Czech |. Anim. Sci., 53, 2008 (6): 265—269 Original Paper

Effect of dietary selenium sources on growth
performance, breast muscle selenium, glutathione
peroxidase activity and oxidative stability in broilers

G. DLouHAlL, S. SEvéikovAl, A. DokouriLovAl, L. ZiTa? J. HEINDL!, M. SKRIVAN'

Hnstitute of Animal Science, Prague-Uhfinéves, Czech Republic
2Czech University of Agriculture, Prague, Czech Republic

ABSTRACT: This study examined the effects of supplementation of dietary sodium selenite and sodium
enriched alga Chlorella on growth performance, selenium concentration in breast meat and excreta, activity
of glutathione peroxidase in meat, and oxidative stability of meat in broilers. Sexed broiler cockerels Ross
308 were allotted to 3 dietary treatments, each comprising 100 chickens. The basal diet was supplemented
with 0 (control) or 0.3 mg/kg Se from sodium selenite (SS) or Se-Chlorella (SCH). Dietary supplementation
with SCH increased (P < 0.05) body weight. The breast muscle Se concentration was increased (P < 0.05) by
SCH (0.70 mg/kg DM; 0.36 mg/kg DM in control) supplementation, but not (P > 0.05) by SS (0.49 mg/kg DM)
supplementation. The concentration of Se in excreta was highest in the SS group. The activity of GSH-Px in
breast meat was significant P < 0.05) in all treatments (0.16 U/g in control, 0.30 U/g in SS and 0.23 U/g in
SCH group). The inclusion of SCH in the diet enhanced the oxidative stability of meat expressed as reduced

malondialdehyde (MDA) values in breast meat after 0; 3 and 5 days storage in refrigerator at 3 to 5°C.
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Selenium is known to have important roles in
reproductive functions and development, immu-
nocompetence and ageing. As a constituent of se-
lenoproteins, selenium has structural and enzymic
functions, in the latter context being best-known
as an antioxidant and catalyst for the production of
an active thyroid hormone. Selenium occurs both
in the organic and inorganic form, with the organic
form predominantly found in grains, fish, meat,
poultry, and dairy products (Klein, 2004). Selenium
has been shown to have an analogous function as an
essentials component of Se-dependent glutathione
peroxidase (Combs, 1981). The primary function of
GSH-Px enzymes is to detoxify hydrogen peroxide
and to convert lipid hydroperoxides to nontoxic
alcohols (Jenkinson et al., 1982). Chan and Decker

(1994) suggested that an increase in tissue Se con-
tent might not always be accompanied by a corre-
sponding increase in GSH-Px activity. This implies
an influence of dietary Se levels on the oxidative
stability of skeletal muscle. The effects of dietary vi-
tamin E and Se deficiencies on promoting the lipid
peroxidation of biological membranes, either inde-
pendently or combined, are well described (Stolz
et al., 1994). Unfortunately there is little informa-
tion available on the effects of Se supplementation
on lipid oxidation in broiler chickens (Ryu et al.,
2005). Studying diets that have been supplemented
with either sodium selenite and Se enriched yeast
(Kuricova et al., 2003; Choct et al., 2004; Payne
and Southern, 2005), it was found that organic se-
lenium was deposited more effectively in broiler
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breast muscle than inorganic selenium. Previous
research (Skfivan et al., 2006) proved higher utiliza-
tion of the Se-enriched alga Chlorella in laying hens
compared to sodium selenite. Chlorella kessleri is
a freshwater alga containing 60% proteins and 10%
fat. The concentration of inorganic Se is 2% of total
Se content. Sevéikova et al. (2006) reported positive
effects of Se-Chlorella on Se deposition in chicken
meat.

The objectives of this experiment were to com-
pare the influence of dietary sodium selenite (SS)
and Se-enriched Chlorella (SCH) on growth per-
formance, selenium concentration and activity of
glutathione peroxidase in breast meat, selenium in
excrements, and oxidative stability of breast meat
lipids in broilers.

