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One of the major concerns of dairy producers in Puerto Rico is maintaining adequate
reproductive ¢fficiency in their herds. It has been proposed thal the status of selenium
(Se) and copper (Cu) levels in dairy cattle can inflaence veproduciive performance {Under-
wood and Suttle, 1999). The specific roles of these minerals in reproductive tissues are not
well defined in cattle, but their requirements for optimal reproductive efficiency deserve
careful re-evaluation. A relationship between the reproductive functions and these two
minerals has long been recognized (Aréchiga et al., 1994; Hurley and Doang, 1989 NR.C.,
2001). Both selenium and cepper are required micronutrvienis because of their roles in cel-
lular reetabelism, maintenance and growth (Avthur and Boyne, 1985; NRC, 2001},

Borderline nutrient deficiencies in dairy cattle may manifest as impairved fertility
before other clinical symptoms are apparent (Hurley and Doane, 1989 Hidiroglou, 1979).
Harsh tropical climates with high temperatures, high humidiiy and decreased forage in-
take can aceentuate these deficiencies (Hunter, 1977). Speeific mineral requirements for
opiimal reproduciion in modern dairy catile have not been [ully defined during eritical
periods of the reproductive cyele. Nor are nuirient requirements of reproductive tissucs
and endocrine systems that account for 1he constantly changing physiological states fuily
understoed. Advancement of knowledge in this area must be based upon a fundamental
understanding of general nulrient metabolism and of the specific voles of each nutrient
in reproductive tissues. This study was undertaken to ascertain the current status of
blood levels of selenium and copper in dairies throughout the igland.

To accomplish this objective, a local pharmaceutical company {Schering-Plough,
Inc.}, in coordination with ten local veterinariang, collectad blond samples (rom ¢ows se-
lected at random throughout the island. Twenty-nine dairy herds were selected for the
determination of selenium (n = 232) and 37 herds for copper (n = 305). Five to 10 cows
were selocted from each herd, depending on its size. The herds were selected from the
geographical zones established by the Regulation Board of the Dairy Industry (OR.IL,
2000} Sampled herds were [vom Region 1 (Camuy, Isabela, Mayagicez, Quebradillag and
San Sebastian); Region 2 {Arecibo, Hatitlo and Utuado}; Region 3 {Barceloneta, Corozal,
Dorado and Manatiy; and Region 4 (Caguaas, Cayey, Gurabo, Las Piedras and Naguabo).

Biood samples were collected by venipuncture of the coceygeal vein. Blood for sele-
nium analysis was sampled in 6-mi glass vacutainers containing the anticoagulant
Potassium EDTA whereas blood collected [ur the copper assay was placed in 10-ml glass
vaculainer tubes without additive. Plasma samples for copper analysis were prepared by
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centrifuge at 12,000 RPM for 120 seconds. Both plasma and blood samples were sent 1o
the Schering-Plough Animal Health Technical Services Laborvatory in Elk Horn, Ne-
braska. Seleniim and copper sualysis were conducted by using a Varian Speetra AA-2(
Atoric Absorption Spectrophotometer.®

Results of the study ave presented in Table 1. The main concentration of seleniam
in biood was 0.11 mg/L. with a standard deviation of 0.04 mg/L. Seleniam ievels in bovine
bleod are considered normal in the range of 0.08 to 0.30 mg/L, whereas concentrations
from 0.03 to 0.07 mg/L arve marginal (Blood et al., 1986). However, il incidences of masti-
tis and retained fetal membranes are considered, the optimal blood levels may be
somewhal higher than previously stated (Maus et al,, 19803 A selenium level higher
than 0.18 mg/Li was suggested as optimal by Jukola et al. (1998}, Individual cows in thig
study showed a range from 0,07 to 0.15 mg/L, thus with selenium levels in their blood
from marginal to adequate.

Selenium deficiencies have been related to almormal reproductive function in fe-
male cattle and to an increase in the incidence of retained placentas {(Hurley and Doane,
198Y; Julien et al., 1976). Cows given selenium for 21 days prepartum have shown a
lower incidence of uterine infections and faster involution than non-supplemented cows
(NRC, 2001). Selenium is a component of gluthatione peroxidase, an enzyme with anti-
oxidant properties that help maintain cell membrane integrity. Deficieney of selenium
may suppress defense against infectious diseases, producing a decrease in microbicidal
activity, all of which may contribute {o a higher incidence of metritis at parturition {Ace-
vedo, 1996). Tt has heen suggested that supplementation with selenium, with or without
vitamin K, also tends to reduce the incidence of retained placenta (Hurley and Doane,
1989}, Other researchers have found supplementation of selenium and vitamin E more
effective than selenium alone, but vihers have conciuded that the effect of selenium is in-
dependent of vilamin E supplementation. This prophylaclic effect has stimulated

TABLE 1.—Plasma selenivm and copper (mg/L) from dairy cows in sclected herds
throughout Puerto Rico.

Selenium? Copper
Number
Regrion? of Cows Mean S Mean S
--------------------- T P
1 55 0.1+ 0.04 0.45° 0.18
2 183 0.12¢ 0.04 0.60° 0.18
3 175 0,112 0.04 0.54 0.13
4 124 0.11« 0.04 0.53¢ .13
Total 537 0.11 0.04 0.52 0.18

"Region: 1 = Camuy, Isabela, Mayaglez, Quebradilias, San Schastidn; 2 = Areeibo, Ha-
tillo, Utuado; 3 = Bareeloneta, Corozal, Doradoe, Manati; and 4 = Caguas, Cayey, Gurabo,
Las Piedras, and Naguabo.

Number of tows (N) = 232 for selenium determination; N = 3065 for copper.

