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Bulk tank milk selenium and its association with milk production 
parameters in Canadian dairy herds
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Abstract — An observational study was conducted in 63 Canadian dairy farms to evaluate the association of bulk 
tank milk selenium (Se) concentration (BTSe) with average daily milk yield, milk fat and milk protein, bulk tank 
somatic cell count (BTSCC), and the probability of being a Staphylococcus aureus-positive herd. Bulk tank milk sam-
ples collected between March 2007 and February 2008 were evaluated for BTSCC, S. aureus culture status, and 
BTSe. Mean BTSe was 0.51 6 0.15 mmol/L; no herds were classified as deficient or marginal based on BTSe. Bulk 
tank milk Se was unconditionally associated with milk production; however, adjusting by region indicated a con-
founding effect of this variable. There was no relationship between BTSe and BTSCC. Higher values of BTSe were 
associated with lower risk of being a S. aureus-positive herd, possibly as a result of a more robust udder immune 
response, or as a result of providing Se at a higher rate as one component of an udder health program that reduces 
risk of being S. aureus positive.

Résumé — Sélénium dans le lait de réservoir et son association avec les paramètres de production du lait 
dans les troupeaux laitiers canadiens. Une étude par observation a été réalisée dans 63 fermes laitières canadiennes 
afin d’évaluer l’association entre les concentrations de sélénium (Se) dans le lait de réservoir (SeLR) et la production 
quotidienne de lait, des matières grasses du lait et des protéines du lait, la numération des cellules somatiques de 
réservoir (NCSR) et la probabilité de la présence d’un troupeau positif pour Staphylococcus aureus. Des échantillons 
prélevés dans le lait de réservoir entre mars 2007 et février 2008 ont été évalués pour la NCSR, le statut de culture 
de S. aureus et de SeLR. Le SeLR moyen était de 0,51 6 0,15 mmol/l; aucun troupeau n’a été classé comme ayant 
une carence ou des doses minimes de SeLR. Le Se dans le lait de réservoir était inconditionnellement associé à la 
production de lait; cependant, l’ajustement par région a indiqué un effet parasite de cette variable. Il n’y avait 
aucune relation entre le SeLR et la NCSR. Des valeurs supérieures de SeLR ont été associées à un risque inférieur 
d’être un troupeau positif pour S. aureus, peut-être en raison d’une réaction immunitaire robuste du pis ou en 
raison de l’ajout d’un taux supérieur de Se comme composante d’un programme de santé des pis qui réduit le 
risque d’un résultat positif pour S. aureus.

(Traduit par Isabelle Vallières)

Can Vet J 2012;53:51–56

Introduction

S oils of the eastern and western Canadian coasts contain 
relatively low selenium (Se) concentrations. Consequently, 

a low concentration of Se [, 0.05 mg/kg dry matter (DM)] has 
been reported in pastures and crops grown on these soils (1,2). 

A low Se concentration in the forage, which constitutes at least 
50% of the total dry matter intake of the diet, has been associ-
ated with marginal serum Se concentrations in ruminants (1). 
Taken together, these results indicate that Se deficiency may 
be a widespread problem in Canada, particularly in the coastal 
provinces where livestock are fed entirely on locally grown feeds.
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Milk yield is reported to be a sensitive indicator of Se status 
in dairy cattle, thus a low milk yield may be an important eco-
nomic consequence of subclinical Se deficiency in cattle (3). 
Milk yield increased by 4.6% in cows in New Zealand that were 
supplemented with Se (4). In Prince Edward Island (PEI), milk 
yield was, on average, 7.6% higher in Se-adequate dairy herds 
than in herds with marginal Se status (5). Further, 2 North 
American clinical trials have indicated an increase between 2% 
and 5% in milk yield in dairy cows supplemented with organic 
Se at the onset of lactation (6).

A dietary Se concentration , 0.1 mg Se/kg DM has been 
associated with an increased risk to Se-responsive disorders, such 
as mastitis in cattle (7), and that risk is higher when dietary Se 
decreases to 0.05 mg/kg DM (8). Two North American herd-
level studies identified a negative association between Se status 
and bulk tank somatic cell count (BTSCC) in dairy herds 
with good control of clinical mastitis (CM) caused by major 
pathogens (9,10). Staphylococcus aureus is frequently isolated in 
herds with high BTSCC and there is a herd-level prevalence of 
S. aureus of 83% in Canadian dairy herds, with a higher geo-
metric mean BTSCC in S. aureus-positive herds than in negative 
herds (11). Although 59% of PEI dairy herds were marginal for 
Se status in 1998–1999, there was no association of bulk tank 
milk Se concentration (BTSe) with any measure of udder health 
at herd level (5).

