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ABSTRACT : The objective of this study was to determine the effect of Se-enriched bean sprout, Se-enriched yeast and sodium 
selenite on productivity, egg quality and egg Se concentrations in laying hens. Using a Completely Randomized Design, 144 Rohman 
laying hens at 71 weeks of age were divided into four groups. Each group consisted of four replicates and each replicate contained nine 
hens. The dietary treatments were T1: control diet, T2: control diet plus 0.3 mg Se/kg from sodium selenite, T3: control diet plus 0.3 
mg Se/kg from Se-enriched yeast, T4: control diet plus 0.3 mg Se/kg from Se-enriched bean sprout. The results showed that there was 
no significant difference (p>0.05) in feed intake, egg production and egg quality among treatments. Selenium supplementation from Se- 
enriched yeast and Se-enriched bean sprout markedly increased (p<0.05) egg Se concentration as compared to the control and sodium 
selenite groups. The results indicated that Se-enriched bean sprout could be used as an alternative Se source in diets of laying hens. (Key 
Words : Se-enriched Plant, Organic Selenium, Egg Selenium Content, Laying Hens)

INTRODUCTION

Selenium (Se) is an essential component of several 
major metabolic pathways, including thyroid hormone 
metabolism, antioxidant defense system, and immune 
function (Brown and Arthur, 2001). Interestingly, Se in 
selenoprotein or organic form has been found to be effective 
in reduction of cancer incidence in animal models, 
epidemiologic data and more recent studies in humans 
(Ganther, 1999; Diwadkar-Navsariwala and Diamond, 
2004). Animal nutritionists have, therefore, paid more 
attention to supplementing Se to enhance productive 
performance and health of animals and to produce Se- 
enriched animal products to increase Se status of consumers. 
Concerning the latter, it was found that organic Se can 

readily accumulate into tissue protein in an unregulated 
manner (Thomson, 1998), resulting in higher Se 
concentration in animal products when compared to 
inorganic Se as reported in swine (Mahan and Parrett, 1996; 
Mahan et al., 1999; Olivera et al., 2005; Zhan et al., 2007), 
beef cattle (Lawler et al., 2004), dairy cows (Juniper et al., 
2005; Muniz-Naveiro et al., 2005), broilers (Payne and 
Sounthern, 2005; Olivera et al., 2005; Yoon et al., 2007), 
Japanese quails (Sahin et al., 2008) and laying hens (Payne 
et al., 2005; Utterback et al., 2005; Skrivan et al., 2006; Pan 
et al., 2007; Chantiratikul et al., 2008). Currently, 
enrichment of eggs with Se is being produced in more than 
25 countries worldwide, delivering approximately 30-35 卩 g 
Se or 50% of the recommended daily allowances (RDA) 
with a single egg (Fisinin et al., 2008). The Se-enriched 
eggs are produced using Se-enriched yeast as a major 
source of Se for laying hens at a level of 0.3-0.5 mgSe/kg in 
feed (Fisinin et al., 2008). However, the production process 
of Se-enriched yeast requires complex and high technology 
(Suhajda et al., 2000; Ouerdane and Mester, 2008). On the 
other hand, the production of Se-enriched plants is more 
practical (Sugihara et al., 2004; Tsuneyoshi et al., 2006). 
Selenium in the forms of selenate and selenite is readily 
absorbed by the plant and converted metabolically in the 
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chloroplast to organic Se compounds (Terry et al., 2000), 
which are a component of protein in plant tissues (Leustek 
and Saito, 1999; Tinggi, 2003). Numerous studies revealed 
that Se-enriched plants could be successfully produced for 
human nutrition using edible plants such as broccoli sprouts 
(Finley et al., 2001), green onions (Allium fistulosum) 
(Kapolna and Fodor, 2006), garlic (Tsuneyoshi et al., 2006), 
and sprouts of several plants (Lintschinger et al., 2000; 
Sugihara et al., 2004). Additionally, these high-Se plants 
have anticarcinogenic activities (Finley et al., 2001; 
Yoshida et al., 2007). However, there is insufficient 
information on utilization of Se-enriched plants in terms of 
animal nutrition. Jiakui and Xiaolong (2004) produced Se- 
enriched malt and fed it to laying hens. They found that Se 
from sodium selenite and Se-enriched malt insignificantly 
deposited into eggs and productivity of the hens was not 
adversely affected. This result showed that Se-enriched 
plants could be used as a Se source in animal diets. Sprouts 
are normally utilized in foodstuffs of Asian people and the 
Se species in Se-enriched sprouts is mostly exhibited in 
organic form (Sugihara et al., 2004). Presently, the effect of 
Se-enriched sprout on laying hens has never been studied. 
Hence, this study was designed to compare the effect of Se- 
enriched bean sprout with other Se sources on productivity 
and Se concentration in eggs of laying hens.

