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Abstract 
The presence of microorganisms in milk is of great importance for safety, quality and public health. 
Rapid methods are those that provide results more quickly than the conventional plating methods. 
Adenosine Tri-Phosphate (ATP) is the most popular biochemical index as it is ubiquitous in cellular life 
forms and can be detected rapidly using bioluminescence reactions. Electrical conductivity and 
impedance measurement techniques have proved useful for bacteria counting in commercial applications. 
During the process of microbial metabolism, large molecules (carbohydrates, fats and proteins) are 
broken down into smaller and more highly charged components, e.g., fatty acids, amino acids and other 
organic acids. The highly charged molecules cause a change in the media’s electrical 
conductivity/resistance. These changes indicate the presence of microorganisms in the original sample. 
We studied the correlation between the ATP content and the electrical conductivity in raw milk. 
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1. Introduction 
 
Ensuring raw milk quality is an important 
step in successful dairy processing plant 
operations. It is considered a critical 
control point in the Hazard Analysis 
Critical Control Point (HACCP) plans 
(Niza-Ribeiro et al., 2000). The 
composition and hygienic quality of milk is 
usually first determined in a number of 
tests on arrival at the processing plant. The 
results of these tests are indicative of raw 
milk quality and have direct bearing on the 
price paid for the milk. The following are 
the most common tests carried out on milk 
supplies: (1) taste and smell, (2) cleaning 
checks, (3) hygiene test, (4) somatic cell 
count, (5) bacteria count, (6) protein 
content, (7) fat content and (8) freezing 
point. Bacteria counts play a major role in 
determining the sanitary quality of milk on 
which grades are largely based. 

The presence of microorganisms in milk is 
of great importance for safety, quality and 
public health.  

  
 
Rapid methods are those that provide results 
more quickly than the conventional plating 
methods. 

Electrical impedance and conductance 
measurement. As microorganisms 
metabolize growth substrates present in the 
medium, uncharged or weakly charged large 
molecules such as proteins, carbohydrates, 
and fats, are transformed into smaller highly 
charged end products, such as amino acids, 
lactate and acetate, thereby causing 
significant changes in electrical impedance, 
conductance and capacitance of the medium 
(Easter, 1989). 

Conventional microbiological methods for 
determining bacteria counts in raw milk are 
time-consuming, taking up to two days. 
Additionally, a large number of tests lead to 
great expense due to labor, material costs 
and huge storage costs in the food industry. 
As a result, various rapid methods have 
been developed for the determination of  
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bacteria counts in the past several decades, 
including ATP estimations (Niza-Ribeiro et 
al., 2000), direct epifluorescent filter 
technique (Rosmini et al., 2004) and 
electrical methods (Yang et al., 2004; 
Felice et al., 1999). The ATP method and 
epifluorescent filter method are fast but 
complicated. 

Electrical methods are simple but require 
an expensive instrument. Impedance 
microbiology (Firstenberg-Eden, 1984) 
was one of the earliest electrical methods 
for the detection of bacteria in foods, and 
has been developed as a rapid method that 
can detect bacteria within 24 h (Silley, 
1996). It is based on the measurement of 
changes in electrical impedance of a 
medium or a reaction solution resulting 
from the growth of bacteria. The majority 
of previous studies on the determination of 
bacterial counts have focused on the 
modification of the medium, aiming at the 
optimization of the electrical signals 
(Easter, 1985) or supporting the selective 
growth of target bacteria against other 
bacteria. The impedance method was 
approved as an official method for the 
detection of Salmonella in foods by the 
Association of Analytical Communities 
(AOAC) (Yang et al., 2004). Recent 
studies have focused on the separate 
measurements of impedance change in the 
electrode and medium components for the 
rapid detection of bacteria in foods (Yang 
et al., 2004; Ong et al., 2001) known as 
impedance-splitting (IS) methods. Felice et 
al. (1999) reported an IS method based on 
the measurement of the change in the 
electrode interface capacitance during 
bacteria growth for the quantification of 
bacteria in milk. 

