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ABSTRACT
The electrical conductivity measurement is applied for determination of various characteristics of
agricultural materials and food control. When a change occurs in the structure of many food, the
electrical conductivity of them also varies. These properties are also useful in the detection of
processing conditions or the quality of foods. The electrical conductivity of foods has been found
to increase linearly with temperature, and water/ionic content. Electrical conductivity
measurements have been used extensively in the food industry to detect contaminants in water
and to monitor microbial activity. Electrical conductivity measurement may also used as a simple
and direct measurement method.
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INTRODUCTION
Electricity conductivity of food material is a function of product characteristics (composition,
sugar and salt content, pH etc.) and electricity conductivity is influenced by the heating process
itself, notably, by the temperature ( Lamsal and Jindal,2014).
Electrical properties are important in processing foods with pulsed electric fields, ohmic heating,
induction heating, radio frequency, and microwave heating. These properties are also useful in
the detection of processing conditions or the quality of foods (Barbosa-Canovas et al. 2006).
Food can also contain desirable or undesirable compounds excreted by microorganisms, such as
bacteria or fungi (Oćon et al., 2013; D’Ostuni et al.,2016; Ferre,2016). During the preparation for
sale stage of food production, artificial preservatives can be added to foods to extend their
storage time and other chemical additives can be introduced in order to improve their taste or
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texture. Quality assesment in food industry in mainly based on sensory panel control, because a
vast amount of food quality indicators is subjective and impossible to capture by measurable
physical parameters. Moreover, even if the particular product property is quantifiable through a
physical variable, sensors appropriate for food control are rarely available (Ortega-Rivas,
2010).There are several paths in analytical treatment of foods. Electrical conductivity
measurements have been used extensively in the food industry (Carcia-Golding et al.1995; Curda
and Plockova 1995; Paquet et al.2000). Electrical conductivity measurement was also used as a
simple and direct measurement method to determine whey demineralization throughout
conventional electrodialysis processes with monopolar membranes (Hiraoka et al.1979; Higgins
and Short,1980 ).
USING OF ELECTRICAL CONDUCTIVITY IN DAIRY INDUSTRY
Electrical conductivity has been used widely in dairy industry. It is one of the testing methods
used to determine quantities such as soluble salts (Crow, 1994), protein content in whey powder
(Zhuang, et al., 1997), and casein content during renneting (Dejmek, 1989). It can also be used as
a diagnostic of intramammary infection (Woolford, Williamson, & Henderson, 1998). Electrical
conductivity measurement has long been used during CIP as a quality-control indicator. For
instance, detection of mastitis for quality control of milk, to analyze fermentation processes for
production of cheese starters (Paquet, et al., 2000), to monitor the start-up and preheating phases
of milk pasteurization process (Henningsson, et al., 2005). Conductivity is considered a valid
method for evaluating the growth and acidity of LAB in milk (Baynes et al.,1983; Lanzonavo et
al.,1993; Paquet et al.,2000; Schwann, 1985). The microorganisms that caused greater increases
of EC were Staphylococcus aureus and a gram-negative bacterium (Roukbi et al., 2015).
Since traditional methods for evaluating milk quality are lengthy, labor-intensive, and expensive
(Harding, 1995), several analytical and electrical methodologies have been developed to detect
milk adulteration.EC, which increases during the infection of dairy cows, is also one of the
diagnostic methods for detection of subclinical mastitis. EC is determined by the concentration
of anions and cations. According to Kitchen (1981), mastitis increased the EC of milk because of
changes in ionic concentrations. As a result of damage to the udder tissue, concentrations of
lactose and K+ decreases, and concentrations of Na+ and Cl- increases. The contents and
nutritional values of milk, which are important for human nutrition, may be changed with a
systemic or mammary gland infection of host animals.
USING OF ELECTRICAL CONDUCTIVITY IN MEAT INDUSTRY
Electrical conductivity (EC) was widely used in meat research to check the quality of meat. Perre
et. al.,(2011) used EC as a data to measure the meat quality of six different trials distributed over
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winter and summer. Banach and Zywica(2010) tried to use EC to examine the beef meat types.
Litwińczuk et al.,(2008) compared the chemical composition and physicochemical
quality(contain EC) of the meat of mature slaughter horses and reported that the longissimus
dorsi muscle was characterized by significantly lower values of specific electrical conductance.
