
Acta vet. scand. 1989, 30, 371-378. 

Excessive Dietary Selenium to Primiparous Sows 
and their Offspring 
I. Influence on reproduction and growth 
By Hanne Damgaard Poulsen, Viggo Danielsen, Thomas Krogh Nielsen and 
Conny Wolstrup 

National Institute of Animal Science, Department for Research in Pigs and Horses, Foulum, 
and National Veterinary Laboratory, Copenhagen, Denmark. 

Poulsen, H. D., V. Danielsen, T. K. Nielsen and C. Wolstrup: Excessive dietary 
selenium to primiparous sows and their offspring. I. Influence on reproduction and 
growth. Acta vet. scand. 1989, 30, 371-378. - The effect of high dietary selenium 
(Se) on the reproductive performance, growth and health in pigs was examined. 
Addition of 0 to 16 mg Se per kg feed to sows and their piglets up to nine weeks of 
age did not cause any manifest toxic effect. None of the sows died due to the Se 
treatment. The piglets were all fullbom and showed no abnormalities. 
The treatment did not influence neither the number of livebotn and stillborn pig
lets in the litter, nor the survival of the piglets until 9 weeks of age. The weight of 
the whole litter at birth was unaffected by the Se supplementation, while there was 
a significant difference m body weight of the piglets at 9 weeks of age. The weaned 
pigs receiving 8 or 16 mg Se per kg feed had a reduced feed intake. As the feed 
utilization was unaffected by treatment, these pigs had a significantly lower weight 
at 9 weeks ofage. 
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Introduction 
Selenium (Se) is an essential micronutrient 
required for prevention of several disease 
stages of cellular degeneration and cell 
membrane damage. Since Rotruck et al. in 
1973 discovered that Se is an integrated part 
of the enzyme glutathione peroxidase (GSH
Px, E.C. 1.11. l .9) much effort has been 
made to estimate the levels of Se necessary 
in diets for pigs to secure optimal physiolo
gic function. In that context most of the ex
periments carried out are concerning levels 
of Se in the physiologic range (Chavez 1985, 
Nielsen et al. 1979, Meyer et al. 1981, all 
using selenite in their studies). Only a few 
reports deal with a surplus of Se to pigs. 
Some of these reports are based on case 
stories where Se surplus was in charge of 

having produced the harming effects (Ca
steel et al. 1985, Harrison et al. 1983, Wil
son et al. 1983). These authors did not spe
cify the Se source used in the feed prepara
tions, but the pigs seriously affected devel
oped paralytic disease. Post mortem exam
inations revealed lesions of the spinal cord. 
Experiments carried out using sodium sele
nite revealed that the conception rate, litter
size and weight of the piglets were negatively 
influenced by feeding high dietary Se levels 
to sows (Wahlstrom & Olson 1959a). The 
performance of weanling piglets was affected 
by high dietary Se resulting in reduced feed 
intake and rate of gain (Wahlstrom & Ols
son 1959b, Goehring et al. 1984, Mahan & 
Maxon 1984). 
When comparing investigations on the feed-
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ing of Se, it is important to be aware of the 
chemical form in which it was given. The 
aim of the present experiment was to in
vestigate the effect of adding high levels of 
Se as sodium selenite to the diet for repro
ducing sows and their piglets. This paper is 
the first in a series based on results from this 
experiment. 

