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ABSTRACT

Background: Measuring metabolic parameters in the blood has been an indispensable tool for assessing the productive and 
health status of dairy cows for more than 100 years. The values of laboratory parameters depend on various preanalytical, 
analytical and postanalytical factors. The most important preanalytical factors are sample transport time and temperature, 
hemolysis, anticoagulant type, and sample volume. Preanalytical factors can lead to reduced stability of the analyte in the 
sample, which changes their concentration. Loss of stability changes the time of storage and manipulation of the sample, 
which determines the criteria for its acceptance or rejection. The two stability indicators are stability limit and maximum 
permissible instability. A stability limit (SL) is defined as the period of time in which a property variation does not exceed 
a maximum permissible instability (MPI). The aim of this study was to determine the SL and MPI for each analyte in the 
blood serum of cows and to determine whether SL differs in the function of the presence of preanalytical errors in the 
blood sample.
Materials, Methods & Results: Three hundred samples of dairy cow origin in different periods of lactation participated in 
this research. They were classified into 6 groups of 50 samples: according to the time from sampling to processing in the 
laboratory (0-4 h, 4-8 h and over 8 h; all transported on dry ice, protected from environmental factors, without preanalyti-
cal errors) and according to the presence of preanalytical errors (group with hemolysis, a group transported at ambient 
temperature and a group with a small sample volume). Each sample was aliquoted in two portions. One portion was left at 
+4°C and tested once a day for 6 days of sample storage, and the second portion, placed at -20°C, was tested once a month 
for 6 months. The MPI had a value ranging from 1.51 to 8.4. Metabolic profile analytes with lower MPI values (1.51-3.22) 
were albumin (ALB), total protein (TPROT), UREA, glucose (GLU), calcium (Ca), and phosphorus (P). Higher MPI values 
(5.1-8.4) were found for nonesterified fatty acids (NEFA), beta-hydroxybutirate (BHB), cholesterol (CHOL), triglycerides 
(TGC), total bilirubin (TBIL) and aspartat aminotransferase (AST). For most parameters, we can conclude that their PD% 
changed faster in storage conditions at +4°C compared to the regime of -20°C. The largest number of biochemical ana-
lytes in bovine blood serum shows preserved stability in the first 6 days at +4°C or 6 months at -20°C if transported to the 
laboratory within 8 h after sampling in ideal conditions and without the action of preanalytical errors. Prolonged transport 
under ideal conditions or the existence of preanalytical errors such as transport at room temperature, hemolysis or small 
sample volume shorten the stability of the ALB, NEFA, GLU, UREA and P. Concentration of all analytes decreases during 
the stability test except for UREA, NEFA, BHB and for CHOL and TGC in some groups. Variations in parameters such 
as BHB, NEFA, TBIL, AST, and Ca have shown potential clinical significance. At storage conditions at +4°C, clinically 
significant variations at at least one measurement point were found for AST (7.5% of samples), BHB (6.1% of samples), 
NEFA (9.9% of samples) and for TBIL (in 7% of samples).
Discussion: This study can help define acceptable delay times and storage conditions for bovine blood samples, which 
is of great importance because in working with farm animals it is often not possible to take samples in a short time and 
deliver them to the laboratory, and samples are often burdened with certain preanalytical errors with limited possibilities 
of re-sampling.
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INTRODUCTION

Measuring metabolic parameters in the blood has 
been an indispensable tool for assessing the productive 
and health status of dairy cows for more than 100 years 
[31]. Determining metabolic parameters has contributed 
to the understanding of the physiology of the peripartum 
period, knowledge of homeoresis, metabolic stress, as 
well as the diagnosis of many diseases [12,21,32].

The values of laboratory parameters depend on 
various preanalytical, analytical and postanalytical fac-
tors. The influence of preanalytical factors on the varia-
tion of metabolic parameters in different animal species 
and humans is well known, and recommendations are 
given for reducing preanalytical error and equalizing 
preanalytical activities for farm animals [18].

Preanalytical factors can lead to reduced stabil-
ity of the analyte in the sample, which changes their 
concentration. According to Gómez-Rioja et al. [16], 
the stability of a biochemical analyte is defined as the 
capability of a sample / specimen material to retain 
its properties over time. Loss of stability changes the 
time of storage and manipulation of the sample, which 
determines the criteria for its acceptance or rejection 
[40]. The 2 stability indicators are stability limit and 
maximum permissible instability. A stability limit (SL) 
is defined as the period of time in which a property varia-
tion does not exceed a maximum permissible instability 
(MPI). The aim of this study was to determine the SL 
and MPI for each analyte in the blood serum of cows 
and to determine whether SL differs in the function of 
the presence of preanalytical errors in the blood sample.

