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NIELSEN, W. HJARDE, T. LETH and A. BASSE: Selenium and vita-
min E deficiency in pigs. I. Influence on growth and reproduction.
Acta vet. scand. 1979, 20, 276-—288. — The effect of selenium (Se) and
vitamin E (Vit. E) on reproductive performance, growth and health
was studied in pigs. Two levels of Se were used, 0.03 and 0.06 mg per
kg feed. The major component of the experimental diets was barley
originating from soil which had formerly produced crops with a very
low content of Se. Prior to seeding, the area was divided into 2 plots,
1 of which was treated with Se in the form of sodium selenite, 100 g
Se per ha. The use of Se enriched fertilizer was an effective way of
increasing the Se concentration of the grain. Thus the concentration
of Se in the barley produced on the treated area was 5 times higher
than in barley from the untreated one.

Vit. E was added at a level of 30 i.u. per kg feed, and the concentra-
tions were approx. 15 and 45 i.u. in the basal and experimental diets,
respectively. 1

The higher level of Se or Vit. E was not significantly associated
with milk yield of the sow, litter size, birth weight or haemoglobin
levels. However, there was a tendency to an increase in milk yield of
the sows following additions of Se plus Vit. E, and litter size was
slightly higher from sows which had received an addition of Vit. E.
The concentration of Se and Vit. E was much higher in colostrum
than in sow milk, and additions of dietary Se and Vit. E were asso-
ciated with marked increases in the concentrations of these com-
pounds in both colostrum and sow milk. There was a moderately im-
proving effect of a high Se concentration in feed on growth rate and
feed utilization. Low dietary levels of Se and Vit. E were followed by
increased mortality rate in piglets; iron toxicity in connection with
iron treatment was observed in piglets on low dietary Vit. E. Symptoms
characteristic of PSE were not observed in the Se and Vit. E deficient

pigs.
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In the past 20 years, spontaneous outbreaks of Se/Vit. E de-
ficiency in pigs have been reported in several countries, e.g. USA
(Michel et al. 1969, Trapp et al. 1970, Mahan et al. 1973), New
Zealand (Hartley & Grant 1961, Andrews et al. 1968), Sweden
(Lannek et al. 1960), Austria (Hasitschka & Hasitschka 1973)
and Denmark (Gissel-Nielsen 1972). The Se deficient pigs showed
one or more of the following symptoms: Sudden deaths among
fast growing animals associated with hepatic necrosis (hepatosis
dietetica), cardiac muscular degeneration or microangiopathy
(mulberry heart disease) and degeneration of skeletal muscles
(Grant 1961).

The number of outbreaks of diseases caused by Se/Vit. E
deficiency have been increasing due to low and decreasing con-
centrations of Se in some animal feeds (Gardiner et al. 1961,
Kubota et al. 1967, Gissel-Nielsen 1972).

In this study the effects on growth and reproduction in pigs
of 2 levels of dietary Se were investigated with and without ad-
dition of Vit. E. Furthermore, the effect of dietary Se on the
concentration of Se and Vit. E in sow colostrum and milk was
studied.

MATERIAL AND METHODS

The experimental design can be seen in Table 1. Sixty piglets,
28 castrated males and 32 females, were weaned at 3 weeks of
age and distributed in the 4 experimental groups. They were
reared in individual pens to approx. 85 kg live weight. The males
were then slaughtered, and performance data compilation and
carcass assessments were undertaken (1st generation).

The female pigs remained in the respective experimental
groups and were mated at the first oestrus after 7 months of age.
Two sows from each group were selected for further mating.
They remained in their experimental group for a total of 4 litters
each, or until they were eventually culled.

The number of sows and litters involved in the experiment
and the indication for culling are shown in Table 2. Concentra-
tions of Se and Vit. E in colostrum were determined from a sam-
ple drawn immediately after farrowing. Each sample was ana-
lysed for Se in duplicate using the fluorometric method described
by Olson (1969) and modified by Gissel-Nielsen (1977). Deter-
mination of Vit. E was carried out according to Hjarde et al.
(1973). Dry matter, protein, fat, Se and Vit. E in the milk were
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Table 1. Experimental design.

