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APPENDICES
Appendix A Characterization of Chitin
Table AL Viscosity-average molecular weight of chitin

Conc.(g/100 ml)
Time (sec) 0 0.01 0.02 0.03 0.04 0.05
XI 352.00 40669 45910 51608 58102  640.17
X2 35200 40657 45936 51617  597.09  640.03
X3 35200 40693  459.78 51604  597.02  64LT71
Average 35200 40673 45941 51610 59174  640.64

rirel 11555 13052 14662 16811 19120
P 0155 03052 04662 06811  0.9120
plC 1555 15626 b 1703 16.40

In( ®)C U BR LB 29 1198
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nsp/C and ln(nwl)/C
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0 T T T L] T
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/ 100ml)

Figure AL plcand In( rei)/c against concentration of chitin solution.
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The viscosity-average molecular weight of chitin was determined based on
Mark-Houwink equation. The K and a values were according to Lee et al, (1974).

[ 1=893 x I0"MmL

Where [ ] = intrinsic viscosity
M = Viscosity-average molecular weight

Interception: [ |- 14.80
From calculation: M =8.71 x 105

The viscosity-average molecular weight of chitin obtained from calculation was
8.71 x 105g/mol.
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Appendix B Characterization of Chitosan
Table BL Viscosity-average molecular weight of chitosan (1) (treatment 1)

Conc.(g/100 ml)
Time (sec) 0 0.01 0.02 0.03 0.04 0.05
Xl 21490 24728 28368 32618  31LR  510.72
X2 2431 24125 28331 32644 37141 57025
X3 24172 4731 28309 3662 31L72 51081
Average 24164 24728 28336 32641 37150 57059

rel 1150 13202 1507 17308 19120
$ 01521 03202 05207  0./308 09120
plc 1521 1601 1736 1827 18.24

In( ®)/C 1416 1380 BB BN 12%

nsp/C and In(nrel)/C

10

0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/ 100ml)

Figure BL  plcand In( rei)/c against concentration of chitosan (1) solution
(treatment 1),

The viscosity-average molecular weight of chitosan was determined based on
Mark-Houwink equation. The K and a values were according to Lee etal, (1974).



[] = 792101

Where [ ] = intrinsic viscosity

M = Viscosity-average molecular weight

Interception: [ ]= 1451

From calculation: M =183 x 105

The viscosity-average molecular weight of chitosan (1) (treatment 1) obtained

from calculation was 1.83 x 105¢/mol.

Table B2 Viscosity-average molecular weight of chitosan (1) (treatment 2)

Time (sec) 0 0.01
X 21319 24291
X2 2381 242.12
X3 21313 24241
Average 21338 24268

rel 1.1373
s 0. 1373
plc 13.73

(w)C 1287

Conc.(g/200 ml)
0.02 0.03
21291 304.25
21247 304.06
21213 304.28
21250  304.20
12771 14256
0.2171  0.4256
1385 1419
1223 118

0.04
342.03
342.22
342.08
34211

1.6033
0. 6033
1508

11.80

0.05
379.35
379.39
379.25
379.33

L
0. 7717
1595

1151



nsp/C and In(n_)/C

0.01

0.02
Concentration (g/100ml)

0.04

0.05

0.06

Figure B2 plcand In( rei)/c against concentration of chitosan (1) solution
(treatment 2).

Interception: [ ]=13.00
M =164 x 105

From calculation:

13

The viscosity-average molecular weight of chitosan (1) (treatment 2) obtained
from calculation was 1.64 x 105g/mol.

