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Sivertsen T, Overnes G, Osterias O, Nymoen U, Lunder T: Plasma vitamin E and
blood selenium concentrations in Norwegian dairy cows: Regional differences and
relations to feeding and health. Acta vet. scand. 2005, 46, 177-191. — Plasma o-to-
copherol (vit E) and blood selenium (Se) concentrations in February were determined in
samples from 314 dairy cows in Norway, selected to provide a representative subset of
the Norwegian dairy cow population. Each sample was followed by a questionnaire with
information about feeding of the cow at the time of sampling. The results were corre-
lated to herd data and to calving and health data for each cow from the Norwegian Dairy
Herd Recording System and the Norwegian Cattle Health Recording System. The mean
concentrations were 6.9 pg vit E per ml plasma and 0.16 pg Se per g blood. Both levels
were highest in mid lactation. Plasma vit E varied with the amount of silage fed to the
cow, while blood Se varied with the amount of concentrates and mineral supplements,
and with geographical region. No differences in vit E or Se levels were found between
cows with recorded treatments for mastitis, parturient paresis or reproductive disorders
in the lactation during or immediately prior to sampling, and those without such treat-
ments. For ketosis, a small difference in blood Se was found between the groups with or
without recorded treatments. It is concluded that winter-fed lactating cows in Norway
had an adequate plasma level of vit E and a marginal-to-adequate level of Se.
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Introduction

The general significance of adequate vitamin E
(vit E) and selenium (Se) levels in bovine nutri-
tion is well documented (Underwood & Suttle
1999). The practical importance of vit E and Se
status for mastitis resistance and reproductive
function in cows is more controversial (Rados-
tits et al. 2000). Several authors have reported a
beneficial effect of vit E and/or Se on mastitis
frequency (Smith et al. 1984, Braun et al. 1991,
Malbe et al. 1995), while others have failed to
confirm such effects (Ropstad et al. 1987, Ndi-
weni et al. 1991, Batra et al. 1992).

Vit E and Se deficiency problems are well
known in Norway (Froslie et al. 1980). There

are appreciable regional differences in Se status
within the country, most clearly demonstrated
in sheep (Sivertsen 2004). Vit E and Se have
been added to commercial concentrates for
many years (Froslie et al. 1985). In spite of this,
a previous study of 64 Norwegian dairy herds
showed a substantial fraction at marginal Se
levels (Ropstad et al. 1987). Except for a recent
study in 14 organic dairy farms (Govasmark et
al. 2005), systematic investigations of plasma
vit E levels in dairy cattle have not been previ-
ously published in Norway.

The Norwegian Cattle Health Recording Sys-
tem has been in operation since 1975 (Solbu
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1983, Osteras 2002). At the time of this study,
about 90% of all dairy cows in Norway were en-
rolled in the system. Through co-ordination
with the Norwegian Dairy Herd Recording Sys-
tem, the Health Recording System permits
evaluation of the health effects of different
management, production and feeding factors in
the Norwegian dairy industry.

The aim of the present investigation was three-
fold: Firstly, to assess the vit E and Se status of
the Norwegian dairy cow population in winter;
secondly, to investigate possible regional differ-
ences and factors of production and feeding
that influence the vit E and Se status of individ-
ual cows; and thirdly, to evaluate possible sta-
tistical associations between vit E and Se status
and recorded disease incidents in the sampled
cows in the lactation period during or immedi-
ately prior to sampling.

Materials and methods

Collection of samples

The blood samples were collected in the winter
of 1992. The minimum number of required
samples was calculated to be about 350, based
on a desired accuracy of £0.5 pg/ml for the es-
timate of mean plasma vit E in the population,
and an estimate of the expected standard devia-
tion. Therefore, 360 dairy herds were selected
for sampling. The number of herds to be se-
lected from each of Norway's 18 rural counties
was set proportionally to the total number of
registered dairy cows in that county in 1991.
Within each county, the herds to be sampled
were selected by stratified random sampling of
municipalities and herds within the municipali-
ties. Only herds participating in the Norwegian
Cattle Health Recording System were included.
After the selection of the herds, one veterinary
practitioner in each of the relevant municipali-
ties was contacted and asked to draw a blood
sample from one cow picked at random in each
of the chosen herds. If one of the chosen herds
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could not be sampled, the veterinarians were
asked to select another herd in the same munic-
ipality. They were instructed to select among all
cows (i.e. female cattle with at least one calv-
ing), including those that were dried off. They
were asked to draw the samples within the two-
week period from the 3™ to the 16™ of February
1992. In addition, the veterinarians were asked
to fill in a questionnaire with information about
the sampled cow and her feeding at the time of
sampling.

Blood samples from 314 cows were obtained.
The samples were drawn in heparinized Vacu-
tainer® tubes and immediately sent to the Na-
tional Veterinary Institute. Each sample was
followed by a completed questionnaire. The
herds from which samples were not obtained
were evenly spread throughout the different
counties, so the representativity of the collected
samples was not substantially changed.

