79

BB R HTET# 55 61

rERBITERESFZANV-EEEAR IO NI S T740—I2& 5
TABDT7ILID 7—ILEDAIE (F 2%#R)

wo =Y, I

TS == A S /Y N3 i

Determination of the Degree of Alpha Conversion of Starch by HPLC with Refractive Index Detector
(Second Report)

KANNO Tatsuro*, OGAWA Hirofumi**, UMAKOSHI Shuichi** and MATSUMOTO Yoshitsugu**
*Hakodate Customs Laboratory, Bibi, Chitose, Hokkaido, 066-0012 Japan
**Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

In order to resolve some problems regarding the determination of the degree of alpha conversion of starch by HPLC-RID,
the method using the HILIC column was studied. In order to prevent the deterioration of the peak shape, more than equal the

amount of acetonitrile was added to the sample solution and found that a phase separation occurred in the mixed sample
solution. For this reason, ethanol was substituted for acetonitrile in making the sample solution. When using the HILICpak VG-
50 4E column, it was found that the peak shape of the internal standard had an abnormality. When XBridge BEH Amide
column was used, however, an improvement was seen. As a result of comparing the HPLC method based on the above with the
Japan Customs Analysis Method (JCAM) “Analysis Method for Determination of the Alpha Conversion of Starch” , the
gelatinization value of test samples by each method was found to be approximately equal. Therefore, equivalent results for both

methods are expected.
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$EfE 1 1260Infinity II (Agilent)
RHes  RZERITEMR NS (1260infinity T RID) (Agilent)
#1724 0 O HILICpak VG-50 4E, 250 mmx4.6 mm I.D. (Shodex)
@ XBridge BEH Amide XP Column, X7 % X 1304,
Ri£& 2.5um, 150 mmx4.6 mm 1.D. (Waters)
N (17 2OD%E)
717 LRE 60 °C
BEH . KIT7 & b7 b= kUL =15/20/65
JiiEf 1.0 mL/min
AR 10uL
SHTERN (17 2@0%4E
#7 LR : 85°C
BB K72 h =16/84 (U =F /L7 X 1 0.05 %R
JE 1 1.0 mL/min
AR 20 pl
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231 HFEORH
23.1(1) BERBFR
JnarIs—EE2ImA 1mL H72V 20 unit 12725 X 9,
pH4.8 |ZFR%E L7 0.2 M BEREARENIK 2 N CYafig L7
23.1(2) JNLa—RBERK
TNa—A5g &ML, REKEHWT200mLIZER L.
23.1(3) RYUD—RBER (NEMELERR)
A7 ma—R 259 &R L, &R KZ AW T500mLIZER LT,
2.3.1(4) BFEE—KERILT RO LRK
2 mol/L HEfE & 2 mol/L KER{LT b U 7 A% 3:2 DEFEIZ/2 D
XOWRE LT
2.3.1(5) 2 mol/L ErEg
WElE 30 g Z =V R Y, ZREE/KZ T 250 mL IZER L7z,
2.3.1(6) 2 mol/L JKERIEF b U LA
KERALT RU D A20gEREVERY, ZEKEHNT250 mL iz
ER L.
232 #HEANOHAR
TNT7—{bE 9 b LI L TAMDOT VT 7 —{LE & BIUTIEIC
KVRIELZEZA, SEJIEDEEN 9035%ThHh 722 &b,
%@%%%%& T VT 7 —{LEOBRHEAS 80 %K Uf 30 %L/
RHEINT, RIMTEHBAZ L TAK (TVT7 7 —{LED 0%
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B2 80 %K% TN 30 %D b D% 3 AT OER L7c. B OfE
HRlZHI= 0, ERICEVR ST 77—k b A2 LTAKH
KOKRMLE 565 L TAMOER LEHEGEEOT VT 7 —1k
O E A Table1 (Z”d. 723, HuiEalklo B &ITHI T C6E

—Z LB TABDOT NT 7 —{LEORE (5 2 #)

AT 56012069, HPLCIETHAT 5 H0IE 25 g
ICRD T

2725859

Table 1 Ingredient of test samples

Method | Samole No Sample  Geratinized Raw Theoretical
P | weight (g) starch(g) starch(g) value (%)
T-80-1 0.5140 0.0870 80.0
T-80-2 0.6 0.5140 0.0870 80.0
Titration T-80-3 0.5141 0.0868 80.0
(JCAM) T-30-1 0.1932 0.4082 30.0
T-30-2 0.6 0.1930 0.4075 30.1
T-30-3 0.1928 0.4076 30.0
H-80-1 2.1410 0.3617 80.0
H-80-2 2.5 2.1394 0.3610 80.0
HPLC H-80-3 2.1406 0.3614 80.0
H-30-1 0.8040 1.6983 30.0
H-30-2 25 0.8025 1.6984 30.0
H-30-3 0.8030 1.6981 30.0
2.4 EE&
2.4.1 HPLCEDME
AWFFEICI1T D HPLC BT L D MIEIT, FUBHMS I OB 34 53 fif K
O RHRIE S TIEBER LR CFIEE AT 52 L& L. 27

