Estimation of microbial population of bitter chocolate
mix by impedance measurement

Keimzahlbestimmung in bitter Schokolade Mischung mit Impedanzmessung
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Summary:

This study evaluates the reliability of the impedance
measurement for the estimation of microbial population
of a specific type of chocolate used as raw material in the
confectionery industry (bitter chocolate mix). A calibration
curve by using artificially contaminated samples was
elaborated for total aerobic count (log,, N) and impedance
detection time (IDT in hrs), with threshold M-value at 5 %,
demonstrating a good correlation between the two methods
(R?=0.89). Therefore, impedance measurement which is
a more rapid, automated and less laborious method than
aerobic plate count, could be used as an alternative method
for the rapid detection of microbial levels in chocolate mix.
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Zusammenfassung:

In der vorliegenden Arbeit wird der Einsatz der Impedanz-
messungzurKeimzahlbestimmungin Schokolade untersucht
(Bitterschokolade Mischung). Es handelt sich dabei um einen
bestimmten Typ von Schokolade, der fiir die Herstellung
von Konfekt verwendet wird. Fiir die Auswertung wird jene
Inkubationszeit herangezogen, bei der ein Grenzwert der
Impedanz (M-Wert 5 %) Uberschritten wird. Die ,Impedance
detectiontime” (IDT) wurde mit der Gesamtkeimzahl (Platten-
verfahren) kalibriert, wobei die Korrelation mit R2=0.89 sehr
gut war. Fur die Erstellung der Kalibrationskurve wurden
experimentell kontaminierte Proben herangezogen. Im Ver-
gleich zur standardmafig angewandten kulturellen Keim-
zahlbestimmung Uber ein Plattenverfahren zeigt die Ver-
wendung der Impedanzmessung die Vorteile, dass sie
einerseits schneller und einfacher durchzufiihren ist und
andererseits durch die Moglichkeit zur Automatisierung die
Reproduzierbarkeit erhoht werden kann. Es konnte in dieser
Arbeit gezeigt werden, dass die Impedanzmessung fir die
Qualitatskontrolle von Schokolade, die als Rohmaterial flr
die weitere Verarbeitung dient, verwendet werden kann.
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Introduction

In recent years, emphasis is given in developing more
rapid and automated methods in food microbiology.
Automated methods are used to estimate the number,
types and metabolites of microorganisms with
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various applications in the food industry (monitoring
food spoilage, food preservation, food fermentation,
food safety and foodborne pathogens). Indeed, rapid
methods in microbiology offer the advantage of
being less time consuming and less laborious and of
requiring smaller volumes of media and reagents than
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the conventional methods used in food microbiology
(1). Impedance measurement is based on the
principle that during microbial growth, metabolic
processes produce electrically measurable changes
in the growth medium due to the metabolism of high-
molecular weight nutrients into smaller charged ionic
components that increase the electrical conductivity
of the medium. Variation in electrical conductivity
is proportional to the change in the number of
microorganisms and therefore microbial growth can
be measured. Impedance measurement has been used
for quality control in food industries (2) and especially
in identification (3, 4, 5), enumeration (6, 7, 8, 9, 10,
11) of indicator microorganisms and of estimation
of antimicrobial activity (12, 13). In impedance
measurement the detection time (the time at which
impedance change reaches a particular threshold)
is recorded. “Impedance Detection Time” (IDT) is
usually inversely proportional to the log number
of microorganisms in the sample and therefore,
microbial counts can be calculated or estimated by
measurement of the IDT. Initially, a calibration curve
must be adjusted to establish the correlation between
total microbial population (log,, N) of a specific type
of food with IDT. The calibration curve is designed
by measuring the IDT of an adequate number of
samples of known microbial population, determined
by a conventional microbiological method such as
the cultural aerobic plate count (APC). The impedance
method has not been extensively applied in the
food industry, mainly due to the fact that an efficient
correlation must be first determined for every type of
food.