Selenium management practices have changed over the past 
decade, and more Se sources are available, but little is known 
about the association between herd-level Se status measured by 
BTSe, and udder health in Canadian dairy herds. Because no 
studies of the association of BTSe with milk yield and udder 
health have been conducted in Canada, and because of previous 
evidence indicating that Se intake by dairy cows may be lower 
than the current recommended level (8), we hypothesized that 
Se status may be associated with milk production parameters 
and measures of udder health. The objectives of this study were: 
1) to determine the Se status in selected Canadian dairy herds 
by measuring BTSe; and 2) to evaluate the association between 
BTSe concentration and milk production parameters, BTSCC, 
and the probability of being a S. aureus-positive herd.

Materials and methods
A total of 63 dairy farms from Alberta (n = 15), Ontario (n = 3), 
and Québec (n = 28), which were considered as one region, 
and Atlantic Canada (n = 17) participating in the Canadian 
Bovine Mastitis Research Network (CBMRN) cohort study 
were selected as a stratified convenience sample to represent, 
as closely as possible, the Canadian commercial dairy farm 
population. Selection criteria, production data, and housing 
management have been described elsewhere (12). The selection 
process was based on the relative contribution of each region 
to Canadian milk production, and on strata of low, interme-
diate and high 12-month rolling average BTSCC in 2006, 
with cut-offs , 150 000, between 150 000 and 300 000, and 
. 300 000 cells/mL, respectively. The farms were grouped 
according to the dairy production system as follows: intensively 
managed herds with cows housed in tie-stall or free-stall barns 
over the year, and intensively managed herds with cows on pas-

ture during the grazing season (between spring and summer). 
All farms had . 80% Holstein-Friesian cows, the cows were 
milked twice daily, and the farms subscribed to Dairy Herd 
Improvement (DHI) recording (12).

Sampling and data collection
Sampling procedures were discussed between the CBMRN 
personnel and dairy producers before the beginning of the study 
(12). Technicians from the CBMRN project aseptically collected 
bulk tank milk samples from the selected farms on a monthly 
basis. Immediately after collection, samples were frozen and sent 
to the Maritime Quality Milk laboratory of the University of 
Prince Edward Island (Charlottetown, PEI, Canada) for analysis. 
Samples were cultured for S. aureus, and then preserved with 
Bronopol and refrigerated or re-frozen in preparation for SCC 
analysis. An aliquot (5 mL) of the samples collected in April, 
July, October of 2007 and January 2008, which typically rep-
resented spring, summer, fall, and winter periods, respectively, 
was used to evaluate BTSe concentration. However, a full set of 
the seasonal samples from each herd was not always available 
for BTSe analysis (Table 1).

Specific farm data, such as herd size (number of lactating 
cows), average days in milk (DIM), and daily milk yield cor-
responding to the study period (from March 2007 to February 
2008) were obtained from the regional DHI organizations.

Laboratory analysis
For each bulk tank sample, an aliquot of 0.05 mL was plated on 
blood esculin agar to detect S. aureus (13). Plates were examined 
after 24 and 48 h of incubation, then colonies were counted 
when # 10/plate (equivalent to # 200 cfu/mL). Staphylococcus 
aureus was identified by Gram stain, a positive catalase test, and 
double-zone hemolysis on blood agar. Preserved samples were 
analyzed for SCC using a Foss 4000 cell counter (Foss Electric, 
Hillerød, Denmark).

Milk Se concentration in fresh samples was evaluated by 
graphite furnace atomic absorption spectroscopy (14). Readings 
were carried out using a spectrometer (PerkinElmer AAnalyst 

Table 1. Breakdown by region and season of unavailable samples 
for the evaluation of bulk tank milk selenium concentration in 
Canadian dairy herds

