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APPENDIX A
A. Experimental Designs ( 32)

Factorial designs are most efficient for the study of the effects or two or more

factors in relatively few experiments as compared to the one-factor-at-a-time

Al

to be investigated, whereas-statistically based experimental designs are more
efficient approach to dedl with a larg , wmber Of wariables. Moreover, if there are

statistical interactiongbetween/ fa ot . ere the effect of one factor is

e

dependent on the valué of - ' ~ * rmatlon will not be obtained
. ! . ‘ _'E.,, ?

a‘?::

&4 s - T"
Factorial designg a %—1 . stud \ large number of variables
o r
simultaneously, while aflargg > amount, ormation is obtained with a reduced

pletely randomized. It provides the

i ffort. Th
experimental effort. The #935“ A}

used in factor screening
F’TTJEJ’JVIEWI?WEJ']ﬂ‘i
QW']ﬂ\ﬂﬂ‘iﬂJllW]'WlEﬂaH

smallest number’ icd in a complete factorial
design. Consequént]

experiments. E
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APPENDIX B

B. Calculation of Degree of Substitution by "H-NMR Method

With '"H-NMR spectroscopy, the DS was calculated using the integrated

intensities of the signals at & 0.9-1.1 ppm from methyl protons in the hydroxypropyl

groups and the integrated inten e gsignals at 8 5.1-5.5 ppm from the
equatorial protons of the anhydrogliucose arch (Fig. B.1). The DS can be

,

‘ proton
R

A

4 f‘."d
U

AU ImuvENEINg =
CH S Ty iiloh Vi<

anhydroglucose unit of starch. This peak area is multiplied by 3
due to the fact that three reactive sites are present at one

anhydroglucose unit.
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APPENDIX C
C. Calculation of Reaction Efficiency

The reaction efficiency (RE) was calculated by dividing the experimental DS by

the theoretical DS. The theoretical DS is the maximal DS obtained for complete

assuming that no side reaction oceurs. cactionsefficiency (RE) between zero and

—

conversion of the limiting reae

unity and is given by
(C.1)

With

..F"J

Npo, 0 ,‘,‘ encoxide

NaGuo = he mmal amount of moles of st

ﬂ‘LIEJ’JVIEJVI‘ﬁWEJ’]ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imlliﬂﬂﬂmﬂﬂ
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APPDENDIX D

D. Effect of Sodium Sulfate on Degree of Substitution and Reaction Efficiency

Table D.1 Effect of sodium sulfate on degree of substitution and reaction efficiency

Batch Nast4 DS
a
(%dry starch) Average DS Average RE
1 0
. WE‘Q\:‘Q :
2 0 | \ 0358 + 0.0045 16.03
).029¢ e
L
r ¥
3 0
1 10
2 10 %.08061 0.0068 36.08
0.0692
2 EEIN3
3 .
).08: v/
9 15 0.0100 2 0.0823
3 0.0841
1 0.0770
2 15 0.0101 2 0.0811 | 00827+ 0.0083 37.02
3 0.0879
1 0.0831
3 15 0.0102 2 0.0713
3 0.1006
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Batch Na;SO,4 Weight 0 -
alc 0.
(%dry starch) (g) Average DS Average RE
0.1044
1 20 0.0097 2 0.1102
0.1058
10987
5 Al 11 | 0.1004 + 0.0078 44.94
3 20
1 25 ,
‘ e
. & Vo Tt 1 0.1095 + 0.0068 49.02
0997
o,
3 25

AULININTNEINS
AN IUNMINGA Y
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E. Effect of Sodium Hydroxide on Degree of Substitution and Reaction Efficiency