In addition to the main study, a satellite study of
the change in plasma vit E concentrations
through the winter was done at two dairy farms.
One of the farms (farm A) is located in the
south-western coastal area, the other (farm B)
in the south-eastern inland. Both farms used
regular and baled silage as their main roughage
(Wilkinson & Toivonen 2003). Blood samples
were collected from 6 cows at farm A and 9
cows at farm B in early November, in early
February and in the last part of May. One sam-
ple of the silage fed to the cows was collected
with each blood sampling, except on farm B in
November.

Analytical procedures

Blood Se concentration was determined by
atomic absorption spectrometry with a hydride
generator system (Norheim & Haugen 1986),
using a Varian SpectrAA-600 with a VGA-76
vapour generation accessory. Before analysis,
each sample was prepared by oxidative diges-
tion in a mixed solution with concentrated nitric
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and perchloric acids, using a Tecator Digesting
System heating unit. A quality control system
was adopted, using analysis of one sample of a
certified reference material (NBS Bovine liver
1577 A) and one sample of an internally estab-
lished reference material from porcine blood
for each series of 35 analytical samples. All re-
sults of the quality control analyses were within
preset limits compared to the reference values.
The vit E concentrations were analysed in
plasma from the same samples. After blood for
the Se analysis was taken out, the remaining
sample was centrifuged and plasma was either

analysed the same day or kept frozen at —70°
until vit E analysis could be carried out. In 10 of
the plasma samples, a red discolouration was
observed, indicating some degree of hemolysis
during transport. These samples were randomly
spread in the material. A few samples were too
small to perform both analyses. In those cases,
priority was given to the vit E analysis. There-
fore, the plasma vit E concentration was mea-
sured in all 314 samples, while blood Se con-
centration was measured in 301 samples.

After precipitation of proteins with ethanol
(+1% ascorbic acid), tocopherols in the plasma

Table 1. Description of variables used in the main statistical calculations.

Variable Description

Analytical:

TOC Plasma a-tocopherol concentration, pg/ml
SEL Blood selenium concentration, pg/g

Obtained from the questionnaires:

DATE Date of blood sample

YIELD Daily milk yield of sampled cow at sampling time, kg

CONC Daily amount of concentrates fed to the cow at sampling time, kg
REGSIL Daily amount of regular silage fed to the cow at sampling time, kg
QUALSIL Quality of regular silage fed to the cow, scale 1-4

BALE Daily amount of baled silage fed to the cow at sampling time, kg

HAY Daily amount of hay fed to the cow at sampling time, kg

STRAW Daily amount of ammoniated straw fed to the cow at sampling time, kg
MIN Daily amount of mineral supplement fed to the cow at sampling time, g

Obtained from the Norwegian Dairy Herd Recording System and the Norwegian Cattle Health

Recording System:
CALVNUMB
CALVDATE
COWMAST
COWACMA
COWPARES
COWKETOS
COWREPRO

Parity number*
Last date of calving

Calculated from other variables:
DAYSPP DATE - CALVDATE
TOTSIL REGSIL + BALE

The sampled cow was treated for mastitis** in the same lactation*

The sampled cow was treated for acute clinical mastitis in the same lactation*
The sampled cow was treated for parturient paresis in the same lactation®

The sampled cow was treated for ketosis in the same lactation*

The sampled cow was treated for reproductive disorders in the same lactation*

* (Class variable.

** Encompasses all recorded mastitis treatments, included treatments for acute clinical mastitis, subacute/ chronic and sub-

clinical mastitis.

Acta vet. scand. vol. 46 no. 4, 2005



180 T. Sivertsen et al.

samples were extracted with hexane. After mix-
ing, centrifugation and separation of the super-
natant, the hexane was evaporated under nitro-
gen flow, and the residue redissolved in ethanol.
Vit E concentrations were measured by HPLC,
using Perkin-Elmer equipment with a reversed-
phase C18 column, methanol-water (95/5) mo-
bile phase, and a fluorescence detector with ex-
citation wavelength 296 nm and emission
wavelength 330 nm. Calculations were based
on the use of tocol as an internal standard in all
samples. For control, every fifth sample was re-
analysed with an added a-tocopherol standard.
Blood samples from the satellite study were
analysed for plasma vit E concentrations only.
The silage samples from the satellite study were
cut, mixed, weighed without drying, and anal-
ysed with a modified version of a method de-
scribed by McMurray et al. (1980). After addi-
tion of pyrogallol, careful saponification with
KOH at 75°C and extraction with hexane, the
analysis procedure was parallel to the one de-
scribed for the plasma samples. Dry weight of
the silage samples was determined separately,
and the vit E content calculated in pg/g dry mat-
ter.

