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A B S T R A C T

This study evaluated the effect of injecting trace minerals on reproductive performance in over-
conditioned Holstein cows before synchronized estrus. Multiparous non-lactating, over-condi-
tioned repeat breeder cows (n = 20) were assigned randomly to one of two treatments: 1) control
(n = 10), and 2) supplementation with an injectable trace mineral complex 25 days before
expected synchronized estrus (n = 10). Follicular waves were synchronized by intravaginal
insertion of a CIDR for eight days and an intramuscular (i.m.) injection of a GnRH analogue.
Estrus was induced at CIDR removal by an i.m. injection of PGF2α. Blood samples were collected
before and after synchronized estrus. The response variables were follicle population (FP),
diameter of the preovulatory follicle at CIDR removal (DFP0) and at estrus detection (DFP1), time
of estrus after CIDR removal (TE), area of corpus luteum (ACL), pregnancy rate and copper and
zinc serum concentrations. The statistical analysis of the variables was carried out with SAS. The
FP, DFP0, DFP1, TE, ACL and serum concentrations of copper and zinc were not affected by the
trace mineral injection (P > 0.05). Even though pregnancy rate at 40 (77.78 ± 13.46 vs
44.44 ± 16.56%) and 60 days after AI (66.67 ± 15.71 vs 33.33 ± 15.71%) was numerically
higher for cows injected with trace minerals than for the control group, the differences were not
significant (P > 0.05). In conclusion, while follicular and corpus luteum development were not
affected by trace mineral injection, it may be a feasible way to increase the pregnancy rate in
over-conditioned cows.

1. Introduction

Obesity alters the trace mineral status necessary for normal reproduction (Tungtrongchitr et al., 2003; Hidiroglou, 1979).
Overweight and obese conditions reduce fertility as a result of poor oocyte competence, low embryo quality and pregnancy losses,
probably by adversely affecting the hypothalamic-pituitary-ovary axis function (Brewer and Balen, 2010; Jungheim and Moley,
2010). Reduced fertility due to obesity is also well documented in humans (Pasquali et al., 2003), but little is known in dairy cattle.

The presence of over-conditioned (obese) cows is undesirable on dairy farms. Cows can be regarded as under- or over-conditioned
based on their body condition score, on a scale of 1–5 where 1 is under- and 5 is over-conditioned (Wildman et al., 1982). In general,
an over-conditioned or obese status is detrimental to health (Roche et al., 2009) and fertility in cattle (Stádník et al., 2002).
Unfortunately, there is a lack of research attempting to improve fertility in over-conditioned cows. This is important because over-
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conditioned dairy cattle are often labeled as low producers and repeat breeders, and maintenance of these animals results in
economic losses for the dairy farmer. In obese humans, correction of some of the hormonal imbalance (Chen et al., 1998), and in
cattle, improvement in reproductive performance (Campbell et al., 1999), have been reported after trace mineral supplementation.
To our knowledge, there is no available information regarding the effect of trace minerals on fertility in over-conditioned cattle.
Therefore, this study evaluated injectable trace mineral supplementation before estrus as a strategy to improve fertility in over-
conditioned cows.

2. Materials and methods

2.1. Location

The experiment was performed at the Universidad Autónoma Chapingo, México, dairy cattle research station farm. The farm is
located at 19°29′N and 98°52′W, 2250 m above sea level. The climate is temperate sub-humid, with a mean annual temperature and
rainfall of 15 °C and 645 mm, respectively (García, 1988). The experiment was conducted during May 2015. All the technical and
management procedures for animals in the present research were performed using the guidelines set by the Canadian Council on
Animal Care (2009).

2.2. Animals, treatments and experimental design

Multiparous non-lactating and repeat breeder (≥4 services) cows available in the herd were assessed by a standard body weight
condition scoring system from 1 (under-conditioned) to 5 (over-conditioned). Cows with 4 (heavy) to 5 (over-conditioned) scores
(n = 20), with an average score of 4.75 ± 0.55 and an average body weight of 749.6 ± 16.2 kg, were assigned randomly to one of
two treatments: 1) the control group without mineral supplementation (n = 10) and 2) the treatment group supplemented with a
subcutaneous injection (1 mL per 90.7 kg) of a trace mineral complex (Multimin 90, Nova-Tech, Inc., USA) containing 15, 10, 5 and
60 mg mL−1 of copper, manganese, selenium and zinc, respectively, 25 days before expected estrus (n = 10).

Cows were maintained as a single group and fed corn silage before, during and after the experiment. In addition, cows did not
receive any mineral supplementation for at least two months before beginning the experiment. The experimental design was
completely random with ten repetitions, and the experimental unit was one cow.

