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Analysis of Headspace Gas of Starch Derivatives by Gas Chromatograph Mass Spectrometer (GC/MS)
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Analysis of starch derivatives is defined in Customs Analysis Method No. 403. Nevertheless, it is

difficult to confirm whether there is any substitution in the case of a starch derivative with a low degree

of substitution, and some analytical methods are so complicated that the results depend on skill. At

present there is no simple analytical method that can be used for different types of starch derivative.
This study aims to establish the headspace (HS) method for measurement by means of GC/MS as a new

analytical method for starch derivatives. Using three major starch derivatives -

starch acetate,

hydroxypropyl starch and cationic starch - as analytical samples, reaction conditions for eliminating

substituents and GC/MS measurement conditions for detecting resultant compounds were examined. As

a result, compounds originating in substituents were detected in gases produced by the reactions of

reagents with starch acetate, hydroxypropyl starch and cationic starch. Quantitative determination was

performed on starch acetate with methyl butyrate selected as an internal standard substance and its DS

value was compared with that obtained by the titration method.
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Trimethylsulfonium hydroxide (LAF TMSH) 0.2M # % / —/)L
Wik RS

Phenyltrimethylammonium hydroxide (LAF PTAH) 20~25% A
& = GREERERY)

m-(Trifluoromethyl) phenyltrimethylammonium hydroxide (LA
T m-TFPTAH) 5% # % / —/VEE (RO bRk L)
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2. 2 EEBERUIWEH
HAZa~ ~ 77 7HESHE : GCMS-QP2010 (FFtiuff
FTEL)
VIRTNN : DB-5 (30m X0.25mm I.D.X0.25 1 m)
A DL : 200C
MHARE  : 210C
FYUTHA AU DTA
BT A : 1.00mL/min
A Yy N EMESHT 100 1 1, EESHT 50 1
DRI : 2.5mL
HEA R EVESHT 250 u L, ERAIHT 1000 u L
F— ¥ FT—  AOC-5000 (BudufErid)
2. 3 EBAZ
2. 3. 1 EHSH

(1) 7EFbTAE

HS A 7T B F AL TAH 30mg % AiL TMSHO.2
mol/L A % J — VIR 0.2mL Nz CHER L, 7V 7 —F —H
50°C T 3y MIMEME#R L7, £ D%, HS ¥ A% GC/MS IZHEA
L, 50CEIR TS5 HRME L,

F 72 TMSH iR AT, TRFILED X F L 2T VLA
L LT PTAH20~25% A ¥ / — V& 0.5mL, & %\ % m-
TFPTAHO0.5% A % / — VKK 1 mL % /34 7 Wz CREED

HAY a< 7T 7EEGHEN (GCMS) 12X D TAMFBIRD Y F A=A A55H7

SMETRIEZAT 2 72,

(2) B R 7oLt TAWH

HS fiNRA T LICE Faxs 7o /b TAK 10mg 2 Ah &
IMbAFEE 1 mL 2Nz TERL, 7Y7—%—F100°CT 3 %
MMEE R L7=, £0#%, HS 2% GC/MS IZIEAL, 50CH
TERC 5 o MMEIE Lz,

(38) WFAAMLTAE

HS Ao 7S F4 AL TAK 100mg % AR 10mol/L 7k
ftF M) v Aa1mLEZMATHERL, 7Y7—%—H150CT5H
SyRMEEEE L=, £ D%, HS 2% GC/MS IZIEA L, 50°C
TERC 5 o MMEIE Lz,

2. 3. 2 EEHNMH
(1) PR HE IR O 7R Y

BalE A F V% 0.25% (wiv) ¥R E7D X 912 100mL A A7
TAIZERL, A% —VTERLT, INENEREFKE
L7,

(2) HEYERERE A F )L E K O R

FElE A F L) 100mg, £ 500mg ZFEFE L 100mL A A 27 5 &
I 2RIZENEFNFER L, A%/ — NV TERLT2EEORE
B (0.1%, 0.5% (w/v)) OREMEFIR A FVFKRZ R L7z,
(8) BURFMIEA K (TMSH) oA

