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ABSTRACT
Water mobility is one of the most important topics in food area. In previous research, water mobility can be increased by various
thermal treatments; however, quantitative analysis of water mobility could not be found except using expensive NMR. The objects of
this research are: using electrical conductivity to determine water mobility, studying moisture transform by various thermal
treatments, and establishing a mathematical model by investigating conductivity, porosity, free water ratio during thermal processes.
Fresh potato and carrot cylinders (1cm in height, 2.5cm in diameter) were heated to 50 or 800C by conventional (hot water bath),
microwave or ohmic heating. Physical properties of treated samples, such as electrical conductivity, porosity, electrolyte content (ash)
were measured, and the relationship of significantly different by using statistic tools in order to determine the amount of free
moisture increase. Data showed that all thermal treatments resulted in increasing electrical conductivity, from 0.0032 (control) to
0.0800S/m for potato and from 0.0027 (control) to 0.0749S/m for carrot; higher temperature obviously caused stronger
conductivity increase, which indicates high water mobility. Conventional hot water bath caused the highest increase, due to long
processing time. Electrolyte content (ashjchanges affected by thermal treatment were found not significant, whereas porosity data
showed increases of 0.2631 to 0.5557 and 0.1649 to 0.2166 for potato and carrot, respectively. High temperature treatments resulted
in high porosity, and chmic heating showed the strength to collapse sample structure. A mathematical model was finally established
to describe the relationship of all variables. The porosity increase could not totally reflect the electrical conductivity increase, which
indicates certain amount of bound water was transformed to free water. By modeling the variable relationship, water mobility status
could be easily determined by using electrical conductivity for the future development.

Keywords : water mobility ; free water ; electrical conductivity
Table of Contents

0000000 000.60000vO0O00viDOviiO0 xO00O0O X000 xi000 0010000000 3
210000000 3220000000000 6230000009240000000000 1325000000 14
26000000 1527000000000000020280000000000 24000 000029310000 29
32000000 293300000031.340000 3134100000 3134200000 3234300000000
(03334400000 3734500000 3734600000 383470000000000 393500000 403.60
0000000000000 400000000 44410000000000000000000000 444410
O000000000000000 44420000 0)000000000000000 47420000000000
005743000000000000063000 0000000695100 6952000000 700000 7200
00000000 0210000 4022000000000000000000000502300000000 10
0240000005000000000000@00)120 250000000 180 26000000000000
190 270 000000000000000 220 28@I000-0000000000000023(0000-0000
0000000000 23029000000000000000000000 250 2-100000000000000
000000000020 3100000000000 340 3200000000CGEMIOOOOO000 420 4-10
0000000000000 0000000000@DO00,000)5304200000000000000000
0000000@OO0O0,0O00)54043000000000000000000000000@O00,bO0OO)
550 440000000000 00)580(0)4-4000000000 590 450000000000 00)..610(
0)45000000000 .620 4600 0000000000000@O0O0MIOO .640 4700000000
000000000@O00MO00 .66048000000000000000@RDCOMOOD.67000 000
2100000000000 2103100000000000000000000000..3504100000000
0000000000000 00000%000)450 4200000000000000000000000000%
000)460 43000000000000000000000000 0000 480 440000000000 490
4500000000000000C00)]0000000000X000)5004600000000000000(@
0)00O00oooooon



