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The objective of this study was to evaluate the effect of a subcutaneous injection of a multimineral prep-
aration containing 300 mg of zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of copper at 230
and 260 days of gestation and 35 days postpartum, on the health, milk production and reproductive per-
formance of lactating Holstein cows. A randomized field trial was conducted on three large commercial
dairy farms located near Ithaca, New York, USA, with 1416 cows enrolled. All cows were housed and
offered a total mixed ration consisting of approximately 55% forage and 45% concentrate on a dry matter
basis of the diet, which supplied 2–6 times the NRC requirements for the supplemented elements. Dry
cows and pregnant heifers were blocked by parity and randomly allocated to one of two treatments:
Trace mineral supplemented (TMS) or control.

For multiparous cows, subcutaneous TMS significantly decreased linear somatic cell count scores (nor-
malized data) as compared to control cows. The incidence of subclinical mastitis for TMS and control
cows was 10.4% and 8.0%, respectively (P = 0.005). The main effect of treatment on clinical mastitis
was not significant but the interaction of treatment and parity was significant. For primiparous cows,
the incidence of clinical mastitis was 11.8% and 15.6% for control and TMS cows, respectively
(P = 0.33); for multiparous cows, the incidence of clinical mastitis for control and TMS cows was 25.4%
and 19.7%, respectively (P = 0.03). Additionally, control cows had increased odds of stillbirth and endome-
tritis (odds ratios 1.69 and 1.30, respectively). The incidence of endometritis was 34.2% and 28.6% for con-
trol and TMS cows, respectively (P = 0.039) but treatment had no effect on reproductive performance,
milk production or other health traits. Further research is required to confirm these findings and to estab-
lish whether the response seen in this study was related to the supplementation of a particular mineral.

� 2013 Elsevier Ltd. All rights reserved.
Introduction for the cow, a similar reduction in trace mineral retention ability
During the transition period, dairy cows undergo physiological
stress preparing for and recovering from parturition, dramatically
altering their metabolism to supply the mammary gland with
nutrients necessary for milk synthesis (Goff et al., 2002), and also
dealing with reduced dry matter intake (DMI), negative energy bal-
ance (Roche et al., 2009) and oxidative stress (Sordillo and Aitken,
2009).

Trace minerals play an important role in dairy cow immune
function (Shankar and Prasad, 1998), fertility (Rabiee et al.,
2010), and growth (Enjalbert et al., 2006). Nockels et al. (1993)
reported that stressed calves reduced their trace mineral reten-
tion ability. Given that the transition period is a stressful time
could also happen in transition cows (Xin et al., 1993). The act of
parturition or the beginning of lactation has been found to be
associated with a reduction in plasma concentrations of calcium
(Ca) and zinc (Zn) (Goff and Stabel, 1990; Goff et al., 2002), sug-
gesting that other mineral concentrations could also be affected
during the same period.

Inclusion of minerals in the diet does not ensure intake or
absorption. DMI is already decreased during the transition period
(Roche et al., 2009); additionally, there are dietary and animal fac-
tors contributing to DMI variation between animals (Hayirli et al.,
2002) and consequently to variation in the intake of trace minerals.
Dietary mineral supplements may not be absorbed properly due to
interactions with other nutrients at the rumen level (Suttle, 1986).
Antagonists in drinking water (e. g. iron) can also have a negative
effect on trace mineral absorption from the digestive tract (Spears,
2003).
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An injectable trace mineral solution could potentially provide
an alternative way of delivering extra trace minerals during the
transition period. Pogge et al. (2012) reported that the use of an
injectable trace mineral solution increased liver concentrations of
Cu and Se for at least a 15-day period, and increased plasma Zn
and Mn for several hours. Positive effects of such supplementation
on cow reproductive traits have already been shown (Harrison
et al., 1984; Sales et al., 2011). Additionally, Cu and Se seem to play
an important role in udder health (Scaletti et al., 2003; Weiss et al.,
1990). However, to the best of our knowledge, studies regarding
the effect of injectable trace mineral supplementation during the
transition period on health and milk production traits remain
scarce. It is possible that supplementing cows with extra trace
minerals twice in the dry period may help them accumulate trace
minerals in stores which can be used during early lactation, while
an injection during early lactation could have a positive effect on
reproductive efficiency.

