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Abstract: In this study, the effect of pre- and postpartum Selenium (Se) supplementation on Se levels of the
allantoic fluid, colostrum, milk and plasma as well as on the body weight gain of ewes and their newborn lambs
was investigated. A total of 32 pregnant primiparus Pelibuey ewes were selected and classified randomly into
3 groups. The 1st group received Subcutaneous (SC) Se supplementation with 0.1mg of sodium selenite/Kg BW
at 7th, 4th week prepartum and 1st week postpartum. The 2nd group was treated with oral Se supplementation
3 mg of sodium selenite/head/week, for 7 weeks prepartum, while the 3rd group remained as a control, without
Se supplementation. Maternal plasma samples were collected weekly for 8 weeks pre- and postpartum and at
parturition, while samples of the allantoic fluid were collected for 5 weeks prepartum. Plasma samples of the
newborn lambs were collected at 48 h of the age and weekly for 8 weeks. Samples of colostrum and then that
of the milk were collected weekly for 8 weeks for determination of Se levels. The body weight of the lambs born
to the SC Se supplemented ewes was higher than that of the control (p<0.05) group for the first 2 weeks
postpartum. Allantoic fluid, colostrum, milk, maternal and lamb plasma Se concentrations were significantly
increased in Se supplemented groups than that of the control (p<0.05). Positive relationships were observed
between gestational age and Se concentration of the allantoic fluid (r = 0.92- 0.96; p<0.05) and between milk and
lamb plasma Se concentration (r = 0.57- 0.73; p<0.05). Positive relationships were also detected between maternal
plasma and milk Se concentration (r = 0.66-95; p<0.05) in Se supplemented groups, while negative relationship
occurred in the control group (r = - 0.60; p<0.05). Milk and lamb plasma Se concentrations were higher in the
SC group than that of the oral group (p<0.05), for the first 2 weeks postpartum. Prepartum sodium selenite
supplementation was important to maintain the maternal plasma Se level during gestation and postpartum Se
supplementation was important for maintaining milk and lamb plasma Se concentrations and improving the body
weight gain of the newborn lambs. Allantoic fluid changes were confirmed as a good indicator of fetal Se status
and may act as storage of Se and play a role in Se metabolism between the dam and fetus.
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INTRODUCTION (Koller et al., 1984; Van Suan et al., 1989) and is present

Selenium (Se) deficiency could be prevented by oral to the mother availability. Results of a previous study
supplementation, but digestive Se absorption in the suggested that, fetus requirements were covert by the
ruminants varies between wide ranges, from 10-16% dam with regardless of their Se status, dam sacrificed its
(Koenig et al., 1991) to 51% (Harrison and Conard, 1984). Se levels to maintain fetus (Abd Elghany et al., 2007). The
Since lambs and ewes are more prone to disease when total diet for sheep should contain 0.10-0.30 ppm of Se
dams were deficient in Se during pregnancy, it is therefore (Smith and Sherman, 1994; Ullery et al., 1978). The choice
believed that supplementation of pregnant animals with of the treatment of Se deficiency will depend on the
Se would minimize the occurrence of diseases. Se is circumstances of each case, including cost, husbandry
transferred from the dam to the fetus across the placenta system   and   ease   of   administration   (McPherson  and

in the colostrum and milk (Cuesta et al., 1995), according
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Chalmers, 1984; Kott et al.,  1983).  The   allantoic   sac 8, 7, 6, 5 and 4th weeks prepartum (Zeppertiz and GrÜn,
was traditionally considered to be a deposit for fetal
wastes  (Alexander  and  Williams, 1968). However,
studies in pigs and  sheep have  shown  that  the
allantoic  sac  may play  an  important role in the
homeostasis of nutrients and  metabolites  used by the
fetus (Bazer, 1989; Hyukjung et al., 2003). Results of a
previous study demonstrated  that  Se concentration  in
the  allantoic fluid  may  be  used  as  a  good   indicator 
of  the  fetal Se  status throughout the gestational period
(Abd Elghany et al., 2007). 

This research evaluated the effect of pre and
postpartum Se supplementation in sheep on the Se levels
of the maternal plasma, allantoic fluid, colostrum, milk and
plasma Se and on the body weight gain of the newborn
lambs.