Table B3 Viscosity-average molecular weight of chitosan (1) (treatment 3)

Time (Sec)
X
X2
X3
Average

rel

0
21559
21518
215.16
21531

001
241.22
241.38
24147
241.36
11210

Conc.(g/100 ml)
0.02 0.03
27159 30353
211.06  303.46
271150 30382
21138 303.60
12604 14101

0.04
335.53
335.13
335.75
33047
15581

0.05
371.60
37172
371.50
37161
17259

Cont.
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Table B3 (Continued)
Conc.(8/100 ml)
0.01 0.02 0.03 0.04 0.05
S 01210 02604 04100  0.5581 07259
s&c 1210 1BB2 1367 1% 14.52
In( )/C 1142 1157 1145 11.08 1192

16

12

In(n,,)/C

n,,/C and In(n, )/IC

10 A

0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/ 100ml)

Figure B3 plcand In( rer)/c against concentration of chitosan (1) solution
(treatment 3)

Interception; [ ]=1L73
From calculation: M =161 x 105

The viscosity-average molecular weight of chitosan (treatment 3) obtained
from calculation was 1.61 x 105g/mol.
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Table B4 Viscosity-average molecular weight of chitosan (treatment 4)

Conc.(g/100 ml)

Time (sec) 0 0.01 0.02 0.03 0.04 0.05
Xl 21506 23850 26615 29347 32306 35535
X2 21569 23803 26603 29353 32307  355.59
X3 21516 23816 26684 29367 32353 35531

Average 21530 23823 26634 29356 32322 354.08

rel 11065 12371 13635 15013 16447
s 0.1065 0.2371  0.3635 0.5013 0. 6447
splc 1065 118 11 1253 1289

In( |)/C 1012 1063 1033 1016 9.9

14
nsp/C
g 12 .
EE @ O =~
£ = =551
e K W In(n,,)/C =
U'E.
B
8
6 -
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/ 100ml)

Figure B4  plcand In(  rei)/c against concentration of chitosan (1) solution
(treatment 4).

Interception: [ ] =10.46
From calculation: M = 1.32x 105

The viscosity-average molecular weight of chitosan (1) (treatment 4) obtained
from calculation was 1.32 x 105g/mol.



Table B5 Viscosity-average molecular weight of chitosan (1) (treatment 5)

Conc.(g/100 ml)
Time (sec) 0 0.01 0.02 0.03 0.04 0.05
X 21506 23409 25518 27966 30456  330.88
X2 21569 23403 25582 21981 30491 33059
X3 21516 23415 25538 27909 30472 330.30
Average 21530 23400 25546 27952 30473 33059

el 10672 11865 12983 14154 153%
) 00872 01865 02983 04154 (5355
TilC 873 93 994 1038 107
L e 837 85 80 868 85
12
10 N
§ 8 - In(n,,)/C
40.00 0.2)1 04;)2 0.63 0.2)4 0.;)5 0.06

Concentration (g/ 100ml)

Figure B5 risp/c and In(r|rei)/c against concentration of chitosan (1) solution
(treatment 5).

Interception: [ ]=8.36
From calculation:  M=1.06x105

The viscosity-average molecular weight of chitosan (1) (treatment 5) obtained
from calculation was 1.06 X 105g/mol.
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Table B6 Viscosity-average molecular weight of chitosan (11)

Conc.(g/200 ml)
Time (sec) 0 0.0 0.02 0.03 0.04 0.05
X 23191 24100 25743 26785 27835  289.80
X2 23178 24174 257144 26783 21823 28047
X3 23748 24179 25754 26712 27868  289.08
Average 23772 24751 25747 26762 21842 28945

rel 10412 10831 11258 11712 12177
sp 0.0412 0081 0128 01712 02177
plc 412 415 419 4.28 4.35

In( rec 103 39 3% 3% 3%

5.0
4.5 A
3 n,,/C
i
E
= o
4.0 ——C—
2 O —O— Ol
5 In(m ,)/C
L
-5
3.5 1
3.0 I T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/100ml)
Figure B6  plcand In( rei)/c against concentration of chitosan (1) solution.