The objective of this study was to evaluate the effect of subcu-
taneous supplementation of a trace mineral supplement contain-
ing Zn, Mn, Se, and Cu (Multimin) at 230 days of gestation,
260 days of gestation and 35 days postpartum on health traits,
milk production and reproductive performance of lactating Hol-
stein cows.

Material and methods

Farms and management

One thousand, four hundred and sixteen cows kept on three dairy farms located
near Ithaca, New York, USA, were enrolled from 30th August until 4th November
2010, and data were collected until 30th June 2011. Farm A milked 3700 cows, farm
B 1600 cows and farm C 3500 cows. The cows on farms A and C were housed in free-
stall (cubicle) barns with concrete stalls covered with mattresses and bedded with
digested manure solids and waste paper–pulp, respectively. Farm B housed the
cows in free-stalls with sand bedding.

All cows were offered a total mixed ration consisting of approximately 55% for-
age (corn silage, haylage, and wheat straw) and 45% concentrate (corn meal, soy-
bean meal, canola, cotton seed, and citrus pulp) on a DM basis of the diet. The
diets were formulated to meet or exceed the National Research Council nutrients
requirements for lactating Holstein cows weighing 650 kg and producing 45 kg of
3.5% fat corrected milk. The chemical composition (mineral and vitamins) of pre-
fresh and lactating cow diets for study farms A, B, and C is shown in Table 1.

Study design and treatments

Dry cows and pregnant heifers were blocked by farm and parity group (groups
1, 2, and >2, for first, second and third or greater lactation cows, respectively) and
randomly allocated to one of two treatments, namely, (1) trace mineral supple-
Table 1
Chemical composition (minerals and vitamins) of pre-fresh and lactating cow diets for stu

NRC 2001 recommendations Farm A

Pre-fresh Lactation Pre-fresh

Calcium (%) 0.45 0.67 1.37
Phosphorus (%) 0.23 0.36 0.30
Magnesium (%) 0.12 0.2 0.42
Potassium (%) 0.52 1.06 1.11
Sodium (%) 0.10 0.22 0.12
Chloride (%) 0.15 0.28 0.52
Sulfur (%) 0.20 0.20 0.41
Cobalt (ppm) 0.11 0.11 0.96
Copper (ppm) 13.0 11.0 19.2
Iodine (ppm) 0.40 0.44 0.96
Iron (ppm) 13.0 17.0 225
Manganese (ppm) 18.0 13.0 109
Selenium (ppm) 0.30 0.30 0.38
Zinc (ppm) 22.0 52.0 63.8
Vitamin A (kIU/day) 82.6 75.0 178
Vitamin D (kIU/day) 21.5 21.0 35
Vitamin E (IU/day) 1202 545 1772

Pre-fresh diets were fed from 3 weeks prepartum through parturition and lactation diet
mented (TMS) or (2) control. All dry cows and pregnant heifers that were available
during the enrollment period were included in the study. Randomization was com-
pleted in Excel (Microsoft) using the random number function and imported into
the farms’ Dairy Comp 305 program (Valley Agricultural Software).

Cows that were randomly assigned to the treatment group were given three
injections of trace minerals (Multimin) at approximately 230 days of gestation,
260 days of gestation, and 35 days postpartum; each injection (5 mL) contained
300 mg of zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of copper. Eth-
ylenediamine tetra-acetate (Na2EDTA) was used to dissolve insoluble Cu, Mn and Zn
at a concentration of 450 mg/mL; 0.1% chlorocresol was added to the solution as a
preservative. Control cows were not injected with a negative placebo. Body condi-
tion scores (BCS) were assessed at 230 days of gestation and at 35 ± 3 days in milk
(DIM). A 5-point scale was used (Edmonson et al., 1989). Assessors were blinded to
treatment status.

The project proposal was approved by the Cornell University Animal Care and
Use Committee (2009-0001) and owner consent was obtained before the study
was started.

Case definitions

‘Stillbirth’ was defined as the death of a calf occurring just prior to, during, or
within 48 h of parturition. ‘Retained fetal membranes’ was defined as failure to re-
lease fetal membranes within 24 h of calving. Metritis and clinical mastitis were
diagnosed and treated by trained farm personnel who followed a specific diagnostic
protocol designed by the staff of the Ambulatory and Production Medicine Clinic,
Cornell University. ‘Metritis’ was defined as the presence of fetid, watery, red–
brown uterine discharge. ‘Clinical mastitis’ was defined by the diagnosis of abnor-
mal changes in the udder and/or milk. Composite milk somatic cell count (SCC) was
determined monthly by Dairy Herd Improvement Association (DHIA). ‘Subclinical
mastitis’ was defined as a cow having a somatic cell count >200,000 and not diag-
nosed with clinical mastitis (Oliveira et al., 2011).