MATERIALS AND METHODS

A total of  32  primiparus  pregnant Pelibuey ewes
were selected after ultrasound examination approximately
90 days of pregnancy. The ewes were 1.5-2 years of age
with an average body weight of 41.09±0.8 kg. These ewes
were divided into 3 groups, the 1st group (n = 11) were
supplemented with Subcutaneous injection (SC) of
sodium selenite, 0.1mg/kg BW, at the 7 and 4th weeks
prepartum and  at  1st  week  postpartum,  at  the same
time weekly blood sample  was collected.  The 2nd group
(n = 11) was orally supplemented with sodium selenite 3
mg/head in deionized water once weekly for 7 weeks
prepartum  while  the  3rd  group  was  left  as  a  control
(n = 10). Animals received feed and water Ad libitum. The
diet was composed of alfalfa, ground corn, soybean as in
(Table 1) and a mineral salt without Se, nevertheless diet
Se contents were determined.

Sampling: Blood samples were collected by the jugular
vein puncture weekly for eight weeks pre- and postpartum
from the ewes. Newborn  lambs were sampled at 48 h of
the age and then weekly for 8 weeks. Blood samples were
centrifuged immediately (2000 xg, 15 min) to obtain plasma
which was stored at -20°C Allantoic fluid was collected by
puncture with ultrasonographic guide at the 

Table 1: Dietary supplementation of the ewes during gestation and
lactation period (kg/head/day)

Item Gestation Lactation
Roughage 0.4 0.5
Alfa alfa 1.3 0.7
Soybean 0.2 0.4
Ground corn 0.3 0.9
Mineral salt 0,006 0,007
Water Ad libtium Ad libtium
Crude protein 15% 15%
Energy (Mcal/kg) 2.3 2.7

1991). Blood and colostrum were sampled at the day of the
parturition as well as milk samples were collected in the
morning weekly for 8 weeks postpartum. The first nipple
was cleared and then 2 mL of the milk were collected. All
the samples were kept at (-20°C) until the analysis.

Preparation and analysis of the samples: The plasma,
allantoic fluid, colostrum and milk  samples were
processed by mixing 1 mL of each sample with 10 mL of
deionized water, 5 mL of concentrated nitric acid and 2 mL
of hydrogen peroxide (30%) (JT. Baker, Phillipsburg, N J.)
keeping the solution at room temperature for 30 min in
sealed Teflon vessels (Koening et al., 1997).
Subsequently, the samples were placed in a microwave
digester (Mars 5 CEM Corporation USA) with an
increasing temperature ramp of 5 min to reach 120°C for
plasma and allantoic fluid and 100°C for colostrum and
milk and it was held in this temperature for 2 min for
plasma and allantoic fluid and 5 min for colostrum and
milk. The temperature was then increased to 170°C for
plasma and allantoic fluid and 140°C for colostrum and
milk within 5 min and maintained for 2 min for plasma and
allantoic fluid and 10 min for colostrum and milk with a
maximum pressure of 350 psi for plasma and allantoic fluid
and 66 psi for colostrum and milk (Ortman and Pehon,
1997). The samples were allowed to cool for 5 min in the
oven and then left to obtain room temperature for 1 h. The
samples were then transferred to 50 mL volumetric flasks
and filled to the top with 7M HCl and left overnight (4°C)
to be analyzed the following day. Se concentrations were
determined with the aid of atomic absorption
spectrophotometer (Varian, model Spectra AA-800). 

Statistical analysis: Means Pearson correlation
coefficient, Analysis of Variance (ANOVA) and multiple
regression analysis were performed using the Microsoft
excel and Statgraphic plus v. 4.

RESULTS

One ewe from the control group was aborted and it
may be attributed to the method of allantoic fluid
extraction and another one of the oral supplemented
group was non pregnant and was eliminated. The dietary
Se concentrations were 0.22 and 0.23 ppm during
pregnancy and lactation respectivelly.