TMSHO.2mol/L 2 % /) —)ViER%E A 5 ) — /T4 FICHRL
T, TMSHO0.05mol/L A % / —/VIRiE A TR L 7=,

(4) B AR YRR o0 7R

(2) TR L7 0.1% M ERERE A T VER 1 mL, 2mL KO
4mL, 0.5%ZEHEFEE A F /LK 2 mL % (' 4 mL % 20mL & A A
TIAAS5RIZE—NENy NCENENERIZED & o7,
iz (1) CHLUZNERERKE 4 mL, KIGHRZE m-TFPTAH
5%A% =N 3mL ZZNENH—NLEXy NTIZ,
AR ) —IVTER LT, b 5 HEEOEIR & BRaEi s YR
#% (m-TFPTAH) & L7,

F72, RIGRAIE L LT m-TFPTAH 5% A % / —LVERIRICA
%2 7C (3) TR L7~ TMSH 0.05mol/LL A % / —/VIEiK 5 mL %
A=y T, TSN O TR OEIEZ 1TV,
A A R (TMSH) 2 L7,

(5) REMDOIER

AR 10mL ® HS i34 7 MC#BHEIA 5 mL 2 h—/L By b
Tz, (4) THREMLI-HRERAEERK 10 uLi~vArmy
VU DTMAB®R LI, "M T A ET VT —%—m, 60°CT 30
S RINE - L, Z 0% HS /' 2% GC/MS T 35CEIR T 5 4
BIE LTz, ARV T S EITOBIEEITV, NEEDE &
Wil A F L DB & EREA T OB OV THRERR A 1E
A L7,

(6) KGR O

20mL A A A7 7 A ZHNIEHERIK 4 mL, KIGHIE m-
TFPTAHS5 % A % J —VMVRIE 3mL 2 FNFhhA— 1 e~y k
Tz, A% —=NVTERL, KIEEK (m-TFPTAH) % 7%
L7=. 72, 20mL B A A7 T 2 2 ([ZHEAREETR 4 mL, SR
3 TMSHO.2mol/L A % / —/W¥EIR 5 mL & Z N Enh—L ey
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(7) BUSERAETFIE

50mL FAH 7 Z 2 327 v F ML TAK 100mg & (6) TH
R RSIHEIE (BEE A F L 500 1 L/mL, m-TFPTAHO0.75%) 6
mL #At, A¥—7—CH#FL THER TGS T2, 1 KM
BEICGIRE 10w L 254 7OV T, @ik 5 mL TF
MUERR LTz, 7Y7—%—H, 60°CT 30 /imeEdsEsL, %
DOt HS # A% GC/MS T 35CEIRT 5 0 RIMIE L CHilE A /L
OERBEZME Lz, FNERK (B A TV 500 x L/mL,
TMSH 0.05mol/L) (22T & [AEEDHIEF 1T - 7=,
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3. 1 EHLm
3. 1. 1 7EFILELTAH
(1) TMSH

RWFLD Z © A I TR OT v F L TAKZ TMSH & X
NERZLEZAS, WTROHS HAD h—F A4 7 a< b
77 N EICH R 157 SfHTEICE R Y — 7 BBlh

(Fig.1), ~RAANZ MVERBLIEZMHEER, WIhbIAFL
A7 4 RERESHhEZ, LhL, TEFUETAKHDO 7 o<
M7 AN =T D AANRY MLVEBELZLEZ A,
CAFNVANT 4 RDT T T A " FrOMIZT2F AT
IBHSRDEFR A FAD T Z T A b A F v L Bbh% m/z 43,
59, T4 LR S, HEE A T OERIRIE S LT,
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(2) PTAH

T FNIEDAF L AT ALAlIE LT PTAH % T (1)
L REDEEERIT 512, 7T — & —H 50°CT 10 4y EmzdHE
L72E ZABfATFVTIEEALERE SN o7, F 2T,
TIOT—H—OIREE 120°CICHE L 10 oMMBGEE L2 & 2
%, DENICEEA FAREH SN (Fig.2),