Questionnaire information

Veterinarians provided the following informa-
tion on the questionnaires: registry numbers of
the herd and the cow, the date of sampling,
noted day of calving, daily milk yield of the
cow (in kg) at the time of sampling, daily
amount (in kg) of concentrates, daily amount
(in kg) and quality (on a scale from 1 to 4) of
regular silage, baled silage, hay, straw and other
feed, and daily amount (in g) and kind and
brand of mineral supplements given to the cow
at the time of sampling (Table 1). Both concen-
trates and mineral supplements used for dairy
cattle in Norway contain sodium selenite (see
discussion).
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Figure 1. Map of regions used in the analysis of re-
gional differences in plasma o-tocopherol and blood
selenium:

Region 1: South-eastern Norway (Ostfold, Akershus,
Oslo, Hedmark, Oppland, Buskerud, Vestfold, Tele-
mark, Aust-Agder and Vest-Agder counties). Region
2: Rogaland county. Region 3: Western Norway
(Hordaland, Sogn og Fjordane and Mere og Romsdal
counties). Region 4: Middle Norway (Ser-Trendelag
and Nord-Trendelag counties). Region 5: Northern
Norway (Nordland, Troms and Finnmark counties).

Data from the national recording systems

The Norwegian Dairy Herd Recording System
and the Norwegian Cattle Health Recording
System are based on registration of all cows in
a nationwide database. Reproduction and milk-
ing data for each cow are registered continually,
as well as data on production and feeding at
herd level. Disease records are available from a
health card following each cow from birth till
slaughter (Solbu 1983, Waage et al. 1998,
Osterds 2002). In the present study, 285 of the
314 sampled cows could be identified in the
recording systems, with a complete data record.
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Statistical analysis

For assessment of regional differences, the
country was divided into five regions (Fig. 1).
The regions were formed according to previous
information on Se levels in soils (Wu & Ldg
1988), pasture and feed plants (Froslie et al.
1980, Overnes & Froslie 1992). All the sam-
pled cows were included in this analysis. Dif-
ferences between regions were evaluated with
Student's t-test.

In the remaining statistical analysis, data from
the questionnaires were combined with data
from the Norwegian Dairy Herd Recording
System and the Norwegian Cattle Health
Recording System. The variable describing the
number of days postpartum (DAY SPP) was cal-
culated from the day of calving registered in the
recording systems. Daily milk yield and the
feeding variables for the individual cows were
taken from the questionnaires, while the cow
health information was taken from the Cattle
Health Recording System. The variables used
in the main statistical evaluations are listed in
Table 1. The analysis included 285 cows for vit
E and 274 cows for Se.

Pearson correlation analysis was used to iden-
tify individual production and feeding parame-
ters associated with plasma vit E and blood Se
concentrations. After identification of signifi-
cantly associated parameters, the relative con-
tributions of the different parameters to the vit
E and Se variations were estimated with SAS®
General Linear Models (GLM) procedures:
MODEL analysis type III (SAS Institute Inc.
1989).

To evaluate possible associations of vit E and
Se levels to the health of the sampled cows, the
analysis was restricted to five recorded health
incidents that are sufficiently frequent to war-
rant a statistical evaluation at the individual
level (any mastitis, acute mastitis, parturient
paresis, ketosis, and reproductive disorders; see
Table 1). For each of these diseases, vit E and

Se levels in the group of cows with recorded
treatments in the same lactation were compared
with those without recorded treatments, using
Student's t-test (Table 3).

Separately, a GLM analysis was done on the as-
sociation of relevant management, production,
feeding and health variables at herd level to the
variation of vit E and Se levels in the sampled
cows. This analysis included 304 herds for vit E
and 293 herds for Se.

The Norwegian Dairy Herd Recording System
was also checked for remarks on oxidized and
other unwanted milk flavours in the herds of the
sampled cows around the time of sampling.
Data were analysed using SAS® statistical soft-
ware and MS Excel 2000.

Results

Analytical results

The mean plasma vit E concentration in the
sampled cows was 6.9 pug/ml, with a standard
deviation of 3.0 pg/ml and a range from 1.0 to
19.0 pg/ml. The mean blood Se concentration
was 0.16 pg/g, with a standard deviation of 0.05
ng/g and a range from 0.05 to 0.27 pg/g (Fig. 2).
In the satellite study, the mean plasma vit E
concentrations in November, February and May
at farm A were 5.2 (1.3), 6.5 (1.7) and 5.5 (2.0)
pg/ml (standard deviations in brackets). The
corresponding values at farm B were 5.7 (2.1),
7.6 (1.7) and 5.2 (1.3) pg/ml.

The vit E concentrations found in the silage
samples from farm A were 21 pg/g dry matter
in November, 36 pg/g in February and 65 pg/g
in May. The corresponding values from farm B
were 39 ng/g in February and 74 pg/g in May.

Feeding and production

From the information provided in the question-
naires, the following averages of different feed-
stuffs fed to the sampled cows per day (range in
brackets) were calculated: regular silage 35.8
kg (0-60 kg), baled silage 3.0 kg (0-60 kg), hay
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Figure 2. Relation of plasma a-tocopherol (ug/ml) and blood selenium (pg/g) to days from last calving
(DAY SPP) in Norwegian dairy cows in February. The least sum of squares lines (GLM model type 111, with lin-
ear, quadratic and cubic terms of DAY SPP) with 95% confidence limits are indicated. n=285 for a-tocopherol;

274 for selenium.