No significant (p>0.05) differences in the maternal
Body Weight (BW) were detected between Se
supplemented and control groups.  Nevertheless newborn
lambs  from  SC  Se  supplemented  ewes  demonstrated a
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Table 2: Mean (± SEM) of the body weight (kg) of the lambs born to S/C, oral Se supplemented and control ewes
Age of the lambs (week)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Group 0 day 1 2 3 4 5 6 7 8
S/c 2.8±0.1 4.4±0.1 5.5±0.2 5.9±0.2 6.6±0.2 7.5±0.2 8.2±0.3 9.1±0.4 9.6±0.4a a

Oral 2.6±0.2 4.1±0.3 5.2±0.3 5.8±0.3 6.7±0.4 7.7±0.5 8.7±0.7 9.7±1 10±0.8
Control 2.7±0.2 3.6±0.2 5.3±0.3  4.5±0.3 6.1±0.5 7.1±0.4 8.1±0.5 9.2±0.6 9.6±0.6b  b

Fig. 1: Maternal plasama Se concentration in Se
supplemented and control groups.Arrows
indicate each S/C injection

greater BW at the first 2 weeks of age than those born
from the control group (p<0.05). The sex of the newborn
lambs did not affect the BW. During the time of the study
there were no significant differences in the BW in the
lambs neither between both Se supplemented groups nor
between the oral supplemented and control one (Table 2).

Maternal plasma Se concentration was
significantly (p<0.05) higher in the oral supplemented than
that of the SC supplemented group at the 6 and 5th weeks
prepartum and at 1st week postpartum. At the 4th week
prepartum, this situation was reversed and the maternal
plasma Se concentration of the SC supplemented group
was significantly (p<0.05) higher than that of the oral
group. Maternal plasma Se concentrations in both Se
supplemented groups were higher than that of the control
group (p<0.01), until the 7th week postpartum when there
was no significant difference between the supplemented
and control groups. At parturition, maternal plasma Se
concentrations were significantly decreased (p<0.01) in
the control group, while that of the supplemented groups
were maintained without significant difference from the
prepartum levels (Fig. 1). Maternal plasma and milk Se
concentrations relationship in the supplemented groups
was positive (r = 0.66-95; p<0.05), while this relationship
was negative in the control group (r = - 0.60; p<0.05)
(Table 3).

A positive relationship (r = 0.57-0.73; p<0.05) was
detected between milk and plasma Se concentrations in
the  lambs that  born  from  Se  supplemented  and  control supplemented groups than that of the control group 

Table 3: The relationship between milk, maternal plasma and lamb plasma
Se concentrations in Se supplemented and control group

Milk Se Maternal plasma Se Lamb plasma Se
S/C group 0.95 ** 0.57 *
Oral group 0.66* 0.6 *
Control group -0.60* 0.73 *
*p<0.05 ** p<0.01

Fig. 2: Lamb plsama Se concentration in Se
supplemented and control group

Fig. 3: Allantoic fluid Se concentration in Se
supplemented and control group

groups (Table 3). Nevertheless, plasma Se concentration
was higher in the lambs that born from supplemented
ewes (p<0.01), until the 7th week postpartum Plasma Se
concentration of the lambs that born to SC supplemented
ewes was greater than that of the oral group in the 1st,
2nd, 6th week (p<0.01) (Fig. 2).

Allantoic fluid Se concentration increased in the
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Fig. 4: Milk Se concentration in Se supplemented and adequate Se level in the dam to ensure effective transfer
control group of the element to the fetus and provide to the neonate

(p<0.01)  and  positive relationship (r = 0.92 to 0.96; associated syndromes (Paulson et al., 1968; Horton et al.,
p<0.05) was demonstrated between allantoic fluid Se 1978; Loren et al., 1984).
concentration and age of gestation in the supplemented Se supplemented ewes produced colostrum with
and control groups (Fig. 3). higher Se concentration than that of the control (p<0.01),

Se supplemented ewes produced colostrum with previous works reported the same results in sows
higher Se concentration than that of the control group (Mahan, 2000) and cows (Overnes et al., 1985; Cuesta et
(p<0.01) while, differences in the colostrum Se al., 1995; Rowntree et al., 2004). Schingoethe et al. (1982),
concentrations in both Se supplemented groups were not reported that dietary administration of Se (0.1 or 2 ppm Se)
significant. Colostrum Se values were 407.3±31.2, or selenite injection (5 mg Se/45.4 kg BW) did not
381.3±19.4 and 270.9±32.7 ppb in oral, SC Se influence dairy cow colostrum Se concentrations in
supplemented and control group, respectively. Milk Se normal cows. 
concentrations in the supplemented groups were higher In this study supplemented ewes demonstrated a
than that of control group (p<0.01), until 7 and 8th weeks positive  relationship  between maternal plasma and milk
postpartum (Fig. 4). Nevertheless, milk Se concentrations (r = 0.66- 0.95; p<0.05) and their milk Se concentration was
were greater in the SC supplemented group than that of significantly higher than that of the control one (p<0.01),
the oral group in the 1st and 2nd weeks postpartum while the relationship was significantly negative in the
(p<0.01). control group (r = -0.60; p<0.05). As expected milk and

