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NUTRITIONAL EFFICIENCY AND CHEMICAL FORM OF
SELENIUM, AN ESSENTIAL TRACE ELEMENT, CONTAINED
IN SOYBEAN PROTEIN
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ABSTRACT

Selenium content of milk casein, soybean meal, soybean protein concentrate, and soybean
protein isolate (“Fujipro-R”) 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. The selenium content on dry weight basis ranged between 0.3
and 0.6 ug per g protein. 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 88%. The hepatic selenium level and glutathione peroxidase activity
were found closely associated with the amount of nutritionally available selenium in the diet.
Pepsin and pancreatin digestion of milk casein and soybean protien isolate was accompanied
by a concomitant liberation of dialyzable selenium. Pronase digestion of pepsin-and pancrea-
tin digests of these two proteins gave rise to selenium-containing substances which located on
paper partition chromatography at the same positions where selenocystine (or selenotrisulfide)
and selenomethionine located, respectively. These results indicate that selenium of soybean
proteins occurs largely in the form of selenomethionine bound to proteins and its nutritional

efficiency is slightly lower than that of milk casein.
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Table 1. Composition of experimental diets (%)
Ingredients A B C D E
Protein source 16. 5° 30. 6° 24.9°  17.6'  16.5°
Potato starch 53.5 40. 3 45.1 52.4 53.5
Sucrose 15.0 15.0 15.0 15.0 15.0
Soybean oil 8.0 8.0 8.0 8.0 8.0
Salt mixture' 4.0 4.0 4.0 4.0 4.0
Vitamin mixture® 1.0 1.0 1.0 1.0 1.0
Cellulose powder 2.0° 1.1 2.0 2.0 2.0
Se (ug/g) 0.05 0.09 0.09 0.07 0.15
a,e: Vitamin-free casein, 91.2% protein.

b Soybean meal, 49.0% protein, autoclaved at 120°C for 30 min.
¢:  Soybean protein concentrate, 60.3% protein.

d:  Soybean protein isolate (“Fujipro-R”), 85:3% protein.

e:  Supplemented with 0.1 xg Se/g diet as sodium selenite.
£ Harper’s salt mixture type B.

Obtained from Oriental Yeast Co.
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Table 2. Selenium intake, body weight gain and liver wet weight
of rats pair-fed different diets for three weeks

Body weight gain Liver weight

Diets Selenium intake
(ng) (g) (g)
A 9.8 83.7+8.7° 5.6+0.5"
B 16.5 40.8+5.2° 3.6+0.4"
C 17.2 50.345.9° 3.940.3°
D 12.1 46.0+5. 6 3.7+0.4°
E 29.1 87.8-+6.6" 6.0+0.8"

Values (means + SD for four rats) not sharing a common

superscript in the same column
p<0.05

are significantly different at



Table 3. Availability of dietary selenium at gastrointestinal level in rats

Diets Dietary intake Fecal excretion Avai/lability
(ug Se/day/rat) (g Se/day/rat) (%)
A 0.51+0. 01 0.100. 02(0. 06) 88.2+2.8"
B 0.85£0.01 0.21+0.03(0.17) 80.0+3.9°"
C 0.8840.02 0.26+0. 03(0. 22) 75.0+2.7°
D 0.63+0.04 0.19+0.01(0.15) 76.042.0°
E 1.51+0.01 0.2540.01(¢0.21) 86.1+2.9

The data were obtained with the same animals in Table 2. Values given
in parentheses represent the true fecal excretion of selenium corrected for

metabolic, obligatory fecal loss, 0.04 + 0.01 xg 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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Table 4. Glutathione peroxidase activity and selenium content
in livers of rats fed different diets

Glutathione peroxidase

Selenium content

Diets activit , .
(unit/mg pryotein) (ug/g tssue)
A 0.17+0. 03 0.16+0. 01°
B 0.40+0. 10" 0.23+0.04°
C 0.47+0. 06 0.23+0.03"
D 0.2240.10" 0.16+0.01°
E 0.9640.16° 0.35+0. 04°

The feeding condition was the same as in Tables 2 and

3. 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. 1 Time-course of protein digestion

and selenium release during pepsin
treatment of milk casein and soy-

bean protein isolate.

The pepsin digestion was allowed to proceed within a
cellophane tube so that the digestion products could
be continually removed. Aliquots of the tube content
were withdrawn at intervals for the determination of
remaining protein and selenium and for the calcula-
tion of the degree of protein digestion and selenium
liberation.



Table 5. Distribution of selenium and amino acids of pepsin-pancreatin
digest among Sephadex G-25 fractions

Selenium content®

Amino acid content®

Molecular
weight® Casein Soy protein Casein Soy protein
> 3000 0.016 0.014 0.21 0.21
3000 — 500 0. 043 0. 052 1.54 1.35
< 500 0. 090 0.197 3.86 2. 80

a: Estimated by comparing elution volume of marker peptides.

b: Expressed as ug per g starting material.

c: Expressed as mmole leucine equivalent per g starting material.
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