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Abstract

HANUS, O.,JANU, L., SCHUSTER, J., KUCERA, J., VYLETELOVA, M., GENCUROVA, V.: Exploratory
analysis of dynamics of frequency distribution of raw cow milk quality indicators in the Czech Republic. Acta univ.
agric. et silvic. Mendel. Brun., 2011, LIX, No. 1, pp. 83-100

A consistent link of the raw milk quality (RMQ) to the farmer price is essential. The aim was to analyse
the properties of milk quality indicators (MQIs) and propose a new synthetic relative MQI (SQSM)
from among various individual MQIs. SQSM could serve for consistent inclusion each quality change
into the price. The paper was focused on exploratory analysis (normality (N) testing of files of MQISs).
On the basis of the results, the MQIs were divided into two groups without and with necessity of origi-
nal data transformation (TRIN). Log and Box—Cox TRINs were tested in terms of possibilities of the files
approach to the normal data frequency distribution (FD). The compositional MQIs deviated less and
health and hygienic MQIs more from normal FD in original data (P < 0.05). The TRNs approached the
data files to N very markedly in health and hygienic MQIs. The synthesis of various values of MQIs
into SQSM was proposed. SQSM values were derived from model file of real data about MQIs and val-
idated for use at farmer milk price modifications by the normality FD test. 33.3% of month SQSM files
were normal (P > 0.05), the other were very close to the N with negligible deviations. The useability
of the SQSM system for the balancing of raw milk purchase price premiums and penalties was tenta-
tively confirmed.

dairy cow, raw milk, bulk sample, milk quality indicator, exploratory analyse, data frequency distri-

bution

Therawmilk quality (RMQ)isa crucial factor of the
dairy food chain safety (Vylet&lova et al., 1999, 2000
and 2001; Cempirkova and Thér, 2000; Cempirkova,
2001, 2002 and 2007; Hanus et al., 2004 a). The reg-
ular RMQ control system satisfies the important so-
cial order (Baumgartner et al., 2000). Therefore the
current RMQ investigation and its payment are very
important measures. It was confirmed by the results
of the authors Deneke et al., (2004). They concluded
that farms with service agreements about their milk-
ing plants had lower tank cell counts, higher RMQ
and lower losses due to penalization. The positive
development of cow RMQ, which was caused due
to the legislative changes of the milk quality indi-
cators (MQIs) discrimination limits, was compared
during the period of ten years in the Czech Repub-
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lic (CR). The expressive improvement was observed
both compositional and especially health and hy-
gienic indicators (Jant et al., 2007). E. g. the arith-
metical means of the total mesophilic bacteria count
(TMBC) were 203.8 ths.ml~ in 1994 and 44.5 ths.ml!
in 2003 (today 37.4 ths.ml™!). A treble reduction was
relatively 78.2 (2003) and 81.6% (today). A ten times
as numerous reduction in the coli bacteria count
was found. Also the decrease of the occurrence
frequency in the inhibitory substance residues
from 0.64 to 0.24% (today 0.17%) was very important.
A stagnation was stated in somatic cell count (SCC,
x =272 and xg = 228 ths.ml-!' in 1994; x = 252 and xg
= 230 ths.ml-! in 2003). The current RMQ is quite
comparable or better within the bounds of the dairy
developed countries with large dairy cow herds and



84 O. Hanus, L. Jand, ]. Schuster, ]. Kucera, M. Vyletélovd, V. Gencurovd

is nearing the quality in the dairy developed coun-
tries with small dairy cow herds (Hanus et al., 2003).
The relationships among occurrences of different
risky microorganism groups in the various organic
materials (feed, raw milk, excrements) at the agricul-
tural beginning of milk food chain were evaluated in
other paper (Hanus et al., 2004, a) including the good
absolute results under average conditions of model
farms in the CR. A reserve for the next improvement
of the RMQ is particularly in the SCC in the CR. De-
spite this fact it can be stated that the milk produc-
tion and processing chain is probably the safest of
those considered for comparison (Hanus et al., 2004,
b). It was confirmed by a monitoring result in Ger-
many as well. According to the official survey re-
sults it was stated (circular of AFEMA, Baumgart-
ner and Schuster, 2005) that milk and milk products
pertained to the safest food on the market. The gen-
eral aspects of quality in market chains were defined
by Titchener (1998). Kvapilik (1997, 2004, 2005 a,
b), Wet (1998), Hamann (2002), Bossuyt (2003) and
Kvapilik and St¥ele¢ek (2003) were concerned with
questions of the payment of raw cow milk in accor-
dance with its quality or economy. It means with
alink of the purchase price to the values of the MQIs
in different point of views. E. g. in terms of the rules
and links of the farmer price construction according
to supplier-processor contracts, which are the main
instruments for the RMQ growth. Some of the rules
are in other publication (Dairy Crest, 2002). Some
materials (Hanus, 2000; Jant et al., 2005, 2007; Hanus
et al., 2007) were concerned with the problem of the
possibility of creating a new, consistent, synthetic,
relative quality indicator of raw cow milk for every
change of its quality to be taken into account in the
purchase price. For a further improvement of MQIs
a consistent link of the RMQ to the farmer price is
essential. This fact was often underestimated in the
CR during last time (Hanusg, 2000; Jant et al., 2005
and 2007; Hanus et al., 2007).

Aim of the work

The aim of this work is to prepare a basis for for-
mulation possibility of construction rules of an
evaluation algorithm, which will be able to syn-
thetize the different MQIs into one relative quality
value. Further, the aim of the mentioned algorithm
will be to create a new synthetic relative RMQ indi-
cator (SQSM) from among various individual MQIs,
which will be consistently able to include each of
the quality changes into the price. It has to be flex-
ible in terms of number of the possibly included
MQIs. Therefore, an analysis of the properties and
behaviour of the MQIs during the period is neces-
sary. That is reason, why this work was focused on
statistical exploratory analyse of the one-dimen-
sional data sets about real MQIs in terms of their dy-
namics evaluation of data frequency distribution
(FD). Such a kind of evaluation has not been per-
formed in the CR up to now. Nevertheless, any study
about FD of MQIs for purposes of the obtaining of
knowledge and subsequently construction rules

of a synthetic RMQ indicator is not known as well.
In general, the existence of hypothesis about men-
tioned synthetic RMQ indicator was allowed due
to milk analytical methods and statistical methods
expansion during last time. Possible application of
SQSM system in the practice could improve objec-
tivity of milk payment according to its quality and in
this way support higher quality more consistently
as compared to today circumstances. The work was
carried out in terms of further promotion of the
milk food chain safety as well as for the improve-
ment of the competitive ability of the dairy produc-
tion branch.

