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APPENDIX A

A.1 Calibration Curve for Calculation of Degree of Substitution

Table A.1 The absorbance at A,_,, 590 nm for plotting calibration curve.

Propylene glycol concentration Absorbance

(1g/25 mi) /g :

29 ' ¥ ——() 3454

50 \ 0.5259

75 ///Ag&\\ 387

*Blank = Native Tapioca Starg

0.7387

|
‘t'.

L

Absorbance

ﬂﬂﬂ%ﬂﬂﬂﬁﬂﬂ’ﬂﬁ .

Propylene glycel concentration (ug/25 ml) g

_ MAINTUNRINYIAL

Figure A.1 The plot of propylene glycol concentration versus absorbance at A

590 nm.
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From Fig. A.1, the calibration curve is a linear graph. So the equation for

calculating concentration of propylene glycol from absorbance is the equation A.1.

y = 0.0104x +c¢ (A.1)

Where y = The absorbance at A,_, 590 nm
x = The concentration of propylene glycol (1g/25 ml)
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APPENDIX B

B. Calculation of Degree of Substitution

From the calculation curve of concentration of propylene glycol versus
| absorbance, the concentration of propylene glycol produced from hydrbxypropyl‘ group

is known. The concentration of propylene glyeol was then converted to hydroxypropyl

‘of substituent.

honomeric units of the

For propylene oxide treated pr' W 1¢ /propyl group equivalent in

e

100 mg of dry starch; _
B.1 is changed to the eqa 3.

e. So the equation

U
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C. Effect of Sodium Sulfate on Degree of Substitution

Table C.1 Effect of sodium sulfate on degree of substitution

Batch Na,SO, Weight N Average DS
(% dry starch) (2 \\ ,p
1 8 0.16 _ﬁ 0 04:
ZRTS
//A&?&\\a |
2| AR INRCT
I EE hﬂ\\\k\ 9 | 0.0475+0.0031
l’l@
3 8 %
1 12
0.2850 0.06’
‘o 0520
7 12 ' 1% . 05 ]‘j
| = H . 0. 0 0034
QRPN TR AR TR Y
3 12 0.1000 | 1 0.2531 0.0538

2 0.2750 0.0585

3 .2597 0.0552
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Batch | Na,SO, Weight | No. | Absorbance | DS Average DS
(% dry starch) (2

1 15 0.0992 | 1 0.2807 0.0601
2 0.3297 0.0710
3 0.3246 0.0699
2 15 0.0993 | 1 0.3143 0.0676
2 282 0.0664 +0.0055

r"% o1 | ""_
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D. Effect of the Sodium Hydroxide on Degree of Substitution

Table D.1 Effect of sodium hydroxide on degree of substitution

Batch NaOH Weight | No. Average DS
(% dry starch). (g) \\\\\ ”7}
1 0.5 0.104 :_T:' |
nﬁlmm |
47/E TN
2 0.5 0.1Q ‘0% A\Qk 0316
'l h.5 “ d\\\\\ 0.0308 +0.0067
g EN&\ "\
3 0.5 ‘&‘ 0284
Rl 0.0239
1 1.0
2 1.0 ‘j
0 0055
oL et
3 1.0 0.0997 | 1 0.3219 0.0689
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Batch NaOH Weight | No. | Absorbance | DS Average DS
(% dry starch) | (g)
1 13 0.0999 | 1 0.3674 0.0788
2 0.3480 0.0745
3 0.3499 0.0749
2 1.5 0.0991 | 1 0.3204 0.0690
y b4 0.0752 +0.0038
3 15| 0.099 -..‘_-
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APPENDIX E
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E. Effect of Propylene Oxide Concentration on Degree of Substitution

Table E.1 Effect of propylene oxide concentration on degree of substitution

Batch Propylene Weight | No .‘ A Wn e DS Average DS
oxide (g) E\ // :
(% dry starch) — .
1 5 .»-:1;':'5,’:% 29740064
Z/ETRIT
AT
/NG T
' ' Aﬁ ﬁ\?&:\ | 0.0548 £0.0049
3 5 =T 1 0.0585
1 7
Y 9
q
2 7 @/
| 'TW'] ;]7@;%.1)038
3 0.3723 0.0805
3 7 0.0999 1 0.3480 0.0745
2 0.3383 0.0724
3 0.3713 0.0797
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Batch |  Propylene Weight | No. ‘Absorbance | DS Average DS
oxide (2)
(% dry starch)
1 9 0.1006 0.4550 0.0975

0.4638 0.0995

1
2 0.4924 0.1058
3
1

g 0.1009 0.0931

0.1013 + 0.0044

0.1012

=

£ [ oim oo
/N .. \
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F. Effect of Reaction Time on Degree of Substitution

Table F.1 Effect of reaction time on degree of substitution

Batch | Reaction time | Weight | No. \, r}) DS Average DS
(hours) O e
1 6 =~
—
2 6
0.0493 +0.0048
3 6
1 12
3
2 V| b,
W, | ‘4 ‘_% ﬂfﬁ + 0,0037
Y WIANT ﬁklﬂoﬁiﬂ oshd
9
3 12 0.0997 | 1 0.4303 0.0863
2 0.4570 0.0938
3 0.4559 0.0936
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Batch

Reaction time

(hours)

Weight | No. | Absorbance
(2)

