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Abstract

Whey powder, a by-product of milk industry, was utilized to produce biopolymer film with the combination
of film matrix supporting material, sodium caseinate. Biopolymer films were prepared from whey powder-
sodium caseinate mixtures at several mixing ratios. The effects of pH, plasticizers and cross-linkers on tensile
strength (TS) and elongation (E) of films were investigated. The films could be formed by use of whey
powder up to 70%. As the whey powder content was increased, TS of the film decreased while E increased.
Films containing more than 70% of whey powder could not be formed due to the stickiness of lactose in
whey powder. The optimum pH of the film solution was found to be 10. Among the plasticizers tested,
sorbitol was found to be the most effective plasticizer while glycerol was inadequate for the film. Tensile
strengths of films containing 30~40% whey powder were higher than 10 MPa with relatively high E, when
the films were plasticized with 30% (w/w) and 40% sorbitol. TSs of the relatively weak films containing 50~
60% whey powders were improved by the addition of small amount of sodium citrate for 30% sorbitol
plasticized films, and by the addition of sodium chloride for 40% sorbitol plasticized films. It was concluded
that up to 70% of whey powder could be utilized to produce biopolymer films by adding sorbitol and cross
linkers at pH 10.
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Whey powder/Sodium caseinate 10 g
Solvent system —— |#———— Plasticizers, Cross linkers
(60 mL EtOH/ 40 mL D.W)
Film solution

«———— Adjusting pH (4 - 11)

Heating and stirring the film solution up to 80T

Pouring the film solution (80 mL) onto the glass plate

“*—— Drying the film solution
at 23T for 24 hrs
Y
Dried film

v
Conditioning the films at 25C, 50% RH for 48 hrs

Testing the film

Fig. 1. Preparation procedure for biopolymer films
made from whey powder with various pHs, plasticizers,
and cross linkers.
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Table 1. Effects of film solution's pHs on mechanical properties of the films made with 40% whey powder and 60%
sodium caseinate

