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The proposed methodical approach in the variant of using the method of addi-
tives (MA) expects quantitive determination of urea in milk samples by spectro-
photometric method without the need to build a calibration curve and long calculations.
This allows significantly speed up the analysis process, reduce material and time costs
and at the same time to obtain correct and accurate results, which is confirmed by the
validation. The procedure is effective in the range of 0.14—0.7 mg/mL, the detection limit
is 0.05 mg/mL. The uncertainty forecast was 7.33 %, which does not exceed the maximum
allowable uncertainty of the technique (10 %,).
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Kykoea A., Ilempoe @., KnumenkoJl. Ixcnpecc-memod KoauuecmeeHHOo20
onpeoeieHus Mo4eeUHbl 8 MoJI0Ke. 1Ipednodcennbili Memoouueckuii n00xXo0 6 8apuanme
ucnoavzosanusi memooa 0obasox (M]]) npeononazcaem kroauvecmeenHnoe onpeodeneHue
MOYEBUHBL 8 00PA3YAX MOJOKA CHEKMPOpOmomempuieckum memooom ez Heobxoou-
MOCMU NOCMPOUKU KATUOPOBOYHOU KPUBOU U ONUMENbHBIX pACiemo8. Dmo no380asiem
3HAYUMENbHO YCKOPUMb NPOYecC aaiusd, COKpamums MAmepudibHvle U 6peMeHHble
3ampamvl, U NPU IMOM NOIYYUML NPAGUTIbHLIC U MOYHLIE PEe3YIbMAmyl, HmMo
noomeepoicoaemcsi npogedeHHol anudayueli. Memoouxka s¢hgexmusna 6 Oouanasoue
0.14-0.7 me/mn, npeden obnapyscenus cocmasasem 0.05 me/mn. Ilpoenos neonpeoenen-
Hocmu cocmasun 7.33 %, umo He npesviuiaem MAKCUMALbHO OORYCIUMYIO Heonpe-
Oenennocmv memoouxu (10 %).

Kniouesvie cnosa: meron 106aBoK, MOJIOKO, MOYEBHHA, CIIETKPO()OTOMETPHS.

Background. Urea is the final metabolite of nitrogen-containing
compounds of ruminants, which is formed in liver from ammonia as a result
of deamination reaction of amino acids. Typically, the urea content in milk
varies in the range of 0.15-0.70 mg/mL [1].
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Cattle diet and feeding mode are the most significant factors
influencing the milk urea content (MUC). Consumption of feed affects the
daily variation of rumen ammonia, urea nitrogen plasma and milk urea
nitrogen concentrations. A separate feeding of forage and concentrated
feed, as opposed to the use of total mixed ration on farms leads to divide
intake of protein and carbohydrate feed to rumen. This causes rapid
degradation of proteins in rumen and consequently increases concentration
of rumen ammonia and urea nitrogen plasma, as evidenced by relevant
experiments [2; 3].

High level of urea concentration in milk effects on its technological
properties: it can decrease the acidity level, increases the rennet coagulation
duration, inhibits the activity of starter cultures during fermentation. The
introduction of excessive amount of nitrogen-containing fertilizers in
pasture, the addition of carbamide in the ration of cows under the conditions
of minimum hay content, as well as increasing the carbamide content more
than 30 % of feed protein digested by the normal content of hay in the diet,
can lead to a decrease in the content of alpha-casein, which worsens the
cheese suitability of milk. The property of urea to increase the
thermostability of milk causes cases of falsification of milk by this
compound in summer.

Thus, determination of MUC values is important for different fields:
veterinary, cattle feeding, dairy processing, food quality control etc.

Today there is a wide range of methods for determining urea, which
are divided into direct and indirect. Direct methods include direct
determination of urea (without its preliminary cleavage) by means of
physico-chemical methods of analysis (for example, absorption spectro-
photometry in the UV, IR and visible spectral regions, voltammetry or high
performance liquid chromatography). Studies are carried out both before
and after preliminary derivatization of urea by performing special chemical
reactions that occur with formation of compounds that absorb light with a
given wavelength [4—6]. Indirect methods (or enzymatic) involve enzymatic
cleavage of urea before measurements.

However, for the listed direct methods, complex and expensive
equipment is required [4], they are limited to the quantification limit of urea [5]
or the need for additional studies and trials [6], and in the case of enzymatic
Mmethods the use of enzymes and reagents with short-term use is required.

The purpose of our work is to develop and conduct a phased
validation of the method of quantitative determination of urea content in
milk by method of absorption spectrophotometry in the visible spectrum
region in variant of additive method use (MA), that will accelerate the
analysis process, reduce material and time costs and at the same time get
correct and accurate results.

Material and methods. Reagents and chemicals. Hydrochloric
acid (= 37 %, puriss. p.a., ACS reagent, fuming), p-dimethylaminobenzal-
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dehyde (p-DMAB), urea were purchased from Sigma-Aldrich Co. LLC (USA).
Potassium dihydrogen phosphate anhydrous (KH,PO,) and potassium
hydrogen phosphate anhydrous (K,HPO,) were purchased from Pra-
yon S.A. (Belgium). Trichloroacetic acid (TCA) was purchased from
PanReac AppliChem (Germany). All other reagents were of analytical grade.

p-DMAB reagent: 1.6 g of p-DMAB was dissolved in 10 mL of
concentrated hydrochloric acid and the solution was diluted to 100.0 mL
with ethanol.

