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White Leghorn chicks obtained from dams deprived on selenium (Se), 
were fed from hatching a low-Se-vitamin E basal diet alone, or supple
mented with 0.02, 0.04, 0.06 or 0.08 mg Se/kg diet, as sodium selenite 
(Na2SeOa · 5H20), wheat, barley or fish meal. Prevention of the Se
vitamin E deficiency responsive disease exudative diathesis (ED) as 
it was clinical observed, induction of the plasma Se dependent en
zyme glutathione peroxidase (GSH-Px) activity, an:d Se concentration 
in the cardiac muscle were observed to be dietary Se level and source 
dependent. Slope ratio assay was applied to estimate the biological 
availability of Se in the natural sources relative to Se in sodium 
selenite. For the prevention of ED, the bioavailability of Se in wheat, 
bairley and fish meal was 99, 85 an.d 80 %, respectively. The increase 
in the plasma GSH-Px activity revealed a bioavailability for Se in 
wheat, barley and fish meal of 79, 71 and 66 %, respectively. Using 
retenlion of Se in the cardiac muscle as the bioass•ay, a bioavaiilability 
of 108, 87 and 100 % was calculaited for wheat, barley aind fish meal 
Se, respectively. 

s e 1 e n i u m b i o a v a i I a b i I i t y; g 1 u t a t h i o n e p e r o x i d
a s e; selenium retention; feed ingredients. 

Various feedstuffs and compounds containing selenium (Se) 
differ widely in their ability to prevent vitamin E and/or Se 
responsive diseases and in theitr efficacy to restore activity of 
the Se dependent enzyme glutathione peroxidase (GSH-Px, gluta
thione-hydrogen pero·xide oxido-reductase, EC 1.11.1.9) in animal 
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tissues (Cantor et al. 1981). Cantor et al. (1975) using the pre
vention of exudative diathesis (ED) in chicks as a bioassay, 
determined the bioavailability of Se in various feedstuffs and 
Se compounds. These authors observed that Se from fish meals 
was only 15 to 25 % bioavailable, while Se from plant products 
was 60 to 90 % bioavailable, in comparison to sodium selenite. 
In contrast, Gabrielsen & Opstvedt (1980) and Huque & Jensen 
(1985), using the slope ratios of plasma GSH-Px activity in 
chicks as their indicator of bioavailability, found that the Se in 
fish meal had a bioavailability value 2-4 times higher than the 
estimate given by Cantor et al. (1975). Miller et al. (1972) re
ported that the amount of Se retained in chick whole body from 
fish meal and fish solubles was less than 50 % of the amount 
retained from sodium selenite. 

The results of Seier & Bragg (1973) indicated that the barley 
and wheat Se was 52 and 70 % , respectively, bioavailable in pre
venting ED in comparison to sodium selenite. In another study, 
the nutritional efficacy of wheat Se in inducing erythrocyte and 
liver GSH-Px in rats was respectively 83 % and 86 % of that of 
sodium selenite (Douglass et al. 1981). However, rats fed wheat 
retained equal amounts or more Se in their tissues than rats fed 

(Alexander et al. 1982). 
ChiCks deficient in Se and vitamin E, develop clinical symp

toms of ED (Dam & Glavind 1938, Scott et al. 1957) which are 
associated with low plasma protein content (Goldstein & Scott 
1959) and low plasma and liver GSH-Px levels (Noguchi et al. 
1973, Hakkarainen et al. 1982). 

Bioassays that have been used for evaluating Se bioavail
ability include the nutrient eftiicacy in preventing ED in chicks 
and liver necrosis in rats, increasing GSH-Px activity, and Se 
concentration in animal tissues (Cantor et al. 1981). 