0.7 kg (0-10 kg), ammoniated straw 0.4 kg (0-
10 kg), concentrates 6.5 kg (0-14 kg), and min-
eral supplements 17 g (0-180 g). The average
daily milk yield of the cows at sampling was
21.9 kg (0-40 kg).

Statistical analysis
Correlation between vit E and Se
There was a weak but significant correlation be-
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tween plasma vit E and blood Se concentrations
in the sampled cows (R=0.13, p<0.05; n=301).

Regional distribution
Mean plasma vit E and blood Se concentrations

in the five regions (Fig. 1) are shown in Table 2.
Region 1 (south-eastern Norway) and region 2
(Rogaland county) had significantly lower
blood Se concentrations than the three other re-



Vitamin E and selenium in Norwegian dairy cows 183

Table 2. Plasma a-tocopherol (ug/ml) and blood selenium (pg/g) concentrations in the sampled cows, by geo-

graphical region. n = Number of samples.

Region 1: South-eastern Norway. Region 2: Rogaland county. Region 3: Western Norway. Region 4: Middle Nor-
way (Trendelag counties). Region 5: Northern Norway. Map of regions, see Fig. 1.

Plasma a-tocopherol

Blood selenium

Region

n Mean St. dev. n Mean St. dev.
1 93 6.52b 2.7 90 0.14 ™ 0.04
2 49 7.3 8¢ 3.7 43 0.13m 0.04
3 70 7.5¢ 2.9 69 0.17" 0.05
4 68 6.9 abe 2.8 65 0.17n 0.04
5 34 590 2.6 34 0.18" 0.04
Total 314 6.9 3.0 301 0.16 0.05

abe: Mean values without common letters are significantly different (p< 0.05).
mn: Mean values without common letters are significantly different (p< 0.001).

gions. The differences were less distinct for vit
E concentrations, but region 5 (northern Nor-
way) had significantly lower vit E levels than re-
gions 2 and 3 (Rogaland county and western
Norway). Region 1 (south-eastern Norway)
also had significantly lower vit E levels than re-
gion 3.

Relation to stage of lactation, production and

feeding
Though the variation was very large, there was

a distinct relation between both vit E and Se
levels and number of days from calving to the
sampling day (DAYSPP). The GLM analysis
indicated a convex curve for both nutrients,
with the highest levels in the cows in mid lacta-
tion (Fig. 2).

The only individual production and feeding pa-
rameter of the sampled cows that the initial
analysis indicated was positively associated
with the plasma vit E concentration was the
daily amount of regular silage fed at the time of
sampling (REGSIL). The daily amount of any
kind of silage (TOTSIL), obtained by adding
regular silage (REGSIL) and baled silage
(BALE), was found to be even more strongly
associated to plasma vit E, and was therefore

used in further calculations. The amount of hay
(HAY) was negatively associated. To check if
the relation to DAY SPP was influenced by par-
ity number of the cow (CALVNUMB), the final
GLM analysis both for vit E and for Se was
done with CALVNUMB included in the model.
The parameters that were found to contribute
significantly to the variation in plasma vit E in
the final GLM model type III were, in decreas-
ing order of importance:

DAYSPP, DAYSPP*DAYSPP, TOTSIL,
DAYSPP* DAYSPP*CALVNUMB, DAY SPP*
CALVNUMB and CALVNUMB. The results
for the three last parameters indicated that the
observed relation between plasma vit E and
DAYSPP was strongest in multiparous cows.
This model gave an R? of 0.23, indicating that it
explained 23% of the plasma vit E variation in
the sampled cows.

The individual production and feeding parame-
ters indicated by the initial analysis to be posi-
tively associated with blood Se were daily
amount of concentrates (CONC) and mineral
supplements (MIN) fed at the time of sampling.
The amount of ammoniated straw (STRAW)
was negatively associated. The parameters that
contributed significantly to the variation in
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Table 3. Plasma a-tocopherol (ng/ml ) and blood selenium ( pg/g) concentrations in sampled cows with or with-
out recorded treatments for selected diseases in the same lactation. Means and standard deviations (in brackets).

Disease: Mastitis (all) Acute mastitis Repro. disorders Ketosis Partur. Paresis
(COWMAST) (COWACMA)  (COWREPRO)  (COWKETOS)  (COWPARES)
With recorded treatments
No. of cows ! 80 56 35 60 31
Plasma a-toc 7.2 (3.4) 7.5(3.7) 7.2 (3.6) 6.8 (3.2) 6.0 (3.5)
No. of cows ! 77 53 33 58 30
Blood Se 0.16 (0.05) 0.16 (0.04) 0.16 (0.04) 0.14 (0.04)* 0.15 (0.04)
Without recorded treatments
No. of cows 205 229 250 225 254
Plasma o-toc 6.8 (2.8) 6.8 (2.8) 6.9 (2.9) 7.0 (2.9) 7.1(2.9)
No. of cows 197 221 241 216 244
Blood Se 0.15 (0.05) 0.15 (0.05) 0.15 (0.05) 0.16 (0.05)* 0.15 (0.05)

! Due to limited material, some samples were analysed for a-tocopherol only. See Materials and methods.