Data regarding survivability, reproduction (calving to conception interval),
health traits, milk yield and SCC during the subsequent lactation were extracted
from the farms’ DairyComp 305 database. Displaced abomasum diagnosis made
by the farm personnel was confirmed by veterinarians. Signs of uterine inflamma-
tion were evaluated at 35 ± 3 DIM by visual inspection of a uterine lavage sample as
previously described (Machado et al., 2012a). Cows that had pus in the lavage sam-
ple were considered to have clinical endometritis.

Statistical analysis

Descriptive statistics analysis was undertaken in SAS using the FREQ procedure
(SAS Institute). Five mixed general linear models were fitted to the data using the
MIXED procedure of SAS (SAS Institute). The dependent variables evaluated in this
study were: average daily milk production (kg/day), average daily fat-corrected
milk (FCM) production (kg/day), milk protein (%), milk fat (%), and linear somatic
cell count (SCC) score. The latter was calculated using the formula:

Linear score ¼ ½lnðSCC=100;000Þ=0:693147� þ 3

This formula is automatically calculated and inputted into the dairy farm soft-
ware of participating dairy farms by Dairy Herd Improvement Association laborato-
ries (Radostits, 2000). Visual evaluation of the distribution plot of the studentized
residuals was used to confirm that the residuals were normally distributed.
dy farms A, B, and C.

Farm B Farm C

Lactation Pre-fresh Lactation Pre-fresh Lactation

0.83 1.35 0.80 1.52 0.88
0.36 0.31 0.42 0.34 0.38
0.32 0.37 0.35 0.39 0.33
1.24 1.07 1.28 1.55 1.54
0.46 0.11 0.47 0.14 0.53
0.50 0.36 0.50 0.45 0.59
0.25 0.36 0.24 0.45 0.25
1.49 0.87 1.13 0.75 1.90
20.0 16.3 21.6 16.5 25.7
0.99 0.18 0.69 0.92 1.08
205 220 190 316 213
72.8 81.0 81.5 95.8 90.2
0.47 0.36 0.53 0.55 0.57
80.8 53.7 84.4 70.90 91.76
170 138 172 178 187
39 27 43 34 42
726 1560 611 1760 874

s were fed from parturition through week 35 postpartum.



V.S. Machado et al. / The Veterinary Journal 197 (2013) 451–456 453
The data comprised a series of repeated measures of each dependent variable
throughout the 5 months of lactation. To account appropriately for within-cow cor-
relation, the error term was modeled by imposing a first-order autoregressive
covariance structure for all statistical models (which assumed that the within-
cow correlation of the repeated measures of milk weights decreased as the time be-
tween the test dates increased; Sawalha et al., 2005). The model described below
was fitted to all five mixed general linear models:
Y ¼ Xbþ Zcþ e
where Y is the linear SCC score or average daily milk production (kg/day) or average
daily FCM production (kg/day) or milk protein (%) or milk fat (%), X is the matrix of all
independent variables, b the vector of all fixed effect parameters, Zc the random ef-
fect of farm (the covariance structure assumed for this term was a compound sym-
metry) and e is the random residual.

The independent variables offered to the model were: treatment, prepartum
and postpartum BCS, parity, and month of lactation. All two-way interactions
and the three-way interaction term between treatment, parity, and month of lac-
tation were offered to the model. In all models variables and their respective
interaction terms were retained in the model only when they had a significant ef-
fect (P < 0.05).

