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Table 1 Effect of additive types and concentrations on properties of CMC films.

CMC films Viscosity Thickness Color Score % Tensile % Oxygen

(cPs)* (mm.) L* a* b*  Solubitity Strengh Elongation transmission

(kF/em®) rate (OTR)

(cm3/m2/day)
CMC 61.2° 0.13"  11022° 1.32° -2.99° 9891° 581 431 1.34

Commercial

0% additive  429.9°  0.17°  87.80™" -0.79® 6.72°  78.58° 243 15.90 1.18
10%Gly  383.0°  0.19%  88.34° -0.56™" 434° 8523 166 29.60 1.25
20%Gly  396.0°  0.18% 8832 -0.57°" 423°  g4.44° 134 41.10 1.35
30%Gly  394.0°  0.19%" 8821 -0.63°" 457° 8130™° 157 50.20 1.34
40%Gly  420.0° 021"  88.26° -0.65*" 458 8223™" 118 46.00 1.40
10% Sor ~ 402.2°  0.19™"  8838" -022™ 3.72° 8501 257 9.78 2.17
20%Sor  407.2°  0.19%"  88.39° -0.29™*° 3.62° 8433 250 10.10 1.52
30%Sor 4349  020° 8820 -026™" 3.67° 81.80™ 188 9.54 1.17
40% Sor 436.6" 021°  86.87° -0.08° 298  83.03% 166 6.49 1.15
10%PEG  413.0°  0.19%"  88.16" -0.32"* 3.90°  83.68" 279 10.20 1.22
20%PEG 4233  020°  88.14° -046™* 452° 83.73° 210 11.20 133
30%PEG 4409  021°  87.96™ -0.69"* 588  83.74° 172 18.00 1.46
40%PEG 4259 022"  87.88™ -0.70°® 6.23°  84.46° 145 24.00 1.79
10% CaCO,  386.2°  0.19*"  86.99° -1.07° 1147° 77.66° 322 3.47 2.45
20% CaCO, 4159™  0.18%  87.21°° -1.62" 1427 76.73° 271 3.09 3.52
30% CaCO, 4152" 020 87.75"° -1.84" 1517° 64.19 222 3.16 8.01
40% CaCO, 4185 021  88.11° -1.98" 1577° 5591° 171 242 17.6

where: Gly = Glycerol, Sor = Sorbital, PEG = Polyethylene glycol and CaCO, = Calcium carbonate

* Brookfield; Spindle No. LV02, Spindle speed 30 rpm, T 2511 °C
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Means within the same column followed by different letter are significantly different (P<0.05)

Table 2 The quality of coffee in CMC packaging.

CMC Quality of coffee
packaging Store at room temperature Stored at refrigerator
% Humidity Color score % Humidity Color score
L* a* b* L* a* b*
Al-Foil 2.07° 39.66"  9.39°  3.62° 2.10° 38.88° 9.2 2.80'
0% additive 489" 3928 933" 327 2.48" 3926° 899 295
10% Gly 4.98" 39.25%%  9.71°  3.53% 117" 39.12¢ 924° 321
20% Gly 4.61° 3911 940°  3.11° 1.55" 3926 9.23¢ 320"
30% Gly 4.61° 39.52"  9.67°  3.60° 1.47 39.11" 922 3.06"
40% Gly 4.60" 38.96" 927  2.90 2.05° 3897 915" 295"
10% Sor 438" 39.06% 933" 3.08" 1.46 39.73°  9.11° 334
20% Sor 442 3940 933" 327 1L.16¢  39.19°  932°  3.19%
30% Sor 469" 3937°° 953" 345° 2.08" 39.64° 946  3.65
40% Sor 437" 38.99%" 930" 295 2.20° 39.11" 933 3,00
10% PEG 426° 3925 977" 3.76° 1.32 3936° 924" 3.06'
20% PEG 426° 3925%% 977" 376 0.89" 38.99"  9.10°"  2.87
30% PEG 4.39° 39.57° 920 2.8 1.14' 39.08"  9.24° 315
40% PEG 4415 39.42" 956" 356 1.09" 39.65° 921° 3.42°

k

10%CaCO, 4.94° 3897" 955 3.07" 1.18 38.86  921°  2.84

f

20%CaCo;, 4.95" 38200 9.40° 327 1.85 39.100 937" 3.25d

bede d

30%CaCo, 450 39.33 9.59'  3.46° 1.75% 3926° 943" 324

f

40%CaCO, 474 3950™¢  9.41°  351F 1.86 39.00°  9.08" 272

where: Gly = Glycerol, Sor = Sorbital, PEG = Polyethylene glycol and CaCO, = Calcium carbonate

Means within the same column followed by different letter are significantly different (P<0.05)
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Figure 1 the reaction for the production of CMC (D HM1 LaZAME, 2005)
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3
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Figure 2 illustrates the cellulose from durian hulk. (a) Cellulose was extracted with 1 molar NaOH at

80-90°C for 1 hour. (b) Cellulose after bleaching with 30%H,0, at 80-90 °C for 20 min.

Figure 3 Carboxymethylcellulose (CMC) powder, which
synthesized by reacting alkali-cellulose with chloroacetic

acid, yield = 138.12%, purity = 95.63%, color score:

L*=85.82 a* =-0.67 and b* = 18.05
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> === Sorbital
150 —#&— polyethylene glycol Figure 4 Effect of additive
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Figure 5 Effect of additive types and concentrations on mechanical properties of CMC films; (a)

Tensile strength, (b) %Elongation.
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Figure 7 Photos of CMC films with various additives after 24 hour of biodegradation studies in soil

burial: (a) Glycerol, (b) Sorbital, (¢) Polyethylene Glycol and (d) Calcium carbonate.
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Figure 8 Effect of additive types and concentrations on appearance of coffee in CMC film
packages, (al-a4) CMC film with 10-40 wt% glycerol, (b1-b4) CMC film with 10-40

wt% sorbital, (c1-c4) CMC film with 10-40 wt% polyethylene glycol and (d1-d4) CMC

film with 10-40 wt% calcium carbonate.
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