MATERIALS AND METHODS

Sampling and grouping of samples

Three hundred samples of dairy cow origin 
in different periods of lactation participated in this 
research. They were classified into 6 groups of 50 
samples: according to the time from sampling to pro-
cessing in the laboratory (0-4 h, 4-8 h and over 8 h; all 
transported on dry ice, protected from environmental 
factors, without preanalytical errors) and according to 
the presence of preanalytical errors (group with hemo-
lysis, a group transported at ambient temperature and 
a group with a small sample volume). Blood samples 
were collected by puncture of v.coccigea in appropri-
ate tubes with clot activator1. After centrifugation, the 
amount of serum was 5-6 mL, except in small volume 

samples that ranged around 2-3 mL. Biochemical pa-
rameters (ALB, TPROT, UREA, GLU, NEFA, BHB, 
CHOL, TGC, TBIL, AST, Ca and P) were measured 
by standard reagents2 at automatic spectrophotometer3. 

Stability test model 

Each sample was aliquoted in 2 portions. One 
portion was left at +4°C and tested once a day for 6 
days of sample storage, and the second portion, placed 
at -20°C, was tested once a month for 6 months.

Gómez-Rioja et al. [16] in their protocol pre-
cisely defined the technical procedures for measuring 
stability: “The loss of stability is assessed by comparing 
measurement values of 2 samples obtained from the 
same patient and analyzed at different time points - basal 
time / sample and test time / sample. Differences are ex-
pressed using percentage deviation (PD%). PD% is the 
difference between measured concentrations in optimal 
conditions (baseline sample; t0, average of replicate 
measurements) and its concentrations when stored for 
the maximum permissible storage time (test sample; tx 
average of replicate measurements). The difference is 
converted into a% PD from the baseline value: PD% = 
(tx-t0) / t0) × 100. The MPI was calculated MPI = 0.5 
× (CVa + CVi). A PD% <MPI for all study subjects 
indicates that there was not a significant loss of stability 
within the storage time studied. A PD% ≥MPI in some 
of the subjects indicates that there was a significant loss 
of stability within the storage time studied.”

Statistical analysis

Intensity of change in the value of PD% per time 
unit was determined by calculation of linear regression 
parameter b, and regression lines were presented in 
figures. The potential clinical significance of changes 
in analyte values will be determined by comparing 
PD% and RCV values. Potential clinical significance 
exists if PD% ˃ RCV exists, deviation of values may be 
clinically significant. The analytical variation, biological 
variation and RCV were derived from Kovačević et al. 
[23]. Statistical software4 SPSS (USA) were used for 
analysis and results representation.

RESULTS 

The MPI had a value ranging from 1.51 to 8.4. 
Metabolic profile analytes with lower MPI values (1.51-
3.22) were ALB, TPROT, UREA, GLU, Ca, and P. Higher 
MPI values (5.1-8.4) were found for NEFA, BHB , CHOL, 
TGC, TBIL, AST. The results are shown in Figure 1.
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The stability of the analyte from the metabolic 
profile in cows is shown in Table 1 and Figures 2 and 
3. The table shows the measured value of metabolites 
in the confidence interval of 95% (95% CI). The table 
shows the value of the linear regression parameter b, 
which indicates the intensity of the change in the value 
of PD% per unit time (Linear b PD%). The more stable 
the samples, the lower the value of this parameter. For 
most parameters, we can conclude that their PD% 
changed faster in storage conditions at +4°C compared 
to the regime of -20°C, but the change in concentration 
goes in the same direction (compare the linear b pa-
rameter). Concentration of all analites decrease during 
stability test except for UREA, NEFA, BHB and for 
samples CHOL and TGC in some groups.

ALB was stable for 6 days at +4°C and 6 months 
at -20°C, regardless of the length of transport to the 
laboratory, unless the presence of negative preanalyti-
cal factors was found in the samples. If the sample was 
haemologized, small in volume or transported at ambient 
temperatures until processing in the laboratory, the ALB 
was stable for 4 or 5 days at +4°C, or for 5 months at 
-20°C. TPROTs were stable in the sample over the test 
period at both temperature regimes. UREA is stable for 
up to 6 days if adequately transported, while prolonged 
transport (4-8 h) and hemolysis of the sample reduce the 
stability of urea, which was stable for 4 days at +4°C. 
Stability after freezing was shortened to 5 months if there 
was a preanalytical problem such as small sample volume 
or transport at ambient temperature to the laboratory. Un-
like ALB and TPROT whose values declined over time, 
the value of UREA increased during the stability test.