MATERIALAND METHODS

Evaluated set of bulk milk samples

The bulk milk samples (MSs) of a large data set
were regularly obtained (once or several times
per month) from commercial dairy herds for the
RMQ determination (mostly according to the stan-
dard CSN 57 0529) within the framework of the of-
ficial milk payment system during twelve calendar
months of 1994 and 2003. The MSs were treated by
a low temperature of about 6 °C and immediately
transported to the accredited milk laboratory. Some
of them were preserved, some of them not, but the
MSs were generally analysed in accordance with the
relevant standard operation procedures of the ac-
credited laboratory. The MSs came from both of the
milked populations of the dairy cows in the country,
Holstein and Czech Fleckvich. There were investi-
gated different numbers of MSs for different MQIs.
The maximum sample number was for milk freez-
ing point and some other MQIs (n = 72 607) and the
minimum for free fatty acids (n = 11 540). The data
sets of 1994 and 2003 were a slightly different as to
the MQIs, which are regularly measured. E. g. the ca-
sein content was measured and whey protein con-
tent calculated in 2003 only similarly the free fatty
acid concentrations.

Legislation aspects of standards for raw cow
milk quality

In general, the discrimination limit values ac-
cording to the valid standards (EEC 92/46; Regula-
tion 853/2004 and CSN 57 0529) were used for the
purposes of evaluations and comparisons of the
raw MQIs in this work. During the mentioned pe-
riod the legislative discrimination limit for the SCC
was changed. That was made with the limit <400
ths.ml-! being valid for the first quality class by the
end of 1994 (there also existed a lower class for the
<500 ths.ml! standard quality). From the begin-
ning of 1995 the limit <400 ths.ml-! was already valid
for the standard RMQ, which means that the qual-
ity criterion was made stricter (CSN 57 0529 and its
amendments and appendices). The TMBC stan-
dard discrimination limit was made more restric-
tive in a very marked way. In 1994 the value <300 ths.
CFU.ml! was valid for the first class of quality. There
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were also lower classes of quality (IT <800 and IIT <
2 000 ths.CFU.ml™"). From the beginning of 1995 the
limit <100 ths.CFU.ml-! was valid for the first class of
quality and from 1998 already for the allover stan-
dard RMQ (CSN 57 0529).

Investigated MQIs with their abbreviations
and units

With tested MQIs that were measured and calcu-
lated the following listed abbreviations and units
have been used: F milk fat content (g.100ml™; %);
L lactose content (monohydrate; g100g™; %); SNF
solids non fat content (g.100g™'; %); DM dry matter
(g.100g; %; calculated indicator); CP crude protein
(total Nx6.38; 2.100g"; %); CAS casein (casein Nx6.38;
£.100g'; %); WP whey protein content (g.100g™%; %;
calculated indicator); MFP milk freezing point (°C or
m°C x (-1)); SCC somatic cell count (ths.ml-); F/CP
ratio between fat and crude protein, calculated indi-
cator of nitrogen/protein metabolism of dairy cow
herd; U urea concentration (mmol.l"'); SH titratable
acidity (in ml 0.25 mol.I-' NaOH solution); FFA con-
centration of milk fat free fatty acids (mmol.100g™);
TMBC total mesophilic bacteria count (ths.CFU.
ml); CBC coli bacteria count (CFU.ml!); TRBC
thermoresistant bacteria count (CFU.ml-!); PBC psy-
chrotrophic bacteria count (CFU.ml'); RIS occur-
rence frequency of residues of inhibitory substances
(%; antibiotic drugs occurrence); MFA milk fermen-
tation ability by dairy noble culture (Rx, Lactobacil-
lus bulgaricus and Streptococcus thermophillus, in ml 0.25
mol.]”» NaOH solution).

Used milk analytical methods

Chemical and physical methods and also indirect
instrumental methods

The MFPs were measured by the two analytical
methods. The first was carried out with MilkoScan
6000 system (Foss Electric, Denmark). This was ad-
justed according to the reference cryoscopic method
results in regular intervals. It means an alternative
measurement of the milk freezing point equivalent.
The other measurement procedure was performed
by the own cryoscopic method, which was the in-
strument Cryo-Star automatic Funke-Gerber (Ger-
many). The mentioned procedure was realized with
that part of the analysed MSs that showed suspi-
cious values by the first measurement method. The
selected measurement mode was reference Plateau
Search in this case. The used instrument was un-
der regular calibration by the standard NaCl solu-
tions and regularly took part in the national analyt-
ical proficiency testing with successful results. The
work was performed according to CSN 57 0538. The
incidental interference effects were monitored. The
other investigated MQTs, such as the F, L, CP, CAS,
DM, SNF, U, FFA, were measured by the instrument
MilkoScan 6000 (Foss Electric, Denmark; MIR-FT
mid infra red spectrophotometric apparatus with
mathematical evaluation of the whole IR spec-

trum by means of Fourier’s transformations), which
was regularly calibrated according to the reference
method results (standard CSN 57 0536, by Gerber’s
method for fat content, Kjeldahl’s method for crude
protein content and polarimetric and gravimetric
methods for lactose and SNF contents, according to
the standard CSN 57 0530; for U and FFA according
to the direct ureolytic, photometrical and titration
method results). The SCC was determined by the
Fossomatic instrument (Foss Electric, Denmark) ac-
cording to the standard CSN EN ISO 13366-3. Both
the previously mentioned instruments took part in
the relevant national proficiency testing with regu-
larly good results. The TMBC was determined by
the Bactoscan 8000 instrument (Foss Electric, Den-
mark) under similar conditions as with the previ-
ous apparatus. The Bactoscan was continuously cal-
ibrated according to results of the plate cultivation
for TMBC. The colonies of mesophilic bacteria spe-
cies were counted after their growth for 72 h. of in-
cubation at 30 °C (CSN 57 0101).