Materials and methods 
28 female pigs (crossbred Landrace and 
Yorkshire) were set on trial when they 
showed their first oestrus and they were 
mated at their second oestrus. They were fed 
a diet based on barley and soyaprotein. To 
this diet 0, 2, 4, 8 or 16 mg Se per kg as so
dium selenite were added. Two times 4 litter 
mates and 4 times 5 litter mates were ran
domly allocated to the treatment groups 
shown in Table l. 
The composition of the basal diets for the 
sows during pregnancy and lactation is pre
sented in Table 2. The sows were fed ac
cording to a scale. Daily amounts of feed -
before mating: 2.5 kg; during pregnancy: 2.2 
kg until day 83, 3.5 kg from day 84 to day 
111 and 2.6 kg from day 112 to 2 days post 
partum; during lactation: 2.0 kg plus 0.2 kg, 
0.3 kg and 0.4 kg per piglet in week l, 2 and 
3, respectively; from weaning to mating: 3.5 
kg. 
The piglets were weaned at 21 days of age. 
During the suckling period they had no ac
cess to creep feed. From 3 to 9 weeks of age 
they were fed a basal diet ad libitum (Table 
2) supplied with the same level of Se as 
their mothers' diet. 
The body weight of the sows and piglets and 
the amount of feed ingested were recorded 
weekly. The number of livebom and still
born piglets was recorded. 
After injection of oxytocin, samples of colo
strum and milk were obtained just after far
rowing and 2 weeks post partum, respec-
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tively. These samples were analysed for the 
content of fat and protein, and removal 
of fat, Se concentrations were determined. 
From litters in which the number of live
bom at farrowing was 6 or more, 3 piglets 
(small, big and medium size) were killed be
tween 36 to 48 h post partum by injection of 
pentobarbital intravenously. Tissues for che
mical and pathological examination were 
sampled. 
Two sows from each treatment group were 
slaughtered when new pregnancy was detec
ted. Post mortem the uterus, ovaries and 
tissue were removed for inspection. 
During the experimental period, the sows 
and piglets were clinically examined. 
Contents of protein, fat and fibre were an
alysed in order to calculate the net energy 
value (FUp) of the diets (Just 1982). Se in 
the diets was determined and the Se levels 
were in accordance with the planned con
centrations. 
Statistical calculations were performed by 
use of the GLM procedure in SAS (1982). In 
analysis of variance the variables tested were 
corrected for effect of replicate. Further
more, the least square means estimate of 
treatments were compared according to the 
0-hypothesis in the LSMEANS procedure 
in SAS. The results are delineated in the 
tables as mean values and standard errors of 
means. 

Results 
The total daily amount of Se given to the 
sows was higher during lactation than during 
pregnancy due to the feeding regime. In 
Table l the mean daily Se intake is presen
ted. Sows fed the highest Se level in their 
diet consumed about 40 and 60 mg Se daily 
during pregnancy and lactation, respective
ly. The feed intake of the sows was uninflu
enced by the Se concentration in the diet, 
and the mean weights of the sows did not 
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Table I. Experimental design, daily Se intake and changes m body weight 
of sows dunng pregnancy and lactation. 

Treatment 2 4 se m 

Se suppl. mg per kg feed 0 2 4 8 16 
Number of sows 6 6 6 6 4 
Feed intake, kg. 

during pregnancy 297 301 298 298 305 
dunng lactation 77 74 85 82 78 

mg Se per day 
during pregnancy 0.33 5.5 J0.6 20.7 42.4 
durmg lactation 0.48 7.7 16.5 31.4 59.7 

Changes in body weight, kg· 
gain during pregnancy 73 66 76 75 57 6 
loss during lactation 9 JO 16 JO 11 2 
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show any significant difference due to treat
ment as shown in Table 1, although there 
was a tendency to a reduction in weight gain 
during pregnancy for the sows on treatment 
5. 
Some results concerning oestrus, mating and 
culling of the sows are shown in Table 3. 

There was no treatment effect on the con
ception rate of sows. None of the sows died 
of Se toxicity, but 2 sows were culled for 
other reasons. The piglets from 1 sow (treat
ment 4) were very weak at birth and died 
within 2 days post partum. This sow was 
omitted from calculations from the day 

Table 2. The basal diet for the sows and the piglets!): 
Composition(%) and analysed contents. 

Barley 
Wheat 
Wheat bran 
Soybean meal 
Fishmeal 
Dried skimmilk 
Fat 
Mm. and vit.-suppl. 
Lysine suppl. 

Per kg feed: 
FUp2> 
mg Se 
mg vitamin E 

Sows 

pregnancy lactation 

79.7 

5.0 
12.0 

3.3 

0.96 
0.13 
24 

76.7 

5.0 
15.0 

3.3 

0.97 
0.13 
24 

l) According to Danish recommendations. 
2) Feed units for pigs (FEs) (Just 1982). 

Piglets 
postweanmg 

33.6 
33.6 

9.0 
9.0 
9.0 
3.0 
2.6 
0.2 

1.13 
0.34 
36 
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Table 3. Results concerning mating, conception rate and culling of 
the sows. 

Treatment 2 4 

Age at I st oestrus, days 195 190 190 186 198 
Days 

until 1st mating 25 26 39 30 31 
until 1st pregnancy 25 37 45 30 31 

Number of sows not con-
ceiving at 1st mating 0 0 0 

Days from weaning 
to mating 5.6 6.0 8.3 12.00 6.0 
to 2nd pregnancy 9.3 6.0 23.8 12.0 6.0 

Number of sows not con-
ceiving at 1st mating 0 2 0 0 

Number of sows culled 0 12> 0 0 13) 

1> One sow gave birth to piglets that died within 2 days post partum. 
This sow showed new oestrus 28 days later. 

