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APPENDICES

Appendix A Microbial Analysis

Table AL Aerobic plate count of meat samples during storage time at room
temperature

Time (hour) Aerobic Plate Count (cfulg)
0 4.881
3 5079
6 5505
9 0.447
12 1114
15 1.230
18 7491
21 7914
24 7.944
21 1,163
30 1.845
3 8.447
36 8.380
39 8431
42 8531

45 8.018



Appendix B Determination of Total Volatile Basic Nitrogen (TVB-N)

TYB-N value was calculated by the following equation

TVB-N (mg/100g)
Where, Vs = Titration volume of 0.0L N HCL for sample extract (ml)
Vo = Titration volume of 0.01 N HCL for blank (ml)
Nhd = Normality ofHCL (= 0.01 N x factor of HCl)
An = Atomic weight of nitrogen (14.00)
= Weight of tissue sample (g)
.. M = Percentage moisture of tissue sample (Assume 80%)
. -ve = Volume of 4% TCA used in extraction

rvs-VJAXINHNnXANixr WsxfM/IQOHVN xioo

114

Table BL «TVB-N values of meat samples during storage time at room temperature

Time (hour) ml HCL

0 0.055
3 0.100
6 0.120
9 0.200
2 0.400
15 0.520
18 0.580
Ul 0.640
24 1.200

TVB-N

3.696
6.720
8.064
13440
26.880
34.944
38.976
43,008
80.640
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Appendix C Sensor Response to Meat Spoilage

Table CI' Changes in Hunter color values of 5% / PEDOT:PSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time * * * *
(hOUl‘) dL*, da db dE
Ay SO Ayg D Avyg D Avg D

3 009 008 012 003 025 010 029 02
6 010 14 018 004 029 020 036 171
9 128 040 025 008 027 014 13 062
2 24 062 036 01 028 034 240 11
L 28 03% 043 010 033 02 2% 068
B8 397 019 052 009 047 08 403 17
2 865 078 132 006 187 03 8% 116
24 1728 63 294 002 3271 041 178 206
21 -1789 024 299 004 330 016 1843 04
3 -1879 03 310 012 338 015 1934 062
$¥- -1882 03 308 014 345 018 1938 064
% -1899 025 304 010 382 014 1961 049
39  -1864 020 300 002 -397 020 1929 043
£ 1876 068 29 006 -400 010 1941 084
0 -202 08 308 007 421 043 2094 139
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Table C2 Changes in Hunter color values of 5% / PEDOT.PS , spin-coated at
2000 rpm onto 5%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time
(hour)

12

18
21

2-

20 .

30°
33
36
39
42
45

dL*
Avg

-0.22

-0.36
-0.89
-1.49
-1.67
-3.43
-1.34
-14.83
-1542
-16.60
-16.78
-17.31
-17.55
-17.57
-19.04

D

0.11

0.50
0.24
0.56
0.04
0.15
0.09
0.08
0.20
0.89
0.30
0.37
0.22
0.59
0.71

Avg

0.09
0.16
0.2
031
0.33
034

113

2.39
241
242
243
2.9
244
240
242

da*

D
0.03

0.02
0.06
0.10
0.02

0.08
0.09
0.06
0.06
0.07
0.04
0.05
0.03
0.06
0.15

Avg

-0.12

0.33
-0.35
-024
-0.38
-046
-1.17
-2.39
-2.59
-2.67
-2.10
-2.14
-3.10
-3.23
-3.28

ob*

D

0.10

0.18
0.16
0.37
0.18
0.27
0.06
0.07
0,08
0.20
0.07
0.06
0.12
0.17
0.36

Avg

0.27
0.52
0.99
1.5
174
3.48
151
1522
1582
16.99
1717
1791
17.99
1803
19.48

dE*

D

0.24
0.70
0.46
103
0.24
0.50
0.24
0.21
0.34
116
041
0.48
0.37
0.82

1.22
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Table C3 Changes in Hunter color values of 5% / PEDOQT:PSS, spin-coated at
3000 rpm onto S%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time
(hour)

3
6
9
12
15
18
21
24
21
Rl
3
3
3
42
45

dL*
Avg

-0.02

0.09
-0.26
-0.39
-0.66

-1.79

~6.68

-12.46
-12.55.
-12.49
-12.65
-13.68
-14.00
-14.61
-15.09

D

0.16
0.95
0.28
0.23
0.24
0.36
0.22
0.08
0.10
0.20
0.12

0.19

0.15 ..

