ACTA UNIVERSITATIS AGRICULTURAE ET SILVICULTURAE MENDELIANAE BRUNENSIS

Volume LXI
http://dx.doi.org/10.11118/actaun201361010169

21

Number 1, 2013

MILK UREA ANALYTICALRESULT
RELIABILITY ANDITS METHODICAL
POSSIBILITIES IN THE CZECH REPUBLIC

Jan Riha, Oto Hanusg, Marta Kleinova, Pavel Kopunecz, Petr Roubal,
Ales Kolar, Jaroslav Kopecky

Received: September 26, 2012

Abstract
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Control of milk urea concentration (MUC) can be used in diagnosis of the energy-nitrogen
metabolism of cows. There are more analytical methods for MUC estimation and there are also
discussions about their result reliability. Aim of this work was to obtain information for MUC result
reliability improvement. MUC and MUN (milk urea nitrogen) were investigated in 5 milk sample sets
and in 7 calibration/comparison experiments. The positions of reference and indirect methods were
changed in experiments. There were following analytical methods for MUC or MUN (in mg.100 ml-):
- photometric method (PH, as reference) based on paradimethylaminobenzaldehyde reaction; -
method Ureakvant (UK, as reference) based on difference measurement of the electrical conductivity
change during ureolysis; — method Chemspec (CH) based on photometrical measurement of
ammonia concentration after ureolysis (as reference); - spectroscopic method in mid infrared range
of spectrum (FT-MIR; indirect routine method). In all methodical combinations the correlation
coefficients (r) varied from 0.8803 to 0.9943 (P < 0.001). In this way all relationships were relevant.
The limits of accuracy and precision of FI-MIR are depend on reference method. Therefore, to pay
attention to reference methods results is recommended. Both UK and PH could be calibrated to each
other with similar parameters. The MUC reference methods (UK and PH) had better values (lower
standard deviations) of accuracy (from 1.14 to 1.81 mg.100 ml-!) and comparable values of repeatability
(from 0.65 to 1.83 mg.100 ml!) as compared to FT-MIR MUC or MUN methods (from 1.39 to 5.6 and
from 0.76 to 1.92 mg.100 ml™') in performed experiments.

cow, enzyme, spectrophotometry, infrared spectroscopy, conductivity, repeatability, reproducibility,
precision, accuracy

Control of variability in milk urea concentration
(MUCQ) can be used in diagnosis of the energy-
nitrogen metabolism of cows (Erbersdobler et al.,
1980; Oltner and Wiktorsson, 1983; Baker et al., 1985;
Jilek et al., 2006; Zhai et al., 2006). MUC is sometimes
linked also with production and reproduction
performance and longevity of dairy cows (Butler
et al., 1996; Johnson and Young, 2003; Hojman et al.,
2004; Rehak et al, 2009). Prediction of nutrition
state of dairy cows according to MUC is practically
useable and important for prevention of their

metabolic troubles (Kirchgessner et al., 1986; Hanu3
etal.,1993; Hojman et al., 2004). However, MUC varies
during day in dependence on feeding and sampling
time (Gustafsson and Palmquist, 1993; Carlsson and
Bergstrom, 1994). Therefore reliability of results of
used analytical methods and methods of sampling
are important for good practical interpretation of
MUC values.

There are more analytical methods for MUC
estimation (Patton and Crouch, 1977; Wolfschoon-
Pombo et al, 1981; Oltner and Sjaunja, 1982;
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Rajamiki and Rauramaa, 1984; Oltner et al., 1985;
Hanus et al., 1995 a, b, 2001, 2008; Ficnar, 1997;
Broutin, 2000, 2006; Peterson et al, 2004). From
time to time there are discussions about their result
reliability in professional milk laboratory staff
community (Herre, 1998; Klop¢i¢ et al., 1999; Hanu3
et al., 2001). Today we have similar situation once
again. International Dairy Federation has not defined
one reference method for MUC determination up
to now. In general, specific enzymatic methods
(for instance AFNOR) with various measurement
principles can be seen as reference procedures
(Hanus et al., 1995 b, 2008; Lefier, 1998; Hering et al.,
2008).

This work is focused on evaluation of analytical
methods for MUC determination and reliability
their results under different laboratory conditions.
The aim was to develop support possibilities and
to obtain information for MUC result reliability
improvement.

MATERIALAND METHODS

Principles of used analytical methods for
MUC determination

Most of used analytical principles for MUC were
explained in our previous papers (Hanus et al., 1995
a, b, 1997, 2001, 2008; Hering et al., 2008). The other
principles are mentioned also in papers of following
authors: Patton and Crouch, 1977; Wolfschoon-
Pombo et al, 1981; Oltner and Sjaunja, 1982;
Rajamiki and Rauramaa, 1984; Oltner et al., 1985;
Ficnar, 1997; Herre, 1998; Lefier, 1998; Klop¢i€ et al.,
1999; Broutin, 2000, 2006; Peterson ¢t al., 2004. Used
MUC method principles were as follows:

e photometric method with Ehrlich solution is
based on the change of colour by means of reaction
of paradimethylaminobenzaldehyde measured
at 420 nm (Spekol 11, Carl Zeiss, Jena, Germany)
and it was calibrated on the five degree scale of
standard water urea samples from 6 to 60 mg.100
ml'. The wide-spreaded result uncertainty
of measurement (196 times the combined
uncertainty as standard deviation with probability
level 95%) was + 3.25 mg.100 ml-!, it means + 9.28%;

e mcthod Ureakvant is based on difference
measurement of the change in the electrical
conductivity during ureolytical hydrolysis of the
urea by urease which is fixed on the inside surfaces
of biosensor and this was calibrated on a five point
scale of milk based urea standards from 12 to 60
mg.100 ml-! (Ficnar, 1997; Hanus et al., 1997, 2001,
2008; Hering et al., 2008). This is the direct specific
enzymatic method with reference ambition. The
wide-spreaded resultuncertainty of measurement
was +2.91 mg.100 ml-, it means + 8.31%;

e mcthod Chemspec (Bentley Instruments, USA)
is based on photometrical measurement of
ammonia concentration (Broutin, 2000, 2006)
after enzymatic (urease) splitting of urea in
milk as Berthelot’s reaction (Patton and Crouch,

1977). Chemspec was calibrated using milk urea
standards with known concentration. This is the
direct specific enzymatic method with reference
ambition;

e spectroscopic method in mid infrared range of
spectrum (FT-MIR) with instruments Bentley
FTS Combi (Bentley Instruments, USA), Foss 6000
(Foss Electric, Denmark) were calibrated mostly on
the ten point scale of samples of native milk with
different MUC (Hanus et al., 2008, 2011; Hering
et al., 2008) according to the results of specific
reference method (mostly using Ureakvant or
by specific retrospective calibration procedure
(Hanus3 et al., 2011) in the Czech Republic). FT-
MIR is indirect physical method. The wide-
spreaded result uncertainty of measurement for
FT-MIR was estimated as follows + 4.451 mg.100
ml-, itmeans + 15.9% (Hanus et al., 2009).