(3) m - TFPTAH

T FNVEDATFNVEZAT VALK E LT m-TFPTAH % HW\C
(1) CEOBEIEERIToT2, T58, TEFALITAKE m-
TFPTAH & ® HS HAD~ A Y v~ b7 T A2, 1.6 50fHEC
FECABICIEENE -7 N b5 (Figd), Zov—7
IF~vAARY ML A TV ERESH, TAMFOT &
FOIENBEEL TW5 Z LR SN,

PLESTEEHD A F VAT ALK Z T T £ F AL TAH
OBHIEBBESOS 21T > 7256 HR, m-TFPTAH A Gl TH 5 2 &
MNorinoTz,

3. 1. 2 EFOXxLTOEIETAH (HPS)

RAHE T A H 5 WVIE HPS % X 5 {bKERR E MG S &2
A, WTFNLO HS AL LB ATF Bt s, £
HPS ®» HS # AH12iE 2.05 3 fHific e Fas v 7 m e ddsko
o7 eankE b Eni (Figd), BHREDRRD
5 fifH o HPS (DS 49 0.02-%7 0.10) (2 2>W CRIEED T 24T -
20, WIRO HS TA»LH X977 v Bl s,

3. 1. 3 HhFAUETAH
KRB CTAW B D NI A T A AL TAR EKER LT N U T LK
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Fig. 1

Total ion chromatograms of headspace gases over starch or starch acetate with TMSH
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Fig. 2 Total ion chromatograms of headspace gases over starch and starch acetate with PTAH
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Total ion chromatograms of headspace gases over starch and starch acetate with m-TFPTAH
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Fig. 4  Total ion chromatograms of the headspace gases over starch and HPS with hydroiodic acid
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Fig. 5 Total ion chromatograms of headspace gases over starch and cationic starch with sodium hydroxide solution
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3. 2 F7HEFIILTABODDS EDRE

3. 2. 1 m-TFPTAHIC K B EE
(1) BEMDOIER

T2 FNMAETAHO DSIEOEREZITIICHIEY, OATF NV
T AT AN EZZ T 720, @GC/MS THlET DB,
ERTHERA TN EE—7 NERLRY, V) 28525 K
L CHRFH LRGSR, PSR ICERER A TV A2 BRI LT,
50~1000 u L/mL @ 5 FEEEH O i HEEE A T VAR R IR % 6
WL, &4 OEERRIZOVTHNAR 10mL @ HS A1 7L
10 LB LMK S mL CHIRLER L-, ZAb o
YRR A 7 27 — 2 —F 60°C T 30 SR L, Sk Emr
\ZELZE ZATHS H 2% GC/MS ICHEA LT 35CER TS &
E L7z,

BRSO h—F A F 7 a~ b7 T AIT0E, WD
Hroofk B L [FERIC, BERE A F V1T 1.6 53T, BEIE A T /113 8.7
ST E— 7 RO B, TOE— 7RI ITERARES
AYEE—7 IR bz (Fig.6),

FEfl A F LR OFEEE A F LD~ A AT MLED EBA A
TR A F VI miz T4, BEEA F UL m/z 8TITIREL, KA 4
VO ERELIZOWTHREREZER LIZE Z A, FHBER
$0.999 O BT /R EMREA R L, DSEDOERIIFSAETH D
W L7z (Fig. ), 72, FREIZOWTS5ETORE LK
L AL OENREIL 1.6~3.3% LR UKEIXRIFT
»Ho7- (Table 1),