DISCUSSION in all groups (r = 0.57-0.73; p<0.05), these results were

Maternal SC Se supplementation significantly 1999; Davis et al., 2005). Maternal and lamb plasma Se
(p<0.05) increased the BW gain of the newborn lambs for concentrations did not correlate (p>0.05) and this suggest
the first two weeks. Similar results have been reported in that lambs mainly depend upon the milk Se source. Milk
the lambs from birth to 28 days when their dams received and lamb plasma Se concentrations in the SC
Se supplementation by injection (Rock et al., 2001; supplemented group were greater than the oral (p<0.05) in
Gabryszuk and Klewiec,  2002). Similar condition occurred the first 2 weeks postpartum. This change probably was
in the  newborn calves from birth until 70 days or 5 influenced by the Se injection (0.1 mg kgG  BW) to this
months of age, when cows were supplemented with Se group in the 1st week postpartum. Absence of differences
(Castellan et al., 1999; Wichtel et al., 1996). Nevertheless, in lamb plasma between supplemented groups at 3, 4 and
other reports indicated that, Se supplementation did not 5th weeks postpartum may be related with the declining
influence the BW gain in cows and their calves (Awdeh milk production in this period. Cardellino and Benson
et al., 1998; Gunter et al., 2003; Rowntree et al., 2004). (2002) reported that, the milk production of 2 years old

Maternal plasma Se concentration, as expected, was ewe rearing twin lambs peaked at 21 days of the lactation.
significantly greater in the Se supplemented than that of Similar results were previously reported in sheep
the control group (p<0.01) and decreased at the supplemented orally or by injection (Gardner and Huge,
parturition, especially in the control group (p<0.01). These 1967; Givens et al., 2004; Norton and McCarthy, 1986). 
results were supported by previous observations that Maus et al. (1980) demonstrated a close relationship
indicated a great mobilization of the Se from the dam to
the fetus at the end of gestation (Abd Elghany et al.,
2007). Se in colostrum and milk added to the rapid fetal

growth  and this  suggest increased Se requirements in
the late stage of pregnancy (Van Saun et al., 1989). This
observation may conclude the importance of the
prepartum (Enjalbert et al., 1999) and postpartum
(Rowntree et al., 2004). Se supplementation for
maintaining the maternal Se levels. Weiss et al. (1984)
found that cows fed Se supplemented diet during the dry
period increased serum Se concentrations of their calves
at the birth. In sheep oral Se supplementation resulted in

appropriate blood concentration to prevent Se-deficient

lamb plasma Se concentrations relationship was positive

similar to that obtained in previous works (Perhson et al.,

1

between Se concentrations in the plasma and milk in dairy
cows. Dietary Se supplementation of pregnant beef cows
markedly increased concentrations of Se in the colostrum
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and milk. This increase caused, the suckling calves to CONCLUSION
have higher Se concentrations in their plasma (Koller et
al., 1984; Ammerman et al., 1980; Salih et al., 1987). Milk
is normally the sole source of nutrients consumed by the
lambs (Jenkins and Hidiroglou, 1971) and these reinforce
the importance of the maternal postpartum Se
supplementation. 

