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ABSTRACT

The objective of this cross-sectional study was to
validate the accuracy of a hand-held electronic on-
farm test (Precision Xtra) for quantifying the blood
B-hydroxybutyrate (BHBA) concentration in dairy
goats. A total of 114 dairy goats from 3 commercial
herds were sampled once for blood in the jugular vein
between 1 mo before and 2 mo after parturition. Blood
samples were centrifuged to harvest serum and sera
were sent to the Animal Health Laboratory of the Uni-
versité de Montréal for quantification of BHBA concen-
tration (gold standard). Laboratory BHBA values were
between 0.1 and 3.7 mmol/L. Precision Xtra values
were compared with gold standard values; Pearson
correlation coefficient was 0.98 and coefficient of de-
termination was 0.95. Overall, these results suggested
that Precision Xtra provides excellent accuracy for
measuring blood BHBA concentration in dairy goats
compared with the gold standard test.
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B-Hydroxybutyrate and other ketone bodies are found
in the blood, milk, and urine of ruminants experienc-
ing a period of negative energy balance (Herdt, 2000).
In dairy goats, blood BHBA concentration generally
increases during late stage of pregnancy (Herdt, 2000;
Radostis et al., 2007; Brozos et al., 2011) and may be
associated with clinical signs of pregnancy toxemia
(Hefnawy et al., 2010) and ketosis (Smith and Sher-
man, 2009). Early detection of pregnancy toxemia and
ketosis by measurement of BHBA concentration might
be useful because these diseases generally have a poor
prognosis for production and survival (Brozos et al.,
2011). The gold standard diagnostic test for pregnancy
toxemia and ketosis in goats is the measurement of
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BHBA in serum or plasma (Rook, 2000). Such a proce-
dure relies on specific laboratory equipment and implies
that serum samples be shipped to a laboratory, which is
inconvenient. An electronic on-farm test for the quanti-
fication of blood BHBA concentration (Precision Xtra,
Abbott Diabetes Care, Saint-Laurent, Canada), was
recently validated in dairy cows and showed excellent
accuracy (r = 0.95-0.97; Iwersen et al., 2009; Voyvoda
and Erdogan, 2010); similar results have also obtained
for sheep and cats (Panousis et al., 2012; Weingart
et al., 2012). However, the accuracy of this device in
goats remains unknown. Therefore, the objective of this
study was to validate the accuracy of an electronic on-
farm test (Precision Xtra) for quantifying blood BHBA
concentration in dairy goats.

A cross-sectional study was conducted in November
2011 with a total of 114 dairy goats from 3 commercial
dairy farms enrolled. Sample size calculation was based
on showing a statistically significant difference between
quantitative data results from 2 methods measuring
BHBA concentration in serum (laboratory; mean value
0.70 mmol/L) and blood (Precision Xtra; mean
value = 0.80 mmol/L) considering a standard devia-
tion value of 0.2 mmol/L, and errors I and II values of
0.05 and 0.10, respectively. Farm selection was based
on convenience (vicinity of the ruminant field service
clinic of the Université de Montréal, Saint-Hyacinthe,
Canada). This project was approved by the Animal
Care Committee of the Université de Montréal before
commencement of the study. Each farm was visited
once and goats between 1 mo before and 2 mo after
parturition were enrolled. Each animal was only used
once during the study period. Participating goats were
manually restrained and a blood sample (10 mL) was
collected from the jugular vein with a 20-gauge needle
using a vaccum tube without anticoagulant (BD Va-
cutainer, BD, Franklin Lakes, NJ). A hand-held elec-
tronic device (Precision Xtra) was immediately used
to quantify blood BHBA concentration after dipping
the device sensor onto the blood surface in the collec-
tion tube (Iwersen et al., 2009). The same device was
used for all participating goats. Animal identification
and blood BHBA concentration data were collected on
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farms. Blood samples were kept on ice in a cooler after
sampling and were brought to the ruminant field service
clinic of the Université de Montréal within 3 h after col-
lection. Blood tubes were then centrifuged (1,000 x g
for 10 min at 4°C) and serum was harvested. Sera were
stored in freezer (—18°C) until all samples were col-
lected. Serum BHBA concentrations were determined
at the Animal Health Laboratory of the Université de
Montréal using colorimetric enzymatic reaction (Ran-
but D-3-hydroxybutyrate kit, Randox Laboratories
Canada, Mississauga, Canada) with an automated
serum analyzer (Hitachi 911, Roche Diagnostics, India-
napolis, IN). The analytical sensitivity of BHBA assay
was 0.1 mmol/L. The inter- and intra-assay coefficients
of variation were 5.25 and 3.73%, respectively. Data
were compiled using Microsoft Excel (version 2012;
Microsoft Corp., Redmond, WA). Statistical analyses
were performed with SAS (version 9.3; SAS Institute
Inc., Cary, NC); the statistician was blinded to BHBA
measurement tools. Descriptive statistics were calcu-
lated. Serum and blood BHBA values were analyzed
as continuous variables and compared using the CORR
procedure to calculate Pearson correlation coefficient
and coefficient of determination. Figures were made
with SigmaPlot (version 12; Systat Software Inc., San
Jose, CA).