Damez et al.,(2007) explain tissues conductivity changes in preferential directions during beef
meat ageing. However, researches on establishment of kinetic model based on electrical
conductivity are scarce.
Blicharski et al., (1995) Lepetit and Hamel,(1998) and Pliquett et al., (2003) in their studies the
application of measurements of electrical conductivity values for assessment of beef quality
features have been carried out for many years. Methods based on electrical properties of
muscular tissue, as an electric conductivity measurements are a supplement or even an
alternative to pH measurement. Correlations between successive measurement of myofibrillar
resistance of raw Longissimus dorsi muscle during ageing. Application of that type of methods is
possible as a consequence of the specific muscle structure which shows conductivity features.
Sarang et al (2008) reported that conductivity measurements of meat cuts showed that lean is
much more conductive than fat. The fat content of all lean muscle cuts was measured, and no
strong relationship was observed between the electrical conductivity and the fat content of lean
muscle. Fat distribution or marbling appears to be an important factor affecting the electrical
conductivity of meat.
Yao et al. (2011), in their research compared between electrical conductivity and some usual
freshness indicators. Tsironi et al., (2009) estimated quality indices (colour, microbial growth,
TVB-N, sensory scoring) of gilthead sea bream fillets during refrigerated storage and kinetically
modelled. Lepetit et al., (2002) also indicate the possibility of using electrical conductivity meat
properties for control of the meat tenderness degree during its storage. Byrne et al., (2000) found
that evaluated the quality of the heifers, electrical conductivity increased over the conditioning
time.
USING OF ELECTRICAL CONDUCTIVITY IN DETERMINATION OF HONEY
QUALITY
Electrical conductivity of honey is change depend on the mineral content, organic acids, proteins,
some complex sugars, polyols and with botanical origin. (Terrab et al., 2003; Terrab et al.,
2004). At present, electrical conductivity is the most useful quality parameter for the
classification of unifloral honeys, which can be determined by relatively inexpensive
instrumentation. This has been confirmed by the data, published in this issue (Persano Oddo and
Piro, 2004). According to many authors the measurement of electrical conductivity instead of the
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time-consuming gravimetric method is an indirect technique to the determination of mineral
content in some food (Acquerone et al., 2007). Accorti et al., (1986) and Accorti et al., (1987),
analysed 297 samples of honey of different floral origins and showed that a highly significant
linear correlation existed between ash determined according to the official method (Codex
Alimentarius Commission, 1981/2001) and electrical conductivity determined by the standard
method of the European Honey Commission (Bogdanov, Martin, & Lüllman, 1997). Electrical
conductivity is a very important property of a honey because it is used to distinguish between
floral and honeydew honeys (Kaškonienė et al., 2010).Floral honeys should have electrical
conductivity values below 0.8 mS cm−1 and honeydew should have values above 0.8 mS cm−1
(Downey et al.,2005).
USING OF ELECTRICAL CONDUCTIVITY IN FRUIT AND FRUIT JUICES
The electrical conductivity (EC) of food systems is a key parameter of the ohmic heating process
(Zhu et al,2010) Their study provided practical information on the EEC(effective electrical
conductivity) behavior of particle–fluid systems, which is important for a better understanding of
heating behavior in the ohmic heating process of particle–fluid food systems. Castro et al.(2004)
found that the effects of field strength and multiple thermal treatments on electrical conductivity
of strawberry products. Electrical conductivity increased with temperature for all the products
and conditions tested following linear relations. Electrical conductivity was found to depend on
the strawberry-based product. An increase of electrical conductivity with field strength was
obvious for two strawberry pulps and strawberry filling but not for strawberry topping or
strawberry-apple sauce. The variations in electrical conductivity of orange, pineapple and tomato
juices had been evaluated during continuous ohmic heating process. Lamsal and Jindal, (2014)
reported that electrical conductivity of fresh fruit juices was related, with sufficient accuracy to
measurement temperature and total soluble solids; unit change in soluble solids had higher
influence on electrical conductivity than unit change in temperature. Palanippan and Sastry
(1991) reported that the electrical conductivity of the orange, carrot and tomato juices increased
with temperature and decreased with solids content. The conductivity (EC) caused an increase of
the total soluble solid components of the fruits (Krauss et al,2006). Icier et al (2008) similarly
found that the electrical conductivity increased as the temperature increased ranging from 0.4 to
0.75S/m for fresh grap juice. Amiali et al. (2006) studied that the electrical conductivity (0.13 to