L, WEs YR I R ORBHRIR T 0> 27771 2 — A1
ARG W E BT 2 E T 2 ETEIAETH D
LEZONIZD, REORDUR R O SRR 712 — 2
REZEHSTDHZ L& Lz, ERREKE Fig.l 1R

Sample solution
I I
Add 2 mL of 2 mol/L
NaOH

o 1
1 Keep at 37°C for 30 min, shaking :

v v

Add mixed solution
(2 mol/L NaOH : 2 mol/L
CH3;COOH = 20 : 30)
5mL
] v

| Add 2 mL of Glucoamylase solution |

3, 3.

==== - - - i

! Keep at 37°C for 2 hours 1
Y - - v
| Add 1 mL of 2 mol/L NaOH and 2 mL of internal standard |
¥ v
| Take 3 mL of test solution and add 7 mL of ethanol |

i i

Quantification of glucose by HPLC

i v

| Calculation of the degree of alpha conversion |

Add 3 mL of 2 mol/L|
CH;COOH

The degree of alpha conversion = % %100

Fig.1 Flow-diagram indicating the degree of alpha conversion of starch
T and II in the formula are glucose content in test solution I and II,

respectively.
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2.42(1) Bf-AlEEETIET

2.3.2 TR L7z HPLC 1L H OB O /K EREIK (%9 2.5 9/100
mL) %, 2AKDE0mLEA (£721330mLE) =7 T Aaic~
XT 4 v I AE—TF—THBLRNLEMIC 10mL &V, —
FETR, thhEIRE Lz

F9°, MRIZ 2mol/L KER{LF b U U A 2mL 2% 7-1%, 37°C
IR LR & S 1EIRKE ¢ 30 MR E 5 L, TAHOT IV
77 —fbEAT ol WRIT, TRICEHRE —KEELT R Y ¥ ARIKE 5
mL, IHEIZ 2 mol/L EFfEZ% 3 mL ANz 7=, BT\ CRESRIANR 2 mL
ZINZ, 37°COMEIRKE T 2 REEIFE L, CTAMOMKSfiRE
1Totz. MAKSHFRET %, KIFIZ 2mol/L Kk~ U w7 A 1mL
EINZFFRHRIEZRATV, MR L LT A7 m— R EHER 2 mL %
MM & T=.
2.42(2) BE=-AIEBEHEIZDONT

242 THROLNTCHR L CIRENEIUCOE, MK 3 mL LW
TH )= T7mL ZRALELODEAT LT L% — (0.20
um) 12k b AL, HPLC @M oK L Lz,
243 HPLCEIZEBT7ILT7—ILEDAE
2.4.3(1) BEHDIERK

5AD 200 ML A AT T AaZNEIIUTA 7 o — AEHERK 10
mL ZEE L, WRWTH L= — X FE3ERE 1, 5, 15, 30 X TN50 mL %
FNENMZ, =X /) —)v%& 120 mL M2 7= BICREKTERL
TbO%, MEBRAKRIEE Lz (Vv a— 2 0.1-6.3mg/mL).
B MIE 20 uL 2 HPLC IZHEAL, A7 B —ADE—2H
B (As) ICHT D7 a—20— 27l (As) Ol (As 1As)
BRI, ZOMEE, FEETOR 7 a—ADEE (Ws) 1253
LU a—ADER (We) DIt (WelWs) 2O EMEEIERL,
EREEHER LTz, 7ok, HEOH VIR LUEHILIEE L.
243Q2) TILI—ROEERUVTILI7—LEOER

2.4.2 TS L 72#0 20 uL % HPLC IZEA L, 2.4.3(1) TR L
TR S ICERBHRIE T O L a— 2 2 E R LTS, R
DT NT 7—LEL, ERLEZVa—2x8e2 s LIZkAUTEY
R L7z, 7ed, WIEOMY R LEFUL3EE Lz,

@ﬁl@ﬁw:wx§®x
BT 07N a—25(g)