Phosphate buffer solution (pH7): a) 3.403 g of KH,PO, was
dissolved in distilled water and the solution was diluted to 100.0 mL with
the same solvent; b) 4.355 g of K,HPO, was dissolved in distilled water and
the solution was diluted to 100.0 mL with the same solvent; the solutions @)
and b) were mixed and diluted to 1 L with distilled water.

TCA solution: 24.0 g of trichloroacetic acid was dissolved in distilled
water and the solution was diluted to 100.0 mL with the same solvent.

Equipment. All spectrophotometric measurements were carried out
using a single beam VIS-spectrophotometer UNICO S2100 (UNICO, USA)
with wavelength scanned from 1000 to 325 nm. The spectral band width
was 5 nm. The pair of quartz square cells S90-309Q (UNICO, USA) with
10 mm pathlength and wavelength range from 200 to 1200 nm was used
throughout the whole experiment.

Weighing was carried out using digital analytical balance AN100
(AXIS, Ukraine) with d = 0.0001 g.

Glassware satisfied ISO 648:2008 "Laboratory glassware — Single-
volume pipettes", ISO 1042:1998 "Laboratory glassware — One-mark
volumetric flasks", ISO 4788:2005 "Laboratory glassware — Graduated
measuring cylinders", ISO 385:2005 "Laboratory glassware — Burettes" and
calibrated according to ISO 4787:2010 "Laboratory glassware — Volumetric
instruments — Methods for testing of capacity and for use" and "Guidelines
for calibration in analytical chemistry" [7] was used throughout this study.

Solutions and samples (Schemes 1 and 2). The stock solutions 1 and
2 (10 mg/mL) were prepared by dissolving m, = 1.0000 g of urea in the
measuring flask (V,; = 100.0 mL) in distilled water and the solutions were
diluted to 100.0 mL with the same solvent.

The reference solution (C.,... = 0.70 mg/mL) was prepared by
diluting 7.00 mL of stock solution 1 to 100.0 mL with phosphate buffer
solution (pH 7).

To prepare the calibration solutions 1-8 (having concentrations
CoPEerof 0.14; 0.28; 0.42; 0.56; 0.70; 0.84; 0.98 and 1.12 mg/mL

respectively) the stock solution 1 was diluted with phosphate buffer
solution (pH 7) to 100.0 mL.
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The addition 1 (C** = 4.2 mg/mL) and 2 (C,, = 4.2 mg/mL) were
prepared by diluting 21.00 mL of the stock solution 1 and 2 respectively to
50.0 mL with phosphate buffer solution (pH 7).

To prepare the model solutions 1-3 (having concentrations

of 0.14; 0.42; 0.70 mg/mL respectively) the stock solution 1 was diluted
with phosphate buffer solution (pH 7) to 100.0 mL.

model MA
Ci

calibration solutions 1- 8 stock solution 2 stock solutions 2.1- 2.3
Vi =1.40;2.80; 4.2\9; ?:6(1),()%%0;13-40, 9.80; 11.20 mL ms=1.0000g Vo= 7_\90; 215_8% 35L00 mL
suffer solution (pH = Vim=100.0 mL mr=50.0m
phosphate buffer iolutlon (pH=7.0) (@ H,0 phosphate buffer solution (pH = 7.0)
Cr™ =0.14;0.28;0.42;0.56;0.70;0.84;0.98;1.12 mg/mL ! !
i mgm 10 mg/mL C°% =1.40;4.20;7.00 mg/mL
( stock solution 1 \ / refere_nce solution \ pormi— model samples 1~3 \
ms=1.0000 g V1 =7.00 mL
Vins=100.0 mL Vinr=100.0 mL Vi=21.00 mL 3runs
H,0 ™| phosphate buffer solution (pH = 7.0) Vs =50.0 mL Vi = 27.00 mL
! ! phosphate buffer +
10mgin. Curea =070mgi )| | slton (1 =70 Vi =300mL
C,,=4.2mg/mL sampleMA _ ().14; 0.42:
addition 1 / model solutions 1- 3 \ & 9 G 0.14; 0.42,0.70mg/my
Vi= 21008 mL 3 runs 'L
Vinr=50.0 mL Vi = 1.40; 4.20; 7.00 mL
oh (,)"sphate buffer 1 Vo= 100.0 mL model samples 1.2 - 3.2 model samples 1.1- 3.1 \
solution (pH =7.0) phosphate buffer solution (pH = 7.0) 3runs 3runs
o V/sampleMA — 1000 ml. V’sampleMA =1000 mL
Co ™ =4.2mg/mL ’“‘”MA =0.14; 042070mg/mIJ + +
V,, =1.00mL Vyurer =1.00mL /
model solutions 1.2- 3.2 model solutlons 1.1-3. 1\
3runs 3runs *MA - the parameter is attributed to the method of additions
\jmodel A 1000mL VoA — 10 00mL
\vm‘“ 100 mlL Vitor 71 00 mL J
Scheme 1. The preparation procedure Scheme 2. The preparation procedure
for reference and model solutions for model milk samples with urea
of urea

To prepare the model solutions 1.1-3.1, 10.00 ml of the respective
model solutions 1-3 were mixed with 1.00 mL of phosphate buffer solu-
tion (pH 7).