Microbiological cultivation methods

The residues of inhibitory substances were inves-
tigated by the reaction of the Delvo-Test method,
which is performed on the basis of the growth of
test microbial strain Bacillus stearothermophilus var.
calidolactis. The other microbiological MQITs (CSN
57 0101, CSN ISO 6730, CSN ISO 4832) were also
investigated in an accredited testing laboratory. All
these MQIs are formulated in CFU.ml-: TRBC, PBC,
CBC. The GTK-M Agar (Milcom Tébor) was used as
a cultivation medium for PBC and TRBC determina-
tion. The VRLB Agar (Milcom Tébor) was used for
CBC cultivation. The temperature/time combina-
tions of the microbiological cultivation conditions
were 6.5 °C/10 days for PBC, 30 °C/72 hours after
previous MS inactivation by heating at 85 °C for 10
min. for TRBC and 36 °C/24 h. for CBC.

Performed statistical procedures

The validation of the large data file was carried
out by determination of the discrimination limits
for all the MQIs. These limit values were derived
from mean values and measure of variability as x +
1.96 or 2.58 x sx, which included 95 or 99% of prob-
ability that the values belong to the data file. If it was
not possible, e. g. due to a marked deviation of data
distribution from the normal FD, another proce-
dure including the application of a qualified estima-
tion was chosen. The result shows that data filtration
should not let through wrong, improbable values
subsequent evaluation. Of course, the data files al-
ways include values out of the legislative framework
of standard RMQ. The possible occurrence of ex-
treme by low or high values (especially at such MQIs
as TMBC, SCC, CBC, TRBC and PBC) was solved
individually by the excluding them in view of the
previous development of the values in the exist-
ing data source. The really used validation limits
for the MQIs were published previously (Jani et al.,
2007). This validation was basis for data files I (vali-
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dated, but no standardized, NST). The data files IT
(validated and standardized, ST) were obtained due
to the limitation of MQIs values by valid standard
limits (CSN 57 0529), it means due to the standard-
ization (STN). The statistical evaluation of the data
files was performed separately for the individual cal-
endar months because of the generally valid model
of the month payment system for raw milk. The
main statistical characteristics, such as the arithmeti-
cal (x) and geometrical mean (xg), standard deviation
(sx) and variation coefficient (vx), were calculated
for the month data files. If necessary, the MQIs (SCC
and microbiological indicators in this case) data
were logarithmically transformed (log,,) before the
evaluation of the main statistical characteristics and
their mutual relationships because of no presump-
tion of the normal data FD (Ali and Shook, 1980;
Shook, 1982; Reneau, 1986; Meloun and Militky,
1994; Kupka, 1997; Hanus et al., 2001). Box-Cox (BC)
transformation (TRN) was tested as well. The FD
normality of the values of the MQIs data files was
tested in terms of their normality by the Q and Q-Q
graphs in the framework of the exploratory analysis
(Meloun and Militky, 1994; Kupka, 1997). The third
and fourth central statistical moments of the MQIs
data files, it means the obliqueness (a,) and acute-
ness (excess, a,) were tested. The synthetic SQSM in-
dicator was calculated on the basis of the own pre-
vious and here performed research according to
following formulas: DX = (IND - x)/sx, where: IND
is individual value of MQI of supplier, x is month
arithmetical average of MQI of all milk suppliers
and sx its standard deviation; SQSM is the average:
sum of right oriented (according to RMQ growth)
DXs of MQIs of identical raw milk delivery divided
by the relevant number of MQIs. The eight chosen
most frequent and important MQIs were included
as combination into SQSM calculation: F, CP, SNF,
MFP, log SCC, log TMBC, log CBC (last three as
transformed MQIs, TRN), RIS. The weights of the
used MQIs were same, it means no preference for

I: The normality evaluation of raw milk data files

some of the MQIs. FD of month files of SQSM indi-
cator (2003) was investigated by exploratory analysis
as well. In general a lot of statistical tests were per-
formed. It is not possible to demonstrate all the re-
sults by figures here. All year months were used for
a demonstration (tables and figures) of the obtained
results only in the most important MQIs and in the
cases of most important phenomenons.

RESULTS AND DISCUSSION

General result description of the raw milk
quality

As mentioned above, the RMQ was improved dur-
ing the reference period. The negligible deviations
between arithmetical means and medians of month
data files of compositional MQIs and indispensable
in hygienic MQIs were found in the previous paper
(Janti et al., 2007). The logarithmic and BC data trans-
formations decreased these deviations markedly es-
pecially in health and hygienic MQIs. An explor-
atory analysis of one-dimensional data files of MQIs
was shown as necessary.

Exploratory analysis according to individual
MQIs

SNF: month tests a, and a, mostly differed from
standard normal FD (P < 0.05), but the deviations
were practically negligible, a, values were often near
to 3 (Tab. 1), therefore TRN is not necessary; STN (II)
mostly turned over the a, from right-hand to left-
hand asymmetry (A); the month FD of data files are
similar between years 1994 and 2003. CP: the rate of
a, FD normal files increased during reference period
(1994-2003); deviations from normality (N; P < 0.05)
were negligible (Tab. I); the influence of STN (IT) was
small; TRN is not necessary. F: all files (1994 and
2003, Tab. I, Fig. 1 1-12, T and II) differed from nor-
mal FD (P < 0.05); changes between years were small;

