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AVAILABILITY OF SELENIUM IN FORAGE TO 
RUMINANTS 

G. W. BUTLER AND I?. J. PETERSON 

Plarzl Chemistry Division, D.S.I.R., Palrmrslon North 

SUMMARY 

A resume is given OF work carried out on the 
uptake and assimilation of selenite and selenate by 
plants. By the use of ‘Se it was shown that the 
products of assimilation were predominantly 
seleno-amino acids. 

When sheep were administered “Se-selenite or 
.‘Se-labelled red clover,, the radioactivity was pre- 
dominantly excreted m the faeces in insoluble 
forms. 

In subsequent pot experiments very small 
amounts of selenium were absorbed from Se- 
labelled dung by pasture plants. 

The results are discussed in terms of the 
selenium cycle in grasslands. 

IT IS WELL KNOWN that the presence of small amounts of 
selenium (0.01 p.p.m.) in the diet of many animal species 
has been found to have beneficial effects on health and 
fertility (Schultze, 1960). In New Zealand, oral administra- 
tion of selenium, either as selenite or selenate, improves the 
growth of weaned lambs in certain areas (Drake et al., 
1960). It is, therefore, desirable to examine the salient 
features of the selenium cycle involving soil, plant and 
animal in our grasslands, and a sumrnary is presented here 
of the experiments which have been carried out at Plant 
Chemistry Division. 

The three aspects of the selenium cycle which have so far 
been examined are: 
(1) The forms of chemical combination of selenium in 

forage. 
(2) The excretion pattern of selenium by sheep. 
(3) The uptake of faecal selenium by pasture plants. 

SELENIUM COMPOUNDS IN FORAGE 

The small quantities of selenium compounds which are 
present make their identification by normal methods of 
chemical isolation an impracticable approach. The only 
feasible method of identification is ‘by labelling the com- 
pounds with a radioactive isotope. Fortunately, selenium- 
75 is available as selenious acid of very high specific activity, 
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so that studies can be made at the low levels of selenium 
normally present in biological systems. Selenium-75 has a 
suitable half-life (121 days) and is a pure gamma-ray 
emitter. Radioautography is therefore insensitive, but count- 
ing and chromatogram scanning are conveniently accom- 
plished using a scintillating crystal. Five species were 
chosen to be representative of the three groups of plants 
defined by Miller and Byers (1937) on the basis of total 
selenium contents. These groups and the plants represent- 
ing them were: 

(0 

(2) 

(3) 

Selenium accumulators-up to 5,000 p.p.m. on a dry 
matter basis, Nepttmiu amplexicuulis, an endemic Aus- 
tralian legume. 
Plants which absorb moderate amounts -up to 
30 p.p.m. -without growth retardation. Wheat. 
Plants which absorb up to 5 p.p.m. without growth 
retardation. White clover, red clover and perennial 
ryegrass. 

The plants were grown in vermiculite or sand culture to 
a suitable age ( seven weeks in the case of the pasture plants) 
and then transferred to nutrient solution culture in a con- 
trolled environment cabinet. After a suitable period for 
their establishment in nutrient culture (three days in the 
case of the pasture plants), ‘“Se-selenious acid was added 
and growth continued for ten days in the radioactive 
solution. 

The plants were then harvested and the roots and tops 
subjected to various fractionation procedures to determine 
the states of chemical combination of the ;:Se which had 
been taken up. One procedure adopted was to extract the 
tissues with boiling 80% (V./V.) aqueous ethanol, followed 
by boiling water. Table 1 shows the percentage of ‘“Se in 
the alcohol-soluble and residual fractions of herbage from 
the five plant species examined. 

It will be seen that the selenium accumulator, Neptunin, 
differed markedly from the other plants in that 93% of the 
radioactivity was extracted by ethanol; and conversely the 

TABLE 1: PERCENTAGE DISTRLBUTION OF ‘“Se IN 80% ETHANOL, 
WATER AND “RESIDUE” FRACTIONS OF SHOOTS OF FIVE PLANT 

SPECIES 

Fraction Neptunia Wlzent Ryegmss Red CIovel~ White Clover 

SO% Ethanol 93 
_____ 
20 19 

“: 
28 

Water ‘....’ : Residue ,..... 746 738 62 6;1 



major portion of the “Se in the other four species was not 
extracted by either ethanol or water. 