Design of experiments

Following table contains full experimental design
described in this paper.

Description of experimental MUC data sets

Data set 1 — The data set was created by 1567
individual mik samples. All of samples were
analyzed by using FTS1 instrument with usage of
manufacturer proposed spectral calibration for
MUN (Milk Urea Nitrogen content, in mg.100 ml-').
All of samples were measured once on FTS1 under
routine operating laboratory conditions. Then,
Ureakvant UK1 was used as a reference method for
all of samples (one measurement). This dataset was
inspected in experiment 1.

Data set 2 - 797 herd milk samples were measured
by using FTS1 instrument to determine MUN by
FT-MIR method. Manufacturer MUN spectral
calibration was used for this purpose. As a reference
method, UK1 was used as well. Obtained data were
evaluated in experiment No. 2.

Data set 3 - The third data set was obtained based
on measurement of 32 individual milk samples by
using Bentley Instruments Chemspec - instrument
CH (1 measurement), Ureakvant UKl (one
measurement) and FTS1 (2 measurements under
repeatability conditions). Experiment 3 brings
analysis of this dataset.

Data set 4 — Data set consited from 13 different
samples of milk (6 herd samples, 3 individual
samples). Beside native bulk and individual cow
milk samples the control set included also modified
bulk milk sample variants with urea artificial
addition (3 samples - plus 10, 20 and 30 mg.100 ml-!
to normal MUC basis, according to Hanus etal., 2011)
and water diluted sample (1:7) (1 sample). Samples
were processed three times under repeatability
conditions on Ureakvants UK1, UK2, UK3). They
were analyzed two times using photometrical
method (means of 2 following measurements under
repeatability conditions were used) performed by
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I: Description of experimental design and used abbreviations
Experiment No. of samples Dataset FT- MIR instruments Reference method
1 1567 1 1 1
2 797 2 1 1
3 32 3 1 1,2
4 13 4 ; 1,3,4,5*
5 13 4 - 1% 3% 4% 5
6 13 4 1,2,3,4 meanvaluesof1,3,4,5
7 10 5 1,2,3,4 mean valuesof 1, 3, 4
* Mean values were used as reference method against the others.
D Abbrev. Instrument
1 FTS1 Bentley Instrruments FTS Combi — LRM (laboratory) Tufany
2 FTS2 Bentley Instrruments FT'S Combi - LRM Bu3t€hrad
3 FOSS1 Foss 6000 1. - LRM Bustéhrad
4 FOSS2 Foss 6000 2. - LRM Bustéhrad
ID Abbrev. Instrument/Method
1 UK1 Ureakvant - LRM Tufany
2 CH Bentley Instruments Chemspec - G6d616, Hungary
3 UK2 Ureakvant - LRM Tufany
4 UK3 Ureakvant - LRM Bust&hrad
5 PH Photometry

the National Reference Laboratory for Raw Milk

Quality in Rapotin.

All of samples were analyzed by all of included
FT-MIR instruments as well (FTS1, FTS2, FOSS],
FOSS2). Obtained data set was used to evaluate 3
experiments:

e In experiment No. 4, performance and precision
of all of three Ureakvants (UK1, UK2, UK3) were
evaluated against mean values of two photometric
measurements (PH) used as reference values.

e In experiment No. 5, 2 measurements done by PH
were evaluated against mean values of UK1, UK2,
UK3 as reference values.

e In experiment No. 6, FTS1, FTS2, FOSS1 and
FOSS2 were evaluated against grand mean of PH,
UK]1, UK2, UK3 as reference values.

Data set 5 - The last dataset is represented by 10
individual milk samples analyzed double on FTS1,
FTS2, FOSS1 and FOSS2. Ureakvants’ (UK1, UK2,
UK3) mean values were used as reference. Data were
evaluated in experiment 7.

A sequence among experiments ensued
from occurred and practically defined result
discrepancies. Use of one reference method is
always necessary for calibration or check procedure
at evaluation of results of indirect methods but
use of more reference methods for validation
can improve the reliability of reference results.
Therefore also this variant was tested. The similar
situation is with measurement repetition. For
instance in experiments with high number of
samples was worked only with one measurement
but in experiments with low number of samples the
repeated measurements were used.

Statistical evaluation of data sets

Basic evaluation was then performed with all of
three datasets by using following equations (CSN
ISO 8196 - 1, 2; CNIEL, 2010; Cecalait, 2008; ICAR

2002):

T, number of observations,

sample ....... value of MUC or MUN measurement
determined by non-reference method
within single measurement,

X eeveverererenenns mean value of measurements of x,

R veveeeiennaeeens predicted value of x,

reference ......value of MUC determined by reference

method,
Min - Max .max and min values of measurement,
min —max ...max and min values of reference
method.

Repeatability

n

Z ( sample; — sample, )2

s, == :
' (n—1)

(1)

where sample; indicates all of different measure-
ments of the same milk sample under repeatability
conditions.
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Standard deviation of reference method and
measurements

n

Z(samplei — sample )2 Sy

n

(el el

= cov(wy) =

Covariance

n

Z(samplei — sample)(reference2 — reference)

i=1

n—1
— i=1 _ i=1
eV T P (©)
(2)
Regression coefficient
Mean error of prediction
S.’l'
r=—= (7)
s,8,
Z(samplei — referencei)
d = =1 = sample — reference  (3)
" Regression equation parameters
Standard deviation of mean prediction error P (8)
SIL'
n 2
Z((samplei - referencei) - d)
S ==L 4 a=y—bT
d n—1 ) )
Residual error of regression RESULTS AND DISCUSSION
" 2 Experiment 1

E ( reference, — reference;

S — i=1

Y,

No of obs

n—2

In this experiment, 1567 individual milk samples
(5)  were collected and analyzed under the normal
operational conditions in LRM (laboratory) TuFany
in 2.5 month. All of samples were determined for
urea in mg.100 ml! of milk with usage of Ureakvant
UK1. All of samples were measured on FTS1
instrument with manufacturers spectral calibration

for MUN.
Fluctuating quality of individual milk samples
and randomly selected calibration samples (10-30)

Histogram of Reference
Reference = 1567*5*normal(x; 30.1207; 8.1603)

25 30 35 40 45 50 55 60 65

Reference (mg/100 ml)

1: Histogram of reference values in individual samples (data set 1)
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Histogram of MUN

400

Measurement 1 = 1567*2*normal(x; 13.0754; 3.2808)

No of obs

2: Histogram of FTS1 measurements for MUN in individual samples data set (data set 1)

do not allow to cover the whole needed calibration
interval properly.