Fat, Set 1, 2003

Fat, Set1, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 0.26 5.66 no no 1 -1.14 3.90 no no
2 0.26 5.5 no no 2 -0.84 2.12 no no
3 0.34 5.03 no no 3 0.27 4.45 no no
4 0.48 4.79 no no 4 0.21 4,73 no no
5 0.35 5.1 no no 5 0.26 4.71 no no
6 0.21 5.64 no no 6 0.31 4.51 no no
7 0.23 4.33 no no 7 0.17 4.57 no no
8 0.16 4.66 no no 8 0.27 5.06 no no
9 0.29 4.82 no no 9 0.19 4.77 no no
10 0.30 5.28 no no 10 0.14 4.52 no no
11 0.40 5.22 no no 11 0.17 4.41 no no
12 0.49 4.79 no no 12 0.46 4.51 no no
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CP, Set1,2003

CP, Set 1, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 0.00 3.67 yes no 1 0.33 3.85 no no
2 -0.09 3.75 no no 2 0.43 3.94 no no
3 -0.06 3.76 no no 3 0.44 4.03 no no
4 -0.05 3.89 no no 4 0.42 4.09 no no
5 -0.11 3.99 no no 5 0.15 4.16 no no
6 -0.02 3.79 no no 6 0.08 4.07 no no
7 0.06 3.60 no no 7 0.02 3.90 yes no
8 0.12 3.67 no no 8 0.07 3.75 no no
9 0.10 3.74 no no 9 0.09 3.88 no no
10 0.07 3.73 no no 10 0.14 3.85 no no
11 0.06 3.75 yes no 11 0.24 4.11 no no
12 0.07 3.94 no no 12 0.38 4.03 no no

Lactose, Set 1, 2003 Lactose, Set I, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 -0.77 4.70 no no 1 -0.43 4.05 no no
2 -0.69 4.53 no no 2 -0.53 4.60 no no
3 -0.69 4.43 no no 3 -0.57 431 no no
4 -0.71 4.51 no no 4 -0.61 4.07 no no
5 -0.63 432 no no 5 -0.44 436 no no
6 -0.52 4.62 no no 6 -0.51 4.59 no no
7 -0.63 4.72 no no 7 -0.37 4.17 no no
8 -0.68 4.65 no no 8 -0.44 4.25 no no
9 -0.76 4.57 no no 9 -0.48 4.27 no no
10 -1.04 5.49 no no 10 -0.40 4.16 no no
11 -0.84 4.85 no no 11 -0.53 4.48 no no
12 -0.52 3.79 no no 12 -0.62 4.44 no no

SNF, Set 1, 2003 SNF, Set I, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 -0.33 3.81 no no 1 -0.99 3.69 no no
2 -0.38 3.93 no no 2 0.05 3.87 yes no
3 -0.36 3.87 no no 3 -.005 3.70 yes no
4 -0.42 3.78 no no 4 -0.07 3.88 no no
5 -0.28 3.86 no no 5 -0.17 4.02 no no
6 -0.22 3.60 no no 6 -0.23 3.82 no no
7 -0.20 3.61 no no 7 -0.26 3.58 no no
8 -0.23 3.36 no no 8 -0.19 3.61 no no
9 -0.28 3.76 no no 9 -0.21 3.68 no no
10 -0.30 3.78 no no 10 -0.12 3.62 no no
11 -0.23 3.66 no no 11 -0.17 3.72 no no
12 -0.22 3.96 no no 12 -0.07 3.80 no no
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MEP, Set I, 2003

MEP, Set 1, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 -0.55 5.97 no no 1 0.43 4.25 no no
2 -0.35 5.50 no no 2 -0.55 4.16 no no
3 -0.36 5.97 no no 3 -0.74 4.96 no no
4 -0.41 5.97 no no 4 -0.27 4.22 no no
5 -0.36 6.11 no no 5 -0.46 4..68 no no
6 0.01 7.84 yes no 6 -0.41 4.29 no no
7 -0.03 7.46 yes no 7 -0.51 441 no no
8 0.18 6.60 no no 8 -0.51 4.24 no no
9 0.04 6.59 yes no 9 -0.51 4.51 no no
10 -0.27 5.68 no no 10 -0.45 432 no no
11 -0.39 7.14 no no 11 -0.42 4.62 no no
12 -0.36 6.73 no no 12 -0.54 434 no no

Urea, Set I, 2003 Casein, Set I, 2003

normality normality
month a, a, a, a, month a, a, a, a,
1 0.09 2.18 no no 1 -0.06 3.69 yes no
2 -0.01 2.21 yes no 2 -0.12 3.71 no no
3 0.34 3.06 no yes 3 -0.09 3.77 no no
4 0.01 2.24 yes no 4 -0.14 3.83 no no
5 0.06 2.21 yes no 5 -0.09 4.00 no no
6 0.04 2.29 yes no 6 -0.03 3.79 yes no
7 0.02 2.33 yes no 7 0.06 3.59 yes no
8 -0.01 231 yes no 8 0.08 3.60 no no
9 0.00 2.27 yes no 9 -0.27 3.47 no no
10 -0.03 2.26 yes no 10 0.03 3.73 yes no
11 0.03 2.13 yes no 11 -0.01 3.82 yes no
12 0.25 2.51 no no 12 -0.75 3.99 no no

SCC, Set 1T, 2003 SCC, Set 11, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 0.18 234 no no 1 0.18 2.18 no no
2 0.05 2.27 yes no 2 0.15 2.17 no no
3 0.06 2.24 yes no 3 0.16 2.2 no no
4 -0.02 2.27 yes no 4 0.14 2.16 no no
5 -0.02 2.14 yes no 5 0.09 2.12 no no
6 -0.21 2.24 no no 6 0.001 2.12 yes no
7 0.01 2.05 yes no 7 -0.13 2.09 no no
8 -0.27 2.21 no no 8 -0.12 2.06 no no
9 -0.14 2.22 no no 9 0.03 2.16 yes no
10 -0.03 2.35 no no 10 0.05 2.16 yes no
11 -0.01 237 yes no 11 -0.05 2.19 yes no
12 -0.07 2.32 no no 12 -0.04 2.18 yes no
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SCC, Set 1, 2003

