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  ABSTRACT 

  In cattle, blood lactate was measured in various 
conditions such as parturition and dystocia. To our 
knowledge, to date, no handheld device has been vali-
dated for the use in cows and only one handheld device 
was validated for the use in calves. When determining 
plasma lactate concentrations blood samples have to 
be processed carefully. Sodium fluoride was recom-
mended to inhibit glycolysis and to stabilize plasma 
lactate concentrations during transport. However, its 
effect on measurements conducted with electrochemi-
cal meters has not been studied. The objectives of 3 
experiments were to study factors influencing measures 
of l-lactate in dairy cows (e.g., different anticoagulants, 
different methods) and to validate a handheld device 
(Lactate Scout, SensLab GmbH, Leipzig, Germany) to 
determine l-lactate concentration in dairy cows and 
calves. In a first approach, blood samples from 49 cows 
were analyzed by 2 different laboratories. Measures of 
l-lactate concentration were correlated between the 
different laboratories in both lithium heparin plasma 
(r = 0.98) and sodium fluoride plasma (r = 0.99). In 
a second approach, these samples were analyzed using 
3 methods [Lactate Scout, Biosen C_line (EKF Diag-
nostics GmbH, Barleben, Germany), and commercial 
laboratory]. Concentrations of l-lactate measured in 
lithium heparin did not differ when analyzed with the 
Lactate Scout (0.99 ± 0.35 mmol/L), the Biosen C_line 
(0.81 ± 0.26 mmol/L), or the laboratory (1.0 ± 0.36 
mmol/L). Concentrations of l-lactate measured in 
sodium fluoride, however, were higher when analyzed 
with the Lactate Scout (1.85 ± 0.66 mmol/L) compared 
with those measured with the Biosen C_line (0.92 ± 
0.37 mmol/L) and by the commercial laboratory (0.72 
± 0.45 mmol/L). In the second and third experiments, 
blood samples from 173 cows and 106 calves were 
analyzed using the 3 methods (Lactate Scout, Biosen 
C_line, and commercial laboratory). l-Lactate concen-
trations measured with the 3 methods were correlated 

(cows: Lactate Scout vs. Biosen C_line: r = 0.97, Lac-
tate Scout vs. laboratory 1: r = 0.98, Biosen C_line 
vs. laboratory 1: r = 0.99; calves: Lactate Scout vs. 
Biosen C_line: r = 0.97, Lactate Scout vs. laboratory 1: 
r = 0.98, Biosen C_line vs. laboratory 1: r = 0.99). In 
conclusion, Lactate Scout and Biosen C_line measure 
blood l-lactate concentrations reliably compared with a 
commercial laboratory as the reference method in dairy 
cows and calves. However, attention needs to be paid 
to the choice of anticoagulant used in sample collection. 
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  INTRODUCTION 

  Lactate in blood plasma is the result of anaerobic 
glycolysis and is formed when pyruvate is converted 
by lactate dehydrogenase into lactic acid (Lagutchik et 
al., 1996). Major lactate producers are skeletal muscle 
and gut tissues (Arieff and Graf, 1987). Concentration 
of blood lactate increases in cases of local or systemic 
hypoperfusion (Hughes et al., 1999). Hyperlactemia in 
humans and dogs is defined as increased blood lactate 
concentrations of 2 to 5 mmol/L (Mizock, 1987) and 
>5 mmol/L (Hughes et al., 1999), respectively. 