0.63S/m) increased linearly with increasing temperatures for fruit juices (apple, orange, and
pineapple juices).Palaniappan and Sastri (1991) developed best-fit equations for electrical
conductivity of tomato and orange juices as a function of total soluble solids and temperature at
measurement. Qihua (1992), and Hung (1993) worked on modeling the electrical conductivity as
a function of temperature and total soluble solids. Sastri and Salengke (1998) compared different
mathematical models for ohmic heating of solid-liquid mixtures. Park et al.(2013) reported that
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electrical conductivity measurement was found to be a useful tool for understanding the
pressure-induced textural changes of vegetable tissues.
USING OF ELECTRICAL CONDUCTIVITY IN OIL
Electrical conductivity measurements are currently not applied for the analysis of vegetable oils.
Typical refined vegetable oils contain very low concentrations of charge carriers, and
conductivity can be below the limit of detection (Abdelmalik et al., 2012). Only recently some
data about electrical conductivity of vegetable oils were published (Kumar et al.,
2013 and Pecovska-Gjorgjevich et al., 2012). Zhou, et al.,(2011) developed a method for
measuring quality of oils by determining the electrical conductivity values of oils, and the results
obtained using the other methods were highly consistent; moreover, the electrical conductivity
method showed good repeatability. In addition, the results obtained using the the electrical
conductivity method represented the total the electrical conductivity value, Yu et al. (2012)
improved this method to determine the FFA content in edible oils based on the changes the
electrical conductivity values of a potassium hydroxide solution layer during the reaction of
potassium hydroxide with the FFA. These results indicated that the the electrical conductivity
method could be applied to detect the quality of oils, and this method was simple and practicable.
Yang et al.,(2014) reported that their study was to simplify the PV(peroxide value) analysis of
edible oils by employing of the EC procedure. The obtained results had shown that the EC
method was comparable to the EEC, AOCS, IUPAC, AOAC method in terms of accuracy.
Moreover, the procedures of the EC method which can yield objective results were easier to
perform than those of the EEC, AOCS, IUPAC, AOAC method. However, marginal amounts of
organic solvents were used in these procedures, which may cause concern for environmental
pollution. The range and accuracy of detection were determined by the changes in the EC values.
The determination of the EC values was independent of the oil types.
Corach et al,(2012) reported that their work show that measurements of electrical properties,
successfully applied to the characterization of FAME(Fatty Acid Methyl Esters) from soybean
oil at the different stages of the production process as reported in previous works, can be also
used in FAME from other vegetable oils.
RESULT
There are several paths in analytical treatment of foods. The most effective determination
techniques are expected to be fast and non-destructive in order to reduce the need for expensive
and time-consuming laboratory analyses. Electrical conductivity measurement may also used as
a simple and direct measurement method. Experimental data on electrical conductivity measured
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for several food groups have been expressed in mathematical relationships. These models are
useful in estimating the electrical conductivity of food materials.( Zhang, 2005).
Electrical properties are finding increasing application in agriculture and food processing
industries ( Jha et al, 2011).
1- Demineralization of whey and its fractions, leading to loss of ionic minerals, is monitored
using a conductivity meter.
2- Lactic acid accumulates as a result of fermentation during the manufacture of yogurt and
fermented dairy products, converting calcium and magnesium to ionic form and thereby
increasing theconductivity reading. Thus, the progress of fermentation can be followed by
increases in the conductivity of the yogurt base.
3- Conductivity of milk is the basis of the new ohmic process for sterilizing milk,
4- Detection of mastitis for quality control of milk, mastitis increased the EC of milk
5- Analyze fermentation processes for production of cheese starters
6- Electrical conductivity used as a data to measure the meat quality
7- Tissues conductivity changes in preferential directions during beef meat ageing
8- Electrical conductivity is the most useful quality parameter for the classification of unifloral
honeys
9- Electrical conductivity of orange, pineapple and tomato juices had been evaluated during
continuous ohmic heating process.
10- Electrical conductivity measurement was found to be a useful tool for understanding the
pressure-induced textural changes of vegetable tissues.
11- FFA content in edible oils based on the changes the electrical conductivity
12- The electrical conductivity method could be applied to detect the quality of oils
13- Electrical conductivity measurements have been used detect contaminants in water and to
monitor microbial activity.

