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Research on quantitative analysis of acetyl substitution in acetylated starch with pH meter

Yoshitomo MINAMIDATE", Tomohiro IGARASHI", Kenji TAKEMOTO" and Takayuki KATAYAMA®
*Central Customs LaboratoryMinistry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In the Customs Tariff Schedule, modified starch is classified under heading 35.05 and starch (unmodified) is classified under

heading 11.08. There is a large difference in their tax rates, and so it is important to distinguish whether starch is modified or

not to ensure appropriate customs procedures. Acetylated starch, a kind of modified starch, is defined by degree of acetyl

substitution (DS) in the glucose group of starch. In the Japan Customs Analysis Method, DS is determined by acid-base titration

with phenolphthalein as a pH indicator. However, starch sometimes blurs the color of the solution and it is difficult to

distinguish whether the color has changed or not. In this study, we investigated a titration method with pH meter, instead of

phenolphthalein.
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2.4 EEAE
2.4.1 FEFILETAHOTS

L T & T/ T AR OTBNEIIEERE STl Y, 4l
P EOEE 7 FEE © =/ CT AR A BT 5 515 2% FV 2. 1000 mL
BWE—D—ITREMETAK (byEn a3k 200 g ZEH L
B 600 mL NI EETZ. 4% KT R Y o LKIRET
pH10.5—10.6 (ZFHE8 L, WAL =/L% /N2 37°C T1 BeMEHEL, X
S ET. pHER 7 % FRI> TWAOE/#ERL, ABILTE. A% 3
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AR ) —)VCEBARIL, iR CEEL L.
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% 3 RRIARERL L 7-.
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W% 3.70 g % 100 mL A A7 5 A3 ZERIL L, ZRRK CES LIS
WEEERER & LTz, 200 mL A A7 T A2TAR—/L B~y hClERe
FEREIRUR 2 10 mL BRI LR BRI K CEA L, FEUEREISIAIR & LTz, 723,
Z OEEIT 10mL F4Z DS 0.01 D7 B F /UL TAKY 5g (%S5
TEFAEEZEALTHALOLFERETHS.
243 7/ —NLI7E LA DERRIZEITS pH EDOHEE

200mL ¥ B —{ZZRB KK 100mL, 1%~ = / —/L7 Z LA LU
0.5 mL, 045 MKEg{bT b U & LIKESIK 25 mL M OMFEEREREISIR
10mL ZANZ 7=, FVHREICR 5 T025M HEREZHE T L2, R
KT HETO00S M EERAR N L, 2RI 5 pH E% pH A
— & —TCHIE L.
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200 mL & B —H —|ZFRBEKKI 100 mL XV 1% 7 =/ — VT X LA
VYRR 0.5 mL 2NNz, HOPNIREICERT HE TS mM Kk
R U D BRI ER T L2, 045 M KERET R Y 7 ZOKIRHK 25 mL K&
ORI 10mL 2R 721, 7= /) — VT X LA OB
445 E T 025 M HlECE L7-.
7T vy b LRI A N Z T FRROBRIER T, HEED
ZE R OB Z R T-.  [BIUEROF 5L Formula 1 O &8
DNThb.

Formula 1
Recovery rate (%) = (Vo — V)FN/nacon % 100
Vo : Blank titer (mL)
V : Sample titer (mL)
F : Factor of hydrochloric acid solution
N : Normality of hydrochloric acid solution (M)

Nacon : Calculated mole number of acetic acid (mol)

2.4.4Q2) pHZRIZEITHEFEEDEINE

200 mL 7 B —7—IZFRBE/K% 100 mL 2%, pH A—%—CH
ELRND 243 TROFET = /=T X LA OREAEIZBITS
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R U T AKESIE AT T L2, 0.45 MKER(LT b U & 2ok 25 mL
T OEHERERRYIR 10 mL 2 0NZ 724412, A5 pH [ELAFIZ/2 5 F