To assess the effect of injectable trace mineral treatment on the odds of subclin-
ical mastitis, clinical mastitis, endometritis, metritis, stillbirth, retained placenta,
and displaced abomasum, mixed logistic regressions were fitted to the data using
the Glimmix procedure of SAS. The models included the fixed effects of treatment
(TMS and control), parity (1, 2, >2) and month of lactation (1, 2, 3, 4, and 5). Addi-
tionally, the variable ‘farm’ was included in all models as a random effect and the
variable ‘cow id’ was also included in the subclinical mastitis model to control for
the within-cow correlation of data across the 5 months of observation of subclinical
mastitis. All two-way interactions and the three-way interaction term between
treatment, parity, and month of lactation were offered to the model. The only sig-
nificant two-way interaction encountered was the interaction between treatment
group and parity on the mixed logistic regression model that evaluated the effect
of treatment on clinical mastitis. To obtain strata-specific odds ratio parameters
for the different concentrations of the interaction term treatment � parity, the
lsmeans option of the GLIMMIX procedure (binary distribution) was used.

Finally, the effect of treatment on reproduction and survival was analyzed by
Cox’s Proportional Hazard using the proportional hazard regression procedure in
SAS. For analysis of reproduction, cows were right-censored if not diagnosed preg-
nant before culling, death, or the end of the data-collection period. For analysis of
survival, cows were censored if they were alive at the end of the data-collection
period. Variables offered to the models included treatment, parity, and farm.
Two-way interactions between treatment and parity were tested. To evaluate the
effect of treatment on reproductive performance and survivability, Kaplan–Meier
survival analysis was carried out using MedCalc version 11.5.1.0 software (MedCalc
Software).
Table 3
Least squares means of linear scores. A mixed effect general linear model was used in
this analysis and the variable ‘farm’ was included in the model as a random effect. To
account appropriately for within-cow correlation of the repeated linear scores, the
error term was modeled by imposing a first-order autoregressive covariance structure
for all statistical models.

LSM of linear scores (95% C.I.) P-value

Treatment
Control 2.3 (2.2–2.4) 0.021
TMS 2.1 (2.0–2.2)
Results

Descriptive statistics

Descriptive statistics regarding average age at enrollment
(days), average BCS at enrollment, average gestation length at
enrollment, and number of animals enrolled in each farm are pre-
sented in Table 2.
Table 2
Descriptive statistics of treatment groups.

Control Trace mineral
supplemented

Average age (days) at enrollment (±SE) 1335
(±420)

1320 (±411)

Average body condition score at
enrollment (±SE)

3.64
(±0.56)

3.65 (±0.54)

Average days of gestation at
enrollment (±SE)

228.2
(±19.2)

230.2 (±17.5)

Enrolled animals on farm A (%) 198 (56) 153 (44)
Enrolled animals on farm B (%) 140 (48) 151 (52)
Enrolled animals on farm C (%) 350 (48) 371 (52)
Enrolled animals in parity 1 (%) 168 (45) 197 (55)
Enrolled animals in parity 2 (%) 295 (51) 288 (49)
Enrolled animals in parity 3 (%) 247 (53) 221 (47)
Total enrolled animals (%) 710 (50.1) 706 (49.9)
Effect of subcutaneous trace mineral supplementation on udder health

Effects of trace mineral supplementation on linear scores dur-
ing the first 5 months of lactation are presented in Table 3.
Briefly, the least square means (LSM) of linear scores of control
and TMS cows were 2.3 and 2.1, respectively (P = 0.021). Addi-
tionally, the LSM of linear scores for cows in parity 1, 2 and >2
were 2.0, 1.9 and 2.6, respectively (P < 0.001), while, the LSM of
linear scores for cows in the first, second, third, fourth and fifth
month of lactation were 2.5, 1.9, 2.0, 2.2 and 2.4, respectively
(P < 0.001).

Linear SCC for the TMS and control cows, by parity and month of
lactation, are presented in Fig. 1. The effect of TMS treatment on
linear scores increased as parity increased; the decrease in linear
scores observed in TMS treated primiparous cows was small com-
pared to linear score drops observed for parity 2 and parity 3 or
greater.

Effects of treatment, parity and month of lactation on subclini-
cal mastitis, and the incidence of subclinical mastitis by treatment,
parity and month of lactation are presented in Table 4. Control
cows were at 1.3 times higher odds of having subclinical mastitis
(P = 0.005). Moreover, second lactation cows and third lactation
or older cows were at 1.2 and 2.6 times higher odds of having sub-
clinical mastitis, respectively (P < 0.001). Additionally, cows in the
second, third, fourth and fifth month of lactation had 7.0, 9.6, 11.2
and 10.3 increased odds of developing subclinical mastitis, respec-
tively (P < 0.001).