To prepare the model solutions 1.2-3.2, 10.00 ml of the respective
model solutions 1-3 were mixed with 1.00 mL of the addition 1.

To prepare the stock solutions 2.1-2.3 (having concentrations C

of 1.40; 4.20; 7.00 mg/mL respectively) the stock solution 2 was diluted
with phosphate buffer solution (pH 7) to 50.0 mL.

Three batches (in 3 samples each) of respective matrix (milk)
obtained from three different sources were used to prepare the model
samples.

The model samples 1-3 (having concentrations C*™*" of 0.14; 0.42;

0.70 mg/mL respectively) were prepared by mixing 27.00 mL of milk and
3.0 mL of the stock solutions 2.1-2.3 respectively.

To prepare the model samples 1.1-3.1 in 10.00 ml of the respective
model samples 1-3 were mixed with 1.00 mL of phosphate buffer solu-
tion (pH 7).
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To prepare the model samples 1.2-3.2 in 10.00 ml of the respective
model samples 1-3 were mixed with 1.00 mL of the addition 2.

Blank-samples were prepared by mixing 3 samples (27.00 mL) of
respective matrix (milk) obtained from three different sources with 3.00 mL
of phosphate buffer solution (pH 7).

Analytical sample preparation (Scheme 3).

C sample to be analysed (25.00 mL) >
aliquot 1(10.00 mL) ) ( aliquot 2 (10.00 mL)
(@ +1.00 mL of phosphate buffer solution (pH = 7)) (@ +1.00 L of urea addition (4.2 mg/mL)
¢ vortex for 5 min ¢
(@ +10.00 mL of TCA solution )
centrifuge for 30 min
at 8000 rpm
separate
v filter
D
Q\E% ) 5.00 mL of supernatant )
Q( 4 +5.00 mL of p-DMAB reagent )

Scheme 3. The main stages of analytical sample preparation
for urea quantification

Analysis is carried out in two stages: 2 aliquots of milk (in 10.00 mL
each) are taken from the sample to be analysed. 1.00 mL of phosphate
buffer solution (pH 7) is added to the first aliquot and 1.00 mL of urea
addition (4.2 mg/mL) is added to the second aliquot (stages 1.1 and 1.2).
The following stages are the same for both aliquots. The mixture is
vortexed for 5 min and processed with 10.00 mL of TCA solution (stage 2),
then centrifuged for 30 min at 8000 rpm. The supernatant is separated and
filtered. 5.00 mL of p-DMBA reagent are added to 5.00 mL of the obtained
supernatant (stages 3 and 4) and the solution to be analysed is ready.

The absorbance of the solutions to be analysed is measured 3 times
(Amax = 420 nm) with randomization of cell position. The mixture of the
phosphate buffer solution (pH 7), TCA solution and p-DMBA reagent
(11:10:20) is used as a compensation solution.

Method validation (Scheme 4). Validation of the developed proce-
dure has been carried out in variants of method of additives (Klimenko, 2015).

For in process stability verification the model solution 2.1 and model
milk sample 2.1 with urea concentration of 0.42 mg/mL were processed
according to the procedure. The absorbance measurements for the final

solutions were carried out immediately (A™**®® and A’*" respectively)
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accuracy and precision

m: and for the subsequent 6 hours (in 10, 20, 30 min, 1, 2, 3, 4, 5 and 6 h) after
A  its preparation (A™ ™ and A™™ respectively), and the systematic errors
<: i i .
mi 8™ and 5% respectively were calculated and assessed.
O:
oK

: e in process stability N
: : analysis of the model solution 2.1 and model sample 2.1
O : absorbance measuring in 0, 10, 20, 30 minand 1,2, 3,4,5and 6 h
o § Aomode/ stabity Atmodel stability A;tabriily and Atstabvtily
M § ‘ Amodel stability Amode/ stability ’ AsIabMty _ Astabil/'ly
®: sy L2 100% < max3"™* =1.02% (or 2.26%) | 6° =2 ————1.100% < max & =3.20%
. A A /
o linearity/calibration model \
5 analysis of the calibration solutions 1 -8 y/model _ model | pymodel _ ymodel
m E N N g = 8 (1 un - 1 day) amodel. Smodel. bmodel. Smodel. RSD model. Rmodel
9; caltraor - pcabraor ~ 90, 40,60, 80,100,120, 140,160% e BB TR0 e