0.95
0.25

Avg
0.09

0.10
0.11

0.19
0.18
031
0.79
192
199

2.11
2.12
2.01
2.11

2.03
2.05

da*

D

0.03
0.15
0.08
0.07
0.03

1004

. 0:04

0.05
00
0,06
0:04
0.12
0.03
0:02
0.02

Avg

-0.11
-0.34
-0.22
-0.11

031
-0.35
-0.80
-1.74
-1.98
-2.21
-2.21

=2.01
=2.22

-2.34
-2.52

ob*

D

0.10

0.13
0.08
0.16
0.12
0.14
0.09
0.25
0.1
0.29
0.12
0.25
0.15

0.11

0.16

Avg

0.14
0.37
0.36
045
0.75
1.86
6.77
12.73
12.86
1281
13.03
1398
1433
14.94
1544

dE*

D

0.29
123
0.44
0.46
0.39
0.54
0.35
0.38
0.24
0.5
0.28
0.56
0.33
1.08
043
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Table C4 Changes in Hunter color values of 1% / PEDOT:PSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 100 ¢ during
storage time at room temperature

Time

(hour)

12

15
18
21
24
21
Rl

3
3
42
45

dL*
Avg

-0.11

-0.16
-0.35
-0.87
0.93
-118
-2.9]
593

-10.45
-11.87
-11.92
-12.06
1311
-1321
-14.04

D

0.05
0.67
0.15
0.60
0.45
114
0.32

051 -

0.48
0.66

0.2

0.18 -

0.54
178
0.44

Avg

0.08
0.14
0.11
0.2
0.24
0.35
0.78
123

. 164

17
164
158
162
153
163

da*

D

0.03
0.03
0.04
0.05
0.08
0.02
0.03
0.08
0.06
0.07
0.08
0.13
0.09
0.17

0.12

Avg

-0,02
-0.01
=0.02

-0.13
-0.09
-0.04
.-0:29
-0.68
-1.48
-1.76
-1.87
-2.09
-2.04
-2:06
-2.14

ob*

D
0.05

0.20
0.12

0.63
0.34
0.94
0.68
0.23
0.22
0.11

0.28
031
0.22
0.10

0.07

Avg
0.14

0.21
0.37
0.91
0.9
123
2.10
6.09

10.68
12.12

12.18
12.34
1337
1345
14.29

dE*

D

0.13
0.90
031
128
0.87
2.10
103
0.82
0.76
0.84
061
0.62
0.85
2.05
0.63
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Table C5 Changes in Hunter color values of 3% / PEDOTPSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time
(hour)

dL*
Avg

-0.26
-0.67

-0.88
-1.02

-0.99
-1.25

-3.23

-1.21

-13.87
-15.95
-16.40
-16.31
-17.05
-16.80
-17.94

D

0.06
2.04
0.11
0.24
0.20
0.35
0.12
0.45
0.24
0.2
0.16
0.24
0.44
0.57
0.82

Avg

0.07
0.09
0.10
0.15
0.14

0.21

0.93

da*

1050

2.69
2.12

2.66

D

0.02

0.06
0.03
0.10
0.06
0.37
0.04

0.02

. 003

2.66 -

2.10
2.10
2.13

0.04
0.03
0.06

0.02
0.02

0.07

Avg

-0.02

-0.04
-0.08
019
=0.11
-0.07
-0.36
-1.06
-1.98
-2.26
-2.35
-2.56
. -2.18
-2.98
-3.01

ob*

D

0.24
0.9
0.22
0.32
0.25
0,61

0.32

0.23
0.20
0.09
0.08
0.22
0.06
0.16
0.29

Avg
0.27

0.68
0.90
105
1.00
127
3.38
163
14.26
16.34
16.78
16.73
1748
17.28
1840

dE*

D

0.32
2.65
0.36
0.66
051
133
0.48
0.70
0.47
0.3
0.27
0.52
0.52
0.75
118
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Table C6 Changes in Hunter color values of 5% / PEDOT:PSS, spin-coated at
1000 rpm onto 1%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time
(hour)

12

18
21
24
21
30
3
36
3
42
45

dL*
Avg

-0.32
047
-145
-2.24
-4.57
-8.39
-16.59
-18.99
-19.01
1911
-19.25
-18.14
-18.56
-17.93
-19.43