Effects of treatment and parity on clinical mastitis, and the inci-
dence of clinical mastitis by treatment, parity and the interaction
of treatment and parity can be seen in Table 5. Primiparous cows
were at 1.82 times increased odds of having clinical mastitis com-
pared to multiparous cows (P < 0.01). Treatment had no significant
effect on the odds ratio of clinical mastitis (P = 0.14). However, the
interaction between treatment and parity significantly affected the
odds of clinical mastitis; multiparous TMS treated cows had 39%
less chances of developing clinical mastitis than multiparous con-
trol cows (P = 0.03) but there was no significant effect of treatment
for primiparous cows (P = 0.33).
Parity
1 2.0 (1.9–2.2) <0.001
2 1.9 (1.8–2.0)
>2 2.6 (2.5–2.7)

Month of lactation
1 2.5 (2.4–2.6) <0.001
2 1.9 (1.8–2.0)
3 2.0 (1.8–2.1)
4 2.2 (2.1–2.3)
5 2.4 (2.2–2.5)

Treatment � parity �month Refer to Fig. 1 <0.001

Treatment � parity �month, three-way interaction term between the independent
variables treatment, parity, and month of lactation; LSM, least squares means; TMS;
trace mineral supplemented. Treatment group received three injections of trace
minerals (at 230 and 260 days of gestation, and 35 days postpartum). Each injection
contained 300 mg of zinc, 50 mg of manganese, 25 mg of selenium, and 75 mg of
copper.



Fig. 1. Least squares means of linear scores by month of lactation for primiparous
cows (A), for second lactation cows (B) and for third or higher lactation cows, and
(C). The dark gray line represents the controls and the light gray lines represent the
trace mineral supplemented cows. The error bars stand for the 95% confidence
interval for the mean and were calculated for the mixed effect general linear model
that included ‘farm’ as a random effect. An asterisk (�) indicates monthly means
differ (P < 0.05).

Table 4
Effect of treatment, parity and month of lactation on the odds of subclinical mastitis.
Subclinical mastitis was defined as somatic cell count >200,000 and negative for
clinical mastitis.

Incidence of subclinical
mastitis

Adjusted odds
ratio

P-value

Treatment
Control 10.4 1.3 0.005
TMS 8.0 1.0

Parity
>2 14.2 2.6 <0.001
2 7.4 1.2
1 6.0 1.0

Month of lactation
5 10.3 1.3 <0.001
4 11.2 1.4
3 9.6 1.2
2 7.0 0.8
1 8.2 1.0

TMS, trace mineral supplemented. See Table 3 for details of treatment.

Table 5
Mixed logistic regression model that evaluated the effect of treatment on the odds of
clinical mastitis.

Incidence of clinical
mastitis (%)

Adjusted odds
ratio

P-value

Treatment
Control 22.4 1.25 0.14
TMSa 18.7 1.00

Parity
Multiparous 22.6 1.82 <0.01
Primiparous 13.8 1.00

Treatment � parity
Control and primiparous 11.8 0.72 0.33
TMS and primiparous 15.6 1.00
Control and multiparous 25.4 1.39 0.03
TMS and multiparous 19.7 1.00

Strata-specific statistical comparisons were made comparing the effect of treatment
for primiparous and multiparous cows separately using the lsmeans option of the
GLIMMIX procedure of SAS and the binary distribution option; the P values for
these comparisons are presented in this table.

a TMS, trace mineral supplemented. See Table 3 for details of treatment; treat-
ment � parity, interaction term between treatment and parity on the odds of clinical
mastitis.
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Fig. 2. Kaplan–Meier survival analysis of probability of death/culling by treatment
group. Median time until culling/death was not estimated because more than 50%
of the cows in both treatment groups were still alive by the end of the follow up
period. There was no significant difference on survivability between trace mineral
supplemented and controls (P = 0.99).
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Effect of subcutaneous trace mineral supplementation on
reproduction, survivability, milk production traits and on other health
traits

There was no significant difference in reproduction between
TMS and control cows. The median calving-to-conception intervals
for the control and TMS groups were 110 and 111 days, respec-
tively (P = 0.61). There was no significant difference in survivability
between TMS and control cows (Fig. 2, P = 0.99). Treatment had no
effect on reproduction and survivability when controlled for parity
and farm in the models: The hazard ratio for pregnancy by treat-
ment group was 1.008 (0.83–1.22) and the hazard ratio for
death/culling by treatment group was 0.998 (0.77–1.29). Treat-
ment also had no effect on average daily milk production, average
daily FCM production, and percentage of fat and protein in the milk
(Table 6).