MATERIALS AND METHODS

Se-enriched bean sprout was produced by cultivation of 
mung bean seeds (Vigna radiata) in opaque plastic 
containers (22x36x11 cm), containing cleaned sand after 
soaking the seeds in distilled water for 8 h. These cultivated 
seeds were applied with 400 ml distilled water containing 
90 mg Se from sodium selenate/L. The container was fully 
covered by a black plastic bag. The bean sprouts were 
harvested after cultivation in the dark for 3 days, thoroughly 
washed with deionised water, dried at 50°C to constant 
weight and ground. Prior to preparation of dietary 
treatments, Se-enriched bean sprout and Se-enriched yeast 
(Alkosel®, Lallemand, Inc., Canada) were analysed for total 
Se by inductively coupled plasma-mass spectrometer (ICP- 
MS Model Elan-e, Perkin-Elmer SCIEX, USA) according 
to Joaquim et al. (1997).

The experiment was conducted in evaporative system 
housing with an internal temperature set at 24°C. Internal 
lights were on continuously. A total of 144 Rohman laying 
hens, 71 weeks old, were randomly allocated into 4 groups; 
each group contained 4 replicates with 9 hens per replicate 
and was placed in wire cages, three hens per cage. Feeders 
between the different cages were separated by plastic 
sheeting to avoid cross-contamination of dietary treatments. 
Water was freely available from nipple drinkers in the cages. 
All hens had been molted and returned to typical egg 

production levels before the start of the experiment. The 
control diet (Table 1) was formulated to meet the nutrient 
requirements of laying hens according to NRC (1994), 
without Se supplementation. Selenium from sodium selenite, 
Se-enriched yeast, and Se-enriched bean sprout was added 
to the control diet in a concentration of 0.3 mg Se/kg, which 
is commercially used in producing Se-enriched eggs 
(Fisinin et al., 2008). The hens received the control diet for 
a week prior to the beginning of the experiment and were 
fed dietary treatments ad libitum during 6 experimental 
weeks.

Feed consumption and egg production were recorded 
daily. The experimental diets were randomly collected at the 
end of each week, pooled by treatment, and analysed for 
chemical composition (AOAC, 1999) and Se content. Feed 
conversion rate was calculated as kilograms of feed 
consumed per kilogram of eggs. Eight eggs from each 
experimental group were sampled weekly (two eggs per 
replicate). Four collected eggs in each treatment were 
measured for egg weight, Haugh units, and eggshell 
thickness. Haugh units and eggshell thickness were 
measured using an albumen height gauge (TSS-QCD 
instrument, England) and a micrometer (395-541-30 BMD- 
25DM, Mitutoya, Japan), respectively.

1 Sodium selenite, Se-enriched yeast and Se-enriched bean sprout were 
mixed in corn and added to the diet to achieve the treatment levels.

2 Vitamin-mineral premix provide (per kg diet): 10,000 IU vitamin A, 
2,000 IU vitamin D3, 11 mg vitamin E, 1.5 mg vitamin K3, 1.5 mg 
thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg 
pyridoxine, 22 mg niacin, 0.4 mg cobalamin, 0.1 mg biotin, 60 mg Fe, 70 
mg Mn, 50 mg Zn, 8 mg Cu, 0.5 mg Co, 0.7 mg I.

