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Introduction

Our previous studies [1] point to existence of direct
correlation between specific conductivity in milk and the
temperature of the sample, as well as indirect correlation
with its compositional parameters (content of fat, protein
and lactose). Another relevant factor that has impact on
specific electric conductivity of milk, on its compositional
parameters and freezing point depression is bacterial
contamination of the sample.

Electric conductivity of milk as a relevant parameter
can be used to evaluate expiry date of dairy products, to
determine microorganisms in milk [2]. Few studies have
been carried out to define modelling of bacterial growth by
means of electrical parameters. As a function of specific
electrical conductivity only modelling of growth of yeast
and Yersinia enterocolitica has been described [3],
however these studies are neither milk nor this culture
analysis in milk related.

In order to evaluate possible effect of bacterial
contamination of milk on variation of specific electric
conductivity an experimental analysis has been carried out.
More than 30 different milk samples were taken and stored
at a constant temperature with their electric conductivity
being recorded with their total bacterial count being
simultaneously  determined. The scheme of the
experimental analysis outlined in Fig. 1.

Experiment and result analysis

Right after milking until the beginning of the
experiment each milk sample was stored at +2..+6°C
temperature in order to prevent bacteria from growing.
During the experiment the sample was stored at +15°C
temperature. Selection of this temperature was determined
by the fact that such a temperature is favourable to
bacterial growth; besides, there is high probability that the
average temperature of the milk sample since sampling
until analysis in the laboratory will not exceed this
temperature.
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Fig. 1. Structural scheme of correlation between specific electric
conductivity and bacterial contamination determination

The structural scheme of the experiment in Fig.1
consists of the following:

1 — cooling coil;

2 — glass test tube with a sample;

3 — water;

4 — sample circulation tubing;

5 — electrode for specific electric conductivity

measurement;

6 — peristaltic sample circulation pump;

7 — thermos container.

During the experiment milk sample is poured into a
glass test tube 2, which is placed into thermos container 7.
The test tube containing milk sample 2 is immersed in
water in its full height in thermos container, to maintain
constant temperature of the sample. The temperature of
water 3 is maintained at (+1520.5)°C by means of a
cooling-circulating device, which cools water through the
coil /. Milk sample is delivered to the electrode for
measurement of specific electric conductivity 5 by the
peristaltic pump 6 through the autoclaved tubing. Flow
speed is about Iml/min. Sample circulation through the
measurement electrode is constant; the sample is being
constantly mixed throughout the experiment so as to avoid
contamination of the measurement electrode. To determine



bacterial contamination a portion of the sample is taken
every 4 hours. Total bacteria count is determined by the
standard method i.e. standard plate count [4].

During the experiment specific electric conductivity is
measured by an analogical measurer, which feeds data
through converter analogue — code (Omega DAQ-802,
USA) to a data processor, a PC in our case. Electrical
conductivity is recorded at 10-minute intervals, with a few
measurements made and their mean value recorded.
Duration of one sample analysis is about 30 hours.

When analysing change of electrical conductivity as a
function indicative of bacterial contamination, the first
electrical ~ conductivity = measurement value (time
moment=0) is subtracted from the obtained measurement
data in order to determine the correlation of these changes.

Table 1. Results of analysis of specific electric conductivity
change due to bacterial contamination

Change in Change in
specific bacterial
No. Time ¢, hours electric contamination
conductivity ATBC,

AC, mS/cm | CFU/ml*10°

1 2 3 1

1 4 0.00 0

2 8 0.00 0

3 12 0.00 0

4 16 0.00 0

5 20 0.00 3

6 24 0.02 79

7 28 0.04 1944

Table 1 demonstrates change of bacterial contami-
nation (column 2) and specific electrical conductivity in
time ¢. Columns 3 and 4 respectively present change
(means of all changes of analysed samples) of specific
electrical conductivity and bacterial count.

As we can see from Table 1 change of specific electric
conductivity of milk throughout the whole duration of the
experiment (28 hours) consisted in 0.04 mS/cm. During the
first 20 hours of the analysis no change was observed.
Speed of variation reached its maximum at 25...30 hours of
the experiment. The selection of the experiment duration of
28 hours was determined by the fact that the increase in
bacterial count by 2 million CFU/ml leads to such
acidification of the sample that it becomes no longer
suitable for spectrometric analysis (pH<6.0 pH), therefore,
further analysis (#>28 hours) was terminated. The data
presented in Table 1 is graphically represented in Fig. 2
and Fig. 3.

To relate data obtained from referential analysis (total
bacteria count determined by the standard plate count) and
the results of specific electric conductivity determination
(obtained in the experiment) to time ¢, the following
exponential mathematical model (1), optimal for result
approximation, was used.

