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ABSTRACT
Vacuum evaporation is one of the most popular processing methods for juice concentration; however, non-uniform termal treatment
cause the processing time longer, which means quality loss. In this project ohmic heating was applied in vacuum evaporation, critical
operation variables such as material temperature, vacuum pressure, concentration ratio was studied, and juice concentrates from
different procedures were compared by both quality determination and sensory evaluation. The results showed that if vacuum
chamber was kept at 25mmHg, materials were boiled at room temperature; current and conductivity were found very low, which
indicated ohmic heating was not appropriate here. However, if the vacuum chamber was kept at 30 or 50mmHg, the material
temperature could reach at 30 or 3500 , respectively. This range seems to be appropriate for ohmic heating. Electrical conductivity
was found increased during the process, due to the increasing electrolyses. This result indicated that the thermal effect increased
during evaporation, which was totally different than traditional process. In comparison study, concentrated products by ohmic
heating were found better than tradition process, which meaned there contained protential for this new process.

Keywords : ohmic heating ; vacuum evaporation ; juice
Table of Contents

0000000 000.ib000vOo0oOoOviDoviiDOwviiiODO x0DO00OxiO0OO 001000 0000 4
210000000 42200000000000 92300000000000 1224000000000 00.1725
UboooboobooO1sz26e000000 212700000000 000000DO 242800000000000¢0 28
U000 000029310000 29320000 293300000000 3134000032000 0000043410
U0000O0b0000O0bO0obn0O 4341100000 4341200000000 43413000000000b00000
Uooo0bOo0o 5242000000000 5342100000 554.21100 55421200 594.21.3pHO 624.21.40
00cCe62421500 6542160000 68000 0000000 745100 74510000 740000 7600 84

REFERENCES

1.0000190000000000000000D2020:100-1010 200001990 0000000000 0O00OOO0O0OODO
gb031020:8-140 3. 000019780 000000000000 O0O00OO0OwO70O:7-120 4 000000000000O019%20000
gbobooooobooboboboboos boobeesynogoobobooooooooobooboboboooooooboong
gboobooooobobedbOObObObOOOOOOODODODODOODOODOODOODOODOODbOD20010000000O0
Op.149-1930367-5110 0 00000000 7. 000011980 0000000000000 00O00000O0O00O00O0DO0O0DOOOO0OO
gboboooooboobos.oobonnboooooobooboboben:27-300 9. 0000197400 0000000000OO
gz000:5-80 10000019740 000000000000020120:13-180 11.000019840000000000000000
0150120:29-360 12. 000019880 000000000 OOOOODOODLO 1B 00001972000000000000402
0780 4. 000000000000 0DO0OOOOOOOO0ODbOODbOODbOOOOOODOODObOObOObS 000D ODn
goooooogoisk.boooeooooooobooooooooooooboboboobooooboobDoboboboo
ob0 1600001992000 00000000000000000 1700000190 0000000DO00O0O0OO0O0OMNOS8:23-28
g1 00odbdboboooooobooboobooooogbooboboboobooooboobobobon 9.0b0O
groouooodboobodbobobooooooboboboboboboooooobou 2000002020000 0D ODOO
oooboooooooooobooobo0ooobbobb 220000840000 00oooooooDboOlsbi20:ss-430 22.00
ooesgooooooooobbooib21020:270 2. 0000000019010 000000000000 DODO0O0ODOO
o000 20000200100 00000000000000DDO0OO0ODO0OOODDOOODOOOODODOOODDO 25,000
g7 odoooooobboooboooooooobobonbrd:19-200 26. 00001920 00000000 0OOOOOO
O00ooo0ooooo 2r.00ob9s00000D0O0000O000DOO00DbO0OOODbOOOOsnD9d:16-230 28.0 00000
oooboo0ge0gbooobboooooo0obobo0ooobooooDet2o:arr-187d 20. 00 0019900000000
gboobooooobobobob2ro1o0:13-170 30. 000011980 000000000000 00000DbO00bO0O0Os90?2