The aim of the experiment was to inspect daily
measurements and try to find the most robust slope
and bias calibration for MUN with using FTS Combi
which can cover the whole interval of MUN which
is normally processed in laboratory. Fig. 1 displays
histogram of MUC measurements on included
samples done with usage of UK1.

Values determined by reference method ranged
from 7.20-58.50 mg.100 ml-! of milk with arithmetic
mean equaled to 30.12 mg.100 ml™' of milk. As the
best covered intervals in data set, 25-40 mg.100 ml-!
can be pointed. Fig. 2 displays histogram data
for MUN (mg.100 ml') measurement done with
manufacturer spectral calibration on FTS1 (slope 1,
bias 0). Values in data set ranged from 4.11-28.05
with mean value 13.08.

Linear regression was used to find proper slope
and bias calibration (equation 6, 7, 8, 9). Then all of

70.0 4

60.0
y = 2.1895x + 1.4924

2 —
500 | R* = 0.7749

40.0 4
30.0 4
20.0 4

10.0 4

IL: Summary results of experiment 1

n=1567 UK1 FTS1
Mean 30.121 13.075
Min 7.2 4.107
Max 58.5 28.047
Statistical evaluation
Sr -
Sy 8.1603
Sx 3.2808
Sxy 23.5664
R 0.8803
R~2 0.7749
B 2.1895
A 1.4924
D -17.0453
Sd 5.4973
Syx 3.8732

0.0 T T
0 5 10

15 20 25

30

3: Relationship between FT-MIR (MUN, FTS1) and Ureakvant (urea in mg.100 ml-') measurements in individual

milk samples data set (experiment 1)
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statistical values were calculated except repeatability
(only 1 measurement for both of methods were
available). Results of calibration are shown in Tab. IT
and Fig. 3.

According to suggested range of urea
measurement (ICAR, 2002), in this experiment
range covers values from 7.2 to 58.5 mg.100 ml-. As
Fig. 1, 2 and 3 show, values of individual samples
with urea content above 45 mg100 ml! are very
rare in normal laboratory testing as well as samples
with values < 20 mg.100 ml-. This fact caused long
term random sampling during calibration building
to avoid failings in slope and bias calibration
with not covered range of minimal and maximal
values. Anyway, we should recommend another

incremental steps aimed especially to samples with
urea content above 50 mg.100 ml* which should
lead to more robust calibration model.

Regarding precision results of calibration model,
Sy;x = 3.783 (Syx < 6.0 is recommended by ICAR,
2002 for individual samples) was reached for
described dataset.

Experiment 2

In experiment 2, 797 herd samples were analyzed
on UK1 and FTS1 to find out proper and robust
slope and bias calibration which can improve and
fits with routine laboratory samples. Distribution of
reference values is displayed on Fig. 4.

No of obs

No of obs

Histogram of Reference
Reference = 797*5*normal(x; 26.1894; 7.7184)

240

220 |

N

_

L

i

200 |

5

\\\\\\\

180 |
160 |
140 |
120

100

o m
! %%

Yt

40

Reference (mg/100 ml)

35 45

. Distribution of reference values of urea content (UK1) in herd samples

Histogram of MUN

MUN = 797*2*normal(x; 13.0268; 3.1907)
220 T T T T T T T T

i e

: Distribution of FTS1 determind values of MUN in herd samples
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1IT: Summary results of experiment 2

n="797 UK1 FTS1
Mean 26.189 13.027
Min 6.6 3.827
Max 53.8 24.127
Statistical evaluation
Sr -
Sy 7.7184
Sx 3.1907
Sxy 22.8551
R 0.9280
R~2 0.8613
B 2.245
A -3.0554
D -13.1626
Sd 4.9035
Syx 2.8767

Reference values ranged from 6.6-53.8 mg.100
ml, arithmetic mean was estimated as 26.19 mg.100
ml-'. Fig. 5. shows distribution of FTS1 measurement
on the same data set. FTS1 values ranged from 3.83-
2413 MUN (mg.100 ml') with arithmetic mean
equals 13.03.

Results of slope and bias calibration performed
between UK1 and FTS1 are summarized in Tab. IIT
and Fig. 6.

Results obtained for long-term slope and bias
calibration for herd milk samples show, however,
better parameters reached for calibration model in
comparison with individual samples. Correlation
coefficient obtained for herd sample data set equals
0.861 in comparison with 0775 in individual
samples. Also, precision parameters like Sy,x = 2.877
are better (Sy;x = 3.783 in individual samples) and
they fulfill ICAR specification for IR measurements
for herd samples as well (recommended Sy,x = 4.000,
(ICAR, 2002)).

On the other hand, we are missing samples with
urea content higher than 40 mg.100 ml' in dataset,

70.0 4

60.0

y = 2.245x - 3.0554
R®=0.8613

50.0

40.0 q

30.0 4

20.0 4

10.0

0.0

so recommendation for future work is clearly
establish: to increment number of mentioned
samples and calculate more robust calibration
model then.

Experiment 3

Comparison with Chemspec instrument (CH)
and Ureakvant UK1, both used as reference method
with FTS1 measurement abilities was done in this
eperiment on 32 randomly selected individual
milk samples. The basic aim was to explore what
kind of reference method is more usable and fits
better with FT-MIR principles of MUN estimation.
Manufacturer spectral calibration was used for
FTS1. Samples were measured 2 times on FTSI,
so repeatability results are available. Results are
displayed in Tab. IV, V and on Fig. 7, 8.