SCC, Set I, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 2.17 13.91 no no 1 2.11 11.65 no no
2 2.15 13.06 no no 2 2.22 11.95 no no
3 1.61 9.12 no no 3 2.13 12.02 no no
4 1.75 10.33 no no 4 2.01 11.11 no no
5 3.49 36.32 no no 5 2.23 12.96 no no
6 1.89 10.33 no no 6 1.89 10.31 no no
7 1.9 10.86 no no 7 1.65 8.19 no no
8 1.71 9.76 no no 8 1.70 8.46 no no
9 2.07 12.73 no no 9 1.97 10.39 no no
10 2.3 14.3 no no 10 2.19 12.23 no no
11 221 12.67 no no 11 2.11 11.58 no no
12 2.29 14.63 no no 12 1.81 5.42 no no

TMBC, Set 11, 2003 TMBC, Set 11, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 1.97 6.95 no no 1 0.46 2.07 no no
2 2.02 6.96 no no 2 0.45 2.34 no no
3 2.01 6.77 no no 3 0.28 2.06 no no
4 1.96 6.53 no no 4 0.28 2.00 no no
5 1.46 4.38 no no 5 0.12 1.99 no no
6 1.26 3.70 no no 6 0.26 1.97 no no
7 1.63 5.20 no no 7 0.06 1.96 yes no
8 1.52 4.61 no no 8 0.28 1.99 no no
9 1.68 5.31 no no 9 0.24 1.98 no no
10 1.96 6.79 no no 10 0.24 2.02 no no
11 1.46 4.47 no no 11 0.19 1.98 no no
12 1.68 5.41 no no 12 0.26 2.02 no no

TMBC, Set 1, 2003 TMBC, Set 1, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 14.55 245.70 no no 1 7.53 71.99 no no
2 13.86 239.17 no no 2 7.07 60.52 no no
3 13.39 221.63 no no 3 6.65 50.70 no no
4 13.55 227.96 no no 4 7.27 63.44 no no
5 11.38 160.91 no no 5 5.57 36.69 no no
6 11.65 166.19 no no 6 6.32 48.08 no no
7 11.91 174.91 no no 7 5.27 33.01 no no
8 12.56 193.87 no no 8 6.51 51.18 no no
9 13.39 213.02 no no 9 6.97 57.59 no no
10 14.64 256.34 no no 10 8.22 81.94 no no
11 12.39 189.35 no no 11 8.17 82.24 no no
12 13.71 234.57 no no 12 9.17 102.29 no no
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PBC, Set I, 2003

PBC, Set 1, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 5.14 35.17 no no 1 7.06 77.17 no no
2 10.38 122.22 no no 2 5.55 44.08 no no
3 2.18 11.46 no no 3 6.26 56.75 no no
4 8.59 90.11 no no 4 10.64 157.98 no no
5 5.5 37.67 no no 5 6.86 7.33 no no
6 6.83 53.73 no no 6 7.21 73.88 no no
7 5.59 43.94 no no 7 5.48 40.49 no no
8 4.99 29.49 no no 8 7.34 79.02 no no
9 6.6 55.21 no no 9 6.39 59.39 no no
10 10.47 117.38 no no 10 7.53 79.60 no no
11 1.97 6.25 no no 11 8.26 102.55 no no
12 4.95 31.6 no no 12 14.51 310.14 no no

F fat (g.100ml; %); L lactose (%); SNF solids non fat (%); DM dry matter (%); CP crude protein (%); CAS cascin (%); WP
whey protein (%); MFP milk freezing point (°C or m°C x (~1)); SCC somatic cell count (ths.ml-!); F/CP ratio between fat
and crude protein; U urea (mmol.I"'); SH titratable acidity (in ml 0.25 mol.I"' NaOH solution); FFA milk fat free fatty acids
(mmol.100g™!); TMBC total mesophilic bacteria count (ths.CFU.ml'); CBC coli bacteria count (CFU.ml!); TRBC thermo-
resistant bacteria count (CFU.ml™); PBC psychrotrophic bacteria count (CFU.ml™"); MFA milk fermentation ability (in ml

0.25 mol.I"! NaOH solution).

STN led to the longer distance from N; the files were
gently left-hand as a rule; TRN is not necessary. Lt
all files with right-hand A differed from normal FD
(Tab. T; P < 0.05), however, deviations were negli-
gible; STN was not carried out; 2003 files (I) were
more oblique; TRN is not necessary. CAS: all files

Q graph - Fat, August 2003, Set |

P,

+ real data— theoretical curve

Q-Q graph - Fat, August 2003, Set |

6
4
2
q

+ realdata ——theoretical line

2003 (1) differed from normal FD (P < 0.05) in a, but
some of them were normal in a; differences were
minimal with irregularities about right- and left-
hand A (Tab. T; Fig. 1). MFP: all files 1994 (I and 11)
and 2003 (II) were different from N (Tab. I; P < 0.05),
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1: Qand Q-Q graphs of fat, casein, SCC, TMBC, urea, FFA and PBC data files

only some of month files 2003 (I) were normal in a,
(P> 0.05); a, was higher in 2003 in comparison with
1994, which could have been caused by increasing
of the technological discipline in raw milk produc-
tion; STN turned mostly over the a, from slightly
right-hand to slightly left-hand A; TRN is not nec-
essary. SCC: all nonstandard files (Tab. I; Fig. 1; 1994
and 2003, 1-12, 1) differed markedly from normal FD
in a, with left-hand A and in a, as well; STN (II) led to
better N and slightly right-hand A and a, was mark-