The aim of this study was to investigate the reliability
of the Impedance measurement for the estimation of
microbial population of a specific type of chocolate
used as raw material in the confectionery industry.
Impedance measurement using the BacTrac™
4000 system could be used as a rapid alternative
method to screen bitter chocolate mix during food
processing for the determination of acceptable levels
of microorganisms. Bitter chocolate mix is one of the
principal raw materials used for the manufacturing
of chocolate products. To our knowledge, there are
no studies in the bibliography investigating the use
of the impedance measurement method in chocolate
products.

Experimental Part

Materials and Methods

Sample preparation: Samples consisted of bitter
chocolate mix (sugar 50 %, cocoa mass 46 %, cocoa
butter 2.4 %, emulsifier (Crill 36) 1 %, flavouring
(vanillin) 0.1 %, lecithin 0.5 %). This chocolate mix
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is used as finished product and also as raw material
for the production of various confectionery products.
Samples of 10 g (+ 0.1 g) of chocolate were weighted
in aseptic conditions, placed in polyethylene bags
and diluted 1:10 with sterile peptone water. The mix
was homogenized in a Stomacher (Colworth) for 5
min. For the estimation of the microbial population of
samples two different methods were used, the Aerobic
Plate Count (APC) and the impedance measurement
method.

Aerobic Plate Count Method: Plate Count Agar (PCA;
LAB M™) was used (prepared by mixing 23.5 g of
PCA in 1 | of boiling distilled water, then sterilizing
for 15 min in 121°C). After the preparation of the
appropriate decimal dilutions of the sample, 1 ml
from each dilution was transferred to sterile petri
plates (in duplicate) and sterile, melted and cooled
(44-46°C) agar was added. Petri plates were incubated
at 29-31°C for 48 = 3 hrs and colonies were counted.

Impedance measurement: The BacTrac™ 4000 system
(SyLab, Purkersdorf, Austria) was used which consists
of an incubator unit, which allows the simultaneous
incubation of 20 test tubes of 10ml content each.
Substrate used was the BiMedia 001A (for bacteria)
sterilized at 121°C for 15 min. By means of an electrode
system, mounted in the system’s glass tubes (cells),
impedance values can be registered over time during
a pre-selected incubation period. Each incubator
contains a microprocessor controlled electric unit for
measurement and temperature control (4°C to 65°C).
This system has the ability to evaluate simultaneously
changes of the growth media impedance (M-value)
and changes of the electrode impedance (E-value). In
this study, measurable results were obtained by the
M-value only. The level of the selected threshold M-
value was 5 % (represents the decrease of the initial
value of impedance) and the time needed for the M-
value of each sample to reach that threshold is called
Impedance Detection Time (IDT). The same samples
used in the APC Method, in duplicate, were transferred
in the system’s glass tubes (1 ml from each dilution
inoculated in 9 ml of substrate). The system was set to
operate at 30°C for 24 hrs. After the incubation period
was completed, a printout of the impedance patterns
and the IDT expressed in hours for each test cell was
produced.

Calibration curve: Samples with varying levels of
microbial population ranging from 10° to 10%/g were
analyzed. In order to obtain an enriched culture of the
endogenous flora of chocolate, a sample of the initial
chocolate mix was diluted 1:10, homogenized and
incubated at 30°C for 24 hours with continuous stirring.
Serial decimal dilutions of the enriched culture were
inoculated (0.1 ml) into diluted 1:10 and homogenised
initial chocolate mix, generating samples with varying
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microbial concentrations. Samples were analysed in
duplicate by both the APC Method and the impedance
measurement method using the BacTrac™ 4000. For
each sample, a pair of data is obtained: the microbial
population (log, N) and the IDT (in hrs). A total of 27
data pairs were subjected to linear regression analysis
to adjust a regression line.