Possibilities of FT-MIR calibration against two
reference methods are examined in this experiment.
Samples in range 13.0-35.0 mg.100 ml! (CH) and
19.0-46.7 mg.100 ml-! (UK1) were analyzed 2 times

1V: Slope and bias calibration performance between CH and FTS1
measurements on 32 individual milk samples

0 5 10

n=32 CH FTS1
Means 27.281 15.548
Min 13.0 8.354
Max 35.0 22.587
Statistical evaluation

Sr 0.7584

Sy 6.0174

Sx 3.2802

Sxy 17.7207

R 0.8978

R~2 0.806

B 1.647

A 1.6739

D -11.7332

Sd 3.3951

Syx 2.6939

s 20 2 %

6: Relationship between FT-MIR (MUN, FTS1) and Ureakvant (urea in mg.100 ml-') measurements in herd milk

samples data set (experiment 2)
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60 -
50 - Measurements 1 Measurements 2
y = 1.6088x + 2.2363 y = 1.5969x + 2.4838
40 1 R? = 0.7856 R? = 0.7832 _
30 -
20
pr g y =1.647x + 1.6739
10 1 R?=0.806
0 : : ‘ ‘ ‘
0 5 10 15 20 25

Measurements 1

Measurements 2 @ Mean values of measurements

7: Relationship between two measurements using FTS1 and reference values measured on Chemspec

V: Slope and bias calibration performance between UK1 and FTS1
measurements on 32 individual milk samples

on FTS Combi (FTS1) with repeatability Sr = 0.758.
These results are in accordance with d values:

n=32 UK1 FTS1 d = -11.733 for CH, d = -20.924 for UK1. We also
Means 36.472 15.548 want to point on fact of these dlﬁerence:s beWeep
i reference methods, so their common calibration is
Min 19.1 8.354 more than highly recommended. Standard deviation
Max 40.7 22.587 of mean prediction error - Sd — was 3.395 for CH in
Statistical evaluation comparison with 5.173 for UK1. Similar correlation
Sr 0.7584 parameters were reached for CH (r = 0.898) and for
S 79157 UK1 (0.898), so the outcome from these results is
Yy : that both of methods are usable for FT-MIR slope
Sx 3.2802 and bias calibration purposes. When we compare
Sxy 23.3272 precision results, Sy,x = 2.694 was reached for CH;
R 0.8984 Sy,x = 3.534 for UK1.
R2 0.8072 Experiment 4
B 2.1681 E . . .
xperiments 4 and 5 are aimed to display how
A 2.7628 two reference methods (Ureakvant, photometry) fit
D -20.9238 each other. In experiment 4, means of two following
sd 51733 measurements of photometrical method are used
Syx 35336 as reference values ones and 13 mixed samples
60 -
50 —
Measurements 1 Measurements 2 ® rT)
40 1 y=2.1076x+3.6616 y=2.1122x + 3.6726
R®=0.7792 R*=0.7919
30
20 + ( J General
y=2.1681x + 2.7628
10 1 R? =0.8072
0 : : : : |
0 5 10 15 20 25

Measurements 1

Measurements 2 @ Mean values of measurements

8: Relationship between two measurements using FTS1 and reference values measured on UK1
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VI: Comparison and calibration parameters of UK1, UK2, UK3 against means of photometric method as reference

n=13 Photometry UK1 UK2 UK3
Means 41.415 37.086 42.168 35.215
Min 27.015 20.0 22.1 20.3
Max 68.380 68.7 74.3 62.61
Statistical evaluation

Sr 0.9173 1.8292 0.6455
Sy 10.2349 10.2349 10.2349
Sx 11.6902 11.6063 9.9889
Sxy 118.9668 117.5423 100.7468
R 0.9943 0.9895 0.9854
R~2 0.9887 0.9791 0.9711
B 0.8705 0.8726 1.0097
A 9.1308 4.6202 5.8577
D -4.3293 0.7529 -6.1995
Sd 1.8654 2.0916 1.7429
Syx 1.1348 1.5395 1.8112

07 - 08708x + 9.2703 = 0.865x+9.1892

70.0 - R = 0.9846 R? = 0.9866

600 Measurements 1 Measurements 2

50.0 A

40.0 -

30.0 4

y = 0.8705x + 9.1308
20.0 1 R?=0.9887
10.0 1
0.0 T T T T T T T !

0 10 20 30 40 50 60 70 80

Measurements 1 © Measurements 2 @ Mean values of measurements

9: Relationship between two following measurements of UK1 and reference photometric method

80.0 -
y=0.9377x + 1.8688 y=0.8063x + 7.4194
70.0 1 R? = 0.9552 R? = 0.9882

Measurements 1 Measurements 2

60.0 -
50.0 -
40.0 ~

30.0 -

y = 0.8726x + 4.6202

20.0 |
R? = 0.9791

10.0 4

0.0 \ \ \ \ \ \ \ \
0 10 20 30 40 50 60 70 80

Measurements 1 © Measurements 2 @ Mean values of measurements

10: Relationship between two following measurements of UK2 and reference photometric method



178

Jan Riha, Oto Hanus, Marta Kleinovd, Pavel Kopunecz, Petr Roubal, Ales Koldr, Jaroslav Kopeckyj

80.0 1 y = 1.0356x + 4.7562 y = 0.9827x + 6.991

70.0 | R*=0.9728 R®=0.9671

Measurements 1 Measurements 2

60.0 -
50.0 -
40.0 ~
30.0 -
20.0 -

10.0 4

0.0 T T T

y =1.0097x + 5.8577
R?=0.9711

0 10 20 30

Measurements 1

40 50 60 70

Measurements 2 @ Mean values of measurements

11: Relationship between two following measurements of UK3 and reference photometric method

(dataset 4) are used to show relationship of both
methods for all of three Ureakvants (UK1, UK2,
UK3) separately. Tab. VI summarizes results of these
comparisons as well as Fig. 9-11.

All of three Ureakvants show differences in
minimum and maximum values of samples
analyzed as well as in mean values of analyzed
intervals in comparison with photometric method
used as reference — see Tab. VI. Mainly UK1 and
UK3 instruments seem to measure lower values
on the whole sample range. Repeatability of each
instrument ranges from 0.646 (UK3) to 1.829
(UK2) what represents more than double value of
repeatability estimated on same samples.

Standard  deviation of measurements is
comparable for UK1, UK2 (11.690, 11.606) and
lower for UK2 (9.989). Best correlation parameters
for slope and bias calibration were reached for UK1
(r = 0994). All of instruments showed high value
of bias coefficient (e.g. for UK1, a = 9.131). The best
values for mean error of prediction were obtained
for UK2 (d = 0.753), the worst for UK3 (d = -6.200).
Standard deviation of error results show the
opposite trend — Tab. VI.

The most precise calibration (Sy,x = 1.135) was
obtained for UK1, however it measures with worse
values of d, Sd, Sx. The most ,real* measuring UK2
(d =0.753) reached Sy,x = 1.540 and the worst results
of calibration precision were reached for UK3 (Sy,x
=1.8611).

Based on mentioned results, we can point that
UK1 is able to reach the best calibration with
photometric method, however now, it is calibrated
the differently as the rest of Ureakvants.