Fish meals and grains such as wheat and barley grown on 
areas with 3dequate Se in soil, provide a substantial portion of 
the dietary Se requirement for domestic animals and poultry. In 
view of this fact, and in view of the conflicting observations 
concerning Se utilization, the present study was undertaken to 
compare the bioavailability of Se in the above feed ingredients 
w.ith that of sodium selenite using the ability of Se to prevent 
ED, to elevate plasma GSH-Px activity and to increase the Se 
concentration in the cardiac muscle of chicks as measurements 
of biological availability. 
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MATERIAL AND METHODS 
Experimental animals 

To facilitate the development of ED, chicks were obtained 
from hens with low Se and vitamin E status. One hundred and 
seventy five White Leghorn hens, 20 weeks of age, were housed 
in 43 x 48 X 44 cm wire cages, 4 hens each. The feed (Table 1) 
and tap water were provided ad lib. After 15 weeks on this diet, 
the hens were artificially inseminated with pooled semen from 
White Leghorn males which had been kept on a standard com
mercial feed sufficient in all nutrients required by the males in
cluding Se and vitamin E. Whole blood was drawn in heparinized 
syringes from 6 of the newly hatched, unsexed chicks through 
anterior cardiac puncture before they were killed. The heart was 
excised, and with the obtained plasma samples were subsequent
ly stored at - 20°C. The remaining chicks were divided random
ly into 34 groups of 12 chicks each. The chicks were wing banded 

Tab 1 e 1. Composition of the basal diet fed to hens.1 2 

% 

Extracted soybean meal 23.40 
Barley 24.00 
Wheat 17.33 
Oats 14.00 
Amino acid mixture3 0.60 
Soybean oil 3.50 
Vitamin mixture4 4.04 
Mineral mixture5 2.61 
Calcium carbonate (CaC03 ) 7.46 
Dicalcium phosphate (CaJiP0,.2H20) 3.06 

100.00 

1 By analysis contains 18.00 % crude protein and 0.04 mg Se/kg. 
2 Calculated content ( % ) : methi<>nine + cystine 1.45; lysine, 1.68. 
3 Supplied the following am<>unts (/kg diet). DL-methionine, 5.(}0 g; 

lysine, 1.00 g. 
4 Supplied the following amounts(/kg diet): Vitamin A, 6 500 IU; 

Vitamin D
3

, 1 100 IU; Vitamin K, 2.20 mg; thiamin, 2.2 mg; ribo
flavin, 5.50 mg; panfothenic acid, 16.50 mg; nicotinic acid, 33 mg; 
pyridoxin, 6.50 mg; biotin, 0.22 mg; folic acid, 0.55 mg; vitamin B12 , 

0.02 mg; choline chloride 50 %, 1.30 g; ethoxyquin, 200 mg. 
5 Supplied the following amounts(/kg diet): KI03 , 0.83 mg; K2S04 , 

13.03 mg; NaCl, 3.70 g; CuS04.7H20, 64.83 mg; FeS04.7Hp, 0.39 g; 
MgS0 •. 7H20, 8.36 g; Mnso •. Hp, 0.15 g; ZnS0 •. 7H20, 0.43 g. 
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and reared in electrically-heated batteries. Room temperature 
was controlled. An initial room temperature of 35°C during the 
first day of hatching, was gradually reduced by 3.5°C a week. 
The relative humidity of the air was a constant 65 % and 
artificial light was provided continuously throughout the experi.
mental period. Feed and redistilled water were available ad lib. 

Experimental diets 
Spring wheat and barley enriched in Se were grown in an area 

deficient in Se. The fields wheat and barley were just beginning 
to sprout when they were sprayed with sodium selenite in a 
water solution (Korkman 1980). Ordinary herring fish meal 
produced at a ccnnmercial factory was delivered immediately 

Table 2. Compooition of the basal diet fed to chicks.1 

Low-Se casein2 
Extracted soybean meal3 
Torula yeast 
Amino acid mixture4 

Vitamin mixture5 
Mineral mixture6 

Distilled fatty acids7 
Cellulose 
Glucose 

% 

16.50 
7.50 

14.70 
0.9'6 
5.00 
5.60 
3.00 
3.-0-0 

43.74 

100.0-0 
1 Calculated content ( % ) : methionine, 0.87; methionine· + cystine, 

1.25; lysine, 1.90. 
2 Produced as described by Bengtsson et al. (1974). 
3 Extracted 24 h with ethanol. 
4 Supplied the following amounts (/kg diet): DL-methionine, 2.40 g; 

lysine, 1.50 g; glycine, 2.0-0 g; arginine, 2.70 g. 
5 Supplied the following amounts (/kg diet): Vitamin A, 5 500 IU; 

Vitami:n D3 , 1 1-00 IU; Vitamin K, 1.40 mg; thiamin, 10-.00 mg; ribo
flavin, 12.00 mg; pantothenic acid, 25.00 mg; nicotinic acid, 55.00 
mg; pyiridoxine, 8.00 mg; biotine, 0.3-0 mg; folic acid, 4.00 mg; 
Vitamin B12 , 0.20 mg; choline chloride 50 %, 4.00 g; 1,2-dihydro-6-
ethoxy-2,2,4 trimethylquin.oline (Ethoxyquin), 80.00 mg. 

