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Analysis of amphoteric starch containing carboxy groups and quaternary ammonium groups.

MATSUMOTO Tsuyoshi*, WATANABE Sota*, YAGI Jun* and NOGUCHI Hiroshi*
*Tokyo Customs Laboratory 2-7-11 Aomi, Koto-ku, Tokyo, 135-8615 Japan

Amphoteric starch containing carboxy groups and quaternary ammonium groups (cationic group) is one type of modified

starch. In this study, four samples of amphoteric starch containing carboxy and cationic groups were prepared from native corn

starch by cationization using (3-chloro-2-hydroxypropyl) trimethylammonium chloride via oxidization using sodium

hypochlorite. Three of them were cation rich and one of them was anion rich. Characteristics of all samples were examined by

ash content, iodine color reaction, microscopic observation, eosin Y adsorption test, methylene blue test, viscosity measurement,

and analytical instruments based on fourier transform infrared spectrometry (FT-IR), X-ray powder diffraction (XRD), pyrolysis-

gas chromatography/mass spectrometry (Py-GC/MS), and proton nuclear magnetic resonance (*H NMR). Identification of

oxidization of anion rich samples could be carried out by ash content, methylene blue test, FT-IR and *H NMR. Identification of

cationization of all samples could be carried out by eosin Y adsorption test, Py-GC/MS, and *H NMR. Degree of Substitution

(DS) of cationic groups could be easily measured by *H NMR, by using the signal area ratio of anomeric proton of anhydrous

glucose unit and trimethylammonium protons (-N*(CHs)s) of cationic groups. DS measured by *H NMR were basically in

agreement with DS calculated by nitrogen content derived from cationic groups.
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.
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MLTI00mL & L7=bD%, K T100 AR LTZHD.
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#I30°C IZRRE LTRSS T, &9 A2 LTAK 2009 D 40%
FRERIEIRIC 3 YorkER(b T ™ U 7 AR ZANINL T pH 11 [ ZFE L 7-1%,
WRHIHESRER T ™ U o DNIRIEZR Ui, WRIEHESERE T B ) ¥ AV
T3 20, 40, 80 K Ur120mL D 43@Y &L, 10-60 3R TE R L

Joo Bt GEED) 1E, RESEEEEET N U U AEREOR FOMET LT
15 BRI 2 £ TR Z o7z, VAR UEOARIZE VKT
5 pH I, 3%KEE (LT U U AEIRAETRINL T O LLRICHERE LT, SO
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W5 | HilE I T\, BRI A KR T ) —)V T Uiz, 55
ZER T BRI ERR L, B CAMO AR a1
232 TAMDAFA ALY

2.3.1 TYERI L7z 4 FHOB L CAMDOS LB TR & ) —/VISIR
ZMNZ, CHPTAC EREGINL ChHTF A AbERB I /2ol T72bb,
FA(bTAM 100g 12, ZKEE(b) b Y D L27 g EEfELTOK—TH ) —L
IRATRRZE A B L=, 2ol E, B TAEKOERLR1:1
T, DD, TH ) —)L L KOFEA65 : 3512725 X 5 L7z (5
ZIE, B TAN 110g (wet) 12Kk 10g BAEENDHE, /K 90g(mL)

KB N U D 8279 ZEREL, iUl —L186mL ANz T

LA L7t B CAMIC Z DT & 7 — VIR A RN 7).

40 °C |Z3%E L=k dz 8T, CHPTAC iRiia 84 mL shnL, 8Hf
MRE 9 L7z, IRE DHETH, 5% M= / —/VIRICpH T Ik L