Allantoic fluid extraction was a simple, rapid and
secure procedure, nevertheless authors never used it
previously,  only one animal  probably  aborted  for its
use. Se concentration in this fluid was modified by the
supplementation indicating a better contribution of the
fetal  Se  status (Abd  Elghany  et al., 2007). Allantoic
fluid Se levels was higher in the Se supplemented than
that  of  the control group (p<0.01). Positive relationship
(r = 0.92-0.96; p<0.05) was demonstrated between allantoic
fluid Se concentrations and gestational stage in both
supplemented and control groups and this result
confirmed with the previous findings (Grace et al., 1986;
Abd Elghany et al., 2007) and hierarchies the use of
alantoic fluid as indicator of the fetal Se status. Hyukjung
et al. (2003) demonstrated that, sheep allantoic fluid
volume was increased progressively (p<0.01) from days
40-120 and did not differ between days 120-140 of
gestation, but at this period allantoic cysteine
concentration was increased, considering Se-cysteine
metabolic relationship, allantoic fluid may act as a storage
of Se in the late stage of pregnancy and plays a role in Se
metabolism between the dam and fetus.

Significant increase in the dam and lamb plasma Se
concentration in the supplemented groups than that of
the control one indicated that, the supplementation may
allow adequate plasma Se levels which was higher than
that of the normal values (110.1±5.8 ppb) according to
Mustafa et al. (1998). The diet used in the experiment had
adequate Se levels and control group had normal plasma
Se concentrations however the supplementation improves
this with a good result. It has been reported that, sheep
receiving 12 mg kgG  dietary Se gave birth to lambs with1

up to three-fold higher plasma Se than did in the non-
supplemented (Davis et al., 2005). Similar results have
been reported in calves born from supplemented cows
(Enjalbert et al., 1999;  Rowntree et al., 2004). In this
study, lambs born to Se supplemented ewes had greater
plasma Se concentrations until the 6th week postpartum
compared with lambs born from control ewes (p<0.05).
Significant increase in the maternal plasma Se
concentration in the oral Se supplemented group than that
of the SC group (p<0.05) in the 6, 5th pre- and 1st week Davis,  P.A.,  L.R.  McDowell, N.S. Wilkinson, C.D.
postpartum indicates that, the oral method is better for
supplementing Se and that is more available when
supplemented as sodium selenite, despite the lower
absorption and retention of Se in sheep (Koenig et al.,
1997). 

While prepartum Se supplementation was important
to maintain the maternal plasma Se levels, postpartum Se
supplementation may improve the Se status in the milk
and plasma  of the newborn lambs. Supplementation of
the newborn lamb is recommended to start at least in the
7th week postpartum even thought they born from ewes
supplemented with Se. Allantoic fluid Se levels are a good
indicator of the fetal Se status and may act as storage of
the element and plays a role in the Se metabolism between
the dam and fetus. 

REFERENCES

Abd Elghany,  A.H.,     R.A.  López,  A.V. Revilla, E. B.
Ramírez and J. P. Tórtora, 2007. The relationship
between fetal and maternal selenium concentrations
in sheep and goats. Small Rum. Res., 73: 174-180.

Alexander, G. and D. Williams, 1968. Hormonal control of
amniotic and allantoic fluid volume in ovariectomized
sheep. J. Endocrinol., 41: 477-485.

Ammerman, C.B., H.L. Chapman, G.W. Bowman, L.P.
Fontento, C.P. Bagley and A.L. Moxon, 1980. Effect
of supplemental selenium for beef cows on the
performance and tissue selenium concentrations of
cows and suckling calves. J. Anim. Sci., 51: 1381-
1386. 

 Awadeh, F.T., R.L. Kincaid and K.A. Johnson, 1998.
Effect of level and sources of dietary selenium on
concentrations of thyroid hormones and
immunoglobulins in beef cows and calves. J. Anim.
Sci., 76: 1204-1215.

Bazer, F.W., 1989. Allantoic Fluid: Regulation of Volume
and Composition. In: Brace RA, Ross MG, Robillard
J.E. (Eds.). Reproductive and Perinatal Medicine.
Fetal and neonatal body fluids. Ithaca, N.Y.:
Perinatology Press, 11: 135-155.

Cardellino, R.A. and M.E. Benson, 2002. Lactation curve
of ewes rearing lambs. J. Anim. Sci., 80: 23-27.

Castellan, D.M., J.P. Mass, I.A. Gardner, J.W. Oltejen and
M.L. Sween, 1999. Growth of suckling beef calves in
response to parenteral administration of selenium and
the effect of dietary protein provided to their dams. J.
Am. Vet. Med. Assoc., 214: 816-821.

Cuesta, P.A., L.R. McDowell, W.E. Kunkle, N.S.Wilkinson
and F.G. Martin, 1995. Effects of high-dose prepartum
injection of Se and vitamin E on milk and serum
concentrations in ewes. Small Rum. Res., 18: 99-103.