MATERIAL AND METHODS

Three hundred male broiler chicks (Ross 308,
0 day old) were randomly assigned to 3 pens each
containing 100 chicks. The 3 treatments were a
maize-wheat-soybean meal basal diet with no sup-
plemental Se (Table 1), the basal diet supplemented
with 0.3 mg/kg from SS (Na,Se0,), and the basal
diet supplemented with 0.3 mg/kg from SCH sup-
plied by the Institute of Microbiology, Academy
of Sciences of the Czech Republic. Feed and water
were provided ad libitum. Broilers were kept in
pens of 2 m x 3.3 m on wood shavings, with gas
heating, ventilation with a temperature controlled
fan, and 24 h lighting program, at the Institute of
Animal Science. Each pen was equipped with 7 nip-
ple drinkers, 3 pan feeders and a feed hopper. At the
age of five weeks samples of excreta were collected
for the analysis of selenium content. With termina-
tion of the experiment at 42 days of age, 20 broiler
chickens representing the average live weight in
each group were selected from each pen and sac-
rificed at a slaughtering plant. Ten breast fillets
(M. pectoralis maior and minor) from each group
were stored in plastic bags at —20°C before analysis
for dry matter, crude protein, fat, ash and selenium.
The remaining 10 breast fillets were minced and
frozen at —70°C before thiobarbituric acid-reac-
tive substances (TBARS) analysis. The maximum
freezer storage time was 45 days. After thawing,
parts of muscles were stored at 3 to 5°C for 0, 3 or
5 days before the determination of malondialde-
hyde. GSH-Px activity was assayed from the meat
immediately after mincing.
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Analyses

Feed, meat and excreta dry matter was deter-
mined by oven drying at 105°C, ashing at 550°C
(AOAC, 1997), and fat by extraction with petro-
leum ether in a Soxtec 1045 apparatus (Tecator
Comp., Sweden). Crude protein in feed and meat
was determined using a Kjeltec Auto 1030 (Tecator
Comp., Sweden), Ca after ashing of samples by
atomic absorption spectrometry (Solaar M-6, JTA
Solutions, U.K.) and P colorimetrically (Huxtable
and Bressler, 1973). Se in meat and excreta was
measured by atomic absorption spectrometry
(Solaar M-6 instrument) after feed and excreta
samples were mineralized using a microwave di-

Table 1. Composition of basal diet®

Ingredient g/kg
Maize 299
Wheat 290
Soybean meal 320
Fish meal 20
Rapeseed oil 40
DpL-methionine 2
Limestone 12
Dicalcium phosphate 10
Sodium chloride 2
Vitamin/mineral supplement®

Analysed chemical composition

Dry matter 903
Crude protein 225
Crude fat 67
Crude fibre 32
Ash 55
Calcium 8.8
Phosphorus 6.2
Selenium 15.107°
ME, by calculation (M]/kg) 12.51

dexperimental diets were supplemented with Se at 0.3 mg/kg

bthe vitamin/mineral supplement provided per kg of diet:
vitamin A 12 000 IU; cholecalciferol 500 IU; vitamin E 50 mg;
menadione 3 mg; thiamine 3 mg; riboflavin 5 mg; pyridoxine
4 mg; vitamin B,, 0.04 mg; niacin 40 mg; calcium pantothe-
nate 12 mg; biotin 0.15 mg; folic acid 1.5 mg; choline chloride
250 mg; ethoxyquin 100 mg; copper 12 mg; iron 50 mg; iodine

1 mg; manganese 80 mg; zinc 60 mg
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Table 2. Effect of selenium source on growth performance’

Parameter Control SS SCH PSEM

Day — 0 BW (g) 42.0 41.1 42.0 0.19

Day — 21 BW (g) 6342 582P 719¢ 7

Day — 42 BW (g) 26712 25912 2 870° 19

F:G, 0 - 42, (g:g) 1.65 1.58 1.61

Mortality (%) 1 1 4

abctreatment means with different superscripts differ (P < 0.05)
1SS = sodium selenite; SCH = selenium enriched Chlorella; BW = body weight; F:G = feed:gain

gestion technique in a closed system (Milestone
Ethos TC, Italy) in the presence of HNO, and
H,O,. The analytical procedure was validated by
the analysis of a certified reference material RM
8414 Bovine Muscle (NIST).