Region Season Available Unavailable

Western Canada Winter  7  8
 Spring  6  9
 Summer  7  8
 Fall  0 15

Ontario Winter  1  2
 Spring  0  3
 Summer  3  0
 Fall  0  3

Québec Winter 28  0
 Spring 22  6
 Summer  0 28
 Fall  0 28

Atlantic provinces Winter 11  6
 Spring 17  0
 Summer 15  2
 Fall  6 11
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800; PerkinElmer, Waltham, Massachusetts, USA), reporting 
milk Se concentration as micromoles per liter (mmol/L). Herd 
Se status was interpreted using previously suggested cut-off 
points (5). Briefly, the reference range for BTSe was estab-
lished by fitting a regression model of the mean herd serum 
Se concentration on the BTSe concentration in 15 dairy herds 
from PEI with widely differing BTSe concentrations. The cut-
off points for BTSe were selected by calculating the point at 
which the reference values for serum Se from the peer-reviewed 
literature intersected the regression line of the model. Thus a 
BTSe concentration , 0.12 μmol/L was considered to represent 
deficiency, 0.20 μmol/L divided the marginal range equally into 
high- and low-marginal ranges, and 0.28 μmol/L or higher was 
taken to represent an adequate status.

Statistical analysis
A total of 192 samples were collected to evaluate BTSe; however, 
due to the uneven yearly distribution of samples within herds, a 
single annual BTSe value was estimated for each herd from the 
available data for the period between March 2007 and February 
2008. Unconditional associations between independent and 
dependent variables were established. All independent variables 
unconditionally associated (P # 0.10) with the dependent vari-
ables were included in a multivariable model which was manu-
ally reduced by backwards selection of the significant variables 
(P # 0.05). The estimation was based on a multivariable linear 
mixed model for BTSe, including all independent variables: 
region, season [winter (December 21st to March 20th), spring, 
summer, and fall], housing system (tie-stall, free-stall, and bed-
ding pack barns), and whether or not cows had access to pasture 
in the grazing season. Clustering within herds was accounted 
for by including herd random effects (15).

The dependent variables used in the statistical models were: 
yearly average of daily milk yield and BTSCC (log scale), as 
well as isolation of S. aureus in bulk tank milk samples dur-
ing the study period (March 2007 to February 2008). Milk 
production parameters and the probability of being a S. aureus-
positive herd were analyzed by fixed-effects linear and logistic 
regression models, with region and the single estimated BTSe 
value as predictors. A S. aureus-positive herd was defined by the 
isolation of S. aureus ($ 1 cfu/0.05 mL) in 2 consecutive bulk 

tank milk samples collected no more than 2 mo apart during 
the study period (16).

All model assumptions were evaluated by examining the 
standardized residuals. A natural logarithmic transformation of 
SCC values (1000 cells/mL) was used to approximate the normal 
distribution. Analyses were carried out in SAS version 9.2 (SAS 
Institute, Cary, North Carolina, USA) using the MIXED, GLM, 
and LOGISTIC procedures.

Results
Most farms used a tie-stall barn system (57%), while free-stall 
and bedding-pack barn systems were used in 35% and 8% of 
the farms, respectively. Cows were housed throughout the year 
in 71% of the farms. Most of the farms (56%) where cows 
had access to pasture during the grazing season were located in 
Atlantic Canada. Some herd-level measures of productivity are 
presented in Table 2.

No BTSe values compatible with Se deficiency were found; 
however, 8 samples (4%) were considered marginal (BTSe 
, 0.28 mmol/L). These marginal values were found in 1 farm 
from Québec, and in 7 farms from Atlantic Canada; all of them 
used a tie-stall barn with cows having access to pasture during 
the grazing season. Five of the 8 BTSe marginal values were 
found in the summer, 2 in the spring, and 1 in the winter.

Table 2. Measures of herd productivity based on DHI information 
for 63 Canadian dairy farms between March of 2007 and February 
of 2008

Variable Mean s Median Range

Herd size
 Lactating cows 73 42 59 30–251
 Dry cows 13 8 11 3–39
 Culled cows 3 2 3 1–15
Average days in milk 200 16 196 176–268
Daily milk yield (kg/cow) 31.4 3.1 31.2 23.8–40.4
Milk fat (%) 3.7 0.2 3.7 2.4–4.2
Milk protein (%) 3.2 0.1 3.2 3.0–3.4
BTSCCa (1000 cells/mL) 219 77 211 81–416
Calving to first service (days) 75 19 72 26–166
Calving to conception (days) 129 29 130 35–221
a Bulk tank somatic cell count.
s — standard deviation.