*These two values are significantly different (p< 0.02).

blood selenium in the final GLM model type III
analysis were, in decreasing order of impor-
tance: DAYSPP, DAYSPP*DAYSPP, CONC,
MIN and STRAW. This model gave an R? of
0.25.

The herd production and feeding parameters
that contribued significantly to the variation in
plasma vit E in a GLM model type III analysis
were, in decreasing order of importance: size of
the herd, percentage of silage in the feeding of
the herd that year, the corresponding percent-
age of concentrates, and the average milk yield
per cow. This model gave an R? of 0.10.

The significantly contributing herd factors for
blood Se were percentage of concentrates in the
feeding of the herd, the corresponding percent-
age of silage, and the average milk yield, in that
order (R?=0.18).

Relation to health data of the sampled cows
Mean plasma vit E and blood Se concentrations

in samples from cows with or without recorded
treatments for the five selected diseases in the
relevant lactation are listed in Table 3. No sig-
nificant difference in vit E or Se levels was
found between the two groups for any mastitis,
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acute mastitis, parturient paresis or reproduc-
tive disorders. A small but significant differ-
ence in blood Se was found between those with
recorded treatments for ketosis and those with-
out.

In the analysis of herd health data, a negative
statistical association was observed between
the vit E levels in the sampled cows and the to-
tal number of treatments for parturient paresis
in their herds. On this basis, the influence of
plasma vit E and blood Se on the number of
treatments for parturient paresis of the sampled
cows was tested by GLM model analysis. With
the exception of a small negative effect of vit E
in 3™ lactation cows only, statistically signifi-
cant effects could not be confirmed at the indi-
vidual level.

Concerning effects on unwanted milk flavour,
the Norwegian Dairy Herd Recording System
had remarks for only 23 of the herds in the three
first months of 1992, and only 11 in the month
of February. The mean levels of vit E and Se in
the sampled cows from the herds with remarks
were not significantly different from the herds
without such remarks. In only 5 of the 23 herds
with remarks on milk flavour was the unwanted
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flavour classified as strong, in 2 herds it was
classified as an oxidized flavour, and in 3 herds
as a feed-related flavour. Because of the low
percentage of sampled herds with relevant re-
marks on milk flavour, the results were consid-
ered inconclusive.

Variation of plasma vit E in the satellite study
The plasma vit E concentrations in the February

samples from farm A were significantly higher
than the concentrations in the November sam-
ples (p<0.05, paired t-test), but not significantly
different from the May samples. From farm B,
the plasma vit E concentrations in the February
samples were significantly higher than in both
the November samples (p<0.01) and the May
samples (p<0.05).

Discussion

Vitamin E and selenium status of Norwegian
cows

Because of the weighted and randomised selec-
tion of cows to be sampled, the mean plasma vit
E and blood Se concentrations found in this
study can be used as estimates of the true mean
concentrations in the Norwegian dairy cow
population, in February 1992. The 95% confi-
dence intervals of these estimates were calcu-
lated to 6.9 £ 0.3 pg/ml for plasma vit E and
0.16 £ 0.01 pg/g for blood Se.

The slight hemolysis observed in 10 of the sam-
ples may have influenced the plasma vit E con-
centrations measured in these samples. How-
ever, due to the small number of samples
affected, the effect on the overall results was
considered to be negligible.

Recommended and diagnostic limits of plasma
vit E in dairy cows are stated in different ways
by different authors. Smith et al. (1988) use 4.0
pg/ml as the dividing line between an adequate
and inadequate level, Weiss (1998) recom-
mends 3-3.5 pg/ml as a minimum in peripartum
cows, while Herdt & Stowe (1991) consider lev-

els above 2.0 pg/ml as adequate in adult cattle.
Radostits et al. (2000) suggest 2.0 pg/ml as a
critical level below which deficiency may oc-
cur, while Pehrson & Hakkarainen (1986) con-
sider concentrations below 1.0-1.5 pg/ml as
suboptimal and potentially hazardous.

In the present study, 84% of the sampled cows
had plasma vit E concentrations at or above 4.0
pg/ml, and only 1% had values below 2.0
pg/ml. These results indicate a very satisfactory
vit E status in winter-fed Norwegian dairy cows
in 1992. The average plasma vit E level ob-
served in our study was 1-2 pg/ml higher than
the levels reported by Pehrson & Hakkarainen
(1986) in healthy lactating winter-fed cows in
Sweden, and more than three times above the
average found by Miller et al. (1995) in dairy
cows in Ohio in winter.

Similarly, there is no general agreement in the
literature on limits of adequate and deficient
levels of blood Se concentrations. Smith et al.
(1988) and Weiss (1994) set the limit of ade-
quacy for blood Se at 0.20 pg/ml, while Van
Saun (1990) and Gerloff (1992) declare con-
centrations above 0.10 pg/ml as adequate. This
discrepancy is partly based on different esti-
mates of the relation between blood Se and
plasma Se, as all these authors agree that
plasma Se levels above 0.07-0.075 pg/ml are
adequate. In Norwegian cattle, Ropstad et al.
(1987) found that a plasma Se concentration of
0.07 pg/ml corresponded on average to a blood
Se concentration of 0.13 pg/ml.

