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Abstract

Biodegradable edible films were prepared from rice protein concentrates (RPC) made from rice wine meal by
alkaline extraction and isoelectric precipitation. The effect of film forming solution pH and plasticizers were
studied, and cross-linkers were added to improve mechanical properties and water vapor permeabilities (WVP)
of films. Films could be formed within pH 8~11 with tensile strength (TS) of 4.3~5.7 MPa. Films produced
under pH 11 had the highest TS (5.7 MPa) and the lowest WVP (0.44 ng-m/m’-s-Pa). Added glycerol,
polyethylene glycol 200 (PEG) and its mixture (GLY:PEG=50:50) as plasticizers also affected the
mechanical properties and WVP of films. TS and elongation at break (E) of films at various plasticizer levels
were 5.5~1.0 MPa and 3.6~24.3%, respectively. At the same plasticizer concentration, the highest TS was
observed when glycerol was used whereas the highest E was measured when mixture was used as plasticizer.
WVPs of films with thickness of 60 um were 0.38~0.54 ng-m/m’-s-Pa. WVP of films decreased as the ratio
of glycerol/PEG 200 was decreased, and WVP increased as the total amount of plasticizer added to the films
increased. Film strength was improved by the addition of small amount of sodium hydrogen sulfate, succinic
anhydride, ascorbic acid and citric acid, whereas TS of films containing 0.5~2.0% of NaCl and CaCl, were
lower than those without the salts. The highest TS (6.3 MPa) was achieved with films containing 0.1% of
succinic anhydride.
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Fig. 1. Flow chart for the preparation of rice protein
concentrates (RPC) from rice wine meal.
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Fig. 2. Extractability (3—) and solubility (0—O) of
rice wine meal protein concentrate with different solution
pH.
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Fig. 3. The effect of film forming solution pH on tensile
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Table 1. The effect of plasticizers on the mechanical properties of edible films from rice protein concentrates (RPC)
extracted from rice wine meal

Plasticizer concentration Plasticizer ratio Thickness Tensile strength Elongation
(g/g RPC) (GLY : PEG) (1m) (MPa) (%)

100:0 63.5+6.5" 55+0.7 3.6+05"

0.2 50:50 74.3+3.0 51+04° 6.41+0.6®
0:100 72.9+4.0 51+05° 6.9+22°

100:0 57.3+4.3 3.6+0.2° 15.0+3.4"

0.4 50:50 62.3+7.2 2.5+02° 23.6+5.7
0:100 62.4+15 25+0.3" 133+1.9"

100:0 71.0+11.1 1.6+0.2° 17.0+£3.2

0.6 50:50 65.8+11.9 1.3+0.1° 243+4.1°
0:100 61.8+5.8 1.4+0.2° 140+ 1.8

100:0 64.0+5.9 1.14+0.1 112+0.8°

0.8 50:50 69.746.9 1.0+0.1° 18.04+3.0°
0:100 70.5+10.7 1.0+0.1° 15.142.6"

YStandard deviation.

ab.c

concentration.

Superscriptive letters indicate significant difference at p<(0.05 by Duncan's multiple comparison within the same plasticizer
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Table 2. The effect of plasticizers on the water vapor
permeability of edible films from rice protein concen-
trates (RPC) extracted from rice wine meal

Plasticizer Plasticizer Thi Water vapor
. X ickness ot
ratio concentration (um) permeability
(GLY:PEG) (g/g RPC) M (ng-m/m”s-Pa)
0.2 56.8+4.0"  0.45+0.03
100:0 0.4 50.7+3.2 0.44+0.03"
0.6 62.0+1.9 0.54+0.03°
0.2 54.1+4.1 0.36+0.03°
50:50 0.4 553+3.4  0.43+0.05b°
0.6 60.0+7.0  0.51+0.08"
0.2 58.1+2.9 0.34+0.02°
0:100 0.4 56.4+3.0 0.44+0.02°
0.6 61.2+5.7 0.51+0.06"

"Standard deviation.