D

0.10
0.24
0.20
165
0.54
141
0.24
1.36
0.30
0.14
0.24
0.40
0.50
0.9
0.74

Avg

0.01

-0.03
0.08
0.00
043
1.21
245
3.10
3.16
3.22
3.25
347
3.33
3.30
3.34

da*

D

0.06
0.15
0.08

0.11
0.10
0.12
0.12

0.14
0.15
0.12
0.07
0.05
0.04
0.05
0.04

Avg

=0.00
-0.02

-0.08
-0.49
-0.57
-097
-3.94
- -4.04
-4.09
-4.04
-4.07
-3.95
-4.08
-4.05
411

ob*

D

0.02

0.07
0.04
048
0.38
0.47

0.22
0.21

0.18
0.27

0.22

0.18

. 0.20

0.24
0.24

Avg

0.32
0.47
146
2.29
4.62
8,93
1713
19.66
19.70
19.80
19.94
18.89
19.30
18,68
20.14

dE*

D

0.18
0.46
0.32
2.24
1.02
2.00

0.58
171
0.63
0.53
0.53
0.63
0.74
0.84

1.02
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Table C7 Changes in Hunter color values of 5% / PEDOT:PSS, spin-coated at
1000 rpm onto 3%clay nanocomposite films, of meat samples of 100 g during
storage time at room temperature

Time
(hour)

3

6

9
12

15
18

21

24
21
30
3
36
3
42
45

dL*
Avg

-0.85
093
-1.19
-1.07
-1.56
-0.28
-10.67
-18.56
-18.52
-18.42
-18.95
-19.05
-19.14
-18.85
-16.64

D

0.08
0.46
0.12
0.04
0.26
0.51
0.71
1.06
0.44
0.59
0.42
0.55
0.38
0.17
0.74

Avg

0.02
0.09
0.21
0.22

0.37
081
154
2.96
2.94
2.18
2.88
2.89
281

2.86

298

da*

D

0.02

0.08
0.06
0.07
0.04
0.02
0.03
0.15
0.14
0.01
0.06
0.01
0.04
0.19
0.08

Avg

-0.00
0.05
-0.02
0.17
-0.25
.11
-2.53
-390
-3.66
-3.12
-3.68
-4.04
-390

-3.10
il

ob*

D
0.08

0.11
0.04
0.10
0.22

0.32
0.25

- 0.2

.0.22

0.10
0.09
0.01
0.12

0.14
0.27

Avg

0.85
0.9

1.21
1.11

163
5.39
11.07
19.19
19.11
18.99
19.13
19.69

19.74

1942
19.28

dE*

D

0.18
0.65

0.22
0,21

0.52
0:85
099
148
0.80
0.70
0.57
0.57
0.54
0.50
1.09
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Table C8 Changes in Hunter color values of 5% / PEDOT:PSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 25 g during storage
time at room temperature

Time dL* da* do* dE*
o) ag O Ag D Ag D Ag D
3 001 014  oom 002 -0or 005 0.02 0.21

6 002 048 008 004 003 0.0 0.09 0.62
9 006 044 005 004 004 008 0.09 0.56
12 022 181 006 008 0.04 0.37 0.23 2.26
15 027 024 o010 006 -010 o2 031 0.42
8 042 03 028 004 -022 015 0.55 050
21 05 032 038 008 057 014 1.02 0.54
24 33 058 05 014 -108 o010 - 357 0.82
21 48 034 100 o010 1232 014 513 0.58
30 619 072 141 o2 -158 022 1655 1.06
3 177 050 200 008  -187 018 8.21 0.76
36 -899 057 236 005 -209 019 - 953 081
39 1052 o020 260 o010 254 020 1113 .0.50
42 1211 0.21 280 o010 290 031 1277 062
4 1024 10 28 007 337 033 1781 161



Table C9 Changes in Hunter color values of 5% / PEDOT:PSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 50 g during storage
time at room temperature

Time
(hour)

dL*

Avg

-0.33
-0.50
-0.55
-0.62
-0.93
-171
-2.44
-4.83
-8.86
-14.72
-17.17
-18.26
-18.09
-17.73
-19.15