In the present study, analysis of blood Se was
preferred, because blood Se is considered to be
the most reliable expression for long-term sele-
nium supply (Scholz & Hutchinson 1979).
Twenty-one per cent of the sampled cows had
blood Se concentrations at or above 0.20 ug/g!,

! For practical reasons, the National Veterinary Institute cal-
culates blood Se concentrations in pg/g. 1 pg/g corre-
sponds to 1.052 pg/ml (Altman & Dittmer 1971).
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38% had concentrations from 0.15 to 0.19 pg/g,
29% from 0.10 to 0.14 pg/g, and 12% had less
than 0.10 pg/g. The results indicate marginal Se
status in a higher proportion of Norwegian
dairy cows than that observed for vit E. This is
not surprising, as farmland and crops are low in
Se in most of Norway (Wu & Ldg 1988,
Overnes & Froslie 1992). However, the mean
value in this study was 0.05 pg/g above the av-
erage reported by Ropstad et al. (1987) in 147
lactating cows from 17 normal herds in Norway
in April 1985.

Geographical variation

The observed regional differences in plasma vit
E concentrations (Table 2) may partially be ex-
plained by differences in feeding practices. In
region 1 (south-eastern Norway), summers are
somewhat less rainy than in the rest of the coun-
try, so the use of hay has been more common.
Data from the questionnaires showed that the
cows in region 1 were fed significantly more
hay than in any other region and significantly
less silage than in regions 3-5 at the time of
sampling. Vit E is better conserved in silage
than in hay (Freslie et al. 1989), and higher
plasma vit E levels in silage-fed than in hay-fed
herds have been previously reported from Swe-
den by Pehrson & Hakkarainen (1986). On the
other hand, we found no differences in feeding
practices between region 5 (northern Norway)
and regions 2-4 that can explain the lower vit E
levels in region 5. These low levels may be re-
lated to the short summers and poorer climatic
conditions in region 5.

The distinct regional differences in blood Se are
not apparently related to feeding practices. The
average amount and kind of concentrates fed to
the cows were quite similar in all regions, and
the average amount of mineral supplements
was slightly higher in region 1 than in regions 3
and 4. On the other hand, the observed pattern
is in fairly good accordance with the geograph-
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ical distribution of Se in farmland soil, har-
vested roughage and sheep tissues (Wu & Ldg
1988, Overnes & Froslie 1992, Sivertsen
2004). This regional effect may also explain the
difference between the mean blood Se value in
the present study and the one reported by Rop-
stad et al. (1987). All their samples from nor-
mal lactating cows were collected in south-east-
ern Norway, and their results are not far from
the levels recorded in region 1 in this study.

Effects of feeding and stage of lactation

The two individual feeding and production pa-
rameters that contributed most to the variation
in plasma vit E in the GLM analysis were time
from last calving (DAY SPP) and daily amount
of any silage (TOTSIL) fed to the cow at the
time of sampling. As mentioned, the relation-
ship between DAYSPP and plasma vit E fol-
lowed a convex curve. The variation was large,
but the correlation was statistically significant
and readily visible (Fig. 2). A positive associa-
tion between plasma vit E and days postpartum
has been reported by several authors (Weiss et
al. 1990, Ndiweni et al. 1991, Batra et al. 1992,
Miller et al. 1995). Low plasma vit E levels
around calving may be influenced by redistri-
bution of vit E to colostrum or other physiolog-
ical factors (Goff & Stabel 1990), but the rise in
vit E after calving may also be related to a
higher intake of feed with a good vit E content
in the postpartum period. In the present study,
the importance of the feed factor is supported
by the significant contribution from the TOT-
SIL parameter to the vit E variation. The results
of this study support the conclusion that silage
is a good source of vit E in winter-fed cows in
Scandinavia, and are thus in good accordance
with the findings of Pehrson & Hakkarainen
(1986). This conclusion is also supported by the
results of a recent study in organic sheep and
dairy cattle farms in Norway (Govasmark et al.
2005). Traditionally, the regular ensilation
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method in Norway is in tower silos, with formic
acid and salts of formic acid as the most com-
mon additives (Wilkinson & Toivonen 2003).
More than 90% of the silage fed to the sampled
cows in this study was of the traditional kind.
Miller et al. reported in 1995 that serum vit E
levels in Ohio dairy cows were significantly
lower in winter (December-February) than in
other seasons. The authors explained this by an
extensive loss of vit E in stored forages (Herdt
& Stowe 1991). The expectation of a similar ef-
fect lay behind the decision to collect the sam-
ples for this study in February. The high plasma
vit E levels found indicate a less prominent sea-
sonal effect in Norwegian dairy cows, at least in
the winter of 1992. This conclusion is sup-
ported by the results of the satellite study. In
both of that study's farms, the average plasma
vit E levels were higher in February than in
November and in May, and the vit E concentra-
tions in the accompanying forage samples were
actually highest in May. This seeming inversion
of the expected pattern may be a fortuitous re-
sult of variation in the silage quality fed at dif-
ferent times on these two farms. Still, it does in-
dicate a quite good preservation of vit E in
stored silage in Norway.