Plasticizer conc. H Thickness Tensile strength (MPa) Elongation (%)
(g/s WCM) P (um) Mean Range Mean range
Glycerol 0.2 49 - - - - -
10 1003+ 6.07 6.3+0.7 51- 75 84.5+10.9 70.9-102.8
11 100.0+11.0 4.2:4+0.7 32- 56 153.61+23.3 118.3-188.3
0.3 4-9 - - - - -
10 114.0+19.3 2.8+0.4 23- 32 120.7+13.6 107.6-139.5
11 113.1+ 7.5 44103 39- 47 144.94+12.3 131.8-154.4
0.4 4-9 - - - - -
10 116.6+ 3.6 1.6+0.1 1.5- 1.8 134.7+7.8 125.1-142.4
11 114.7+13.2 1.5+0.2 1.2- 1.8 136.9+13.2 129.5-160.4
0.5 4-10 - - - - -
11 121.7+£ 5.2 1.6+0.5 1.6- 1.7 170.2+£23.7 153.4-187.0
PEG 400 0.1 4-6 - - - - -
7 122.7+ 2.6 7.4+1.6 53- 9.7 1.3+ 09 0.3- 29
8 1119+ 6.0 7.0+£2.3 4.1-114 21+ 27 02- 88
9 95.6:+14.1 6.2+0.8 51- 7.2 109.1+30.9 56.3-143.9
10 92.6+14.1 4.9+0.2 4.7- 51 119.6+12.9 104.7-127.3
11 101.2+ 5.7 53+1.3 39-78 110.3+29.8 70.6-155.6
0.2 4-6 - - - - -
7 111.8+ 8.8 72109 59- 85 1.3+ 04 0.8- 2.0
8 103.1+ 6.2 7.9+2.9 29-12.5 09+ 04 03- 19
9 1035+ 8.0 12.3+3.0 7.1-15.8 1.2+ 0.7 04- 29
10 1003+ 3.3 54113 44- 72 125.6:24.0 95.6-151.6
11 104.4+ 0.7 53109 4.6- 6.3 70.4+22.6 46.8- 97.8
03 4-6 - - - - -
7 155.1+13.4 6.2+0.7 49- 74 51+ 39 0.9- 11.5
8 1269+ 34 55+1.8 35-94 32.2+20.2 3.1- 62.6
9 1214+ 7.0 7.6+1.7 48- 9.6 1.2+ 0.7 04- 29
10 116.1+ 6.0 4.0+1.7 22- 76 88.1+32.2 7.9-116.2
11 105.1+ 8.0 7.1+04 6.6- 7.6 51+ 5.7 2.0- 164
04 4-6 - - - - -
7 155.7+158 24103 2.0- 2.7 05+ 0.1 0.3- 0.6
8 138.8+11.3 5.0+1.2 2.8- 64 19+ 13 0.5- 3.4
9 140.0+14.2 3.7+0.7 29- 49 63.5+21.6 31.6- 90.6
10 135.7+14.0 36113 2.5- 6.5 66.8+22.7 24.7- 94.0
11 133.61+14.1 32113 20- 63 128.31+47.7 57.3-185.0
0.5 4-9 - - - - -
10 112.8+ 8.9 72413 5.0- 8.8 3.5+ 35 1.4- 138
11 117.84+ 9.5 7.3+0.7 6.0- 8.7 6.6+ 6.3 1.7- 21.8
Sorbitol 0.1 4-10 - - - - -
11 794+ 9.2 13.9+6.3 5.3-22.2 0.6+ 04 -
0.2 4-9 - - - - -
10 107.4+ 6.6 9.6+3.7 3.0-15.2 07+ 04 02- 1.3
11 932+ 81 151+2.1 10.0-17.7 52+ 19 22- 91
03 4-6 - - - - -
7 119.1+ 8.1 11.4£2.7 6.0-15.2 1.9+ 0.7 0.8- 31
8 1155+ 7.1 11.0+1.7 8.6-14.4 9.2+ 8.8 2.3- 359
9 105.5+13.3 8.8+13 7.3-12.0 68.1+15.1 54.3- 983
10 1059+ 93 87+1.3 7.2-10.8 60.9£27.0 20.8- 96.5
11 107.0+17.5 5.9+0.9 4.8- 72 121.3+£20.6 98.7-159.8
0.4 4.7 - - - - -
8 13824 7.8 42108 3.1- 52 71.6+13.9 49.2- 86.9
9 118.8+12.8 6.9+ 1.6 5.7-10.5 82.5+24.1 50.0-117.3
10 137.4+11.8 6.2+0.2 6.0- 6.6 1155156 88.7-149.7
11 152.0+16.7 52103 47- 59 111.7+28.6 54.3-138.5
0.5 4-7 - - - - -
8 1529+ 7.6 3.9+04 34- 46 101.8+17.0 80.5-121.2
9 125.7+11.2 43105 38-53 126.6:+16.6 100.6-154.2
10 1261+ 7.5 4.8+0.5 42-55 154.7+20.5 126.5-191.8
11 128.1+ 3.3 3.5+0.8 3.0- 4.7 154.7+ 9.2 141.5-162.7