The activity of GSH-Px was measured with tert-
butyl hydroperoxide as substrate by a coupled
assay, recording the oxidation of NADPH by the
decrease in absorbance at 340nm. The activity was
expressed as umol NADHP oxidized min/g meat
tissue (DeVore and Greene, 1982). Lipid oxida-
tion in minced meat samples was measured by the
thiobarbituric acid method of Piette and Raymond
(1999), and results were expressed as TBARS in mg
of malondialdehyde/kg muscle.

By using the GLM procedure of SAS software
(SAS, 2003), the data were subjected to the ANOVA
analysis for a randomized complete block design.
The results are presented as the least-squares
means (LSM) with pooled standard errors.

RESULTS

The supplementation of the diet with SCH in-
creased live weight at 21 and 42 days (P < 0.05)
compared to the control diet (Table 2). Se sup-
plementation did not affect (P > 0.05) the protein
and fat contents in dry matter of meat (Table 3).
Whereas the breast meat Se concentration was in-
creased (P < 0.05) by SCH, no difference (P > 0.05)
was found between the control and supplemen-
tal SS group (Table 3). Both dietary Se sources
increased (P < 0.05) the concentration of Se in
excreta, with a more pronounced effect caused by
sodium selenite compared to Se-Chlorella. GSH-
Px activity differed (P < 0.05) in all treatments,
with the highest activity of GSH-Px caused by die-
tary SS. The influence of dietary supplementation
with Se on lipid oxidation during meat storage is
presented in Table 4. Lipid oxidation, as measured
by MDA formation, was decreased (P < 0.05) in

Table 3. Effect of Se source on crude protein and intramuscular fat contents of breast meat (g/kg dry matter), diet,
breast meat and excreta selenium concentration (mg/kg DM), and the activity of glutathione peroxidase in meat

(Urg)!

Parameter Control SS SCH PSEM
Crude protein 918.00 910.00 912.00 1.90
Fat 22.80 22.60 27.60 1.60
Se in diet 0.15 0.40 0.42

Se in breast meat? 0.36° 0.49° 0.70° 0.03
Se in excreta® 0.49° 1.58° 0.76¢ 0.04
GSH-Px in breast meat? 0.16* 0.30° 0.23°¢ 0.01

abctreatment means with different superscripts differ (P < 0.05)

1SS = sodium selenite; SCH = sodium enriched Chlorella
25 = 10 per treatment
31 = 4 per treatment
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Table 4. Effect of storage in refrigerator (3 to 5°C) on the concentration of malondialdehyde (mg/kg) in breast

muscle!?
Time of storage Control SS SCH PSEM
Day - 0 0.82° 0.72%° 0.63° 0.02
Day - 3 1.00° 0.87%° 0.72° 0.03
Day - 5 1.21° 1.09%0 0.81° 0.04

abtreatment means with different superscripts differ (P < 0.05)

1y = 10 per treatment

28S = sodium selenite; SCH = sodium enriched Chlorella

meat samples after 0, 3, and 5 days cooler storage
by SCH supplementation.

DISCUSSION

An increase in live weight due to dietary SCH
supplementation found in the present study is
in agreement with the results of Sevéikova et al.
(2006). In contrast Choct et al. (2004) observed no
differences in final live weight of chickens with sup-
plement Se-yeast. The same result was found with
dietary supplementation of inorganic Se. Miller et
al. (1972) reported no differences in live weight gain
of broilers fed various concentrations (0 to 0.5 ppm)
of Se from sodium selenite or selenomethionine.

In agreement with previous results (Sev¢ikova
et al., 2006) SCH supplementation increased the
breast Se concentration. No literature could be
found on the effects of SCH on Se deposition in
broiler tissue or excreta or GSH-Px activity and lipid
oxidation. Contradictory results on the influence of
dietary SS on Se concentration in poultry meat have
been reported. Present results are in agreement with
Cantor etal. (1982) and Payne and Southern (2005),
who reported an increase in breast Se concentra-
tions in poults or chickens fed selenomethionine
or Se-yeast, and no difference found when includ-
ing SS in the diet. However, Shan and Davis (1994)
presented an increase in the breast Se concentration
due to the feeding of SS. Differences in analytical
techniques or composition of diets could contribute
to differences between the studies.