  In cattle, lactate is measured in various conditions 
such as parturition and dystocia. Several studies have 
demonstrated higher concentrations of lactate for calves 
delivered after calving assistance compared with calves 
born spontaneously (Diesch et al., 2004; Sorge et al., 
2009). Diesch et al. (2004) found higher plasma lactate 
concentrations in Friesian calves born with assistance 
(6.3 ± 0.76 mmol/L) than in calves born without as-
sistance (4.7 ± 0.76 mmol/L) and in crossbred calves 
(Friesian × Angus) born with assistance (9.1 ± 0.87 
mmol/L) than in calves born without assistance (6.5 
± 0.62 mmol/L). Furthermore, a negative correlation 
between a modified APGAR score (a scoring system 
to describe the vitality of a newborn calf: appear-
ance, pulse, grimace, activity, respiration) and blood 
lactate concentration was demonstrated (Sorge et al., 
2009). However, wide variability exists in lactate con-
centration in calves with different APGAR scores. In 
another approach, researchers evaluated blood lactate 
concentrations of cows and calves during the second 
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stage of labor via puncture of the vena metacarpalis 
volaris superficialis every 10 min. Lactate concentra-
tion increased during the birth process and was highest 
immediately after birth (Mülling et al., 1979).

Relationships of blood lactate concentrations with 
certain diseases (e.g., neonatal diarrhea, respiratory dis-
eases, displaced abomasum) have also been examined. 
Naylor (1987) studied the nature and severity of acido-
sis in calves with diarrhea to investigate the relation-
ship between acidosis and dehydration of calves. Blood 
lactate concentrations were higher (lactic acidosis) in 
calves younger than 8 d than in older calves although 
older calves suffered more from a more severe metabolic 
acidosis (nonlactic acidosis). The author speculated that 
either impaired lactate clearance in young calves or low 
glycogen stores in older calves (that could have been 
anorectic for a longer time) might have contributed to 
the findings. Furthermore, the study revealed a correla-
tion between blood lactate concentration and changes 
in hematocrit during the first 6 h of fluid therapy (r 
= 0.55). The prognostic value of blood lactate concen-
trations was also demonstrated for bovine respiratory 
diseases (Coghe et al., 2000). Belgian White and Blue 
calves suffering from respiratory disease with a blood 
lactate concentration exceeding 4 mmol/L were more 
likely to die than calves with a blood lactate concentra-
tion <4 mmol/L. Among calves that died (n = 22), 
only 2 had lactate concentrations <4 mmol/L, whereas 
among calves that survived (n = 78), only 2 had lactate 
concentration >4 mmol/L. The authors concluded that 
blood lactate concentration might be useful to decide 
whether to treat or euthanize a calf with respiratory 
disease.

More recently, lactate measurements were utilized to 
measure physical fitness of pregnant and nonpregnant 
cows (Davidson and Beede, 2009). Cows were either 
trained or not trained and their physical fitness tested 
on a treadmill on d 0, 30, and 60 after the beginning 
of training. After 60 d of training, increases in plasma 
lactate concentrations were smaller for exercised com-
pared with nonexercised cows in both pregnant and 
nonpregnant cows (Davidson and Beede, 2009).

In human medicine, electronic handheld blood glu-
cose and ketone measuring systems are widely used for 
diabetes monitoring (Guerci et al., 2005). Electrochemi-
cal handheld devices are also becoming more common 
for an immediate determination of blood metabolites in 
animals. Such devices were used to determine BHBA 
in cattle (Iwersen et al., 2009) and glucose in cats 
(Wess and Reusch, 2000a) and dogs (Wess and Reusch, 
2000b). Handheld lactate analyzers were validated for 
use in dogs (Ferasin et al., 2007; Thorneloe et al., 2007; 
Tas et al., 2008) and foals (Castagnetti et al., 2010). 
In dogs and horses, lactate concentrations are mea-

sured to evaluate exercise performance (Steiss et al., 
2004; Campbell, 2011) and to assess the severity and 
prognosis of medical and surgical conditions (Lagutchik 
et al., 1998). Recently, a portable photometric lactate 
analyzer was validated in calves (28 d to 13 mo of age) 
with respiratory disease (Coghe et al., 2000). Although 
lactate concentrations measured with the device and 
the reference method were highly correlated (r = 0.94), 
the portable apparatus slightly overestimated plasma 
lactate concentrations.