Silage does also contain more polyunsaturated
fatty acids (PUFA) than hay. This may increase
the biological demand for vit E in the feed, and
thus modify the beneficial effects of silage
(Hakkarainen & Pehrson 1987).

The sampling and analytical work of the present
study was done in 1992-93. In the subsequent
years, the use of big bale silage has increased in
Norway, compared with traditional ensilation
methods (Wilkinson & Toivonen 2003). The sta-
bility of vit E may be lower in baled silage than
in traditional silage (Bernhoft et al. 2002). At
present it is not known if this may have had a
negative influence on the vit E status of Norwe-
gian cattle in winter.

For blood Se, the strongest contributing param-

eter in the GLM model was also DAY SPP, and
the relation between DAY SPP and blood Se was
quite similar to the one found between
DAYSPP and plasma vit E (Fig. 2). An increase
in plasma Se in the first months after calving
has been observed by other authors (Weiss et al.
1990, Miller et al. 1995). Weiss et al. (1990)
supposed this effect to be directly related to
supplied Se in the feed. This study supports that
explanation by finding that the two other indi-
vidual factors contributing significantly to the
blood Se variation were the amount of concen-
trates (CONC) and the amount of mineral sup-
plement (MIN) fed at the time of sampling. The
results indicate that the nutritional supply of Se
might be less than adequate in heifers and non-
lactating cows in Norway. In a subsequent
study, Kommisrud et al. (2005) have confirmed
this assumption.

The importance of concentrates and mineral
supplements for the blood Se concentrations is
in good accordance with the estimated Se con-
tent of different feedstuffs used in dairy cattle in
Norway in 1992. Se concentrations in forage
grown in Norway are generally low, with aver-
ages varying from 0.01 to 0.03 mg/kg dry mat-
ter in different regions (Froslie et al. 1980). On
the other hand, the concentrates used for lactat-
ing dairy cattle in Norway are generally com-
mercial compound concentrates, and in 1992
these had a standardised Se addition of 0.20
mg/kg (Overnes & Froslie 1992, Nordang
2005). Likewise, the main mineral supplements
sold in Norway had a standardised Se content of
20 mg/kg (Nordang 2005). A calculation based
on these values shows that in the average
amount of feedstuffs given to the cows at sam-
pling time, the concentrates provided about
70% of the Se intake, mineral supplements
about 20%, and the roughages 10% or less.
Ropstad et al. (1987) found a seasonal variation
in plasma Se, with the highest values recorded
in the months January-June, and also ascribed

Acta vet. scand. vol. 46 no. 4, 2005



188 T. Sivertsen et al.

this to the effect of winter feeding with Se-en-
riched compound concentrates.

The results of the statistical analysis of herd
factors contributing to the variation in plasma
vit E and blood Se in the sampled cows must be
interpreted with caution, as only one cow from
each herd was sampled. As expected, the statis-
tical contributions of the herd factors, as re-
flected in the calculated R? values, were also
smaller than the calculated contribution from
the individual parameters. Still, the findings
that the size of the herd contributed to the vit E
variation, and that the average milk yield con-
tributed to the variation of both parameters are
interesting. It is also worth noting that at herd
level, the percentages of silage and concen-
trates in the feeding of the herd were both cor-
related to plasma vit E as well as to blood Se.
These findings suggest a better vit E and Se sta-
tus in the larger dairy herds with intensive feed-
ing and high milk yield.

The observed correlation between plasma vit E
and blood Se in individual cows in this study
may have several explanations. The parallel
variation of the two nutrients with DAY SPP
may contribute to this correlation, as may the
herd effect discussed above. A direct influence
of one of the nutrients on the level of the other
is less likely (Charmley et al. 1993).

Influence of vit E and Se status on cattle health
In the present study, no significant differences
in plasma vit E or blood Se were found between
cows with recorded treatments for any mastitis,
acute mastitis, parturient paresis or reproduc-
tive disorders during the relevant lactation
period and those without such treatments
(Table 3).