REFERENCES

1.000 (19990 00000000000000000031(2):8140 2.000 (20000 00000000000000O0O0O0OO
O00000O000O0O0O0O0O00O0 3000 (1990 000000p20~250000000 4000 (1994 00000000000
O00000O000O0O0O0O0O0O0O0OO0O0OOO0OOOOOOOOOOOSO0O0OO0O(MYUIUIODODUDODODODODODODODOOUOOOooOg 31
4):1~70 6. 000 (19990 00 0000000000000 00O0O0O0O0O0O31(7):31410 7.000000000O0ODODOEO2MWO
0000000 (198) 0000000200000 000000000028:381-38600 8.000 (19950000000
O00000000000D027(10):13-170 9.000 (2001) 00 0000000000000 ODOOOODOODOODOOODDOODODO
00000 10. Anderson, A. K. and Finkelstein, R. (1919) A study of electropure process of treating milk. J. Dairy Sci. 2: 374-406. 11. Biss, C. H.,
Coombes, S. A. and Skudder, P.00 J. (1989) The development and application of ohmic heating for the continuous processing of particulate
foodstuffs. In “ Process Engineering in the Food Industry.” Eds. R.W. Field and J. A. Howell. Elsevier Applied Science Publishers, Essex,
England. 12. Brown, R.H. and Perry, J.S. (1966) The electrical properties of apple and potatoes. Paper NO. 66-336. ASAE, St. Joseph. Mich. 13.
Cancalon, P.F. and Bryan, C.R. (1993) Use of capillary electrophoresis for monitoring citrus juice composition. J. Chrom. A. 652:555-561. 14.
Caurie, M. (1981) Derivation of full range moisture sorption isotherms. in: Water Activity : Influences on Food Quality, L. B. Rockland and G. F.
Stewart (Ed.), p. 63-87. Academic Press, New York. 15. Curnutte, B. (1980) Principles of microwave radiation. J. Food Protection. 43: 618. 16. de
Alwis, A.A.P. and Fryer, P.J. (1990) The use of direct resistance heating in the food industry.J.Food Eng. 11:3-27. 17. Eisenberg, D. and
Kauzmann, W. (1969) Models for liquid water. Ch. 5 in The Structure and Properties of Water, D. Eisenberg and W. Kauzmann (Ed.), p. 254-267.
Oxford University Press, Oxford. 18. Erle, U. and Schubert, H. (2001) Combined osmotic and microwave-vacuum dehydration of apples and
straw-berries. Journal of Food Engineering, 49:193-199. 19. Fennema, O. R. (1985) Water and ice. Ch. 2 in Food Chemistry, 2nd ed., O. R.
Fennema (Ed.), p. 23-67. Marcel Dekker, Inc., New York. 20. Frank, H. S. and Wen, W. Y. (1957) Structural aspects of ion-solvent interaction in
aqueous solutions: A suggested picture of water structure. Discuss. Faraday Soc. 24: 133-140. 21. Giese, J. (1992) Advances in microwave food
processing. Food Technol. 1992(9) : 118-123. 22. Jaska, E. (1971) Starch gelatinization as detected by proton magnetic resonance. Cereal
Chemistry, 70, 42-47. 23. Jayarman, K. S., Gopinathan, V. K., Pitthamuthu, P. and Vijayaraghavan, P. K. (1982) The preparation of quick-
cooking dehydrated vegetable by high temperature short time pneumatic drying. J. Food Technol., 17:669-678. 24. Kell, G. S. (1972) Continum
theories of liquid water. Ch. 9 in Water and Aqueous Solutions: Structure, Thermodynamics, and Transport Processes, R. A. Horne (Ed.), p.
331-376. Wiley-Interscience, New York. 25. Kesselring, J. and Smith, R. (1996) Development of a microwave clothesdryer IEEE Trans Ind Appl
32:47-50. 26. Kostaropoulos, A. E. and Saravacos, G. D. (1995) Microwave pre-treatment for sun-dried raisins. J. Food Sci., 60 : 344-7. 27.
Labuza, T. P. (1977) The properties of water in relationship to water binding in foods: a review. J. Food Proc. Pres. 1(2): 167-190. 28. Latreille, B
and Paquin, p. (1990) Evaluation of emulsion stability by centrifugation with conductivity measurements. J. Food Sci. 55:1666-1668,1672. 29.