Table E.1 Effect of sodium hydroxide on degree of substitution and reaction efficiency

i NaOH Weight o
atlc 0.
(%dry starch) @ Average DS Average RE
1 0.5
\A 0.0 c--i |
2 0.5 ‘ \\\‘\\ 0.0503 + 0.0072 22.50
A4 \\\
3 0.5
1 1.0
2 :ﬁ__ %0806 + 0.0068 36.08
© 0.0854
3 Fi ‘LIEJ ?i N7
| ih ﬁ‘"rf;ﬁmglv N
RTaN HWN
1 | 00944
2 15 0.0102 | 2 | 0.1005 | 00975+ 0.0085 43.64
3 | 0.0928
1 | 0.1068
3 15 00101 | 2 | 0.0997
3 | 0.1106
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— NaOH Weight = -
alc 0.
(%dry staxch) @ Average DS Average RE
1 0.1026
1 2.0 0.0100 9 0.0973
3 0.1142
1 0.0999
2 2.0 0.01 1044 | 0.1025 + 0.0084 45.88
1
3 2.0
-"-__'
i =
A7,

ALY ANYNITNYINT

PR TUUMINYAE
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F. Effect of Propylene Oxide on Degree of Substitution and Reaction Efficiency

Table F.1 Effect of propylene oxide on degree of substitution and reaction efficiency

o Propylene oxide | Weight - o
atc 0.
(%dry starch) @ Average DS Average RE
52
1 5
i
2 5 \ 0.0443 + 0.0057 31.70
3 5 &)
PTG
1 8 0@, 0
TS 731
2 8 11 06 + 0.0068 36.08
1 0.0854
el (Y]
3 AUy VI9WEEL 1IN
0!
4
1 1 0.146 [V
F i , : |
| I 2N oa@d L2 818 2
q 3 0.1392
1 0.1461
2 12 00100 | 2 | 0.1482 | 01365+ 0.0093 40.70
3 0.1263
1 0.1344
3 12 0.0100 2 0.1499
3 0.1131




T

Batch RREESCIIIEER ) Wik No. DS Average DS Average RE
(%dry starch) ()
1 0.1698
1 14 0.0099 2 0.1819
3 0.1685
1 0.1668

2 14 0.1668 + 0.0084 42.66
3 14
1 20
2 20 0.2565 + 0.0085 45.92

AU ININTNEINS
AR TUANINGA Y
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G. Effect of Reaction time on Degree of Substitution and Reaction Efficiency

Table G.1 Effect of reaction time on degree of substitution and reaction efficiency

etk Reaction time | Weight 5
a B
(hours) ® \ Average DS Average RE
\ a‘:‘\“
1 3
: : ‘ \\ 325 + 0.0071 21.10
- (] \
3 3
1 6
—
? ° 04398 + 00057 | 35.75
!
: Alik)
, Qs
‘ VIE 18 g
3
1
? o 0.0100 | 2 | 02310 | 02318+ 0.0043 59.28
3 0.2265
1 0.2315
3 14 0.0100 2 0.2265
3
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—_ Reaction time Weight % e
alc 0.
(hours) (@ Average DS Average RE
1 0.2499
1 18 0.0099 2 0.2465
0.2615
0.2533
2 13 / 7 | 02565+ 0.0064 65.60
a3
- : ol
3 18
1 21 90, T
f
a z
2 21 01 _E,"., 0.2696 | 0.2693 + 0..0052 68.87
30,2747
3 21
0 B 0.2861
24 £0.0097 2 0.2733
FIUEIINEIBINSTND
1 0.2598
=Y LY
69.69

' ARTRSPITR

24

0.0099

W N -

0.2646
0.2722
0.2883

TN eree:
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APPENDIX H

H. High Degree of Substitution and Reaction Efficiency of Hydroxypropylated
Tapioca Starch

Table H.1 Degree of substitution and reaction efficiency of high hydroxypropylated

