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Chemical Form and Nutritional Efficiency of Selenium,

An Essential Trace Element, Contained in Soybean Protein

Kyoden YASUMOTO,!) Tetsuya SUZUKI'? and Munehiro YOSHIDA?)
1)Research Institute for Food Science, Kyoto University, Uji 611,
2)Kansai Medical College, Moriguchi 570.

Selenium content of soybean protein was determined by a fluorometric method,
and its nutritional efficiency was assayed by feeding weanling rats the diet containing
either one of these materials at 15% protein level. Nutritional availability of selenium,
as assessed by measuring the dietary intake and fecal output and by correcting for
the metabolic obligatory fecal loss, ranged between 75 and 80%. The hepatic sele-
nium level and glutathione peroxidase activity were found closely associated with
the amount of nutritionally available selenium in the diet. Pepsin digestion of soybean
protein isolate was accompanied by a concomitant liberation of dialyzable selenium.
Pronase digestion of pepsin-and pancreatin digest soybean protein gave rise to selenium-
containing substances which located on paper partition chromatography or thin-
layer chromatography at the same positions where selenomethionine located. Analyt-

ical data obtained by GC-MS confirmed an existence of selenomethionine in the digest.
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These results indicate that selenium of soybean proteins occurs largely in the form of
selenomethionine bound to proteins and its nurtitional efficiency is almost the same

as selenite.
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Fig‘. l Effect of graded levels of supplementary selenium on glutathione peroxidase
activity in rat livey and erythrocyte

Rats were .palr.-fec.l for 3 weeks the basal case-based diet (Se content: 0.065 ug/g)
suppl.emented with indicated level of selenium as sodium selenite. Each point and its
associated vertical bar represent the mean * SEM for 4 rats.
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Fig. 2. Relationship of dietary selenium to hepatic glutathione peroxidase activity and
selenium content in rats fed various experimental diet

Rats were pair-fed for 3 weeks each experimental diet. Each experimental diet
contained 15% level of the protein source: A, casein; B, soybean flake; C, soybean protein
concentrate; D, soybean protein isolate; E, casein supplemented with 0.1 ug Se/g of sodium
selenite. Each point and its associated vertical bar represent the mean * SEM for 4 rats.
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Table 1. Availability of dietary selenium at gastrointestinal level in rats

Diets Dietary intake Fecal excretion Availability
(ug Se/day/rat) (ug Se/day/rat) (%)

A 0.51 £0.01 0.10 +0.02(0.06) 88.2 +2.8°

B 0.85 £0.01 0.21 £0.03(0.17) 80.0 *3.9%P

C 0.88 +0.02 0.26 £0.03(0.22) 75.0 £2.7%

D 0.63 £0.04 10.19+0.01(0.15) 76.0 £ 2.0°

E 1.51 +0.01 0.25 +0.01(0.21) 86.1 +2.9°

The data were obtained with the same animals in Fig. 2. Values given
in parentheses represent the true fecal excretion of selenium corrected for
metabolic, obligatory fecal loss, 0.04 £0.01 ug Se/day. Availability was
calculated as follows: availability = [Se intake — (fecal Se — obligatory Se)]
/Se intake X 100. Values (means * SD for four rats) not sharing a common
superscript in the same column are significantly different at p <0.05. -
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Fig. 3. Time cource of protein digestion and selenium release during
pepsin treatment of soyprotein isolate. )

The pepsin digestion was allowed to proceed within a cello-
phane tube so that the digestion products could be continuously
removed. Aliquots of the tube content were withdrawn at intervals
for the determination of remaining protein and selenium and for
calculation of the degree of protein digestion and selenium liberation.
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Table 2. In vivo absorption of various selenium compounds in rat small intestine*

Compounds Luminal disappearance  Tissue accumulation Net absorption(%)
Selenomethionine 4.62 +0.20° 0.22 £ 0.052 88
Selenocystine 2.23 +0.272 0.59 +0.07° 33
Sodium selenite 1.87 £0.32% 0.18 £0.03? 34

*Luminal disappearance and tissue accumulation were expressed as ug selenium per loop per 30 min.

Net absorption was calculated as follows: [(luminal disappearnce—tissue accumulation) /5] X 100.
Values are mean = SEM for 6 loops; means in the same column not sharing a common superscript
differ significantly at p < 0.05.
Male rats weighing about 200 g were fasted for 24 hr before the experiment, and then anesthetized
with an intraperitoneal injection (50 mg/kg body weight) of sodium pentobarbitol. After the
anesthetization, the proximal jejunum was identified through a midline abdominal incision and a
10 cm in length of the loop, which was tied at both end, was carefully prepared without compromis-
ing the tissues. One ml of Krebs-Ringer solution containing 5 ug of selenium as each selenium com-
pound was injected into the loop. The loop was returned to the abdominal cavity, the abdomen was
closed with sugical clamps and the animals were incubated at 37°C for 30 min. At the end of in-
cubation period, the loop was taken out and the selenium remaining in the luminal solution and
that acuumulated in the tissue of loop were determined.
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Fig. 4. Elevation of hepatic glutathione peroxidase by selenium
administration in rats fed selenium-deficient diet.

After rats were fed the 20% casein diet deficient in selenium
(Se content: 0.045 ug/g) for 3 weeks, selenium compounds were
injected intraperitoneally (50 ug Se/kg body weight/day) for 7 days.
Each point and its associated vertical bar represent the mean * SEM
or 5 rats.
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