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Introduction

Recently all over the world an increased attention to
the quality of the production and quality control of the
product is observed. In some cases it starts with control
and assurance of the quality of a raw material. The dairy
industry is not an exception. In order to supply the
customer a highest quality product it is necessary to assure
supply of exceptionally good raw milk. For this purpose
many countries have one or more laboratories which task is
to provide rapid and reliable evaluation result of raw milk
quality. It makes possible for dairies to run production on
highest quality milk and to reject the inappropriate one.

Traditionally all these laboratories use the same
methods for quality evaluation, such as: filter or Fourier
spectroscopy  for  quantitative milk  composition
measurement, flow-cytometry or DEFT  (Direct
Epifluorescence Filter Technique) for total bacterial count,
cryoscopes for milk freezing point depression evaluation
etc. It’s been proven [1] that it is possible to evaluate milk
freezing point depression using milk conductivity,
quantitative parameters etc. This makes possible to
combine different measurement methods and techniques
into one complex analysis system and provide rapid and
reliable measurement results.

Structure of the system

The analysis carried out in [1] points to the fact that,
when the specific electrical conductivity of milk is given, it
is possible to evaluate its parameters and determine
freezing point depression. One must be also aware of the
fact that specific electrical conductivity changes [2, 3, 4]
(consequently, freezing point depression as well)
depending on the temperature and bacterial contamination
of the sample during analysis. Taking this into account, the
system’s structural scheme is presented in Fig. 1.

It presents a detailed structural scheme of the system
intended for determination of milk freezing point
depression by the indirect method. It shows what analyses
have to be performed and what raw data is necessary and
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how it is to be processed in order to obtain the result — the
freezing point depression. It has been determined that the
data required for determination of freezing point
depression consists of:

- results on compositional analysis of sample (R, B,
L content in milk);

- specific electrical conductivity G of sample;

- temperature T of sample during analysis;

- value of bacterial contamination BBU of sample.
period of time past sampling until analysis.

Results on
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Fig. 1. Structural scheme of system for evaluation of milk
freezing point depression

The possible errors due to some external factors when
measuring conductivity can be minimized [1] using
following formulas (1, 2, 3, 4):

G=G, (l+a-(T-40)) (1)
AG = 0.95 - 03(:-38.25), )
AG = a-In(ABBU) + b; 3)
ABBU = 0.99 % 0805 (=10), @)



where G — specific electrical conductivity at temperature T,
mS*cm™; G, — specific electric conductivity at temperature
T=40°C, mS*cm'l; T — temperature, °C; o — temperature
coefficient of specific electrical conductivity of milk,
mS*em™'/°C; AG — change in specific electric conductivity,
mS/cm; ABBU — change in total bacteria count CFU/ml; a,
b — model’s coefficients; t — time, hours.

As all this data given, it is possible to work out
freezing point depression of the sample.

The structural scheme of the compositional analysis
module is presented in Fig. 2.

Result o
? analysis

Fig. 2. Structural scheme of module for compositional analysis of
sample 1 — IR beam source; 2 — optical filters; 3 —cell; 4 — IR
source detector; 5 — result recalculation module; 6 — electrode for
evaluation of specific electrical conductivity; 7 — module for
processing analytical results; 8 — measurer of sample’s
temperature

During analysis milk is poured into cell 3, which is
exposed to IR beams. The beam from source / passes
through optical IR filters 2, cell 3 to detector 4, which
determines the intensity of the beam. The optical filter 2
produces a beam of the required wavelength, which is
absorbed by the component under analysis in cell 3. In the
calculation unit 5 the intensity of the IR beam is used to
evaluate the component concentration. Simultaneously
electrical conductivity and the temperature of milk are
measured by the electrode for evaluation of specific
electrical conductivity 6 and measurer of sample’s
temperature 8. The results are then passed to module for
processing analytical results 7 from which data are send for
further processing.