Table 3. Final multivariable regression model of the association 
between bulk tank milk selenium concentration and region, season, 
housing system, and whether or not cows had access to pasture in 
63 dairy farms from 3 Canadian regions

Effect Coefficient 95% CI P-value

Intercept 20.53 0.38, 0.68 , 0.01

Region   0.10
 Atlantic Canada 20
 Alberta 20.01 20.09, 0.06
 Ontario/Québec 20.07 20.14, 20.00

Season   , 0.01
 Fall 20
 Winter 20.11 20.01, 0.23
 Spring 20.16 0.03, 0.28
 Summer 20.03 20.10, 0.16

Housing system   , 0.01
 Bedding pack 20
 Tie-stall 20.15 20.26, 20.05
 Free-stall 20.20 20.30, 20.09

Grazing   0.04
 No 20
 Yes 20.07 20.14, 0.00

CI — confidence interval.

Table 4. Average bulk tank milk selenium concentration (BTSe in 
mmol/L) and yearly mean BTSe estimated for 63 dairy farms from 
3 Canadian regions

 BTSe  BTSe 
 observed estimated

Region Number of farms Mean s Mean s

Alberta 15 0.53 0.17 0.45 0.09
Ontario/Québec 31 0.49 0.12 0.38 0.04
Atlantic Canada 17 0.52 0.18 0.47 0.08

s — standard deviation.
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Bulk tank milk Se concentration tended to differ among the 
3 Canadian regions (Table 3). Bulk tank milk Se significantly 
differed between seasons, housing systems, and grazing. Mean 
BTSe was significantly lower in the summer, in farms using 
tie-stall barns, and in farms where lactating cows had access to 
pasture (Table 3).

The estimated yearly BTSe values were lower than the 
observed values (Table 4). Most of the bulk tank samples from 
dairy farms in Alberta and Ontario/Québec were collected in 
the winter and spring (Table 1), corresponding to the time of 
the year with higher BTSe values; therefore, the estimated yearly 
average values were lower than the observed averages. This dif-
ference was less marked in Atlantic Canada where herds had 
BTSe data collected in the summer and fall.

There was an unconditional (univariable) positive association 
between mean daily milk yield and BTSe (Table 5). Daily milk 
yield increased 12.3 kg for each unit (mmol/L) increase in BTSe 
(P = 0.01). However, there was no association between BTSe 
and other milk production parameters, such as milk fat and 
milk protein (Table 5). The association between BTSe and milk 
production parameters was adjusted by geographical region, 
leading to substantial changes in the coefficients (Table 5), and 
thus suggesting confounding effects of region on the relationship 
between BTSe and production.

Unconditionally, bulk milk Se concentration had no effect 
on BTSCC (P = 0.29), while regional differences were found 
(Table 6). Farms in Ontario/Québec had a higher mean BTSCC 
than did farms in Alberta (P = 0.05) and the Atlantic region 
(P = 0.03). No differences were observed between Alberta and 
Atlantic regions (P = 0.91). The adjustment of the association 
between BTSe and BTSCC by the effect of geographical region 
showed a substantial change in the coefficient, suggesting con-
founding effects of region on that relationship (Table 6).

Staphylococcus aureus was found at least once in 47 (75%) 
herds during the study period. Bulk tank milk Se concentra-
tion was unconditionally associated with the odds of being a 
S. aureus-positive herd (P = 0.002). When BTSe increases, the 
odds of being a S. aureus-positive herd are reduced (Table 7). 
After controlling for region, the protective effect of BTSe was 

slightly reduced, but remained significant. Higher values of 
BTSe were associated with lower risk of being a S. aureus-
positive herd (Table 7).

Discussion
Bulk tank milk Se concentration responds rapidly to changes in 
Se intake, and has been satisfactorily used as a screening test for 
evaluating lactating cows Se adequacy (5). In the United States 
mean milk Se concentrations in cattle ranged from 0.09 to 
1.11 μmol/L (17). In Canada, mean cow-level milk Se con-
centration was 0.35 mmol/L (18), ranging between 0.23 and 
0.34 μmol/L in herd-level studies (5). In the present study, 8 of 
192 samples had BTSe , 0.28 μmol/L; 7 of these samples were 
from farms in Atlantic Canada. Selenium-marginal values may 
be related to low Se concentrations found in forages and crops 
grown in the Atlantic provinces, where approximately 90% of 
forage samples contain , 0.05 ppm of Se (2), which is insuf-
ficient to meet the Se requirement in cattle. No BTSe values 
compatible with Se deficiency were found.