100

TNT 7 —LE(%) =

3. FERKEUELE

31 HEBBEORE

FES Tl Y, BRI K 100 %D UEHMEIR A HILIC 7
FSATHETD &, =2 THRICEEEL 52 5. ZThEHE 2,
AWFFECILER BRI OB Z 7K 100 %I LW Z &5 B L
LC, 2mol/L kEE{kT R U o AVEIR 1 mL 200 % THF L7308
OB FRICERL EOT Y b= U A EMZDZ L E L.
IHICED, = BR~OEZBOMIE AN L & L b2, A

WRIED 7= )X < BREDNRIZ XL DBRT2 AT IR ORSMEDTA
MEEOPREZR 7=, LinL, RiRETE h=HF I VZRAL
7o, |RICHE L2 A, KE LT =Y ILOMSEER
BlEtshiz (Fig2). ZOBRITMERE FCHETHY, 3°ChHi
BOBREICBWTIL, 7Tk b= kUL ERAST DEIOREHRITE
FREKT B FICHED 72 b D& FRRICTIRS L2568 T b MR 8l
BEh, UbEXY, g oREOBESRDIEEICIN 2 5 A A
BEELTTE h= FUAEERTLOILEYE TRV EBZ b
ZENL, TEM=NIMZEZATZZ ) —VEANDZ L,
Mg 3mL &=X /—n7mL ZRAEL, AT LT L —
(0.20um) TAIEL7=H D% HPLC lEH OEHRIR & 425 2 &
L LT

Fig.2 The state of phase separation

3.2 HPLCEIZ& BT T 7—ILEDRIE
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FUEHRIEIZ OV, HILIC 7 A T& % HILICpak VG-50 4E |2
X &EsNnN=r e~ 7T 4% Figd 17T, NEERETH D R
7 —ADE—7RICRERRD iz, RERARKD 7 o
~ M TATIERAZ B—ADE—IBRITEF TH o722 &b,
TR b OFEHRIR O FIRLEFE THA U7 il 522D 23, A
Ja—ADQE—7 LBER-TbDOEEILNE. IhERS, B
Z 2% XBridge BEH Amide XP Column [ZZ5 % L 7= E CTHENIE %
fTol=2& A, Figd im0 27 u—2A0 v — 7 ks ckE
INT=Z Enn, REFFRIZEW TR U - 4alkHaiki:, LM%,
M T LB L THEE T 7.

“ Glucose

Sucrose

Fig.3 HPLC chromatogram of test solution (H-80-1_I) by HILICpak VG-50 4E

column
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Fig.4 HPLC chromatogram of test solution (H-80-1_I) by XBridge BEH Amide
XP Column
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243 LVELNTT IV a—ADMEME Figh \IRT. Zr=
— AR 0.1-6.3mg/mL OFPHICE TS, A7 a—RIZxT 57
Na—AOEE & B — 7 mEEE & OBRIE, IRERE 0.99999
Ligb, BEREMMEER L.

2.0
1.5
wm
=
< 1.0
¥ =0.9187x +0.0009
0.5 R2=0.99999
0.0
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Fig.5 Calibration curve of glucose
Ag : peak area of glucose, As : peak area of internal standard,

Wo : weight of glucose, Ws : weight of internal standard
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2432 kv v a—REERL, TAT7 7 —LEEZRETL
TG R E Table 2 \ZR . F72, RO OIT-2BUTIECL D
TT7 7 —ALE O ERSE4 Table 3 (7R3, HPLC M} UNERAT
ERNCHERR U 7= g aist o 7 L 7 7 —{VEE O BRER X 2.3.2 TR
L7 Tablel ® LB THHA, FEPRIZ HPLC KL OBUTEIZ LY
BIE L7 T N7 7 —{LEE L M58 iinil & o T ho@EmE s &
A 80 DR EHC S W Tk B B hEHE S B0, B
& 30 %DREHERAEHZ DV TIEAH) 10 %R EE R < 72 A EA A I R
L.

7B, FERE 30 %OBHEREI CEEDO T LT 7 —(LEORE
FEROERRE & i L CRIBICE oo e 2 E DD, BiERElo
TERICHEA L7ZRINTE 5 A Z LTARBENCT VT 7 —1k
LTWAZLENEESN. £2C, RIITLH>BAZLTAKH
DT N7 7 —LEEZBATRICE D RIE Lz E 25, 3EEIEDY
PIN 141 % Th o7z, ZOfEEIEIEERROT VY 7 — (L
OHEEEHE LI L 25, WEM L BiREOZARIT Table 4

DERBYTHY, MEMITHRMELTEIL. 4%, L2k
TNT 7 —ALEOREEEIOMEEZ 1TV, BUTIEL OFERMEL T
BT D MENRH DR, [EBEOT AT 7 —{VEE O R 4 TR
BICHT=oTiE, THZ77—bE D B AZ L TAMORL LT,
FITE 5 HAZ LTABICOWTHBITEIC L AT L7 7 —({k
EOREEITIMNERH DL LB HND.