6 Supplied th.e following amounts (/kg diet): CaHP0
4
.2Hp, 37.23 g; 

MgS04 .7H20, 7.6<0 g; CaC0
8

, 5.-07 g; NaCl, 5.00 g; FeS0
4
.7H

2
0, 0.50 g; 

ZnS04 .7H20, 0.33 g; MnS04 .H20, 0.26 g; CuS0
4
.5H

2
0, 39.30 mg; K

2 
S04 , 6.40 mg; KI08 , 5.10 mg. 

7 Obtained from soybean oil (Hakkarainen et al. 19·83). 
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after processing and stored at - 20°C. Both the wheat and the 
barley were milled in a Retch Laboratory mill. Each of these 
meals and the fish meal were then extracted separately with 
absolute ethanol for 24 h to eliminate vitamin E, and thereafter 
left to dry at room temperature. 

The composition of the basal diet fed to the chicks is shown 
in Table 2. The content of protein and Se in basal diet, low-Se 
casein and test ingredients fed to the chicks are shown in Table 
3. The concentrations of calcium, phosphorus and mercury in 

Table 3. Protein and Se content of the basal diet, of the low-Se 
casein and of the test inigredients fed t-0 the chicks. 

Source Protein Se 
% mg/kg 

Basal diet 23.50 0.03 
Low-Se casein 74.20 0.03 
Ba•rley 11.40 1.50 
Wheat 15.70 3.46 
Fish meal 74.20 2.12 

the fish meal after extraction were 3.30 %, 2.42 % and 0.10 mg/ 
kg, respectively. Varying amounts of either sodium selenite 
(Na2Se08 • 5H20), wheat, barley or fish meal were added to the 
basal diet to provide Se levels of 0.02, 0.04, 0.06 or 0.08 mg/kg 
for each respective Se source. All of the dietary treatments were 
formulated to contain 23.5 % protein by adjusting the amount 
of the Se source and the low-Se casein. In the diets containing 
fish meal as the source of Se, the calcium carbonate and calcium 
phosphate content in the mineral mixture were reduced in order 
to keep the dietary levels of calcium and phosphorus equal in 
all of the treatments. The percentages of the Se source (wheat, 
barley or fish meal), low-Se casein and glucose in the experi
mental diets are presented in Table 4. 

Adequate amounts of methionine and ethoxyquin were in
cluded in basal diet to protect the chicks against muscular dys
trophy and nutritional encephailomalaoia. By chemical analysis, 
the basal diet contained 0.2 mg vitamin E/kg, while no vitamin E 
was detected in any of the extracted Se sources. This made the 
biologica1'ly available Se which was provided either by sodium 
selenite or by one of tbe test ingredients, the sole ljmiting factor 
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Table 4. The content of the test ingredieruts, low-Se casein and 
glucose in the experimental diets containing natural ingredients as 

Se source. 1 2 

Diet Amount(%) 

No. Se source Se added Se source Low-Se Glucose 
mg/ kg casein 

6 Barley 0.02 1.33 16.30 42.61 
7 0.04 2.66 16.09 41.49 
8 0.06 3.99 15.89 40.36 
9 0.08 5.32 15.68 39.24 

10 Wheat 0.02 0.58 16.38 43.28 
11 0.04 1.16 16.25 4-2'.8.3 
12 0.06 1.74 16.13 42.37 
13 0.08 2.32 16.01 41.91 
14 Fish meal 0.0·2 0.94 15.56 43.74 
15 0.04 1.88 14.62 43.74 
16 0.06 2.82 13.68 43.74 
17 0.08 3.76 12.74 43.74 

1 Diet 1 was a control, with no Se supplementation. 
2 Diets 2, 3, 4 and 5 were supplemented with 0.02, 0.04, 0.06 or 0.08 
mg Se/kg, respectively, as sodium selenite (Na2Se0

3 
• 5H20). 

for growth, the prevention of ED, the induction of pla:sma GSH
Px activity and the increase in Se concentration in the chick 
tissues. 