2> Culled because ofleg problems not related to treatment. 
3) This sow died 18 days after weanmg. By post mortem examina

tions, 4 macerated foetuses were found in the uterus, which was 
ruptured. 

when all her piglets were dead. All other 
pigs were healthy in every respect. The only 
clinical observation was a circular dark band 
in the hoofs of some sows on high Se supple
mentation, but the locomotion of the sows 
and the piglets was unaffected. 

was significantly influenced by treatment 
(Table 4). 

In colostrum and milk only the content of Se 

The number of piglets born did not show 
any significant difference due to the Se-treat
ment nor did the mortality corrected for 
littersize after killing up to 9 weeks of age 
(Table 5). Corrected for littersize, the mean 

Table 4. The composition of colostrum and milk 

Treatment 2 4 sem 

Colostrum: 
Se, mg per kgl) O.J3a 0.148 0.188 0.43b 0.88C 0.08 
fat, gperkg 51 74 79 70 59 14 
protein, g per kg Ill 105 110 114 120 12 

Milk· 
Se, mg per kg2l 0.038 0.068 0.118 0.108 0.29b 0.03 
fat, gperkg 74 79 83 85 71 6 
protein, g per kg 49 51 50 52 53 1 

I) Mean values differ significantly (p .:5: 0.0001). 
2) Mean values differ significantly (p .:5: 0.01). 
Mean values that do not share a common superscript are significantly different (p .:5: 0.05). 
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Table 5. Number and body weight of the piglets from birth until 9 weeks of age. 

Treatment 4 se m 

Piglets per litter 
liveborn 7.5 7.2 9.3 7.8 9.0 1.1 
stillborn 1.2 0.5 0.5 1.5 0.5 0.4 
total number 8.7 7.7 9.8 9.3 9.5 0.9 

Weight of lzve born, kg 
per htter 11.2 I I. I 14.1 10.5 12.2 1.4 
per piglet 1.53 1.59 1.53 1.37 1.35 0.10 

Piglets killed 15 15 18 9 12 
Llttersize 

after killing 5.0 4.7 6.3 6.6 6.0 0.9 
at weaning 4.8 4.5 5.5 5.8 5.8 0.8 
at 9 weeks of age 4.3 4.2 5.3 5.4 5.0 0.7 

M ortalzty per litter 
number of piglets 0.7 0.5 1.0 0.6 1.0 0.4 

Body weight per piglet, kg 
after kilhng 1.56 1.54 1.55 1.44 1.37 0.10 
at weanmg 6.4 6.2 6.5 5.8 5.5 0.3 
at 9 weeks ofagell 22.6a 2 J .8ac 2J.9a 20.3bC 19.5b 1.1 

I) Mean values differ significantly (p s 0.05). 
Mean values that do not share a common superscnpt are sigmficantly different (p s 0.05). 

body weight of the piglets and the weight of 
the litter was not significantly different, al
though the piglets born from sows on treat
ment 4 and 5 tended to have a lower body 
weight at birth. The Se treatment tended to 
have a negative influence on the body weight 
at weaning (p = 0.08). 

During the final week on trial the daily Se 
intake was 18.l mg for the piglets on treat
ment 5 (Table 6). 
The mean body weight at 9 weeks of age and 
the mean daily feed intake from weaning 
until 9 weeks of age differed significantly 
between treatments (Tables 5 and 6). Ana-

Table 6. Daily selenium consumption and feed intake per piglet from 3 to 9 weeks of age. 
Treatment 2 4 se m 

Daily Se intake, mg· 
3 to 9 weeks of age 0.20 1.26 2.50 4.21 8.35 0.28 
during the final week 0.39 2.37 4.40 7.44 18.1 1.03 

From 3 to 9 weeks of age. 
daily feed intake, kg'l 0.58a o.54ac 0.58a 0.51 be 0.5Jb 0.02 
daily gain, g 387 372 366 345 333 25 
kg feed per kg gain 1.50 1.46 1.57 1.49 1.58 0.06 

I) Mean values differ significantly (p s 0.01). 
Mean values that do not share a common superscript are significantly different (p s 0.05). 
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lysis of covariance revealed that the inter
action between treatment and the body 
weight at weaning significantly affected body 
weight at 9 weeks of age and daily feed in
take from weaning until 9 weeks of age (p 
0.05). The feed utilization was uninfluenced 
by the Se-supplementation. 