0:146-1520 3. 00001990 0 00 0000000000000 0O000O0O0OO31020:15-200 32.0000000019920000
00000000000000000000010070:23-280 33.0000190000000000000000000O0O0O0O?23:9
02730:17-240 34.00001910 00 0000000000000000DOOO0ODOOO0O0ODOOO0O0OOOO 35.00002001
0000000000 0000000000000000000000000 3. 0000000019100 00000000
Opp8l-1220000000000 37.00001990000000000000000CO0O0ODOOOOOOOOODOOO0OOOOO
00000 3.00001920000000000000000O00000O0O00O0O0OOOOOOOOOOOOOOOOOOO 39.
go00200100000000000000000000000O0O0O0OO0ODODODO0O0ODODOODOOOODD 40. Anderson, A. K. and
Finkelstein, R. (1991) A study of electropure process of treating milk. J. Dairy Sci., 2: 374-406 41. Ashoor, S. H. and Zent, J. B.O 19840 . Maillard
browning of common amino acids and sugars. J. Food Sci., 49:1206. 42. Biss, C. H., Coombes, S. A. and Skudder, P. J.00 19890 . The
development and application of ohmic heating for the continuous processing of particulate foodstuffs. Process Engineerion in the Food Industry.
Eds. R. W. Field and J. A. Howell. Elsevier Applied Scince Publishers, Essex, England. 43. Beveridge, T. and Harrison, J. E.(0 19840 .
Nonenzmatic browning in pear juice concentrate at elevated temperatures. J. Food Sic., 49:1335. 44. Boskovic, M. A.[0 19790 . Fate of lycopene in
dehydrated tomato products: carotenoid isomerization in foos system. J. Food Sci., 44(1):84. 45. Chan, H. T. and Cavaletto, C. G.[] 19860 .
Effects of deaeration and storage temperature on quality of asepically packaged guava puree. J. Food Sic., 51:165. 46. de Alwis, A. A. P. and Fryer,
P.J.00 19920 . Operability of the ohmic heating process: electric conductivity effects. J. Food Engng., 15:21-48. 47. de Moura, SCSR., de Vitali, A.
A. and Hubinger, M.D.[O 19990 . A study of water activity and electrical conductivity in fruit juices: influence of temperature and concentration.
Brazilian J. Food Technol., 2:31-38. 48. Deshpande, S. S., Bolin, H. R. and Salunkhe, D. K.O 19820 . Freeze concentration of fruit juices. Food
Technol., 36:68. 49. Halden, K., De Alwis A. A. P. and Fryer, P. J.00 199001 . Changes in the electrical conductivity of foods during ohmic heating.
International Jouranl of Food Science and Technology, 25:9-25. 50. Jones, F.O0 189701 . Apparatus for electaically treation liquids. US Patent.,
592-735. 51. Halden, K, de Alwis, A. A. P. and Fryer, P. J.00 199000 . Changes in the electrical conductivity of food during ohmic heating. Int. J.
Food Technol., 25:9-25. 52. He, H. and Hoseney, R. O.0 19911 . A critical look at the electric oven. Cereal Chem., 6801 2[1 :151-155. 53.
Hernandez, E., Chen, C. S., Johnson, J., and Carter, R. D.0 199501 . Viscosity changes in orange juice after ultrafiltration and evaporation. J.
Food Engng., 25:387-396. 54. Khalaf, W. G. and Sastry, S. K.OO 19960 . Effect of viscosity on the ohmic heating rate of solid-liquid mixtures. J.
Food Engng., 27:145-158. 55. Kermasha, S., Goetghebeur, M., Dumont, J., Couture, R.00 199501 . Analyses of phenolic and furfural compounds
un concentratrd and non-concentrated apple juices. Food Research International, 2801 3[0 :245-252. 56. Kohn, S. (1937). Frankfurter cooker. US
Patent, 2 083 717. 57. Larkin, J. W.amd Spinsk, S. H.0J 19961 . Safety considerations for ohmically heated, aseptically processed multiphase
multiphase low-acid food products. Food Technol., 50:242-245. 58. Mannheim, H. C. and Kopelman, J.00 1964a0] . Evaluation of two methods of
tomato juice concentration. |. Heaat-transfer coefficients. Food Technol., 18:121 59. Mizerahi, S., Kopelman, 1. J. and Perlman, J.00 19750 .
Blanching by electroconductive. J. Food Technol., 10:281-288. 60. Naveh, D, Kopelman, | . J . and Mizrahi, S.00 198301 . Electroconductive
thawing by liquid contact. J . Food Technol., 18:171-176. 61. Palaniappan, S . and Sastry, S . K .0 1991al] . Electrical conductivities of selected
solid foods during ohmic heating. F. Food Proc. Eng., 14:221-236. 62. Palaniappan, S . and Sastry, S.K.OO 1991b00 . Electrical conductivities of
selected juicws: influences of temperature, solids content, applied voltage, and particle size. J. Food Proc. Eng., 14:247-260. 63. Parrot, D.L.00 1992
O . Use of ohmic heating for aseptic processing of food particulates. Food Technol . 46(12):68-72. 64. Ramteke, R. S. and Eipeson, W. E.[0 19910 .
Srudies on concentration of pineapple juice-evaluation of suitability of different types of evaporators. Indian Food Packer,45:7-11. 65. Ramos, A.
M., Ibarz, A.0 199801 . Density of juic and fruit puree as a function of soluble solids content and temperature. J. of Food Eng., 35:57-63. 66. Peley,
M. and Mannheim, C. H.[O 19700 . Production of frozen orange juice concentrate from centrifugally seperated serum and pulp. J. Food Sci.,
35:649. 67. Rice, J.00 199500 . Ohmic adventures. Food processing, 56:87-91. 68. Sargeant, R. G.0J 196901 .U. S. Pat., 3385711. 69. Sastry, S. K.
and Palaniappan, S.[0 1992b[1] . Mathematical modeling and experimental studies on ohmic heating of liquid-particle mixtures in a static heater. J.
Food Proc. Eng., 15:241-261. 70. Sastry, S. K. and Li, Q.0 199601 . Modeling the ohmic heating of foods. Food Technol., 50:246-248. 71.
Weelden, V. G.0 199401 . Freeze concentration: the alternative for single strength juices. Fruit Processing, 4:140-143. 72. Vaillant, F., Jeanton, E.,
Dornier, M., OO Brien, G. M., Reynes, M., Decloux, M. 200100 Concentration of passion fruit on an industrial pilot scale using osmotic
evaporation. J. Food Eng., 47:195-202. 73. Wang, W. —C. and Sastry, S. K. (1993) Salt diffusion into vegetable tissue as a pretreatment for ohmic
heating : Electrical conductivity profiles and vacuum infusion studies. J. Food Eng., 20,:299-309. 74. Yongsawatdigul, J., Park, J.W., Kolbe, E., Abu
Dagga, Y. and Morrissey, M.Y.[O0 1995a0 . Ohmic heating maximizes gel functionality of pacific whiting surimi. J. Food Sci., 60(1):10-14. 75.
Yongsawatdigul, F., Patk, J.W. and Kolbe, E.[0 1995b[0 . Electrical conductivity of pacific whiting surimi paste during ohmic heating. J. Food Sci.,
60(5): 922-925,935.