Experimental procedure 
Duplicate groups of chicks were fed from 1-day of age the 

basal diet with no added Se, (to serve as a control treatment) 
the basal diet supplemented with Se as sodium selenite, (to 
provide a standard response curve) or the basal diet supple
mented with Se by the test feed ingredients. 

The chicks were inspected daily for control of the clinical 
signs of. ED. The observations of subcutaneous blue-green 
exudate f&u the crop, breast, abdomen, wings and legs were 
sufficient evidence for the diagnose of ED. When an incident 
was observed, blood was drawn by anterior cardiac puncture 
using a heparinized syringe. The heparinized blood was cen
trifuged at 2500 x g for 10 min to obtain plasma, which was t,hen 
collected and stored at -20°C until GSH-Px activity and total 
protein analyses. After the whole blood was drawn, the same 
chicks were killed, the heart was quickly excised, stored at 
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-20°C and then lyophilized for Se analysis. Body weight was 
monitored at 17 days of age. The experiment was terminated at 
24 days of age when every chick on the control drl.et had developed 
ED. A plasma sample and the heart were obtained from each 
surviving healthy chick and were then stored at - 20°C. A 
necropsy was conducted on every experimental chick in order 
to observe presence of visual pathological lesions of ED. 

Analytical methods 
Plasma protein content was determined according to the 

method of Weichselbaum (1948). Glutathione peroxidase activity 
was determined in the plasma by the method of Giinzler et al. 
(1974) as modified by Sankari (1985). The fluorometric method 
(Lindberg 1968) was used to determine Se concentration. Vita
min E content was analysed as described by Hakkarainen et al. 
(1984). Protein content in both the feed ingredients and in the 
various diets were analysed according to A.O.A.C. (1970). 

Statistical analyses 
The data were subjected to analysis of variance according to 

Dunn & Clark (1974). The analyses were carried out using the 
GLM proecdure, and pairwise comparisons were carried out using 
the least square means according to the Statistical Analysis System 
(SAS). The respective efficacies of wheat, barley and fish meal 
Se in comparison to that of sodium selenite in preventing ED, 
in inducing plasma GSH-Px activity and in increasing Se concen
tration in the heart muscle were measured by a slope ratio assay 
as described by Finney (1978) utilizing the formula: 

btest 
y = -:---

hstandard 
x 100 

where b stands for the linear regression coefficient for either one 
of the test ingredients or sodium (standard). 

RESULTS 
Figure 1 shows that all of the chicks on the control diet with 

no Se supplement developed clinical signs of ED, and that in
creasing the Se level in the various diets reduced the incidence 
of ED. Prevention of ED was dietary Se level and source depen
dent. Selenium provided by sodium selenite or wheat, showe(! 
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Figure 1. Relationship between the incidence of exudative dia
thesis (y) and the dietary selenium levels supplemented by various 
sources (x). Symbols show the percentages of chicks with clinical 

signs of ED in ea.ch group. R2 = 0.88; P < 0.001 . 

equal ability to prevent ED. Barley Se had an intermediate 
efficacy, while less preventive effect against ED was obtained 
by Se from fish meal. Macroseopic pathological lesions charac
teristic for ED were only observed during necropsy in those 
chicks that had developed clinical symptoms of ED. Massive 
subcutaneous blue-greenish exudate, haemorrhages and necrosis 
were observed on the inner sides of the thigh, on the neck, crop, 
breast and abdominal regions. 

The general pattern of Se effect on the plasma GSH-Px 
activity and its effect on Se concentration in the cardiac muscle 
was similar (Table 5) . Chicks with clinical o.f ED on the 
control diet and those receiving 0.02 mg Se/kg diet showed sig
nificantly less (P < 0.05) plasma GSH-Px activity and Se con
centration in the cardiac muscle than healthy chicks receiving 
0.04 mg Se or more/kg diet. Exudative diathesis was clinically 
observed in chicks with < 0.3 U GSH-Px activity/ml plasma and 
< 0.37 µg Se/g cardiac muscle (dry matter) . Both plasma GSH-
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Effect of dietary Se source on plasma GSH-Px activity 
and cardiac muscle Se concentration. 