YMean = standard deviation.
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Fig. 2. Effects of plasticizers on tensile strength (filled
symbol, solid line) and elongation (hallow symbol, dashed
line) of films with various proportions of whey powder at
pH 10. (SOR=sorbitol; PEG=polyethylene glycol 400)
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Fig. 3. Effects of plasticizers on plasticity ratio of the
films with various whey powder contents at pH 10.
(SOR=sorbitol; PEG=polyethylene glycol 400)
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Table 2. Effects of cross linkers on mechanical properties of the films plasticized with 30% (w/w WCM) sorbitol
Whey : SC Cross linker  Thickness Tensile strength (MPa) TS,? Elongation (%) Es?
. Conc. (%) (hm) Mean Range (%) Mean Min. (%)
50:50 0 992+ 6.4% 14.4+4.6 8.8-20.7 714 66.8+51.7 1.3-169.8 50.0
NaCl 0.1 120.7+140 8.1%+423 1.8-13.3 55.6 20.2+25.1 0.3- 64.0 222
NaCl 0.5 122.3+180 87427 3.0-15.4 27.8 38.5+48.2 0.5-120.2 38.9
NaCl 0.9 1099+10.3 9.2+3.6 1.2-13.1 52.6 31.6+37.6 0.3-102.2 211
60: 40 0 104.0+151 8.1+19 5.4-119 11.1 79.1£334  389-142.2 77.8
NaCl 0.1 1238+103 6.2+2.1 1.1- 9.5 0.0 68.0+58.7 0.3-162.8 58.8
NaCl 0.5 115.6+10.6 59+28 1.3-11.3 71 48.4+53.5 0.3-126.6 429
NaCl 0.9 102.0+158 69+24 2.7-10.8 9.1 14.6+27.5 0.4- 71.4 18.2
70:30 0 1005+139 4.8+16 2.8- 7.7 0.0 130.9+37.7 78.3-193.7 100.0
NaCl 0.1 1169+ 3.1 73+3.7 1.0-13.5 11.8 24.7+42.9 0.2-119.6 23.5
NaCl 0.5 1101+ 93 59+15 3.6- 8.9 0.0 60.6+64.8 0.6-176.3 474
NaCl 0.9 12144221 49+1.6 2.2- 89 0.0 86.9+47.6 1.4-151.7 80.0
50:50 C.A"0.1 1159+ 52 3.1+22 1.1- 7.0 0.0 0.8+1.1 0.2- 3.3 0.0
CA 05 116.61+-8.8 84+29 1.8-12.2 333 8.0+19.8 0.3- 86.3 5.6
C.A 09 117.0+16.3 6.5+2.2 1.1- 9.4 0.0 57+11.5 0.4- 49.5 0.0
60:40 CA 01 1134+ 89 73+15 3.2-10.1 5.0 41.9+459 0.4-121.7 40.0
CA 05 1175+148 7.2%+1.7 2.2-10.6 5.0 59.5+53.3 0.3-144.7 55.0
CA 09 1240+ 84 44420 1.7-7.8 0.0 27.4+44.0 0.2-110.5 263
70:30 CA 01 1158+14.6 50+1.1 29- 73 0.0 70.0+54.8 0.5-151.0 65.0
CA 05 1140+159 54+15 3.0- 8.1 0.0 92.94-44.0 0.8-148.6 83.3
CA 09 1189+146 3.71+0.7 3.0- 5.2 0.0 123.1+35.5 37.3-169.5 94.1
50:50 Sc” 0.1 114.9+121 11.6+3.0 6.7-15.9 714 0.9+ 0.3 04- 1.5 0.0
Sc 0.3 121.9+149 12.8+3.2 8.6-20.7 86.7 3.1+ 31 1.2- 6.2 0.0
Sc 0.5 116.1+13.0 12.5+2.5 7.5-17.4 87.5 19.5+27.4 0.5- 83.0 125
Sc 0.7 119.4+10.6 12.3+2.8 9.4-18.2 73.3 36.6+35.8 1.3- 97.8 40.0
Sc 0.9 11534122 14343.1 9.1-18.1 87.5 37+ 22 0.8- 8.1 0.0
Sc 1.1 1179+ 79 142426 5.9-12.9 125 10.7+21.2 0.6- 3.8 0.0
0.0
60:40 Sc 0.1 112.8+ 7.9 77+1.7 5.9-12.9 125 1.8+ 1.0 0.6- 3.8
Sc 03 112.1+13.2 64+23 3.3-12.8 10.0 27+ 24 0.6- 8.0 0.0
Sc 0.5 115.5+14.1 7.7+1.9 5.1-11.6 15.0 39.1+38.1 0.9- 99.8 50.0
Sc 0.7 119.1+15.3 85+2.8 5.7-18.2 21.1 68.9+51.9 1.8-128.3 632
Sc 0.9 117.41+:10.6 73+1.4 4.8-11.2 53 64.5+49.9 0.8-133.8 63.2
Sc 1.1 115.1+12.6 7.9+2.1 4.5-14.2 11.8 57.1+51.4 0.7-136.0 52.9
70:30 Sc 0.1 114.8+15.6 73+21 3.8-10.6 6.7 11.6+28.1 0.7-110.1 6.7
Sc 0.3 114.0+18.7 51421 2.9-10.6 5.0 9524394 4.7-167.4 90.0
Sc 0.5 1219+ 9.1 43115 34- 9.0 0.0 111.94+36.5 8.6-157.5 94.1
Sc 0.7 108.4+13.2 48+1.3 3.6- 9.2 0.0 112.8+46.3 1.7-166.7 88.2
Sc 0.9 113.7+ 84 42+09 3.2- 64 0.0 117.3+27.7 65.5-159.3 100.0
Sc 1.1 112.0+ 8.0 45+1.3 3.3- 8.0 0.0 126.4+36.0 34.5-166.3 88.9