Glycolysis continues after blood collection and thus 
lactate concentration increases (Astles et al., 1994). 
Therefore, sodium fluoride alone or in combination 
with potassium oxalate was recommended to inhibit 
glycolysis and stabilize plasma lactate concentrations 
during transport (Astles et al., 1994). A determination 
of blood lactate concentrations immediately after blood 
collection with a handheld meter would be another 
option to avoid the bias caused by ongoing glycolysis. 
In previous validation trials, sodium fluoride and po-
tassium oxalate were used (Castagnetti et al., 2010). 
However, their effect on measurements conducted with 
electrochemical meters has not been studied. From pilot 
work, we suspect that sodium fluoride interferes with 
lactate measurements of handheld meters.

Therefore the overall objectives of this study were 
(1) to test the accuracy of 2 commercial laboratories 
in measuring l-lactate from both lithium heparin and 
sodium fluoride plasma, (2) to study if a handheld me-
ter measures higher values of l-lactate using sodium 
fluoride as anticoagulant than using lithium heparin, 
and (3) to validate a handheld meter (Lactate Scout, 
SensLab GmbH, Leipzig, Germany) for use in dairy 
cows and calves.

MATERIALS AND METHODS

Three experiments were conducted in July and 
August 2010 on a commercial dairy farm in Sachsen-
Anhalt, Germany, housing approximately 1,200 
Holstein-Friesian cows and 200 female calves. Animals 
were managed according to the guidelines set by the 
International Cooperation on Harmonization of Techni-
cal Requirements for Registration of Veterinary Me-
dicinal Products (Hellmann and Radeloff, 2000). Cows 
were housed in a freestall barn with slotted floors, and 
cubicles were equipped with rubber mats. All calves 
were housed in straw-bedded boxes. Calves were single-
housed during the first 5 d of life and group-housed 
thereafter.

In the first experiment, plasma l-lactate concentra-
tions measured by 2 commercial laboratories were com-
pared using sodium fluoride and lithium heparin as an-
ticoagulants. Furthermore, plasma l-lactate concentra-
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tions were analyzed using the same anticoagulants (i.e., 
sodium fluoride and lithium heparin) and 3 different 
methods: Lactate Scout, Biosen C_line (EKF Diagnos-
tics GmbH, Barleben, Germany), and a wet chemistry 
analyzer (Cobas 6000, Roche Hitachi, Mannheim, Ger-
many) in a commercial laboratory (laboratory 1). All 
methods used detected only the l-lactate isomer. The 
underlying method of the Lactate Scout was described 
previously (Castagnetti et al., 2010). In brief, 0.5 μL 
of blood was applied on a test strip and l-lactate was 
detected by an enzymatic-amperometric system. The 
test-strip used l-lactate oxidase to catalyze the oxida-
tion of l-lactate. The Biosen C_line used the same 
test principle: l-lactate was metabolized to pyruvate 
and hydrogen peroxide, which was detected by an elec-
trode. The Biosen C_line is not a portable device but 
a stationary apparatus for laboratory use. Both com-
mercial laboratories used wet chemistry analyzers from 
Roche Hitachi (laboratory 1: Cobas 6000; laboratory 
2: Cobas C 501) and the same test kit (LACT2, Roche 
Hitachi). Again, l-lactate was metabolized to pyruvate 
and hydrogen peroxide. Instead of an electrochemical 
reaction as utilized with the Lactate Scout, in the kit, 
hydrogen peroxide reacted in the presence of peroxidase 
with 4-aminoantipyrine and N-ethyl-N-(2-hydroxy-
3-sulfopropyl)-3-methylaniline to form a red product. 
The intensity of the color is proportional to the lactate 
concentration in the sample (Castagnetti et al., 2010). 
Detailed information on the test characteristics of each 
method used is presented in Table 1.

Two blood samples were taken from the coccygeal 
vessels of 49 close-up cows (parity: 1.6 ± 1.3) with a 
evacuated collection tube system (Vacuette, Greiner 
Bio-One, Kremsmuenster, Austria). In the first sample, 
sodium fluoride and K3EDTA were used as anticoagu-
lants, whereas in the second sample, lithium heparin 
was used. Samples were analyzed using Lactate Scout 
and Biosen C_line within 5 min of collection. Further-
more, blood samples were stored on ice and centrifuged 
at 1,000 × g for 10 min within 60 ± 30 min of collec-
tion. Plasma was stored in 3 aliquots at −20°C until 

analysis. Two aliquots each were sent to the commercial 
laboratories for analysis.