Conventional conductivity and impedance 
measurement techniques have proved to be 
useful for bacteria counting in commercial 
applications (Felice et al., 1999; Silley, 
1996). Devices based on these techniques 
monitor microbial metabolism in a growth 
medium by immersing electrodes directly 
into the medium and measuring the 
permittivity and/or conductivity (Ong et 
al., 2001). 

 Despite their widespread application, these 
techniques have many disadvantages 
including polarization of the probe 
electrodes, decreased sensitivity of the 
device in more conductive media and the 
high cost of instruments used.  

Adenosine Tri-Phosphate (ATP) is the 
most popular biochemical index as it is 
ubiquitous in cellular life forms and can be 
detected rapidly using bioluminescence 
reactions. Bioluminescence is the emission 
of light by biological methods using 
Luciferase enzyme (Griffiths, 1993). 
Luciferase, together with its co-factors D-
Luciferin and oxygen, produces light in the 
presence of ATP according to the following 
reaction: 
Luciferase + D-Luciferin + O2 + ATP → Luciferase 
+ oxy-luciferin + CO2 + + AMP + PPi + Light 
 
The amount of light is proportional to the 
concentration of ATP in the original 
sample. The ATP concentration in a sample 
is, in turn, related to the number and types 
of organisms within the sample. Thus a 
relative index of the amount of 
contamination can be generated using 
firefly bioluminescence within a few 
minutes of sampling. Other chemicals can 
be used to index the levels of microbial 
contamination in addition to ATP.  
 
3. Material and methods 
 
The experiments were carried out on milk 
samples drawn from 12 dairy cows. 

The electrical conductance of the milk 
samples was measured with conductivity 
meter type OK-102/1 (Radelkis). 

The instrument was standardized with KCl 
solutions of known conductance before use. 
The cell was washed with 0.01 M KCl 
followed by one to two rinses with the 
sample prior to measurement. Temperature 
corrections were made, as the samples were 
not analyzed at 25°C. 

In our experiments, the ATP determination 
was carried out with an apparatus (Bioscan 
Monitor RHS 055) and products from the 
Betz Dearborn Company. 
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For all the stages, followed 

protocols are those prescribed by this 
company. The photometer produces some 
Relative Light Unit (RLU) during the 
enzymatic reaction. The Bioscan Monitor 
RHS 055 employs a sampling pen, which 
facilitates precise sampling, eliminating the 
need to mix and measure reagents, and 
functions as the measurement cell for the 
luminometer. A total ATP sampling pen 
consists of the following parts: -a stick for 
accurate sampling of the liquid to be tested, 
coated with an extractant, which release 
ATP from cellular material; the stick also 
transfers the sample into the cuvette; -a 
cuvette filled with test buffer for dilution, 
buffering and neutralization of the sample;  
-a reagent chamber sealed with aluminium 
 

 foil, containing freeze-dried and stabilized 
luciferin/luciferase reagent. 
 
4. Results and Discussion 
 
In our previous studies (Caprita et al., 2007) 
we observed the best correlation between 
RLU and the SCC and CFU sum in raw milk 
(r=0.9590). The electrical conductivity values 
of the same milk samples show that the RLU 
and the electrical conductivity values are 
highly correlated (r = 0.9553).  

These two rapid methods can be used in 
monitoring the microbiological quality of raw 
milk. The electrical conductivity assay has the 
disadvantage of being induced also by milk 
acidification (Caprita, 2007). 
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Figure 1. The correlation between RLU and the electrical conductivity 

 
4. Conclusions 
 
The bioluminescence assay of ATP and the 
electrical conductivity assay are very rapid, 
non-polluting methods. 

There is positive correlation between 
milk ATP and electrical conductivity 
(r= 0.9553).  

Both methods can be used for monitoring 
the microbiological quality of raw milk. 
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