The present study proves than chickens receiv-
ing inorganic Se retained less Se in tissues than
those receiving SCH. Mahan and Parrett (1996)
reported that SS was retained at a lower concentra-
tion in muscle tissue, was less efficiently absorbed
and was excreted at a higher rate than organic Se.
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This could probably be related to differences in
metabolic pathways between organic and inorganic
forms of selenium. Inorganic selenium is passively
absorbed from the intestine by a simple diffusion
process, whereas organic selenium is actively ab-
sorbed through an amino acid transport mecha-
nism (Wolfram et al., 1989).

The differences in GSH-Px activity due to Se
source are in agreement with the results presented
by Cantor et al. (1982), Hassan et al. (1988) and
Spears et al. (2003), who reported that Se sup-
plementation increased plasma GPX3 activity.
Less pronounced increases in GSH-Px activity by
the supplementation of SCH compared to SS are
probably due to the above-mentioned differences
in metabolic pathways (Forstrom et al., 1978). Se,
regardless of its form, has to be converted to se-
lenocysteine before incorporation into the pGPX3
enzyme. Sunde and Hoekstra (1980) reported that
inorganic SS was effectively metabolized into selen-
ocysteine, whereas Henry and Ammerman (1995)
indicated that selenomethionine was converted
into selenocysteine at a lower rate of efficiency.
Using MDA as a measurement of lipid oxidation
in breast meat, it was found that the addition of
SCH to diets decreased the oxidation of lipids in
all storage periods.

It can be concluded from this study that SCH
supplementation of diets for broilers is effective
to increase the selenium contents of broiler meat.
Furthermore, dietary supplementation of SCH is ef-
fective to enhance the oxidative stability of chicken
meat during storage in refrigerator.

REFERENCES

AOAC (1997): Official Methods of Analysis. 16" ed.
AOAC, Virginia, USA.



Czech ]. Anim. Sci., 53, 2008 (6): 265-269

Original Paper

Cantor A.H., Moorehead P.D., Musser M.A. (1982): Com-
parative effects of sodium selenite and selenomethionine
upon nutritional muscular dystrophy, selenium depend-
ent glutathione peroxidase, and tissue selenium concen-
trations of turkey poults. Poult Sci., 61, 478—484.

Chan K.M., Decker E.A.(1994): Endogenous skeletal mus-
cle oxidations. Crit. Rev. Food Sci. Nutr., 34, 403-426.

Choct M., Naylor A.]., Reinke N. (2004): Selenium supple-
mentation affects broiler growth performance, meat yield
and feather coverage. Brit. Poult. Sci., 45, 677-683.

Combs G.F. Jr. (1981): Influence of dietary vitamin E and
selenium on the oxidant defence system of the chick.
Poult. Sci., 60, 2098-2105.

DeVore V.R., Greene B.E. (1982): Glutathione peroxidase
in post-rigor bovine semitendinosus muscle. J. Food
Sci., 47, 1406—-1409.

Forstrom J.W., Zakowski J.J., Tappel A.L. (1978): Identifica-
tion of the catalytic site of rat liver glutathione peroxidase
as selenocysteine. Biochemistry, 17, 2639-2644.

Hassan S.J., Hakkarainen J., Lindberg P., Sankari S. (1988):
Comparative effect of dietary sodium selenite on whole
blood and plasma selenium and glutathione peroxidase
in the chick. Nutr. Rep. Int., 38, 865—-871.

Henry P.R., Ammerman C.B. (1995): Selenium bioavail-
ability. In: Ammerman C.B., Baker D.H., Lewis A.].
(eds.): Bioavailability of Nutrients for Animals. Aca-
demic Press, New York, USA, 301 pp.

Huxtable R., Bressler R. (1973): Determination of ortho-
phosphate. Anal. Biochem., 54, 604—608.