The stability of GLU was reduced in all 
cases, except when there was a short transport to the 
laboratory in ideal conditions. GLU was stable in the 
refrigerator (+4°C) for 4 days with prolonged transport, 
3 days with hemolysis or reduced sample volume, 
and 2 days if transported to the laboratory at ambient 
temperature. GLU during freezing (-20°C) was stable 
for 4 to 5 months depending on the group of samples. 
Glucose levels decreased over time.

NEFA was stable only in the case of fast 
transport. With prolonged transport, NEFA was stable 
at +4°C for 4 or 3 days, in the case of hemolysis for 
3 days, and for 2 days in the case of a small-volume 
sample and in the case when the sample was trans-
ported to the laboratory at ambient temperature. This 
analyte was stable for 6 months at -20°C. The value 
of NEFA has grown over time. BHB was stable for 6 

days at +4°C and 6 months at -20°C, respectively. The 
value of BHB has grown over time.

CHOL was stable for 6 days at +4°C, and under 
freezer storage conditions (-20°C) it was stable for 5 months 
regardless of preanalytical factors. TGC was stable for 6 
days at +4°C, and under freezer storage conditions (-20°C) 
it was stable for 4 months regardless of preanalytical fac-
tors. Depending on the group, CHOL and TGC values 
increased or decreased during the stability test. During 
storage in the freezer, there was an increase in CHOL in the 
first months, and then there was a decrease in samples that 
were transported for a long time, which were transported at 
ambient temperature and which were hemolyzed.

TBIL was stable at all test times at both tem-
perature regimes. However, if there was hemolysis 
in the sample, TBIL was stable for up to 5 months at 
-20°C. AST was stable for 6 days at +4°C, but pro-
longed storage at -20°C reduced the stability of this 
analyte, so it was stable for 5 months. The AST value 
decreased over time.

Ca was stable for 6 days at +4°C and 6 months 
at -20°C, respectively. Stability P was unresolved 
within 4 or 5 days, or within 2 days if there was pro-
longed transport or hemolysis of the sample.

Variations in parameters such as BHB, NEFA, 
TBIL, AST, and Ca have shown potential clinical 
significance. At storage conditions at +4°C, clinically 
significant variations at at least one measurement point 
were found for AST (7.5% of samples), BHB (6.1% of 
samples), NEFA (9.9% of samples) and for TBIL (in 7% 
of samples). When assessing the stability at a temperature 
of -20°C from 0 to 1.3% of the samples shows variations 
that have potential clinical significance for these four 
analytes (Figure 4).

Figure 1. Maximum permissible instability (MPI) for blood serum ana-
lytes in cows.
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Figure 2. Blood serum analyte stability at +4°C (abscissa represents 1-6 day of measurement).

Figure 3. Blood serum analyte stability at -20°C (abscissa represents 1-6 month of measurement).
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Table 1. Analyte concentration. change of PD% during storage time (linear b PD%) and stability limit (SL) for blood serum metabolic parameters at 
+4°C and -20°C. 

Parameter Value 95CI Storage
Stability 

parameter

Optimal transport Preanalytical error

0-4h 4-8h ˃ 8h HL* UF* ATT*

ALB (g/L) 27.2-39.4

+4°C
Linear b PD% -0.22 -0.23 -0.5 -0.77 -0.72 -0.65

SL (day) > 6 > 6 > 6 4.01 4.99 4.99

-20°C
Linear b PD% -0.19 -0.18 -0.16 -0.55 -0.51 -0.52

SL (month) > 6 > 6 > 6 5.51 5.53 5.54

TPROT 
(g/L)

67.5-84.7

+4°C
Linear b PD% -0.2 -0.21 -0.22 -0.33 -0.45 -0.36

SL (day) > 6 > 6 > 6 > 6 5.98 > 6

-20°C
Linear b PD% -0.21 -0.20 -0.24 -0.3 -0.32 -0.39

SL (month) > 6 > 6 > 6 > 6 > 6 > 6

UREA
(mmol/L)

2.13-9.48

+4°C
Linear b PD% 0.50 0.52 0.76 0.95 1.21 1.25

SL (day) > 6 > 6 3.94 3.19 2.48 2.4h

-20°C
Linear b PD% 0.38 0.36 0.37 0.37 0.78 0.79

SL (month) > 6 > 6 > 6 > 6 4.84 4.84

GLU
(mmol/L)