Interception: [ ]=4.04
From calculation:  M=5.54x105

The viscosity-average molecular weight of chitosan (Il) obtained from
calculation was 5.54 X 105g/mal.
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Appendix ¢ Characterization of CM-chitin
Table CI Viscosity-average molecular weight of CM-chitin

Conc.(9/100 ml)
Time (sec) 0 0.01 0.02 0.03 0.04 0.05
X 22828 24610 26472 28622 30910 33165
X2 22898 24606 26462 28628  309.00 33159
X3 22815 24625 26481 28638 30900  33L35
Average 22847 24614 26472 28629 30903 33153

rel 10773 11587 12531 13526  14Gll
$p 0.0773 0.1587 02531 03526 04011
hsplc 1.13 193 8.44 8.82 9.02

In( ®)IC 145 1.36 1.9 1.95 145

10

a.
o In(nrel)/C

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Concentration (g/ 100ml)

Figure Cl  spcand In( rei)/c against concentration of CM-chitin solution.
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The viscosity-average molecular weight of CM-chitin was determined based
on Mark-Houwink equation. The K and a values were according to Kaneko etal,
(1982).

[] = 792¢0'W

Where [ ] = intrinsic viscosity
M = Viscosity-average molecular weight

Interception; [ [=7.38
From calculation: M =9.32 x 105

The viscosity-average molecular weight of CM-chitin obtained from
calculation was 9.32 x 105g/mol.

Table C2 Degree of substitution of CM-chitin from elemental analysis
Experimental values

% %H %N
1 37.892 5.878 5.496
2 37.809 6.289 5.474
Average 37.851 5.881 5.485

Calculation of Degree of Substitution of CM-chitin

OCH,COONa | B OH
0 0
O/ O/
HO HO
NHCOCH 5 NHCOCH 5
m In




MW = CioHi40 NNa = 2s3 MW = CHIDN = 203

M +203 = 92x14  —(Y)

FromEA, %c = 37851
%H = 5881
%N = 5485

We can find that in CM-chitin structure has N.
That: N =932 x 104x 5.485= 5112.02
100
Thus, Um+14 = 511202 (2)
Divide (2) by 14 m+ = 365.144
m =365.144- . (3)

Replace (3) in (1),  283(365.144)-283 +203 = 9.32x 104

80 = 10135.75
126.67
238.45

m

Therefore, fraction m =238.45/365.144 = 0.65
= 126.67/365.144 = 0.35

The degree of carboxymethylation was estimated to be 0.65.
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Appendix D Characterization of CM-chitosan

Table D1 Viscosity-average molecular weight of CM-chitosan

Conc.(g/100 ml)
Time (sec) 0 0.01 0.02 0.03 0.04 0.05
X 22810 23610 24416 25344 26353 273.00
X2 22828 23611 24437 25323 26306 21323
X3 22869 23553 24400 25325 26392 21319
Average 22836 23591 24418 25331 26350 27314

o 10 1060 1109 115N 11%1
\ 0033 00693 0102 0158 0191
e 331 346 aeh 38 A%

In( rel)i 3% 3% 36 3% 358

45

»
o
1

In(mrep)/C

n,,/C and In(n,,)/C
W
W

w
(=)
1

2.5 T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Concentration (g/ 200ml)
Figure D1 sycand In( rei)/c against concentration of CM-chitosan solution.
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The viscosity-average molecular weight of CM-chitin was determined based on
Mark-Houwink equation. The K and a values were according to Kaneko et al,
(1982).

[] = 7.92x10'M°

Where [ ] = intrinsic viscosity
M = Viscosity-average molecular weight

Interception: [ ]=3.17
From calculation;  M=4x104

The viscosity-average molecular weight of CM-chitosan obtained from
calculation was 4 x 104 g/mol.