The summary of the experiment should be
recommendation for common calibration of
Ureakvants and photometric method as well as
detailed experiments with Ureakvants themselves.

Experiment 5

On the contrary of experiment 4, mean values
of 3 Ureakvants UK1, UK2 and UK3 are used
as a reference method against two photometric
measurements done under repeatability conditions.
Tab. VIT and Fig. 12 summarize obtained results.

Photometric method reached Sr=1.0911, what fits
interval of Ureakvants repeatability in Experiment 4.
Standard deviation of measurements Sx = 10.235 is
comparable to Ureakvants mean standard deviation
Sy = 109876 and is simmilar to independent
Ureakvant instruments (Experiment 4). Also,
correlation coefficient reached in this experiment
(r = 0.993) is highly comparable to situation when
reference and controlled methods were changed for
cach other.

When mean values of UK1, UK2, UK3
measurements are used as reference, we can see

VIL: Evaluation of relationship between 2 photometric measurements
and mean values of UK1, UK2, UK3 used as reference values

n=13 UK1,UK2,UK3  Photometry
Means 38.218 41.415
Min 21.841 25.15
Max 67.086 70.2
Statistical evaluation
Sr 1.0911
Sy 10.9876
Sx 10.2349
Sxy 111.6364
R 0.9927
R2 0.9855
B 1.0657
A -5.9188
D 3.1973
Sd 1.4859
Syx 13791
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12: Relationship between 2 photometric measurements and mean values of UK1, UK2, UK3 used as reference values

that photometric method measures with mean error
of prediction (d = 3.197) - compare with Tab. VI.
Value of Sd = 1379 is lower than any value reach
in Experiment 3, so photometric method can be
pointed like less operating depend than Ureakvants
in this meaning (on the whole range of samples).

Precisision of calibration was Syx = 1379.
Based on all of results of experiments 3 and 4, it
can be easily seen, that both of methods could be
calibrated to each other with similar parameters
independent on real values (Sr, Sx, Sy, 1, a, b, Syx),
so they are closely equivalent with calibration, but
with exception of real values measured in both
experiments.

Again, the best recommendation is to perform
common calibrations of both reference methods,
lets say in kind of ring test.

Experiment 6

With usage of set 4 data, four evaluations of FT-
MIR instruments (FTS1, FTS2, FOSS1, FOSS2)
double measurements under repeatability
conditions were performed against a grand mean
of two photometric measurements and UK1, UK2,
UK3 double measurements used as a reference
value. These values are represented the most robust
reference values we were reached in this paper,
so results can show effectively what performance
and precision can be reached by different FI-MIR
measurements. Following figures and table show
results reached in this experiment.

First of all, we need to mention again fact that
sample set used for this experiment is normally used
for round test purposes and contains samples with
urea addition wich are not supposed for FT-MIR
measurement as well as the whole set (individual

VIIL: Results about relationship between grand mean of UK1, UK2, UK3, photometry and FTS1, FTS2, FOSS1, FOSS2 measurements

ne13 UK1, UK2, UK3, FTS1 FTS2 FOSS1 FOSS2
Photometry MUN MUN mg.100 ml-! mg.100 ml-!
Means 38.711 16.476 14.842 35.954 35.715
Min 23.135 9.94 9.427 21.8 24.6
Max 67.409 27.441 27.021 64.0 61.4
Statistical evaluation

Sr 0.7497 1.0265 1.7616 1.274
Sy 11.162 11.162 11.162 11.162
Sx 4.3287 4.5525 10.1432 9.4923
Sxy 47.9734 49.7883 111.4205 104.4628
R 0.9929 0.9798 0.9841 0.9859
R"2 0.9858 0.96 0.9685 0.9721
B 2.5603 2.4023 1.0830 1.1594
A -3.4719 3.0553 -0.2263 -2.6968
D -22.235 -23.8684 -2.7568 -2.9952
Sd 6.8833 6.763 2.1524 2.4015
Syx 1.3868 2.3316 2.0692 1.948
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13: Relationship between grand mean of UK1, UK2, UK3, photometry and FTS1 measurement of MUN
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14: Relationship between grand mean of UK1, UK2, UK3, photometry and FTS2 measurement of MUN
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15: Relationship between grand mean of UK1, UK2, UK3, photometry and FOSS1 measurement
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16: Relationship between grand mean of UK1, UK2, UK3, photometry and FOSS2 measurement

samples mixed with herd samples, diluted and
added samples). On the other hand, advantages of
the sample set are clear - they cover the whole range
of possible values of MUN in milk (23.135-67.409
mg.100 ml?) and the final results can effectively
summarize performance of FT-MIR method for the
whole range of sample types.

The best repeatability was reached for instrument
FTS1 (Sr = 0.750), followed by FTS2 (Sr = 1.027)
in MUN. When slope and bias correlations
were built for all of measurements, the best
correlation coeficient was evaluated between FTS1
measurements and reference as r = 0.9929. As
well, for other instruments, values of correlation
coefficients are also acceptable — see Tab. VII. As this
experiment is aimed directly to prove calibration
abilities of each instrument on the best data set
(mean of all examined reference methods) which
we could obtain, Syx as the value of obtained
calibration precision should be discussed here: for
FTS1 Sy,;x = 1.387 was obtained. This value is highly
comparable with results showed in experiments 4
and 5 where two reference methods were compared
against each other. Also, values observed for FOSS2,
FOSS1and FTS2 (Sy,x = 1.948, resp. 2.069, resp. 2.332)
meet ICAR specification for individual samples as
well as for herd samples (ICAR, 2002). All of these
results show (plus results of other experiments in
this paper), that limits of accuracy and precision
of FT-MIR methods are highly depend on used
reference method as well as on the other factors
described. When the most ,liable“ values (in the
meaning of 4 reference repeated methods) are used,
FT-MIR calibration can succesfuly fits these results
as the another reference method.

When slope and bias coefficients are compared
for the best performing instrument in experiment
- FTS1 (a = -3.4719, b = 2.5603) and calibration
obtained in experiment 2 for 797 herd samples
(a = -3.0554, b = 2.2450), plus if we mention again
results described in previous paragraph and samples

used in this experiment data set, we can assume
that routine calibration of FT-MIR instrument for
herd samples can be done with similar sample set
instead of long—term random sampling. But, as was
previously mentioned as well, absolutely liable
values of reference method must be use then for this
purposes (or at least values comes from different
reference methods).