Source of Se 

Sodium selenite Barley Wheat Fish meal 

mg/kg Plasma GSH-Px (U/ml) • 
0.(}0 0.13±0.01 llt • • 
0.02 
0.04 
0.06 
0.08 

0.00 
0.02 
0.04 
0.06 
0.08 

0.22± 0.015 t • • 

0.30±0.016 Aa§" 0.24±0.039Aa 0.28±0.036 Aa 0.20±0.0111 Aa 
1.45±0.136Ba1 0.85±0.115Bbl 0.97 ±0.057Bb1 0.59±0.105 Bb 1 

2.63±0-.126Ca 1 1.36±0.0810Cbc1 1.50±0.0811 Cb 1 1.19±0.041<>Cct 
3.30±0.255Da1 2.53±0.298Db 1 3.06±0.327Da1 2.34±0.091<>Db 1 

Cardiac muscle Se (µg/g dry matter)• 

0.37±0.035Aal §" 

0.66±0.066 Ba 1 

0.67±0.016 Ba 1 
0.86±0.046Cal 

0.26±0.026Ab 
0.59±0.066Ba1 
0.63±0.046Ba 1 
0.79±0.056Cal 

0.34±0.016Aab 1 
0.57±0.026 Bab 1 

0.75±0.04GCa l 
0.95±0.036Db 1 

0.27±0.026Ab 
0.48±0.026Bb1 
0. 70±0.01GCa 1 

0.95±0.026 Db1 

• Observations on the control diet and on the 0.02 mg Se/kg diet level, 
are of chicks with clinical s,igns of ED. 

t Plasma GSH-Px activity at hatching was 0.46 ±0.04 U/ml. Selenium 
concentration in cardiac muscle at hatching was 0.50 ± 0.05 µg/g 
dry matter. 

··Mean± SEM. 
4-1 1 Number of observations per mean. 
§ Means within a column w.ith no common uppe·rcase superscript are 

significantly different (with at least P < 0:0·5). 
" Means within a row with no common lowercase superscript are 

significantly different (with at least P < 0.0•5). 
1 Means significantly different from the control group (with at least 

p < 0.05). 

Px activity and Se concentration in cardiac muscle increased v,ri.th 
each increase in the dielary Se level from each of the various Se 
sources. Apart from the chicks fed the lowest level of dietary Se 
supplement, the plasma GSH-Px activity was significantly af
fected (P < 0.05) by the Se source. When Se was provided as 
0.04 mg or more/kg diet, the plasma GSH-Px activity of the 
chicks fed sodium selenite was significantly higher (P < 0.05 ) 
than that in the chicks fed the other Se sources. The chicks fed 
barley or fish meals Se, had a comparable plasma GSH-Px activity 
(P > 0.05). However, the chicks supplemented wilh Se via wheat 
had higher, or significantly higher (P < 0.05) plasma GSH-Px 
activity in comparison to that of chicks fed barley or fish meal 
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T a b l e 6. Effect of dietary Se source on plasma protein content 
and cm chick body weight. 

Source of Se 

Sodium selenite Barley Wheat Fish meal 

Plasma protein (g/l) • 
0.00 20.97±0.596t •• 
0.02 
0.04 
0.06 
0.08 

28.24±1.778 Aa §" 
33.51±1.001 Ba1 
33.08±0.376 Ba 1 

34.64±1.455Ba 1 

27.32±1.696Aa 1 28.28±0.945Aa1 
34.82±1.006Bal 35.15±1.106Bal 
35.00±0.886Ba 1 34.65±1.000Ba 1 

35.90±0.755 Ba 1 32.57±1.586Bal 

Body weight (g/chick) • • • 

23.02±1.636Ab 
31.55±1.144Bal 
33.32±0.616Ba1 
33.48± 1.286 Ba 1 

0.00 195.02±12.395'. 
0.02 212.18±21.585Aa§"221.03±18.216Aa 213.36±17.115Aab 195.95±20.974 Aa 
0.04 261.96±15.197Ba1 272.85± 5.646Bal 275.90± 7.196Bal 271.30± 6.748Bal 
0.06 276.16±3.677Bal 277.90± 7.609Bal 272.90± 8.2212Ba 275.61± 9.1412Bat 
0.08 285.84±7.978Bal 282.39± 8.4212Bat 280.91± 6.3614Bat 291.27±10.7412Bal 

• Observations on the control diet and on the 0.02 mg Se/kg diet level, 
aire of chicks with clinical signs of ED. 

t Plasma protein content at hatching was 30.52 ± 0.96 g/1. 
··Mean± SEM. 
5- 1 4 Number of observations per mean. 
§ Means within a column with no common uppercase superscrip,t are 

significantly different (with at least P < 0.05). 
" Means within a row with no common lowercase superscript are 

significantly different (with at least P < 0.05). 
1 Means significantly different from the control group (with at least 

p < 0.05). 
• • • Body weight was measured at 17 days of age. 