Table D2 Degree of substitution of CM-chitosan from elemental analysis

Experimental values

0 ¢ O%H %N
1 36.069 5.902 5.956
2 37.074 5.760 5.974
Average 37.072 5.831 5.965
Calculation of Degree of Substitution of CM-chitosan
~ OCH,COONa | n .
OH
7 O/ (o] /

HO




MW= CHIDENNa = 241 MW = CeHii0AN = 161

1 m+ 161 = 3997x 10 (]_)

FromEA, %c = 37.072
%H = 5831
%N = 5965
We can find that in CM-chitin structure has N.
That: N =3.997 x 104x 5.965= 2384.21
100
Thus, 4m+14 = 238421 2)
Divide (2) by 14 m+ 170.301
in =170301- (3)
Replace (3) in (1),  241(170.301)-241 +161 = 3.997x 10
80 = 107254
= 1341
m = 156.89

Therefore, fraction m = 156.89/170.30 = 0.92
= 134117030 = 0.8
The degree of carboxymethylation was estimated to be 0.92.
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Appendix E Weight Loss

Table EI' Weight loss of steamed 6% chitosan (1) scaffold in water

Temp (LC) EWC (%) Average  Standard
X X2 X3 deviation
110 17.56 14.94 16.26 16.25 131

115 14.18 15.23 13.77 14.39 0.75
2 1368 14.05 1411 13.95 0.24

Table E2 Weight loss of steamed 2.5% chitosan (1) scaffold in water

Temp (L) EWC (%) Average  Standard
X X2 X3 deviation
110 29.16 29.00 29.98 29.37 053
115 25.63 24.68 24.47 24.93 0.62
12 18.86 19.27 16.05 18.06 175

Table E3 Weight loss of steamed 2.5% chitosan (1) scaffold in water

Temp ((C) EWC (%) Average  Standard
X X2 X3 deviation
110 28.78 29.64 30.33 29.58 0.78
115 24.67 26.75 2691 26.11 1.25

Vil 2117 2087 18.55 20.20 144



Table E4 Weight loss of steamed 2% CM-chitin scaffold in water

Temp (°C) EWC (%)
X X2 X3
110 33.49 34.18 35.04
115 30.77 30.04 31.68
121 12.99 12.85 12.32

Table E5 Weight loss of steamed 3% CM-chitosan scaffold in water

Temp (°C) EWC (%)
X X2 X3
110 20.37 2035 22.54
115 16.21 16,01 1752
121 15.04 1439 1403

Table E6 Weight loss of steamed 2.5% CM-chitosan scaffold in water

Temp (L) EWC (%)
X X2 X3
110 24,03 24.22 24.20
115 17.88 19.23 1931
121 15.87 1493 14.14

Average  Standard
deviation

34.23 0.78

30.83 0.82

12.72 0.35
Average  Standard
deviation

21.09 1.26

16.58 0.82

14.49 051
Average  Standard
deviation

24.15 0.11

18.80 081

14.99 0.87
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Table E7 Weight loss of steamed 6% chitosan (1) scaffold in 0.2 M acetic acid

Temp (°C) EWC (%) Average  Standard
X X2 X3 deviation
110 1345 12.88 1341 1324 0.32
115 12,11 12.09 11.27 12,04 0.75
2 193 1.86 0.48 8.42 0.91

Table E8 Weight loss of steamed 2.5% chitosan (I) scaffold in 0.2 M acetic acid

Temp (L) EWC (%) Average  Standard
X X2 X3 deviation
110 19.34 20.27 17.84 19.15 123

115 1423 1399 1500 1440 0.53
121 10.83 947 11.09 10.46 0.87

Table E9 Weight loss of steamed 2.5% chitosan (I1) scaffold in 0.2 M acetic acid

Temp () EWC (%) Average  Standard
X X2 X3 deviation
110 17.68 18.34 19.07 18.36 0.70
115 17.42 17.09 1645 16.99 0.49
121 11,04 1081 10.09 10.65 0.49

86



Appendix F Degree of swelling

Table FI Degree of swelling of steamed 6% chitosan (1) scaffold at 110°for 15

minutes

Time
(minutes)