Experiment 7

Four FT-MIR instruments (FTS1, FTS2, FOSSI,
FOSS2) are used in this experiment to explore
performance of calibration possibilities with usage
of grand mean of three Ureakvants (UK1, UK2,
UK3) double measurements as the most common
reference method used in daily laboratory routine
in LRM (laboratory) Tufany and LRM Bustéhrad -
Tab. IX, Fig. 17-20.

All of repeatability values for FT-MIR instruments
obtained in this experiment (FTS1=0.782) are highly
comparable with results described above. Randomly
selected samples from routine laboratory sampling
caused probably higher values of measurements
standard deviations as well as worse correlation
parameters. Also, slope and bias values are not
suitable for enough robust calibration purposes.
Values of this ,checking” data set for Sy;x meet
closely ICAR specification anyway (3.461 for FTSI,
5.597 for FOSS2 as the best and the worst obtained
results).

The main outcome of this experiment is
suggested as the uncertainty (compare with Tab. V1.
in experiment 4) of the reference method used
(mean values of 3 Ureakvants) does not allow to
obtain better results of calibration - compare with
experiment 6. Again, based on these results we
highly recommend to pay attention to reference
methods results, testing and establishing to output
common results produced by each.

Most of calibration results comparisons is done
to official ICAR limits in this paper. However, in
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IX: Statistical evaluation of precision reached between different FT-MIR instruments and grand mean of three Ureakvants (UK1, UK2,
UK3)

FTS1 FTS2 FOSS1 FOSS2
n=10 UK1, UK2, UK3
MUN MUN mg.100 ml-! mg.100 ml-!
Means 27.956 14.523 8.859 32.175 30.485
Min 10.432 7.775 0.838 9.1 8.8
Max 44.055 20.298 15.736 51.6 49.1
Statistical evaluation
Sr 0.782 0.8949 1.0254 0.7921
Sy 11.1646 11.1646 11.1646 11.1646
Sx 4.0984 4.9594 13.4667 12.3104
Sxy 42.17 52.9524 136.836 121.1214
R 0.9216 0.9563 0.9101 0.8813
R~2 0.8494 0.9146 0.8283 0.7766
B 2.5106 2.1529 0.7545 0.7992
A -8.5052 8.8826 3.6786 3.5909
D -13.433 -19.0964 4.2192 2.5292
Sd 7.5568 6.5832 5.6857 5.8267
Syx 4.5959 3.461 4.9067 5.5967
50.0 -
y = 2.2963x - 5.0025 y =2.6739x - 11.332
45.0 1 R? = 0.7989 R?=0.8789 °
40.0 4 Measurements 1 Measurements 2 -
35.0 -
30.0 ®
25.0 |
20.0
150 y = 2.5106x - 8.5052
10.0 4 R? = 0.8494
5.0 -
0.0 ; ; ; ; ‘
0 5 10 15 20 25

Measurements 1 © Measurements 2 @ Mean values of measurements

17: Relationship between grand mean of UK1, UK2, UK3 and FTS1 measurements
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18: Relationship between grand mean of UK1, UK2, UK3 and FTS2 measurements
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19: Relationship between grand mean of UK1, UK2, UK3 and FOSS1 measurements
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20: Relationship between grand mean of UK1, UK2, UK3 and FOSS2 measurements
X: Summary results of acuracy and repeatability for all measurements
Instrument Sample set Reference n Accuracy Sy,x  Repeatability Sr
FTS1 1 Ureakvant - UK1 1567 3.87 -
FTS1 2 Ureakvant - UK1 797 2.88 -
FTS1 3 Chemspec - CH 32 2.69 0.76*
FTS1 3 Ureakvant - UK1 32 3.53 0.76*
UK1 4 Photometric - PH 13 1.14 0.92**
UK2 4 Photometric - PH 13 1.54 1.83**
UK3 4 Photometric - PH 13 1.81 0.65%*
PH 4 UK1, UK2, UK3 13 1.38 1.09**
FTS1 4 UK1, UK2, UK3, PH 13 1.39 1.61*
FTS2 4 UK1, UK2, UK3, PH 13 2.33 2.2*
FOSS1 4 UK1, UK2, UK3, PH 13 2.07 1.76**
FOSS2 4 UK1, UK2, UK3, PH 13 1.95 1.27**
FTS1 5 UK1, UK2, UK3 10 4.56 1.68*
FTS2 5 UK1, UK2, UK3 10 3.46 1.92*
FOSS1 5 UK1, UK2, UK3 10 4.91 1.03**
FOSS2 5 UK1, UK2, UK3 10 5.6 0.79**

*Repeatability for MUN (manufacturer’s calibration). ** Repeatability for MUC (manufacturer’s calibration).
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general, obtained results have quite comparable
character as our previous results and results of other
authors (Wolfschoon-Pombo et al, 1981; Oltner
and Sjaunja, 1982; Rajamiki and Rauramaa, 1984;
Oltner et al., 1985; Hanus et al., 1995 b, 1997, 2001,
2008; Ficnar, 1997; Lefier, 1998; Klop¢i¢ et al., 1999;
Broutin, 2000, 2006; Peterson et al., 2004; Hering et al.,
2008) in terms of calibration quality parameters,
accuracy or repeatability of measurements.

CONCLUSION

As this is shown, the MUC reference methods
(UK and PH) had better values (lower standard
deviations) of accuracy (from 1.14 to 1.81 mg.100

ml') and comparable values of repeatability (from
0.65 to 1.83 mg.100 ml') as compared to FT-MIR
MUC or MUN methods (from 1.39 to 5.6 and from
0.76 to 1.92 mg.100 ml-!) in performed experiments
(Tab. X). In all methodical comparison combinations
the correlation coefficients (r) varied from 0.8803
to 0.9943 (P < 0.001). It shows that all experimental
methodical result relationships could be seen
as relevant. As professional contribution of this
paper, this tis possible to compare general reached
results from Tab. X to results obtained under
specific combination of laboratory environmental
conditions anywhere as ruler. All of used direct
methods (PH, UK, CH) showed suitable properties
for recommendation as reference procedures.