Leung, H. K. (1981) Structure and properties of water. Cereal Foods World. 26(7) : 350-352. 30. Leung, H. K. (1987) Influence of water activity on
chemical reactivity. Ch. 2 in Water Activity: Theory and Applications to Food, L. B. Rockland and L. R. Beuchat (Ed.), p. 27-54. Marcel Dekker,
Inc., New York. 31. Li, S., Dickinson, L. C. and Chinachoti, P. (1998) Mobility of unfreezable and freezable water in waxy corn starch by -2H and
-1H NMR. J. Agri. Food Chem., 46, 62-71. 32. Marcotte, M. and Piette, J. P. G. (1998) Electrical conductivities of hydrocolloid solutions. J. Food
Process Eengng., 503-520. 33. McCollum, T.G. and McDonald, R.E. (1991) Electrolyte leakage, respiration, and ethylene production as indices of
chilling injury in grapefruit. Hort. Sci. 26:1191-1192. 34. McNeal, B.L., Oster, J.D. and Hatcher, J.T. (1970) Calculation of electrical conductivity
from solution composition data as an aid to in-situ estimation of soil salinity. soil salinity. Soil Sci. 110:405-414. 35. Monotoya, M.M., De La Plaza,
J.L. and Lopez-Rodriquez, V. (1994) Relationship between changes in electrical conductivity and ethylene production in avocado fruits.
Lebensm-Wiss. U.-Technol. 27:482-486. 36. Parrot, D. L. (1992) Use of ohmic heating for aseptic processing of food particulates. Food Tech., 46
(12) : 68-72. 37. Peleg, M. (1985) The role of water in the rheology of hygroscopic food powders. in Properties of Water in Foods, D. Simatos and J.
L. Multon (Ed.), p. 393-404. Martinus Nijhoff: Dordrecht, Netherlands. 38. Saravacos, G. D., Marousis, S. N. and Raouzeos, G. S. (1988) Effect of
ethyl oleate on the rate of air-drying of foods. J. Food Engng., 7, 263-5. 39. Schrumpf E and Charley H (1975) Texture of broccoli and carrots
cooked by microwave energy. J. Food Sci., 40:1025-1029. 40. Sefa-Dedeh, S. and Stanley, D. W. (1979) Textural implications of the microstructure
of legumes. Food Technol., 33, 77-83. 41. Stevenson, N.D. and Daniels, J. (1971) Screening methods for large clonal populations of sugar cane. Int.
Sugar J. 73 (870) :163-166. 42. Thuery, J. (1992) Microwave: Industrial, Scientific, and Medical Applications. Artech House. Boston, USA. 43.
Urbanski, G. E., Wei, L. S., Nelson, A. |. and Steinberg, M. P. (1982) Effect of solutes on rheology of soy flour and its components. J. Food Sci. 47:
792-795, 799. 44. Urbanski, G. E., Wei, L. S., Nelson, A. 1. and Steinberg, M. P. (1983) Rheology models for pseudoplastic soy systems based on
water binding. J. Food Sci. 48: 1436-1439. 45. Vittadini, E., Dickinson, L. C. and Chinachoti, P. (2001) -1H and -2H NMR mobility in cellulose.
Carbohydr. Polym., 46, 49-57. 46. Wang, W. C. (1995) Ohmic heating of food: physical properties and applications. Ph. D. Dissertation, The Ohio
State University, Columbus, OH. 47. Wang, W. C. and Sastry, S. K. (1997a) Starch gelatinization in ohmic heating. Journal of Food Engineering,
34:225-242. 48. Wang, W.-C. and Sastry, S. K. (2000). Effects of thermal and electrothermal pretreatments on hot air drying rate of vegetable
tissue. J. Food Proc. Engng., 23, 299-319. 49. Wang, W.-C. and Sastry, S. K. (2002).Effect of moderate electrothermal treatments on juice yield
from cellular tissue. Innovative Food Science and Emerging Technologies., 3, 371-377. 50. Yang, W. H., and Cenkowski, S. (1993). Diffusion of
sugar in microwave denatured sugar beet tissues. Trans. A.S.A.E., 36, 1185-8. 51. Zhang, Z. (1988) Fundamentals of microwave heating



technology. Electronic Industry Publishers, Beijing, China.