Table F2 Degree of swelling of steamed 6% chitosan (I) scaffold at 115 tor B

minutes

Time
(mméjtes)

X X2
0.00 0.00
10.85 11.03
10.99 11.32
11.03 1144
1115 139
1117 11.34
11.19 1131
11.07 11.35
11.19 11.50
11.15 11.28
11.13 1141
11.25 11.20
11.13 1154
1117 11.56

X
0.00
10.10
10.20
10.30
10.35
10.33
10.44
10.53
10.72
10.87

Degree of Swelling(%)
X3

0.00
11371
11.57
11.78
184
11.89
1173
1157
11.72
1173
11.56
11.78
11.85
1177

Degree of SwellinB (%)

X2 X3

0.00 0.00
941 9.77
9.71 1051
9.9 10.85
10.16 10.69
9.95 1081
9.83 10.85
9.83 10.66
1001 10.73
9.80 10.76

Average

0
11.09
11.30
1142
11.46
1146
11.43
11.33
1147
11.39
11371
1141
1151
11.50

Average

0
9.76
10.14
10.38
1040
10.36
10.37
10.34
10.49
10.48

Standard
deviation
0.00
0.27
0.29
0.37
0.35
0.38
0.27
0.25
0.26
0.30
0.23
0.32
0.36
0.30

Standard
deviation
0.00
0.34
0.40
0.44
0.27
043
0.52
0.45
041

0.59
Cont.
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Table F2 (Continued)

Degree of Swelling (%)

X2
9.94
9.90

10.07

9.9

X3

10.85
10.74
10.84
10.74

Average

10.46
10.45
10.67
1047

Standard

deviation

0.4/
0.48
0.54
0.42

Table F3 Degree of swelling of steamed 6% chitosan (1) scaffold at 121°c for 15

Degree of Swelling (%)

X2
0.00
9.32
9.85
9.89
9.90
9.66
951
9.46
9.95
951
10.07
9.49
9.93
10.28

X3
0.00
9.03
9.50
961
9.78
9.62
9.64
9.89
9.75
9.65
9.54
9.73
9.45
9.45

Average

[S a ke it ko2 X o5 Ko rp NN Fo p R e N an)
RODOCODUIRI O RN —] 00 O ©

©w©
o o
SO 4

Standard
deviation

0.00
0.15
0.18
0.15
0.14
0.03
0.07
0.24
0.21
008
0.2
0.20
0.32
0.53
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Table F4 Degree of swelling of steamed 2.5% chitosan (1) scaffold at 110° for 15

Time
(minutes) X|
45 1057
50 10.71
5 11.11
60 10.68
minutes
Time
(minutes) X
0 0.00
2 9.23
5 9.61
10 9.83
15 9.63
20 9.59
25 9.61
30 9.52
3 9.54
40 9.63
45 9.72
3 9.34
5 9.34
60 9.29
minutes
Time
(minutes) X
0 0
2 14.00

Degree of Swellin? (9¢)

X2 X3
0.00 0.00
1413 1391

Average

0

1401

Standard
deviation

0.00
011

Cont.



Table F4 (Continued)

Time
(minutes)

Degree of Swelling (%)

X
14.57
14.74
1431
14.76
15.06

15.19
1447
1500
1421
14.72
14.33
1503

X2
1457
14.85
1509
1483
1502

1482
1467
15.06
1432
14,60
1563
1473

X3
14,09
1412
1441
1471
14.46

14,62
1528
1432
1517
1462
1523
14,65

Average

1441
14.57
14.60
1417
14,85

14.88
1481
14.79
14.58
14,65
15.06
14.80

Standard

0.28
0.40
043
0.06
0.33

0.29
0.42
041
051
0.07
0.66
0.20
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Table F5 Degree of swelling of steamed 2.5% chitosan (I) scaffold at 115°¢ for 15

minutes

Time
(mlnéjtes)