tapioca starch

Batch | Weight (g \ . erag Average RE

71.53

AULININTNEINS
AN IUNMINGA Y



APPENDIX I

I. Characteristic of Hydroxypropylated Tapioca Starch in Water

81

Experiment | NaOH PO Na,SO4 | Temperature | Time DS RE | Moisture
no. (%oviw) | (%oviw) | (oviw) (°C) (hrs) (%) (%)
Native tapioca - - ") - - - - 13.17
1 1.0 -y 24 10.0806| 36.3 13.80
2 1.0 10 e 24 10.1668| 42.7 13.05
3 1.0 -3 ———— 24 10.2565| 45.9 12.90
4 1.5 10 24 (0.0975( 43.7 13.78
5 1.5 o 24 (0.2093| 53.5 13.49
6 1.5 0 24 - - -
7 2.0 A1 24 [0.1025| 45.9 14.52
8 2.0 4 “10° 24 - - -
9 2.0 24 - - -
10 1.0 s, 1520 " 24 ]0.0827| 37.0 14.66
11 1.0 D 24 (0.1871| 47.8 14.04
12 1.0 j L5, 24 10.2598| 46.5 13.39
13 1.5 F8 14;{25‘3‘ 24 10.1062| 47.5 13.99
14 1.5 —15-—— 24 10.2112| 54.0 13.76
15 1.5 0 Shpettyge s 4 24 - - -
16 2.0 8 S I% 40 24 10.1175| 53.7 13.93
17 2 P BTN 24 . = -
18 2.0 — — 4 - - -
19 1. 4 10.1004| 45.0 14.52
20 1.0 = 24 10.1906| 48.7 13.94
21 1.0 20 40 24 10.2614| 46.8 13.79
22 1.5 8 20 40 24 (0.1144| 51.2 14.62
23 ‘ 24..10.2260( 57.8 13.22
24 1 ) 4 = = =
25 ¢2. 2 " 247101212 54.3 | 13.60
26 2.0 14 420 A0 24 |Q2725| 69.7 10.99
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J. Characteristic of Hydroxypropylated Tapioca Starch in Aqueous Ethanol
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Esperunent, | NaOH ko Kthanol ; Temperature | Time RE | Moisture
. (o iyl  HD cc) || P5 | @) | %)

Native tapioca - - N - - - - 13.71
28 1.0 8 e . 24 100426 19.1 | 14.53
29 1.0 14 70 24 |0.1013| 259 | 13.36
30 1.0 0:7 24 [0.1482] 265 | 14.13
31 1.5 700 oS 24 [0.0667 | 29.8 | 13.05
32 1.5 o) N\ 24 [0.1289] 33.0 [ 13.81
33 1.5 2 0 24 . - .
34 2.0 :702 24 10.0694 | 31.1 | 1391
35 2.0 g 24 . - =
36 2.0 0 “70) \ 24 - - -
37 1.0 $0:50- 24 [0.0397] 178 | 11.78
38 1.0 50:60: 24 10.0842] 21.5 | 11.82
39 1.0 20, 4 8050 ) 24 [0.1156 | 20.7 | 13.03
40 1.5 . 5017 24 [0.0532| 238 | 13.79
41 15 14 = 24 10.0975| 249 | 11.99
42 1.5 20 " | 556550 4 24 [0.1568 | 28.1 | 13.54
43 2.0 8 SZ050% 40 24 10.0580 | 26.0 | 12.42
44 2.0 Lo ] . 24 |0.1203 | 30.1 13.35
45 2.0 e SHi24 101899 340 | 12.44
46 1.0 , 24 [00374] 167 [ 12.14
47 1.0 [ ml = | 24 [0.0566| 145 [ 13.76
48 1.0 | 2o : 40 ﬁ 24 100935 167 | 13.28
49 1.5 8 70:30 40 24 |0.0422] 189 | 11.77
50 ¥ o b ko a 200 R 0.0773 | 19.8 | 13.76
51 s p 30/ ﬂ'% 0.1323] 237 | 12.03
52 24 :30 1724 [0.0510| 228 | 11.96
53 2.0 14 730 £40 24 |a04037| 265 | 11.16
54 287 | 13.18

§
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