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1840

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

REFERENCES
Abdelmalik, A.A., Fothergill, J.C., Dodd, S.J.(2012). Electrical conduction and dielectric
breakdown characteristics of alkyl ester dielectric fluids obtained from palm kernel oil IEEE
Transactions on Dielectrics and Electrical Insulation, 19 (5) (2012), pp. 1623–1632
Accorti, M., Piazza, M.G., Persano, Oddo, L.(1986).Conduttivita elettrica e ceneri nei mieli
Apicoltura Moderna, 77, pp. 165–166
Accorti M., Piazza M.G., Persano Oddo L. (1987). La conductivité électrique et le contenu en
cendre du miel, Apiacta 22, 19–20.
Acquarone, C., Buera, P. and Elizalde, B. (2007). Pattern of pH and electrical conductivity upon
honey dilution as a complementary tool for discriminating geographical origin of honeys. Food
Chemistry, 101: 695–703. doi:10.1016/j.foodchem.2006.01.058 [CrossRef], [Web of Science ®]
Amiali, M., Ngadi, M., Raghavan, V. G. S., Nguyen, D. H. (2006). Electrical conductivities of
liquid egg product and fruit juices exposed to high pulsed electric fields. International Journal of
Food Properties, 9, 533–540.
Barbosa-Canovas, G.V., Juliano, P., Peleg, M. (2006). Engineering properties of foods, in food
engineering. In Encyclopaedia of Life Support Systems (EOLSS). Developed under Auspices of
the UNESCO, EOLSS Publishers. Oxford. UK, (http://www.eolss.net)
Banach, J.K., Zywica, R. (2010). The effect of electrical stimulation and freezing on electrical
conductivity of beef trimmed at various times after slaughter. Journal of Food Engineering, 100,
pp. 119–124
Baynes, N.C., Comrie, J., Prain, J.M. (1983). Detection of bacteria growth by the Malthus
conductance meter, Medical Labaratory Science. 40,(2) 149–158.
Blicharski, T., Ostrowski, A., Komender, P.(1995).Using of electric conductivity measurements
for detecting the defects of pork. Gosp. Mięs., 1995, 3, 38-39 (in Polish).
Bogdanov, S., Martin, P., Lüllmann, C. (1997). Harmonised methods of the European Honey
Commission,
Apidologie,
extra
issue,
1–59.
Online:
(http://www.apis.admin.ch/host/doc/pdfhoney/ IHCmethods_e.pdf) (accessed on 16 August
2004).