Se. The Se concentration in the heart muscle was significantly 
influenced (P < 0.05) by the Se source at each supplemental 
level. Chicks fed wheat had higher, or significantly higher 
(P < 0.05) Se concentration in the heart muscle in comparison 
to that of chicks fed the other Se sources. 

Table 6 presents a summary of data regarding plasma protein 
content and chick body weight. Chicks with clinical signs of ED 
which were either supplemented with none O·r 0.02 mg Se/kg 
diet, had significantly less (P < 0.05) plasma protein content 
and significantly less (P < 0.05) body weight as compared to 
apparently healthy chicks which were fed 0.04 to 0.08 mg Se/kg 
diet. However, no significant differences (P > 0.05) in either 
plasma protein content or body weight were observed among 
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Tab I e 7. Effect of dietary Se source on the age at which clinical 
signs of ED appeared. 

Source of Se 

diet None Sodium selenite Barley Wheat Fish meal 

mg/kg The age of the chicks ait the clinical appearance of ED (days)• 
0.00 14.09±0.4924•. 
0.02 15.93±0.8514Aa§" 16.15± 0.7520Aa 15.95±0.99fl2Aa 13.70±1.112'0Aa 
0.04 17.92±1.4712Aal 17.42±1.0212Aat 17.08±1.0512Aal 16.60±1.0420Ba 
0.0-0 22.40±1.695Ba 1 17.89±1.019Aa 1 20.33±3.333Aa 1 21.00± 1.849 Ca 

19.00±5.002ACa 0.08 16.00±5.0Q2Aa 18.00±0.-00lAa 

• Chicks were on experimental diets from hatching to 24 days of age. 
••Mean± SEM. 
1-2 4 Number of observations per mean. 
§ Means within a column w,ith no common uppercase superscript are 

significantly different (with at least P < 0.05). 
" Means within a row with no common lowercase superscript are 

significantly different (with at least P < 0.05). 
1 Means significantly different from the control group (with at least 

P<0.05). 

healthy chicks fed 0.04 or more mg Se/kg diet, regardless of 
dietary Se level or source. 

Chicks fed the basal diet with n o Se supplement, developed 
the clinical signs of ED more rapidly or significantly so (P <0.05) 
than chicks supplemented with various levels of dietary Se 
(Table 7). However, the Se source had no significant effect 
(P > 0.05) on the age of the chicks at which ED was clinically 
observed. Increasing dietary Se level led to a significant delay 
(P < 0.05) in the appearance of the clinical manifestations of 

Table 8. Biological availability of Se in the test ingredients relative 
to sodium ·selenite as measured by prevention of ED, induction of 

plasma GSH-Px activity, and Se concentration in cardiac muscle. 

Bioassay used 

Prevention of ED 
Plasma GSH-Px activity 
Cardiac muscle Se concentration 

Source of Se 

Barley Wheat Fishmeal 

Se biological availability ( % ) • 
85.45 99.97 79.78 
70.72 79.01 65.63 
$6.6-0 108.26 99.71 

• Compared to sodium selenite as 100 %. 
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ED <in the chicks fed diets supplemented with Se dther as sodium 
selenite or fish meal. 

Table 8 shows the biological value of the Se in wheat, barley 
and fish meal for preventing ED, for elevating plasma GSH-Px 
activity, and for increasing the concentration of Se in the cardiac 
mus0le, calculated by the slope ratio technique in relation to the 
effect of sodium selenite which was assigned a bioavailability of 
100 %. 

