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ABSTRACT

In the present work we have studied the properties of the salt and sugar. For this a low
frequency TDR is developed in laboratory. One tasted probe is used to collect the information
from the sample. Various samples of different molar concentrations (molar conc.0.005-.0.1) of
salt with water and sugar with water are prepared. These prepared solutions are kept at
different temperatures (25°C, 350C, 450C, 550C). The electrical parameters like Resistivity,
Electrical Conductivity and Dielectric Constant are calculated from TDR waveform. The TDR
waveform shows major variations in its nature with change in concentration and temperature.
Resistivity of salt increases with increase in concentration while conductivity and Dielectric
constant decreases with decease in concentration of salt in water. Whereas Resistivity of
sugar solution was decreased with the increase in concentration and no Conductivity was
observed in the same solution. There is minor increase in Dielectric Constant. The change in
values of electrical parameter with temperature indicates the change in properties of solution
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with temperature. This helps to decide the food preservation strategy.
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INTRODUCTION

In our life we use many preservatives like
Citric acid, Potassium metabisulphite, Sodium
chloride (Salt), Sucrose (Sugar) to preserve food
stuffs. Out of these some we purchase from the
market and some are easily available in our house
like Sodium chloride/NaCl (salt), Sucrose/
C1,H»,04:(sugar). These preservatives stop the
microbial action in the food material and keep the
food safe.

Impedance spectroscopy (IS) is a general
term that subsumes the small-signal measurement
of the linear electrical response of a material of
interest (including electrode effects) and the
subsequent analysis of the response to yield useful
information about the physicochemical properties
of the system (Macdonald, 1992).

Electrical Impedance Spectroscopy is a
leading technique in various industries (We J et al.,
2005; Nandkumar V et al, 2008), medical field
(Kagan et al., 1977), pathogen detector (Yang et al.,
2008), biosensors (Daniel et al., 2007, Srinivasan et
al, 2006). In Food industries Impedance
spectroscopy is used to detect various Pathogens
as well as to check the quality of food material

(Pliquett, 2010, Batrinou et al.,, 2005). It is a fast
and effective tool for microbial detection (Ramirez
et al, 2008, Kern P. et al, 1999). A novel
impedance biosensor for bacterial cell detection
was constructed (Daniel et al., 2007, Srinivasan et
al., 2006) by immobilizing antibodies that are
specific to the target bacterial cells on an electrode
surface. The impedance spectroscopy used to
detect spoilage and quality of bulk food (Bauchot et
al,. 2000, Cataldo et al., 2009, Weihe JL et al., 2006,
Bovard FS et al., 1995). The electrical impedance
spectroscopy used in diary industry to monitor
quality of dairy products (Okigbo LM et al., 1985,
Walker et al., 2005, Pesta et al., 2007; Pompei et
al., 2009).

Salt and sugar are commonly used
preservatives and also easily available in house.
Salt is used by the ancient mariners to preserve
their meat. High levels of sugar can preserve
against spoilage organisms, this may be seen in
jams, preserves, certain sweet pickles and
marmalades. This is also an important factor in the
preservation of boiled sweets and chocolates etc.
(Batrinou et al., 2005).
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MATERIALS AND METHODS

Time domain spectroscopy (TDS) technique
studies the Impedance characteristics and gives
information in wide frequency range from few MHz
to several GHz or even more in just a single
measurement. The experimental setup consists of
sampling oscilloscope, TDR module, a transmission
line, and sample cell. Used TDR setup is a low
frequency Time Domain Reflectometry of the range
200MHz and 5ns rise time. A co-axial transmission
line with characteristic impedance of 50 ohm was
used for study of the preservatives. Various rod
type and strip types of probes were designed and
studied to check the impedance and conductivity
using standard solution of known factors. Out of
those a strip type probe of 5.5cm length is used for
the further study. For the study of the properties of
liguid under consideration we immerse the probe
in the liquid and collect the information on the
oscilloscope.

Temperature controller unit was developed
to control the temperature during the experiment.
It consists of water bath with an electric heater and
a test tube holder, PT100 to sense the
temperature, computer to monitor and control
temperature

EXPERIMENTAL PROCEDURE
Commonly used preservatives, Sugar and

salt are used to prepare the required solutions. Ten
different concentrations (molar concentration
0.005-0.1) are prepared with freshly collected
distilled water. These different concentrations are
kept in water bath at different temperatures,
(250C, 35°C, 45°C and 55°C). The selected probe is
attached with pulse generator through coaxial
cable and immersed in the solution. A fast rising
pulse is applied through the coaxial transmission
line. The rising pulse gets reflected back from the
solution under consideration. The nature of the
pulse is depends on the properties of the liquid.
This pulse is observed and stored in the Digital
Storage Oscilloscope i.e. DSO. This data was then
collected in an external storage and further
calculations were done. Each time the probe was
thoroughly cleaned with acetone and dried with
drier.
RESULTS AND DISCUSSION

The graphs shows the variations of values of
Resistivity (R.), Electrical Conductivity(c) and
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Dielectric Constant (€) for aqueous solution of NaCl
(Salt) and C;,H,,04; Sucrose (Sugar) of various
concentrations at four different temperatures
25°C, 35°C, 45°C and 55°C.

In Fig. 1, the resistivity of aqueous solution
of NaCl decreases with increase in temperature.
The decrease in the resistivity value is exponential
with increase in concentration of NaCl in the
solution.

The aqueous solution of sugar shows

distinct nature of resistivity with increase in
concentration and temperature. Very slight change
is observed in resistivity of solution when
temperature is increased (Fig. 2).
The commonly used preservative NaCl shows non-
linear increase in electrical conductivity, with
increase in concentration of NaCl in solution of
distilled water (Fig. 3).Increase in electrical
conductivity was observed at all four temperatures.
There are no remarkable changes are observed in
the graphical behavior of conductivity of sugar. The
aqueous solution of NaCl shows increase in
dielectric constant with increase in concentration.
The effect of temperature is more at higher
concentration. The dielectric constant increases
with increase in temperature (Fig. 4).

The aqueous solution of sugar shows very
small variation in dielectric constant with
concentration and temperature as shown in Fig. 5.
CONCLUSION:

The Resistivity of aqueous solution of NaCl
decreases about 67%. The 60% decrease in
resistivity is observed at 55°C. The decrease in the
resistivity value is exponential with increase in
concentration of NaCl in the solution. The
preservative NaCl shows non-linear increase in
Electrical  Conductivity = with  increase in
concentration of NaCl in solution of distilled water.
This increase in Electrical Conductivity is observed
at all four temperatures. The Dielectric Constant
increases with increase in temperature.

There is very less decrease of 6% in Resistivity
of solution when molar concentration of sugar in
solution is increased from 0.005 to 0.1. Very slight
change is observed in Resistivity of solution when
temperature is increased from 25°C to 55°C. No
Electrical Conductivity observed in sugar. The
aqueous solution of sugar shows very small
variation in Dielectric Constant.
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Fig. 4 Variation of dielectric constant of NaCl in
water
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