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INFLUENCE OF DIETARY PROTEIN ON THE APPARENT ABSORPTION AND
RETENTION OF SELENIUM IN SHEEP

A. B. Serra', S. D. Serra and T. Fujihara?

Faculty of Life and Environmental Science {formerly Faculty of Agriculture), Shimane University, Matsue-shi,
Shimane, 690 Japan

Summary

Selenium {Se) apparent absorption and retention in sheep as influenced by diets differing in protein content through
soybean meal supplementation was studied. A 3 X 3 Latin square design was used with three Japanese Corriedale
wethers {45 kg average body weight), three periods, and three dietary treatments. In each period, 7 d dietary adjustment
was followed by 5 d total collection of urine and feces. The three dietary treatments were : Diet 1, without soybean meal
supplementation (14% crude protein, CP); Diet 2, with 10% soybean meal supplementation (16.5% CP); and Diet 3, with
20% soybean meal supplementation (19% CP). All the diets had a Se supplementation in the form of sodium selenite at
0.2 mg Se/kg dietary DM. The dietary DM intake of the animals was 2% of their body weight. No significant differences
were obtained among the three dietary treatments on the Se balance of the animals. However, as percent of Se intake,
only urinary Se concentration of Diet 3 was markedly lower (p < 0.05) than the other diets. Fecal Se as percent of Se
intake followed the trend of Diet 3 > Diet 2 > Diet | resulting a Se absorbed as percent of Se intake of 58.9%, 62.3%
and 68.2% for Diets 3, 2 and |, respectively but their differences among each other were insignificant. No significant
differences that were observed either on Se retained as percent of intake (Diet 1, 48.2%; Diet 2, 45.2%; Diet 3, 46.0%) or
Se retained as percent of Se absotbed (Diet 1, 70.7%; Diet 2, 72.4%; Diet 3, 77.9%). Significant cormrelation coefficients
among the various measures of Se utilization were also observed. Regression analysis showed the following equation: Y
= 93.8 — 1.86X (p < 0.05, r = 0.48), where Y is the Se absorbed as percent of Se intake (%) and X is the dietary
protein content (%). This study concludes that Se requirement in sheep is greater when dietary protein content is high,
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Introduction

The selenium (Se) compounds in seeds or forages
consumed by livestock are selenocystine, selenocysteine,
selenomethionine and Se-methylseleno-methionine {NRC,
1983). If the dietary Se concentrations are low,
supplementation is necessary to ensure optimum animal
performance. The most common Se supplement being
used is in inorganic form of either sodium selenite or
sodium selenate. However, their absorption in ruminants is
lesser than those monogastric animals due to the factors in
the rumen. The rumen provides a very strong reducing
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environment which can convert ingested Se into a reduced
and insoluble unavailable form, such as selenide or
elemental Se (Cousins and Caimey, 1961; Peterson and
Spedding, 1963; Lopez et al,, 1969; Hudman and Glenn,
1984),

Other factors affecting Se bioavailability are the
following: the chemical form of ingested Se, the previous
Se status of the animal, and the amounts interfering or
enhancing factors in the diet including vitamin E, sulfur,
proteins, amino acids, copper, mercury, arsenic and
cadnium (NRC, 1983). The chemical form affects the
bioavailability of Se because the organic form is more
efficiently retained in the animal’s body than the inorganic
form (Ullrey et al., 1977). Level of supplementation  and
protein in the diet can possibly increase or decrease Se
bioavailability from an inorganic Se, Thus, this study
was designed to determine the effects of diets of differing
protein content through soybean meal supplementation on
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Se absorption and retention in sheep.
Materials and Methods

Animals and diets

Three Japanese Corriedale wethers with an average
body weight of 45 kg were used in this study. They were
placed individually on metabolism cage and kept indoors
through out the study period. Each animal was fitted with
small cannula in the dorsal sac of their umen.

The three dietary treatments were; Diet 1, without
soybean meal supplementation (14% crude protein, CP);
Diet 2, with 10% soybean meal supplementation (16.5%
CP); and Diet 3, with 20% soybean meal supplementation
(19% CP). The composition of the diets are shown in
table 1| whereas the nutrient contents of its main
components {hay, wheat bran and soybean meal) are
presented in table 2. The nutrient requirements of wethers
(NRC, 1975) was met by ensuring DM intakes of 2% of
their body weight.