Group
1 2 3 4

Se in feed low low high high
Se concentration mg/kg! 0.03 0.03 0.06 0.06
Vit. E suppl. iu./kg 0 30 0 30
Vit. E concentration i.u./kg 15 45 15 45
Number of pigs:
At start of trial (3 weeks old) 15 15 15 15
Females for breeding 8 8 8 8
Male pigs slaughtered at
85 kg live weight:

1st generation 7 7 7 7

2nd generation 38 44 42 41

1 Estimated average dietary Se concentration for the entire experi-
mental period based on Se determinations of the components of the
experimental rations.

estimated by analysing a sample drawn in the second week of
lactation. Colostrum and milk samples were collected by milking
about 10 ml by hand after an injection of 0.4 ml oxytocin in an
ear vein. The milk yields of the sows were estimated by weigh-
ing the whole litter before and after 6 successive sucklings. Daily
milk yields for the sows were calculated on the basis of the
weight gain of the piglets at each suckling.

Table 2. Sows in the trial groups.

Group 1 2 3 4
Se in feed low low high high
Vit. E suppl. (1} + 0 +
Number of female pigs 8 8 8 8
Number of sows, 1st litter 5 7 4 5
Number of sows, 2nd litter 1 1 2 2
Number of sows, 3rd litter 1 1 2 1
Number of sows, 4th litter 1 1 2 1
Total number of litters 8 10 10 9
Reason for exclusion:

Anoestrus 1 1 0 1
Absence of pregnancy 3 1 2 0
Miscellaneous 3 5 4 6
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The weight of the piglets was recorded at birth and at wean-
ing (1st generation at 3 weeks, 2nd generation at 8 weeks of age).
The haemoglobin levels of all piglets were measured at birth and
at 3 and 8 weeks of age. All piglets received an injection of 2 ml
iron dextran at 3 days of age.

A total of 165 piglets were selected for further tests for the
period from 8 weeks of age to approx. 85 kg live weight (2nd
generation). After slaughter the carcasses were assessed for
meatiness, and the meat colour and KK-index* were determined
according to Pedersen (1977).

The major component of the experimental diets was barley
grown in soil which had formerly produced crops with a very
low content of Se. Prior to seeding the area was divided into 2
plots, 1 of which was treated with Se in the form of sodium se-
lenite at a level of 100 g of Se per ha. During the experiment the
diets were slightly changed by adding 2 % of lard. Hot air had
been blown through the fat to increase the concentration of per-
oxides and thus the demand for Vit. E. For 2nd-litter piglets
herring oil was given from the age of 8 weeks to about 50 kg live
weight. Table 3 shows the composition of the experimental ra-
tions. The diets marked I were those fed before the oxidized lard
was used, and diets marked II were those fed after addition of

Table 3. Experimental diets.

Piglets Growing pigs Sows
Diet: I 11 I 11 I 1I

Barley 63.8 69.6 80.8 78.8 80.5 78.7
Soybean meal 10.0 10.0 6.0 6.0 9.0 9.0
Skim milk powder 5.0 5.0 0 0 0 0
Protein concentrate

(yeast) 12.0 7.0 9.0 9.0 6.0 6.0
Lard 2.0 2.0 0 2.0 0 2.0
Sugar 3.0 3.0 0 0 0 0
Lysine/methionine mixt. 0.9 0 1.0 1.0 1.0 1.0
Mineral, vit. 4 trace

mineral mixt. 3.3 3.4 3.2 3.2 3.5 3.3
Dig. crude protein, g/kg 140 140 131 130 126 125
Lysine, g/kg 7.5 7.5 7.8 7.8 6.7 6.7
Methionine + cystine, g/kg 5.2 5.2 6.2 6.1 5.3 5.2

* KK-index = meat quality index.
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oxidized lard. The diets were offered ad libitum until 8 weeks of
age. After 8 weeks, all experimental animals remained in their
experimental group and were subjected to restricted feedings,
0.8 to 3.2 kg feed/pig, on a diet for growing pigs.