SUMMARY

Control of variability in milk urea concentration (MUC) can be used in diagnosis of the energy-
nitrogen metabolism of cows. MUC is sometimes linked also with production and reproduction
performance and longevity of dairy cows. Prediction of nutrition state of dairy cows according
to MUC is practically useable and important for prevention of their metabolic troubles. There are
more analytical methods for MUC estimation. There are discussions about their result reliability in
professional milk laboratory staff community. Aim of this work was to develop support possibilities
and to obtain information for MUC result reliability improvement. MUC and MUN (milk urea
nitrogen) were investigated in 5 milk sample sets and in 7 calibration or comparison experiments.
The positions of reference and indirect methods, numbers and types of analyzers and numbers and
types of milk samples were changed in experiments. There were used following analytical methods
for MUC or MUN (in mg.100 ml') determination: — photometric method with Ehrlich solution (PH,
as reference) based on paradimethylaminobenzaldehyde reaction (420 nm); - method Ureakvant
(UK, as reference) based on difference measurement of the electrical conductivity change during
enzymatic urea hydrolysis; - method Chemspec (CH) based on photometrical measurement of
ammonia concentration after enzymatic urea hydrolysis (as reference); — spectroscopic method in
mid infrared range of spectrum (FT-MIR; indirect routine method). In all methodical comparison
combinations the correlation coefficients (r) varied from 0.8803 to 0.9943 (P < 0.001). It shows that all
experimental methodical result relationships could be seen as relevant. The limits of accuracy and
precision of FT-MIR methods are highly depend on used reference method. We highly recommend
to pay attention to reference methods results. Both of methods UK and PH could be calibrated to each
other with similar parameters independent on real values. Most of calibration results comparisons is
done to official ICAR limits in this paper. However, in general, obtained results have quite comparable
characterasour previous resultsand results of otherauthorsin terms of calibration quality parameters,
accuracy or repeatability of measurements. The MUC reference methods (UK and PH) had better
values (lower standard deviations) of accuracy (from 1.14 to 1.81 mg.100 ml') and comparable values
of repeatability (from 0.65 to 1.83 mg.100 ml-') as compared to FT-MIR MUC or MUN methods (from
139 to 5.6 and from 0.76 to 1.92 mg.100 ml-!) in performed experiments. This is possible to compare
general reached results to results obtained under specific combination of laboratory environmental
conditions anywhere as ruler. All of used direct methods (PH, UK, CH) showed suitable properties for

recommendation as reference procedures.

Acknowledgement
This work was supported by projects INGO LA 09030 and NAZV KUS QJ1210301.

REFERENCES

BAKER, L. D., FERGUSSON, ]. D., CHALUPA, W,
1995: Response in urea and true protein of milk to
different protein feeding schemes for dairy cows. J.
Dairy Sci., 78, ISSN 1811-9743, 2424-2434.

BROUTIN, P. J., 2000: Evaluation of an enzymatic
method for the rapid and specific determination

of urea in raw milk. Proceeding of 32nd ICAR
Session, Bled, Slovenia.

BROUTIN, P. J.,, 2006: Use of highly accurate
enzymatic method to evaluate the relationship
between milk urea nitrogen and milk composition
and yield on bulk and individual milk samples.
35th TCAR Session, Kuopio, Finland.



Milk urea analytical result reliability and its methodical possibilities in the Czech Republic

185

BUTLER, W. R., CALAMAN, ]J. J,, BEAM, S. W,,
1996: Plasma and milk urea nitrogen in relation
to pregnancy rate in lactating dairy cattle. J. Anim.
Sci., 74,ISSN 0021-8812, 858-865.

CARLSSON, J., BERGSTROM, J., 1994: The diurnal
variation of urea in cow’s milk and how milk fat
content, storage and preservation affects analysis
by a flow injection technique. Acta vet. scand., 35,
ISSN 1751-0147, 67-77.

CECALAIT, 2008: Cecalait’s Newsletter, 4™ quarter
2008.4.67,4-9.2008. Cecalait. France.

CNIEL, 2010: Methode de routine et procedures
de control pour analyses en vue du paiement du
lait ou du controle laitier. CNIEL PROC IR 06.
Version 6, 26, 34.9/2010. Cniel. Paris. France.

CSN ISO 8196-1 (570546) Mléko - Definice
a vyhodnoceni celkové pFesnosti nepiimych
metod pro analyzu mléka - Cast 1: Analytické
atributy nepfimych metod.

CSN ISO 8196-2 (570546) Mléko - Definice
a vyhodnoceni celkové pFesnosti nepiimych
metod pro analyzu mléka - Cést 2: Kalibrace
a Fizeni jakosti v laboratofi pFi analyzach mléka
nepfimymi metodami.

ERBERSDOBLER, H. F, ECKART, K., ZUCKER,
H., 1979: Harnstoffanalysen in der Milch
unterschiedlich versorgte Kithe. Landwirtsch.
Forsch., ISSN 0023-8147, 98-103.

FICNAR, J., 1997: The analytical parameters of the
automatic analyzer ,Ureakvant” evaluating the
urea content in a cow’s milk. Validation of the
method. RICB Rapotin.

GUSTAFSSON, A. H., PALMQUIST, D. L., 1993:
Diurnal variation of rumen ammonia, serum
urea, and milk urea in dairy cows at high and low
recoverys. J. Dairy Sci., 76, ISSN 1811-9743, 475-
484.

HANUS, O,, FICNAR, J., JEDELSKA, R., KOPECKY,
J,BERANOVA, A.,GABRIEL,B.,1995: Mcthodical
problems of nitrogen matters determination in
cow’s milk. (In Czech). Vet. Med. — Czech., 40, 12,
ISSN 0375-8427, a, 387-396.

HANUS, O,, FICNAR, J., KOPECKY, J., JEDELSKA,
R., BERANOVA, A, HAVLICKOVA, K., 1997:
A retrospective study of results and evolution of
methodical design for preparation of urea milk
calibration standard sets. Vyzkum v chovu skotu /
Cattle Research, 2, ISSN 0139-7265, 7-21.

HANUS, O, GENCUROVA, V, FICNAR, ],
GABRIEL, B., ZVACKOVA, 1, 1993: The
relationship of urea and protein in bulk milk to
some breeding factors. Zivo&. Vyr. / Czech J. Anim.
Sci., 38,1, ISSN 1212-1819, 61-72.

HANUS, O, GENCUROVA, V, JEDELSKA, R,
STOLC, L., KLIMOVA, Z., MOTYCKA, Z,
KOPECKY, J., 2009: Validation and uncertainties
of urea concentration and milk freezing point
measurement via infrared spectroscopy (MIR-FT)
for laboratories of milk quality. (In Czech).
Vyzkum v chovu skotu / Cattle Research, LI, 186,
2,ISSN 0139-7265, 40-53.

HANUS, O. GENCUROVA, V, SAMKOVA, E.,
ROUBAL, P, JEDELSKA, R., DOLINKOVA, A,
2011: Assurance of effective retrospective urea
calibration for modern milk MIR-FT infrared
spectroscopy. Vyzkum v chovu skotu / Cattle
Research, LITT, 194, 2, ISSN 0139-7265, 2011, 19—
33.