Results

The decimal logarithms of microbial number (N)
estimated by the APC method and the corresponding
impedance detection time (IDT) determined by the
BacTrac™ 4000 system (expressed in hours) are shown
in Table 1. A linear regression model was adjusted
such as y=a+bx where y = log,; N, x = impedance
detection time in hours, a=intercept, b=slope. The
regression model is represented mathematically by
the equation:
log N = 8.8219 - 0.8545:IDT

The regression line is shown graphically in Figure 1.
Also, the coefficient of determination (R2?) and the
standard error of estimation of the predicted value
(s, that mea-sures the reliability of the estimating
equation) were calculated (Table 2).

sg;g:e logN (Il?rl-) s:r(;::e logN (IhDrI)
1 0,52 11,2 14 5,04 4,96
2 0,65 9,16 15 5,15 3,59
3 1,08 8,43 16 5,23 4,42
4 1,65 8,95 17 53 4,32
5 2,0 7,07 18 5,36 4,3
6 2,43 7,79 19 5,45 4,26
7 2,98 5,86 20 5,46 4,21
8 3,51 6,16 21 5,51 3,72
9 37 4,36 22 5,7 3,44
10 3,95 5,83 23 5,77 3,22
11 4,0 4,8 24 6,18 4,28
12 4,78 4,12 25 6,3 3,18
13 5,04 3,66 26 8,3 1,99
27 8,68 1,36
Table 1: Data pairs used to construct the calibration

curve. log, /N is determined by the APC
method and impedance detection time
(IDT) is the time taken for an impedance
change of the M-value at a 5 % threshold.
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Type of | Intercept S, of )
food (a) Slope (b) estimation R
Bitter | 59219 | -0.8545 | 0671 | 0.8998

chocolate

Table 2: The linear regression model between
microbial population in bitter chocolate
(log,,N) estimated by the APC method and
impedance detection time (IDT) measured
by the impedance method with BacTrac™
4000 (Se: there is 95.5% certainty that
the actual value of y will lie within = 2*Se
(2*0.671=1,34) of the estimated value of y
thatis y = 1,34)

Discussion and conclusions

The regression line equation and its parameters
confirm that impedance detection time (IDT) is inver-
sely proportional to the log number of microorga-
nisms in the chocolate mix used as sample. This
calibration curve can be used to measure microbial
counts from impedance detection time of a specific
sample (of the same type of chocolate). Total microbial
count is obtained by calculating the antilogarithm of
the y estimation in the equation y=a+bx.

The microbiological limits for chocolate for the aerobic
plate count (APC) which are proposed range between
10 to 1086 per g (14,15). Especially, the tolerable value
in Switzerland'® is 10%/g and 5x10%g in Germany (17).
According to the regression line equation of this
model, detection time for a sample containing about
10*to 10° microorganisms/g ranges between 3.3 to
5.6 hours. Therefore, this method offers the advantage
of a rapid screening of chocolate samples used as
finished product or raw material to reveal if microbial
criteria are met. The minimum limit of microbiological
standards for chocolate which is 10* microorganisms/
g can be detected in less than 6 hours with impedance
measurement, compared to the 48 hours required for
the APC method.

However, we would like to point out that the main
difficulty in establishing the calibration curve was
to obtain samples of chocolate of a wide range of
microbial levels. On the other hand, most microbial
contamination of the chocolate mix occurs (according
to our experience) either from the raw materials used
or from a leakage of water in the heating systems
(pipes, pumps, etc) that results in the increase of the
a, of the product and the consequent augmentation
of the initial numbers of the endogenous microflora.
Therefore, we decided to assimilate this phenomenon
by incubation of chocolate suspension to achieve

ERNAHRUNG/NUTRITION, VOL 29/NR. 6 2005



R® =0,8998

10

8

= 6
g

= 4

2

0

0 2 4 6 8 10 12 14
Impedance Detection Time (Hrs)

y =-0,8545x + 8,8219

Figure 1:

proliferation of the existing microorganisms. It
should be noted here, that because the samples used
were artificially contaminated this might result in a
shorter lag phase of microorganisms than in naturally
contaminated chocolate mix.

As a general conclusion impedance measurement
which is more rapid, automated and less laborious,
could be used as an alternative method for the
early detection of microbial levels in this specific
mix of chocolate. Finally, it should be pointed out
that impedance measurement is closely dependent
on the composition of the food being tested. As a
consequence, variations in the ingredients of a food
may result in differences in the pattern of impedance
change and therefore a readjustment of the calibration
curve should be performed for each type of chocolate
formulation.
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