: C;atibra(or A‘calibralor amode/ < t(gs% ;g _ 2) . Smade/

. model __ Yi . ymodel _ 7 a
--F Kot = g 100%: Y7 = 100% RSO} <1.65% (orA64% ) AL 2 09664 or 09972
-
:
o:

analysis of the model solutions 1.1 - 3.1 analysis of the model samples 1.1 - 3.1

n=3(3runs-1day) n =3 (3 runs - 3 days)
Ceee = AT = 20,60,100% et = A = 20,60,100%

analysis of the model solutions 1.2 — 3.2 < analysis of the model samples 1.2 — 3.2

n=3(3runs-1day) n=3 (3 runs - 3 days)
Crovelli =~ pAmoiMA ~ 80 120,160% CrempleMh ~  psamrieMA ~ 80, 120,160%

NN N
I\ )

i+ad i+ad i+ad
variant 1 variant 1
Cmode! 'Vmadel Cmode/MA C . V C_sample MA
X;ndudel —_ad ad .100%; X,";;g,eIMA i .100% Xad — ad "ad .100%; Xx:m _ i .100%
creference -11.00 Creference Cre!erence 1 reference
AmodeltiA X model MA Jsamole A X
modelMA __ ysmodel . modelMA _ "\ icale 0 MA . MA _ Nicale
Xr.calc =Xu" AmadeIM’A Amodel A ! RR; Ty model A -100% Xi‘ca)c = Nad Asample/\,;A AR A RR™ = MA -100%
ivad 7Y i fact Yi+ad A i fact
variant 2 variant 2
Amode/MA Cmode/MA Kmadel MA Asamp/e MA csample MA KMA
KmodelMA _ Plivad . yemodeiMA _ Viced . modelth _ Nicale a0 | gMA _ Divad .opMA _ Yikad - RRMA = Disde 4409,
cale = pmodelA? "ifact = modeliA’ i = K modelliA o sl =" psamo A+ Nifeot = (o sampl A ! T em 0
i i i fact i i i fact
ATEEMA — 1(95%; n—1)- RSDEMA < max AT =3.20% (or 7.07%) | A =1(95%; n—1)-RSD! <maxA,, =10.00%
\ JmosIMA — ‘100 —RR ™A < max 8™ =1.02% (or 2.26%) M = ‘1 OO—RRMA‘ <maxd =3.20% /

total uncertainty
(o — e 0 < max AT = 3.20% (or 7.07%) A Z A L5 < maxA,. =10.00% )

*MA — the parameter is attributed to the method of additions
*model - the parameter is determined using model solutions

Scheme 4. The validation stages of spectrophotometric procedure
for urea determination

To determine linearity/calibration model the calibration solutions 1-8
were analysed within 1 run. The values of concentrations and analytical
responses 4™ were normalized and processed by the method of least

squares [8]; correlation coefficient R™*, rest standard deviation RSD]"*,

bmodel

slope and its standard deviation s, and also absolute term a”**

model
a

and its standard deviation s”** were calculated [9; 10] and assessed.
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To estimate precision (repeatability) and accuracy:

o the model solutions 1.1-3.1 and 1.2-3.2 were analysed within
3 runs; the model solutions 1.1-3.1 concentrations were recalculated and
the values "found/given" RR™“" were used to determine the confidence

6 mode MA

interval AT®" and the systematic error respectively;

o the model samples 1.1-3.1 and 1.2-3.2 were analysed within
3 runs; the model samples 1.1-3.1 concentrations were calculated and the
values "found/given" RRY were used to determine the confidence interval

A% and the systematic error 3" respectively.

The values of confidence intervals and systematic errors were
compared with the respective acceptability criteria.

Results and discussion.

Analysis and validation scheme justification. Our research is
based on the method for the determination of urea in milk by method of
absorption spectrophotometry in the visible region of spectrum, which
requires the photometric reaction of Schiff base formation during the
interaction of urea with p-DMAB [1].

This technique involves working in variant of calibration graph
method, constructed from the response data of series of urea aqueous so-
lutions. In such a situation, the matrix influence on the analysis results can
be significant (both in large and lower side), and the study results may be
irregular [11-13]. Besides that, this technique implementation requires the
construction of calibration graph for each analytical sequence, which sub-
stantially loads the laboratory work. The use of such an analytical technique
as the method of additives allows to solve this problem to some extent.

The use of method of additives supposes the following: two samples
of the same volume are taken from the sample received for the analysis; one
of them is injected with a certain amount of a solution-addition of the target
analyte (in our case, urea); then both samples are subjected to the analysis
procedure in accordance with the technique and the values of the responses
are got (analytical signals), 4, and 4. , respectively.

The classical variant of using the method of additives consists in
calculating the analyte concentration in the analyzed sample C, from the

relation:

A S 5 geq A, ()
AHad Ci+Cad A A

i+ad i

where 4, — analytical signal for a sample without an additive;
A

i+ad

— analytical signal for a sample with an additive;
C, — analyte concentration in sample without additive;
C., — increase in analyte concentration in sample due to addition of an

additive.
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A simplified version of the use is also possible — rationing of 4 and
A responses ratio, i. e. coefficient k" calculation. The second option is

applied in quality control sphere — when the true value of analyte content in
sample is not important, but only the fact of exceeding or not exceeding the
specified critical parameter [9].