1L:  The normality evaluation of logarithmic transformed data

edly reduced in both years; log TRN (Tab. IT; Fig. 2)
led to slightly right-hand A, the deviations from nor-
mal FD were significant, but smaller in compari-
son with not transformed files, therefore TRNs are
necessary. TMBC: month files (Tab. I; Fig. 1; 1994
and 2003) I were markedly different from N (P < 0.05)
with left-hand a, A; STN led near to N, mostly in
1994; log TRN (Tab. IT; Fig. 2) led near to N, in partic-
ular for a,, although the files still differed from N (P
< 0.05) mostly with slightly left-hand A, only month

log SCC, Set 11, 2003

log SCC, Set 11, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 -0.83 3.34 no no 1 -0.77 3.01 no yes
2 -0.96 0.63 no no 2 -0.80 3.07 no yes
3 -0.93 3.58 no no 3 -0.79 3.09 no yes
4 -1.00 3.77 no no 4 -0.79 3.04 no yes
5 -0.95 3.56 no no 5 -0.87 3.29 no no
6 -1.20 4.23 no no 6 -0.92 3.32 no no
7 -0.90 3.35 no no 7 -1.08 3.72 no no
8 -1.24 430 no no 8 -1.03 3.53 no no
9 -1.10 4.04 no no 9 -0.94 3.50 no no
10 -1.07 4.03 no no 10 -0.93 3.50 no no
11 -1.07 4.14 no no 11 -1.01 3.70 no no
12 -1.07 3.92 no no 12 -1.01 3.65 no no
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log SCC, Set I, 2003 log SCC, Set I, 1994
normality normality
month a, a, a, a, month a, a, a, a,
1 -0.37 3.45 no no 1 -0.30 3.14 no no
2 -0.44 3.65 no no 2 -0.29 3.24 no no
3 -0.49 3.51 no no 3 -0.31 3.20 no no
4 -0.50 3.65 no no 4 -0.34 3.15 no no
5 -0.38 3.68 no no 5 -0.33 3.35 no no
6 -0.55 3.89 no no 6 -0.41 3.29 no no
7 -0.41 3.31 no no 7 -0.51 3.45 no no
8 -0.64 3.93 no no 8 -0.49 3.55 no no
9 -0.47 3.81 no no 9 -0.37 3.38 no no
10 -0.46 3.99 no no 10 -0.34 3.46 no no
11 -0.40 3.97 no no 11 -0.38 3.59 no no
12 -0.47 3.90 no no 12 0.25 2.98 no yes
log TMBC, Set I, 2003 log TMBC, Set I1, 1994
normality normality

month a, a, a, a, month a, a, a, a,

1 0.30 2.27 no no 1 -0.35 231 no no

2 0.54 2.27 no no 2 -0.63 2.38 no no

3 0.47 2.22 no no 3 -0.79 2.87 no yes

4 0.51 2.22 no no 4 -0.73 2.82 no no

5 0.11 2.11 no no 5 -0.93 3.47 no no

6 -0.03 2.15 yes no 6 -0.73 2.89 no yes

7 0.20 2.10 no no 7 -0.99 3.60 no no

8 0.16 2.11 no no 8 -0.72 2.80 no no

9 0.24 2.12 no no 9 -0.77 2.98 no yes

10 0.36 2.23 no no 10 -0.76 2.99 no no

11 0.08 2.18 no no 11 -0.81 3.11 no yes

12 0.18 2.20 no no 12 -0.75 3.03 no yes

log TMBC, Set I, 2003 log TMBC, Set I, 1994
normality normality

month a, a, a, a, month a, a, a, a,
1 1.03 5.05 no no 1 0.71 3.45 no no
2 1.14 4.64 no no 2 0.57 3.66 yes no
3 1.07 4.39 no no 3 0.50 3.72 yes no
4 1.05 4.15 no no 4 0.61 4.04 no no
5 0.76 3.81 no no 5 0.76 4.24 no no
6 0.65 3.70 no no 6 0.65 3.96 no no
7 0.87 3.99 no no 7 0.71 4.06 no no
8 0.79 3.86 no no 8 0.65 3.94 no no
9 0.92 431 no no 9 0.68 4.25 no no
10 1.05 4.76 no no 10 0.64 4.27 no no
11 0.79 4.12 no no 11 0.64 4.28 no no
12 0.85 4.18 no no 12 0.67 4.46 no no
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log PBC, Set T, 2003

log PBC, Set I, 1994

normality normality
month a, a, a, a, month a, a, a, a,
1 1.82 5.51 no no 1 -0.24 1.93 no no
2 0.64 2.55 no yes 2 -0.19 1.99 no no
3 0.93 2.77 no yes 3 -0.27 2.08 no no
4 0.90 2.61 no yes 4 -0.12 1.99 yes no
5 1.23 3.77 no yes 5 -0.21 1.98 no no
6 0.90 3.48 no yes 6 0.03 1.87 no no
7 0.80 2.57 no yes 7 -0.35 2.07 no no
8 0.45 1.94 no no 8 -0.22 2.02 no no
9 1.28 3.40 no yes 9 -0.24 1.93 no no
10 1.19 3.29 no yes 10 -0.29 2.27 no no
11 0.60 2.03 no yes 11 -0.30 237 no no
12 0.58 2.12 no no 12 -0.25 2.19 no no

Q-Q graph log SCC,

November 2003, Set |

files 1994 (1) showed right-hand A; TRINs are neces-
sary. PBC: all files I in both years (Tab. I; Fig. 1) dif-
fered markedly from normal FD (P < 0.001) in a, with
left-hand A and in a, as well; month a, and a, values
varied very strongly; STN (II) still led to N approach
with left-hand A; log TRN (Tab. II; Fig. 2) caused that
all month files I both years had been markedly near
to the N in comparison with the original data, but
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2: Qand Q-Q graphs of logarithmic transformed data files (SCC, TMBC and PBC)
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still with significant differences; STN (II) at TRN led
to further approach to the N; TRNs are necessary.
CBC: all files (1994 and 2003, 1-12, 1) with excep-
tion one in a, were different from normal FD (from
P < 0.05 up to P < 0.001); STN showed approach to
N with mostly right-hand A in 1994 and left-hand
A in 2003; log TRN led to approach to N in all files
(I and II), but the differences were still significant
(P < 0.05), but practically negligible, I and 1T files
1994 were mostly right-hand and 2003 left-hand,;
TRNs are necessary. TRBC: almost all files (1994
and 2003, 1-12, I and II) with exception of some a,
the values deviated from N (P < 0.05 and P < 0.001);
STN led to approach to N; log TRN led to marked
approach to N (still P < 0.05) in comparison with the
original data in all files as well; TRNs are necessary.
U: month files (Tab. I; Fig. 1; 2003, I) did mostly not
deviate (P > 0.05) from normal FD in a,; most devia-
tions were in a, (P < 0.05); TRINs are not needed. FFA:
two month files (Fig. 1; 2003, I) were different from

N (P < 0.05) with left-hand A of a,; STN showed ap-
proach to N; TRNs could be suitable. SH: help file
I (n = 76) was not different from N (P > 0.05); STN
led to difference from normal FD and turned over
left-hand to right-hand A; this indicator is used for
quality payment only occasionally. MFA: assisted
file I (n = 76) was different from N (P < 0.05); STN
showed N (P > 0.05) and turned over a, from right-
hand to left-hand A; despite this fact the TRNs are
not necessary; this indicator is used for quality pay-
ment only occasionally.

