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Abstract: Mechanical properties and morphology of pectin/starch blend films depending upon -the composition and plasticizer ratio were studied.
Blends were prepared continuously in a twin-screw extruder. Films were prepared using a single-screw extruder with slit die. Most of the blends
showed a good thermoplastic behavior, while the blends with very high ratio of pectin/starch had a poor thermoplasticity. Tensile properties of
blend films were changed significantly by the amount of glycerol and relatively little by the ratio of pectin/starch. Differential scanning calorimetry
(DSC) curves of wet blends showed a transition similar to glass transition temperature(Tg) at about 125 C. It was found by Scanning electron
microscopy(SEM) study that there exists a good interfacial adhesion between pectin and starch.
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Table 1. Compositions of Pectin and Starch Blends
wet composition dry composition®
sample | pectin (wt %) | starch (wt %) | glycerol (wt %) | water (wt %) | pectin (wt %) | starch (wt %) | glycerol (wt %) | pectin/starch
GL20 31 31 15 23 40 40 20 50/50
GL30 28 2 24 20 35 3 30 50/50
GLAO 24 24 34 18 30 30 40 50/50
GLY0 21 21 42 16 2% 2% 50 50/50
GL60 17 17 53 13 20 20 60 50/50
PEC75 455 155 26 13 525 175 30 75/25
PEC60 365 245 26 13 42 2 30 60/40
PEC50 305 305 26 13 3H R5) 30 50/50
PEC35 21 40 26 13 245 455 30 35/65
WAT20 33 33 28 6 35 3H 30 50/50
WAT0 30 30 26 14 35 3b 30 50/50
WATS0 27 27 23 23 3% 35 30 50/50
WAT110 2% 25 22 28 3% 3% 30 50/50

* Compositions without water which was added for the thermoplasticity of pectin
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Table 2. Tensile Properties of Dried Pectin/Starch Films

strength at break elongation initial modulus

sample (MPa) (%) (MPa)

GL20 26.65 (1.35) 1(01) 3100 (370)
GL30 22.44 (052) 34 04) 1610 ( 30)
GL40 7.13 (052) 065) 2535 (50.3)
GL50 2.48 (0.10) 300 39) 326 (52)
GL60 0.81 (0.07) 278 (34 ) 112 1)
PECT75 22.18 (1.14) 42 (07) 1690 (190)
PECE0 23.10 (0.36) 35 (03 ) 1650 (150)
PEC50 22.27 (0.91) 35 (01) 1620 (180)
PEC35 2255 (2.40) 23 (03) 1630 (200)
WAT20 2365 (3.17) 29 (0.42) 1740 (120)
WATS0 2330 (152) 24 (0.16) 1640 (160)
WATS0 2289 (2.95) 25 (0.35) 1720 (190)
WATL10 22.37 (3.35) 2.7 (0.50) 1740 (410)

() standard deviation

Table 3. Tensile Properties of Pectin/Starch Films Aged for 12
hours Under 48% RH

sample strength at break elongation initial modulus
(MPa) (%) (MPa)

GL20 11.3 (0.92) 95 (0.4 520 (31)
GL30 458 (0.21) 157 (1.5) 133 (14)
GLAD 2.10 (0.10) 147 (1.3) 305 (7.2)
GLY0 - - -
GL60 - - -
PEC75 4,00 (0.07 11.8 (0.8 164 (17)
PEC60 434 (0.08) 16.3 (0.05) 120 (12)
PEC50 414 (0.14) 16.0 (0.6) 116 ( 6)
PEC35 407 (0.32) 155 (2.0 112 (18)
WAT20 3.79 (0.05) 172 (1.7 117 (40)
WAT5S0 393 (0.16) 15.7 (0.6 92 (26)
WATS0 469 (0.17) 164 (2.6) 115 (61)
WATI110 496 (0.19) 159 (1.6) 118 (59)

() standard deviation
* The tensile specimens of GL50 and 60 were too soft to test.
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Table 4. Tensile Properties of Pectin/Starch Films Aged 12 hr
Under 92% RH

I strength at break | elongation initial modulus
sampie (MPa) (%) (MPa)
GL20 2.28 (0.28) 87 (1.1 83 (22)
GL30 0.97 (0.11) 50 (0.8) 28 (3.5

Table 5. Water Absorption of Pectin/Starch Blend Films

water uptake(%)

sample

20 hr 68 hr | 116 hr | 148 hr | 284 hr | 384 hr
GL20 082 280 453 5.88 6.78 7.06
GL30 327 527 723 8.05 8.86 9.08
GLA40 416 712 881 977 10.73 11.09
GL50 59% 8.01 9.65 10.96 12.05 1270
GL60 564 894 11.89 12.66 1412 1465
PEC75 1.88 505 722 804 9.06 931
PEC60 2.38 553 6.66 7381 8.71 889
PEC50 250 544 712 803 832 9.08
PEC35 2.46 5.26 6.87 739 867 994
WAT20 | 310 6.41 804 883 9.78 997
WATS0 | 280 712 811 8.86 9.84 10.01
WAT8 | 270 643 795 881 9.79 997
WAT1I0} 268 6.78 803 885 9.74 991
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Figure 1. DSC curves of wet chip of blends prepared by
varying glycerol content.
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Figure 2. DSC curves of wet chip of blends prepared by
varying pectin/starch ratio.
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Figure 3. DSC curves of wet chip of blends prepared by
varying water content.
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Figure 4. DSC curves of dried chip of blends prepared by
varying glycerol content.
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Figure 5. DSC curves of dried chip of blends prepared by
varying water content.
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Figure 6. TGA curves of dried chip of blends prepared by
varying pectin/starch ratio.
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Figure 7. Scanning electron micrographs of fractured surface of
(a) pectin/starch(90/10); (b) pectin/starch(60/40); (c) pectin/starch

(d

(50/50); (d) pectin/starch(35/65) blend films.
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Figure 8. Scanning electron micrographs of fractured fim of

(c)
blends prepared by varying glycerol content: (a) GL20; (b)
GL30; (¢) GLA40; (d) GL&O.
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