D

0.10
19
0.11

0.4
0.20
0.66

20.50
0.42
0.22
0.27
0.24
0.66
0.26
0.55
1.64

Avg

0.01
0.10
0.10
0.11

0.23
041
0.75
125
2.34
2.66
2.9
2.97
2.98
2.98
2.95

da*

D

0.02
0.12

0.04
0.09
0.08
0.04
0.08
0.08
0.06
0.04
0.03
0.05
0.08
0.05
0.07

Avg

=0.02

-0.09
-0.09
-0.13
-0.16
-0.38
-0.97
-1.85
-2.14
-2.44
-2.86
-342
-3.87
-3.98
-3.80

ob*

D

0.24
0.67
0.22
0.24
0.16
0.14
0.14
0.13
0.10
0.19
0.15
0.23
0.32
0.04
081

Avg

0.33
0.52
0.57
0.65
0.97
1.80
2.13
5.3
941
1516
17,65
18.82
18.74
1842
19.75

dE*

D

0.36
2.74
0.37
0.47
0.44
0.84
0.72
- 0.63
0.38
10.50
0.42

- 094 -

0.66

0.64
2.52
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Table CIO Changes in Hunter color values of 5% / PEDOQT:PSS, spin-coated at
1000 rpm onto 5%clay nanocomposite films, of meat samples of 150 g during
storage time at room temperature

Time

(hour)

dL*
Avg

-011

-0.29
-1.36
-3.9
-0.89
-10.72
-16.88.
-19.09
-19.21
-19.19
-19.24
-18.89
-19.34
-19.35
-20.34

D

0.15
0.25
0.22
0.45
0.28
0.71

-0.82

0.37
0.58
0.89
0.25
0.35
0.16
0.19
0.18

Avg

0.12
0.16
0.21
0.45
0.78
141

281

3.04
311
3.12
3.09
3.08
3.07
311
3.23

da*

D

0.06
0.09
0.04
0.03
0.04
0.07
0.05
0.05
0.10
0.08
0.04
0.03
0.08
0.04
0.03

Avg

-0.12

-0.25
041
-0.89
=1.12
-1.35
-2.53
-3.18
-3.84
-3.95
-4.18
-4.19
-4.22
-4.06
-4.22

ob*

D

0.10

0.14
0.08
0.26
0.16
0.05
0.03
0.08
0.12
0.06
0.25
041
0.14
0.18
0.30

Avg

0.21

0.42
145
3.69
6.04
10.90
1731
19.70
19.84
19.34
19.93
19.60
20.03

20.02

21.03

dE*

SD

031
048
0.34
0.74
0.48
0.83
0.90
0.50
0.80
103
0.54
0.79
0.38
041
0.1
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Table CIl' Changes in Hunter color values of 5% / Cu2+, spin-coated at 1000
rom onto 5%clay nanocomposite films, of meat samples of 100 g during storage time

at room temperature
Time L
(hour) Avg
3 -0.47
6 -1.64
9 -3.42
12 -6.31
o -1187
18 2181
21 -35.71
24 -40.99
21 482
0 -48.67
3 4887
6 4897
39 4910
42  -5047

45

-48.61

D

0.11

0.13
140
0.16
0.07
3.46
0.13
0.04
0.00
0.18
0.16
0.16
0.57

0.12

0.06

Avg

13
147
105
0.35
483
943

1441

14.98
1510
1410
1532
1517
1431
14.28
1391

Ga”

D

0.09
0.13
0.03
0.13
0.01
0.87
0.01
0.06
0.03
0.18
0.03
0.03
0.10
0.02

0.08

Avg

0.17
0.27
5.9
15.77
21.00
33.26
34.43
33.56
33.87
33.56
34.16
33.36
33.32
33.11
3342

D

0.03
0.19

0.21
0.88

0.19
2.33
0.12
0.09
0.04
0.24
0.16
0.16
0.07
0.15
0.05

Avg
14

2.22
6.61
16.99
24.60
4431
51.66
55.06
60.62
60.99
61.56
61.17
61.04
62.38
60.77

dE*

D

0.23
0.45
164
117
0.27
6.66
0.26
0.19
0.07
0.60
0.35
0.35
0.74
0.29
0.19



Table 02 Changes in Hunter color values of 5% / Cu2+, spin-coated at 2000
rpm onto 5%clay nanocomposite films, of meat samples of 100 g during storage time

at room temperature
Time aL*
(hour) Avg
3 -1.96
6 -2.74
9 -4.25
12 -1.20
5 -1642
18 -23.78
21 -36.03
24 -39.18
21 -3150
0 -39.79
B 4065
3% 405
9 4147
2 4207