Discussion 
The reproduction results indicate that sup
plementing sodium selenite as much as 16 
mg Se per kg did not lead to reproduction 
disturbances when primiparous sows were 
fed a barley and soybean meal diet. In con
trast, Wahlstrom & Olson (1959a) reported 
a depression in conception rate and number 
of livebom piglets when young sows were 
fed a com and soybean meal diet supple
mented with sodium selenite at a level of IO 
mg Se per kg. Their experiment showed a 
decreased survival rate and body weight of 
the piglets at weaning (8 weeks of age). They 
pointed out that during the suckling period 
the piglets consumed some feed from the 
selenized rations fed to the sows, but the 
amount of ingested feed was not recorded. 
The survival rate of the piglets in the present 
trial was unaffected by the Se supplement, 
whereas a Se supplement between 4 and 16 
mg Se per kg reduced the feed intake and 
growth rate of the piglets during their first 9 
weeks of life. The growth rate was more 
affected after weaning than during the suck
ling period, in which the Se challenge was 
smaller as the Se content in the milk was 
low compared to the content in the feed. 
Goehring et al. (1984) and Mahan & Moxon 
(1984) in their experiments also found a 
decline in feed intake and weight gain when 
the dietary Se levels exceeded 5 mg per kg. 
The average daily feed intake was reduced 
by approx. 50 % and the feed utilization was 
poor in the piglets having 16 mg Se per kg in 
their diet (Goehring et al. 1984). In the pre-
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sent study the piglets fed 16 mg Se per kg 
had only about 14 % reduction in feed in
take and the feed utilization was not affec
ted. Wahlstrom & Olson (1959b) fed piglets 
IO mg Se per kg feed and reported that pig
lets from sows fed selenized rations ( l 0 mg 
Se per kg feed) for a long period of time ap
peared to be more resistant to Se toxicity 
than others. This observation could explain 
the divergency between the present results 
and those obtained by Goehring et al. 
(1984). 
Wahlstrom et al. (1984) found that red pigs 
were more susceptible to Se surplus than 
white and black pigs. This could also be an 
interpretation of the disagreement between 
results obtained in the various experiments. 
It might be a reasonable explanation as pre
vious studies based on analyses of blood 
(Jensen et al. 1979) reported a genetic influ
ence on the activity of the enzyme glutathi
one peroxidase. Stowe & Miller (1985) also 
reported that pigs are predisposed to hypo
or hyperselenemia and found that the ab
sorption of Se in pigs is genetically influen
ced (Stowe & Miller 1986). 
It is worth noting that no clinical signs on Se 
toxicosis were observed among the young 
sows, even if they had 16 mg Se per kg in 
their feed for about 6 months. This finding 
is in agreement with that of Casteel et al. 
(1985), who found that after 6 weeks of 
feeding rations with Se concentrations be
tween 9.7 and 27 mg per kg, piglets and 
sows were unaffected whereas a group of 
feeder pigs weighing more than 50 pounds 
developed a fatal paralytic disease. Differen
ces in the Se intake per kg body weight to
gether with physiological variations may in
fluence the response. Feed refusal as seen in 
this and other experiments (Wilson et al. 
1983, Goehring et al. 1984) could be an 
explanation for the apparently higher resist
ance in young pigs. Further studies are 
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needed concerning the capability of pigs to 
excrete Se given in excess in pointing out at 
which level, Se becomes toxic to pigs at dif
ferent ages. 
The results from the present study indicate 
that high dietary Se (up to 16 mg per kg 
feed) given as sodium selenite had no detri
mental effect on the reproductive perfor
mance of primiparous sows. There was a 
tendency to a lower body weight of the pig
lets at birth. From weaning until 9 weeks of 
age, high dietary Se resulted in reduced daily 
feed intake and weight gain. 
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Sammendrag 
Store mamgder selen t1/f1Jrsteltl!KSS1Jer og deres 
ajkom I Effekt pa reproduktwn og vtl!kst. 
Effekten af tilsretnmg af stigende mrengder selen 
op til 16 mg pr. kg foder ti! forstelregs50er og deres 
afkom blev unders0gt. Der sas ingen toksisk effekt 
pa reproduktionsevne og vrekst. Ingen s0er d0de af 
fors0gsbehandlingen. Alie smagnse var fuldbame 

og v1ste ikke makroskopiske forandringer. Sma
grisene fra s0eme, der fik stort tilskud af selen 
havde lidt lavere fodselsvregt, men smagnsed0de
ligheden var upavirket afbehandlingen. I perioden 
efter fravrenning havde grisene, der fik 8 eller 16 
mg selen pr. kg foder, en mmdre foderoptagelse. 
Forskellen 1 smagrisenes vregt ved 9 uger var signi
fikant lavere for de h0jeste selenniveauer, medens 
foderudnyttelsen var ens for alle fors0gsbehandlin
ger. 
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