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Abstract
Blood glucose level is one of the most commonly used parameters in assessing the energy metabolism in dairy cows. The presented study 

aimed to compare the glucose concentrations in blood samples taken from the coccygeal vein, jugular vein, and mammary vein from the same 

animals at the same time. Healthy Holstein-Friesian dairy cows (n=25) in their second and third lactation were selected for the study. The 

blood samples were taken from the coccygeal vein, jugular vein, and V. subcutanea abdominis (mammary vein) at the same time from each 

animal. To analyze blood glucose, Free Style Optium Blood Glucose Test Strip (Abbott, Istanbul, TURKIYE) was used. In comparison to the 

blood taken from both the jugular vein and coccygeal vein, glucose levels in blood samples taken from the mammary vein were significantly 

low (P<0.001). As a result, the determination of glucose levels in blood samples taken from the mammary veins may cause erroneous inter-

pretations. Therefore, the mammary vein for blood glucose must not be used as a sampling site.
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Comparison of Glucose Levels in Blood Samples Taken from 
Coccygeal, Jugular and Mammary Vein of Cows in Lactation

Introduction

The incidence of metabolic diseases increased concurrently 
with the increased number of large dairy farms. Especial-
ly, primary clinical ketosis, subclinical ketosis, and yield 
losses that occur as a result of negative energy balance are 
one of the major health problems that large dairy farms are 
facing. To determine the negative energy balance in dairy 
cattle, it is important to assess the blood glucose concentra-
tion along with beta-hydroxybutyrate (BHB) and non-es-
terified fatty acids (NEFA).1 Glucose must be assessed ab-
solutely in the differential diagnosis of Type-1 and Type-2 
ketosis.2 Briefly, the blood glucose level is one of the basic 
parameters of the metabolic profile test.

Glucose is the principal source of energy for vital processes 
of all mammalian cell types.1 Certain cell types and tissues 

such as the brain, erythrocytes, kidney medulla, and mam-
mary tissue have an obligatory requirement for glucose as 
a substrate.3 Glucose is mainly taken up by the mammary 
gland and plays an important role in regulating milk vol-
ume through lactose synthesis in dairy cows.4 Also, glucose 
is one of the most important biochemical parameters that 
play a role in the physiological regulation of the ovarian 
cycle.5 For the activation of many metabolic functions, the 
relative glucose level must be maintained at physiological 
limits.

The presented study aimed to compare the glucose levels 
in blood samples taken from the coccygeal vein, jugular 
vein, and mammary vein from the same animals and the 
same time.
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Materials And Methods
This study was performed on a dairy farm in Denizli, Tur-
kiye. Healthy 25 Holstein-Friesian dairy cows (3-5 years 
old) on postpartum days 14 to 21 were selected for the 
study. Housing, feeding, and management conditions were 
the same for all cows. The average daily milk production in 
cows was determined as 32.2±2.14 kg.

All blood samples were taken in the morning, approx-
imately 2 hours before the morning feed. Blood samples 
were taken from coccygeal, jugular, and mammary veins, 
respectively, at the same timeframe from each of the ani-
mals in the study. New sterile 25x8 mm needles were used 
to take blood samples from each animal and each vein.

To analyze blood glucose, a blood glucose test strip (Free 
Style Optium Blood Glucose Test Strip, Abbott® Inc, Istan-
bul, Turkiye) was used. Blood samples taken from the an-
imals were directly installed on the test strips for glucose 
measurement. Glucose levels were measured using a Free-
Style Precision electrochemical meter (Abbott®Inc, Istan-
bul, Turkiye) without waiting based on the manufacturer's 
recommendations.

Values are presented as means ± standard error of the 
mean (SEM). Data were used Shapiro–Wilk normality test 
for determining normal distribution. All groups showed 
normal distribution. T-test was used to determine any dif-
ference among groups. Tukey test was used as a post hoc 
analysis. The result was considered statically significant at 
p<0.05. All statistical analyses were performed using the 
Sigma Stat 3.1 for Windows statistical package (Systat Soft-
ware®, Inc, Point Richmond, California, USA). The Local 
Ethical Committee approved the study design for Animal 
Experiments of Bursa Uludag University (No:2022-03/05).

Results
In comparison to the blood taken from both the jugular 
vein and coccygeal vein, glucose levels in blood samples 
taken from the mammary vein were significantly low 
(p<0.001) (Table 1). Although glucose levels in blood sam-
ples taken from the jugular vein were slightly higher com-
pared to the sample taken from the coccygeal vein, there 
was no statistical significance.