RESULTS

The use of sodium selenite as fertilizer, 100 g Se as sodium
selenite per ha, increased the content of Se in the barley from
0.01 p.p.m. to 0.05 p.p.m.

Reproduction

As can be seen from Table 4 the number of liveborn pigs and
the number of pigs alive at 8 weeks were lower for sows in Groups
1 and 3 than for sows in the other groups. The individual body
weight of piglets was lowest for Group 2. However, none of these
differences were statistically significant. Only insignificant dif-
ferences were observed for haemoglobin concentration in the
blood of the piglets.

Table 4. Reproductive performance of sows.

Group s.e.m.  Signifi-
1 2 3 4 cance
levels

Number of pigs per litter:
Total 10.4 10.4 9.2 9.9 0.7 NS*
Liveborn 9.4 10.2 8.6 9.7 0.7 NS
At 8 weeks 7.8 8.9 6.7 8.8 0.7 NS
Mortality, % 17 13 22 9 4 NS
Av. weight, kqg:
At birth 1.5 1.3 1.4 1.5 0.1 NS
At 8 weeks 174 148 177 172 0.6 NS
Haemoglobin level in blood, g %
At birth 10.4 10.8 10.9 103 0.5 NS
At 3 weeks 10.9 11.9 114 111 0.5 NS
At 8 weeks 12.2 12,1 11.8 12,0 0.6 NS
Estimated milk yield per sow, daily, kg:
1st week 3.7 3.3 3.0 3.9 0.5 NS
2nd week 5.6 5.3 4.9 5.8 0.5 NS
3rd week 6.1 5.4 5.4 6.9 0.6 NS

* In this and subsequent tables: NS = P > 0.05.
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None of the differences in milk yield and milk composition
were statistically significant, although there was a tendency to a
lower milk yield for Group 3.

The concentration of Se and Vit. E in colostrum and milk can
be seen in Table 5. The concentration of Se as well as Vit. E is
much higher in colostrum than in milk.

Table 5. Contents of Se and Vit. E in colostrum and milk.

Group
1 2 3 4
Se colostrum pg/kg 55 53 105 108
Se milk pg/kg 14 13 26 27
Vit. E colostrum mg/kg 6 22 5 22
Vit. E milk mg/kg 1 2 1 3

Growth

Tables 6 and 7 show the weight gain, feed conversion and KK-
index for the pigs tested from 3 weeks of age to approx. 85 kg
live weight for 1st generation and from 8 weeks of age to approx.
85 kg 2nd generation, respectively. The difference between groups
in regard to weight gain was statistically significant. The cross-
section area of m. long. dorsi was significantly greater for pigs
on low Se-ration (Table 7).

Table 6. Performance and meat production of pigs fed different
levels of Se and Vit. E from 3 weeks of age to slaughter at approx.
85 kg live weight (1st generation).

Group

Signifi-
1 2 3 4 s.em. cance
levels
Number of pigs 15 15 15 15
Average daily weight gain, g 462 486 487 467 7 0.05

Kg feed per kg weight gain 3.08 3.13 3.04 3.15 0.04 NS***
Area of m. long. dorsi, cm?* 31.6 33.7 31.6 33.1 0.6 NS
KK-index** 83 75 176 175 0.2 NS
Number of deaths 1 1 0 2

* Only 7 pigs per treatment.
** KK-index = meat quality index.
*** See Table 4.
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Table 7. Performance and meat production of pigs fed different
levels of Se and Vit. E from 8 weeks of age to slaughter at approx. 85
kg live weight (2nd gereration).

Group

Signifi-
1 2 3 4 s.e.m. cance
levels
Number of pigs 38 4 42 4
Average daily weight gain, g 585 561 610 595 7 0.01

Kg feed per kg weight gain 3.06 3.07 2.96 2.96 0.03  0.01
Chilled carcass weight, kg  60.5 60.0 60.0 59.8 0.3 NS*
Area of m. long. dorsi, cm? 33.3 33.1 324 324 0.1 0.01
KK-index 77 1.7 1.7 15 1.5 NS
Number of deaths 3 3 0 0

* See Table 4.