The risk of nutritional muscle dystrophy and
other specific clinical signs in cattle deficient in
vit E and Se is well documented (Radostits et
al. 2000). These problems are generally associ-
ated with blood Se levels below 0.03 pg/ml (Ja-
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cobsson et al. 1970, Zust et al. 1996). Conclu-
sions in the literature are less consistent regard-
ing the significance of vit E and Se status for the
occurrence of mastitis and reproductive disor-
ders. Experimentally, several studies have
shown positive effects of vit E and/or Se sup-
plementation on the frequency or duration of
mastitis (Smith et al. 1984, Erskine et al. 1989,
Malbe et al. 1995, Weiss et al. 1997), while
other studies have failed to confirm such effects
(Erskine et al. 1990, Batra et al. 1992). In epi-
demiological studies, an association between
low Se status and udder health problems has
been observed by some authors (Erskine et al.
1987, Weiss et al. 1990, Braun et al. 1991), and
between mastitis and low plasma vit E by
Atroshi et al. (1986). Other authors have not
confirmed any connection between mastitis fre-
quency and Se (Ropstad et al. 1987, Ndiweni et
al. 1991) or vit E status (Ndiweni et al. 1991).
There seem to be some differences in conclu-
sions between scientists in the USA and in Eu-
rope, especially concerning vit E. In a review
article, Allison & Laven (2000) concluded that
further research on the effect of vitamin E sup-
plementation on mastitis in Europe was ur-
gently required.

Some of the discrepancies between different
epidemiological studies may be explained by
differences in background levels of the two nu-
trients. The studies showing associations be-
tween levels of Se and mastitis generally have
very low plasma or blood Se levels in the high
mastitis or high somatic cell count groups (Er-
skine et al. 1987, Braun et al. 1991), or a
plasma vit E level below 3 pg/ml in the whole
study population (Weiss et al. 1990). On the
other hand, Ndiweni et al. (1991) found a mean
plasma vit E level above 7 pg/ml in their popu-
lation, and no herds with an average level below
5 pg/ml. Differences in results may also be re-
lated to the epidemiological methods used.
The lack of association between recorded clini-
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cal mastitis and vit E or Se levels observed in
the present study does not refute the results of
other authors. It does indicate that under Nor-
wegian conditions and with the feeding and
mineral supplies in regular use at the time of
this study, the benefit of additional treatment
with vit E and/or Se in the active lactation pe-
riod might be small. However, in a subsequent
study Kommisrud et al. (2005) found some evi-
dence for an association between low blood Se
levels in heifers and non-lactating cows and the
risk of mastitis during the first 30 days of lacta-
tion in the same herds.

Several authors have reported positive effects
of vit E supplementation on the frequency of re-
tained placenta (Julien et al. 1976, Erskine et al.
1997). In this study, the number of sampled
cows with retained placenta after the last calv-
ing was too small for a meaningful statistical
analysis. The lack of an observed association
between blood Se level and reproduction disor-
ders in general is in line with the results of Rop-
stad et al. (1987).

In the present study, blood Se was significantly
lower in cows with recorded treatments for ke-
tosis in the same lactation than in those without
(Table 3). This result must be interpreted with
caution. Ketosis is a disease strongly related to
variations in feeding, and its frequency may
vary with the amount of concentrates in the
feed (Solbu 1983). As mentioned above, the
amount of concentrates fed to the cows was
found to be a significant contributing factor to
the blood Se level.

In this study, the number of unwanted milk
flavour reports for the sampled herds was too
small to draw meaningful conclusions. This in-
dicates that representative surveys of the dairy
cow population are not well suited for studying
milk flavour problems in Norway. Other epi-
demiological methods should be applied.

Conclusions

Winter-fed lactating Norwegian dairy cows
were found to have an adequate plasma level of
vit E and a marginal-to-adequate level of blood
Se. Silage seemed to be the most important
source of Vit E, and Se-supplemented commer-
cial concentrates the most important Se source.
No significant differences in vit E or Se status
could be found between cows with or without
recorded treatments of mastitis, parturient pare-
sis or reproductive disorders.
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Sammendrag

Konsentrasjoner av a-tokoferol i plasma og selen i
blod ble bestemt i prover fra 314 mjolkekyr i Norge i
februar. Kyrne var trukket ut som et representativt ut-
valg av norske mjolkekyr, og et sperreskjema med
opplysninger om kua og foringen pa prevetidspunk-
tet fulgte hver prove. Ved kobling mot databasene til
den norske Kukontrollen og Helsekortordningen ble
resultatene sammenholdt med individuelle helsedata
for kyrne og med relevante data for besetningene
deres. Gjennomsnittskonsentrasjonene i hele materi-
alet var 6,9 ug a-tokoferol /ml plasma og 0,16 pg Se/
g blod. Begge parametre varierte med dager fra kal-
ving, og var heyest midt i laktasjonen. For evrig vari-
erte vit E-nivdet med mengden surfor kua fikk ved
provetidspunktet, mens Se-nivaet varierte med
mengdene av kraftfor og mineralstilskudd, samt med
geografisk omréde. Det var ingen signifikant forskjell
verken i vit E eller Se-niva mellom kyr som ble be-
handlet for jurbetennelse, mjolkefeber eller repro-
duksjonssjukdommer i den aktuelle laktasjonen og
kyr uten slike behandlinger, men kyr som var be-
handlet for ketose hadde litt lavere Se-niva enn kyr
uten ketosebehandlinger. Som helhet viste under-
sokelsen at norske vinterforete kyr i laktasjon hadde
et tilfredsstillende plasmaniva av vit E, og et Se-niva
i blod varierende fra tilfredsstillende til marginalt.
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