3 Calculated value.

Table 1. Feed ingredients and chemical composition of control 
diet1
Feed ingredients % DM
Corn 59.00
Rice bran 4.25
Soybean meal (44% CP) 16.00
Fish meal 6.36
Soybean oil 2.78
Dicalcium phosphate 1.65
Oyster shell meal 8.44
DL-methionine 0.15
Salt 1.12
Vitamin-mineral premix2 0.25
Analyzed chemical composition

Dry matter 83.84
Crude protein 16.41
Ether extract 1.39
Crude fiber 1.62
Ash 16.01
ME3 (kcal/kg) 2,950
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Table 2. Selenium concentrations in selenium-enriched yeast, selenium-enriched bean sprout and dietary treatments
Items Selenium (mg/kg)

Selenium-enriched yeast
Selenium-enriched bean sprout
Control diet
Control diet plus 0.3 mg Se/kg from sodium selenite
Control diet plus 0.3 mg Se/kg from selenium yeast
Control diet plus 0.3 mg Se/kg from selenium bean sprout

2,117.08
223.45

0.40
0.78
0.72
0.82

Whole egg Se concentration was determined in two 
eggs collected weekly in each treatment. The liquid eggs 
were weighed, homogenized well, dried at 65°C for 12 h 
and ground before determining Se concentration. Egg yolk 
and egg albumin of another two eggs were separated, dried 
at 65°C for 12 h and ground for Se analysis. Approximately 
0.5 g of ground dietary treatments, whole egg, egg yolk and 
egg albumin were digested in a mixture of 1 ml HNO3 and 9 
ml deionized water until the solution was clear. 
Subsequently, the solution was diluted with deionized water 
to a final volume of 25 ml. Se was determined by 
inductively coupled plasma-mass spectrometer (ICP-MS 
Model Elan-e, Perkin-Elmer SCIEX, USA) according to 
Joaquim et al. (1997).

Statistical analysis
The data on feed intake, feed conversion rate, egg 

production, egg quality and Se concentrations in whole egg, 
egg yolk and egg albumin were analyzed by one-way 
ANOVA (SAS, 1996). The differences among means for 
each parameter were compared by Duncan’s New Multiple 
Range Test (Steel and Torrie, 1980). Differences were 
considered significant at p<0.05.

RESULTS

Se-enriched yeast and Se-enriched bean sprout 
contained 2,117.08 and 223.45 mg Se/kg, respectively. The 
actual concentrations of Se in the control diet and diets 
supplemented with 0.3 mg Se/kg from sodium selenite, Se- 
enriched yeast and Se-enriched bean sprout were 0.4, 0.78, 
0.72 and 0.82 mg/kg, respectively (Table 2).

The results obviously demonstrated that feed intake, 
feed conversion rate/kg eggs, egg production and egg 
quality of laying hens were not negatively altered (p<0.05) 
by Se supplemental sources (Table 3).

Selenium concentrations in whole egg, egg yolk and egg 
albumin increased (p<0.05) with increasing dietary Se 
supplementation. Whole egg Se concentrations of laying 
hens fed Se supplemental diets from Se-enriched yeast and 
Se-enriched bean sprout were not significantly different 
(p>0.05), but higher (p<0.05) than those of hens fed the 
control diet and the Se supplemental diet from sodium 
selenite. Selenium from Se-enriched bean sprout 
dramatically accumulated (p<0.05) in egg yolk, however Se 
from Se-enriched yeast significantly increased (p<0.05) Se 
accumulation in egg albumin when compared to other 
sources of Se (Table 4).

Whole egg Se contents of hens fed Se supplemental 
diets from Se-enriched yeast and Se-enriched bean sprout 
were similar (p>0.05), but significantly higher (p<0.05) 
than those of hens fed the control diet and Se supplemental 
diet from sodium selenite (Table 4).

DISCUSSION

The results of feed intake, feed efficiency, egg 
production and egg quality in the current experiment are 
consistent with other studies comparing the effect of 
inorganic Se and Se-enriched yeast on laying hens (Payne et 
al., 2005; Utterback et al., 2005; Chantiratikul et al., 2008). 
Furthermore, Jiakui and Xiaolong (2004) found that the 
productivity of hens was not influenced by adding 0.51 
mgSe/kg diet from sodium selenite or Se-malt. The dietary