DISCUSSION 
Exudative diathesis, a well known Se-vitamin E deficiency 

respcmsive disease in chicks, was induced in the present study 
by feeding newly hatched chicks a semipurified diet low in both 
Se and vitamin E. The low plasma protein content observed in 
chicks with ED, confirms the early finding by Goldstein & Scott 
(1958). Likewise, the low plasma GSH-Px activity found in 
chicks with ED, is in accordance with Noguchi et al. (1973), 
Cantor et al. (1975), and Hassan (1986). On the other hand 
Combs et al. (1981) reported that chicks wi:th ED had high levels 
of plasma GSH-Px, and they suggested that the manifestation of 
ED may not be directly related to plasma GSH-Px activity. 

The results of the present experiment demonstrated the 
superior efficacy of sodium selenite in preventing ED and in 
increasing plasma GSH-Px activity when compared to wheat, 
barley and fish meal Se, and thus support the results of Cantor 
et al. (1975) and Douglass et al. (1981). Relatively good agree
ment for the various Se sources was observed between the Se 
bioavailabiLity values as measured by the three responsive para
meters assessed in the present study. However, when the reten
tion of Se in the heart muscle was the criterion used, higher bio
availability estimations were observed for the Se in the tested 
feed ingredients. This suggested that proportionally less of the 
Sc retained .in the tissues of chicks fed wheat, barley or fish meal 
was utilized for the GSH-Px synthesis, and subsequently for the 
prevention of the disease, than from Se retained in chicks fed 
sodium selenite. 

The present high bioavailability of wheat and barley Se 
agrees well with the ·re·sull!s reported by Seier & Bragg (1973) 
and Cantor et al. (1975) both of which measured the Se ability 
to prevent ED. However, Alexander et al. (1980) reported that 
rats fed low-Se basal diet supplemented wiith wheat had higher 
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levels of blood GSH-Px than rats fed the same basal diet supple
mented with sodium selenite. 

The present estimation of fish meal Se bioavailability, direct
ly supporits the observati-0ns reported by lkumo & Yoshida (1981) 
and the recent study by Huque & Jensen (1985). However, the 
present results agree with neither Cantor et al. (1975) who re
ported that Se in fish meals has only 8.5 to 25 % of sodium 
selenite bioavailability in preventing ED, nor with Gabrielsen & 
Opstvedt (1980) in their observation that Se in fish meals is 2-
3 times more bioavailable than Se in plant products for the in
duction of plasma GSH-Px activity in chicros. 

The high retention of fish meal Se in the chick heart muscle, 
is in accordance with the findings of Alexander et al. (1982), 
but in confliot with Miller et al. (1972) wh-0 reported lower Se 
concentration in the tissues of chick-s fed fish meals than in 
chicks fed sodium selenite. Cantor et al. (1975) found that whole 
blood Se concenration was twice as high in chicks fed tuna meal 
as in chicks fed sodium selenite, even though Se from the tuna 
meal was only 22 % as effective as sodium selenite in prevent
ing ED. 

The bioavailability for tthe chick of Se in f eedstuff.s and in Se 
compounds is a function of the level of Se intake, the chemical 
form in which Se is consumed and the presence or absence 
of other dietary factors which may promote or depress the bio
logical utilization of ingested Se (Combs & Zhou 1982). Studies 
with chicks have shown that Se .is better utilized when provided 
at dietary levels below those required for optimal physiofogic 
function (Cantor et al. 1975). De.creased GSH-Px activities have 
been reported in animals fed diets deficient in iron (Rodvien 
et al. 1974). On the other hand, the activity of this enzyme ap
pears to be increased in re·sponse to ethoxyquin, ascorbic acid and 
vitamin E supplement in chicks receiving marginal Se levels 
(Combs & Scott 1974) . 

The present similar bioavailability observed for wheat and 
barley Se may stem from the finding that most Se in wheat 
and probably ;in other grains is present as selenomethionine, 
(Peterson & Butler 1962) a chemical form of Se with relatively 
good bioavailability for the prevention of Se responsive diseases 
(Schwarz & Foltz 1958, Cantor et al. 1982). 