In such a way we obtain four main parameters i.e.
compositional parameters (fat, protein, lactose content) and
the value of specific electrical conductivity. Using this data
we can calculate (5) freezing point depression of milk,
however, as the analysis [5, 6] has shown, the error of
result is influenced by other factors as well, namely,
temperature of the sample during analysis and bacterial
contamination. These factors can be taken into account
using (1, 2, 3, 4) formulas

4
Tuzs = zaixi . ©)
i=l1

Fig. 3 presents a scheme of sample analysis process.
From Fig. 3 it follows that prior to object testing for fat,
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protein and lactose content (simultaneously measuring
conductivity) sample’s total bacterial contamination and
temperature has to be evaluated in order to carry out
correction of conductivity value. Afterwards, knowing all
the parameters (fat R, protein B, lactose L content,
temperature T, bacterial count BBU, conductivity G and
time span past sampling) and using (1, 2, 3, 4) formulas
correction of conductivity is carried out and milk freezing
point depression is calculated.

ABBU, T
Sample |
*]
Result of
analysis Tyz
B Processing >
L]
G
L
AG=f{ABBU)
AG=HT)

Fig. 3. Scheme of sample analysis process: sample — object being
tested; data — temperature of sample during analysis, time-span
past sampling until analysis, total bacteria count; R, B, L — results
of analysis on fat, protein, and lactose content, respectfully; G —
value of specific electrical conductivity; processing — set of rules
on recalculation of specific electrical conductivity depending on
relevant factors.

Algorithm of analysis

The algorithm of the system’s (Fig. 1) operation
control is represented in Fig. 4. It contains the step
sequence of the analysis:

1. Sample is loaded onto the analytical system;

2. Supplementary data is presented: total bacteria
count in sample, temperature, time-span past sampling
until testing;

3. Composition of sample (R, B, L, G) is determined
during analysis;

4. Correspondence of determined parameters to
those of natural milk composition is verified. In case of
correspondence, recalculation of specific electrical
conductivity recalculation in accordance with the set rules
is performed taking into account total bacteria count,
temperature of sample, time-span past sampling until
testing and then the result of analysis on freezing point
depression is delivered. If parameters fail to correspond to
those of natural milk, the analysis is repeated. If
discrepancy is confirmed, the result of analysis is not
delivered; a notification of an error is issued instead, which
informs that evaluation of milk freezing point depression
by this method is not possible.
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Fig. 4. The algorithm of operation control

Experiment

To evaluate the effectiveness and reliability of the
system analysed some experiments were carried out [1].
Table 1 represents some of the experimental results
acquired measuring milk sample and calculating. Freezing
point depression was evaluated using (6) [1]:

Table 1. Experimental results of sample analysis

T,.,=00612-00085 R—0.0136 B-0.064} L—0.0314G. (6)

Table 1 has the following abbreviations: R, B, L — fat,
protein and lactose content respectively; G — conductivity;
BBU - total bacterial contamination; KSV — colony
forming units; t — time; Ty, Tux, Tusa — sample’s
temperature  during measurement, freezing point
depression (reference) and freezing point depression
(calculated) respectively; AT — temperature estimation
error.

Fig. 5 shows the change of mean value of the freezing
point depression estimation error compared to absolute
freezing point depression value. It is evident, that
minimum value of the error is achieved, when freezing
point value is around —0.528°C. Statistical evaluation of
experimental data showed that difference to reference of
no more than 95% of calculated freezing point depression
values will not be higher than £0.003°C and the coefficient
of variation CV=0.0182. Pearson’s correlation coefficient
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Fig. 5. Error of freezing point depression estimation

No. | R% | B,% | L,% mS(j;m K];%?ﬁu t,val. | Ty °C | Tusis °C | Tumas °C | AT, °C
1 414 | 316 | 470 | 667 142 B 201 | 0526 | 0527 | -0.001
2 | 538 | 269 | 450 | 7.12 34 14 403 | 053 | -0533 | 0.001
3 | 445 | 365 | 477 | 620 i 1 398 | 0524 | -0.526 | -0.002
4 | 385 | 309 | 450 | 687 73 3 399 | 0518 | 0517 | 0001
5 | 416 | 318 | 474 | 632 134 6 405 | 0522 | -0519 | 0.003
6 | 509 | 371 | 445 | 66l 68 14 396 | 0525 | -0.525 0
7 | 420 | 325 | 473 | 675 i 1 399 | 0532 | -0.53% | -0.002
8 | 431 | 293 | 479 | 680 123 6 402 | 0537 | 053 | 0.001
o | 417 | 325 | 475 | 675 i 13 401 | 0534 | 0535 | -0.001
10 | 419 | 313 | 459 | 721 9 12 397 | 0539 | -0.537 | 0.002
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3. Fig. 5 shows that minimum value of the estimation el;kt;zte:émika. — Kaunas: Technologija, 2005. — Nr. 7(63).