Table 3. Effect of selenium sources on performance, egg production and egg quality of laying hens (n = 24)1
Items C SS SY SBS SEM
Feed intake (g/d) 105.08 107.13 102.98 105.45 1.35
Feed conversion rate/kg eggs 1.86 1.95 1.92 1.90 0.03
Egg production (%) 75.60 73.08 70.43 75.40 1.76
Egg weight (g) 65.69 64.89 64.15 65.25 0.40
Haugh units (HU) 74.50 78.17 74.58 70.71 1.21
Eggshell thickness (mm) 0.33 0.33 0.34 0.33 0.004
1 C = Control diet, SS = Control diet plus 0.3 mg Se/kg from sodium selenite, SY = Control diet plus 0.3 mgSe/kg from selenium yeast, SBS = Control 
diet plus 0.3 mg Se/kg from selenium bean sprout.
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Table 4. Effect of selenium sources on selenium concentrations (mg/kg) in whole egg, egg yolk and egg albumin and selenium content 
in whole egg (卩 g/egg) of laying hens (n = 12)1
Items C SS SY SBS SEM
Se concentration in whole egg 1.31c 2.28b 3.28a 2.90a 0.13
Se concentration in egg yolk 1.25c 2.57b 2.60b 2.97a 0.09
Se concentration in egg albumin 0.44d 0.67c 1.79a 0.98b 0.07
Se content in whole egg 17.60c 29.47b 42.61a 39.18a 1.78
이3, c Means within same row with different superscripts differ (p<0.05).
1 C = Control diet, SS = Control diet plus 0.3 mg Se/kg from sodium selenite, SY = Control diet plus 0.3 mg Se/kg from selenium yeast, SBS = Control 
diet plus 0.3 mg Se/kg from selenium bean sprout.

Se requirement and Se toxicity of laying hens have been 
recommended at 0.05 and 10 mg Se/kg diet, respectively 
(NRC, 1994). Ort and Latshaw (1978) revealed that a 9 mg 
Se/kg diet supplemented from sodium selenite resulted in a 
reduction of egg weight and egg production of laying hens. 
Although, the toxicity of organic Se in laying hens has not 
been directly reported, diets containing 20 mg Se/kg in 
selenomethionine form caused decreases in food 
consumption and growth of mallard duckling (Heinz et al., 
1988). The present results indicated that supplementation of 
0.3 mg Se/kg diet from Se-enriched bean sprout can be 
safely applied for laying hens without diminishing 
productivity.

Egg Se concentration is directly correlated to dietary Se 
supplementation and form of dietary Se (Golubkina and 
Papazyan, 2006). Consequently, egg Se concentration 
increased with increasing Se supplemental level, and 
organic Se was more effective for deposition into eggs than 
inorganic Se (Payne et al., 2005; Skrivan et al., 2006; Pan et 
al., 2007; Chantiratikul et al., 2008). The present results 
similarly reflected that Se from Se-enriched yeast and Se- 
enriched bean sprout had higher accumulation into the 
whole egg of laying hens than Se from sodium selenite 
(Table 4). Se-enriched yeast contains Se mainly in the 
organic form of selenomethionine (Whanger, 2002). 
Although, Se-enriched bean sprout used in the present study 
was not determined for Se speciation, previous studies 
(Finley et al., 2001; Sugihara et al., 2004) reported that the 
main Se species in the sprouts was Se-methyselenocysteine, 
which is a common metabolite from selenate or selenite in 
Se-enriched vegetables. The difference in major forms of 
organic Se in yeast and bean sprout was probably confirmed 
by Se accumulation in egg yolk and egg albumin (Table 4), 
indicating the different metabolic pathways of Se 
constituents in Se-enriched yeast and Se-enriched bean 
sprout. Absorbed selenomethionine can be incorporated 
non-specifically into proteins in place of methionine and 
also can be converted to selenocysteine that can be 
degraded to selenide. Similarly, methyselenol, which is a 
product of Se-methyselenocysteine catabolism, can be 
converted to selenide. The selenide finally enters the Se- 
protein synthetic metabolism (Comb, 2001). Additionally, 