It has been shown· that the protein quality of fish meal is 
reduced by the presence of auto-oxidizing lipids (Tappe[ 1955) 
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and by oxidation, which is associated with reduced Se utilization 
(Opstvedt 1974). Further, Huque & Jensen (1985) found that 
the processing method of fish meals fafluenced the bioavailability 
of Se for chicks. The herring meal used in this study, was 
delivered immediately after processing and stored at - 20°C. 
Thus, the storage conditions were optimal to reduce possible 
deterioration of the protein quality. In a recent study, Hassan et 
al. (1986) could not observe decrease in the utilization of Se in 
herring meal by the chick, as a consequence of hexane extraction. 
Cantor et al. (1975) did not report the storage conditions or the 
protein quality of the fish meals used in their study. 

Interaction between mercury (Hg) compounds and Se in fish 
meals has been suggested a.s a cause of reduced Se utiliization 
(Magos & Webb 1980). The chemical form of Se in fish meals is 
not yet completely determined. Lund (1973) observed that part 
of Se is evidently present· both in lipid compounds and in the 
extracted fish meal. The herring meal tested in the present study 
contained 0.10 and 2.12 mg Hg and Se, respectively, per kg. Thus 
the rabio of Hg: Se was 0.047, a value within the range reported 
for marine and fresh water fishes (Luten et al. 1980). Apparent
ly, in the present study, as in previous studies reported by Dou
glass et al. (1980) and Ikumo & Yoshida (1981), the possible 
interaction between Hg and Se did not lead to a poor utilization 
of Se. 

The body weight observations showed here, correlate with 
those found by Osman & Latshaw (1976) who reported positive 
response in chick bod)'. weight due to dietary Se supplement. In 
the present results, no significant differences were observed i.n 
the body weight of the chicks, or the age at which the clinical 
signs of ED were reported due to different Se sources. Therefore 
the results suggested that prevention of ED, induction of plasma 
GSH-Px and elevation of Se concentration in cardiac muscle 
served as a better index of Se utilization than body weight of 
chicks or the age at which the clinical signs of ED were observed. 

The study described above compared the biological activity 
of Se provided by feed ingredients with that in sodium selenite. 
The results indicated that in preventing ED, Se in wheat, 
barley and fish meal was 100, 85 and 80 % bioavailable, 
respectively. Estimates of 79, 71 and 66 % bioavailabiLity, 
were calculated for Se in wheat, barley and fish meal, 
respectively, in elevating plasma GSH-Px activity. Based on Se 
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efficacy in increasing Se concentration in cardiac muscle, the 
nutrient in wheat, barley and fish meal was 108, 87 and 100 %, 
respectively, bioavailable. Apart from the efficacy of Se in fish 
meal in increasing Se concentration in cardiac muscle in com
parison to that in barley, Se in fish meal was less utilized by the 
chick than Se in wheat and barley. 
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SAMMANF ATTNING 
KomparaUv ef{ekt av selen i vete, korn, fiskmjol och natriumselenit 

vid f orebyggandet av exudativ diates i kycklingar. 
Vita Leghornkycklin:gar efter hons utarmade p fl selen utfodrades 

frfln klackning gruppvis enbarit med en selen- och E-vitaminfatli,g 
baiSaldiet eller basaldieten supplementerad med 0.02., 0.04, 0.06 eller 
0.08 mg selen/kg Coder som natriumselenit, vete, korn eller fiskmjol. 
Fonebyggandet av kliniska symptom till den av selen-E-vitaminbrist 
beroende sjukdomen exudativ dfates (ED), inducer ingen av aktiviteten 
av selenberoende enzymet glutation peroxidas i plasma och kon.cen
tra1ionen a·v selen i hjartmuskeln konstaterades vara beroende bade 
pfl mangden dietart tillfort selen och pfl arten av selenkfilla. Linear 
regressionsanalys an·varudes for att uppskatta selenets biologiska till
ganglighet i de naturliga fodermedlen jamfOI"t med den fOr natrium
selenit. 

Vid av exuda1iv diates var den biologiska tillgang
ligheten av selen 99 % i vete, 85- % i korn och 80 % i fiskmjol. In.du
cerin,gen av plasma glutaHon peroxidasaktivHeten avslOjade en bio
logisk ttllgangJighet av selen pfl 79 % i vete, 71 % i korin och 55 % i 
fiskmjol. Anvandningen av selenretenrtion i hjar.tmuskeln som bio
logiskt mAtt fOr selenets biologiska tillganglighet gav s·om mots.varan
de siffror 108 % fOr vete, 87 % fOr korn och 100 % fOr fiskmjol. 
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