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Determination of the degree of substitution of starch acetate and a quantitative analysis of starch acetate
in mixtures of flour and starch acetate using high performance liquid chromatography (HPLC)

Kazuhiro TONAI*, Yasuhiro MAEDA* and Satoru UJIHARA*
*QOsaka Customs Laboratory
4-11-28, Nankohigashi, Suminoe-ku, Osaka 559-0031 Japan

In customs laboratories, the degree of substitution (DS value) of starch acetate, which is a starch derivative, is measured by a

titration method or an enzyme method. However, these methods have some shortcomings, such as errors caused by differences

between individuals’ handling and the high cost of the reagent. Starch acetate in processed products, which are a mixture of

flour and starch acetate, is quantitatively analyzed by the Kjeldahl method. This method also has some shortcomings, such as

long analysis time and a heavy environmental impact. To resolve these shortcomings, we studied a quantitative analysis method

using HPLC for measuring the DS value, and for quantitatively analyzing the content of starch acetate in processed products

which are a mixture of flour and starch acetate. As a result, we found that our method can accurately analyze both the DS value

and content of starch acetate with small errors.
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25l : RECIPRO SHAKER SR-2W (TAITEC)

SNV : Water Bath Incubator BT47 (v~ hEM)

222 HPLC
ESLESLE
S : LC-2000 (R A4yt)
o D 7% NEAA— T LA Mtgs Rk E
210 nm)
AR 220l
ESEIN
V7N : Synergi 4y Hydro-RP (250 4.6 mm)
(Phenomenex)
H— KHZ 2 : Synergi 4u Hydro-RP (4<3.0 mm)
(Phenomenex)
A7 LEE 1 22°C
BEIAH :20mM D AUERTKSE S U T DOKESTR
VieiR : 0.7 ml/min
A B
AN : YMC Hydrosphere C18 (250 4.6 mm) (YMC)
H—K#Z 2L : YMC Packed Column (YMC)
BT NRFE :40°C
BEIH :20mM D AUEETOKES U T AKEEIR
VieiR : 1.0 ml/min
ESUHe
VN : KINETEX 2.6y C18(150 X 4.6 mm)
(Phenomenex)
#— N717 A HPLC KrudKatcher Ultra Column In-Line Filter
(Phenomenex)
A7 LEE 1 40°C
B :20mM D AUERTIKSE S U T DOKESTR
it : 2.0 ml/min
&Mt D
BT A : Asahipak NH2P-50 4E (250X 4.6 mm)
(HEFn7ET)
H— K717 2 : Asahipak NH2P-50G 4A (4.0 3.0 mm)
(R FneE L)
717 LIRE 1 40°C
BEA :100mM b U AREMERER | 7 F=F U b
Wi : 1.0 ml/min
2.3
2.3.1 DS
2.3.1(1)
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BFEOFFROANTFEFE L., 105 °C T 5 Iz <& K4 &2 RIE LT,

2.3.1(2) DS
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2.3.2 HPLC
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NNAK S5 R4% | [RI BE YRR 10 ml THfn L, PEEHEIR & LT 0.1%
TIEL BKERR S ml N, FLAR 045 um DAL T LT 4 )b
A —THELTHRIKE L, £z, hERETEFMLTAURE
BE LBl o0 T, SRIEE K 109 & 32 LM ER
BED LA TR iR LT,
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A, B KO C OEITIE, PEERE & LT IE i
WUz, IR 0.1 g ZRFE L, /KICEfE ST 100 ml 12
BB LT, WIEHERE LTz,

G D DA, WEERE L LT, RELDEHIEICT, &
RO v B i E s L TRRT LT, T2 0.1g 28
L, KEIETE = MU UWEESE, 100mHZERTHZ
ET, PERERR & LT,
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0.069EERERA IR K O 0.19% 48 7 1 &7 L IR /K I %
U7z, FEHERIR H OFEREE AS 0.003, 0.006, 0.009, 0.012, 0.018 &
TN0.027% & 725 L D 1T, IEHERRE /KA HR % 5, 10, 15, 20, 30 LY
aml o, e F UBREITVNTND 001%E 225 K91, i
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DS fEIZ#a% L TH 0.005~0.045 & 72 5,

2.34 HPLC DS
2.3.4(1)
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2.3.4(2) DS
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Equation 1  Equation for calculating DS value.
2.3.5 HPLC
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3.1 HPLC 1 HPLC A B C
3.1.1 HPLC A
2.320)DHMT, BEHET B F AT AR O T B F LV EONINKSy
R lToTo & 2 A, KER(ET MY o LKEEROFE DS 0.3 mol/l K
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75 K% Fig. 11077,
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Fig.1 Chromatogram of an alkaline-hydrolysate of a mixture of wheat flour
and starch acetate (analyzed under condition A, pH 2.7).