DISCUSSION

In spite of the relatively small number of animals in the ex-
periment, it may be concluded that litter size at birth and wean-
ing was numerically but not significantly higher for the groups
which received additional Vit. E (Groups 2 and 4).

Three of the piglets in Group 3 died immediately after having
received a booster injection of iron dextran. This finding is in
accordance with observations by Tollerz (1973) that the tolerance
of piglets to iron injections increased with increased dietary
levels of Vit. E.

The estimated daily milk yield per sow is in good agreement
with earlier studies in the same herd. However, they are lower
than comparable figures reported by Onderscheka (1969). There
was a slight trend towards a higher milk yield for sows in Group
4, receiving the highest dietary level of Se and Vit. E. For sows
on low levels of Vit. E, Nielsen et al. (1973) observed a drastic
drop in milk yield. In these studies, however, the deficiency was
more pronounced than in the present work.

Increased levels of Se or Vit. E in the diet for sows was asso-
ciated with a marked increase in the levels of these compounds
in colostrum and milk. The levels of Se in colostrum are in good
agreement with Rasmussen (1974b) and Young et al. (1977).
Rasmussen (1974 b) found a slight decrease in the concentration
of Se from 10 to 21 days after farrowing. The data in Table 5
refer to milk samples drawn approx. 10 days post partum. The
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Se concentrations were slightly lower than the figures given by
Rasmussen (1974 b), but the dietary levels of Se in this experi-
ment were also lower. Levels of Vit. E in colostrum of unsupple-
mented sows are comparable to those reported by Young et al.
but are somewhat higher than those reported by Nielsen et al.
However, in the latter study there was a pronounced Vit. E de-
ficiency.

The majority of investigations employing the levels of dietary
Se referred to here, did not reveal significant effects on growth
rate and feed utilization (Ewan et al. 1969, Groce et al. 1971,
Ullrey 1971, Wastell et al. 1972, Rasmussen 1974 a). In the pre-
sent investigation an increase in the Se concentration from 0.03
to 0.06 mg per kg feed had a small but significantly positive
effect on the growth rate, and caused a reduction in feed require-
ments per kg gain. No such effect was observed from additions
of Vit. E to the basal diet. Piper et al. (1975), however, have
demonstrated a significant effect on growth rate and feed utiliza-
tion of supplemental Se and/or Vit. E to a diet based on peas.
This diet contained 0.06 mg Se and 7.0 i.u. Vit. E per kg. Wastell
et al. found that pigs on a basal torula yeast diet, containing 0.04
mg Se per kg, supplemented with either 136 i.u. Vit. E or 0.5 mg
Se per kg, had a significantly lower growth rate and inferior feed
conversion ratio than pigs given both supplements.

In the present investigation 0.03 mg Se per kg did not prevent
deaths, regardless of the Vit. E dietary level. Other investigators
have reported deaths among pigs receiving low levels of dietary
Se and Vit. E. In most cases losses could be prevented by Se and/
or Vit. E supplementation (Ewan et al., Ewan 1971, Groce et al.,
Piper et al.}. Ullrey, on the other hand, did not report increased
mortality in groups fed basal rations containing 0.04—0.05 mg
Se per kg. The lack of complete agreement between the reported
results may be due to differences in the overall Se and Vit. E
status of the pigs. However, also genetically determined differen-
ces in the requirement of this nutrient should be considered (Jgr-
gensen et al. 1977).