Buergelt, A.Van Alstyne, R.N. Weldon and T.T.
Marshall, 2005. Effects of selenium levels in ewes diet
on selenium in milk and the plasma and tissue
selenium concentrations of lambs. Small Rum Res.,
65: 14-23.



J. Anim. Vet. Adv., 7 (1): 61-67, 2008

66

Enjalbert, F., P. Lebreton, O. Salato and F. Schelcher, 1999. Kott, R.W., J.L. Ruttle and G.M. Southward, 1983. Effects
Effects of pre-or postpartum selenium
supplementation on selenium status in beef cows and
their calves. J. Anim. Sci., 77: 223-229.

Gabryszuk, M. and J. Klewiec, 2002. Effect of injection 2-
and 3-year-old ewes with selenium and selenium-
vitamin Eon reproduction and rearing of lambs. Small
Rum. Res., 43: 127-132.

Gardner, R.W. and D.E. Hogue, 1967. Milk levels of
selenium and vitamin E related to nutritional muscular
dystrophy in the suckling lamb. J. Nutr., 93: 418-424.

Givens, D.I., R. Allison, B. Cottrill and J.S. Blake, 2004.
Enhancing the selenium content of bovine milk
through alteration of the form and concentration of
selenium in the diet of the dairy cow. J. Sci. Food
Agric., 84: 811-817.

Grace, N.D., J.H. Watkinson and P.L. Martinson, 1986.
Accumulation of minerals by the fetus (es) and
conceptus of single and twine-bearing ewes. N.Z. J.
Agric. Res., 29: 207.

Gunter, S.A., P.A. Reck and J.K. Phillips, 2003. Effects of
supplementary selenium source on the performance
and blood measurements in beef cows and their
calves. J. Anim. Sci., 81: 856-864.

 Harrison, J.H. and H.R. Conrad, 1984. Effect of selenium
intake on selenium absorption in the non-lactating
dairy cow. J. Dairy Sci., 67: 123-132.

Horton, G.M.J., W.L. Jenkins and R. Rettenmaier, 1978.
Hematological and blood chemistry changes in ewes
and ambs following supplementation with vitamin E
and selenium. Br. J. Nutr., 40: 193.

Hyukjung,  K.,  E.S.  Thomas, W.B. Fuller and Wu.
Guoyao, 2003. Developmental changes of amino
acids in ovine fetal fluids. Biol. Reprod., 68: 1813-
1820.

Jenkins, K.J. and M. Hidiroglou, 1991. Transmission of
selenium as selenite and as selenomethionine from
ewe to lamb via milk. Can. J. Anim. Sci., 51: 389-403.

Koenig, K.M., W.T. Buckley and J.A. Shelford, 1991.
Measurement of endogenous fecal excretion and true
absorption of selenium in dairy cows. Can. J. Anim.
Sci., 71: 167-174.

Koenig, K.M., L.M. Rode, R.D.H. Cohen and W.T.
Buckley, 1997. Effects of diet and chemical forms of
selenium on selenium metabolism in sheep. J. Anim.
Sci., 75: 817-827.

 Koller, L.D., G.A. Whitbeck and P.J. South, 1984.
Transplacental transfer and colostrums
concentrations of selenium in beef cattle. Am. J. Vet.
Res., 45: 2507-2510.

of vitamin E and selenium injections on reproduction
and preweaning lamb survival in ewes consuming
diets marginally deficient in selenium. J. Anim. Sci.,
57: 331-337. 

Loren, D. Koller, A. Ginny, Whitbeck and J.S. Peter, 1984.
Transplacental transfer and colostral concentrations
of selenium in beef cattle. Am. J. Vet. Res., 12: 2507-
2510.

McPherson, A. and J.S. Chalmers, 1984.Methods of
selenium supplementation of ruminants. J. Vet. Rec.,
115: 544-546.

Mahan, D.C., 2000. Effect of organic and inorganic
selenium sources and levels on sow colostrum and
milk selenium content. J Anim. Sci., 78: 1537-105.

Maus, R.W., F.A. Martz, R.L. Belyea and M.F. Weiss,
1980. Relationship of dietary selenium to selenium in
plasma and milk from dairy cows. J. Dairy Sci., 63: 532.