Discussion
It is important to assess the blood glucose level along with 
BHB and NEFA to determine the negative energy balance 
in dairy cattle. Also, blood glucose should be evaluated in 
disorders characterized by hyperglycemia, such as rumen 
acidosis, insulin resistance, severe stress, and diabetes mel-
litus. Blood glucose is one of the most important param-
eters of the metabolic profile test. Moreover, it is used to 
determine the type and degree of ketosis. Briefly, glucose 
is commonly used as an indicator of energy metabolism.2,6 

There are some studies on the suitability of the glucose 
meter used in our study for cattle.7,8 Mair et al.7 reported 
that the glucose levels analyzed with the FreeStyle Preci-
sion (FSP, Abbott) in the capillary blood and the coccy-
geal blood were smaller than laboratory results in plasma. 
Similarly, Panousis et al.9 determined that the mean glu-
cose concentration resulting from the laboratory method 
was significantly higher compared to that obtained from 
the FreeStyle Precision hand-held meter. Oetzel and Mc-
Guirk10 indicate that there is no agreement between labo-
ratory plasma glucose and blood glucose measured using a 
hand-held meter. However, Zakian et al.11 reported that the 
meter was sensitive and specific and had good agreement 
with the reference methods for detecting subclinical keto-
sis and hypoglycemia. Also, they determined that the per-
formance of the meter in measuring blood glucose using 
glucose oxidase as the reference method was better than 
that reported in other studies that used hexokinase as the 
reference method. However, our study did not evaluate the 
sensitivity and specificity of the device used, as in the stud-
ies described above. 

Blood samples are generally taken from the jugular or coc-
cygeal vein for assessment of glucose and other biochem-
ical parameters. However, mammary veins are sometimes 
used for blood sampling due to the easy approach site and 
quicker collection. This situation may give erroneous re-
sults in the assessment of blood glucose because of the high 
glucose uptake of the mammary glands for lactose synthe-
sis.4 

In the present study, in contrast with both jugular and coc-
cygeal veins, glucose levels in blood samples taken from 
the mammary vein were significantly low (p<0.001) (Ta-
ble 1). Šamanc et al.12 reported that mammary vein glu-
cose concentrations were significantly lower in all lactating 
groups than in the group of dry cows. Similar to our re-
sults, Šamanc et al.12 determined that jugular glucose con-
centration was a higher level than mammary glucose con-
centration in the high-yielding cow. In addition, Šamanc et 
al.12 found that the jugular vein / mammary vein ratios for 
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Table 1. Glucose levels in blood samples taken from three different veins 

of the same animals at the same time frame (n=25).

Data are expressed as means ± SEM. *p< 0.05. 

A, B: significant difference between groups’ measurements at the same time.
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glucose concentrations were above 1.0 in all cows. Howev-
er, they did not compare the glucose concentration of the 
tail vein. In the present study, in comparison to the blood 
taken from coccygeal veins, glucose levels in blood sam-
ples taken from the mammary vein were found to be sig-
nificantly low (p<0.001). Although glucose levels in blood 
samples taken from the jugular vein were slightly higher 
compared to the sample taken from the coccygeal vein, 
there was no statistical significance.

The glucose requirements of the dairy cow are dominated 
by the requirements of the mammary gland for milk syn-
thesis. Concordantly, glucose utilization can be higher in 
mammary glands due to milk yield by comparison with 
other tissues such as muscle and adipose tissue.13 Some re-
searchers have reported that the high priority of the mam-
mary gland for glucose utilization is supported by endo-
crine changes during peak lactation.13 A decreased insulin 
concentration after calving reduces glucose uptake into 
insulin-sensitive organs such as muscle and adipose tissue. 
However, mammary glands are not affected by insulin ac-
tion. Therefore, glucose uptake into the mammary glands 
consists of privilege.14  Due to the mentioned reasons, glu-
cose levels in blood samples taken from the mammary vein 
may be determined as low compared to the jugular or coc-
cygeal vein.

Conclusion
As a result, the determination of glucose levels in blood 
samples taken from the mammary veins may cause erro-
neous interpretations, as well as it can lead to wrong treat-
ment practices. Therefore, the mammary vein must not be 
used as a sampling site, especially for the measurement of 
glucose. Our study results may be enlightening to further 
studies on the assessment of biochemical parameters such 
as BHB, NEFA, and insulin, which are associated with glu-
cose metabolism in blood samples taken from the mam-
mary vein.
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