TG | Dl %36 2720, TR A 80% & /) —/ LK Cls L7z

FREAWIZ 5 f5E (500 mL) @ 80 %4 / —/L/KVAk & N A Cigek L7z
%, WA AT otz FREMIZ 10 f5E L L) OREIMA TR
L7=t%, WEIAREIB IV, KRWTZZ ) —/LClag Lic. 7R
ZEETBEUERL, DT AL TARO AT BILAGRD
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WD ERY, fkERE (EEEE 120 f5AR L7 6 0) 25mL 2012 C 30 47
R U712, WS 5B 27, HUMIORIE 2L 705 % TR
WA K CHES LT, R E E—h—IZB LA, /K 300 mL 21T
BRIE L, R L7 DI KIS T L CE S 721, S51215%)
BT, 7= ) — N7 H LA U EHGRIRE LT, WIS D HIT
0.05N /KBt I U 7 LERIE (i £=1.003) TiE L7- GHEE:SmL).
727 & LT, BICED B 7-EED TAMNTAK 10mL ZH12. T 30

SRR LI=4%, WS | AiE I8 27\, FERMA K Tl L. 78
127K 300 mL ZINx CREE L, LLTIE FRiAS B & RBOBMEEZ B 2 78
o7 (H&E:BmL).

HAUT LY, VAT EOEA R (mmol/100g &N g/l00g) ZHHL
7.

Carboxy content (mmol/100g)
= {(S—B)x0.05 x f,”sample mass (g, dry matter)} x100

Carboxy content (g/100g)
= {(S—B)x0.05 x fx 0.045,”sample mass (g, dry matter)} x100
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Cation content (Mmol/100g) = (Neaion”14.01) x 1000

25 BESHTE
251 RZDFEE (FiBESHTE No.403)

REIDIKSy (g100g) % EHRLECHIE L7z (550 °C C 4 KHEIXAL
U7=th, KREEGRN A TR i S, WL, S 51T 1IREH 550°C
TIKILLTD).

252 KS5FREERG FHESHTIE N0.403)

AEHI05g (wet) [Z5mL OKREMA TRRB L%, &5 FEiR%E 27
FFLTEIRE D L, ROmREEZEIE LT
253 NFUEMERERES (FRBESHTIE No.403)

B TR OMRYE- T2 1554 400 {5 Cladis L 7=
254 IFTUYREHARIZKDHFA UL (WFAE) OHER G
B Ti% No.403)

HEHI05g (wet) (Z1%TA Y IRE3mL RN L TEE L7~
Z DR 1 % AT T L, TABRLCRIT DA v Y O
Rigx BRIl X D EIER L7,

255 AFLUIIL—HERICLBEIE (DILRFIE) OHR (BRER
IATES)

AEHI50mg (Wet) [ZAF L TL—IAik 25mL 2z CTREL, &
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T XL BRI T, CARIDNET D E CTHE L, A
TREBR -, T2 K CHRE Licts, (53200 5 R L7e. -2
BIRITEL, BRICEZDBIE LI TR I ol
256 ERIAYTIITLDMERE HBISTIE No.403)

EAT 7T 7RO RBIOMEZHE Ulc. 2EMOMIESRIHT, L
ToLEky.

4E1E - Brabender VISCOGRAPH-E  (Brabender)

TR - 78% GRE35gITKEMZ T4afE% 450 g ICFHFEK)

{ELBE : 35°C — (1.5 °C/min) — 95 °C (15 min hold)

— (-1.5°C/min) — 50 °C (15 min hold)
AE— R : 75rpm
HITEEEPH : 700 cmg

26 HEROHT
261 FNSHENHT FT-IR)
(1) EHDFT-IR
FEIOIRIMBIL A I V% KBr SEANEIZ X 0 e Uz, 5 R OV
TEFRHE, UTDLED.

dhE : NICOLET 6700 (Thermo Fisher Scientific)
Ay 1 321H

A : 4000 - 400 cm?

oyfEfE  :4om?t

(2) FEHOIEENIE L IGFIRED FT-IR

B 241 INARFEEHRONE) L RO TR CHRELLEE L
Ttk WR|AREIB 70, FREME AKIRNTT Y ) — /LTl LTz,
FEREM) % 50 °C T 4 HEBIERR Lo b 0a THEREREOREL & L
T, FFEQ) & RS IR A~ B VERIIE LTz,
262 X#gEH (XRD)

PBHIKETIM L CRHEL, WS AREIZ7eototh, WA 35
KNI XRD ORIEITHE L7 9. EE R OMIESIHE, T LBY.