Mustafa, N., C. Mehmet, K. Fikret, C. Ibrahim and A.
Mesut, 1998. Plasma levels of some vitamins and
elements in aborted ewes in Elazig region. Tr. J. Vet.
Anim. Sci., 22: 171-174.

Norton, S.A. and F.D. McCarthy, 1986. Use of injectable
vitamin E and selenium-vitamin E emulsion in ewes
and suckling lambs to prevent nutritional muscular
dystrophy. J. Anim. Sci., 62: 497-508.

Ortman, K. and B. Pehrson, 1997. Selenite and selenium
yeast as fed supplements for dairy cows. J. Vet.
Med., 44: 373-380.

Overnes, G., K. Moksnes, A. Froslie, J.G. Gunnar and J.
Flaat, 1985. The effect of different levels of selenium
in mineral mixtures and salt licks on selenium status
in sheep. Acta Vet. Scand., 26: 405-416.

Paulson, G.D., G.A. Broderick, C.A. Bauman and A.L. Pop,
1968. Effect of feeding sheep selenium fortified trace
mineralized salt: Effect of tocopherol. J. Anim. Sci., 27:
195.

Pehrson, B., K. Ortman, N. Madjid and U. Trafikowska,
1999. The influence of dietary selenium as selenium
yeast or sodium selenite on the concentration of
selenium in the milk of suckler cows and on the
selenium status of their calves. J. Anim. Sci., 77: 3371-
3376.

Rock, M.J., R.L. Kincaid and G.F. Carstens, 2001. Effects
of prenatal source and level of dietary selenium on
passive immunity and thermometabolism in new born
lambs. Small Rum. Res., 40: 129-138.

Rowntree, J.E., G.H. Hill, D.R. Hawkins, J.E. Link, M.J.
Rincker, G.W. Bednar and Jr. R.A. Kreft, 2004. Effect
of selenium on selenoprotein activity and thyroid
hormone metabolism in beef and dairy cows and
calves. J. Anim. Sci., 82: 2995-3005.



J. Anim. Vet. Adv., 7 (1): 61-67, 2008

67

Salih, Y., L.R. McDowell, J.F. Hentges, R.M. Mason and Van Saun,  R.J.,  T.H.  Herdt  and  H.D. Stowe, 1989.
C.J. Wilcox, 1987. Mineral content of milk, colostrum
and serum as affected by physiological state and
mineral supplementation. J. Dairy Sci., 70: 608.

SAS Institute Inc., 1985. SAS User’s Guide: Statistics, ver.
5th Edn. SAS Institute, Cary, NC.

Schingoethe,  D.J.,  C.A.  Kirbirde, I.S. Palmer, M.J. Owens
and W.L. Tucker, 1982. Response of cows consuming
adequate selenium to vitamin E and selenium
supplementation prepartum. J. Dairy Sci., 65: 2338-
2344.

Smith, M.C. and D.M. Sherman, 1994. Goat Medicine. 2nd
Edn.

Ullery, D.E., M.R. Light, P.S. Brady, P.A. Whetter, J.E.
Tilton, H. A. Henneman and W.T. Magee, 1978.
Selenium supplementations in salt for sheep. J. Anim.
Sci., 46: 561-562.

Maternal and fetal selenium concentrations and their
interrelationships in dairy cattle. J. Nutr., 119: 1128-
1137.

Weiss, W.P., V.F. Colenbrander and M.D. Cunningham,
1984. Maternal transfer and retention of supplemental
selenium in neonatal calves. J. Dairy Sci., 67: 416-420.

Wichtel, J.J., A.L. Craigie, D.A. Freeman, H. Varelar-
Alvarez and N.B. Williamson, 1996. Effect of selenium
and iodine supplementation on growth rate and on
thyroid and somatotrophic function in dairy calves at
pasture. J. Dairy Sci., 79: 1865-1872.

Zeppertiz, H. and E. Grun, 1991. Administration of vitamin
D3 metabolites to dairy cows in late lactation on
maternal-fetal mineral metabolism 2. Influence on
mineral content of amniotic and allantoic fluid (in
German). In Mengen-und Spurenelemente. 11
Arbeitstagung, Leipzig, pp: 78-86.