The objectives of the second and third experiments 
were to validate the Lactate Scout to measure l-lactate 
in the blood of dairy cows and calves using lithium 
heparin as anticoagulant. The gold standard was a 
plasma sample analyzed in a commercial laboratory 
(laboratory 1). Therefore, blood samples were taken 
from 173 cows (131 lactating cows: parity: 2.2 ± 1.5, 
DIM: 27 ± 18 d; 42 close-up cows: parity 1.9 ± 1.3) and 
106 calves (age: 17 ± 12 d). In calves, blood samples 
were taken from the jugular vein. Only 10 to 15 blood 
samples were taken at a time to reduce the time from 
sampling to analysis and centrifugation (20 ± 10 min); 
samples were stored on ice until analysis. Blood samples 
were analyzed using the Lactate Scout and the Biosen 
C_line. Again, blood samples were centrifuged at 1,000 
× g for 10 min and plasma stored at −20°C until analy-
sis in a commercial laboratory (laboratory 1).

Data were analyzed statistically with SPSS software 
(version 18.0, SPSS Inc., Munich, Germany). In experi-
ment 1, the relationship between plasma l-lactate con-
centrations measured by the 2 laboratories was deter-
mined with Pearson correlation coefficients for both an-
ticoagulants, lithium heparin and sodium fluoride. The 
mean difference between laboratories was determined 
using a paired t-test. Similarly, the relationship and 
mean difference between l-lactate concentrations mea-
sured in lithium heparin plasma and sodium fluoride 
plasma were analyzed for each laboratory separately. 
Furthermore, l-lactate concentrations were determined 
in the blood samples with the Lactate Scout and Bio-
sen C_line to calculate the differences between the dif-
ferent methods (Lactate Scout vs. Biosen C_line vs. 
commercial laboratory) and the 2 anticoagulants using 
a one-way ANOVA. Mean differences were determined 
with the post hoc test of Bonferroni.

In experiments 2 and 3, relationships and differences 
between l-lactate concentrations measured with the 
Lactate Scout and Biosen C_line, and by the com-
mercial laboratory were determined with Pearson cor-

Table 1. Test parameters for the different analytical methods1 

Method

Test parameter

Analytical range  
(mmol/L) Linearity2 (n)

Intraassay  
CV (%)

Interassay  
CV (%)

Lactate Scout 0.5 to 25 — ≤5 ≤5
Biosen C_line 0.5 to 40 — ≤3 ≤1.5
Laboratory 1 0.2 to 15.5 y = 1.015x – 0.01 mmol/L (37) ≤0.6 ≤1.3
Laboratory 2 0.2 to 15.5 y = 0.977x + 0.043 mmol/L (69) ≤2.3 ≤3.3
1Test parameters were delivered by the suppliers of the Lactate Scout (SensLab GmbH, Leipzig, Germany) and the Biosen C_line (EKF diag-
nostics GmbH, Barleben, Germany) and by laboratory 1 and laboratory 2.
2Linear regression over the analytical range calculated from human plasma samples, n = number of samples used for the calculation.
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relation and a one-way ANOVA. Mean differences were 
calculated with the post hoc test of Bonferroni.

A comparison of clinical measurements can be in-
appropriate using Pearson correlation. Therefore, the 
agreement between the different methods in each ex-
periment was graphically analyzed using the method 
of Bland and Altman (1986) with MedCalc (version 
12.0.3.0., MedCalc Software bvba, Mariakerke, Bel-
gium).