Jenkinson S.G., Lawrence R.A., Burk R.F., Williams D.M.
(1982): Effects of copper deficiency on the activity of
the selenoenzyme glutathione peroxidase on excretion
and tissue retention of 7SSe03. J. Nutr., 112, 197-204.

Klein E.A. (2004): Selenium: Epidemiology and basic sci-
ence. J. Urol., 171, S50-S53.

Kuricova S., Boldizarova K., Gresakova L., Bobcek R.,
Levkut M., Lenk L. (2003): Chicken selenium status
when fed a diet supplemented with Se-yeast. Acta Vet.
Brno, 72, 339-346.

Mahan D.C., Parrett N.A. (1996): Evaluating the efficacy
of selenium enriched yeast and sodium selenite on tis-
sue selenium retention and selenium glutathione per-
oxidase activity in grower and finisher swine. J. Anim.
Sci., 74, 2967-2974.

Miller D.]., Soares H. Jr., Bauersfeld P. Jr., Cuppett S.L.
(1972): Comparative selenium retention by chicks fed

podium selenite, selenomethionine, fish meal, and fish
solubles. Poult. Sci., 51, 1669-1673.

Payne R.L., Southern L.L. (2005): Comparison of inor-
ganic and organic selenium sources for broilers. Poult.
Sci., 84, 898-902.

Piette G., Raymond Y. (1999): Vergleichende bewertung
verschiedener methoden. Bestimmung der Ranzigkeit
in Fleischprodukten. Fleischwitschaft, 7, 69-73.

Ryu I.C., Rhee M.S., Lee K.M., Kim B.C. (2005): Effects
of different levels of dietary supplementation selenium
on performance, lipid oxidation, and colour stability
of broiler chicks. Poult. Sci., 84, 809-815.

SAS (2003): SAS System for Windows. Release 9.1.3. SAS
Institute Inc., Cary, NC, USA.

Shan A.S., Davis R.H. (1994): Effect of dietary phytate on
growth and selenium status of chicks fed selenite or
selenomethionine. Brit. Poult. Sci., 35, 725-741.

Sktivan M., Siméné J., Dlouh4 G., Doucha J. (2006): Effect
of dietary sodium selenite, Se-enriched yeast and Se-
enriched alga Chlorella on egg Se concentration, phys-
ical parameters of eggs and laying hens production.
Czech J. Anim. Sci., 51, 163-167.

Spears J.W., Grimes J., Lloyd K., Ward T.L. (2003): Effi-
cacy of a novel organic selenium compound (zinc-1-
selenomethionine, Availa Se) in broiler chicks. In:
Proceedings of the 1% Latin American Congress of
Animal Nutrition, Cancum, Mexico, 197-198.

Stolz R.W., Saini K.A., Reddy P.C., Reddy C.C. (1994):
Dietary vitamin E and selenium effects on resistance
of oxidative stress in rat liver mitochondria. Biochem.
Mol. Biol. Int., 34, 1215-1225.

Sunde R.A., Hoekstra W.G. (1980): Incorporation of se-
lenium from selenite into selenocysteine into glutath-
ione peroxidase in the isolated perfused rat liver.
Biopchem. Biophys. Res. Commun., 93, 1181-1188.

Sev¢ikova S., Skiivan M., Dlouha G., Koucky M. (2006):
The effect of selenium source on the performance and
meat quality of broiler chickens. Czech. J. Anim. Sci.,
51, 449-457.

Wolfram S., Berger B., Grenacher B., Scharrer E. (1989):
Transport of seleno amino acids and their sulphur
analogues across the intestinal brush border mem-
brane. J. Nutr., 119, 706—-712.

Received: 2007-08-14
Accepted after corrections: 2008—-02-06

Corresponding Author

Prof. ing. Milo$ Skfivan, DrSc., Institute of Animal Science, Prételstvi 815, 104 01 Prague 10-Uhfinéves, Czech Republic
Tel. +420 267 009 720, fax +420 267 711 448, e-mail: skrivan.milos@vuzv.cz

269