A7V w b 501

Ty UF—HA AU TL

byinice : 1 mL/min

m/z #iF#  : 29-550
264 70O FUBHSIEES AT (HNMR)
(1) AR

B 30mg (wet) % 15mL =o XU Fa—TITRDVEY, FK1
mL ZMNZ TR B L. WUt L, BBINRERR MR, =y
Fa—7 O 1mL OEKY FTEAREMZ TRREL, HREIK 640 pL %
NMR FEVEICR LTt L7z, Wi/ C 30 - 60 Z3friEh LTk
L72%, HNMR 2~ MUEHE LT-.
Q) EE

JEE : INM-ECZ400S (JEOL)

“u—7 : 5mmFG/RO X VA — hF=2—r7Fr—7 (JEOL)
(3) AIEEH

BIIA~T RV

: -5-15 ppm %&¢e 40 ppm

T H ViR 1025 Hz
B : 467 ppm
g A : OFF
7V w7 :90°

B0 3AFHTH] :40s
BCFHyFVr7  ON
HI—AFXy t4H]
GG 132
MR UAFHIRH] :15s
TR :80°C

(@) fREs

]ty 7 k=7 : Deltav5.13 (EOL)
BaESprvatitl (7L

A= PRIV 12 1%

RIFRMHIE cv=a 7 UE
N—2F A AHIE =2 Tk
oy Cv=a TR

b7 MEDFEE

: FRRAERAIE (HDO) 4.67 ppm

A : MiniFlex (U 47%)
X #r :40kV, 15mA
W :CuKa 154 A
AF¥p L AE— R :5°/min

AT 7T :001°

A3 LA :2-40°

263 BOEAROOT LTS T74—EENH (Py-GCIMS)

B OB ER % Py-GCIMS I L D IIIE LT~ B R OMIESAE
13, UTFoEEy.

(1) B fREs GREMEE)

qfE :JCI-22 (AARGHTT2E)

23 TaRA L :F590 (3F=—V —590 °C) (HASMT L3
vy :#701mg (wet)
S fiFREH] :5s
(2) GC-MS &}
AEiE : 7890B/5977A  (Agilent Technologies)
BT HP-BMS (& 30 mX P 250 um, 5 0.25 um)

#17 L3 - 40°C (2minhold) — (10 °C/min) — 320 °C (10 min hold)
HEARIRE : 320°C

(5) BHYE DS DEH E S ILE—)Lik & DELES
ItrREND D FA L FOBEHE DS Ui L W EHL, g —
JHIZ LD DS 42208) Ll LT~

DS = (luimetyi/ lanomeric) X (Hanomeric/ Huimetny) 100

BRI OBRIUT O LB,

2 RUAFAT = DFEOKFEDIF SIRE
lworeic 77/ AV w7 IKFEOEEIRE (100,00 1ZFRE)
Haomeic = 7/ A U w7 kDRSS (=1)

Hiimetyt : B U ATFILT U B=0 DEEOKFEEL (=9)

lrimethy!
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31 FAHOFER—E

AEIOMEH GRUEKG, ML, kL WARF L HEOGER, &
T, WTFAVEOEAENODS) & Table112F LD TURT.

SRR 1 -4 DA T A A #IT 187 - 208 mmol/100g Th o7z
ONTRREL 1- 4 OINVRF L EFREDNFRIOBEL TN L-4 LRIC 24 -
252 mmol/100g THD & T DL, HFAVEROIINVRFVHE (T=4
VHE) OEHET, SR 1-3 TiE TS T =AU (BT,