The incidence of and effect of treatment on the odds of stillbirth
parturition, endometritis, metritis, retained fetal membranes and
displaced abomasum are presented in Table 7. Metritis, retained
placenta and displaced abomasum were not affected by treatment.
However, control cows had 1.69 and 1.30 increased odds of having



Table 6
Least squares means of milk (kg/day), fat corrected milk (kg/day), fat (%), and protein.

Treatment P-value

TMS (95% C.I.) Control (95% C.I.)

Milk (kg/day) 40.3 (39.6–41.0) 40.5 (39.7–41.3) 0.66
Fat corrected milk (kg/day) 43.0 (42.4–43.5) 43.0 (42.4–43.6) 0.95
Fat (%) 3.7 (3.6–3.7) 3.7 (3.6–3.7) 0.75
Protein (%) 3.1 (3.07–3.11) 3.1 (3.07–3.11) 0.84

TMS, trace mineral supplemented. See Table 3 for details of treatment.

Table 7
Mixed logistic regression model that evaluated the effect of treatment on the odds of
stillbirth, endometritis, metritis, retained placenta, and displaced abomasum.

Control
(%)

TMS
(%)

Adjusted odds ratio (95%
C.I.)

P-value

Stillbirth 6.1 4.3 1.69 (1.03–2.80) 0.039
Endometritis 34.2 28.6 1.30 (1.03–1.64) 0.028
Metritis 11.5 11.8 1.04 (0.74–1.46) 0.827
Retained placenta 6.7 6.8 1.00 (0.65–1.53) 0.999
Displaced abomasum 2.6 1.3 1.73 (0.76–3.93) 0.194

TMS, trace mineral supplemented. See Table 3 for details of treatment.
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stillbirth and endometritis, respectively (P = 0.039 and 0.028,
respectively).
Discussion

This study evaluated a multimineral supplementation so it was
not possible to relate any response to a particular mineral. How-
ever, in a previous, recently published study using the same prod-
uct that was also used here, it was reported that supplementation
increased Se and Cu over 15 days, while plasma Zn and Mn concen-
trations were increased over 24 h (Pogge et al., 2012). These find-
ings suggest that only Se and Cu were likely to be stored
effectively, while the Mn and Zn supplementation was not likely
to have a long term effect. However, further research is needed
to validate what responses are due to which supplemented min-
eral, and to identify whether these minerals are stored in other tis-
sues than the liver or if they are excreted 24 h after
supplementation.

Our objective was to evaluate the effect of a subcutaneous sup-
plementation of a trace mineral supplement on health traits per-
formance of lactating Holstein cows. It is important to highlight
that the trace mineral status of the study cows were not estab-
lished. However, the study was performed in well-managed farms
that did not have any history of mineral deficiencies and where the
diets were also well managed. The study showed a positive effect
of trace mineral supplementation on udder health. Linear SCC
scores were significantly lower for TMS cows, particularly multip-
arous cows in the third to fifth month of lactation (Fig. 1). This was
reflected in TMS having a lower incidence of subclinical mastitis
than control cows (8% vs. 10.4%, respectively). The incidence of
clinical mastitis cases was reduced by trace mineral supplementa-
tion, but only in multiparous cow (from 25.4% to 19.7%). In primip-
arous cows the incidence of mastitis was higher in treated than in
control cows (15.6% vs. 11.8%, respectively). Although the differ-
ence was not significant (P = 0.33) this may have been due to lack
of power so a larger scale replication of the study using more pri-
miparous cows is required to establish whether the biologically
important difference seen in this study is consistently found.

This effect on udder health, especially for multiparous cows, is
consistent with the literature which suggests that there is a posi-
tive association between a cow’s Se status and its immune re-
sponse (Salman et al., 2009) and, consequently, with udder
health (Weiss et al., 1990). The effect seen in this study is also con-
sistent with the report by Kruze et al. (2007) who showed that
cows receiving a single injection of Se at drying-off had lower
SCC after an intramammary challenge with Staphylococcus aureus.
In contrast, Ceballos et al. (2010) reported that one injection of a
long-acting form of Se at drying-off did not affect udder health in
the subsequent lactation. However, that study lacked power (it
used only 49 cows) and the animals were based at pasture rather
than housed as in this study. Additionally, it could be that using
a combination of trace minerals is more beneficial than adminis-
trating Se alone but this needs further research. The lack of an im-
pact on udder health in heifers is consistent with the findings of
Ceballos-Marquez et al. (2010), who reported that neither dietary
nor injectable supplementation of Se reduced SCC or clinical mas-
titis in pasture-based heifers.