The identity of the seleno-compounds present in the 
ethanol and aqueous extracts was examined by the prepara- 
tion of paper chromatograms, followed by scanning with 
a rate-meter and by radioautography. Comparisons of the 
chromatographic behaviour of the ‘5e-compounds were 
made with authentic selenium cornpounds or with thei] 
sulphur analogues. Table 2 shows the amount of ;<.Se in 
various seleno-compounds in the ethanol extracts of herb- 
age, of white clover, red clover and ryegrass (expressed as 
a percentage of the total ;‘Se in the extract). 

TABLE 2: PERCENTAGE DISTRIBUTION OF “SE-LABELLED 
COMPOUNDS IN 80% ETHANOL EXTRACTS OF THREE PASTURE 

PLANT SPECIES 

Red Clover White Clover Rvegrass -- 
Selenocystine 
Selenocys teic acid”“” 

13 
..___ .._. :; ;: 

Selenite . . . . . . . 
Selenomethionine”“” __.,,, ,..,,, 

8 
;: 

iy 

Selenomethionine selenoxide .,. trace 
Unknowns . ___... . . . . ..___. 

:$ 
:; 50 

It will be seen that much of the “Se was present as 
selenium analogues of the sulphur-containing amino acids 
cystine and methionine and their oxidation products. A 
number of unidentified selenium compounds were observed 
in ryegrass. From their chromatographic behaviour these 
unknowns may be members of an homologous series; they 
warrant additional investigation since they were present in 
amounts which could well have nutritional significance 
(10% of the ‘“Se in the herbage). 

The nature of the selenium compounds present in the 
“residue” fraction was examined by digestion with various 
enzymes and chemical reagents. The most important results 
for pasture species are shown in Table 3., where it will be 

TABLE 3: PERCENTAGE OF ‘“Se IN “RESIDUE” FRACTIONS 01; 
HERBAGE OF PASTURE PLANT SPECCES EXTRACTED USING 

PROTEOLYTIC ENZYMES AND J~R~MINE WATER 

Extraction Treatments 

Water- ( in..Y-.rl 
Red Clover White Clover Ryepuss 

Chymotrypsin 7: 
Trypsin . 8 ;Y 

8; 

Bromine water . . . . . . . 
Residual activity . . . 1: 40 : 
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seen that successive treatment with the proteolytic enzymes 
trypsin and chymotrypsin. solubilized most of the ‘Se. 
Chromatographic examinations were made of the enzyme 
digests, leading to definite identification of selenomethio- 
nine and some evidence for the presence of selenocystine. 

Some experiments have also been carried out with rye- 
grass where the “Se was supplied as selenate instead of 
selenite, with essentially similar results. These experiments 
suggest that the greatest proportion of the selenium present 
in herbage of pasture plants growing under conditions of 
low selenium nutrition, as in New Zealand, will be present 
as seleno-amino acids in proteins or in the free form. No 
evidence was found for the presence to any extent of insolu- 
ble inorganic compounds of selenium which might be of 
limited availability to the ruminant. However, the possi- 
bility remains that, under different conditions of mineral 
nutrition of the plants, appreciable quantities of selenium 
might be immobilized in the plant in this way. 

With regard to the other two species examined, the dis- 
tribution of ;“Se amongst selenium compounds in young 
wheat plants was essentially similar to the distribution in 
the three pasture species studied. With the selenium- 
accumulating plant Nept~ni~, however, the distribution 
was markedly different from all the other plants studied. 
Only 4% of the “Se was found in the protein fraction and 
most was present in two unidentified compounds in the 
ethanol fraction. It appears likely from this work that the 
ability of this plant to tolerate high selenium levels is linked 
with an ability to exclude selenium from its protein. 

A detailed account of the experiments on the uptake and 
assimilation of selenite by plants has been published else- 
where (Peterson and Butler, 1962). 

EXCRETION OF SELENIUM BY SHEEP 

Cousins and Cairney (1.961) showed that, when sheep 
were dosed orally with 5 mg sodium selenite, 40% of the 
dose was excreted in the dung over a period of 72 hours. In 
case the high faecal excretion was due to the high level of 
selenium used, similar experiments have been carried out 
using lower selenium levels of the same order as would be 
ingested in herbage (Butler and Peterson, 1961). 