T 0.25 M s CREE L7z,

7T v b UCHIRRIR 2 N2 T EROBMEZTTV, E RO
D HEFEOENEEZ RO, [EUEEOF A Formula 1 O L8
N ThHD.
2.4.5 DS{EDAIE
2.4.5(1) BIERMDKS

2.4.1 OFFREHE} 3 IEK AT T B F /LT 4 KillEZ
NENFEICK 2 g BRELL, 135°C T 1 KHENENL TRy 2 HIE
L7, 22 TROIEASEHNTERBIOEREE N7 A ~N—2XEEIZ
MHIE L7=.
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2.4.1 OFREREL 3 MIBK OMASEO T & F /AL TN 4 Wik E &
NEI 200 mL FE—H—IZH) 5 g BRELL, ZRE/KHK 100 mL &0
Z, AB—T =T UBR IS 1% 7 = /) — V7 ¥ LA IR
0.5 mL Nz, DT MNIARAICEETHETS mM KEMET FY DA
RIS A T L=, WIZ, 0.45 MKEREF U 7 AOKERHE 25 mL %
Mz, RVTF L7V NTEEL, HiRT30 oLz =
D%, 025 M WA TT =/ — /L7 Z LA L OENEKT D E TRE
L.

TI0 7L LT, TEFULTABOMRD D IZFRFEOREMTAK
ZHOTRBROBYEEZATV, MEEOZEND DS fiizRkbi-. DS fi
OFEHIFEF Formula 2 D0 THS.

Formula 2
DS =162A/ (4300 — 42A)
A=Vo—V)FN x 0.043 x 100/ m

DS : Substitution degree
A : Content rate of acetyl group (dry basis) (%)
Vo : Blank titer (mL)
V : Sample titer (mL)
F : Hydrochloric acid factor
N : Normality of hydrochloric acid solution (M)
m : Amount of sample (dry basis) (g)
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2.4.1 OFREREL 3 MIB K OMASLO T £ F /AL T 4 WlkE &
NN 200 mL A —H—I28 5 g BRELL, ZRE/K# 100 mL Z 0
Z, AH—F—TCIEHPLUBE S, pH A—%—THIE LN SZE
s pH LI LIS 5% T 5 mM KERET B YU o SRR T L
7o WIT, 0.45 M /KE#fb) b U 7 2KWIR 25 mL 2z, AV =F
L7 g VNTCEENL, SIRT 30 i Lz, 2%, 0.25M ik
e Cc& R pH LA T2 72 2 F TifE L7z,

777 LT, TEFMETARORD O ICRBEORZENTAK
ZHOTHEBROBYEZATV, MEREOZEND DS flizRkbi-. DS i
OFEH T Formula 2 D0 THS.



21

BB R MR 5 58

31 T/ —NLITRALA UOEREIZEITS pH EDORER

243 IZBWT, 7=/ — VT XA L OEMARICIITS pH i
10 ERE U 7= E K ONEE O i % Table 1 (2779

pH fElX 7.74—7.84 TYIEIT 7.80 ThHo7=7=, 2050 pH
% 7.80 & L7-.

Table 1  pH of phenolphthalein color changing point

No pH of phenolphthalein color changing point
1 7.79
2 7.78
3 7.75
4 7.74
5 7.82
6 7.84
7 7.80
8 7.84
9 7.80

10 7.82

Average 7.80

3.2 EFEREUREDFER

244(1), KON 244QUCHBVCHIIE L7, HEAEFRRIAIR O etk K
OV pH VEIT & D FHRRIEINCGR, FERIEIER O E K OREHE(R 754 Table
2 IR T.