YSodium caseinate.

PPercent of films showed over 10 MPa of tensile strength.

“Percent of films showed over 50% of elongation.

“Mean + standard deviation. *Citric acid. ®Sodium citrate.

YE9 A$ A/ Jlad 257} QAT Al
37} de AR vehged, $AETH sodium

caseinate®] W]-g-o] 50:508] 73-9¢- sodium chloride,
sodium citrate, citric acid =2 2 1 A3}7} el



1292

P21 E23]2] A 304 A 6.3 (1998)

Table 3. Effects of cross linkers on mechanical properties of the films plasticized with 40% (w/w WCM) sorbitol

Whey : SC” Cross linker Thickness Tensile strength (MPa) TS,? Elongation (%) Es®
’ Conc. (%) (um) Mean Range (%) Mean Range (%)

50:50 0 121.9+10.7°  63+1.0 5.2- 8.8 0.0 122.6+143 100.4-153.7 100.0
NaCl 0.1 13114129 12.0+29 3.8-16.7 85.0 39.6+43.8 0.4-1133 40.0

NaCl 0.3 117.7+185 104+45 6.2-22.0 40.0 83.5+50.7 3.9-139.3 75.0

NaCl 0.5 117.3£11.6 8.07+2.2 5.5-12.5 25.0 84.7+43.5 2.2-145.2 80.0

NaCl 0.7 141.2+ 5.6 79126 5.0-13.6 25.0 110.0+50.7 14.1-193.3 90.0

NaCl 0.9 129.84-18.0 7.7£2.1 6.0-13.4 20.0 105.2+29.7 5.2-139.7 95.0

171.3+15.8 3.94+09 29- 62 0.0 131.9+329  86.1-171.3 100.0

0

60:40 NaCl 0.1 130.84+12.6 5.1%2.0 34-106 5.0 111.0£39.0 18.2-163.9 95.0
NaCl 0.3 140.7+ 9.1 4.7+2.0 3.1-11.0 5.0 110.7+£32.6 49.7-172.0 95.0

NaCl 0.5 1488+ 8.0 53423 3.0-103 10.0 85.7+£379 3.1-132.4 80.0

NaCl 0.7 1155%+135 10.4+26 6.9-16.1 50.0 53.8+47.8 1.5-1423 50.0

NaCl 0.9 1334+ 938 73+19 43-11.1 15.0 58.1£58.6 0.6-151.8 50.0

70:30 0 114.5+10.7 31+1.0 14- 51 0.0 139.0+183 1184-176.5 100.0
NaCl 0.1 134.11+19.2 4.1+1.8 2.1- 8.0 0.0 100.14+47.8 4.2-166.4 90.0

NaCl 0.3 118.3+29.5 47+£24 1.9- 8.6 0.0 104.81+49.9 4.6-176.8 88.9

NaCl 0.5 124.1+28.2 44+21 2.2-10.0 0.0 120.4+64.0 1.0-189.8 83.3

NaCl 0.7 103.5+16.3 43+1.8 2.6- 83 0.0 97.5+59.0 1.7-158.3 66.7

NaCl 0.9 127.0+29.2 41122 1.6- 9.7 0.0 85.5+55.3 0.6-164.9 69.3

50:50 CAY 0.1 1349+173  7.6+16 4.7-104 5.0 68.5+59.5 1.4-175.2 55.0
CA 03 119.2+139 8.0x+1.1 5.0- 9.7 0.0 82.1+488 2.2-141.1 75.0