45

-41.25

D
0.06

0.10
0.05
0.11
0.28
0.15
0.16
0.14
0.16
041
0.09
0.26
0.92

0.01
0.02

Avg

0.50
0.60
0.38
-0.34
3.96
5.13
10.08
1283
12.93
12.80
1335
1223
12.39
1233
12,56

da*

D

0.07
0.03
0.15
0.02
0.07
0.12
» (.04
0.07
0.07
0.04
0.08
0.14
0.06
0.05
0.06

Avg

0.27
0.69
6.99
1531
22.18
21.15
24.16
26.25
25.92
25.00
2441
22.62
23.83
22.55
24.00

D

0.04
0.05
0.04
0.08
0.24
0.23
0.18
0.18
0.15
0.34
0.10
0.23
0.11
0.05
0.03

Avg

2.04
2.89
1.8
16.93
21.88
37.00
4481
48.88
41.39
4371
49.26
47.86
4941
49.30
49.35

dE*

D

0.17
0.18
0.24
0.21
0.59
0.50
0.38
0.39
0.38
0.79
0.27
0.63
1.09

0.11
0.11
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Table C13 Changes in Hunter color values of 5% / Cu2+, spin-coated at 3000
rpm onto 5%clay nanocomposite films, of meat samples of 100 g during storage time

at room temperature
Time aL*
(hour) Avg
3 -0.32
6 -0.46
9 0.12
12 -10.46
5 1192
18 -22.05
21 -30.89
24 -34.10
il -33.84
0 -33.18
3 -30.92
36 -29.64
39 -31.49
42 -30.68

45

-30.06

D

0.03
0.15
1.04
0.19

0.22
0.22
0.01

0.15
0.70
118

0.12

0.59
0.14
0.08
0.08

Avg

0.16
0.37
0.16
0.33
191
6.00
8.73
111
1.76
151
1.97
1.60
1.98
6.80
1.30

da*

D

0.12
0.11
0.10
0.12
0.10
0.05
0.09
0.04
0.19
0.06
0.02
0.23
0.11
0.03
0.07

Avg

0.08
0.27
3.3
18.30
20.69
29.24
« 29,07
29.42
28.82
29.31
31.28
26.67
21.10
21.55
21.79

th*

D
0.09

0.10
0.32
0.14
0.09
035

0.08

0.19
0.65
0.18
0.13
0.40
0.18
0.08
0.03

Avg

0.36
0.65
3.54
21.08
23.96
3111
4331
45.69
4512
44.90
44.70
40.59
42.23
41.79
41.58

dE*

N

0.24
0.36
146
0.45
041
0.62
0.18
0.38
154
142
0.27
1.22
043
0.19
0.18
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Table 04 Changes in Hunter color values of 1% / Cu2+ spin-coated at 1000
rom onto 5%clay nanocomposite films, of meat samples of 100 g during storage time

at room temperature
*
Time L
(hour) Avg
3 053
6 1.18
9 0.49
12 -1.62
15 -5.14
18 -19.58
21 -21.70
24 -22.83
21 -24,03
30 -24.01
3 -24.11
36 -24.19
39 -24.70
42 -24.34

45

-24.54

D

0.06
0.50
111
165
031
124
1.56
159
143
0.70
1.06
2.03
161

2.88

281

Avg

115
117
0.89
0.50
2.12
6.16
6.39
6.67
1.56
1.2
1.2
13

101
6.30
6.96

da*

D

0.03
0.04
0.08
0.15
0.01
0.25
0.56
0.42
0.49
0.08
0.12
0.63
0.49
0.83
0.62

Avg

-0.38
-0.98
1.39
2.17
4.49
22.59
24.76
2411
25.65
24.79
2542
26.04
26.33
24.23
22.95

db*

N

0.34
0.15
0.10
0.27
0.12
0.87
139
1.66
199
0.48
0.78
2.33
0.83
301

2.02

Avg

132
193
172
3.25
1.15
30,92
33.54
33.87
35.95
35.21
35.11
36.29
36.78
34.92
34.24