selenomethionine can be produced by inorganic Se in 
animals, but its pathway is unknown (Whanger, 2002). The 
Se metabolism pathway obviously indicates that both 
organic and inorganic Se can be converted to selenoprotein. 
However, organic Se is more effective than inorganic Se in 
this respect (Thomson, 1998). Most published reports 
studied the effect of organic Se in yeast or in the form of 
selenomethionine and inorganic Se on Se concentration in 
eggs of laying hens (Paton et al., 2002; Payne et al., 2005; 
Pan et al., 2007; Chantiratikul et al., 2008). Only, Jaikui and 
Xiaolong (2004) found that, although Se in Se-malt was an 
organic form, Se deposition in whole egg of hens fed Se- 
malt or sodium selenite were not different (p>0.05). They 
concluded that Se in Se-malt was predominantly not in the 
form of selenomethionine. Additionally, Se in Se-enriched 
Chlorella (Skrivan et al., 2006) and spent compost of Se- 
enriched mushrooms (Lee et al., 2006) was actively bio- 
available to egg and muscle of beef steers, respectively. The 
aforementioned promising results demonstrated that various 
forms of Se can be supplemented in diets of animals. 
Therefore, Se-enriched plants should be further studied in 
terms of animal nutrition.

Generally, Se-enriched yeast is widely used in Se- 
enriched egg production, containing 30 to 35 卩g Se/egg 
(Fisinin et al., 2008). Egg Se content of laying hens fed Se 
from yeast and bean sprout in the present study ranged from 
39.18 to 42.61 卩 g Se/egg (Table 4), which is higher than 
that of commercial Se-egg. This was probably due to higher 
dietary Se concentration (0.72 to 0.82 mg Se/kg) when 
compared to that in diets (0.3 to 0.5 mg Se/kg) for Se-egg 
production (Fisinin et al., 2008). The results clearly indicate 
that Se-enriched bean sprout was comparable to Se- 
enriched yeast in producing Se-enriched egg.

CONCLUSION

Se-enriched bean sprout, Se-enriched yeast and sodium 
selenite did not alter (p>0.05) feed intake, egg production 
and egg quality of laying hens. Egg Se concentrations of 
laying hens fed Se supplemental diets from Se-enriched 
bean sprout and Se-enriched yeast were not different 
(p>0.05).



Chinrasri et al. (2009) Asian-Aust. J. Anim. Sci. 22(12):1661-1666 1665

ACKNOWLEDGMENTS

Mahasarakham University funded this study in budget 
fiscal year 2008. The authors thank Mr. K. Ruechai, Ms. P. 
Roonsamrong, Ms. P. Suthamwong and Mr. W. Jeebjoho for 
sprout cultivation and data collections. The experimental 
hens were supported by Mahasarakham University farm.

REFERENCES

AOAC. 1999. Official Methods of Analysis. 16th ed. Association 
of Official Analysis Chemists, Washington, DC.

Brown, K. M. and J. R. Arthur. 2001. Selenium, selenoprotein and 
human health: a review. Public Health Nutr. 4(2B):593-599.

Chantiratikul, A., O. Chinrasri and P. Chantiratikul. 2008. Effect of 
sodium selenite and zinc-L-selenomethionine on performance 
and selenium concentrations in eggs of laying hens. Asian- 
Aust. J. Anim. Sci. 21:1048-1052.

Comb, G. F. Jr. 2001. Selenium in global systems. Br. J. Nutr. 
85:517-547.

Diwadkar-Navsariwala, V. and A. M. Diamond. 2004. The link 
between selenium and chemoprevention: a case for 
selenoproteins. J. Nutr. 134:2899-2902.

Finley, J. W., C. Ip, D. J. Lisk, C. D. Davis, K. J. Hintze and P. D. 
Whanger. 2001. Investigation on the cancer-protective 
properties of high-selenium broccoli. J. Agric. Food Chem. 
49:2679-2683.

Fisinin, V. I., T. T. Papazyan and P. F. Surai. 2008. Producing 
specialist poultry products to meet human nutrition 
requirements: selenium enriched eggs. World’s Poult. Sci. 
64:85-97.

Ganther, H. E. 1999. Selenium metabolism, selenoproteins and 
mechanism of cancer prevention: complexities with 
thioredoxin reductase. Carcinogenesis 20:1657-1666.

Golubkina, N. A. and T. T. Papazyan. 2006. Selenium distribution 
in eggs of avian species. Comp. Biochem. Physiol. B 145:384
388.