General conclusion about exploratory analysis

The exploratory analysis was performed in data
MQIs (files T and II, 1994 and 2003). The oblique-
ness (a,) and acuteness (a,) values of the data files of
MQIs including their quantil-quantile graphs were
interpreted. The compositional MQIs had usually
the character of data FD, which was quite near to the
N (a, =0and a, = 3). However, these small deviations

1I1: The normality evaluation of data files after Box-Cox transformation

SCC, Set I, 2003, after Box-Cox transformation

TMBC, Set I, 2003, after Box-Cox transformation

normality ]é(::;_ normality ]Z(();_
month a, a, a, a, para. month a, a, a, a, para.
1 0.0015  3.54 yes no 0.19 1 -0.0003  2.10 yes no -0.402
2 -0.0004  3.73 yes no 0.214 2 -0.0008  1.65 yes no -0.628
3 0.0003  3.45 yes no 0.27 3 -0.0004 1.72 yes no -0.548
4 0.0002  3.61 yes no 0.261 4 -0.0007  1.68 yes no -0.576
5 0.0006  3.53 yes no 0.233 5 0.0002  2.28 yes no -0.285
6 0.0003 3.78 yes no 0.255 6 -0.0003  2.50 yes no -0.224
7 0.00001  3.24 yes no 0.22 7 0.0008  2.13 yes no -0.345
8  0.000008 3.75 yes no 0.3085 8 0.0005  2.23 yes no -0.305
9 0.0002  3.81 yes no 0.227 9 -0.0004  2.10 yes no -0.371
10 -0.0004  4.07 yes no 0.208 10 -0.0003  1.94 yes no -0.456
11 0.0002  3.96 yes no 0.179 11 0.0001  2.44 yes no -0.276
12 0.00004  4.02 yes no 0.2175 12 -0.0008  2.28 yes no -0.324
PBC, Set 1, 2003, after Box-Cox transformation
normal. Box-Cox
month a, a, a, a, para.
1 cannot cannot = = cannot
2 -0.0070 1.61 yes no -0.60
3 0.0030 1.26 yes no -1.10
4 -0.0100 1.29 yes no -1.00
5 0.0750 1.00 yes no -4.00
6 -0.0450 1.75 yes no -0.70
7 0.0690 1.27 yes no -1.00
8 -0.0190 1.52 yes no -0.90
9 cannot cannot = = cannot
10 0.0600 0.99 yes no -4.30
11 -0.0900 1.22 yes no -1.00
12 -0.0067 1.66 yes no -0.50

Cannot = cannot be done; no =P £0.05; yes = P > 0.05; para. = parameter
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3: Qand Q-Q graphs of Box-Cox transformed data files (SCC, TMBC and PBC)

from N were statistically significant (P < 0.05) be-
cause of the high numbers of cases in the MQI data
files. Of course, in spite of this significance the prac-
tical importance of deviations was negligible. On
the contrary, the health and hygienic MQIs deviated
mostly from mentioned character very visibly (Tab. I;
Fig. 1), according to expectation. Log data TRN ap-
proached the FD towards the N (Tab. II; Fig. 2) in
these files of MQIs usually in a satisfactory way. BC
transformation enabled the best approach of files
of chosen MQIs (SCC, TMBC and PBC) to the N, es-
pecially in terms of more important obliqueness of
data files (a, = 0, Tab. III; Fig. 3). BC TRN differs from
logarithmic TRN. Log TRN depends on relevant ba-
sis. BC transformation needs a change of the control
term according to character of the concrete data file.

It is more difficult for routine using this otherwise
statistically effective means in the prepared evalua-
tion algorithm. In general, the exploratory analysis
results distributed the investigated MQIs into two
groups in terms of necessity of their data TRNs in-
cluding of type of TRN or their total inutility. It is
important knowledge in terms of creation of the
evaluation algorithm rules for work with the MQIs
data at their synthesis into SQSM.

Preliminary SQSM indicator derivation and
investigation
The concrete SQSM values varied from -233
up to 2.61 in different months (Tab. IV; 2003). The
theoretically probable range is supposed from -3.0
up to 3.0 approximately in the mentioned calcula-
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1V: The evaluation of SQSM indicator frequency distribution

month X SX m max. min. a, s(a,) SN a, s(a,) N
1 1.3x10°"  0.486 0.0206 1.76 -1.88 -0.23 0.053 no 3.60 0.106 no
2 -3.8x10' 0.495 0.0311 1.74 -2.32 -0.37 0.048 no 4.12 0.096 no
3 -8.6x10"" 0.507 0.0240 2.22 -2.11 -0.18 0.053 no 3.65 0.105 no
4 3.7x10->  0.501 0.0365 1.74 -1.93 0.17 0.050 no 2.21 0.099 no
5 6.2x10°1¢  0.495 0.0062 1.75 -2.33 0.19 0.050 no 2.36 0.101 no
6 -9.8x10'% 0.485 0.0313 1.71 -2.00 0.10 0.051 yes 291 0.101 yes
7 5.3x10°®  0.475 0.0198 1.77 -1.93 -0.28 0.059 no 3.84 0.118 no
8 -2.5x10""  0.460 0.0000 1.87 -1.49 0.03 0.061 yes 3.40 0.123 no
9 2.0x10*  0.505 0.0282 1.94 -1.98 -0.10 0.051 yes 3.66 0.102 no
10 -7.2x10°%  0.494 0.0144 1.85 -1.90 -0.17 0.052 no 3.86 0.105 no
11 -3.3x10%  0.494 0.0109 2.61 -1.74 -0.05 0.054 yes 3.86 0.107 no
12 1.1x10*  0.495 0.0140 2.07 -1.85 -0.11 0.054 no 4.04 0.108 no