TABLE 1. COMPOSITION AND ANALYSIS OF THE
EXPERIMENTAL DIETS (PERCENT OF DRY
MATTER')
Iltem Diet 1 Diet 2 Diet 3
Composition, % of DM
Hay 89.0 79.0 69.0
Wheat bran 10.0 10.0 10.0
Soybean meal 0 10.0 20.0
Sodium chloride 0.2 0.2 0.2
Calcium carbonate 0.2 0.2 0.2
Sodium phosphate 0.6 0.6 0.6
Analysis, % of DM
Crude protein® 14.0 16.5 19.0
Total digestible nutrients®  52.0 54.0 57.0
Calcium’ 0.44 0.44 0.44
Phosphorus® 0.49 0.49 0.49

! Selenium was provided as sodium selenite at 0.2 mg Sekg
dietary DM to all diets.

? Acmal analysis.

3 Calculated analysis.

All the diets had a Se supplementation as sodium
selenite at 0.2 mg Se/kg dietary DM. The Se was mixed
in a camier, (0.2g. Se/kg wheat flour). The Se
supplement and concentrate mixture were fed only in the
moming before the hay was given. The hay was fed at
09:00 and 17:00 h.
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Experimental design

The experimental design of this study was 3 X 3 Latin
square (three dietary treatments, three wethers and three
experimental periods). The dietary adjustment period was
7 d followed by 5 d total collection period of urine and
feces. The animals were allowed to rest for 14 d between
experimental period.

Sample collection

Feed intake was recorded daily. Subsamples of the diet
were obtained several times during the experiment and
composited for analysis. Subsamples of feces or urine
were obtained daily with total weight or volume recorded.
The feed and fecal sarnples were dried at 607 for 48 h
and ground through a |-mm screen in a grinding mill and
saved for later analysis. Urine samples were acidified with
10% sulfuric acid {100 ml/L. urine) and kept iri the freezer
{—207%) before analysis.

Laboratory analyses and calculations

The three main feed ingredients ¢hay, wheat bran and
soybean meal) were analyzed for their DM contents,
proximate composition according to AOAC (1984) and Se
content Fecal samples were analyzed for their DM and Se
content whereas the urine samples were analyzed for their
Se content All the samples for Se analysis were wet
ashed with nitric and perchloric acids (3:1 v/v). The
fluorometric determination of Se by Watkinson (1966)
was followed and the fluorescence spectrophotometer used
was Hitachi 204 (Hitachi Ltd., Tokyo, Japan). The
conditions of the spectrophotometer were presented earlier
(Serra et al., 1994),

Statistical analyses

All results are expressed as means = SEM (n = 3)
unless otherwise. stated. Data were analyzed by ANOVA
in 3 X 3 Latin square (Steel and Torrie, 1980; Statistica
for the Macintosh™ Release 4.1, Statsoft, Inc., Tulsa,
OK). The sum of squares was partitioned into the main
effect of animal, period and treatment. When the main
effect was significant (p < 0.05), means were compared
using least significance difference. Correlation and
regression analysis were also done among the measures
related to Se absorption and retention.

Results

Selenium balance

Selenium intake, apparent absomption and retention in
Japanese Corriedale wethers as affected by dietary protein
content through soybean supplementation- are shown in
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table 3. No marked differences on Se intake were noted
due to similar Se supplementation received by the animals.
The Se conwibution of the diets (hay, wheat bran and
soybean meal) was considered to be minimal as their Se
content was very low (table 2). This was classified as Se-
deficient feed ingredients (< 0.1 mg/kg DM, McDowell,
1985).

TABLE 2. PROXIMATE ANALYSIS AND SELENIUM
CONTENTS OF HAY, WHEAT BRAN AND
SOYBEAN MEAL

Wheat Soybean

Item Hay bran meal
...... WD of DM vernas

DM 94.5 922 95.8

Ash 9.3 52 6.9

Crude protein 13.5 17.8 40.9

Ether extract 22 5.4 0.9

Crude fiber 333 11.3 8.6

Nitrogen-free extract 41.6 60.4 42.7
...... ﬂg/kg DM censes

Se 40.0 12.1 3.8

TABLE 3. SELENIUM INTAKE, APPARENT ABSCRPTION
AND RETENTION IN SHEEP FED DIETS OF
VARYING CRUDE PROTEIN CONTENT

item Diet 1 Diet 2 Diet 3
Crude protein 14.0 6.5 190
(%)
Selenium balance (eg/d)
Intake 186.2+£2.67 1728=*31.18 191.7+36.52
Fecal 592+1.19 640 875 78.8x154]
Urine 37.1£166 304+ 780 249X 490
Absorbed® 127.0+3.86 108.8+2391 1129%23.30
Retained®  89.9+4.62 784%1753 88.0%18.59
Percentage of Se Intake (%)
Fecal 31.8£1.07 370+ 292 4].1£ 359
Urine 200£1.02* 176+ 2320 13.0% 0.09°
Absorbed  68.2*1.07 63.0+ 292 589+ 359
Retained 483+£1.83 454+ 403 459% 354
Percentage of Se Absorption (%)
Retained 708178 721+ 435 779+ 132