To study the possibility of applying both variants of this analytical
approach to monitoring the quality of milk according to urea content, the
described complex studies were done.

The development of the technique was carried out by its step-by-step
validation by such validation parameters as range, in process stability,
linearity/calibration model, accuracy and precision, limit of detection and
limit of quantification, specificity/selectivity, and also total uncertainty.

The validation provides application of the normalized coordinates:

x =S000% v ="100%. 2)

st st

1. e. transition from the equation 4, =b-C +q, to the equation
Y, =b,- X, +a,, that allows to calculate the validation characteristics, which
do not depend on the analyte and features of the method of analysis.

The urea concentration in the model solution for the point of 100 %
in the normalized coordinates Cjp«’ has been chosen as the concentration
provided the absorbance at the level of 0.3-0.5.

For normalization of the obtained experimental data the reference
solution with the analyte concentration of C,, _=Cr is used.

reference

Acceptability criteria for validation parameters have been formed
according to the recommendations [9; 10], proceeding from the approxi-
mate requirements of Codex Alimentarius to the extreme uncertainty of
analytical procedures A, (+10 %) [14], on the basis of systematic appli-

cation of "insignificance concept" at the conventional level p =95 % [9]:
5<0.32-A, =320%. 3)

When working with the model solutions two following approaches
were taken into account [15]:
Approach 1: uncertainty of analytical procedure proper A%* is equal

to uncertainty of pre-analytical sample preparation:

maxA, _ 0.707 -max A ,, =0.707-10.00 % = 7.07 %;

V2 (4)

maxd”** =0.32-max A" =2.26 %.

model __
max A" =

................
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Approach 2: uncertainty of analytical procedure proper A is
practically insignificant as compared with total uncertainty A, :

max A" =0.32-max A, =0.32-10.00 % = 3.20 %;

model model (5)
maxo =0.32-max A", =1.02 %.

Validation results.

Range. According to our preliminary studies [16] and foreign
authors publications [3] the normal urea content in milk is in the range of
0.1 to 0.3 mg/mL; the maximum fixed value was 0.7 mg/mL, and this value
was taken by us as nominal (i. e. 100 %). We proposed a threshold content
of 60 % of the maximum, i. e. 0.42 mg/mL.

Taking into account the obtained values of urea concentration in
milk, the range of application of the developed method was proposed as 20—
100 %. According to [10; 11] the additive quantity should, first, be close to
the limit value determined, and secondly, be approximately halfway
between the upper and lower points of the technique application range.
Thus, in our case, the optimal additive will correspond to 60 % level.

In process stability. The results of stability studies are given in
tables 1 and 2 (using one analytical sequence as an example).

Table 1

The results of stability studies for the spectrophotometric technique
for the quantitative determination of urea (model solutions)

a) in relation to initial time

Parameter Values
0 |10 min|20 min|30min] 1h | 2h | 3h | 4h | 5h | 6h
Arodel stalility 0.259]0.262 | 0.263 | 0.264 |0.266| 0.259 | 0.251 | 0.247 | 0.241 | 0.237
Apecersebiin — gredetsebiil 10,004 | 0.005 | 0.005 [0.008] 0.000 | 0.008 | 0.011|0.017 | 0.021
_____ gl of < maxd™™ | — | 142 | 1.80 | 1.93 |2.96 | 0.00 | 3.09 | 438 | 6.70 | 8.25
<2.26% + + + - + - — _ _
Approach 2| <1.02% - - - - + - - _ _
0) in relation to optimal time
Parameter Values
10 min|20 min] 30 min| 1h 2h 3h 4 h 5h 6h
model stablity 0.26210.263 | 0.264 [0.266 | 0.259 | 0.251 | 0.247 | 0.241 | 0.237
Aodelsability_ g model st iy — 10.001 | 0.001 [0.004 | 0.004 | 0.012 | 0.015 | 0.021 | 0.025
grodel stabiliy ‘o < max §"% | — 0.38 0.51 1.52 | 1.40 | 4.45 5.72 8.01 9.53
Approach 1| <2.26 % + + + + — - - -
Approach 2| <1.02 % + + - - - - - -
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Table 2

The results of stability studies for the spectrophotometric technique
for the quantitative determination of urea (model solutions)

a) in relation to initial time

Values
Parameter
0 [10 minf20 minf30 min] 1h 2h 3h 4h 5h 6h
tability 0.412]0.42310.428|0.431|0.438|0.447|0.461 | 0.474 | 0.481 | 0.495

stability stability
Ao Ar

— 10.011]0.017|0.020 | 0.027 | 0.036 | 0.049 | 0.063 | 0.070 | 0.084

Seabiliy oz - 2.67 | 405 | 478 | 6.48 | 8.66 | 11.98|15.22|16.92|20.32
6smbility , % S 320 % + _ — — — —_ — — -

0) in relation to optimal time

Values
Parameter
10 min]20 min|30 min] 1h 2h 3h 4 h 5h 6h
Astability 0.423 |0.428 |0.431 |0.438 |0.447 [0.461 [0.474 |0.481 |0.495
A — gt — 10.006 |0.009 [0.016 |0.025 |0.038 |0.052 |0.059 |0.073
Stabilivy. oz, - 134 | 2.05 | 3.71 | 5.84 | 9.07 |12.22 |13.88 |17.19
6.vtabilizy , 9% <3.20 % + + _ _ _ _ _ _

Thus, it is optimal to measure the optical density of spectro-
photometric solutions not earlier than 10 min, and no later than 30 min after
their preparation, which was taken into account in determining the main
validation parameters of the procedure.