1.85-3.48

+4°C
Linear b PD% -0.71 -1.08 -7.8 -1.3 -1.35 -1.44

SL (day) 5.65 4.5h 4.52 3.51 3.02 2.5

-20°C
Linear b PD% -0.74 -0.75 -0.8 -0.82 -0.83 -0.83

SL (month) > 6 5.9 5.9 4.5 5.2 4

NEFA
(mmol/L)

0.35-1.17

+4°C
Linear b PD% 1.08 2.25 2.33 4.21 4.44 5.02

SL (day) > 6 4.21 3.95 3 2.6 2.3

-20°C
Linear b PD% 0.91 0.93 0.95 0.9 0.92 0.95

SL (month) > 6 > 6 > 6 > 6 > 6 > 6

BHB
(mmol/L)

0.25-1.33

+4°C
Linear b PD% 0.68 0.68 0.69 0.7 0.7 0.69

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% 0.69 0.7 0.71 0.73 0.7 0.98

SL (month) > 6 > 6 > 6 > 6 > 6 > 6

CHOL
(mmol/L)

1.85-6.92

+4°C
Linear b PD% -0.56 -0.6 0.35 0.48 -0.61 -0.57

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% -1.51 -1.52 -1.49 -1.56 -1.5 -1.47

SL (month) 5.9 5.3 5.6 5.1 5.5 5.8

TGC
(mmol/L)

0.07-0.38

+4°C
Linear b PD% 0.04 -0.21 0.25 0.3 -0.3 0.27

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% -1.65 -1.6 -1.8 -1.92 -1.68 -1.7

SL (month) 4.6 4.3 4.4 4.2 4.2 4.5

TBIL
(μmol/L)

2.14-16.05

+4°C
Linear b PD% -0.37 -0.65 -0.46 -0.93 -0.75 -0.61

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% -0.25 -0.17 -0.23 -1.42 -0.19 -0.26

SL (month) > 6 > 6 > 6 5.7 > 6 > 6

AST
(IU/L)

74.5-129.2

+4°C
Linear b PD% -0.49 -0.45 -0.5 -0.52 -0.41 -0.43

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% -2.19 -2.15 -2.22 -2.51 -2.24 -2.17

SL (month) 5.15 5.17 5.2 5 5.68 5.7

Ca
(mmol/L)

1.89-2.67

+4°C
Linear b PD% -0.21 -0.22 0.18 -0.21 -0.2 -0.18

SL (day) > 6 > 6 > 6 > 6 > 6 > 6

-20°C
Linear b PD% -0.08 -0.09 0.07 -0.07 -0.08 -0.09

SL (month) > 6 > 6 > 6 > 6 > 6 > 6

P
(mmol/L)

1.68-2.56

+4°C
Linear b PD% -0.46 -0.4 -0.5 -0.63 -0.66 -0.83

SL (day) 5.05 4.9 2.85 2.3 4.45 2.85

-20°C
Linear b PD% -0.14 -0.15 -0.2 -0.19 -0.22 -0.27

SL (month) > 6 > 6 > 6 > 6 > 6 > 6

*HL: hemolysed sample; UF: underfilled sample; ATT: ambiental (room) temperature transportation.
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Figure 4. Percent of sample with potential clinicaly impact of analyte 
concentration change during stability test.

DISCUSSION

Metabolic profile involves determining a num-
ber of different parameters that indicate energy balance 
(NEFA, BHB, glucose), protein balance (total proteins, 
albumins, urea), liver functional status (AST, ALT, 
GGT, total bilirubin, triglycerides and cholesterol) and 
mineral status (Ca, P and Mg) [2,33]. The concentra-
tion of metabolic parameters in cows is within the 
values established so far for this animal species [3,9]. 
Within each of the six test groups, the concentrations 
of test parameters were uniform. Uniformity of initial 
concentrations is of great importance, because it is 
known that percent changes depend on baseline levels 
in some analytes [8].

The selection of pre-analytical factors was 
made on the basis of their importance in everyday 
practice. Preanalytical factors can greatly affect the 
values and stability of analytes in the blood. Pro-
longed contact of serum with cellular components 
and coagulum reduces the stability of the analyte, but 
serum is considered a more stable sample compared 
to plasma [6]. The use of different vacutainers and 
anticoagulants can lead to a significant deviation in 
the value of plasma metabolites in dairy cows in rela-
tion to serum [4]. Long-term storage of the sample 
at -20°C gives acceptable results for 90 days, while 
prolonged stability of the analyte is achieved when 
stored at -70°C [10]. Studies show that preanalytical 
and postanalytical factors (i.e. sample transportation 
time and retained sample storage temperature) can have 
a significant impact on parameter variability in the 
analytical phase [34]. Hemolysis reduces the stability 