X
0.00
13.74
1385
1412
1403
14,00
14.04
1371
1397
1399
1413
1361
1411
14,08

Degree of Swellin+ (9p)

X2
0.00
1377
1395
1419
1414
1402
1414
1411
14,08
1384
1396
1414
1410
1403

0.00
1304
1399
1432
1420
1452
1430
1401
1442
1411
1392
1385
1412
1421

Average

0
1352
1393
1421
1412
14.18
14.16
1394
14.16
1398
14.00
1387
1411
1411

Standard
deviation
0.00
041
0.07
0.10
0.08
0.30
0.13
0.21
0.24
0.14
0.11
0.27
0.01
0.09
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Table F6 Degree of swelling of steamed 2.5% chitosan (1) scaffold at 121°c for 15

minutes

Time
(mlnéjtes)

Xl
0.00
1368
12.79
14.00
13.73
13.79
1382
13.78
13.76
1402
1357
1365
1363
1373

Degree of SwellinR(%)
X2 X3

0.00
13.77
14,68
14,65
14.64
1448
1441
1439
1469
1462
1440
14.36
1451
14.44

0.00
11.70
11.72
11.82
11.95
1193
11.95
12,04
11.90
1185
122
1182
1181
12.04

Average

0
1305
13.06
1349
1344
1340
1339
1341
1345
1350
1333
1328
1332
1341

Standard
deviation
0.00
117
150
149
137
132
1.28
122
142
1.46
12
131
1.38
123

Table F7 Degree of swelling of steamed 2.5% chitosan (1) scaffold at 110°c for 15

minutes

Time
(minéjtes)

X
0.00
16.04
17.08
17.09
17.09
1711
17.13
1711
17.13
17.15
17.12
17.29

Degree of SwellinR %)

X2 X3
0.00 0.00
14.75 15.97
1513 1701
1541 17.02
17.18 17.96
17.31 17.93
17.33 1792
17.78 17.96
17.79 17.98
17.51 1801
1839 17.93
19.06 17.31

Average

0
1559
1641
16,51
1741
1747
17.46
17.62
17.63
17.58
1781
1791

Standard
deviation
0.00
0.73
1.10
0.95
048
042
041
045
045
043
0.64

1.00
Cont.



Table F7 (Continued)

Time
(minutes)
55
60

Degree of Swelling (%)

X
1731
17.31

X2
1951
19.72

X3
17.02
16.89

Average

17.95
17.99

91

Standard

1.36
131

Table F8 Degree of swelling of steamed 2.5% chitosan (1) scaffold at 115°c for 15

minutes

Time
(minutes)

X
0.00
15.77
16.01
16.02
16.57
16.83
17.10
16,80
16.90
16.78
16.83
16.93
16.85
16.88

X2
0.00
14,09
1462
1402
1429
1451
1432
1433
14.56
1457
1431
14.46
1454
14.21

Degree of SwellinR (%)
X3

0.00
16.24
16.52
16.56
16,40
16.76
16.38
16.40
16.36
16.38
16.35
1649
16.50
16.39

Average

0
15.37
15.72
1553
15.75
16.03
1593
1584
1594
1591
1585
15.96
15.96
1585

Standard
deviation
0.00
113
0.99
1.3
1.27
1.32
145
1.33
123
118
130
1.32
1.24
1.39

Table F9 Degree of swelling of steamed 2.5% chitosan (I1) scaffold at 121°c for 15

minutes

Time
(minutes)
0
2
5
10

X
0.00

1394

14.35

1431

X2
0.00

14.34
14.64
14.66

Degree of Swelling (%
: 904,

0.00
1392
1438
14.85

Average

0
14.07
14.46
1463

Standard
deviation
0.00
0.24
0.16

0.24
Cont.



Table F9 (Continued)

Time
(minutes)