Heinz, G. H., D. J. Hoffman and L. G. Gold. 1988. Toxicity of 
organic and inorganic selenium to mallard ducklings. Arch. 
Environ. Contam. Toxicol. 17:561-568.

Jiakui, L. and W. Xiaolong. 2004. Effect of dietary organic versus 
inorganic selenium in laying hens on the productivity, 
selenium distribution in egg and selenium content in blood, 
liver and kidney. J. Trace Elem. Med. Biol. 18:65-68.

Joaquim, A. N., Y. Gelinas. A. Krushevska and R. M. Barnes. 
1997. Determination of elements in biological and botanical 
materials by inductively coupled plasma atomic emission and 
mass spectrometry after extraction with a tertiary amine 
reagent. J. Anal. At. Spectrom. 12:1239-1242.

Juniper, D. T., R. H. Phipps, A. K. Jones and G. Bertint. 2005. 
Selenium supplementation of lactating dairy cows: Effect on 
selenium concentration in blood milk urine and feces. J. Dairy 
Sci. 89:3544-3551.

Kapolna, E. and P. Fodor. 2006. Speciation analysis of selenium 
enriched green onions (Alliumfistulosum) by HPLC-ICP-MS. 
Microchem. J. 84:56-62.

Lawler, T. L., J. B. Taylor, J. W. Finley and J. S. Caton. 2004. 
Effect of supranutritional and organically bound selenium on 

performance, carcass characteristics and selenium distribution 
in finishing beef steers. J. Anim. Sci. 82:1488-1493.

Lee, S. H., B. Y. Park, S. S. Lee, N. J. Choi, J. H. Lee, J. M. Yeo, J. 
K. Ha, W. J. Maeng and W. Y. Kim. 2006. Effect of spent 
composts of selenium-enriched mushroom and sodium selenite 
on plasma glutathione peroxidase activity and selenium 
deposition in finishing Hanwoo steers. Asian-Aust. J. Anim. 
Sci. 19:984-991.

Leustek, T. and K. Saito. 1999. Sulfate transport and assimilation 
in plants. Plant Physiol. 120:637-643.

Lintschinger, J., N. Fuchs, J. Moser, D. Kuehnelt and W. Goessler. 
2000. Selenium-enriched sprouts: a raw material for fortified 
careal-based diets. J. Agric. Food Chem. 48:5362-5368.

Mahan, D. C. and N. A. Parrett. 1996. Evaluating the efficacy of 
selenium-enriched yeast and sodium selenite on tissue 
selenium retention and serum glutathione peroxidase activity 
in grower and finisher swine. J. Anim. Sci. 74:2967-2974.

Mahan, D. C., T. R. Cline and B. Richert. 1999. Effects of dietary 
levels of selenium-enriched yeast and sodium selenite as 
selenium sources fed to growing-finishing pigs on 
performance, tissue selenium, serum glutathione peroxidase 
activity, carcass characteristics and loin quality. J. Anim. Sci. 
77:2172-2179.

Muniz-Naveiro, O., R. Dominguez-Gonzalez, A. Bermejo-Barrera, 
J.A. Cocho De Juan, J. M. F. Bermudez, A. G. Pereiras, A. L. 
Santamarina, I. M. Lede, J. V. Puente, L. F. Gomez and P. 
Bermejo-Barrera. 2005. Selenium content and distribution in 
cow’s milk supplemented with two dietary selenium sources. J. 
Agric. Food Chem. 53:9817-9822.

National Research Council. 1994. Nutrition Requirement of 
Poultry, 9th ed. National Academy Press, Washington, DC.

Olivera, P., D. Backovic and S. Sladana. 2005. Dietary selenium 
supplementation of pigs and broilers as a way of producing 
selenium enriched meat. Acta Veterinaria (Beograd). 55:483
492.

Ort, J. F. and J. D. Latshaw. 1978. The toxic level of sodium 
selenite in the diet of laying chickens. J. Nutr. 108:1114-1120.

Ouerdane, L. and Z. Mester. 2008. Porduction and characterization 
of fully selenomethionine-labeled Saccharomyces cerevisiae. J. 
Agri. Food Chem. 56:11792-11799.