FEEREI R OB T IR TIE 99.5%, pH IETIE 99.4% T HIZ
RAFZEMGEREAA OGN, EIEEICBLTH, B REATHAET
0.75, pH{ET 1.20 L FEADIMENE DI, pHIET bk & [k
WRIEDMTZ 5 2 LR TE T

Table 2 Recovery rate of AcOH

No AcOH recovery rate by AcOH recovery rate by
colorimetric method [%] pH method [%)]

1 99.2 97.9

2 98.4 99.6

3 98.4 99.6

4 99.2 98.8

5 99.2 101.2

6 100.9 99.6

7 100.0 101.2

8 100.0 100.4

9 100.0 97.9

10 100.0 97.9
Average 99.5 99.4
Standard 075 120

deviation

3.3 FRHEMRUEHARDRIE

2452 K 2.45@QNZBWTHIE LT, 2.4.1 OFFRGEEL 3 Mk
OHASED T F /LT AN 4 BRIRIZ DWW T EE R O pH IEIZ L D
HIEREEL, DS EOFE, iR A, pHIEIZRT 2 DS HOFEAHE
W24 B L BIRIC BT D DS EONEEHMED (C/pH), F*ﬁff@?ﬁ =i
F (pfl), tMEOHEMR (p ) RO IEOVHEIZBIT 56E
FEDA S Table 3 1 TRT

FAREHTOWT, pH IKICEIT 5 DS MO HIMITH 5 Htaikic
BT % DS HOFED H(ClpH)IZ 0.994—1.007 THY, {EUEHFE
ITHEIET (4.4—17.6) X105 T, pHIET (5.7—17.0) X105 L 725
7=

F70, BRBHIRBWTC, ikl pH 15D DS fEIZ W CTHEKYE
5% T F BEEITO DN E LODSER Lo 24, Z et mihisko
TG 2 A OFENIA BRI 0.05 % Eal> T, Z07-Hil
TEMHOTVINE A BN D DWERT 272012, #iAdm 2 S ORE!
ITENTIH D & 72 L Student D t BEZ, fiiAdL 2 1O\ TIE&E
DT D & BB T2 Welch D t iEZ T AT 712, ZD
R, WPhoREHCEWTH t EDAETESR (p ) 1£0.05 %
k- TEY, ZEO DS EOVEEICH B AT E» o 7.

34 E =B
3R WTIEM L@k s pH EORIEMEISHT 5 t BEDRE
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Table 3 Comparison of DS obtained by the colorimetric method and by the pH method

Sampl Colorimetric method pH method F-test t-test for DS
ample
Category P ) DS Standard ) DS Standard  C/pH®  (Significance  (Significance probability and
name n® n? .. L. .
average  deviation average  deviation probability) Significant difference)
Corn 0.172
Prepared1 5  0.00953  0.000067 5 0.00947 0.000057  1.007 0.757 o .
product No significant difference
Com 0.486
Prepared2 5  0.01365 0.000044 5 0.01362 0.000091  1.003 0.185 _ .
product No significant difference
Corn 0.579
Prepared3 5  0.01415 0.000105 5 0.01419 0.000066  0.997 0.396 L .
product No significant difference
Wheat 0.357
Import 1 9 001197 0.000131 9 001190 0.000170  1.006 0.487 o .
product No significant difference
Tapioca 0.563
Import 2 9 0.01101 0.000176 8 0.01097 0.000063  1.004 0.014 . )
product No significant difference
Tapioca 0.058
Import 3 9 0.03040 0.000143 9 0.03027 0.000104 1.004 0.381 o .
product No significant difference
Tapioca 0.099
Import4 10 0.01825  0.000147 10 0.01836 0.000113  0.994 0.446 o .
product No significant difference

a) n denotes the number of measurements.
b) C/pH denotes the ratio of the DS average by the colorimetric method to that by the pH method.

X W

1) BB — 25— [TCAFEHRO L) (http://www.customs.go.jp/cel_search/analysis_search/a_403_j.pdf)
2) TWFhER, BEEET R R - PR SRERET, P289(1989), (Rt Mtk 2 —)
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