Table F10 Degree of swelling of steamed 2% CM-chitin scaffold at 110°Ctor b

minutes

Time
(mméjtes)

Degree of Swelling (%)

X
14.38
1432
14.39
1431
14.38
14.39
1433
14.35
14.39
14.36

X
0.00
32.03
32.18
35.34
34.13
35.60
36.08
35.30
38.05
36.48
3745
36.84
37.39
37.66

X2
14,68
1471
1508
1502
1511
14.74
1462
14,68
1469
14.72

X3
1523
1540
1519
1522
1523
1537
1594
15.79
1538
15.56

Degree of Swelling (%)

X2 X3
0.00 0.00
3113 28.62
32.08 29.29
34.94 3030
35.08 34.07
36.58 37.50
36.63 36.23
36.87 38.98
37.13 36.96
31.35 40.00
36.60 39.49
36.67 3841
37.30 37.59
37.69 37.49

Average

14.77
1481
14.89
1487
1491
1483
14.96
14.94
14.82
14,38

Average

0.00
30.59
31.38
33.53
3443
36.62
36.31
37.05
37.38
37.94
37.85
3131
3743
37.61

Standard

043
0.54
0.44
0.44
0.46
0.50
0.86
0.75
051
0.61

Standard
deviation
0.00
177
185
2.80
0.56
0.85
0.29
185
0.59
184
149
0.89
0.15
0.11
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Table FII Degree of swelling of steamed 2% CM-chitin scaffold at 115°c for 15

minutes

Time
(minéjtes)

X
0.00
28.63
29.49
30.64
30.18
2943
30.73
29.63
29.74
29.90
29.18
31.68
31.34
30.26

Degree of Swellin - (9)

X2 X3
0.00 0.00
28.98 21.23
29.93 28.33
29.54 28.34
30.35 29.13
32.94 29.06
3211 28.25
30.29 31.62
33.60 29.20
A1l 29.69
3524 3153
3173 30.70
31.38 3027
30.54 32.59

Average

0.00
28.28
29.25
29,51
29.89
3048
30.36
30.51
30.84
31.23
31.98
3137
31.00
3113

Standard
deviation
0.00
093
0.83
1.15
0.66
2.14
1.96
101
2.40
2.49
3.05
0.58
0.63
1.27

Table F12 Degree of swelling of steamed 2% CM-chitin scaffold at 121°c for 15

minutes

Time
(mmgtes)

X
0.00
23.75
24.56
2507
24.87
25.09
20.21
25.36
25.85
24.44
25 66

Degree of Swelling(%)

X2 X3
0.00 0.00
24.14 22,57
25.93 2343
25.65 24.23
2596 24.00
26.96 2446
26.98 23.18
21.39 23.29
26.84 24.45
2740 23.10
2641 24.55

Average

0.00
2348
24.64
24.98
24.94
25.50
25.12
25.34
25.71
2518
25.54

Standard
deviation
0.00
0.82
1.25
0.71
0.98
130
190
2.05
1.20
19

093
Cont,
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Table F12 (Continued)
Time Degree of Swelling (%) Average  Standard
(minutes) x| X2 X3

o0 2499 2146 23.14 25.20 2.17
0 2536 2145 24.22 25.68 164
60 25.50 26.78 22.96 25.08 19

TabI? F13 Degree of swelling of steamed 3% CM-chitosan scaffold at 110°c for 15
minutes

Time Degree of Swellinp (%) Average  Standard
(minutes) Xl X2 X3 deviation
0 0.00 0.00 0.00 0.00 0.00
2 21.18 20.38 1921 20.26 0.99
5 22.74 2083 19.36 20.98 170