(2) ISR O REs

7B F AL TAKY & m-TFPTAH & OGRS S TRET L
720 BOmL F AR T Z 2 ah, XF)E AT NMALERIK (BEEE A
F v 500 u L/mL, m-TFPTAH 0.75%) 6 mL (2 DS{EORR 5T
v F AL TAR (A, B, C) 100mg 2z, A¥—F7—TH#
LTHEIRTHIG S, 1REMBEICRIGER 10 L 28I L,
R EARERR S & RAEICAIR L HS 1 2% GC/MS THRIE L, Wil
AFNOEREEZBR L (Fig. 8),

e ZT DT B F AL TAK O T & F VIR THBLEE L 7=

500000
I|

400000
£ 300000
§ Methyl buty_@tﬂ

200000 Methyl acetate|

100000

0 e 1
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Fig. 6  Total ion chromatograms of headspace gases

over starch acetate with TMSH
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Fig.7  Calibration curve of methyl acetate eliminated of
constituents by m-TFPTAH
Table 1  Reproducibility of methyl acetate to methyl
butyrate peak area ratios (n=5)
: Coefficient
Concentraion .
ratio Area ratio of
Variation (%)

0.1013 0.0613 2.790
0.2025 0.1373 3.293
0.4051 0.3060 2.421
0.9766 0.7312 2.621
1.9532 1.5334 1.618

B OB O FHE LIS, o KSRME & 7T ey
ML7z& Z A, DS O 2 O TAH b RIR CIE RGN HEE
IEFEFICIEL, SREMBZ THRISIE T0%FE LT Leho
72 DSEOHEBENT EF ML TAK A (DS 0.014) (Zx LT,

R THD m-TFPTAH %) 30 U & & KBRITMZ THAICHE
ORGP ERICHEE 2 WIANHH L272®, m-TFPTAH (2
X BT v F VBN CH D LMW L oRE & BT L7z,
3. 2. 2 TMSHIZKDEE

(1) BEROIER

TMSH {25\ T %, m-TFPTAH O & R O 5 FEOH &
PR EEEE A FOAARHERIRZ B L, T b OEERRER %
GC/MS TilliE L THRERZIER LT, Z OREHI3H Rk
0.999 DR WEMMEZ R L. (Fig9) , 72, KIEEICHOWTS
BT OHIE Lz & Z AL ORI 0.9~2.1% &0 K
LK EIXBIFTH -7~ (Table 2),

(2) BB o kst

TMSH O K RFRERHIZ DWW THRET L 72, m-TFPTAH & [k,
DSED ¥ 5 3FHDO T B F /L TAK % HWWT TMSH & Kk
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Fig. 9 Calibration curve of methyl acetate eliminated by TMSH

S, 1B X210 L 2B L CTREBROBIEZITY, HElE
AFNOAREEZBNIL7- (Fig.10),

1 A2 121T 82~87% D 7 & F /L LA BiEE U EERE A F /L 234
FRL TV, 3% TH RIS 90~95%IC £ - TH Y,
TMSH (2 X %5 A F LT 2T AL H R0 0 SE 2T E 20 F28
B L7z,

4.2 K

HS £ X5 TAMFBLEOEMNE K OEBSHTIC DOV TRRET
L7,

Relationship between reaction time and yield of methyl acetate

Table 2 Reproducibility of methyl acetate to methyl butyrate
peak area ratios (n=5)
. Coefficient
Concentraion .
ti Area ratio of
IS Variation (%)
0.0985 0.0588 2.127
0.1971 0.1336 0.893
0.3942 0.2868 1.612
0.9781 0.6899 1.442
1.9562 1.4116 0.949

EEDHTICONWTIE, 7TEFMETAK, B Raexr7ray
IETARS, BF A AL TARICIE, TR m-TFPTAH £ #
J—IVIRIR, X ObkFERE, KL N Y U LAKEIEREMNZD
L TEBREBEFOME 2R EIE, GC/MS THHELE, =
O HS EIXCTAMBEROBS EHEL L TEDTH S,

EBDPIZONTIE, NIEEDE L L THBA T L EHANT
ISESY THDHEA F L E ORBRAEER LIZE 25, B
g ATV L FEEE A TV ORELE ERA A4 OmEELOMICIX
BIFRERENRO bR, 77, OELAMEEZITo2L 2
SEIREITIZIE L ~3% T, HSIEIC L AHEE A F LD EH
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Fig. 10  Relationship between reaction time and yield of methyl acetate
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