RESULTS

l-Lactate concentrations in lithium heparin plasma 
(laboratory 1: 0.99 ± 0.36 mmol/L, laboratory 2: 1.03 
± 0.36 mmol/L, n = 49; P < 0.01) and sodium fluoride 
plasma (laboratory 1: 0.71 ± 0.44 mmol/L, laboratory 
2: 0.72 ± 0.47 mmol/L, n = 49; P = 0.71) were similar 
in both laboratories (Figure 1, panels A and B). Fur-
thermore, determined concentrations from both labora-
tories were correlated for lithium heparin plasma (r = 
0.98, P < 0.01) and sodium fluoride plasma (r = 0.99, 
P < 0.01). Both laboratories measured higher l-lactate 
concentrations in lithium heparin plasma compared 
with sodium fluoride plasma (mean difference: labora-
tory 1: 0.27 ± 0.3 mmol/L, n = 49, P < 0.01; labora-
tory 2: 0.3 ± 0.31 mmol/L, n = 49, P < 0.01; Figure 
1, panels C and D). Nevertheless, in both laboratories, 
l-lactate concentrations measured in lithium heparin 
plasma and sodium fluoride plasma were correlated 
(laboratory 1: r = 0.75, n = 49, P < 0.01; laboratory 
2: r = 0.78, n = 49, P < 0.01; Table 2, Experiment 1).

For the second objective, the samples were analyzed 
within 5 min of collection with Lactate Scout and Bio-
sen C_line and the concentrations compared with the 
results of laboratory 1 considering both anticoagulants. 
Concentrations of l-lactate measured in lithium hepa-
rin did not differ when analyzed with the Lactate Scout 
(0.99 ± 0.35 mmol/L, n = 46), the Biosen C_line (0.81 
± 0.26 mmol/L, n = 41), and the laboratory (1.0 ± 
0.36 mmol/L, n = 48, P > 0.05). Concentrations of 
l-lactate measured in sodium fluoride, however, were 
higher when analyzed with the Lactate Scout (1.85 
± 0.66 mmol/L, n = 48) compared with the Biosen 
C_line (0.92 ± 0.37 mmol/L, n = 35, P < 0.05) and 
the commercial laboratory (0.72 ± 0.45 mmol/L, n = 
48, P < 0.05). Comparing both anticoagulants, values 
did not differ between the 3 methods except for values 
measured by the Lactate Scout in sodium fluoride (P < 
0.05, Figure 2). The number of analyzed blood samples 
differed because l-lactate concentrations <0.5 mmol/L 
cannot be measured by the Lactate Scout and the Bio-
sen C_line.

In experiment 2, blood samples from 173 dairy cows 
were analyzed with the Lactate Scout, the Biosen C_

line, and a commercial laboratory (laboratory 1) using 
lithium heparin as anticoagulant. l-Lactate concentra-
tions were correlated between the 3 different methods 
(Lactate Scout vs. Biosen C_line: r = 0.85, n = 110, 
P < 0.01; Lactate Scout vs. laboratory 1: r = 0.75, n 
= 163, P < 0.01; Biosen C_line vs. Laboratory 1: r = 
0.86, n = 120, P < 0.01). Mean l-lactate concentrations 
were higher when measured by the commercial labora-
tory (0.9 ± 0.3 mmol/L, n = 173) compared with those 
measured with the Lactate Scout (0.7 ± 0.3 mmol/L, 
n = 163) and the Biosen C_line (0.7 ± 0.2 mmol/L, 
n = 120, P < 0.05; Figure 3, panels A to C; Table 2, 
Experiment 2). Again, the number of samples differed 
for the reason described above.

Similarly, in experiment 3, blood samples from 106 
calves were analyzed using lithium heparin as anti-
coagulant. l-Lactate concentrations were correlated 
between the 3 different methods (Lactate Scout vs. 
Biosen C_line: r = 0.97, n = 102, P < 0.01; Lactate 
Scout vs. laboratory 1: r = 0.98, n = 105, P < 0.01; 
Biosen C_line vs laboratory 1: r = 0.99, n = 103, P 
< 0.01). Mean l-lactate concentrations did not differ 
between the 3 methods tested (Lactate Scout: 1.7 ± 1.1 
mmol/L, n = 105; Biosen C_line: 1.4 ± 1.1 mmol/L, n 
= 103; laboratory 1: 1.8 ± 1.3 mmol/L, n = 106, P > 
0.05; Figure 3, panels D to F; Table 2, Experiment 3). 
Again, the number of samples differed for the reason 
described above.