**Superscriptive letters indicate significant difference at p<
0.05 by Duncan's multiple comparison within the same plasti-
cizer ratio.
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Table 3. Relationship between thickness and water vapor permeability of rice protein concentrate (RPC) films

extracted from rice wine meal

Plasticizer ratio Plasticizer concentration

Thickness

. . )
(GLY : PEG) (&g RPC) (um) Linear equation r

0.2 56.8-+4.0° WVPY=0.0059 x T"+0.111 0.7285

0.4 50.7+3.2 WVP =0.0083x T +0.015 0.9063

100:0 06 62.0+1.9 WVP =0.0091x T -0.026 0.2573

0.8 58.142.9 WVP =0.0075xT +0.088 0.5600

02 54.1+4.1 WVP =0.0065x T +0.005 0.6240

0.4 553+34 WVP =0.0123x T -0.251 0.8793

50:50 0.6 60.0+7.0 WVP =0.0109% T -0.145 0.9954

08 64.9+1.9 WVP =0.0057x T +0.193 0.6623

0.2 547436 WVP =0.0061x T +0.008 0.9951

0-100 0.4 56.443.0 WVP =0.0042xT +0.196 0.3054

0.6 61.245.7 WVP =0.0107x T -0.151 0.9995

0.8 62.3+4.3 WVP =0.0061 x T +0.152 0.9999

UCorrelation coefficient.
IStandard deviation.
*Water vapor permeability.
“Thickness.
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Table 4. Effect of cross-linkers on tensile strength and elongation of edible films from rice protein concentrates (RPC)
extracted from rice wine meal

Cross-linker Concentration (g/g RPC) Thickness (um) Tensile strength (MPa)  Elongation (%)
Control 72.9+4.0" 514057 10.0:42.6™
0.5 76.7+5.9 50104 12.1+2.6%
NaCl 1.0 80.4+98 41103 142429
2.0 8024126 3.4+0.2 18.3+2.5
0.5 74.84+5.0 4.4+0.2¢ 9.3+3.3*
CaCl, 1.0 75.9+4.0 4.340.3¢ 9.3+4.2*
2.0 81.4+72 3.7+03" 9.442.9%
0.5 75.0+5.6 6.1+0.4" 6.5:+0.8°
Sodium hydrogen sulfate 1.0 73.1£5.5 5.4+0.5% 6.0+1.3*
2.0 79.0+6.2 5.34+0.4% 7.1+1.48
0.5 70.8+11.3 6.1+04" 6.0+1.4%
Ascorbic acid 1.0 75.3+4.0 54403 11.0£3.0°
2.0 72.5+5.2 5.4+0.4% 12.0-+2.2%
0.1 74.8+4.7 6.3+0.2 9.5+1.5%
Succinic anhydride 0.5 75.9+5.0 6.1+0.2% 5.7+1.18
1.0 78.0+5.0 5.6+0.3* 7.7+1.0%
0.1 76.1+£5.3 5.8+0.4" 9.9+2.2%
Citric acid 0.5 75.8+5.5 5.840.2 9.5+1.7*
1.0 78.7+5.5 5.2+0.27 11.6+2.5%

“Standard deviation.
*hedsfeSuperscriptive letters in a column indicate significant difference at p<0.05 by Duncan's multiple comparison.

Table. 5. Effect of cross-linkers on water vapor permeability (WVP) of edible films from rice protein concentrates
(RPC) extracted from rice wine meal

Cross-linker (%) Concentration (g/g RPC) Thickness (jtm) WVP" (ng-m/m*s-Pa)
Control 73.949.17 0.48:+0.05>
0.5 72.8+9.1 0.48:+0.03"
NaCl 1.0 69.5+4.4 0.48+0.02"
20 723439 0.54-£0.03
0.5 70.6:+£2.6 0.47+0.01%
CaCl, 1.0 71.84+2.0 0.47+0.03%
2.0 78.8+4.8 0.56+0.01°
0.5 76.8+6.4 0.47+0.05%
Sodium hydrogen sulfate 1.0 73.8+5.9 0.48+0.02"
2.0 79.9+7.2 0.53+0.05®
0.5 71.9+6.5 0.48+0.02"*
Ascorbic acid 1.0 72.9+1.7 0.47+0.03*
2.0 71.4%93 0.46:+0.06%
0.1 70.8+1.1 0.44+0.02
Succinic anhydride 0.5 70.8+5.0 0.47+0.01™
1.0 76.2+6.4 0.514+0.06"
0.1 76.241.3 0.48+0.02"
Citric acid 0.5 73.24+3.0 0.4510.02*
1.0 76.0-+2.9 0.4840.02%

"Water vapor permeability.
?Standard deviation.
*>‘Superscriptive letters indicate significant difference at p<0.05 by Duncan's multiple comparison.
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