x = arithmetical mean; sx = standard deviation; m = median; max. = maximum; min. = minimum; a, = obliqueness coeffi-
cient; s(a,) = stand. dev. of a; a, = acuteness coefficient; s(a,) = stand. dev. of a,; SN = a, symmetry normality; N = a, normal-

ity;no =P <0.05;yes=P 20.05
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tion processing. In the model the log TRN was suit-
able for some real data of MQIs but BC TRN was not
necessary. The SQSM arithmetical averages, whose
expected value is zero, varied from -8.6x10" up
to 2.0x10°'. Similarly, the median values varied
from 0 up to 0.0365, near the zero (Tab. IV). The
month obliqueness values (a,), also expected as zero
values, varied from -0.37 up to 0.19 (Tab. IV). 33.3%
of obliqueness cases were speculated about as nor-

mal FD (Tab. IV; P > 0.05). The acuteness values (a,),
which were expected as equal to 3.0, varied from
2.21 up to 4.12 (Tab. IV). 83% of acuteness values
were speculated about as normal FD (Tab. IV, P
> 0.05). Of course, the obliqueness as symmetry
measure is more important in terms of purpose of
work hypothesis. The derived data files of SQSM
values show N of their FD quite well. Despite the
occurrence of significant differences from normal
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FD (because of a high number of cases in relevant
data files) these deviations from N could be seen as
no important for practical use purposes. The real FD
curve (Gauss curve) and Q and Q-Q graphs of ,nor-
mal” FD of file of SQSM values (2003 June; Tab. IV)
are shown in Fig. 4. The SQSM data file, which most
deviates from N (2003 February; Tab. 1IV), is shown
in Fig. 5. Tt could be possible to assign the milk
purchase prices to the introduced SQSM values.
Probably, the mentioned process could balance the
premiums for milk deliveries by penalties towards
the equivalence.

CONCLUSION

The basic statistical evaluation of the raw cow
MQIs was carried out with the data files 1994 and
2003 (Jant et al., 2007). It was performed for the pos-
sibility to write up the changes and influences on
RMQ during the mentioned reference period. There
was stated the general quality improvement, which
was caused by the application of RMQ discrimina-
tion limits, where some of them were made more
restrictive, in the official payment policy. This pa-
per is the second step of the mentioned research.
The mentioned selected model files of the real data,
which were processed in consideration of the prac-
tical dynamic of the RMQ (basic statistic), were
evaluated by exploratory analysis of the one-dimen-

sional data files of the MQIs to explain and regu-
late the FD of RMQ values. The goal was to obtain
the relevant knowledge for final proposal of evalu-
ation algorithm for the regular consistent including
of quality into price by new synthetic RMQ indica-
tor, SQSM. The behaviour of FDs of MQI data files
and month SQSM data files during reference pe-
riod was analysed and described. The useability of
the SQSM system for the balancing of raw milk pur-
chase price premiums and penalties was prelimi-

nary confirmed. In general it means that the two im-

portant steps will be carried out in the next period

of the research and development:

1. animprovement of proposal for the construction
of the evaluation algorithm for the synthesis of
more MQIs into one-dimensional relative RMQ
indicator, SQSM;

2. avalidation of the functions and the result reli-
ability of the proposed evaluation algorithm (for
SQSM synthesis) and attestation of possibilities
for the efficient modifications of algorithm on
the model files of real data.

In the framework of modern trends of preference
of quality programmes this is a case of abandonment
of basically anachronistic vision about the neces-
sity of existence of quality classes for RMQ payment
within the bounds of standard quality. SQSM system
could be tested in payment system of a seleced dairy
plant in the case of its positive approach.
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SUMMARY

The raw milk quality (RMQ) is a crucial factor of the milk food chain safety. A consistent link of the
RMQ to the farmer price is essential. The aim was to analyse the properties of milk quality indicators
(MQIs) and propose a new synthetic relative MQI (SQSM) from among various individual MQIs.
SQSM could serve for consistent inclusion each quality change into the price. The paper was focused
on exploratory analysis (normality (N) testing of files of MQIs). On the basis of the results, the MQIs
were divided into two groups without and with necessity of original data transformation (TRN). Log
and Box-Cox TRNs were tested in terms of possibilities of the files approach to the normal data fre-
quency distribution (FD). The compositional MQIs deviated less and health and hygienic MQIs more
from normal FD in original data (P < 0.05). The TRNs approached the data files to N very markedly
in health and hygienic MQIs. The synthesis of various values of MQIs into SQSM was proposed:
DX = (IND - x)/sx, where: IND is individual value of MQI of supplier, x is month arithmetical average
of MQI of all milk suppliers and sx its standard deviation; SQSM is the average: sum of right oriented
(according to RMQ growth) DXs of MQIs of identical raw milk delivery divided by the relevant num-
ber of MQIs. The eight chosen most frequent and important MQIs were included as combination into
SQSM calculation: fat, crude protein, solids non fat, milk freezing point, log somatic cell count, log to-
tal mesophilic bacteria count, log coli bacteria count (last three as transformed MQIs, TRN), residual
inhibitory substances. SQSM values were derived from model file of real data about MQIs and vali-
dated for use at farmer milk price modifications by the normality FD test. 33.3% of month SQSM files
were normal (P > 0.05), the other were very close to the N with negligible deviations. The useability
of the SQSM system for the balancing of raw milk purchase price premiums and penalties was tenta-
tively confirmed.

Supported by the research projects NAZV QF 4003, INGO LA 09030 and MSM 2678846201 and by
activities of National Reference Laboratory for Raw Milk in Rapotin as well.
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