™

D

043
0.69
129
2.07
0.44
2.36
351
3.67
391
1.26
19
499
2.93
6.72
545



Table C15 Changes in Hunter color values of 3% / Cu2+ spin-coated at 1000
rom onto 5%clay nanocomposite films, of meat samples of 100 g during storage time

at room temperature
Time aL*
(hour) Avg
3 -0.15
6 -0.25
9 -0.69
12 -1.25
15 -13.70
18 -24.51
21 -28.25
24 -31.83
21 -36.81
30 -371.39
3 -371.10
36 -39.15
39 -39.86
42 -41.68

45

-43.20

D

0.08
0.23
041
0.73
0.18
138
0.9
0.11
0.27
0.34
0.44
0.52
031
0.93
0.23

Avg

0.53
081
0.98
131
3.08
8.92
10.03
12.22
12.39
1213
11.88
1142
10.18
1047
10.64

da*

N
0.05

0.11
0.06
0.10
0.03
0.85
0.19
0.18
0.18
0.17
0.09
0.16
0.05
0.34
0.39

Avg
0.47

-1.01

490

4.25

2115
3107
2042
29.44
30.05
30.90
29.03
28.95
29.30
28.96
29.32

db*

D

0.04
0.08
0.13
0.17
0.09
2.18
0.87
1.11
0.50
0.56
0.77
0.28
0.22
0.58
0.27

Avg

0.73
132
5.05
4.62
25.39
40.57

.42.00

45,05
49.11
50.00
48.58
5001
50,51
51.82
53.28

dE*

D

0.17
0.42
0.60
1.00
0.30
441
161
140
0.95
107
1.30
0.96
0.58
185
0.89
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Table C16 Changes in Hunter color values of 10% / Cu2 spin-coated at 1000
rom onto 5%clay nanocomposite films, of meat samples of 100 g during storage time
at room temperature

Time
(hour)

12

18
21
24
21
30

36
3
42
45

dL*

Avg

-0.33
-1.67
-1.87
-2.26

-12.53
-28.70
-31.86
-44.42
-49.55
-50.58
-49.94
-50.01
-50.07
-00.47
-50.57

D

0.4
0.90
0.4
0.23
2.10
0.16
0.62
0.70
1.68
0.22

0.28
0.15
1.00
0.27
0.58

Avg

2.58
3.15
2.93
3.08
3.76
8.08
12,94
15,98
16.07
16.03
1631
15.24
15.39
1529
15.06

da*

D
0.03

0.01
0.10
0.11

048
0.16
0.17
0.34
0.86
0.09
0.20
0.17
0.21
0.08
0.30

Avg

0.25
-0.75
159
581
22.13
38.13
38.71
31.84
37.99
3749
36.88
36.96
35.21
3540
35.99

ob*

D

0.06
031
0.06
0.22
114
0.89
1.68
0.36
0.9
0.37
0.35
043
0.34

0.22

0.43

Avg

261
3.64
3.82
6.96
26.23
48.40
55.71
60.50
64.47
64.97
64.19
64.03
63.15
63.52
63.62

dE*

D
0.23

1.22
0.30
0.56
3.12
1.21

2AT
140
3.53
0.68
0.83
0.75
155
0.57
131
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Table C17 Changes in Hunter color values of 5% / Cu2+ spin-coated at 1000
rpm onto 1%clay nanocomposite films, of meat samples of 100 g during storage time

atroom temperature
Time L
(hour) Avg
3 -2.21
6 -2.95
9 -6.76
12 -19.73
15 -37.96
18 -44.10
21 -49.31
24 -49.33
21 -49.85
30 -49.98
3 -49.29
36 -50.31
39 -49.40
42 -50.30

45

-49.41

D

0,35
0.52
132
128
342
132
169
0.59
138
1.11
140
1.20
130
2.32
150

Avg

131
141
164
445
8.22
12.56
14.56
1433
1492
1450
1461
14.77
14.88
14.35
1433

da*

D

0.08
0.07
0.08
0.16
0.54
0.12
0.18
0.60
0.13
0.08
0.14
0.48
041
045
0.38

Avg

183
418
1419
21.80
32.20
33.69
34.44
34.64
3447
33.19
3381
3447
33.90
33.99
411

D

0.03
0.06
135
061
115
0.25
0.74
0.89
0.23
0.25
0.73
0.71
0.68
132
0.72

Avg

3.16
531
1581
29.74
5045
56.90
61.88
61.96
62.42
62.05
61.53
62.75
61.73
62.38
61.73

oE*

D

0.46
0.65
2.15
2.05
511
1.69
261
2.08
174
144
2.2
2.39
2.39
4.09
2.60
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Table C18 Changes in Hunter color values of 5% / Cu2+, spin-coated at 1000
rpm onto 3%clay nanocomposite films, of meat samples of 100 g during storage time
at room temperature