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1841

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

Byrne C.E., Troy, D.J., Buckley, D.J.(2000). Postmortem changes in muscle electrical properties
of bovine M. longissimus dorsi and their relationship to meat quality attributes and pH fall. Meat
Sci., 2000, 54, 23–34
Carcia-Golding, F., Giallorenzo, F., Morenzo, M., Chang, V. (1995). Sensor for determining the
water content of oil–water emulsion by specific admittance measurement Sens. Actuators A, 46–
47 , pp. 337–341
Castro, I., , J.A., Salengke, S., Sastry, S.K., Vicente, A.A.(2004).Ohmic heating of strawberry
products: electrical conductivity measurements and ascorbic
acid
degradation
kinetics.
Innovative Food Science & Emerging Technologies Volume 5, Issue 1, March, Pages 27–36
Codex Alimentarius Commission Standards, (1981/revised 1987/revised 2001). Codex Standards
for honey, 1–7, FAO- Rome.
Corach, J., Sorichetti P.A. , Romano S.D.(2012). International journal of hydrogen energy 37 (
2012 )14735-14739
Crow, D.R.(1994). Principles and application of electro chemistry(4th ed.).Glasgow: Blackie
Academic&Professional
Curda, L., Plockova, M.(1995). Impedance measurement of growth of lactic acid bacteria in
dairy cultures with honey addition. Int. Dairy J. pp. 727–733
Damez, J.L., Clerjon, S., Abouelkaram, S., Lepetit, J. (2007). Dielectric behavior of beef meat in
the 1–1500 kHz range: simulation with the Fricke/Cole–Cole model. Meat Science, 77, pp. 512–
519
Dejnek, P.(1989). Precision Conductometry in milk renneting. Journal of Dairy Research,
56(1),69-78
D’Ostuni, V., Tristezza, M., Giorgi, M.G.D., Rampino, P., Grieco, F., Perrotta, C. (2016).
Occurrence of Listeria monocytogenes and Salmonella spp. in meat processed products from
industrial plants in Southern Italy. Food Control, 62, pp. 104–109
Downey, G., Hussey, K., Kelly, J.D., Walshe, T.F. and Martin, P.G. (2005). Preliminary
contribution to the characterization of artisanal honey produced on the island of Ireland by
palynological
and
physico-chemical
data. Food
Chemistry,
91:
347–354.
doi:10.1016/j.foodchem.2004.06.020 [CrossRef], [Web of Science ®]

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1842

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

Ferre, FS. (2016). Worldwide occurrence of mycotoxins in rice. Food Control, 62 (2016), pp.
291–298
Jha, S.H., Narsaiah, K., Basediya, A.L., Sharma, R., Jaiswal, P., Kumar, R., and Bhardwaj, R.
(2011). Measurement techniques and application of electrical properties for nondestructive
quality evaluation of foods—a review J Food Sci Technol. Aug; 48(4): 387–411.
Harding, F. (Ed.), (1995). Chapter 5: Adulteration of milk. Chapter 6: Compositional quality. In:
Milk Quality. Blackie Academic & Professional, London.
Henningsson, M., Östergren, K. & Dejmek, P. (2005). The electrical conductivity of milk- the
effect of dilution and temperature. International Journal of Food Properties 8, 15-22.
Higgins, J.J., Short, J.L.(1980). Demineralization by electrodialysis of permeates derived from
ultrafiltration of wheys and skim milk NZ J. Dairy Sci. Technol., 15 (3), pp. 277–288
Hiraoka, Y., Itoh, K., Taneya, S.(1979). Demineralization of cheese whey and skimmed milk by
electrodialysis with ion exchange membranes. Milchwissenschaft, 34 (7), pp. 397–400
Hung, N.L.(1993). “Pasteurization of fruit juices using continuous flow ohmic heating unit,” M.
Eng. Thesis AE-93-13, Asian Institute of Technology, Bangkok, Thailand, 1993
Icier, F., Yildiz, H., Baysal, T. (2008). Polyphenoloxidase deactivation kinetics during ohmic
heating of grape juice. Journal of Food Engineering, 85, 410–417.
Kaškonienė, V., Venskutonis, P.R. & Čeksterytė, V.(2010). Carbohydrate composition an
electrical conductivity of different origin honeys from Lithuania. LWT – Food Science and
Technology, 43:801-807.
Kitchen, B.J.(1981). Review of the progress of dairy science: bovine mastitis: milk
compositional changes and related diagnostic tests. J. Dairy Res., 48: 167-172.
Kumar, D., Singh, A., Tarsikka, P.S. (2013). Interrelationship between viscosity and electrical
properties for edible oils. Journal of Food Science and Technology-Mysore, 50 (3)(2013),
pp.549–554 http://dx.doi.org/10.1007/s13197-011-0346-8
Krauss, S., Schnitzler, W.H., Grassmann, J., Woitke, M.(2006). The influence of different
electrical conductivity values in a simplified recirculating soilless system on inner and outer fruit
quality characteristics of tomato. Journal of Agricultural and Food Chemistry, 54 (2) (2006), pp.
441–448
www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1843