3.1.2
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3.1.3 HPLC B c

5 B O CITRWT, 3.1 & RS/ IR D4y
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TEP, TEFNEEERT DI LIIARARETH T,
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2 HPLC D
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311 THELELUETT B F ML TAHO T B F L a2k
SRL, RBICTE b= U AEMATHIZAMELS 2175 &, &
B L7 HEER DIREDME < . HPLC Z W CHIE LZa, /A4 X
LU BRDIZER FIRU N ChoTe, £2TC, 7ER=1Y
NATHIARGRZATO, BN RERAIRFIC 7 & h =k U
KOAEGEEND L HICET LT,

Z LT, 2320)D%BEDSEMTRE LIziES, KEgkF hY o
LK DOIRIE R . T2 F ML TAHOEEIEX 0.3 moll, /NEH

LT F L TAK ZRE LIRS O%-E13 1.0 moll & L,

40 °C OBBHT 1 KHE L 5 L THIRT 2 5EN. 7TReFLE
ESERIZMKSRTE, /D, HPLC CTHBE L7-BRICKHEM O v
— I BB B DRI TH ST,
324 HPLC

HPLC D413 2.3.2Q)D % E 5, b U AFEER D pH % 20 °C
IZBWT69 &L, U AEERE T h= LV LORESHE 45
k55 & L7z, 7o, OWrRERIZAECORMEM DA T2 60 4y &
L7z, ZOFRBTICBT DT 2T UL TARMKS R D 7 a-~
N2 hE Fig. 212, NE & T B FMETAB R RS LT 26
TR DR D 7 v~ k7T K Fig. 31T,

Internal standard

J (Propiomicacid)
lﬁu.'lil: acid

0 5 10 15 20 2% 30
Time {min)

Fig. 2 Chromatogram of an alkaline-hydrolysate of starch acetate (analyzed
under condition D, pH 6.9 (20 °C), Tris buffer/acetonitrile = 45/55).

Internal standard
(Propionic acid)
/ Acetic acid

T T T T T —1

5 10 15 20 25 30
Time {min}

Fig. 3 Chromatogram of an alkaline-hydrolysate of a mixture of wheat flour

and starch acetate (analyzed under condition D, pH 6.9 (20°C), Tris

buffer/acetonitrile = 45/55).
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FAIZIN T, FHBERRES 0.9997 & BAFARERIEZ R L-, 723,
J A RN GRS T ER FRRIE, DS EICHE LT 0.005 C
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L2v5, DS 0.005 25 £ CIEME/ERNAREE E 2 b b,
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Fig. 4 Standard curve.
3.4 HPLC DS

& T EFMMETABRIZONT, 231Q2) TR EEIZL Y RDI-
DS fii & 3.2 THRE L7z 4 THRIE L 7= DS % Table 11277
TR CHIE L7l & K& 22751370 < FXMERERE /N S 7ol
LipoT,

Table1 DS values measured by titration method and HPLC method.

Starch Titration HPLC method (n=5)
acetate method
DS value | DS value S.D. C. V. (%)

Import 1 0.0146 0.0141| 2.06><10"| 1.46

Import 2 0.0301 0.0296| 2.42x=<10%| 0.82
Standard 1 0.0174 0.0181| 25810 1.43
Standard 2 0.0201 0.0201| 3.12><10%| 1.55
Standard 3 0.0152 0.0145| 2.48x=10"| 1.71

35 HPLC

32 TRIELESMT/IER & T F ML TAR ZIRE L5
KR b o7 £ T AL TAME R R E ER LR % Table 2
WRT, BAELEEENSHEM L EEREIZIFR CMEERD
AR RZE /NS RE L o T,

Table 2  Starch acetate contents measured by HPLC method.

Starch Wheat | Weight Ratio HPLC method (n=5)

acetate flour [ Content (%) [ Content (%) S.D. C. V. (%)
Standard 1 16.2 16.2 0.258 1.59
Standard 2 | Standard 15.8 16.1 0.197 1.23
Standard 3 15.5 15.5 0.261 1.68
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HPLC I2 X 572 F /UL TAK® DS [EOREE, ROVNER
LT BT L TAMEIRE L8RS o7 2 F /UL TAK
DEFEROEBEOMF E2IToT, SHERE LI HED S b,
HPLC %&fh% A~C & LIZHAI2iL, B0 v — 7 L RO
— 7 WERD | IINERET BT L TAMZIRE LI Ebiidsh
FOTETFNVALTADOERROERNDRABETH -T2, LAvL
HPLC &% D & L. IUKARSAE bt LIofER. 750k
TAB® DS EITHEEIZ L D kO -fEI, INEHETE'F VI

TABZRA LIRS O 7 & F /UL TAR & A RIT IR
DEFRIZENZENEMLIZETROD ZENTE, 2O
T, BAEREBNAT> TWB T2 F /UL TAK D DS HORIE &
INEWY & TR TF LT A ZIRE LB h o7 v F 1k
TABMEAROERL %, —HOBECREIZITH 2 &N ATHEIC
potz, 212U, ARIOEMNTIE, 7 u~ T AOERO E—
I AT I IFAE L, D LOBEHHOFRRLD I 2 T R
DPH, WEER L RO B — 2 NER->TLEIEND D, TD
7o, MIAKGIESME OV HPLC SRR ICDOW T, S 72 5 Fafifb
DL EZ HiILD,
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