DS

Average DS

18

0.1000 0.4728

0.1021

0.4759

0.1028

0.5021

0.1087

18

0.1004 0.4759

0.1024

N — W N —

0.0963

0.1023 £0.0037

x*Q:\M/

0.1031

0.099 -:‘:m_.u 00

"!e-

ARIANTUUNY

ST
77/2 N
A i\ |
/8 B

{ F1.:5505, 0%
0.0995 "m "‘l‘a\ 0

X/

0.1018 +£0.0019
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Batch | Reaction time | Weight | No. | Absorbance DS Average DS
(hours) (8)
1 24 0.1006 | 1 0.4550 0.0975
2 0.4924 0.1058
3 0.4638 0.0995
2 24 0.1009 | 1 | 0.4365 0.0931
2 7 0.1012 0.1013 +0.0044
.1007
3 24 | 010047t 04986 ‘
e
N
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G. Effect of Temperature on Degree of Substitution

Table G.1 Effect of temperature on degree of substitution

Batch | Temperature | Weight | No. ” ge DS Average DS
(C) (g) | ;‘/
1 30 0.09 193 9
0.1
2 30 0.09 01347 1
0 0.0408 + 0.0016
md‘d
3 30 0.1 1 M0 1
F 'J:J
' 0.0404
-, ot -
e 4 :
L — d i
1 40
" Elola INEbA 1] 3
Ell
Q W'] 0.09274 0.0037
—
3 40 0.0997 | 1 0.4303 0.0863
2 0.4570 0.0938
3 0.4559 0.0936
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Batch | Temperature | Weight | No. | Absorbance | DS Average DS
(o) ® |
1 45 0.1000 | 1 0.4612 0.0949
2 0.4468 0.0930
3 0.4742 0.0998
2 45 0.0996 | 1 0.4130 0.0892
| 2 0.0954 0.0948 +0.0029
10,0928
3 45 0.10 | 1
o.
P
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Table H.1 Effect of ethanol concentration on degree of substitution

APPENDIX H
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H. Effect of the Reaction Medium on Degree of Substitution

Batch | Ethanol : Water | Weight | No. bance DS Average DS
(o) (& | p -
1 30:70 0.0 : 2 0.0521
: s
2 30:70 4
ANE 0.0522 + 0.0031
3 B 9
3 30:70 00019 | 1af 110.0507
SEe 0539
! 455474 48
1 70:30 1
J
o | 3
2 70:3(P 9
Y
FWI{NN
-
3 70:30 | 01001 | 1 | 04593 | 0.0991
2 | 04777 | 0.1032
3 | 04815 | 0.1041




APPENDIX I

I. High Degree of substitution of Hydroxypropylated tapioca starch

Table 1.1 Degree of substitution of high hydroxypropylated tapioca starch

Batch Weight
()

No. DS

Average DS

1 0.1016

/ Wé‘&\‘

3 0.0998

. ///.ﬁ \\\\\
{ [ 056 4]\ 02

| 0.2057 £ 0.0062
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APPENDIX J

J. Calculation of Degree of Substitution from 'H-NMR Spectra

With 'H-NMR spectroscopy, the DS was calculated using the integrated
intensities of the signals from methyl protons in the hydroxypropyl groups and the

integrated intensities of the signals from the equatorial protons of the anhydroglucose

J.1)

roxypropyl group of
quatorial proton of the

lis peak area is multiplied

cactive sites are present at

DR aAannvarogincose 1IN
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APPENDIX K

K. Characteristic of Hydroxypropylated tapioca starch

Table K.1 Characteristic of hydroxypi'opylated tapioca starch

87

Condition ‘ Gel. Peak Moisture | Whitencss
| Viscosity
4 (BU)
Native Starch - j" 13.98 93.6
Na,S0, 8%, NaOH 1.0%, PO 7%, (2488, TAQ' 0485 | 15.73 91.1
N2,S0, 12%, NaOH 1.0%, PO 7%;t2#hirs 55 a0 1734 91.4
Na,S0, 15%, NaOH 1.0%, PO 7%, i24hrs, #40°€ [ 0.067 . \\\\Q ' 14.46 93.0
Na,SO, 15%, NaOH 0.5%, PO 7%, 024iifs, Td0'@ [/ 0.0355 | 643 | 14.48 92.1
Na,80, 15%, NaOH 1.0%, PO 7%, 24h 20,0670} 6051 |\ 7 1446 | 930
N2,S0, 15%, NaOH 1.5%, PO 7%, t2éhrs #40€ | 00761 | 60.5. 5_‘ 16.25 94.0
Na,S0, 15%, NaOH 1.5%, PO 5%, t24he, T40°C | 0. 86: 10620 | N5 13.46 92.1
Na,SO, 15%, NaOH 1.5%, PO 7%, t24hrs, 40°C | -6:0761 15 16.25 94.0
Na,S0, 15%, NaOH 1.5%, PO 9%, t24hrs, T40°C | ~G-104% 730 12.87 93.2
Na,S0, 15%, NaOH 1.5%, PO 9%, t6hrs; TA0'C~ ";6.'7);;8“ 650 1439 91.1
'Na,SO, 15%, NaOH 1.5%, PO 9% : 1s 11493 90.6
Na,S0, 15%, NaOH 1.5%, PO 9%, rlqur‘g: ‘el 7 = 1629 91.7
Na,S0, 15%, NaOH 1.5%, PO 9%, 4hrs, T40°C | 0.1048 | 54.5 730 ¥ 1287 93.2
N2,80, 15%, NaOH 1.5%, 04 750 14,50 91.0
Na,S0, 15%, NaOH 1.59 w 0 0 1493 90.6
Na,S0, 15%, NaOH 1.5%, PO 9%, t12hrs, T45'C 0959 | 590 | 710 15.20 93.2
EtOH 70%; N 4 PO 15 31 0 f;ﬂ!l RIBTR) § bss
| =
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