AY (1) = a; * 1), (1)
where AY;(t) — value of AY at moment of time t; a;, b;, ¢; —
model (equation) coefficients; i — index of unknown value
(bacteria count or change of specific electric conductivity).

Coefficients a, b, c were calculated using the least
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squares regression. Then having estimated the
mathematical model of equation (1) and the results of the
experiment, change of electric conductivity in time
(=0...28 hours) can be defined by equation (2):

AC = 0.95% 3(-3825), @

Having likewise found coefficients a, b, ¢, change of
bacterial contamination in time (¢ = 0...28 hours) can be
described by equation (3):

ATBC = 0.99 (080510 3)

Fig. 2 and 3 present graphs of values of change in
electrical conductivity and bacterial contamination in time

obtained in the experiment and calculated according to
formulas (2) and (3).
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Fig. 2. Change of specific electric conductivity in time ¢
(experimental and calculated)
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Fig. 3. Change of total bacteria count in time ¢ (experimental and
calculated variations superpose)

As we can see from the data presented in Fig. 2 and 3
formulas (2) and (3) precisely define the analysed change.
The error of result in determination of change in specific
electric conductivity is 0.005 mS/cm, while error of result
in determination of bacterial count is 1*10° CFU/ml.

On the basis of the experimental data (Table 1) we can
determine the mathematical model (4) of interdependence
between bacterial contamination and change of specific
electric conductivity, which relates the logarithm of
bacterial contamination change with specific electric
conductivity change:

AC = a*In(ATBC) +b; 4)
where AC — change in specific electric conductivity,
mS/cm; ATBC — change in total bacteria count, CFU/ml;
a,b — coefficients of the model.

Having estimated the results of the experiment and
determined coefficients a and b using the least squares
regression, we get equation (5), which defines change of
bacterial contamination and electric conductivity which is



dependent on the latter in the analysed strips
(ATBC=(0...2000)* 10°> CFU/ml).
AC =0.00390*In(ATBC) + 0.00543. %)

The results of values of specific electric conductivity
change calculated using model (5) and those obtained
during the experiment are presented in Fig. 4.
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Fig. 4. Interdependency (experimental and calculated) between
variations in conductivity and TBC

As it can be seen from Fig. 4, in the analysed strips
interdependency between changes in bacterial contamina-
tion and specific electric conductivity is precisely
approximated by equation (5).

The results of the experiment (Table 1) point out that
with increase in bacterial contamination of milk >10°
CFU/ml (milk near to sour or sour i.e. no longer suited for
spectrometric analysis), change of specific electric
conductivity constituted 0.04 mS/cm. In order to determine
the impact that this change of specific electric conductivity
can have on milk freezing point depression, we shall model
a procedure for milk freezing point determination using the
method suggested here [1].

Impact of specific electric conductivity and bacterial
contamination on freezing point depression

By means of modelling we have estimated the impact
of specific electric conductivity and  bacterial
contamination on milk freezing point depression. For
analysis we used equation (6) and values of its coefficients
a...a4 [5]. Calculations were performed using a few
combinations of values of variables F, P, L, C from an
interval of their possible variation. Accepted standards
were employed to determine the interval of variation.

FPD=ay+a *F+ay*B+az*L+ay*C. (6)

The modelling scheme is presented in Fig. 5, where F,
P, L, C — values of variables; ay..a; — (9) equation
coefficients; AC=f(TBC) — variation in specific electric
conductivity due to bacterial contamination of the sample.
Values of random combinations are presented in Table 2.

Milk freezing point depression as well as its change
was determined for each combination of random values
(Table 2) when AC=0.04. Results are presented in Table 3.

As we can see, the results of the modelling (Table 3)
indicate that when bacteria count in milk increases >10°
CFU/ml, i.e. milk is sour or near sour (cannot be analysed
by the spectrometer), change in specific electric
conductivity AC=0.04 mS/cm increases the error of result
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of the forecast milk freezing point depression till 0.001°C,
which in its turn means error of result of 0.2% in
determination of extraneous water.

FD result

FPD calcualtion

Fig. 5. Analysis of dependency of milk freezing point depression
on change in specific electric conductivity due to TBC

Table 2. Combinations of values in modelling of impact of
specific electric conductivity variation on freezing point
depression determination

Combination ¥, % P, % L. % C,
No. mS/cm
1 2 5 4 7
2 3 4 5 6.5
3 4.5 3.5 3 6
4 6 3 5 8
5 7 2 6 7.5
Table 3. Results of modelling
s . FPD when
Combination| FPD in norl:)lal AC=0.04 mS/cm, °C
No. conditions, °C
Value Change
1 -0.423 -0.424 -0.001
2 -0.460 -0.461 -0.001
3 -0.386 -0.387 -0.001
4 -0.539 -0.540 -0.001
5 -0.576 -0.577 -0.001

Therefore, it is expedient to analyse the sample within
less than 20 hours since the time of sampling or estimate
the error of result due to bacterial contamination.
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Fig. 6. Structural scheme of verification of results in
experimental modelling

To wverify theoretical presumption that bacterial
contamination influences determination of the freezing
point depression we have carried out an experiment the
structural scheme of which is presented in Fig. 6.