Linearity/calibration model. The explored method is planned to be
applied in variant of method of additives, which requires the presence of a
directly proportional relationship between analyte content and analytical
signal within the specified range. Thus, it is necessary to confirm not only
an acceptable level of technique linearity, but also to demonstrate the in-
significance of free part in a linear dependence of the form Y =54-X +a [8; 9].

The validation parameter "linearity / calibration model" was deter-
mined using calibration solutions, the range of linearity of the method is
from 20 to 100 % + additive, 1. e. 20—160 %.

In accordance with [14], the number of concentration levels (g) in
the linearity range should be at least 6, and they should be evenly
distributed [10]. Preliminary calculations showed that with an amount of
concentration levels greater than 8, an acceptable uncertainty of the
technique (10 %) can be achieved with an allowable value of the correlation
coefficient (0.99), so the following scheme was proposed, %: 20 — 40 — 60 —
80—-100—-120—-140-160,1.e.,g=8.

The results of the linearity check are given in table 3.
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Table 3

The results of testing the linearity of the spectrophotometric technique
for urea quantitation

Acceptability criteria
Parameter | Values
Approach 1 Approach 2

b 1.022 - - - -
sy 0.020 - - — -
| 1253 | @™ <095 %;g—2) 5" | @™ <495 %; g —2)- 5"
st 2.012 satisfied satisfied

RSD [ 2.583 <3.64 % satisfied <1.65% unsatisfied
R 0.9989 >0.9972 satisfied >0.9994 unsatisfied

Thus, the technique is characterized by statistical insignificance of
coefficient, regardless of the approach used to assess the acceptability,
a sufficient degree of linearity is provided only within the framework of
softer Approach 1.

Accuracy and precision. These parameters were evaluated in two
stages — using model urea solutions and using model milk samples.

According to the recommendations [9; 10; 14] the accuracy and
precision of the procedure were evaluated at low (20 %), medium (60 %),
and high (100 %) concentration levels within three analytical sequences.

The results of the studies are given in table 4 for two variants of
using the method of additives and show that the contribution of the actual
analytical procedure to the overall error of the technique can not be
considered insignificant.

In this case, the technique correctness (i. €., systematic error) is
characterized by satisfactory indicators with sufficient margin of safety.

At the second stage, the validation was carried out using model
samples of milk. Milk samples of different fat content, % (0.5, 3.2, 0) from
three different manufacturers for each type (i. e. 9 samples) were taken,
according to preliminary studies with a low urea content.

Three aliquots were taken from each test sample and urea (as
standard solutions) was introduced into them at various concentration
levels. Then two aliquots were taken from the samples, one was fed with a
standard fixed urea additive, and the second one — the same volume of
phosphate buffer solution (pH 7), and two aliquots were analyzed in
accordance with the procedure. As a compensatory solution, a solution
obtained by processing the appropriate blank sample (a native milk sample)
was used in accordance with the procedure.

The validation results are presented in fable 5 for two variants of
using the methods of additives.

model
a
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Thus, it was found that the precision of using the second variant of
the method of additive (according to the calculation of the coefficient
K"™=4,.,/4) is relatively slightly higher. At the same time, both
approaches are characterized by the correctness indicators at the same level.

Limit of detection and limit of quantification. The technique’s
limit of quantification (LOQ) is set as the lower limit of application range [10],
1. €. 0.14 mg/mL. The limit of detection (LOD) is calculated as 0.33 [17],
1. e. it 1s 0.05 mg/mL.

Specificity/selectivity. In the framework of this technique, it is not
possible to evaluate its specificity with respect to the matrix components by
a direct method because it is impossible to simulate a blank sample.
Therefore, we proposed to determine the specificity/selectivity of the
technique by comparing the analytical signals 4" obtained during the
validity and precision testing for samples with urea content at quantitative
limit level (model samples 1.1), with the corresponding values of the
analytical signals 4" obtained for model solutions 1.1. The ratio of

these values R should not differ from the nominal value (100 %) by more

than the quantification limit value, i. e. 20 %.
The results of this study are shown in table 6 and show the
acceptable specificity of the explored method.