Table 2 The degree of alpha conversion determined by HPLC method

The degree of alpha conversion (%)
Sample No.
H-80-1 H-80-2 H-80-3 H-30-1 H-30-2 H-30-3

1 78.3 80.9 80.1 40.8 4.7 42.6

2 78.2 80.9 80.5 40.8 41.8 42.8

3 77.9 80.4 811 40.8 41.7 42.8
Ave. 78.1 80.7 80.6 40.8 4.7 427
SD 0.26 0.37 0.60 0.09 0.17 0.29
Difference -1.9 0.7 0.6 10.8 11.7 12.7

Ave. : Average
SD : Standard Deviation
Difference : Difference from theoretical value of the degree of alpha conversion (%)

Table 3 The degree of alpha conversion determined by Titration method

Sample No.
T-80-1 T-80-2 T-80-3 T-30-1 T-30-2 T-30-3
The degree of alpha | g, 80.5 80.3 388 396 393
conversion (%)
Difference 2.2 0.5 0.3 8.8 9.5 9.3

Difference : Difference from theoretical value of the degree of alpha conversion (%)

Table 4 The Comparison of the difference from recalculated theoretical value

Sample No.
T8l T802 T80-3 T30l T-302 T303
0.2 15 17 08 0.0 03
Difference H-80-1 H-802 H803 H-301 H302 H-303
3.9 13 14 12 21 31
T?;Z;Ztlicc:l;’:g)’e 82,0 82,0 82,0 30.6 30.6 396

Difference : Difference from theoretical value of the degree of alpha conversion (%)

AW TIE, BER OICTHIA L., AT AH 7 L L BRI
DRl TN EAER T 238, FRZT I/ W T L% fE
A9 %2 & THI LR RN, 707 2080
HILIC 7 T 2 & W5 iz et LTz,

HILIC 7 7 ML DT N7 7 —{LEDORIE Z4T 9 72, kR
RICEEL FOTE =R ILVERAELIE A, MR
FTENHHLIclzd, T b= NI MIEX T ) — %R
aTHZLE L.

FERREL 2 FEEEA 3 MR %, HILIC 717 2% /= HPLC #£iC
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83
BB R #5561

A2k, TABROT AT 7 ALEOREE, BUTIE L R 2T T & D ATREE S RIR ST

x ®

1) EEpEy], ks, HFER, MEEA, FEE o BT RO, 55, 123

2) BE—AA, MERCT, KREM, FngE o BT RO, 54, 13

3) [lAfE, =iHEF, BAUF : BB ROVTITR, 51, 45

4) WEFOE Tkt “Shino B ADRZ 1 SOS THESHT (1: SUGAR oV —X) |7, IRFIE Tkt
https://www.shodex.com/ja/dso/009.html, (318 2021-6-10)

5) (Efb7r 57 v 7 AMAS . “A AU ZHBINE DA A N T DIEPRIEICHONT. [T AT v 7 AR S
https://www.chemtex.co.jp/seihin/ion/topics/page/3/, (& 2021-6-10)

6) AARD +—& — Xkt “BERST T O &5 B I E /3BT — ACQUITY UPLC H-Class/QDa & W o E# T —7. HR
74— — XA 4E.  https://www.waters.com/webassets/cms/library/docs/mkt14163.pdf, (PR 2021-3-18)

7) WAFNE TR A, “Shino B2 ADIKZ v SOS 17X/ 71T A CTHREZSHTT 207127, M Tkt
https://www.shodex.com/ja/dso/033.html, (2 2021-3-18)

8) BEAKHE, RIIfERM. “BEATA K THILIC? HifH 22 RAICRSR G EDOH T L ?2CL8 LIINHiEE X T-WEARKE”. XS
thrv~=v 2757 71— http:fichromanik.co.jp/info/wp-content/uploads/2020/12/jasis2020s_b.pdf, (Z[E 2021-3-18)

9) MR AR (LA ZEAT. “DOJIN NEWS No.87(1998)”. R AR (LA JE8T.  https://www.dojindo.co.jp/letter/087/news87.pdf,

(Z 14 2021-6-10)



	示差屈折率検出器を用いた高速液体クロマトグラフィーによる
	でん粉のアルファー化度の測定（第２報）

