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Abstract
The food industry needs suitable analytical methods for quality control, that is, methods that are rapid, reliable, specific and costeffective as current wet chemistries and analytical practices are time consuming and may require highly skilled labor and expensive
equipment. The need arises from heightened consumer concern about food composition and safety. The present study was carried
out keeping in view the recently emerging concern of the presence of urea in milk, called ‘‘synthetic milk’’. The biocomponent part of
the urea biosensor is an immobilized urease yielding bacterial cell biomass isolated from soil and is coupled to the ammonium ion
selective electrode of a potentiometric transducer. The membrane potential of all types of potentiometric cell based probes is related
to the activity of electrochemically detected product, and thus to the activity of the substrate by a form of the Nernst equation.
Samples of milk were collected and analyzed for the presence of urea by the developed biosensor with a response time as low as 2
min. The results were in good correlation with the pure enzyme system.
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1. Introduction
Reliable and cost effective analytical methods are
increasingly needed in the food industry for determination of specific chemical compounds in foods and food
products. The need arises from increased regulatory
action and heightened consumer concern about food
composition and safety (Luong et al., 1997). The food
and drink industries need rapid and affordable techniques for quality control as current wet chemistries and
analytical practices are time consuming and may require
highly skilled labor and expensive equipment (Luong et
al., 1991). The increasing demand for on-line measurement of milk composition directs science and industry to
search for practical solutions, and biosensors may be a
possibility (Eshkenazi et al., 2000).
The specific objective of this work was to develop a
disposable microbial biosensor, in which the biocomponent part is disposable, based on a potentiometric
transducer for monitoring the presence of urea in
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milk. Urea is hydrolyzed by urease according to the
reaction (Guilbault and Kauffmann, 1987):
Urease


(NH2 )2 CO2H2 OH 0 2NH
4 2HCO3

The source of urease was a microbe Bacillus sp.
isolated from soil. The microbe was immobilized and
placed in intimate contact with a potentiometric transducer. The presence of urea in the media induces the
production of urease, which is absolutely specific
(Sumner, 1951). Cell based probes allow simple and
rapid determination which previously could not be
determined by electrochemical methods (Corcoran and
Rechnitz, 1985). The limited stability of isolated enzymes and the fact that some enzymes are expensive or
even unavailable in pure state has promoted the use of
cellular materials (plant tissues, bacterial cells etc.) as a
source for enzymatic activity (Rechnitz, 1981), e.g.
banana tissue, which is rich in polyphenoloxidase, can
be incorporated by mixing within the carbon paste
matrix to yield a fast responding and sensitive dopamine
sensor. These biocatalytic electrodes function in a
manner similar to that of conventional enzyme electrodes.
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Milk has been referred to as a human’s most nearly
perfect food from a nutritional standpoint. Its wholesomeness and acceptability depend on the strictest
sanitary control, and the sanitary practices employed
by the dairy industry (Potter and Hotchkiss, 1995). The
average percentage composition of milk is water
(82.4%), protein (4.7%), fat (7.4%), lactose (4.6%) and
ash (0.78%). The inorganic constituents of ash are Ca
(131), Mg (13), Na (54), K (143) and P(100) mg/100 g
(Kirk and Sawyer, 1991). The present study was carried
out keeping in view the recently emerging concern of the
presence of urea in milk. Urea is not a natural
constituent of milk and is present as an adulterant. Its
presence in milk of dairy cattle could be attributed to
excessive N uptake (Broderick and Clayton, 1997)
and the rumen efflux of crude protein intake (Hof et
al., 1997). The above factors can account for the
presence of urea in the range of 1.66 /2.66 mM (low
milk urea nitrogen (MUN)) and 2.83 /4.16 mM (high
MUN) (Melendez et al., 2000). A presence of high
MUN reduces fertility rates in dairy cattle (Butler et
al., 1996).
The fact that the developed biosensor has been
applied only to the analysis of urea in milk is because
the composition of the contents is known. Milk can be
considered as containing three basic components namely
water, fat and solid-not-fat (SNF). The organic matter
in the SNF consists mainly of casein and whey proteins
together with lactose and lactic and citric acids. The
average protein content of cow, human and buffalo milk
are 3.3, 2.0 and 4.7%, respectively. The amino acids have
different % compositions in these proteins, like tryptophan present is 26.39/4.8 mg/1.7 g protein.
We studied the interference caused by tryptophan.
Even at 65-fold concentration there is a negligible
increase in release of NH4 of 0.67 mM.
The amino acid degradation occurs in the mitochondrial matrix for which it would have to permeate
through cell wall, cell membrane, cytosol and mitochondrial membrane. Thereafter, the glutamate transaminase
would catalyze the transfer of the amino group to alphaketoglutarate to form glutamate which then undergoes
oxidative deamination, catalyzed by glutamate dehydrogenase to release ammonium ion which would
require a greater response time in comparison to 2 min
of response time of the biosensor developed by us.
Regarding the interference caused by other nitrogenous
compounds like creatine and creatinine, the culture is
not positive for deaminases as per the biochemical
report of identification. Also, these compounds are
prevelant in clinical samples. By further improvement
of the present sensor its applications can be broadened,
for now it has been confined to analysis of milk samples
only.

Fig. 1. Urease yielding gram /ve microorganism isolated from soil
and identified by MTCC and Gene Bank, Institute of Microbial
Technology, Chandigarh as Bacillus sp. (500/).

2. Experimental
2.1. Reagents
All chemicals were of analytical grade. The source of
urease was a microorganism isolated from soil and of
pure urease from water melon seeds (CDH, Mumbai,
India).
2.2. Biocomponent-culture and immobilization of
microorganism
The microbial culture was isolated from soil (Stanier
et al., 1987) and cultivated in a media containing urea
(2.5%), beef extract (1.0%), peptone (1.0%) and sodium
chloride (0.5%) with pH 7.0 under aerobic conditions at
25 8C for 24 h. It was identified by MTCC and Gene
Bank, Institute of Microbial Technology, Chandigarh as
Bacillus sp. (shown in Fig. 1). For immobilization, the
bacterial culture was centrifuged at 5000 rpm for 20 min
at 4 8C and the pellet was retained. The optical density
of the cell biomass, measured at 600 nm was set to 1.000
using PBS (pH 7.5). Aliquots of 1.5 ml cell biomass were
filtered off on Whatman No.1 filter paper; the paper was
dried and coupled to the body of the electrode with an
‘O’ ring to form the biocomponent of the biosensor
(shown in Fig. 2).
The growth profile of the microbe was studied and
since it is a microbial system the minor variations in the
activities of the probes was also studied. The stability of
the microbial probe was compared with that of pure
enzyme probe.
2.3. Transducer
The transducer was a potentiometer (Cyberscan-2500)
in conjunction with a NH4 Ion Selective Electrode
(ISE-Code No. EC-NH4-03) that detects the electrode
potential developed across the membrane of the elec-