Tirme aL* da* th”* dE*
o) Ay D A D Ay D Ag D

3 178 009 1% 005 245 018 340 032

6 236 013 170 005 450 028 536 046

9 205 131 205 0.08 870 0.0 9.36 1.65
12 1028 102 335 045 1906 148 2192 2%
[ 1652 13 660 037 2808 167 3276 337
o, 18 3307 043 1054 028 3247 084 4753 1%
.21 3986 173 1385 026 3404 063 5423 262
24 4675 049 1437 o012 I3 o2 5964 082
20 4777 026 1461 019 334 078 6011 123
30 4843 118 1454 007 3421 080 6105 205
3 4925 027 1515 039 3366 069 6155 13
30 4958 038 101 o002 3436 008 6216 048
39 5005 025 1498 003 3379 007 6222 0.3b
42 4961 016 144 026 338 092 6L/ 14
45 4973 015 1500 o022 3392 065 6204 102
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Table CI19 Changes in Hunter color values of 5% / Cu2+, spin-coated at 1000
rpm onto 5%clay nanocomposite films, of meat samples of 25 ¢ during storage time
at room temperature

Tirme dL* da* b (E*
o) ag 0 Ay D Ag D Ag D

3 091 o012 067 003 084 007 14 02
6 128 044 091 0.05 143 007 213 0.56
9 -E94 038 118 0.09 2.10 019 3.09 0.66
12 299 032 13H oo 972 024 1026 057
15 308 073 18 019 145 1es 1515 258
18 18 079 19 017 1703 067 1929 163
21 2217 09 1061 038 201 089 K0T 2.2
24 3040 141 1263 038 3029 075 4474 2H4
21 3111 1B 1376 016 3107 058 5032 209
30 4431 081 1370 o2 3154 019 5609 1
3 4442 073 0 1459 042 75 056 5709 171
36 4646 075 1438 041 3176 023 5809 139
39 4813 062 1445 040 318 025 5949 127
42 4877 087 1463 03 373 032 6000 1M
45 4847 05 1434 034 R18 o022 5992 131
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Table C20 Changes in Hunter color values of 5% / Cu2+, spin-coated at 1000
rpm onto 5%clay nanocomposite films, of meat samples of 50 ¢ during storage time

at room temperature
Time aL*
(hour) AVl
3 071
6 -1.39
9 -3.83
12 -4.48
15 -1.16
18 -1782
21 -29.39
24 -32.51
2 4227
30 -46.27
3 4752
36 -48.44
39 4943
4 -48.96

45

-49.61

D

0.03
0.04
1.12
0.65
L44
.35

.0.04

0.26
2:00
0.23
1170
2.13
0.40
0.67
0.50

Avg

0.72
140
130
145
2.32
6.35
12.31
13,64
14.28
1382
1444
1471
1507
1431
1514

da*

D

0.12
0.12

0.32
0.28
0.19
0.30
031
0.06
0.57
0.21
0.13
0.50
0.15

111
0.20

Avg

0.84
132
3.19
12.59
1831
21.59
32.03
32.49
3242
32.64
32.84
31.90
32.13
32.76
32.39

D

0.05
0.07
125
0.29
0.17
051
1.00
0.35
2.15
0.77
0.44
2.20
0.36
3.85
140

Avg

131
2.31
5.1
1344
19.80
3346
45.20
48.00
59.15
58.29
59.54
59.84
61.17
60.62
6131

D

0.20

0.23
2.69
1.22
1.80
2.16
1.3
0.67
4.12
1.21
2.21
483
091
5.63

2.10
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Table C21 Changes in Hunter color values of 5% / Cu2+, spin-coated at 1000
rpm onto 5%clay nanocomposite films, of meat samples of 150 g during storage time

at room temperature
Time i
(hour) AVl
3 -0.64
6 031
9 511
12 -10.28
15 -16.80
18 -32.84
21 -42 53
4 . 4745
21 4956
30 -50.53
3 -49.17
36 -48.65
39 -48.54
4 -48.97
45 -49.58