10 2242 21.22 21.25 21.63 0.68
15 22.59 2119 19.02 21.14 188
20 22.63 22.18 2001 2161 140
25 22.33 22.13 2051 21.86 119
30 21.35 22.95 21.59 21.96 0.87
3 20.58 22.09 23,96 22.08 149
40 23.17 22.69 2023 22.03 1.5
45 22.95 22.30 21.84 22.23 0.36
o0 22.80 2244 2281 22.68 0.21
0 22.84 22.84 20.52 2201 134
60 22.80 22.51 2098 2212 0.9

Tablcte F14 Degree of swelling of steamed 3% CM-chitosan scaffold at 115°c for 15
minutes

Time Degree of Swelling(9p) Average  Standard
(minutes) X X2 X3 deviation
0 0.00 0.00 0.00 0.00 0.00
2 19.20 2042 2021 2021 0.93
5 18.65 20.77 19.64 19.84 108

10 19.70 21.09 20.70 20.70 0.87
Cont,



Degree of Swelling (%)

X2
2097
2093
20.69
2098
20.67
20.86
2110
2095
20.67
20.12

X3
20.68
20.65
20.50
20.69
2093
20.94
21 05
20.87
20.50
20.84

Average

20.68
20.65
20.50
20.69
2093
20.94
21.05
20.87
20.50
20.84

Standard

114
0.92
0.19
0.96
0.99
174
101
152
112
0.34
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Table F15 Degree of swelling of steamed 3% CM-chitosan scaffold at 121°c for 15

Table F14 (Continued)
Time

(minutes) X|

15 1943

20 19.62

25 2031

30 19.63

3 20.10

40 19.24

45 20,02

50 1931

55 19.30

60 20,59

minutes
Time

(minutes) X
0 0.00

2 17.78

5 18.63

10 18.82

15 18.86

20 18.63

25 18.65

K] 18.87

3 18.63

40 18.95

45 18.64

50 18.97

55 19.19

60 19.24

Degree of Swellin (o)

X2
0.00
17.93
1911
1931
19.36
1944
19.29
19371
1929
19.52
19.72
19.77
19.79
19.63

0.00
1651
16.96
17,68
1761
1761
17971
1821
1859
18.38
1853
18.66
1871
18.76

Average

0.00
17.40
1823
18.60
1861
18.56
18.64
18.34
18.34
18.95
18.97
19.13
1923
1921

Standard
deviation
0.00
0.78
113
0.84
0.90
0.92
0.66
0.55
0.40
0.57
0.66
0.57
0.54
043



Appendix G Mechanical Properties of Scaffolds

Table G1 Tensile strength of non-steamed scaffolds

Tensile
strength
(MPa)

Average
Standard
Deviation

6%

Type of polymer scaffolds
2.5%yp pz)./

% 2% CM- 3% CM-

chitosan  chitosan (I)  chitosan chitin chitosan

6II

Table G2 Tensile strength of steamed scaffolds at 121°¢ for 15 minutes

Tensile
strength
a)

X8
Average
Standard
Deviation

6% chitosan

Type of polymer scaffolds
2% CM-chitin

3% CM-chitosan
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Table G3 Elongation at break of non-steamed scaffolds : A

Elongation Type of po 2ymer scaffolds
at break 6% 2.5% % 2%CM- 3% CM-
(%) chitosan  chitosan (1) ch|(1| olgsan chitin-~ chitosan

X 1562 9.71 1152 12.60 12.64

Average 1633 007 1231 13.39 14.10
Standard 1.10 1.26 0.92 159 128
Deviation

Table G4 Elongation at break of steamed scaffolds at 121°c for 15 minutes

Elongation at break _ Type of polymer scaffo ds _
SO</) 6% chitosan 2% CM-chitin -~ 3% CM-chitosan
] 631 796 537
X2 6.83 9.03 513
X3 4.74 1.34 319
X4 3.26 513 3.6
X5 5.86 53l 2.52
X6 5,08 6.24 2.52
X7 4.29 6.90 3.06
X8 4.72 9.22 3.12
Average 5.14 .21 3.13
Standard 115 1.44 1.06

Deviation
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