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Modeling for the Prediction of Liquid Food Density

Yong-Hee Choi
Department of Food Engineering Kyung Pook National University, Taegu

Abstract

For the development of a general mathermatical model to predict the density of liquid foods
based on temperature and composition of each major component, the major components of
liquid foods considered in this study were water, protein, fat, carbohydrate, fiber and ash,
These samples were subdivided into sixteen pure components, The density of each sample
was measured by a volumetric pycnometer at the temperature range of 0°C to 100°C for three
different solid content suspensions. The density values of pure component solids were calcu-
lated from the assumed model at given temperature, using the experimental values of three
different solid content suspensions with known water fraction and density model of water,
Using these calculated density data at the temperature range of 0C to 100C, the coefficients
of ther density model for each pure component were determined by the OPT Subroutine
Program. The density model developed in this study can be used to predict the density values
of liquid foods at given temperature and composition.
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Table 1. Samples used in this study for the density measurements of majer pure components in different

food products

Food Products Protein Fat Carbohydrate Ash
Milk and Casein Milkfat
mitk products Whey protein Hta Lactose Milk salts
Suger
. Starch
F
ruit ar:d (low) Vegetabie oit Pectin
vegetable Cellulose
Albumin Corn oil
Others Dextrose
Gluten Lard
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Table 2. Density of albumin protein suspensions

3
Density {(kg/m )

Temperature (C°)

10% solids 30% solids 60% solids
10 1019.3 1067.3 1146.5
20 1017.6 1065.9 11441
30 1015.5 1061.3 1142.4
40 1012.7 1057.4 1137.4
50 1009.5 1053.3 1131.3
60 1005.6 1051.3 1126.3
70 1000.4 1046.3 1121.4
80 994.7 1038.3 1116.9
90 988.3 1034.3 1108.3
100 981.4 1024.4 1102.7
Table 3. Density of tats
i 3
Density (kg™ )

Temperature(°C) Mjikfat Vegetable oil Lard Corn oil

10 914.6 923.3 918.7 923.1
20 910.4 919.8 914.3 919.8
30 908.2 915.7 910.6 9159
40 902.7 911.6 908.3 911.4
50 898.9 907.8 904.7 907.6
60 894.7 903.9 901.1 903.8
70 890.3 898.7 894.3 898.9
80 886.2 895.4 890.1 895.1
S0 882.1 £91.6 885.9 891.4

100 878.3 8817.3 882.1 887.1
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Table 4. Density of casein suspensions

Density (kg/ m3)

Temperature(°C)
10% solids 30% solids 60% solids
10 1032.2 1110.6 1254.3
20 1030.8 1109.4 1251.9
30 1028.8 1106.7 1248.4
40 1026.2 1103.7 1245.8
50 1027.8 1100.3 1240.3
60 1018.3 1095.4 1236.3
70 1013.2 1090.1 1229.5
80 1007.6 1084.3 1224.1
90 1001.3 1078.4 1218.7
100 994.5 1071.4 1212.4
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Table 5. Density of gluten suspensions Table 9. Density of lactose suspensions

. 3
Density (kght) i
Temperature(°C) - . , Temperature(°C) Density (ky/m)
10% solids 20% solids 30% solids 10% solids 30% solids 60% solids
10 1019.1 1043.2 1073.3 10 1047.9 1142.6 1322.2
20 1042.7 1138.1 1318.3
20 1017.8 1041.4 1071.4
30 1037.8 1132.9 1312.3
30 1016.1 1039.4 1068.9
40 1014.1 1036.6 1065.4 40 1032.8 1128.1 1308.9
: i 50 1028.2 1123.8 1304.4
50 1008.4 1032.4 1061.3
60 1022.7 1118.2 1299.8
60 1004.5 1028.7 1057.7
70 1017.7 1113.4 1294.4
70 1001.3 1024.5 1053.4
80 1013.0 1108.1 1289.9
80 994.3 1018.4 1048.5
90 1007.9 1103.6 1285.5
0 989.3 1012.4 1043.3 1003.0 1098.7 1281.2
100 981.4 1005.7 1035.4 100 . : :
Table 6. Density of whey protein suspensions Table 10. Density of sugar suspensions
’ 3 3
Temperature(°C) Density (kg/m~) . o Censity (kg/m~)
' 10% solids 20% solids 30% solids emperature(®C) o colids 30% solids  60% solids
10 1022.7 1078.4 1175.3 10 1038.2 1135.3 1319.3
20 1021.6 1077.6 1173.2 20 1037.9 1133.8 1316.3
30 1019.5 1074.3 1169.4 30 1036.0 1131.7 1314.3
40 1016.4 1071.3 1165.4 40 1033.1 1129.2 1311.6-
S0 1013.3 1067.1 1160.3 50 1029.7 1125.3 1307.1
60 1008.7 1063.3 1156.3 60 1025.6 11211 1303.1
70 1003.7 1057.4 1150.6 70 1020.7 1116.4 1298.5
80 998.4 1051.5 1144.3 80 1015.3 1110.7 1283.5
0 3991.6 1045.1 1137.8 30 1008.7 1104.3 1287.2
100 984.8 1038.6 1130.3 100 1001.7 1097.4 1281.3
Table 7. Density of milk salt suspensions Table 11. Density of starch suspensions
. 3 . 3
( Density (kg/m™) Density (kg )
Temperature(°C) - - - °
T
10% solids 20% solids 30% solids emperature(°C) 10% solids 20% solids 30% solics
0 1067.9 1219.1 1548.2 10 1023.2 1052.3 1081.2
20 1062.8 1214.0 1543.1
20 1022.1 1048.5 1079.1
30 1057.8 1208.7 1538.5
30 1020.4 1047.5 1077.1
40 1052.6 1203.5 1533.2
40 1071.8 1045.3 1075.1
50 1047.6 1198.1 1528.1
50 1014.,5 1041.8 1070.3
60 1042.6 1192.6 1522.6
60 1010.3 1037.2 1068.2
70. 1037.4 1187.4 1516.1
70 1005.3 1033.5 1062.9
80 1032.3 1182.2 1510.9
80 999.8 1027.3 1057.8
20 1027.3 1177.0 1504.8
100 1022.2 171.4 1498.2 90 993.6 1021.9 1052.8
N ) : 100 986.7 1016.2 1046.3
Table 8. Density of dextrose suspensions Table 12. Density of cellulose suspensions
Density (kgtng) Density (kg/m)
Temperature(°C) Temperature(°C) - - :
10% solids 30% solids 60% solids 10% solids 20% solids 30% solids
10 1039.2 1135.3 1319.3 10 1021.4 1047.9 1074.2
20 1037.9 1133.8 1316.3 20 1020.2 1045.8 1073.1
30 1036.2 1131.7 1313.3 30 1018.3 1044.1 1070.3
40 1033.4 1128.1 13114 40 1015.8 1041.8 1067.8
50 1029.6 1124.2 1308.1 50 1012.2 1038.9 1063.9
60 1025.7 1120.7 1304.2 60 1008.2 1034.8 1059.9
70 1020.8 1116.4 1298.2 70 1003.8 1029.2 1056.3
80 1015.4 1110.8 1293.5 80 998.3 1023.3 1050.2
90 1008.9 1104.3 1286.4 90 991.7 1018.9 1044.2