' Diet 1, 0% soybean meal; Diet 2, 10% soybean meal; Diet 3,
20% soybean meal. Values are means = SEM, n = 3 sheep/
treatment. Figures within a row with different superscripts differ
p < 0.05).

? Se absorbed (apparent absorption) = Se intake— fecal Se.

? Se retained = Se absorbed — urinary Se.
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The daily excretion of Se in feces and urine were
insignificant among the three dietary treatments. However,
the trend of fecal Se output was Diet 3 > Diet 2 > Diet 1
and the reverse was observed in urinary Se. Insignificant
results were also obtained on apparent Se absorption and
retention among the three dietary treatments. When fecal
Se was expressed as a percent of Se intake, the trend was
Diet 3 > Diet 2 > Diet 1, however, their differences were
insignificant. Only urinary Se expressed as a percent of Se
intake showed significant differences among the three
dietary treatments, Diet 3 was lower (@ < 0.05) when
compared diets | and 2. No differences were found on
Se absorption expressed as percent of Se intake on the
three dietary treatments but the trend was Diet | > Diet 2
> Diet 3. The same were observed on Se retention
expressed as a percent of intake with insignificant
differences among the three dietary treatments were
obtained and the trend was Diet 1 > Diet 2 and 3. The
dietary treatments had no significant differences on Se
retention expressed as a percent of Se absorption although
the trend was highest in Diet 3 followed by Diet 2 and
Diet 1.

Correlation and regression analysis of measures
Table 4 shows the correlation coefficients on the
different measures describing the Se utilization in sheep.
Selenium intake was significantly correlated to Se in the
feces (p < 0.01), Se in the urine (p < 0.05), Se apparent
absorption (p < 0.01) and Se retention (p < 0.01). A
significant correlation was found between Se in the urine
and Se absorption (p < 0.01). While negative correlation
was obtained between Se in the urine and percent Se
retention based on absorption (p < 0.05). Selenium
absorption was also correlated to Se retention (p < 0.01).
Selenium absorption as percent of intake was correlated to
Se retention as percent of intake (p < 0.05). The dietary
protein content (%) of the diet (X) was related to Se

§ Y = 938 (+12.2) ~1.86 ( £0.73)X
8L 74
8 iy .
326 \
g; 58 a
285 .
5 60 —— :
8 135 145 155 165 175 185 195

Dietary protein { %)

Figure 1. Regression of Se absorption (% intake) [Y]
and dietary protein content {(95) [X] (p <
0.05; r? = 0.48). :
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TABLE 4. CORRELATION COEFFICIENTS AMONG VARIOUS MEASURES OF SELENIUM UTILIZATION

Se Se in

Se in Se Se

Percentage Percentage

Concept se absorp- $e reten -
intake feces urine  absorption retention ton based tion based
on intake on intake
Percentage Se retention based —0.10 —-0.02 —0.67* -0.12 0.12 —~0.09 0.57
on absorption
Percentage Se retention based 0.06 —040 —0.03 0.32 0.44 0.77*
on intake
Percentage Se absorption based 0.16 —046 0.49 0.50 0.45
on intake
Se retention 0.92** 0.56 0.64 0.97**
Se absorption 0.93** 053 0.81**
Se in urine 0.72* 0.33
Se in feces 0.80**
* P <0.05..
** p < 001.

absorption expressed as percent Se intake (Y) by the
regression equation Y = 93.8—1.86X; p < 005; £ =
0.48 (figure 1). The relationship between the dietary
protein content and Se retention as a percent of Se
absorption was not significarit.