Table 6

The results of testing the specificity/selectivity
of the spectrophotometric procedure for urea quantitation

Factual concentration Absorbance A .
of urea in model sample " sanple s \ cc;ptqblllty
(o semple M » 1 R™ =|1- — i 100 % criterion
i ) )(l e % A;amp e MA A[mod@l MA i RM™ <20 9%
mg/mL '
Milk, 0.5 % fat
0.14 20 0.080 0.081 1.23 satisfied
0.14 20 0.085 0.082 3.66 satisfied
0.14 20 0.090 0.080 12.50 satisfied
Milk, 3.2 % fat
0.14 20 0.090 0.081 11.11 satisfied
0.14 20 0.096 0.082 17.07 satisfied
0.14 20 0.089 0.080 11.25 satisfied
Milk, reconstituted and fatless
0.14 20 0.078 0.081 3.70 satisfied
0.14 20 0.081 0.082 1.22 satisfied
0.14 20 0.082 0.080 2.50 satisfied

Total uncertainty. The forecast of the technique uncertainty was
performed using the method of total allowable error [18] and recommen-
dations [10] and represents the maximum possible error of the technique
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with the worst combination of conditions for its implementation; this value
was 7.33 %, which does not exceed the maximum permissible uncertainty
of the technique (10 %).

Results of urea determination in milk samples. Using the pro-
posed technique, a quantitative determination of urea in commercially
available milk samples was done.

Three types of milk (0.5 % fat, 3.2 % fat, reconstituted and fatless)
were selected for the analysis, from one producer; for each type of milk,
4 samples were taken from three different packages. An appropriate
additive (phosphate buffer solution and urea solution at level of 20, 60,
100 % of nominal content) was introduced into each milk sample and
analyzed in accordance with the procedure. According to the obtained
optical density data, the urea content in milk was calculated for different
concentrations of the additive.

The analysis results are presented in table 7.

Table 7

The results of quantitative determination of urea in milk samples
in variant of method of additives

Milk, reconstituted
and fatless

AM 0.129 | 0.128 | 0.139 | 0.179 | 0.181 | 0.183 | 0.154 | 0.155 0.1807
MA
Aivaa 0.221 | 0.216 | 0.222 | 0.270 | 0.276 | 0.273 | 0.237 | 0.233 | 0.277
(20 %)
AMA
i+ad 0.388 | 0.384 | 0.400 | 0.439 | 0.45 | 0.443 | 0.401 | 0.400 | 0.452
(60 %)
AMA
itad 0.556 | 0.545 | 0.586 | 0.608 | 0.633 | 0.628 | 0.564 | 0.574 | 0.633

(100 %)

Parameter Milk, 0.5 % fat Milk, 3.2 % fat

28.04 | 29.09 | 33.49 | 39.34 | 38.11 | 40.67 | 37.11 | 39.74 | 37.11 -
Xf{ﬁ,c,% 29.88 | 30.00 | 31.95 | 41.31 | 40.37 | 42.23 | 37.41 | 37.96 | 39.71
30.21 | 30.70 | 31.10 | 41.72 | 40.04 | 41.12 | 37.56 | 36.99 | 39.74

XM % | 29.38 | 29.93 | 32.18 | 40.79 | 39.51 | 41.34 | 37.36 | 38.23 | 38.85
C

% | 021 | 021 | 023 | 029 | 028 | 029 | 026 | 027 | 027
RSD,% | 3.98 | 2.69 | 378 | 3.12 | 3.10 | 1.95 | 0.62 | 3.65 | 3.87

RSD™! 9% 3.53 2.78 3.09 "
A% 6.56 5.16 5.75

Thus, we can see that the total relative uncertainty of the average
result obtained does not exceed the maximum allowable value (10 %) and
the forecast value calculated by us during the validation (7.33 %).

The urea content in the analyzed commercially available milk
samples is in the range of 0.21-0.29 mg/mL, which corresponds to the
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preliminary monitoring data (not more than 0.3 mg/mL), does not exceed
the suggested standard value (0.42 mg/mL).

Thus, the method of additives is based on measuring the optical
density of two aliquots of milk sample, one with the addition of urea of
known concentration, and the other without it, and further incorporating the
results into formula. This method allows significantly speed up the analysis
of urea content in milk.

In connection with the importance of measuring this parameter in the
field of analysis of dairy raw materials quality, production of dairy products,
veterinary medicine, it seems reasonable to introduce requirements for the
permissible content of urea in milk. In this work the validation of fast and
convenient analysis technique for this purpose is conducted.

Conclusion. As a result of the work, a step-by-step validation of the
method for the quantitative determination of urea in milk by method of
absorption spectrophotometry in visible region of spectrum was carried out
in variant of using the method of additives (MA). It was found that the
measurement of optical density of spectrophotometric solutions is optimal
not earlier than 10 minutes, and no later than 30 minutes after their
preparation; the acceptable uncertainty of the technique (10 %) with an
allowable value of correlation coefficient (0.99) can be achieved with a
number of concentration levels more than 8. The correctness of the
technique is characterized by satisfactory indicators. The procedure is
effective in the range of 0.14-0.7 mg/mL, the detection limit is
0.05 mg/mL. The uncertainty forecast was 7.33 %, which does not exceed
the maximum permissible uncertainty of the technique (10 %).

The use of the proposed technique allows quantifying the urea
content in milk samples without the need to build a calibration curve and
long calculations, which significantly speeded up the analysis process,
reduced material and time costs, and at the same time to obtain correct and
accurate results.
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Kyxoea ., Ilempoe Il., Knimenko JI. Excnpec-memood KinbKicHO20
6U3HAYEHHA CEYOGUHU 6 MOJIOUI.