CA 05 1232+103 75+14 3.89.2 0.0 67.0£58.0 0.8-146.3 579

C.A 0.7 125.74-10.7 7.7+ 1.6 4.0-10.3 5.0 75.1+55.5 1.4-145.1 65.0

CA 09 130.4+13.1 74+1.2 5.1- 94 0.0 83.94528 3.5-155.8 75.0

60:40 CA 0.1 123.5423.1 52+1.2 34-79 0.0 12544192 87.3-160.4 100.0
C.A 03 127.7+12.1 4.8+1.2 3.2- 69 0.0 112.0+36.1 5.7-165.1 95.0

C.A 0.5 122.8+12.2 54+15 35- 78 0.0 95.0%59.9 4.2-171.7 70.0

CA 07 115.8+13.6 81+£19 4.1-13.0 10.0 3724452 0.5-139.1 40.0

C.A 09 119.0+13.2 6.4+1.2 43- 84 0.0 86.41+55.6 1.3-173.6 75.0

70:30 C.A 0.1 126.2+13.7 3.6+1.3 25-70 0.0 127.2+47.8 56.4-202.6 100.0
CA 03 1152+173 39+1.6 2.4- 93 0.0 224+7.2 13.4-46.2 0.00

CA 05 1204+ 94 3715 24- 85 0.0 125.0+48.7  22.3-185.2 90.0

CA 07 12414120 4.0+1.7 2.0- 83 0.0 119.1+52.2 3.6-200.1 94.7

CA 09 124.84+13.5 4.0+1.7 1.1- 88 0.0 100.9+60.5 0.4-198.6 80.0

50:50 Sc” 0.1 137.7+10.0 93+22 6.9-13.9 389 98.0+39.7  33.7-153.2 77.8
Sc 0.3 107.1+ 99 9.5+1.5 7.5-124 375 95.7+31.5  44.2-1503 93.8

Sc 0.5 114.5+10.7 85+1.4 6.2-11.0 20.0 94.7+274  28.8-134.5 933

Sc 0.7 108.9+12.5 83+1.0 6.8-10.0 0.0 87.6+232  50.7-132.5 100.0

Sc 0.9 107.9+ 9.9 8.6+ 1.6 6.4-12.5 23.5 81.1+354 10.87-139.7 824

60:40 Sc 0.1 126.5+17.6 92+20 6.3-12.8 250 75.9+40.7 1.9-141.7 80.0
Sc 0.3 118.4+12.7 59+09 4.6- 8.7 0.0 127.3+38.0 8.7-170.0 95.0

Sc 0.5 122.3+10.8 7.0+1.0 5.8- 99 0.0 1262+ 164 95.1-152.7 100.0

Sc 0.7 121.4+15.5 5.6+1.1 4.3- 83 0.0 129.1+:23.6 69.8-158.0 100.0

Sc 0.9 120.8+12.6 54+12 4.0- 7.6 0.0 13434228 109.1-i74.7 100.0

70:30 Sc 0.1 1204+ 6.8 4.2+1.0 2.6-53 0.0 1479+20.1  121.0-176.2 100.0
Sc 0.3 118.0+10.2 44+1.0 3.0- 56 0.0 168.8+183 138.1-198.0 100.0

Sc 0.5 112.4+11.8 2.9+0.8 1.9- 45 0.0 144.6+22.8 101.7-182.8 100.0

Sc 0.7 115.7+£11.2 2.7+09 1.6- 44 0.0 120.24+17.3 94.5-148.2 100.0

Sc 0.9 119.2+ 2.8 33+11 2.1- 54 0.0 113.94£292  89.47-175.3 100.0

"Sodium caseinate.

®Percent of films showed over 10 MPa of tensile strength.

“Percent of films showed over 50% of elongation.

“Mean + standard deviation.
*Citric acid. “Sodium citrate.
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