Discussion

Earlier reports identified feces as the main route of Se
excretion in ruminants when this element is given orally
(Cousins and Caimey, 1961; Paulson et al., 1966; Lopez
et al, 1969; Langlands et al., 1986). This means it is
highly correlated to Se intake (Harrison and Conrad,
1984) as also shown in the present study (r = 0.80, p <
0.01; wble 4). Excretion of Se in the feces tended to be
increased by increasing the dietary protein content as
shown in our present study or increasing the intake of
organic matter (Langlands et al, 1986). One possible
reason is the conversion of dietary Se into a more non-
available form in the rumen as dietary protein content
increases. Gerloff (1992) suggested that high concentrate
diets might be expected to promote a lower pH and
greater reducing capacity in the rumen which could be
hypothesized to increase the reduction of dietary Se into
elemental form. Also, ruminal microbes are capable of
reducing Se salts such as sodium selenate and sodium
selenite to red elemental Se which in this form may not be
utilized by the host animal (Cousins and Caimey, 1961;
Peterson and Spedding, 1963; Lopez et al,, 1969; Hudman
and Glenn, 1984). Moreover, ruminal microbes can
incorporate dietary Se into their cells (Hidiroglou et al.,

1968; Paulson et al., 1968; Hudman and Glenn, 1984) but
the mechanism of their uptake or incorporation into their
cells is unknown (Heider and Bdck, 1993). Incorporation
of dietary Se into bacterial cells is doubled upon its
introduction into the rumen (Serra et al., 1994) however
there is no information states whether the Se attached to
bacterial cells are available to the host animal or not
{Church et al,, 197]; Durand and Kawashima, 1980). If
they are not metabolized, they would pass into the feces,
thus increasing the excretion of fecal Se.

Urinary Se is also a major route of excretion in
ruminants when this element is given orally {(NRC, 1983).
In monogastric animals, it is the main route of Se
excretion (NRC, 1983). In ruminants, urinary Se expressed
as a percent of intake is inversely related to the dietary
protein level and this suggests that the absorbed Se
was retained effectively in this study (r = 0.77, p < 0.05;
table 4) by increasing the dietary protein level. It could be
postulated that the absorbed Se was incorporated into
amino acids as selenoproteins by a Se substitution for a
sulfur atom in the cysteine residue of the protein. Cousins
and Caimey (1961) observed that when supplementing
inorganic Se to sheep retained this element by the tissues,
particularly by the kidney. The Se is initially protein
bound followed by a considerable period over which this
protein-incorporated Se is lost. The incorporation of
inorganic Se in protein is to be specific to amino acid
cysteine (Burk, 1991). However, Hudman and Glenn
(1984) observed the incorporation of [Se]-selenite into
selenocystine, selenoethionine, selenochomocysteine and
selenomethionine. Selenium is excreted in urine as
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aimethyl selenide (NRC, 1983},

The Se absorbed as percent of Se intake as presented
in the previous study (Serra et al.,, 1994), is much higher
than what was by Hamison and Conrad (1984). The
reason behind this is the type of diet. Only hay was given
which possibly resulted in weaker reduction capacity of
the rumen in converting the dietary Se into unavailable
form. When soybean meal was supplemented 1o increase
dietary protein level (present study), the Se absorbed as
percent of intake was lower by 6.5 to 20.6% as dietary
protein increased from 14 to 19.5% CP compared to the
previous findings ¢hay alone, Semra et al., 1994). High
concentrate diets like those dairy cattle feeds resulted in
much lower Se absorbed as percent of Se intake, from |7
to 50% (Harrison and Conrad, 1984). Therefore,
increasing dietary protein content (X) has a negative effect
on Se absorbed as percent intake (Y) in sheep as
illustrated in figure 1.

Selenium retention as percent of Se intake is very low
in dairy cattle when fed with various levels and types of
concenirate mixtures as Harrison and Conrad (1984)
reported Se retention as low as 2% and as high as 41%.
Selenium intake and Se retention as percent of Se intake
were not significantly correlated as in the present study.
Selenium retention as percent of Se intake (45.2-48.2%)
was similar for all the dietary treatments regardless of the
level of dietary protein.

The findings of the present study agreed with other
workers showing that Se requirements in sheep are higher
when protein-rich legumes are fed (Whanger et al., 1977),
and when intake is high (Gerloff, 1992) especially high
intakes of organic matter (Langlands et al, 1986). The
present study implies that ruminants fed high protein diets
will have higher Se requirement to compensate the loss of
dietary Se in feces and urine.

Conclusion

Although insignificant differences were observed in Se
balance in diets of increasing dietary protein content, Se
absorption tended to decrease as dietary protein content
increased. Thus, Se requirement in sheep could be greater
when dietary protein content is high.
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