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Abstract

A dose-response trial was conducted with dairy cows on six farms in the Ixopo district of the
Midlands of KwaZulu-Natal. Up to 30 cows per farm received a single subcutaneous injection of 5 mL of a
long-acting/slow-releasing selenium (Se) supplement containing 50 g Se as barium selenate/mL (Deposel).
The same number of matching cows per farm was used as controls. The cows grazed cultivated pastures and
received concentrates containing no added Se. Whole blood Se concentrations were determined on day 1 and
at ca. three month intervals thereafter. The investigation was conducted for periods ranging from between
300 and 400 days on the different farms. Incidences of retained placenta, metritis, cystic ovaries, mastitis and
calf mortality were recorded. Whole blood Se concentrations of the unsupplemented cows ranged from 17 to
90 ng/mL. Accepting that a concentration of >200 ng/mL blood indicates an adequate Se intake, the recorded
concentrations suggest that the cows were deficient to marginally deficient in Se. The parenteral Se
supplementation at the prescribed dose increased blood Se concentrations by an average of 32.8 ng/mL, but
this was insufficient to raise blood Se concentrations to adequate or recommended levels for dairy cows. No
significant differences were recorded on the incidence of retained placenta, metritis, cystic ovaries, mastitis
and calf mortality. It was concluded that, if not supplemented, dairy cows grazing cultivated pastures in the
Ixopo district of KwaZulu-Natal are likely to be deficient to marginally deficient in Se. However, the
prescribed dose of 5 mL of the slow-releasing Se supplement was too low to overcome the deficiency.
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Introduction

Soils in the high rainfall region of the Midlands of KwaZulu-Natal are classified as acidic, with a pH
“frequently in the vicinity of 4” (Miles, 1991). These conditions are conducive to the occurrence of a
selenium (Se) deficiency among grazing animals (Reid & Hovarth, 1980). Higgins & Fey (1993) recorded
low concentrations of Se (< 0.03 mg/kg DM) in ryegrass from the Natal Midlands, suggesting that a Se
deficiency is likely in animals grazing these pastures. Van Ryssen et al. (1992; 1999) conducted dose-
response trials on sheep in various regions of the Natal Midlands, and recorded growth responses in lambs
grazing cultivated pastures upon receiving supplemental Se. The region is a prominent milk producing area
predominantly from cultivated pastures which are irrigated when necessary. In a survey conducted among
dairy herds in the Ixopo district of Natal, an area not covered in the investigations by Van Ryssen et al.
(1992; 1999), O’Hagan (1994) found that the glutathione peroxidase activity in the erythrocytes of dairy
cows indicated that cows in this region might be suffering from a Se deficiency. This prompted the current
study to investigate the response to Se supplementation in dairy cows in terms of health related problems and
changes in whole blood selenium concentrations.

Materials and Methods

Six dairy farms in the Ixopo district of KwaZulu-Natal with excellent recordkeeping and management
practices, were selected. The number of cows (predominantly Friesland/Holsteins, in their second or later
lactations) on each farm is given in Table 1. The cows were paired for level of production and stage of
lactation and, within a pair, randomly allocated to a group receiving supplemental Se or an unsupplemented
control. All cows selected were either in milk or in calf. On all farms, a few cows were withdrawn from the
study for reasons not related to the investigation. Each cow in the treatment group received a single
subcutaneous injection of 5 mL of a slow-releasing, long-acting Se supplement (Deposel, containing 50 g Se
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as barium selenate/mL, Rycovet, Scotland). The cows grazed cultivated pastures throughout the year and
concentrates containing no added Se were fed separately. The farmers were not informed which cows were
treated, and routine dairy farming practices were followed. Whole blood Se concentrations were determined
from blood collected before the cows were injected (Day 1) and at ca. three month intervals for the duration
of the study. The investigation lasted up to between 291 and 414 days on the different farms (Table 1).
Blood was collected from the caudal artery into 10 mL heparinised vacutainer tubes. Whole blood Se
concentrations were determined, using the fluorometric method of Koh & Benson (1983). Analysis of
variance using the package, Genstat (1993), was used to compare differences between treatments.

The incidences of some disorders often associated with depressed immune functions in the body were
recorded, namely the occurrences of retained placenta, metritis, cystic ovaries, mastitis and calf mortality
(Harrison et al., 1984; Jukola, 1993; Smith et al., 1997). A count analysis was performed on these data, using
the %> method described by Clarke (1987).