error is achieved when freezing point depression is around
—0.528°C, that is near to a critical zone of —0.520°C above
which extraneous water in milk is suspected [5].

6. Daunoras J., Kny§ A. Research into Correlation of Milk
Electrical Conductivity and Bacterial Contamination //
Electronics and Electrical Engineering. — Kaunas:
Technologija, 2006. — No. 6(70). — P. 95-98.
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AHanmm3upyeTcs NpUMEHEHHE CIICIU(DUIECKON IEKTPUIECKON POBOIUMOCTH IS OLICHKU MapaMeTpoB KUIKocTei. JJaércs 0630p
B MHpE YHOTPEOISEMBIX CPEJICTB, MEp M METOJIOB aHAIM3a T 00ECTIEUeHHs KauecTBa MOJIOKA. [IpecTaBIeHbl JaHHbIE 0 KOMIUIEKCHO
cHCTeMe, IpeAHAa3HAUYeHHOH JUId IIPOTHO3a TEMIIepaTyphl 3aMep3aHusl MOJIOKA KOCBEHHBIM ITyTEM — CXEMa CHUCTEMBI, AJITOPHTM
yIpaBIeHHs, CXeMa aHajIM3a cocTaBa o0pas3la, METOJbl YTOUHEHHS pe3yjbTaTa H3MEPeHUS CHeIU(PHUIECKOH dJIeKTPHIECKOH
MPOBOJMMOCTH MOJIOKA C y4€TOM TeMIepaTrypbl o0pasia U ero GakTephajbHOTO 3arps3HEHUs, HMpeAcTaBieHa (GOpMysia BBEIYMCICHHUS
TeMIiepatypsl 3aMep3anusi. OmnpeneneHsl o0s3aTeNIbHbIE JaHHBIE Ui pabOTHl CHCTEMBI M IIOCIIEHOBATEIBHOCTD IIPE/ICTABICHUS UX
cucteme. OnucaHbl SKCIIEPUMEHTaIbHbIEC TaHHBIC, JaHa UX CTATUCTUYECKas oleHKa. M. 5, 6ubin. 6 (Ha aHIIIMICKOM s3bIKe; pedepaTsl
Ha aHTJTHHCKOM, PYyCCKOM U JIUTOBCKOM $13.).

J. Daunoras, A. Knys. Savitojo elektrinio laidZio panaudojimas skys¢iy parametrams jvertinti // Elektronika ir elektrotechnika.
— Kaunas: Technologija, 2007. — Nr. 7(79). — P. 37—40.

Nagrinéjamas pieno savitojo elektrinio laidzio taikymas skysCiy parametrams jvertinti. ApZvelgiamos pasaulyje pieno kokybei
uztikrinti naudojamos priemonés, tyrimo metodai. Pateikiami duomenys apie kompleksing tyrimo sistema, skirta pieno uzsalimo
temperatiirai nustatyti netiesioginiu bidu — sistemos schema, valdymo algoritmas, méginio sudéties tyrimo schema, savitojo elektrinio
laidzio jvertinimo tikslinimo, atsizvelgiant { méginio temperatiira, bendrajj bakterinj uzterStuma, budai, formulé uzsalimo temperatiirai
apskaiciuoti. Apibréziami butini duomenys tyrimo sistemai funkcionuoti ir pieno uzsalimo temperatiirai apskaiciuoti, nurodomas Siy
duomeny pateikimo tyrimo sistemai eiliSkumas. Pateikiami eksperimentiniai tyrimo rezultatai, ju statistinis ivertinimas. Il. 5, bibl. 6
(angly kalba; santraukos angly, rusy ir lietuviy k.).
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