of vitamins, hormones, and drugs in the blood [5, 17], 
and our study has shown that a large number of analytes 
are less stable in hemolyzed samples. Under-filling of 
the sample leads to the development of hemolysis and 
changes in metabolic values [29]. Insufficient filling 
occurs as a consequence of poor venipuncture, weak 
vacuum in the tube, or as a consequence of opening 
the vacuum tube, which often leads to mixing with air, 
when foam develops in the sample, mechanical damage 
to the sample, hemolysis and effects on analytes [28]. 
In addition to hemolysis in such samples, there may be 
a problem with altered turbidimetry, probably due to 
incomplete clot formation and the existence of latent 
fibrin formation [24]. Leaving the sample at ambient 
temperature, after which it is deposited at +4°C, leads 
to a significant variation of the analyte in relation to 
the procedure in which the samples are immediately 
placed at +4°C [22], with which our results agree. 

There are different indices used to determine 
sample stability. The most commonly used are criti-
cal change value (CCV), the maximum permissible 
instability (MPI) and the total allowable error (TEa). 
MPI is a much stricter criterion, because it leads to the 
rejection of a larger number of analytes at a certain 
time point in relation to CCV, which makes a signifi-
cantly larger number of analytes acceptable [40]. MPI 
largely depends on the variability of blood parameters 
and is directly calculated based on the data of the au-
thor Kovačević et al. [23], who come from the same 
research group and laboratory in which this research 
was conducted. The greater the analytical and intrain-
dividual variability of blood parameters, the higher the 
MPI value will be. Based on the obtained MPI value, 
we conclude that ALB, TPROT, UREA, GLU, Ca and P 
are more stable parameters compared to NEFA, BHB, 
CHOL, TGC, AST and TBIL. The obtained results are 
mainly in accordance with the categorization given by 
Van Saun [41] relative to parameters variability and 
diagnostic value.

The dynamics and magnitude of changes in me-
tabolite values largely correspond to previous studies that 
examined the stability of samples in different populations 
of animals and humans [8,13,14,19,20,26,30,35,38,39]. 
Shimizu and Ichihara [36] examined the stability of 
samples at six temperature regimes and showed that each 
analyte has a specific pattern of stability at different tem-
peratures, but the dynamics of changes in analyte values 
over time are similar in different temperature regimes, 
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with which our results agree. The concentration of NEFA 
at +4°C was preserved only during rapid transport of 
the sample to the laboratory, while prolonged transport 
and the presence of preanalytical factors significantly 
reduced the stability of NEFA to 1-3 days (24-48 h). 
NEFA was stable at -20°C throughout the study period. 
Our results agree with Stokol and Naydan [37] who 
showed that NEFA concentrations were stable at +4°C 
for 72 h in separated plasma or serum and significantly 
higher stability at -20°C. The temperature regime at 
-20°C is the only acceptable regime for long term storage 
of samples for the determination of NEFA, whose stabil-
ity will not change during 14 days [25]. BHB showed 
stability in all test conditions and all time points, which 
also agrees with the previously cited authors. An increase 
in NEFA concentration over time at +4°C was found in 
both sheep and humans [26,27]. Ca concentration was 
stable regardless of the action of preanalytical factors, 
storage mode and time-point. Similar results were ob-
tained by Bach et al. [1]. Due to the degradation of the 
samples, the concentration of the analyte decreases over 
time. Potential clinical significance was determined in 
a certain percentage of samples for TBIL, AST, NEFA, 
BHB and Ca. Potential clinical impact was confirmed 
for TBIL in a previous stability test [15]. Limit values 
of these parameters have been determined, which with 
high specificity and sensitivity indicate various diseases 
or poor metabolic adaptation [3,7,11], so it is necessary 
to consider whether deviations of analyte values during 
the stability test can lead to misinterpretation a certain 
point in time.

CONCLUSIONS

The largest number of biochemical analytes in 
bovine blood serum shows preserved stability in the first 
6 days at +4°C or 6 months at -20°C if transported to the 
laboratory within 8 h after sampling in ideal conditions 
and without the action of preanalytical errors. Prolonged 
transport under ideal conditions or the existence of pre-
analytical factors such as inadequate transport at room 
temperature, hemolysis or small sample volume shorten 
the stability of the samples in both temperature regimes. 

This study can help define acceptable delay 
times and storage conditions for bovine blood samples, 
which is of great importance because in working with 
farm animals it is often not possible to take samples 
in a short time and deliver them to the laboratory, and 
samples are often burdened with certain preanalytical 
errors with limited possibilities of re-sampling.
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