DISCUSSION

In experiment 1, we tested the accuracy of measure-
ments of plasma l-lactate concentration in 2 laborato-
ries using lithium heparin and sodium fluoride as an-
ticoagulants. Measurements of both laboratories were 
correlated and both laboratories measured 0.3 mmol/L 
higher plasma l-lactate concentrations in lithium hepa-
rin than in sodium fluoride. In sodium fluoride, glycoly-
sis is inhibited, whereas in lithium heparin glycolysis 
continues (Astles et al., 1994). Therefore, the time lag 
between sampling and freezing the centrifuged samples 
(60 ± 30 min) might explain our observation.

From a preliminary trial, we suspected that l-lactate 
concentrations measured with the Lactate Scout were 
higher in samples collected with sodium fluoride as 
anticoagulant rather than lithium heparin. Therefore, 
we determined l-lactate concentration from the same 
cow with the Lactate Scout, the Biosen C_line, and a 
commercial laboratory in each anticoagulant. Concen-
trations of l-lactate measured in lithium heparin did 
not differ when analyzed with the Lactate Scout, the 
Biosen C_line, and the laboratory. Concentrations of l-
lactate measured in sodium fluoride, however, were con-
siderably higher when analyzed with the Lactate Scout 
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compared with the Biosen C_line and the commercial 
laboratory. Comparing both anticoagulants, values did 
not differ between the 3 methods except for values 
measured by the Lactate Scout in sodium fluoride. The 
reasons for the higher concentrations determined with 
the Lactate Scout in sodium fluoride remain unclear. 
However, we speculate that sodium fluoride might have 
influenced the electrochemical reaction. A similar in-
terference was described for glucose measurements in 
diabetic patients treated with ascorbic acid or acet-
aminophen (Tang et al., 2000). Therefore, we do not 
recommend measuring l-lactate concentrations with 
the Lactate Scout in blood samples that use sodium 
fluoride as anticoagulant. However, sodium fluoride is 
needed as an anticoagulant when samples are processed 
or analyzed after a time lag to inhibit glycolysis and 

thus to avoid increasing lactate concentrations (Astles 
et al., 1994). In this case, another method could be 
used for analysis (i.e., Biosen C_line or commercial 
laboratory).

Castagnetti et al. (2010) and Ferasin et al. (2007) 
also validated the Lactate Scout for foals and dogs, 
respectively. To our knowledge, ours is the first study 
validating an electrochemical handheld lactate meter 
for cows and calves. In calves, the correlation deter-
mined between the handheld meter and the laboratory 
(r = 0.98) was comparable to that reported by Coghe et 
al. (2000) with a portable, photometric lactate analyzer 
and a laboratory for calves (r = 0.94). Furthermore, in 
our study, we observed no significant difference between 
the handheld meter and the laboratory as a reference 
method, whereas Coghe et al. (2000) reported an over-

Figure 1. Bland-Altman plots comparing blood l-lactate concentrations measured by 2 different laboratories in lithium heparin (A) and 
sodium fluoride (B) and comparing l-lactate concentrations measured in lithium heparin and sodium fluoride within laboratory 1 (C) and 
laboratory 2 (D).
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estimation when using the photometric meter. In cows, 
however, we found a significant but clinically negligible 
difference between the handheld meter and the labora-
tory as the reference method. A possible explanation 
for higher l-lactate concentrations measured by the 
laboratory might be ongoing glycolysis between sam-
pling and centrifuging the plasma, although samples 

were centrifuged within 20 ± 10 min after sampling and 
stored on ice.