Pan, C., K. Huang, Y. Zhao, S. Qin. F. Chen and Q. Hu. 2007. 
Effect of selenium source and level in hen’s diet on tissue 
selenium deposition and egg selenium concentration. J. Agric. 
Food Chem. 55:1027-1032.

Paton, N. D., A. H. Cantor, A. J. Pescatore, M. J. Ford and C. A. 
Smith. 2002. The effect of dietary selenium source and level 
on the uptake of selenium by developing chick embryos. Poult. 
Sci. 81:1548-1554.

Payne, R. L., T. K. Lavergne and L. L. Southern. 2005. Effect of 
inorganic versus organic selenium on hen production and egg 
selenium concentration. Poult. Sci. 84:232-237.

Payne, R. L. and L. L. Southern. 2005. Comparison of inorganic 
and organic selenium sources for broilers. Poult. Sci. 84:898
902.

Sahin, N., M. Onderci, K. Sahin and O. Kucuk. 2008. 
Supplementation with organic or inorganic selenium in heat- 
distressd quail. Biol. Trace Elem. Res. 122:229-237.

SAS. 1996. SAS/STAT® user’s guide (Release 6.03 ed.). SAS Inst. 
Inc. Cary, NC.



1666 Chinrasri et al. (2009) Asian-Aust. J. Anim. Sci. 22(12):1661-1666

Skrivan, M., J. Simane, G. Dlouha and J. Doucha. 2006. Effect of 
dietary sodium selenite, Se-enriched yeast and Se-enriched 
Chlorella on egg Se concentration, physical parameters on 
eggs and laying hens production. Czeck J. Anim. Sci. 51:163
167.

Steel, R. G. D. and J. H. Torries. 1980. Principle and Procedure of 
Statistic a Biomaterial Approach. 2nded. McGrow-Hill. New 
York.

Suhajda, A., J. Hegoczki, B. Janzso, I. Pais and G. Vereczkey. 2000. 
Preparation of selenium yeast I. preparation of selenium- 
enriched Saccharomyces cerevisiae. J. Trace Elem. Med. Biol. 
14:43-47.

Sugihara, S., M. Kondo, Y. Chihara, M. Yuji, H. Hattori and M. 
Yoshida. 2004. Preparation of selenium-enriched sprouts and 
identification of their selenium species by high-performance 
liquid chromatography-inductively couple plasma mass 
spectrometry. Biosci. Biotechnol. Biochem. 68:193-199.

Terry, N., A. M. Zayed, M. P. de Souza and A. S. Tarun. 2000. 
Selenium in higher plants. Ann. Rev. Plant Physiol. Plant Mol. 
Biol. 51:401-432.

Thomson, C. D. 1998. Selenium speciation in human body fluids. 
Analyst 123:827-831.

Tinggi, U. 2003. Essentiality and toxicity of selenium and its 
status in Australia: a review. Toxicol. Lett. 137:103-110.

Tsuneyoshi, T., J. Yoshida and T. Sasaoka. 2006. Hydroponic 
cultivation offers a practical means of producing selenium- 
enriched garlic. J. Nutr. 136:870S-872S.

Utterback, P. L., C. M. Parson, I. Yoon and J. Butler. 2005. Effect 
of supplementing selenium yeast in diets of laying hens on egg 
selenium content. Poult. Sci. 84:1900-1901.

Whanger, P. D. 2002. Selenocompounds in plants and animals and 
their biological significance. J. Am. Coll. Nutr. 21:223-232.

Yoon, I., T. M. Werner and J. M. Butler. 2007. Effect of source and 
concentration of selenium on growth performance and 
selenium retention in broiler chickens. Poult. Sci. 86:727-730.

Yoshida, M., T. Okada, Y. Namikawa, Y. Matsuzaki, T. Nishiyama 
and K. Fukunaga. 2007. Evaluation of nutritional availability 
and anti-tumor activity of selenium contained in selenium- 
enriched Kaiware radish sprouts. Biosci. Biotechnol. Biochem. 
71:2198-2205.

Zhan, X. A., M. Wang, R. Q. Zhao, W. F. Li and Z. R. Xu. 2007. 
Effect of different selenium source on selenium distribution, 
loin quality and antioxidant status in finishing pigs. Anim. 
Feed Sci. Technol. 132:202-211.