These results must be interpreted with caution because Se 
supplementation practices have changed markedly since earlier 
studies established the relationships between concentrations 
of Se in blood and milk. Earlier data were derived from herds 
where the principal or only source of supplementary Se was inor-
ganic (for example, sodium selenite). Organic sources of Se have 
been widely used in North American dairy herds in recent years. 
At the recommended rate of Se supplementation (0.3 mg/kg 
DM), replacing selenite with organic Se will almost double the 
BTSe (19), while increasing plasma or serum Se concentrations  
only 10% to 20%. Milk Se concentrations observed in our study 
are generally higher than those previously reported in North 
America (5,17,20), supporting the argument that more organic 
Se is now being fed. The observation of marginal Se status in 
Atlantic Canada herds may reflect supplementation practices 
rather than the Se content of the base feeds. Thus, in interpret-
ing these results, we should acknowledge that the relationships 
between Se intake, milk Se concentration, and Se status (based 
on established reference ranges for Se in blood) would differ 
between herds depending on the source of supplementary Se 

Table 5. Unconditional associations and multivariable model of estimated bulk tank milk selenium concentration (BTSe in mmol/L) and 
region with yearly average of milk production parameters in 63 dairy farms from 3 Canadian regions

 Daily milk yield (kg/d) Milk fat (%) Milk protein (%)

 Coefficient 95% CI P-value Coefficient 95% CI P-value Coefficient 95% CI P-value

Unconditional associationsa

 BTSe 12.3 2.9, 21.8 0.01 20.15 20.9, 0.6 0.68 20.16 20.45, 0.12 0.26
 Region   0.05   , 0.01   0.02
  Alberta 0   0   0 
  Ontario/Québec 22.9 24.8, 21.1  0.19 0.05, 0.32  0.05 20.00, 0.11
  Atlantic Canada 21.2 23.2, 0.9  0.01 20.14, 0.16  20.02 20.08, 0.04

Multivariable model
 Intercept 30.0 25.0, 35.1 , 0.01 3.35 2.98, 3.72 , 0.01 3.16 3.01, 3.31 , 0.01
 BTSe 7.0 23.8, 17.8 0.20 0.62 20.18, 1.14 0.13 0.08 20.25, 0.40 0.64
 Region   0.05   , 0.01   0.03
  Alberta 0   0   0 
  Ontario/Québec 1.1 24.4, 20.5  0.23 0.08, 0.37  0.06 20.00, 0.12
  Atlantic Canada 21.3 23.3, 0.7  0.00 20.15, 0.15  20.02 20.08, 0.04

CI — confidence interval.
a Univariable results were shown only to illustrate the confounding effects of region.
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(organic or inorganic) being fed (19). It was beyond the scope 
of this study to collect information on Se supplementation 
practices in the study herds.

Seasonal variations in milk Se concentrations have been 
found, with greater risk of finding Se deficiency in the fall 
and winter compared with other seasons (5). Nevertheless, our 
results concur with previous studies in the United States (20), 
which found marginal Se values in the summer. A seasonal 
variation in Se concentration in pastures, and differences in the 
amount of concentrate fed to dairy cows may partially explain 
the seasonal changes found in BTSe.

No association between BTSe and yearly average of daily milk 
yield was found in our study after adjusting for the confounding 
effect of region. Milk yield can be a sensitive indicator of Se sta-
tus, and reduced milk yield may be the most important economic 
consequence of marginal Se status (3). However, our results 
concur with former observational studies (21,22), and Se supple-
mentation trials (23,24) which found no association between Se 
status and milk yield parameters. Contrary to our results, in New 
Zealand milk yield and milk fat were higher in Se-adequate herds 
(blood Se . 0.15 mmol/L) compared with Se-deficient herds; 
additionally, milk yield in response to Se supplementation was 
higher when Se levels were low before supplementation (4,25). 
Mean BTSe in the herds of our study was higher compared with 
milk Se concentration in other studies where a positive response 
to Se supplementation was found, which may explain the lack 
of association between BTSe and milk yield.

There was no association between BTSe and BTSCC in 
our study, which concurred with results from Norway (21), 
New Zealand (26), and Canada (5). Nevertheless, other 
studies have reported a negative association between Se 
status and BTSCC in herds with geometric mean BTSCC 
. 750 000 cells/mL (9) or . 250 000 cells/mL (10). The dairy 
population in our study had a Se status much higher than that in 
studies where a negative association between Se and udder health 
was first reported. A high BTSCC might induce the farmer to 
intentionally supplement Se at a higher rate resulting in a higher 

BTSe. This latter situation has resulted in observations of weak 
relationships between impaired udder health and Se status (22). 
Moreover, geometric mean BTSCC in our dairy population was 
also much lower (196 000 cells/mL) than that in dairy herds 
25 years ago, when a negative association between Se status and 
udder health was first reported.