(HFA ) vF] LRLTD), etk 4 T hFAHE<T =F
VI QR =AY vT) LREET D) LD,

32 BIFENHTEDRR

IRy, X OFRORIG, ©A TV Y WERBRROATF L o7 —RR
OFEREF LT Table 2 1TRT. LUFIZERWT, EREFIT O TR
2.
321 k&

F1, BAL TABDIRS DFERIZHONTERS. B TAK 1-4 DR
4y (/100g) 1%, FEAMEINCLIZ03->THEML, DR EHE

(0/100g) & IEDFERFEREZ R LT (Figl). — Iz, KERTOINAR
UERD pKa ld5 L0 /NSN3, pHT7 TR LB CAM) 1-
4 DHNKRX IO I T H— NS, KFEAAF H) TFe< T
M DALAY (NaY) ([ZheoTndeBEZBND LT, AvrX—Aa
AUH NatDANVRF VA INa AR VR VI ERied D). 2
O, Koy e UTREET N U LD 5 LB DI, FRRCEME
TN 1-4 DIRSIOFIMRIN A Wb (BAF, TIRS) L&Kitd %) ik
ISR Z R LT, 2072, BLTAM 1-4 DIRINE, J1VRF
SHEA R EOSERMEA R Uiz L HEIE 5.

WNT, DRI OREFIZ AN TIRAD. S54kBl RSy &

VRS LVHEARIL, TR 1-4 L1300, TEOEEAREORR
RERN-oT (Figl). AHratkl 1-3 K433 0.01 9/100g Al & Mk
BTho7-DITxt L, orakkl 4 DIK43130.369/100g Th-o7=. sfrak
BHEID Z DR, DNVRXLIEDT 7 B—A A DR LRI
AFEBOENTHIATE S, ©F 0, okt 1-313hF42 V) vF
THY, IVRFLEOH T A — A FANIETHT AL EEEZ LN
2728, [ROIDSERE Uieholo HET 2. ZauzstL, 7tk 41%
T=F LY vFTHY, —EOINRXIEDH 72— F 1T Nat
ThDI0, B TAK ERRRIIKAER Lz LB 2 Hhvb. Figl o
B b C AR DIENFR (y = 1.195x +0.0052) |2 434k 4 dFR4Y 0.36 9/100g
ERALCEHETD L, VRS IEOEA R 6.6 mmol/100g & Hil
SN, Table2 D2 5IH HFA L H— VAT EEH R OfxHE &
—EH L7 2L, oWkl 4 3 Na s VR L iEERTH 2 &,
F 2 FDOHEREL 4 1D Na B ViR R, JRAGDBRICER L CTA
B> Na B VAR AL L R Ul A & 5 2 & &R

Fig.l Relationship between carboxy content and ash content (g/100g) of
sample 1 - 4 and oxidized starch 1 - 4.

Table 1  Information of all samples and all control samples. ©@

Carboxy content Nitrogen content (g/100g) Cation DS of

Sample name Modified Material mmol/100g 41000 ol N N derived content Cation
from cation®  (Mmol/100g)

Washed starch None(Washed) Comsstarch 0.03 <0.01 0.045 N.AC N.A. N.A.
Oxidized starch 1 Corn starch 24 0.11 0.010 N.A. N.A. N.A.
Oxidized starch 2 Oxidized Corn starch 6.5 0.29 0.009 N.A. N.A. N.A.
Oxidized starch 3 Com starch 16.3 0.73 0.007 N.A. N.A. N.A.
Oxidized starch 4 Comn starch 25.2 114 0.006 N.A. N.A. N.A.
Cationic starch Cationized Comnstarch Not determined 0.369 0.324 231 0.0389
Sample 1 » Oxidized starch 1 Not determined 0.301 0291 208 0.0348
Sample 2 Pre-oxidized Oxidized starch 2 Not determined 0.288 0.279 199 0.0333
Sample 3 :t(:onized Oxidized starch 3 Not determined 0.274 0.267 191 0.0318
Sample 4 Oxidized starch 4 Not determined 0.268 0.262 18.7 0.0312

@ All measurements show dry matter value.

® N derived from cation = Total N of modified starch after cationization— Total N of material starch.

© NLA. means “Not Available”
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Table2 Results of ash content, iodine color reaction, eosin Y adsorption test, and methylene blue test.