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

Lamsal, B.P. and Jindal, V.K.(2014). Variation in Electrical Conductivity of Selected Fruit
Juices During Continuous OhmicHeating / KMUTNB: IJAST, Vol.7, No.1, pp. 47-56, 2014
Lanzanova, M., Mucchetti, G., Neviani, E. (1993). Analysis of conductance changes as a growth
index of lactic acid bacteria in milk, Journal of Dairy Science. 76, 20–28.
Lepetit, J., & Hamel, C. (1998). Correlations between successive measurements of myofibrillar
resistance of raw Longissimus dorsi muscle during ageing. Meat Science, 49(2), 249–254
Lepetit J., Salé P., Favier R., Dalle R.(2002). Electrical impedance and tenderization in bovine
meat. Meat Sci., 2002, 60, 51-62
Litwińczuk, A., Florek, M., Skalecki, P., Litwińczuk, Z.(2008). Chemical composition and
physicochemical properties of horse meat from the longissimus lumborum and semitendinosus
muscle. Journal of Muscle Foods, 19, pp. 223–236
Ocón, E.,Garijo, P., Sanz, S., Olarte, C., López, R., Santamaría, P., Gutiérrez, A.(2013).
Screening of yeast mycoflora in winery air samples and their risk of wine contamination. Food
Control, 34, pp. 261–267
Ortega-Rivas, E. (Ed.) (2010). Processing Effects on Safety and Quality of Foods. Taylor &
Francis Group.
Palaniappan, S., Sastry, S. K. (1991). Electrical conductivity of selected juices influences of
temperature, solids content, applied voltage, and particle size. Journal of Food Process
Engineering, 14, 247–260.
Park ,S.H., Balasubramaniam, V.M., Sastry S. K.(2013). Estimating pressure induced changes in
vegetable tissue using in situ electrical conductivity measurement and instrumental
analysis.Journal of Food Engineering 114 (2013) 47–56
Paquet, J., Lacroix, C., Audet, P., Thibault, J.( 2000). Electrical conductivity as a tool for
analysing fermentation processes for production of cheese starters, International Dairy Journal
10, 391– 399
Pecovska-Gjorgjevich, M., Andonovski, A. Velevska, J.(2012). Dielectric constant and induced
dipole moment of edible oils subjected to conventional heating Macedonian Journal of
Chemistry and Chemical Engineering, 31 (2) (2012), pp. 285–294