Higher BTSe levels were negatively associated with the odds 
of being a S. aureus-positive herd in our study. For example, 
increasing BTSe by 0.2 mmol/L reduced the odds by a factor 
of 0.95. Earlier studies found that an adequate Se status was 
associated with a decreased prevalence of mastitis pathogens, 
and lower BTSCC (9,10). Further, a protective effect of supple-
menting minerals, especially Se, on udder health and leukocyte 
function has been found (27). Even though biomarkers of 
Se status (selenoproteins with specific functions, for example) 
were not evaluated in our study, a reduction in the odds of being 
a S. aureus-positive herd can be explained by the biological func-
tion of Se on the immune system.

The effect of Se against mammary pathogens is mediated 
through several mechanisms: more rapid and massive influx 
of polymorphonuclear cells (PMN) to the udder (28), bacte-
ria (such as S. aureus) being killed more efficiently by PMN 
(29), high anti-bacterial activity in whey sufficient to inhibit 
S. aureus growth (30), and high expression of selenoproteins 
with antioxidant properties in the mammary gland (31). These 
mechanisms, acting together in Se-adequate cows, enhance the 
immune response of the udder against mammary pathogens, 
reducing their herd prevalence.

Current mean BTSe was higher than that previously reported 
for Atlantic Canadian dairy herds (5). The effectiveness of 
Se supplementation practices may have increased over time 
(22). In addition, herds with a higher BTSCC (and higher odds 
of being S. aureus-positive) are often supplemented with Se, or 
provided with Se at a higher rate, as a management intervention 
to control BTSCC.

The results of this study largely support the contention that, 
whereas supplementing cows consuming Se-deficient diets may 

Table 6. Unconditional association and multivariable model of 
estimated bulk tank milk selenium concentration (BTSe in mmol/L) 
and region with log bulk tank milk somatic cell count (BTSCC) in 
63 dairy farms from 3 Canadian regions

 BTSCC (1000 cells/mL)

 Coefficient 95% CI P-value

Unconditional associationsa  
 BTSe 20.62 21.78, 0.54 0.29
 Region   0.05
  Alberta 20 
  Ontario/Québec 20.22 0.00, 0.44
  Atlantic Canada 20.01 20.26, 0.23

Multivariable model  
 Intercept 25.09 4.46, 5.72 , 0.01
 BTSe 20.19 21.14, 1.53 0.77
 Region   0.08
  Alberta 20 
  Ontario/Québec 20.23 20.01, 0.47
  Atlantic Canada 20.02 20.27, 0.23

CI — confidence interval.
a Univariable results were shown only to illustrate the confounding effects of region.

Table 7. Unconditional associations and final multivariable model 
of estimated bulk tank milk selenium concentration (BTSe in 
mmol/L) and region with the probability of being a Staphylococcus 
aureus-positive herd

 Odds ratio 95% CI P-value

Unconditional associations
 BTSea  0.035 0.004, 0.288 , 0.01
 Region   , 0.01
  Alberta  1 
  Ontario/Québec 21.8 3.7, 127.2
  Atlantic Canada  2.8 0.7, 11.5

Multivariable model
 BTSe  0.054 0.004, 0.704 0.03
 Region   0.02
  Alberta  1 
  Ontario/Québec 11.2 1.7, 72.0
  Atlantic Canada  5.0 0.9, 28.4

CI — confidence interval.
a Odds ratio — calculated for an increase of 0.20 mmol/L in BTSe.
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elicit a favorable production response or a reduction in disease 
prevalence, super-supplementation of Se-adequate diets may 
not result in additional benefits to animal performance (6). 
Although no herds were considered to be Se-deficient based on 
accepted reference ranges for Se status, a reduction in the odds 
of being a S. aureus-positive herd was observed in this study in 
herds with the highest BTSe concentrations. This latter finding 
suggests that feeding cows to increase the milk Se concentra-
tion (for example using organic Se) in excess of that currently 
considered adequate for support of growth and milk production, 
may optimize udder defense against S. aureus infection. Further 
study is required to confirm this hypothesis.
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