Walues with different letters are significantly diflferent (F < 0.05).

SAtomic Absorption Spectrophotometer, Varian Techiron, Melbourne, Australia,
Trade names in this publication are used only to provide specific information. Mention of
this name does not constitule a warranty or statement of preference by the University of
Puerto Rico nor is this mention a statement of preference over equipment or materials,
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interest in selenium and vitamin I¥ as enhancers of reproductive sfficiency, and subse-
guent studies have followed a protocol in which gelenium and vitamin F are
administered preparium (Acevedo, 1996; Moy4 et al., 2000).

The mean copper blood level abserved in this survey was 0.52 mg/L with a 0.18 stan-
dard deviation (Table 1}. Blood et al. (1986 veported that normal levels of blood copper
arc in the range of 0.95 to 1.57 mg/L,, with levels lower than 0.50 mg/L considerad defi-
cient. The NRC 2001 considers normal concentrations of copper those in the range of 0.5
to 1.5 mg/L with 0.9 mg/L and average value. These guidelines would place the cows of
this study in a range of copper concentrations from 0.343 to 0.697 mg/L, as varying from
deficient to marginal.

Blood selenium levels were similar among the different regions of the island (P >
0.04, Table 2). Mean values range from 0.11 to 0.12 mg/L across regions and atl had stan-
dard deviations of 0.04 mg/L. Mean plasma copper in the same peographical regions
varied somewhat, with levels in the eastern part of the island (region 1) being lowest
(0.45 mg/I,) and those in region 2 (0.60 mg/L) highest (P < 0.05), whereas regions 3 and
4 gave values of 0.54 and 0.53 mg/L, respectively. Copper deficieney in prazing cattle has
been recogmized us a major problem in many parts of the world, vesulling from either too
little dietary copper available or from influences of other interfering substances, such as
high levels of molybdenum, fron and sulfur. Dairy nutritionist may need to adjust copper
requirements for grazing animals because soil contamination of the forages can reduce
copper absurplion by as much as 50% (NRC, 2001). Dairies in regions 1, 3, and 4 use pre-
dominantly grazing-fype management systems, which could pactially explain these
results, By contrast, dairies in region 2 are predominantly confinement or semi confine-
ment-type operations using mostly hay and hayiage instead of pastures. In grass hays
and silage the inhibitory effect on copper absorbability previously mentioned is present
by to a lesser degree. In these eases, however, a high sulfur eontent of the dict can he a
determining factor on copper absorption (Underwood and Suttle, 18989) and this finding
should he eonsidered.

Plasma copper concentrations may change during the peripariurient pertod, when
siress assoeiated with fetal development and the process of calving may increase copper
vequirements (Waterman et al., 1991}, The {etal Hiver may take up this mineral more rap-
idly than that of the mother (Hemken et al., 1993). These reports suggest that copper
requirements previously recommended by the NRC (2601) may not be adequate for the
trapsition cow during late gestation. Other effects associated with copper deficiency in-
clude early embryonic death, abnermal ovarian activity, delayed or depressed estrus,
reduced conceplion rates, increased incidence of retained placenta and loss of hair color
(Hidiroglou, 1979). Supplemental copper has increased conception rate in cows with mar-
ginally law blood copper (Hunter, 1977). Dairy cows under tropieal grazing management
conditions, supplemented with Cu-containing boluses immediately after parturition, had
fewer days open (196.9 vs. 253.6 d) than non-supplemented animalis (Mayd et al., 2000).
Infertility associated with delayed or depressed estrus has heen ohserved in cows grazing
Cu-deficient pastures, whereas ¢onception rate was increased from 53 to 67% upon injec-
tion of supplemental copper, and the increase wag greater (33%? after injection of copper
and cohalt {Alderman, 1963). Supplementation of cows with both copper and magnesium
has also resulted in improved fertility (Ingraham et al., 1987}

Both selenium and copper are involved in oxidative reactions within the cell, provid-
ing a diversity of antivxidant mechanisms. Therefore, a signilicant deficicncy of these
micronuirients may compromise, to a certain extent, cellular function affecting the tis-
sues involved in the reproductive processes. Inconsistent responses £o selenium and
copper supplementation are not surprising, considering the number of factors and com-
plexity of their interactions invelved in reproductive processes. Optimal function of
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reprochuctive tisstes may he limifed by nutritional defiviencies at eritical peviods, includ-
g puberty, parturition, and peak lactalion; the latier 1s n particuiarly eritical period in
the dairy eow as it overlaps the optimal period for rebreeding. Nutrient availubility for
reproduction is of partiealar concern in the primiparous cosy, which also has a nutrient
requirement for growth (INRC, 20015,

These findings show a tendency for dairy cows in Puerto Rico Lo have blood selenium
levels firom marginal {borderline) to adequate and copper values {rom marginal to defi-
cient. These micronutrients are important components of biochemical reactions at the
cellular level, In addition, researeh has shown the need for supplementation of selenium
and copper Lo improve reproductive performance in dairy cattle. Flowevey, it should be
mentioned that response to supplementation of these nutrients in humid tropical areas
such as Puerto Rico could well be inconsistenl because of the multiple factors that affect
reproduction. Special attention should be given to the status of selenium and copper in
cattle hecause supplementation of these micronuirients could preveat antritional defi-
ciencies duzing critical periods such as parturition, peak lactation, and first lactation
combined with growth. Supplementation of these micronutrients under tropical condi-
tions merits further study, especially when most of Lthe dairy cattle on the island are
managed nnder intensive grazing conditions. More supplementation of these micronutri-
ents may be needed because forage quality, availability, and intake can be influenced by
Lropical temperatures and hunidity.
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