IMocranoBka mpo6Jemu. Pamion Benmkoi poraroi xymodu Ta crocio ro-
Bl € HaBaXITUBIIMMH (aKTOpaMu, M0 OOYMOBIIOIOTH BMICT CEYOBHHU B
modoni. Crio>kuBaHHsSI KOPMY BIUTUBA€E HA MIOJICHHUN BMICT aMiaKy B KHIIICYHHKY,
CEYOBMHHU B IUIa3Mi KpPOBI Ta MOJIOI, IO BAaXKJIMBO MJsl MpAaIiBHUKIB Gepm,
TEXHOJIOT1B MOJIOKOTIEPEPOOHO] raimy3i, CIIelianicTiB JabopaTopiii KOHTPOIIO SKOCTI.

Mema pobomu — po3poOKka 1 MPOBEIECHHS MOETANHOI BaJliJalii METOUKU
KUTbKICHOTO BHW3HAYCHHS BMICTYy CCUYOBHHHU B MOJIOII METOJOM abcopOIiiHOl
cnektpodoToMeTpii y BapiaHTI BUKOPHCTaHHsS MeTony naoOaBok. Lleit meron
3aCTOCOBYIOTh IIPH aHAJI31 CKJIIAJHUX PO3YMHIB, OCKIIBKHA BIH JO3BOJISE
ABTOMATUYHO BPaxyBaTH BIUIUB "TpeTix" KOMIIOHEHTIB.

Martepianu i metogu. Bukopucranus Metony n1o0aBoK mependadaB Bijl-
0ip 1BOX OO OJTHAKOBOTO 00’ €My 3pa3Kka, SKUil HAAXOAUTh HA aHali3; A0 OAHIeT
BBOJWIHM TE€BHY KUIBKICTh PO3YMHY-I00aBKH MLIJHOBOTO aHai3y (CEYOBUHH).
[Torim 06uABI mpobu aHai3yBalM BIAMOBITHO 0 METOAUKH 1 OTPUMYBAIH
3HAYeHHSI ONTHYHOI IIUTBHOCTI Ha CIIEKTPO(OTOMETPI Ta MPOBOAMIH PO3PAXYHKH
BMICTY CEYOBMHHU 3a (popmyiioro. Po3poOKy MeTOIMKH MPOBEIEHO MOETANHOO
BaJIIIAIE€I0 32 TAaKUMH TapaMeTpaMu: CTaOUIBHICTh, Jlama30H 3acTOCYBAaHHS,
JHIAHICTD, MPaBWIbHICTh, MPEUU3iHHICTh, MEXa BUABIEHHS, KUIbKICHE BHU3HA-
YeHHs, CTIeNU(i9HICTh, POOACTHICTb.

Pe3yabTaTH f10caiizkeHHsA. BCTaHOBIEHO, 1110 IPOBEIEHHS BUMIPIOBaHHS
ONTUYHOI IIUTPHOCTI PO3YMHIB ONTHUMAJIBHO HE paHimie, HbK yepe3 10 xB, i He
mi3Hime, HiK 4yepe3 30 XB micid iX NPUTOTYBaHHS; NPUHHSATHA HEBHU3HAYEHICTD
meroauku (10 %) mpu nmomyctuMomy 3Ha4yeHHI koedimienta kopensmii (0.99)
MOke OyTH MOCSTHYTa NpPHU KUTBKOCTI KOHLEHTpPALiWHUX pPiBHIB, Oinbine 3a 8.
[IpaBUIBHICTE METOAWKH XapaKTEPU3YEThCS 3aJOBUIBHUMH TOKa3HHKAMHU.
Meronuka edextuBHa B miana3oni 0.4—0.7 mr/mi, mexa BHSIBJICHHS CTaHOBUTH
0.05 mr/mun. IIporuo3 nHeBuzHaueHocTi — 7.33 %, 10 HE EPEBUIILYE MAKCUMAIBHO
JOIyCTUMY HeBU3HauYeHICTh MeToAauku (10 %).

BucHoBkH. BUKoHAHO KiTbKiCHE BU3HAUCHHS CEUOBUHU B 3pa3kax MOJIOKA
0e3 HeoOX1THOCTI MO0y I0BU KamiOpyBaJbHOT KPUBOI 1 TPUBAIUX PO3PaxXyHKIB, 110
JIO3BOJIMJIO 3HAYHO TPHCKOPHUTH IMPOIEC aHaii3y, CKOPOTHTH MaTepiaibHi WU
BUTPATH 4Yacy, 1 MpU bOMY OTPUMATH NPABWIIbHI W TOUHI Pe3yJbTaTH, 3aBISKU
MIPOBEJICHIN BaJTiAIlii METO UK.

Knwuosi cnoea: meron no0aBOK, MOJOKO, CEYOBHHA, CIETKpodoTO-
METpisl.

g91dVvdOolL ILOOME EHHVYIOIHIIIO

HLIJIIANOOV IHRIJOVOXYOLAN