During the experiment the sample was divided into 3
parts. One of them was intended for compositional analysis
(determination of fat, protein, lactose in milk) as well as
determination of specific electric conductivity. The second
part was meant for determination of the freezing point



depression by the cryoscopic (reference) method. The third
part was intended for evaluation of bacterial
contamination. More than 300 unpreserved samples were
used in the experiment with the sampling time given. The
samples were not analysed simultaneously, but within 24
hours following sampling. 4 groups of samples were
formed (Table 4). The freezing point depression of each
sample was calculated. Mean error or result for each group
was determined (I group was analysed first, [V — last) by
means of comparison drawn between the -calculated

of milk are interrelated parameters, which have to be
evaluated in order to achieve higher precision in
determination of the freezing point depression in milk.
2. Evaluation of bacterial contamination is obligatory
when a milk sample is analysed after 20 or more hours
have passed since sampling.
3. Information system for
analysis is suggested.

bacterial contamination
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There is presented a discussion on change of milk conductivity caused by an increase in bacterial contamination of milk and
correction of milk freezing point prediction according to the time passed after milking until analysis. The dependence of conductivity
and bacterial contamination is analysed, the experimental schematics, experimental data, mathematical models of dependences and
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AHaNMM3UPYIOTCS N3MEHEHUS CIIEIM(HUIECKON ISKTPUIECKON MPOBOJUMOCTH MOJIOKA M3-3a OOLIET0 OAKTEpHAIBEHOTO 3arps3HEHHS
MOJIOKa ¥ YTOYHEHHE IPOTHO3a TEMIIepaTyphl 3aMep3aHus MOJIOKA C Y4ETOM HPOMICHHOTO BPEMEHH MEXIy JOCHHEM U aHaIN30M
obpasua. AHaIM3UPYETCs 3aBUCHMOCTD MEXIY OJJIEKTPHYECKOH IPOBOAMMOCTBIO MOJIOKA M OaKTepHalbHBIM 3arps3HEHHEM,
HPEICTABICHBl CXEMa aHalM3a, SKCIICPUMEHTabHbIC JaHHbIC, MATEMAaTHYECKHE MOJEIH, OIHMCHIBAIOLINE M3MEHEHHS U 3aBUCHMOCTb
MeXIy HHMMH. Mozenupyercs HM3MEHEHHE pe3ysibTaTa MPOTHO3a TEMIEpaTypbl 3aMep3aHHs MOJIOKA U3-3a H3MCHEHHS €ro
GaKTepHAIbHOIO 3arps3HEHMs, NPEICTABICHA CXeMa MOAENH. IIpencTaBieHbl SKCIEPUMEHTANbHBIC NaHHBIC CHCTEMBI, B KOTOPOit
YUHMTHIBACTCS BIMSHUE OaKTEPHAIBHOTO 3arpsi3HEHHS MOJIOKA Ha Pe3yJIbTaT IPOrHO3a TeMIIepaTyphl 3aMep3aHus o0pasia, UX aHaIH3.
Wn. 6, 6ubmn. 5 (Ha aHTTIMICKOM S3bIKE; pedepaThl HA aHTIHHCKOM, PyCCKOM U JIATOBCKOM $I3.).
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Kaunas: Technologija, 2006. — Nr. 6(70). — P. 95-98.

Nagrinéjamas pieno specifinio elektrinio laidumo pokytis dél bendro bakterinio uzter§tumo bei uzsalimo temperatiiros prognozés
tikslinimas atsizvelgiant { laika, praéjusi nuo méginio paémimo iki tyrimo momento. Analizuojama elektrinio laidumo priklausomybé
nuo bakterinio uzterStumo, pateikiama tyrimo schema, eksperimentiniai Sios priklausomybés parametrai, kitima ir tarpusavio
priklausomybg aprasantys matematiniai modeliai. Modeliuojami uzsalimo temperattiros prognozés rezultaty poky¢iai kei€iantis méginio
bakteriniam uzterStumui, pateikta modelio schema. Pateikiami sistemos, kuri {vertina méginio bakterinio uzterStumo itaka uzSalimo
temperatliros nustatymui, eksperimentiniai tyrimo duomenys ir ju analizé. I1.6, bibl.5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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