Comparing correlations, the Lactate Scout seems to 
measure l-lactate more accurately in calves than in 
cows. However, the high correlation in calves in ex-
periment 3 might be due to a higher range of l-lactate 
concentrations than in cows in experiment 2 (calves: 0.5 

Table 2. Test characteristics of the different analytical methods tested in experiments 1, 2, and 3 

Experiment

Methods compared

n1 r (P-value)
Mean difference  

(mmol/L)
95% limits of  
agreement2

Related Bland- 
Altman plotMethod3 Anticoagulant

1 Laboratory 1 vs. 
Laboratory 2

Lithium heparin 49 0.98 (<0.01) −0.04 −0.18 to 0.10 Figure 1A

Laboratory 1 vs. 
Laboratory 2

Sodium fluoride 49 0.99 (<0.01) 0.0 −0.15 to 0.14 Figure 1B

Laboratory 1 Lithium heparin 
vs. sodium fluoride

49 0.75 (<0.01) 0.27 −0.31 to 0.85 Figure 1C

Laboratory 2 Lithium heparin 
vs. sodium fluoride

49 0.78 (<0.01) 0.31 −0.28 to 0.89 Figure 1D

2 (cows) Lactate Scout vs. 
Biosen C_line

Lithium heparin 110 0.85 (<0.01) 0.05 −0.29 to 0.40 Figure 3A

Lactate Scout vs. 
Laboratory 1

Lithium heparin 163 0.75 (<0.01) −0.16 −0.59 to 0.28 Figure 3B

Biosen C_line vs. 
Laboratory 1

Lithium heparin 120 0.86 (<0.01) −0.25 −0.58 to 0.09 Figure 3C

3 (calves) Lactate Scout vs. 
Biosen C_line

Lithium heparin 102 0.97 (<0.01) 0.23 −0.32 to 0.79 Figure 3D

Lactate Scout vs. 
Laboratory 1

Lithium heparin 105 0.98 (<0.01) −0.16 −0.73 to 0.40 Figure 3E

Biosen C_line vs. 
Laboratory 1

Lithium heparin 103 0.99 (<0.01) −0.40 −0.96 to 0.16 Figure 3F

1Number of samples.
2Limits of agreement were calculated with the method of Bland and Altman (1986) as follows: mean difference ± 1.96 × SD.
3Lactate Scout was from SensLab GmbH (Leipzig, Germany) and Biosen C_line was from EKF Diagnostics GmbH (Barleben, Germany).

Figure 2. Bland-Altman plots comparing blood l-lactate concentrations measured in lithium heparin and sodium fluoride with the Lactate 
Scout (A; SensLab GmbH, Leipzig, Germany) and the Biosen C_line (B; EKF Diagnostics GmbH, Barleben, Germany).
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Figure 3. Bland-Altman plots comparing blood l-lactate concentrations measured with the Lactate Scout and the Biosen C_line (EKF 
Diagnostics GmbH, Barleben, Germany) in cows (A) and in calves (D), the Lactate Scout (SensLab GmbH, Leipzig, Germany) and laboratory 
1 in cows (B) and calves (E), and the Biosen C_line and laboratory 1 in cows (C) and calves (F).
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to 7.6 mmol/L; cows: 0.5 to 2.0 mmol/L) and thus have 
increased the determined correlation.

CONCLUSIONS

The Lactate Scout and Biosen C_line measure blood 
l-lactate concentrations reliably compared with a com-
mercial laboratory as the reference method. The Lactate 
Scout is a useful tool for accurate animal-side detection 
of blood l-lactate concentrations of cows and calves. 
Animal-side lactate concentrations might be of inter-
est when studying the prognosis of different diseases in 
calves (Coghe et al., 2000) or when developing strategies 
to mitigate dystocia-related increases of plasma lactate 
concentrations (Diesch et al., 2004). However, attention 
needs to be paid to the choice of anticoagulant. On 
the one hand, sodium fluoride inhibits glycolysis, which 
is necessary when samples are processed and analyzed 
with a time lag. On the other hand, sodium fluoride 
interferes with the measurements of the Lactate Scout 
in terms of an overestimation of l-lactate concentra-
tion. Therefore, lithium heparin should be used as an-
ticoagulant when determining l-lactate concentration 
animal-side with the Lactate Scout.
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