410 849 83.8 844 417 405 412 80.1 81.8 820 374 378 370 782 79.1 78.0
D 421" 436487 945" 964" 893" 46.1 468 436 898 914 872 481" 372" 469" 889" 80.4” 80.4"
E 395 391 422 807 82.7 8.7 399 395 409 821 80.1 80.5 40.1 39.7 39.6 843 81.0 813
F 324 325 313 803 765 80.0 309”288 350" 757 580" 700" 351 375 369 807 77.0 77.8
G 333 339 329 812 828 800 37.6 37.8 375 984" 100.0” 989" 360 37.1 356 823 82.8 82.1
H 346 358 351 77.5 738 783 395 39.5 41.1 813 798 79.6 372”385 300 773 692" 82.4"
I 327 340 354 844 843 821 426 431 426 772 787 719 344 341 333 758 76.5 746
J 353 352 344 816 809 804 373 364 367 802 80.6 81.4
a) outlier
Table 5 Result of interlaboratory study for determination of alpha conversion degrees by the improved method
Material No. 1 2 3 4 5 6
No. of Lab. (outlier) 9(1) 9(1) 9(1) 8(2) 7(2) 702)
Mean (%) 37.0 81.5 40.8 80.9 377 80.0
ok 0.93 1.4 0.80 1.1 1.0 12
Se” 4.6 32 3.0 3.9 3.1 27
RSD (%) 2.5 1.7 2.0 1.4 2.8 1.5
RSDR? (%) 12.5 3.9 73 49 8.1 3.4
2.8xS,9 26 3.8 22 3.1 29 34
2.8xSg” 73 10.7 6.3 8.7 8.1 9.6

a) Repeatability standard deviation ; b) Reproducibility standard deviation ; ¢) Repeatability relative standard deviation ;
d) Reproducibility relative standard deviation ; ¢) Repeatability tolerance ; f) Reproducibility tolerance

Measured value (%0)

100 -
Customs Analyvsis Method
y = L0664 x - 0.7983
E# = 0.9989
75
Improved method
50 v = LO035X - 1.1332
B = 09994
25 -
0 " T T T
0 25 50 75 10

Theoretical value (%a)

Fig. 6 Relationship between the theoretical values and the experimental ones, concerning the alpha conversion degree of starch samples
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