For several carcass characteristics, Thomke et al. (1965)
found no differences between control pigs and groups given 0.2
mg Se or 25 i.u. Vit. E per kg diet or both. In the present experi-
ment no significant difference was observed in the area of m.
long. dorsi in the first generation of pigs, whereas in the second
generation the area of m. long. dorsi was smallest for pigs re-
ceiving the highest concentration of Se.
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Only limited information is available on the effect of dietary
Se concentrations on the organoleptic quality of pig meat. Lud-
vigsen (1964) found a higher score for meat colour in pigs from
Se supplemented groups as compared with unsupplemented pigs.
For several meat quality traits, Thomke et al. found no difference
between control pigs and pigs given 0.2 mg additional Se per kg
diet. These workers emphasized that the Se-Vit. E deficiency
syndrome is completely different from the PSE-complex*. This
is in agreement with Froseth (1979) who observed signs of Se-
Vit. E deficiency in pigs fed a basal diet containing 0.06 mg Se and
7.0 i.u. a-tocopherol per kg feed, and there was no evidence that
this deficiency was related to the PSE-complex. Further support
for this interpretation has been published by Biering-Sgrensen
(1976 a,b) who described the histological ultrastructural and
biochemical changes connected with PSE. He stated that these
changes are different from the changes seen in degenerated
muscles. A detailed description of ultrastructural alteration in
skeletal muscle of pigs suffering from Se-Vit. E deficiency has
been given by Van Vleet et al. (1976) who stressed the relation-
ship between the biochemical scheme for the function of Vit. E
and Se, as described by Hoekstra (1975), and the Se-Vit. E de-
ficiency symptoms.

Cutaneous microangiopathy lesions as described by Bengtsson
et al. (1978 a) were not observed in the present study. However,
the deficient diets used by Bengisson et al. (1978 a, b) were some-
what lower in Se and Vit. E than those used in our experiments.
Otherwise the general picture of deficiency was the same in the
2 studies.

CONCLUSION

The use of Se enriched fertilizer proved to be an effective way
of increasing the Se concentration of the grain crop, as the con-
tent in the barley produced was 5 times higher from treated areas
than from untreated ones. There was a tendency to an increase
in milk yield of sows following addition of Se plus Vit. E.

The concentration of Se and Vit. E was much higher in colo-
strum than in milk, and addition of dietary Se and Vit. E in-
creased the concentration of these compounds in both colostrum
and milk.

* PSE = pale, soft, exudating meat.
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There was a slight effect of high dietary Se concentration on
growth rate and feed utilization. Low dietary levels of Se and
Vit. E was associated with a higher mortality in piglets, and iron
toxicity was observed in piglets on low dietary Vit. E.

No signs of the PSE-condition were observed in the Se and
Vit. E deficient pigs.
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SAMMENDRAG

Selen- og vitamin E mangel hos svin. I.
Indflydelse pd vekst og reproduktion.

Virkningen af peroralt tilfgrt selen (Se) og vitamin E (Vit. E) pa
vekst og reproduktion hos svin er blevet undersggt. To niveauer af
Se blev anvendt, nemlig 0,03 og 0,06 mg Se pr. kg foder, og inden for
hvert Se niveau blev givet 2 mangder af Vit. E, 15 og 45 i.e. pr. kg
foder.
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Hverken Se eller Vit. E havde signifikant indflydelse pa sgernes
melkeydelse, kuldstgrrelsen, grisenes fgdselsveegt eller hamoglobin-
verdierne ved fgdsel, ved 3 og 8 ugers alderen. Dog var der en ten-
dens til en hgjere melkeydelse hos sger, der fik den stgrste meengde
af Se og Vit. E i foderet, og kuldene var lidt stgrre fra de sger, der
fik foder med den hgjeste koncentration af Vit. E.

Koncentrationen af Se og Vit. E var langt hgjere i kolostrum end
i meelk. Tilskud af Se og Vit. E i foderet havde en udtalt forggende
effekt pA koncentrationen af disse neeringsstoffer bade i kolostrum
og meelk.

Lav Se og Vit. E i sgernes foder og i melken bevirkede, at patte-
grisedgdeligheden steg. Hos pattegrise fra sger pa det lave niveau af
Vit. E blev der konstateret nogle tilfeelde af forgiftninger i forbindelse
med parenteral indgift af jern som forebyggende middel mod ansemi.
PSE (Pale Soft Exudative) feenomenet blev ikke observeret i forsgget
og kan sandsynligvis ikke blive associeret ved mangel pa Se eller Vit.
E i foderet.
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