100 1001.2 1097.2 1281.5 100 984.7 1010.3 1037.3
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Table 13. Density of pectin suspensions

Density (kg/mz)

Temperature("C) g ™ oiids 20% solids  30% solids
10 1020.6 1045.1 1071.3
20 1019.2 1043.3 1069.5
30 1017.3 1041.8 1067.3
20 1014.6 1039. 1 1066.3
50 1011.5 1036.4 1061.9
60 1007.3 1033.3 1057.3
70 1002.5 1027.3 1054.3
80 997.4 1022.1 1047.5
90 990.7 1016.8 1042.9
100 984.2 1008.6 1035.2

Table 14. Density models of pure components of foods

2 AR 8 ¢AEe] WEeE& 2942 Table 14
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Pure Standard oStandard
components Density models error /o(g:)ror
Albumin 6 = 1.2795x10° -5.2551x10°" T 4.0593 .32
Casein P = 1.3889x10° -4.9763x10 ' T 2.4641 18
Whey protein 0 = 1.3367x10° 5.5918x10° T 3.1630 - 24
Gluten b = 1.2046x10° 4.5829x10° " T 13.9105 1.10
Milkfat o - 9.1989x10° -4.2054x107" T 1.0216 Y
Vegetable oil 0 = 9.2859)(102 ~4.1089x10"1 T 1.0182 1
Lard O - 9.2427x10° -4.1896x10° " T 1.1819 a3
Corn oil O - 9.2862x10° -4.1214x10°" T 1.0904 12
Dextrose b = 1.6834x10° -3.3501x107 T 2.9494 .18
Lactose b - 1.6826x10° -3.2495x107" T 4.2424 .25
Sugar (- 1.6829x10° -3.3557x107" T 2.0264 12
Starch p - 1.3501x10° -3.0304x10"" T 3.7448 28
Cellulose b = 1.3192x10° -3.7607x10°" T 4.1978 .32
Pectin o = 1.3039x10° -3.5629x10°" T 4.2431 .33
Milk sait o = 2.4238x10° -2.8063x10 ' T 2.2315 .09

Table 15. Group models of major components of foods

Major Standard Standard
component Group models error %(;;ror
Protein p =1.3299x10° -5.1840x10"'T 39,9501 3.07
Pat p =9.2559x10° -4.1757x10°' T 4.2554 .47
Fiber 0 =1.5991x10° -3.1046x10°'T 93.1249 5.98
Carbohydrate p =1.3115x10° -3.6582x10° ' T 8.2687 .64
Ash - p =2.4238x10° -2.8063x10°'T 2.2315 .09

2N 2P| v/
L AFTAN D UE o2 v e BFYE AR
B7) HAstel FHGss-120) ¥ g 2L AA| 4 Ee| Y

= odlolebet £ Aol PR 2 AA AF 24 Y 2
EE24E dojAE o F 2ol A4kl gaE w)ast
Keiy 21 ext7t Table 16014 ¥ ulelzto) B 2%



138
ool & A Xt

Table 16. Comparison between model and literature
values of densities for liquid foods

Standard Standard

No. of data error % error(%)

165 20.1924 1.98(.18-6.59)
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Fig. 1. Density of albumin solids.
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Table 17. Compositions of major components for the
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Fig. 2. Density of food product samples.

food preducts used in this study

Water Protein Fat Corbohydrate Fiber Ash
Food duct
products % % % % % %
Evaporated milk 69.86 8.0 10.0 12.0 0 .14
Concentrated
Orange juice 58.2 2.3 2 37.8 .2 1.3

Table 18. Compositions between model and experi-
mental values of densities for liquid foods

Food: Standard Standard

ocds error % error(%)

Evaporated milk 15.1727 1.45

Concentrated orange juice 9.3739 0.80
2 %
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