Data from 114 dairy goats were compiled and used
in this study. Frequency distribution of blood (Preci-
sion Xtra) and serum (laboratory) BHBA results are
presented in Figure 1. Minimum and maximum blood
BHBA values were 0.1 and 3.7 mmol/L, respectively.
Mean (£SD) and median (first and third quartiles)
blood BHBA values were 0.5 (+0.6) mmol/L and 0.3
(0.2, 0.6) mmol/L, respectively. Mean (£SD) and me-
dian (first and third quartiles) serum BHBA values
were 0.5 (£0.4) mmol/L and 0.4 (0.3, 0.5) mmol/L, re-
spectively. The Pearson correlation coefficient between
blood and serum BHBA results was 0.98 (P < 0.01;
Figure 2; R* 0.95).

Our data showed a Pearson correlation coefficient (r
= 0.98) similar to other studies investigating the same
in dairy sheep (r = 0.99; Panousis et al., 2012) and cows
(r = 0.95-0.97; Iwersen et al., 2009; Voyvoda and Erdo-
gan, 2010). Therefore, Precision Xtra has an excellent
accuracy compared with the gold standard test. None-
theless, it must be kept in mind that the current study
provided low BHBA values, >2.0 mmol/L. It remains
unclear at this time if goats frequently experience blood
BHBA values greater than 2.0 mmol/L. High values are
common in dairy cows and sheep and may be as high
as 7.5 and 5.4 mmol/L, respectively (Iwersen et al.,
2009; Panousis et al., 2012). In such cases, the accuracy
of Precision Xtra may need to be further validated,
although results in the current study suggest good ac-
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curacy. Based on other studies performed in cows and
sheep (Iwersen et al., 2009; Voyvoda and Erdogan,
2010; Panousis et al., 2012), it may be assumed that
the accuracy of Precision Xtra in regard to high-blood
BHBA values is excellent and similar to lower values.
The objective of the current study was not to deter-
mine BHBA thresholds associated with greater risk of
clinical diseases, such as pregnancy toxemia and ketosis.
The BHBA threshold in sheep for predicting subclinical
pregnancy toxemia was suggested to be 0.8 mmol/L
(Rook, 2000) and between 1.2 and 1.4 mmol/L in cows
for predicting displaced abomasum and clinical ketosis
(Duffield et al., 2009). Further research is needed in

Figure 1. Frequency distribution of BHBA concentration values
measured in whole blood with Precision Xtra (Abbott Diabetes Care,
Saint-Laurent, Canada; A) and in serum with gold standard labora-
tory test (B) from 114 dairy goats sampled in jugular vein from 1 mo
before to 2 mo after parturition.
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Figure 2. Regression plot (r = 0.98; R* = 0.95; P < 0.01) of blood
BHBA concentration (Precision Xtra; Abbott Diabetes Care, Saint-
Laurent, Canada) compared with serum BHBA concentration (labora-
tory) in 114 dairy goats sampled in jugular veins from 1 mo before to
2 mo after parturition.

dairy goats to determine such thresholds associated
pregnancy toxemia and ketosis.

In conclusion, the accuracy of Precision Xtra for
measuring blood BHBA concentration in dairy goats is
excellent when compared with the gold standard test.
Therefore, producers, veterinary practitioners, and
animal scientists may reliably use the Precision Xtra
device for monitoring ketonemia in dairy goats.
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