Although trace mineral supplementation can improve fertility
(Rabiee et al., 2010), the present study did not reveal any effect
of additional trace mineral supplementation on dairy cow calv-
ing-to-conception interval. Our study cows were fed a diet that
exceeded NRC recommendations for trace minerals and appar-
ently was enough for maintenance of reproductive functions but
not for optimizing udder health. This difference is consistent with
the finding by Jukola et al. (1996) that the whole blood Se con-
centration needed to optimize udder health was two times higher
than the Se concentration needed to maintain reproductive
parameters.

The effect of additional trace mineral supplementation on
reproductive performance is controversial; researchers have re-
ported that additional supplementation of trace minerals can have
a negative (Vanegas et al., 2004), positive (Sales et al., 2011), or
neutral effect on reproductive performance (Vanegas et al.,
2004). Vanegas et al. (2004) used a similar trace mineral supple-
ment to that used in the present study but with lower concentra-
tions of Cu, Mn and Zn. They reported that one shot postpartum
did not affect cow reproductive performance but two shots of trace
minerals (one before and one after parturition) reduced reproduc-
tive performance. On the other hand, in a study performed with
crossbred heifers, there was an increase in the conception rate
(embryo survival) of heifers that received a subcutaneous injection,
17 days prior to embryo transfer, of the same trace mineral source
used in the present study (Sales et al., 2011).

Trace mineral supplementation in our study was found to de-
crease the incidence of stillbirths and endometritis, conditions
which are known to impair reproductive performance (Bicalho
et al., 2007). In a recently published report, it was found that sys-
temic trace mineral supplementation significantly decreased the
proportion of cows with intrauterine contamination by Fusobacte-
rium spp. and Trueperella spp. (Machado et al., 2012b), which are
bacteria associated with uterine diseases, especially metritis and
clinical endometritis (Williams et al., 2005; Bicalho et al., 2011).

The incidence of uterine diseases and mortality in the present
study was similar to that seen in other work in North America. Le-
blanc et al. (2011) reported that the incidence of metritis typically
ranged from 10% to 20%, which is similar to the incidence recorded
here. Endometritis incidence was slightly higher in the current
study than reported in previous studies performed in North Amer-
ica (Cheong et al., 2012; Dubuc et al., 2010) but it is important to
highlight that the method we used to diagnose endometritis differs
from other studies; we evaluated the presence of pus in a uterine
lavage sample, while others used cytology and the presence of
purulent vaginal discharge (Cheong et al., 2012; Dubuc et al.,
2010). Culling rate (<25%) was also comparable to other studies
performed in North America (Bonneville-Hebert et al., 2011;
Brown et al., 2012).
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In our study, we observed an effect of subcutaneous trace min-
eral supplementation on udder health, endometritis and stillbirth
incidences. We believe that this was due to some of the trace min-
erals, particularly Se and Cu, being stored in the liver after supple-
mentation (Pogge et al., 2012), and thus being available during
periods of deficiency or high demands (Xin et al., 1993). However,
it is important to highlight that many other factors than trace min-
eral status can influence the incidence of stillbirth, endometritis
and mastitis. Our results on the effect of trace mineral supplemen-
tation might be different for different herds and the generalization
of these results should be made cautiously. In particular, the re-
sponse to treatment could be region-, farm- system or country-
specific. Further research is needed to determine if the results pre-
sented here are repeatable in different geographical locations and
different farm systems and also to determine the mechanism
through which some health parameters are improved with addi-
tional trace mineral supplementation subcutaneously.
Conclusions

Administration of three subcutaneous injections of trace miner-
als had a positive impact on udder health, decreasing linear SCC
scores, the incidence of subclinical mastitis, and (in multiparous
cows) the incidence of clinical mastitis. Additionally, trace mineral
supplementation decreased the incidence of stillbirth parturition
and endometritis. However, treatment did not have effect on
reproduction performance, milk production and other health traits.
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