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1844

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

Perre, V.V.D., Ceustermans, A., Leyten, J., Geers, R. (2011). The prevalence of PSE
characteristics in pork and cooked ham – Effects of season and lairage time. Meat Science 86,
391–397
Persano Oddo, L., Piro, R. (2004) Main European unifloral honeys: descriptive sheets,
Apidologie 35 (Suppl. 1), S38–S81.
Pliquett, U., Altmann, M., Pliquett, F., Schöberlein, L.(2003). Py – a parameter for meat quality.
Meat Sci., 2003, 65, 1429-1437.
Qihua, T. (1992). “Design and development of an experimental ohmic heating unit for liquid
foods,” M. Eng. Thesis AE 92-13, Asian Institute of Technology, Bangkok, Thailand, 1992.
Roukbi1, M., Omar, A. N. Salam, Z. and Dibeh, K.(2015). Investigation of subclinical mastitis
cases in GCSAR Damascus goats from Humeimeh research station Net Journal of Agricultural
Science Vol. 3(1), pp. 5-13, January 2015 ISSN: 2315-9766
Sarang,S.,Sastry,S.K., and Knipe,L.(2008).Electrical conductivity of fruits and meat during
Ohmic heating. Journal of Food Engineering, 87:351-356.
Sastri, S.K. and Salengke, S.(1998). “Ohmic heating of solid-liquid mixtures: a comparison of
mathematical models under worst-case heating conditions,” J. Food Process Engineering, vol.
21(6), pp. 441-458, 1998.
Schwann, HP.(1985). Determination of biological impedance, in: Physical Technique in
Biological Research, Academic Press, London, UK, pp. 323–407
Terrab, A., Dıez, M.J. and Heredia, F.J. 2003. Palynological, physico-chemical and colour
characterisation of Moroccan honeys: II. Orange (Citrus sp.) honey. International Journal of
Food
Science
and
Technology,
38:
387–394.
doi:10.1046/j.13652621.2003.00714.x [CrossRef], [Web of Science ®], [CSA]
Terrab A, Recamales AF, Hernanz D & Heredia FJ. 2004. Characterization of Spanish thyme
honeys by their physicochemical characteristics and mineral content. Food Chemistry, 88:537542.
Tsironi,T., Salapa, I., Taoukis, P.(2009). Shelf life modelling of osmotically treated chilled
gilthead seabream fillets. Innovative Food Science and Emerging Technologies 10, 23–31

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1845

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939
Volume:02, Issue:06

Woolford, M.W., Williamson,J.H., & Hederson,H.V.(1998).Changes in electrical conductivity
and somatic cell count between milk fractions from quarters sub-clinical infected with particular
mastitis pathogens. Journal of Dairy Research,65(2) 187-198
Yao, L., Luo, Y., Sun, Y., Shen, H.(2011). Establishment of kinetic models based on electrical
conductivity and freshness indictors for the forecasting of crucian carp (Carassius carassius)
freshness. Journal of Food Engineering 107 147–151
Yang,Y., Li,Q., Yu ,X., Chen, X., Wang,Y.(2014). A novel method for determining peroxide
value of edible oils using electrical conductivity. Food Control Volume 39, May 2014, Pages
198–203
Yu, X.Z., Yang, C., Du, S.K., Gao, J.M. (2012).A new method for determining free fatty acid
content in edible oils by using electrical conductivity. Food Analytical Methods, 5 (2012), pp.
1453–1458
Zhang, H.(2005).Electrical properties of foods G. Barbosa-Canovas (Ed.), Food Engineering at
Encyclopedia of Life Support Systems, EOLSS/UNESCO, Paris
Zhou, Z.H., Chen, Z.H., Mao, F.J, Zhao, X.L.(2011)..Discrimination of edible oil's quality by
electrical conductivity. China Oils and Fats, 36, pp. 64–67
Zhu,S.M.,Zareifard,M.R.,Chen,C.R.,Marcotte,M.,Grabowski,S.(2010).Electrical conductivity of
particle-fluid mixture in Ohmic heating:Measurement and simulation. Food Research
International 43:1666-1672.
Zhuang,W.,Zhou,W.,Nguyen,M.H., & Hourigan,J.A.(1997). Determination of protein content of
Whey powder using electrical conductivity measurement. International Dairy Journal, 7(10)
647-653

www.ijaer.in

Copyright © IJAER 2016, All right reserved

Page 1846