D

0.06
0.67
0.57
0,64
249
0.65
1.20
0.48
1.30
0.80
0.37
0.5

024

0.22

0.18

Avg

183
1623
2.14
3.89
6.17
10.92
14.88
14.38
1463
14.82
1403
14,68
1453
14.25
14.60

da*

D
0.09

0.11
0.16
0.11
0.30
0.16
0.35
0.05
0.30
0.33
0.34
0.14
0.11
0.13
0.08

Avg

118
163
12.79
21.36
29.68
3371
33.84
33.21
33.36
3311
33.79
33.33
33.00
33.11
33.84

D

0.12

0.15
0.84
0.21
1.06
0.29
0.32
043
0.58
0.13
0.33
043
0.32
0.63
0.23

Avg

2.2
2.33
1394
24.03
34.66
4331
56.39
50,71
6151
62.20
61.29
60.77
60.50
61.17
61.78

D

0.27
0.93
157
0.9
3.85
1.10
187
0.9
2.18
1.26
104
1.12
0.67
0.98
049



Appendix D Electrical Conductivity of Sensor to Meat Spoilage
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Table D1 Electrical conductivity of 5% / PEDOT:PSS, spin-coated at 1000 rpm
onto 5%clay nanocomposite films, of meat samples of 150

Time (hour)

Avg

1.03E-08
6.90E-08
6.56E-08
4.51E-08
1.11E-08
9.09E-09
1.2 IE-Q8
8.97Er09
1.45E-08
8.72E-09
2.90E-09
3.86E-09
1.82E-09
8.57E-10
6.60E-10
1.54E-10

D

6.71E-10
9.71E-10
351E-09
5.71E-09
2.711E-09
1.75E-09
2.44E-09
6.60E-10
5.78E-09
1.34E-09
8.08E-10
3.18E-10
127E-09
1.21E-10
2.35E-09
8.35E-10
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Table D2 Electrical conductivity of 5% / Cuz, spin-coated at 1000 rpm onto
S%clay nanocomposite films, of meat samples of 150 g

Time (hour)
0
3
6
9

12

15
18
21
24
21
30
33
36
39

42
45

Avg

1.03E-08
6.90E-08
6.56E-08
4.51E-08
111E-08
9.09E-09
1.21E-08
8.97E-09
145E-08
8.72E-09
2.90E-09
3.86E-09
1.82E-09
8.57E-10
6.60E-10
1.54E-10

SD

6.71E-10
9.71E-10
3.51E-09
5.71E-09
2.71E-09
1.75E-09
2.44E-09
6.60E-10
.78E-09

. 1.34E-09

8.06E-10
3.18E-10
1-.27E-09
1-2[E-10
2.35E-09
8.35E-10
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Appendix E Bentonite Clay, Max-Gel? GRADE SAC

Table EI Absorbance at 818 nm of the standard aqueous Cu2+ solution.

Std. Cu+ solution (ppm) Avg SD
1 0.163 0.015
5 0.381 0.068
10 0.656 0.024
20 1.156 0.051
40 2.213 2.213

Appendix F Poly(vinyl acetate) Emulsion, Adhesive Latex TOA NO.LA-22S

Table FI Physical properties of Poly(vinyl acetate) Emulsion

Physical Properties

Appearance Clear viscous emulsion
Solid content, % 2-25
Viscosity, LVT#4@12.30 °c, cps 25,000-40,000
pH (30°C) 4.0-5.5
Pound per gallon 8.6 -8.8

Appearance of film Hazy


mailto:4@12.30

Appendix G Bentonite Clay, Max-Gel® GRADE SAC

Table G1 Typical chemical analysis of bentonite on dry basis at 105 ¢

Element Percentage
5102 65-70
Al20s 1317
FedJ3 1.0-20
Na2) 1525
LOI 10-12
MgO 20-30
Ca0 1525
k) 04-0.8
Ti02 0.2-0.3

Table G2 Physical properties of bentonite

Physical Properties

Moisture content, % 8-12
5% suspension, pH 9.5-11.0
Swelling inclex, ml per 2 g of clay 15
Viscosity dial reading at 600 rpm 12-20
Dry particle size (pass 200 meshes), % 80 min
Wet particle size (pass 325 meshes), 98 min
Specific gravity 2.3-24

CEC, meg/i00 of clay 50
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