Cation—Carboxy

. Ash lodine color EosinY Methylene blue
Sample name content® lonic character ) )
(9/100g) reaction adsorption test test
(mmol/100g)
Slightly . /
Wiashed starch N.A. o 004
anionic
Ll
Oxidized starch 1 N.A. Anionic 0.14 . . b
Oxidized starch 2 N.A. Anionic 0.34 )
i
Oxidized starch 3 N.A. Anionic 0.88 . o .
Oxidized starch 4 N.A. Anionic 1.36 . o
Cationic starch 231 Cationic 0.01 . .
Amphoteric
Sample 1 184 o <0.01
(Cation rich®) i
Amphoteric
Sample 2 134 o <0.01
(Cation rich®) '
Amphoteric
Sample 3 2.8 o <0.01
(Cation rich®)
Amphoteric
Sample 4 66 o 0.36
(Anion rich®)

@ Cation—Carboxy content (mmol/100g) = Cation content of sample i (mmol/100g) —Carboxy content of oxidized starch i (mmol/100g) (i=1,2, 3,4)
®) Cation rich means * Cation—Carboxy content (mmol/100g) > 0~
© Anion rich means ** Cation—Carboxy content (mmol/100g) < 0*
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322 KS5FREEBRE

FRCAM LU TAMNE, £ OFRRORISTENT, Wbk
BEE L. WTFAALTAND, BtezRLT.

SHTEREE 1-4 138 LIREGE 2L, hTF A LTI L, KT
Ak - BT AU O A TR LT
323 FETEMEREE

TABBIN ORI HFEOETES, TAMOREEHIET 5 —oD %
1272% O TIPS FORER TE VA, CAMORNED
HE LD,

FTRTORBHIIBNT, TR KR FBIE S, RINTO
GO ONERE 1-4 IZED FC, ZRIFO L) -7= L
7o T, 2.3 OFERIZIETIE, CAMORMEITHET Lid -7z LR
T2 F1& LT CAMKR UL 4 OBIEREG 4, T Eh Fig.2
KOVFig3 IT~T
324 IATUYEHRICKDNFA AL hFAUE) OHER

TA Y WERERT, BIBIOHTIE NoA03 (2T, IFA AT
PRBRDEMZHNHIVTND. RO CAMPRI EREDOANI T CA
WRLE D b= Y 2R WET 5 LRD LNALAIL, T4
D () LHETD.

BRI L oBIEofE (Table 2), =AY ORFET, HvJi)s
DA,  AFAACTAK > ke > BRTAK > Mk TA
¥y Thhotz. T b, WTh b b T A A L fE S
iz DFEREloRC, sOIBIES, bk 1> bk 2
> bkl 3 > PR 4 THY, ZONEZIL Table2 D2 FIE [

" Q.._D,\ -G.pgé \:
(v Rt T
o0 PG
%@g s Rl
L >

FA L —TNVRF T EA R OEOREIEE —S L.
325 AFLUIN—FHERICLBEIL (HILRFIE) DORER

AF LU TN—RBR0L, B9 MRSRIMATEED 17T UL
TAM IZBNT, IWLARF VEOHMERBRIEH SN T2, [FRR
BT, BRI L > QREOEET AR TSRO LNAYEIL, LR
FIHENEME (1) SHEET S, AL CIIRENINZ T, RO ET
EE IR =33 ShabAdaY

£, BEEORE Figd) 1220 T, BHFOORF-HEHISZH0
DDNAITIRAS. B CAM 1-4 ROVHTEEL TIE, IREGORL )3
ZEROONZ. BTAKH T, BEEE ST DRI bive):
ST, YE AR R T RTINS bz, Hbrakkl 1-3 KO FA
{ECAK TIRRFT Ox BT 2R IO DIV T, T72bh, o
ARBOTTIE, OB 4 130 VR S EEDE & HIE SIS, ST
AL - 3 1 & HIE S o T

WUNC, RER ETORBIC L ABIESHE (Table 2) Zib%. AT
LU TN K BAEBOREY, 187 GO MRS,
{ETAK = ekl 4 > KCAK > el 1-3 = 54
ALTAK THY, e FkORER AR Lz,

AF LT N—BROFERL, TR B OB FA LR OT =A%
DEFHERLIZENZD.