When 12 yg doses of ‘Se-selenious acid were introduced 
into the rumens of sheep, .51!% was recovered in the dung 
over a 72-hour period. The ‘“Se-labelled dung was chemi- 
cally fractionated, using similar techniques to those 
developed for the study of the “residue” fraction of plant 
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tissues. It was found that nearly all the “Se was present in 
insoluble forms, which could be solubilized only by treat- 
ment with proteolytic enzymes or by bromine-water. It was 
concluded that approximately half the insoluble material 
was protein-bound (probably as seleno-amino acids) and 
the other half was inorganic. 

These observations have been extended by Peterson and 
Spedding (1963), who grew red clover in nutrient solutions 
containing ‘“Se-selenite ion. Chemical fractionation of the 
herbage confirmed that the selenium was predominantly 
present as free and bound seleno-amino acids. This herbage 
was then fed over a three-hour period to two wethers. It 
was found that the major part of the radioactivity was again 
excreted in the faeces, 54% being recovered within 99 hours. 
The corresponding urinary values averaged 2%. Thus the 
main route of selenium excretion in sheep is via the 
faeces regardless of whether the selenium is ingested as 
selenite or as seleno-amino acids. Chemical fractionation of 
the dung revealed that the selenium was again predomin- 
antly present in insoluble form, of which about two-thirds 
appeared to be inorganic. 

The most probable interpretation of these results is that 
both in the case of selenite and of the seleno-amino acids 
considerable conversion to hydrogen selenide has occurred 
in the reticula-rumen. It is known that some of the sulphur 
in the rumen is present as hydrogen sulphide (Anderson, 
1956 ; Smith and Hungate, 1958). Hydrogen selenide formed 
might be expected either to autoxidize to elemental selenium 
or form insoluble metal selenides, which would probably 
be unavailable for absorption. 

UPTAKE OF FAECAL SELENIUM BY PASTURE PLANTS 

This is, of course, an integral part of the selenium cycle 
on grasslands and the opportunity was taken to examine 
this step using ‘“Se-labelled sheep dung (Butler and Peter- 
son, 1961; Peterson and Spedding, 1963). 

In the first experiments, finely powdered dung was mixed 
with sand at the rate of 10 g, 20 g, and 30 g of dung per 
350 g sand, and ryegrass seed were allowed to grow for 53 
days. The herbage was cut on the 30th and 53rd day and the 
amount of ‘“Se determined. Although the root systems grew 
well through the sand-dung mixture, only small amounts 
of :;.Se were found in the herbage, totalling 0.2 to 0.3% of 
the ‘“Se initially present in the dung. 

Peterson and Spedding (1963) extended these obser+a- 
tions in two ways. First, they showed in a similar pot 
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experiment lasting 75 days that, as in the case of ryegrass, 
only 0.3% of :“Se from dung was taken up into herbage of 
red clover and browntop. The uptake by browntop was 
significantly greater on a dry weight basis than for ryegrass 
and red clover, in agreement with other work (N.Z. Dept. 
Agric., 1962). Secondly, very similar results were obtained 
when mixtures of dung and Manawatu silt loam were used 
instead of dung and sand. 

These experiments showed that the insoluble forms of 
selenium in dung are not readily available to pasture plants. 
It does not appear likely that under field conditions mineral- 
ization of faecal selenium to soluble selenite and selenate 
could occur at an appreciably higher rate than in the pot 
experiments. 

DISCUSSION 

The results to date suggest the possibility that, because 
selenium is excreted by sheep predominantly in the faeces 
in insoluble forms which are relatively unavailable to 
plants, grazing by sheep over a number of years could 
reduce the available selenium in the soil. It would seem 
desirable to know more about the factors responsible for 
this high faecal excretion, since it may be possible by 
simple modifications of the nutrition of the sheep to 
increase the percentage of selenium absorbed from the gut 
and excreted in the urine. 