2.3. Estrus synchronization and breeding

Follicular waves were synchronized 14 days after the trace mineral injection was administered, by intravaginal insertion of a
controlled internal drug release device (CIDR) containing 1.9 g of progesterone (CIDR 1900 CATTLE INSERT®, Zoetis, Mexico), and
an i.m. injection of 250 μg of a GnRH analogue (GnRH®, Sanfer, Mexico) at CIDR insertion. The CIDR was removed after eight days,
and estrus behavior was induced by intramuscular (i.m.) administration of 500 μg PGF2α (Celosil®, MSD Animal Health, Mexico) at
that time. After the CIDR was removed, cows were constantly monitored by direct observation for signs of standing estrus. Cows were
artificially inseminated 12 h after estrus with a dose of semen (approximately 20 × 106 spermatozoa) from a single bull of proven
fertility.

2.4. Response variables

The response variables measured were follicle population (FP), diameter of the preovulatory follicle at CIDR removal (DFP0) and
at estrus detection (DFP1), time of estrus after CIDR removal (TE), area of the corpus luteum (ACL), pregnancy rate and serum copper
and zinc concentrations.

The FP, DPF0, DFP1 and ACL were measured by real time ultrasonography (Aloka SSD-500, with 7.5 MHz linear transducer;
Aloka Ltd, Tokyo, Japan). FP was measured by counting the number of antral follicles (≥1 mm) in both ovaries on days −25, −20,
−15, −10 and −5 (day −25 was the day of trace mineral injection). The DFP0 and DFP1 were calculated by the average of
horizontal and vertical measurements of the preovulatory follicle at CIDR removal and immediately after estrus detection. The
preovulatory follicle at CIDR removal was that with the largest diameter, and its location was recorded and its diameter remeasured
at estrus detection. The ACL was calculated directly by ultrasound nine days after AI. The TE was calculated as the time between CIDR
removal and estrus appearance. Pregnancy to AI was determined with transrectal ultrasonography at 45 and 60 days after AI. The
serum concentrations of copper and zinc were determined by means of atomic absorption spectrophotometry of serum collected on
days −25, −20, −15, −10, −5, and −1, and nine days after AI, in five cows chosen at random from each group. Blood was
collected using red cap BD vacutainer serum tubes, but care was taken to avoid any contact between blood and the tube cap during
and after sample collection. In addition, cows were handled so as to minimize any distress that could compromise sample quality
before and during sampling. If hemolysis was observed, the sample was discarded and another was taken as soon as possible on the
same day. In general, sample management and the material needed for mineral determination was prepared according to the
guidelines of Fick et al. (1979).
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2.5. Statistical analysis

The response variables were analyzed using SAS 9.3 statistical software. The effects of mineral injection on FP, copper and zinc
concentrations were analyzed by repeat measurements using PROC MIXED. The DFP0, DFP1, TE, ACL and pregnancy rate were
analyzed by the Tukey test using PROC GLIMMIX, with the function link identity, but in the case of pregnancy rate, the function link
used was logit. The experimental unit was one cow.

3. Results

The effect of injecting non-lactating, repeat-breeder, over-conditioned cows with a trace mineral complex on ovarian development
and time to estrus presentation is shown in Table 1. The injections of trace minerals before a synchronized estrus had no effect
(P > 0.05) on follicle population, preovulatory follicle size or corpus luteum development. However, time to estrus after CIDR
removal in the control group tended (P = 0.19) to be shorter compared with cows that received trace mineral supplementation.
Pregnancy rate at 40 and 60 days after AI was 33.3% higher in cows injected with trace minerals compared with control cows (Fig. 1).
However, the effect of treatment was not significant (P > 0.05).

4. Discussion

This study evaluated the effect of injecting non-lactating, over-conditioned repeat breeder Holstein cows before a synchronized
estrus with a trace mineral complex on reproductive traits and serum copper and zinc concentrations. Over-conditioned, obese cattle
are often regarded as repeat breeders, which may result from a higher incidence of ovarian cysts (Stádník et al., 2002) and reduced
oocyte quality (Kubovicova et al., 2012). Low quality embryo production has been reported in obese cattle (Velazquez et al., 2011)
due to the high incidence of fragmented embryos (Makarevich et al., 2016). In addition, a greater clearance of progesterone has also
been reported in obese cattle (Burke et al., 1998), compromising pregnancy maintenance.

Follicle population is associated with fertility in cattle. A low follicle population (five antral follicles) has been previously reported
in obese cattle (Kubovicova et al., 2012). According to Ireland et al. (2007, 2008), cows with a high follicle population (≥25 antral
follicles) produce more oocytes of better quality and yield more transferable embryos than those with a low population (≤15 antral
follicles). This may explain the higher fertility observed by Mossa et al. (2012) in dairy cattle with high follicle populations.
Considering the follicle population obtained in our results, and those of Ireland et al. (2007, 2008) and Mossa et al. (2012), the
animals in the present study can be regarded as cows with low fertility.

Table 1
Least squares means (± standard error) for the influence of injectable trace mineral complex supplementation on ovarian development and time of estrus of non-
lactating, over-conditioned repeat breeder Holstein cows.