HANUS, O., HERING, P, FRELICH, J,, JILEK, M.,
GENCUROVA, V,, JEDELSKA, R., 2008: Reliability
of results of milk urea analysis by various methods
using artificial milk control samples. Czech 7.
Anim. Sci., 53,4, ISSN 1212-1819, 152-161.

HANUS, O,,JILEK, M., FICNAR, J., BERANOVA, A,
JEDELSKA, R., HAVLICKOVA, K., MICOVA, Z.,
1995: Ways of preparing standards for calibration
of indirect methods of determination of urea
concentration in milk. Zivo&. Vyr. / Czech J. Anim.
Sci., 40,10, ISSN 1212-1819, b, 441-451.

HANUS, O., SKYVA, J., HOFBAUER, J., KLOPCIC,
M., GENCUROVA, V, JEDELSKA, R. 2001:
Reliability of analytical methods applicable at
milk urea determination. Acta univ. agric. et silvic.
Mendel. Brun. (Brno), XLIX, 3, ISSN 1211-8516,
143-154.

HERRE, A., 1998: Den Harnstoff-Werten nicht blind
vertrauen! Top Agrar, 2: R10.

HERING, P, HANUS, O., FRELICH, J., PYTLOUN,
J, MACEK, A., JANU, L., KOPECKY, J., 2008:
Relationships between the results of various
methods of urea analysis in native and enriched
milk. Czech J. Anim. Sci., 53, 2, ISSN 1212-1819,
64-76.

HOJMAN, D., KROLL, O., ADIN, G., GIPS, M.,
HANOCHI, B., EZRA, E., 2004: Relationships
between milk urea and production, nutrition and
fertility traits in Israeli dairy herds. J. Dairy Sci., 87,
ISSN 1811-9743,1001-1011.

ICAR, 2002: Protocol for the Evaluation of Milk
Analyser for ICAR Approval - Version No 3 -
04/01/2002.

JILEK, F, REHAK, D., VOLEK, J., STIPKOVA, M.,
NEMCOVA, E., FIEDLEROVA, M., RAJMON, R.,
SVESTKOVA, D., 2006: Effect of herd, parity, stage
of lactation and milk yield on urea concentration
in milk. Czech J. Anim. Sci., 51, 12, ISSN 1212-
1819, 510-517.

JOHNSON, R. G., YOUNG, A. ], 2003: The
association betveen milk urea nitrogen and DHI
production variables in western commercial dairy
herds. J. Dairy Sci., 86, ISSN 1811-9743, 3008-
3015.

KIRCHGESSNER, M., ROTH, MAIER, DORA, A,,
ROHRMOSER, G., 1985: Harnstoffgehalt in Milch
von Kithen mit Energie— bzw. Proteinmangel und
anschliessender Realimentation. Z. Tierphysiol.
Tiernihr. Futterm. — Kde., 53, 264-270.

KLOPCIC, M., POGACAR, J., HANUS, O., 1999:
Comparison of urea content in milk, measured
in different laboratories. Acta Agr. Kaposvir., 3, 2,
ISSN 1418-1789, 71-77.

LEFIER, D., 1998: Comparison of the analytical
characteristics of the enzymatic methods for urea



186

Jan Riha, Oto Hanus, Marta Kleinovd, Pavel Kopunecz, Petr Roubal, Ales Koldr, Jaroslav Kopeckyj

determination in milk. 1998. IDF Questionnaire-
Report, 1999. Urea determination — selection of
a reference method for the determination of the
urea content of milk. 2099/E.

OLTNER, R., BENGTSSON, S., LARSON, K., 1985:
Flow injection analysis for the determination of
urea in cows milk. Acta vet. scand., 26, ISSN 1751~
0147, 396-404.

OLTNER, R., SJAUNJA, L. O., 1982: Evaluation of
rapid method for the determination of urea in
cow’s milk. Acta vet. scand., 23, ISSN 1751-0147,
39-45.

OLTNER, R., WIKTORSSON, H., 1983: Urea
concentrations in milk and blood as influenced
by feeding varying amounts of protein and energy
to dairy cows. Liv. Prod. Sci., 10, ISSN 0301-6226,
457-467.

PATTON, C. J, CROUCH, S. R., 1977: Spectro-
photometric and kinetics investigation of the
Berthelot reaction for the determination of
ammonia. Anal. Chem., 49, 3, ISSN 0003-2700,
464-466.

PETERSON, A. B.,, FRENCH, K. R., RUSSEK-
COHEN, E., KOHN, R. A., 2004: Comparison

of analytical methods and the influence of milk
components on milk urea nitrogen recovery. J.
Dairy Sci., 87,ISSN 1811-9743, 1747-1750.

RAJAMAKI, S., RAURAMAA, A. 1984: The
automated determination of urea in milk. Finn.
Chem. Lett., ISSN 0303-4100, 47-48.

REHAK D, RAJMON R. KUBESOVA M,
STIPKOVA M., VOLEK ], JILEK F, 2009:
Relationships between milk urea and production
and fertility traits in Holstein dairy herds in the
Czech Republic. Czech J. Anim. Sci., 54, 5, ISSN
1212-1819, 193-200.

WOLFSCHOON-POMBO, A., KLOSTERMEYER,
H., BUCHBERGER, ], GRAML, R. 1981:
Harnstoff in der NPN-Fraktion der Kuhmilch -
Bestimmung, Vorkommen und Beeinflussung.
Milchwissenschaft, 36, ISSN 0026-3788, 426—-466.

ZHAIL S. W, LIU, J. X., WU, Y. M., YE, J. A, XU, Y.
N., 2006: Responses of milk urea nitrogen content
to dietary crude protein level and degradability in
lactating Holstein dairy cows. Czech J. Anim. Sci.,
51,12,ISSN 1212-1819, 518-522.

Address

Mgr. Jan Riha, Ph.D,, doc. Ing. Oto Hanus, Ph.D., Ing. Petr Roubal, CSc., Dairy Research Institute, Prague,
Ke Dvoru 12a, 16000 Praha 6 - Vokovice, Czech Republic, Jaroslav Kopecky, Research Institute for Cattle
Breeding Rapotin, Vyzkumnika 267, 788 13 Vikytovice, Czech Republic, Ing. Marta Kleinovd, Ing. Pavel
Kopunecz, Czech Moravia Breeders Association, Hradistko 123, 252 09 Hradistko, Czech Republic, Ales
Kola¥, Bentley Czech s. 1. 0., Poernicka 96, 108 00 Praha 10, Czech Republic, e-mail: hanus.oto@seznam.cz