Fig.2 Microscopic images of washed starch (< 400).
[Left] No polarized light, [Right] Under polarized light.

Fig.3 Microscopic images of sample 4 (><400).
[Left] No polarized light, [Right] Under polarized light.
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(b)

(d)

Fig4 Microscopic images in methylene blue test (< 200).
(a) oxidized starch 4, (b) cationic starch, (c) sample 4, (d) sample 3, () washed starch.

326 ERQJTTICkBHERIE

T, KBRS DN TS, BT A AL TARNE, FElC
AL D BREEE EFRREEME T L7z (2T 7 OSEH B3 D) PRGN
K7polz) —J5C, BakEBgmL Figh). BMLCAM 1-4 13,
FBHEDIC L3 T, R AK & 0 Bk FRIEREEAMET L.
7, BLTAK 1 2bRE, B TABMEHRLC, Sk bR
D E R Lz (Figs).

Viscosity(BU)
3000

RUNT, SHTERBIOREE DWW TR~ (Fig7). stk 1138, B2
{ETAK 1L &Y BREE EFREN S BITIEF L7e—C, HmhbEE 3
U7z, el 213, BRLTAKY 2 10 b, KEEE LSRR Oavks
BERE BIZS DI T Lz, 8tk 3 U413, W bR 1A%
EE A ETRERIpoTz, DE YRR, HERTAR, B(LTAKmK
AT AACTARDTILE b IR DR AR LT2 2 &1 5.

Temperature(°C)

Cationic starch

'

100

‘Washed starch

\

o g T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 & 9 95 100
Time (min)

Fig.5  Viscograms of cationic starch and washed starch.
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Viscosity(BU)
1000

Temperature(°C)

500

Oxidized starch 1
8004

700 Oxidized starch 2

8004

5004

400+ Oxidized

starch 3
3004
2004
Oxidized
100 starch 4

‘Washed starch

J

100
Temperature

Foso
L 80
F 70
F 60
I 50
I 40
L3

20

T T ¥ u T T T T T T
0 5 10 15 20 25 30 35 40 45 S0 55

T T T T T T T T T
60 65 70 75 80 8 90 95 100

Time (min)

Fig.6 Viscograms of oxidized starches and washed starch.

Viscosity(BU) Temperature(°C)
1000 100
< Temperature
900 Sample 1 i 90
/
800 L &
Tov Washed starch F .
i
6004 60
500 0
400 40
3004 30
Sample 2
2004 / 20
100 ' Sample 3 and Sample 4 (Overlap) o1
%
0 A i —— ]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 S0 95 100
Time (min)

Fig.7

33 HEENOLER
331 FT-R
(1) BHDFT-IR

B RRICAERRLS) DIRSIE, W bR A AT IERL
TLOWINAERLIZ (Figs B8, B(bCTAM & OHHREID IRS 1X, #
FTAKD IRS LT TN 2> TV, BAMETAK 1 -4 RO
B 1-4 D IRS TiE, FBEOETIZE H72VY, 1620 e (HIZOWRINAS
HR U7 (Fig9 & UFig.10). BA{LTAK 1-4 LHRRE 1-4 DhL
R VHEEFRT, BRSPS TN 5. Ao
— A FATENIH DD, B TAN & TRREIO LR R T
LRI 2> TND EER D, WO IVRF VI (VR k)
DURIBIE 1610 - 1550 e TR < HBLF 5725 9, FBOMITI LS
THERT 5 1620 ecm™ OIS, B OEI T o THIINT 5 LR
FURICHRT D EBEZ BN,
(2) EBIBEDOFHD FT-IR

WERRAERORHZIZIWT, FRICAE, IFA4 AL TAMKROGHTER
#H 1-3 D IRSIZ I Aeh 7273, BRLTAK 1-4 Wtk 4 ©
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Fig.9 Enlarged IR spectra of (a) washed starch, (b) oxidized starch 1,
(c) oxidized starch 2, (d) oxidized starch 3, (€) oxidized starch 4.