Variable Groupa P-value

Control Injected with trace minerals complex

Follicle population (≥1 mm) 8.38 ± 0.8 8.02 ± 0.8 0.77
Diameter of the preovulatory follicle at CIDR removal (mm) 13.15 ± 1.0 11.46 ± 1.0 0.25
Diameter of the preovulatory follicle at estrus detection (mm) 15.76 ± 0.7 16.13 ± 0.7 0.71
Time to estrus after CIDR removal (hours) 56.60 ± 17.8 90.52 ± 17.8 0.19
Area of the corpus luteum (mm2) 50.40 ± 3.8 43.61 ± 3.8 0.23

a Within rows, means with different superscripts are statistically different (P ≤ 0.05).

Fig. 1. Pregnancy rate at 40 and 60 days after artificial insemination in non-lactating, over-conditioned, repeat breeder Holstein cows injected with a trace mineral
complex (gray bars) and control group (black bars).The mean serum concentrations of copper (0.42 ± 0.02 vs 0.39 ± 0.02 mg L−1) and zinc (0.19 ± 0.007 vs
0.20 ± 0.007 mg L−1) for the control and treatment groups, respectively, were not affected (P ˃ 0.05) by treatment. The concentration patterns of these minerals over
the sampling period are depicted in Figs. 2 and 3.
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Pregnancy success in cattle has been related to the size of the preovulatory follicle (Machatkova et al., 2004) and corpus luteum
(Nogueira et al., 2012). However, the growth of the preovulatory follicle and the corpus luteum were not affected (P > 0.05) by
trace mineral supplementation in this study. Even though significant differences in pregnancy rate were not achieve between
experimental groups, most likely due to small sample size, one can suggest that the numerically higher pregnancy rate obtained in
obese cows injected with trace minerals could have resulted from affecting other variables not measured in this study, such as
improvement in oocyte quality, embryo survival or both.

Copper and zinc serum concentrations of cows injected with trace minerals were deficient, as in the control group (Puls, 1988;
Kincaid, 1999). It is likely that the injected dose of trace minerals was not enough to induce an increase in serum concentrations of
copper and zinc. According to Gambling et al. (2008) and Tian and Diaz (2013), copper and zinc deficiencies disrupt preimplantation
development leading to early embryo death. However, the pregnancy rate was numerically higher in cows injected with trace
minerals than in the control group. One can speculate that these minerals were absorbed and stored in selected tissues such as liver in
the case of copper (Balemi et al., 2010), and in fat tissue and the small intestines in the case of zinc, as reported by Kennedy and Failla
(1987) in obese individuals, allowing them to have a source of these minerals to fulfill their reproductive task.

Trace mineral supplementation has been shown to improve fertility in cattle (Campbell et al., 1999; Griffiths et al., 2007),
probably by reducing embryo death (Lamb et al., 2008). Sales et al. (2011) suggested that the increased pregnancy rate in recipient
heifers may be due to an increase in embryo quality in donor heifers supplemented with trace minerals. However, to our knowledge
there is no information regarding the influence of supplementing trace minerals on fertility in obese cattle. This is relevant, since
micronutrient supplementation may be important for body weight regulation through normalizing insulin metabolism (Astrup and
Bügel, 2010). Among the micronutrients, zinc concentrations are reduced in obese individuals (Marreiro et al., 2002), while cooper
concentrations increase as body mass index increases (Song et al., 2007). Therefore, fertility could be boosted by strategic
supplementation of trace minerals in obese cattle.

Low concentrations of zinc have been found in repeat breeder cows (Barui et al., 2015). The results of Marreiro et al. (2006)
demonstrated that zinc supplementation reduces plasma insulin in obese women, probably by attenuating pancreatic secretion or by
enhancing the peripheral response or insulin utilization (Chen et al., 1998). Interestingly, Adamiak et al. (2005) reported that cows
with a moderate to high body condition have decreased fertility due to high concentrations of insulin. Insulin increases the
concentrations of IGF-I (Mashek et al., 2001; Rhoads et al., 2004), which is detrimental to oocyte quality (Thomas et al., 2007) and
embryo survival (Katagiri et al., 1996). On the other hand, oocyte competence and embryo development have been enhanced by
insulin sensitizers in obese mice (Minge et al., 2008), suggesting that zinc supplementation may improve fertility indirectly in obese
cattle by altering insulin availability. However, since insulin concentrations were not measured in this study, we cannot assume that

Fig. 2. Copper (Cu) serum concentration in non-lactating, over-conditioned, repeat breeder Holstein cows injected with a trace mineral complex (solid line) and in the
control group (dotted line).

Fig. 3. Zinc (Zn) serum concentration in non-lactating, over-conditioned, repeat breeder Holstein cows injected with a trace mineral complex (solid line) and in the
control group (dotted line).
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the numerically increased pregnancy rate in obese cattle supplemented with trace minerals was accompanied by a reduction in blood
insulin concentrations.

In conclusion, the injected trace mineral supplementation before synchronized estrus did not affect follicular or corpus luteum
development, but it may be a feasible way to improve reproductive performance in over-conditioned cattle.
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