Table 1 Duration of study on each farm and number of cows used on the different farms

Location Number of Number of cows*
of farm days Treated Control

Hella-Hella 1 414 29 30
Umzimkulu 1 357 22 20
Lufafa Road 386 14 13
Creighton 291 27 26
Hella-Hella 2 358 30 27
Umzimkulu 2 334 27 26

* At end of trial

Results and Discussion

Blood Se concentrations of the cows at the onset of the study and of the untreated cows throughout the
study ranged from 17 to 90 ng/mL (Table 2). A whole blood Se concentration of 200 ng/mL was proposed
by Jukola et al. (1996) to be the target value to optimize udder health in dairy cows. Kincaid (1999)
considered whole blood Se concentrations ranging between 60 and 200 ng/mL as marginally deficient. It
could be concluded that, when not supplemented, dairy cows grazing cultivated pastures in the Ixopo district
are likely to receive insufficient Se through their diets.

Table 2 Blood selenium (Se) concentrations at the beginning and end of the collection periods on different
dairy farms

Blood Se concentration (ng/mL)

Location First collection (+ s.e.) Last collection*® (£ s.e.)
of farm Day 1
Treated Control Treated Control

Hella-Hella 1 36+2.5 31+44 59+ 4.6 23°+22
Umzimkulu 1 16+1.5 17+1.0 47 £ 4.6 21°+1.8
Lufafa Road 25+1.6 19+2.0 65°+3.8 26°+4.0
Creighton 53+5.6 48 +4.7 782+ 10.3 41°+3.5
Hella-Hella 2 68 +4.3 75+45 126%+ 8.1 90°+9.6
Umzimkulu 2 61 +4.9 66+ 7.1 767+ 6.1 42°+3.8

* Day of last collection, as given in Table 1; s.e. — standard error
~® Within rows referring to last collection, differences were significant at P < 0.01
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Whole blood Se concentrations in the unsupplemented groups fluctuated throughout the study, and
lowest concentrations were recorded mainly during mid winter to early spring. Although variations in soil
types would contribute to such variation, the extent of liming of the soils by farmers has not been recorded,
but could have contributed to these variations. Miles (1991) reported that liming of soils would increase the
pH and in turn increase the absorption of Se by plants (Cary et al., 1967). No effect of stage of lactation on
the Se concentrations in blood could be established due to too many uncontrollable variables.

The overall response in blood Se concentration to the parenteral supplementation of Se is presented in
Figure 1. The 5 mL of Deposel injection increased blood Se concentration by an average of 32.8 ng/mL.
These elevated levels have been reached by the time the second blood collections were done, at ca. 90 days
after the onset of the study. These elevated levels were maintained throughout the test periods of up to 414
days. This supported other investigations in which it was found that the product increased and maintained an
elevated Se status in sheep for two breeding seasons (Jvernes et al., 1985) or 18 to 20 months (Van Ryssen
et al., 1992). However, in the present study the 5 mL Deposel injection was not sufficient to improve the

blood Se concentrations to levels indicating an adequate Se intake in dairy cows, viz. >200 ng/mL (Jukola et
al., 1996).

50

40 +

30 e s n

+ et v h +
S F + *

20 +. +.+

10 /

0 100 200 300 400 500
Days post-treatment

Response (ng Se/mL blood)

Figure 1 Response in whole blood selenium concentration above concentration in the respective
unsupplemented groups on all six farms (Compertz equation: Y = -475 + 508 x g0 0229 x(X*118)))

Table 2 Incidences* (total for all herds) of parameters of animal health

Retained Metritis Cyspc Mastitis Calf

placenta ovaries mortality
Treated (n) 9 17 0 18 7
Control (n) 9 20 6 23 19

n — number of incidences recorded
* differences between treatments not significant

No significant differences were recorded between treatments in the measured parameters of animal
health (Table 2). Considering that almost 300 cows were involved in the investigation, the incidences of
these health problems were relatively low. That would limit the possibility of observing any health responses
to Se supplementation. However, that could also suggest that most of the stimuli or challenges to the body

that could trigger immune reactions in the cows, by responding to the supplementation of antioxidants such
as Se, were minimal (McMurray et al., 1983).
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Conclusion

Selenium concentrations in the whole blood of dairy cows in the Ixopo district of KwaZulu-Natal
indicated that cows grazing cultivated pasture could be suffering from a Se deficiency if they do not receive
supplemental Se. However, the 5 mL Deposel injection was insufficient to elevate blood Se concentrations
to levels considered to indicate a sufficient Se status. Although this could have contributed to the fact that no
response was observed in health problems related to a Se deficiency, the incidences of retained placenta,
metritis, cystic ovaries, mastitis and calf mortality even in the controls were too low to expect any dramatic
response to supplementation. Further research is required to establish what level of supplementation with
this product would be sufficient to elevate whole blood Se concentrations in dairy cows to a range considered
adequate.
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