Fig.10 Enlarged IR spectra of (a) washed starch, (b) sample 1, (c) sample 2,
(d) sample 3, (€) sample 4.
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Fig.11 Enlarged IR spectra of (a) washed starch, (b) oxidized starch 1,
(c) oxidized starch 2, (d) oxidized starch 3, (€) oxidized starch 4,
after HCI pretreatment.
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Fig.12 Enlarged IR spectra of (a) washed starch, (b) sample 1, (c) sample 2,

(d) sample 3, (e) sample 4, after HCI pretreatment.
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Fig.13 X-ray diffraction patterns of (a) washed starch, (b) oxidized starch 1,
(c) oxidized starch 2, (d) oxidized starch 3, (e) oxidized starch 4, () cationic starch,
(g) sample 1, (h) sample 2, (i) sample 3, (j) sample 4.
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Fig.14 Pyrograms of (a) washed starch, (b) oxidized starch 1,
(c) oxidized starch 2, (d) oxidized starch 3, (€) oxidized starch 4,
(f) cationic starch, (g) sample 1, (h) sample 2, (i) sample 3, (j) sample 4.
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Fig.15 Pyrograms (0 - 4 min) of (a) cationic starch, (b) sample 1, (c) sample 2,
(d) sample 3, (e) sample 4, (f) washed starch.
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Fig.16 EIC (m/z 50, 0 - 13 min) of (a) cationic starch, (b) sample 1, (c) sample 2,
(d) sample 3, (€) sample 4, (f) washed starch.
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Fig.17 *H NMR spectra of (a) washed starch, (b) oxidized starch 4, (c) cationic starch, (d) sample 4 , in DO at 80 °C
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Fig.18 Comparison of *H NMR spectra of (a) washed starch, (b) oxidized starch 1, () oxidized starch 2, (d) oxidized starch 3, (€) oxidized starch 4.
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Fig.19 Signal assignment of cationic group of sample 4 in *H NMR spectrum.

Table3 Comparison of DS measured by NMR method and Kjeldahl method.

NMR method Kjeldahl method
Sample name -
DSY RSD (%) DS
Sample 1 0.0354 0.28 0.0348
Sample 2 0.0340 029 0.0333
Sample 3 0.0322 0.18 0.0318
Sample 4 0.0314 018 0.0312

© DS measured by NMR method was the mean of three test samples.
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Table4  Results of analysis of all samples and all control samples.

Identification of oxidization Identification of cationization
Beginning
Maximum FT-IR® IHNMR Py-GC/MS IHNMR
Sample lonic Ash of o i I ”
ViSCosil Methylene 5.7 ppm, olysis products 3.7 ppm,
name character (9/100g) gelatinization v Y @ 1740cm? PP EosinY Pyrclysisp o
BY) blue 4.7 ppm 3.9 ppm,
(°C) @ 1620 cm? (CH3)sN CHsCI
etc® 48ppm©
Washed Slightly
0.04 Criterion Criterion (—)® Criterion G Criterion =) (-) )
starch anionic
Cationic @: ()
Cationic 001 ) 2o () NA. (+H)o (+) + NA.
starch @: ()
Sample  Amphoteric D: ()
<001 N ) — - + + + +
1 (Cation rich) ) @: (=)™ © ) a0 ) )
Sample Amphoteric D: ()
o <001 N v (=) (+) () (+) () (+)
2-3 (Cation rich) @:(+)
Sample  Amphoteric 036 2 2 - D: () - 0 - O o
4 (Anion rich) ' @:(+)
Oxidized Ao 0.14- 2 u ) D:(+) 0 o o o o
ionic i) ' - - - -
starches 1.36 I ®@:(-)

@ After HCI pretreatment. The absorption of 1620 cm* of oxidized starches was shifted to 1740 cm® by HCI pretreatment.

®) |t was assumed that these signals were derived from oxidization.
© These signals were assigned to cationic group.

@ “” means the decrease in comparison with the criterion.

® “»” means the increase in comparison with the criterion.

® “(—)” means “Negative” or “Not detected”.

© “(+)” means “Positive” or “Detected”.

®  “(£)” means “Undeterminable”.

® Except oxidized starch 1.
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