Another potential source of loss of selenium from tllc 
cycle is by the formation of volatile selenium compounds. 
Thus, in both the series of pot experiments carried out with 
Y”Se-labelled dung, 15% of the radioactivity initially present 
was not recovered. Spent solutions from the nutrient cul- 
ture work with plants often had a characteristic smell 
which was ascribed to volatile selenium compounds. 
Ganther and Baumann ( 1962) have reported the exhalation 
by rats of as much as 40% of an injected dose of 7iSc- 
selenite, depending on the diet. In seleniferous areas of the 
U.S.A., animals grazing toxic forage exhale “selenium 
breath”. The principal volatile compound of selenium 
released from biological svstems is believed to be dimethyl- 
diselenide, but this requii-es confirmation with the use of 
modern analytical techniques. 

It is hoped to elucidate further the metabolism of 
selenium in the soil-plant-ruminant complex, using “‘Se as 
a tracer; particular emphasis will be placed on the meta- 
bolism of selenium in the rumen. 



AVAILAHILITY OF SELENIUM 19 

REFERENCES 

hWCRSON, C. M. (1956): N.Z. .I. Sci. Tech., 37A:379. 
BUTLER, G. W., PETERSON, P. J. (1961): N.Z. J. agric. Res., 4: 484. 
Cousms, F. B., CAIRNEY, I. M. (1961): hut. J. agric. Rcs., 12: 927. 
DRAKE, C., GRANT, A. B., and HARTLEY, W. J. (1960): N.Z. vet. J., 8:4. 
GAXT~-~ER, H. E., BALMANN, C. A. (1962): J. N&r., 77:210. 
MILLER, J. T., BYERS, H. G. (1937): J. agric. Res., 55:59. 
N.Z. DEPT. AGRIC. (1962): Rukuhia Soil Res. Stu. Annu. Rep. 1961-62. 

39 PP. 
PETERSON, P. J., BUTLER, G. W. (1962) : Ausf. J. biol. Sci., 15:126. 
PETERSON, P. J., SPEDDING, D. J. (1963) : N.Z. J. agric. Res., 6: (in press). 
S~J-~ULTZE, M. 0. (1960): Amu. Rev. Biochern., 29:391. 
.%~ITFI, P. H., HUNCATE, R. E. (1958) : J. Racl., 75:713. 

DISCUSSION 

Q: Where selenium strpplellzei?ts are give11 by injection does the 
excretion patterrl of the Sc give!2 ii1 lhis way di-fler from that of 
SC given orally, arid what is the rapidity of excretion of Se given 
by these tlvo routes? 

DR G. W. BUTLER: We have not examined this. Cousins and Cairney 
(Ioc. cit.) treated a hogget with 15 mg selenium (as selenatc) by 
subcutaneous injection each week for one year and another hogget 
wi,th 10 mg selenium (as selenite) by mouth weekly for one year. 
Analyses of the livers, kidneys and hearts of these animals showed 
that “‘there is limited storage of inorganic selenium, irrespective of 
the mode and duration of administration”. There IS no published 
information on the excretion pattern of selenium given by injection. 

Q: Is se/cuizLln stored iu arly particular animal organ, awl is there 
an?; evidence of increased storage after dosing? 

DR BUTLER: Cousins and Cairney (lot. cit.) showed that in sheep 
“the kidney showed the highest selenium levels and was the organ 
most intlucnced by selenium absorption. The kidney selenium levels 
provide an adequate index of the animal’s selenium status”. 

Q : Z/z the pu.s~ SC~ISOIZ irz the South Island very good autumn pasture 
grolvtll perrllittcd equally good “fh~shing” of elves, but despite this 
tlzere 11~s a /zig17 percerltaw of dry elves. Could rapidly grown 
pasture have a lolver pcrcerztagc of Se tllal? pasture which grew 
7lZOYe slolr~ly? 
DR BUTLER: I am not aware of any herbage analyses for selenium 
which indicate the possibility of this being the case. 

Q: Responses to selenium in the South Island have been obtained 
on rycgrass and white clover pastures but not on adjacent lucernc 
crops. May this be due to differences between the species in total 
Se uptake 01’ to species differences in the type of selenium corn-- 
pounds formed within the plants? 

DR BUTLER: Not having worked with lucerne, we cannot give a clear- 
cut answer to this. Such an effect might be clue to a further factbr 
(other than selenium) present in lucerno. 


