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ABSTRACT

A biosensor based on Calcium lactate enzyme was developed for the determination of
calcium ions on the activity of the enzyme. The biosensor had a linear relation to calcium
concentration 1M to 1x10“*M and used without an internal solution to give a near—Nernstian
responses in with detection limits of the order of 10“M. The stable potentiometric signals are
obtained within a short time period of 1 minute. The effect of pH has been studied to found a better
response range. The potentiometric selectivity coefficient values were evaluated. The sensors
have also been used for the determination of concentration of Ca?* in milk.
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INTRODUCTION

Calcium and calcium salts are very
important minerals used in food industry. Different
calcium salts have been studied for decay
prevention, sanitation and nutritional enrichment
of fresh fruits and vegetables. Calcium lactate,
calcium propionate and calcium gluconate have
shown some of the benefits of the use of calcium
chloride such as product firmness improvement'.
Nowadays, Potentiometry at a trace level is a
routine technique. lon-selective sensors with
improved detection limits are investigated; these
results in recent dramatic improvements of sensor
selectivity and lower detection limit2®. Electro
chemical enzyme based transducers are attractive
due to their ease in detection of target analytes,
high sensitivity, low cost, simplicity®.

In this study, a new biosensor was
developed based on the Calcium lactate enzyme
by linking via glutaraldehyde.

EXPERIMENTAL

Materials and Methods

Glutaraldehyde (Merck), Disodium
hydrogen phosphate, Potassium dihydrogen
phosphate, Sodium chloride, Calcium carbonate
all are obtained by analytical grade. The standard
stock solutions (1M CaCl,) were prepared using
distilled water; working solutions were made by
dilution of the stock solution.

A digital potentiometer (EQUIP -
TRONICS EQ 602) with Ag /AgCI electrode as a
reference electrode were used for this study.
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Preparation of enzyme

To a dilute solution of cane sugar, a little of
sour milk is added. Temperature is maintained at 40
— 45°C for six days. The bacillus acidi lacti brings
forth fermentation. Methyl glyoxal forms as
intermediate compound. Acid is removed by the
addition of CaCO_which precipitates calcium
lactate.

Immobilization of copper wire with calcium lactate

In this part, we developed calcium
electrode based copper wire by immobilizing with
calcium lactate and cross linking molecule
(Glutaraldehyde). We prepared 2.5 % GA solution
in 0.1 mM phosphate buffer solution (PBS) as well
as calcium lactate solution in PBS having a
concentration of 2 mg/ ml of enzyme. After mixing
GA and enzyme solution in one bottle, we dipped
the copper wire into it into the solution of enzyme
for 15 min to ensure the surface of the copper wire
with the monolayer of enzyme. We found that all
time gaps show the same result. The immobilized
copper wire was taken as working electrode and
silver—silver chloride electrode as a reference
electrode and the wire was conditioned for 48 hours
to attain equilibrium in 1M CaCl, solution. The EMF
measurements were carried out using the following
cell assembly,

Internal Immobilized Sample External
reference  copper Solution reference
Electrode  wire(working electrode
Ag/AgCI electrode) (SCE)

RESULTS AND DISCUSSION

The electrode was first conditioned in 1M
CaCl, solution to attain stable equilibrium. In order
to test the performance of the electrode; various
parameters including response time, selectivity, and
the influence of pH were investigated. The electrode
was used over a period of 3 months with good
reproducibility .The electrode was kept in deionized
water throughout the study.

Response characteristics of the electrode

The electrode potential for a series of
standard solution of Ca (ll) ions was measured. The
electrode gave a linear response to Ca (ll)
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concentration in the range of 1M to 1x 10“* M. The
values are given on table 1.

Standard Electrode potential (E°)
determined by extrapolation method was found to
be +202 V. The slope value was found to be 36 mv/
decade. This shows that the electrode behaves
according to Nernst equation.

Table 1: Electrode response for Ca?* ions

S. Concentration of EMF
No CaCl, solution (M) (volts)
1 1 0.201
2 1x 107 0.160
3 1x 1072 0.127
4 1x10°% 0.091
5 1x10* 0.051
Effect of pH

To study the effect of pH, a standard
solution containing 1M CaCl, ion were prepared in
which a series of buffer solution was added. As it
can be seen, the potential response remains almost
constant over the pH range 4.63- 6.24, which can
be taken as the working pH range of the electrode.
The decreasing potential at lower pH means that
the electrode responses to hydrogen ions.

Selectivity

The selectivity which is an important
characteristic of a membrane sensor is measured
in terms of the potentiometric selectivity coefficient.
The reduced form of Eisenman’s equation' given
below is often used to calculate the selectivity co

Iu

efficient Hga
Pt __
Log KT =

ErEs) [% -1]*Log[a]

Where E, and E, are the potentials
measured in 1 M solutions of interfering ion and
Ca?; S is the calibration slope, n and z are the
charges of Ca?* and interfering ions respectively
and [a] is the concentration of the ions used. In this
method, the concentration of primary ion,Ca(ll) ion
is varied where as the concentration of secondary
interfering ions is kept constant in the test solution
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Fig. 1: Plot of log concentration of Ca(ll) ion Vs EMF in volts

which is 1x10" M, concentration of interfering ion
present case. It was found that the potential remains
unaffected in the presence of a series of various
cation like Na* ,Mg?, Cu?, K*,NH,*and anion like
I, Br, Cl.

Analytical applications

To assess the applicability of the sensors
to real samples an attempt was made to determine
calcium ion in real samples like milk, water samples.
The recovery of calcium ion in sample analysis was
formed to be quantitative with the maximum
recovery of 97%.
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