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A B S T R A C T  
 
 

Trial 1 was conducted to investigate the effects of using organic vs. inorganic selenium (Se) on egg quality and egg 
yolk vitelline membrane strength (VMS). Hens were fed a corn-soybean meal basal diet supplemented with 0, 0.2 
ppm selenomethionine (SM), 0.2 ppm sodium selenite (SS), 0.4 SM, or 0.4 ppm SS. Supplementing SS at 0.2 ppm or 
SM at 0.4 ppm had the same effect to improve the VMS. In trial 2, hens were fed the same dietary treatments as in the 
first trial and added to a semi-purified corn starch-soybean meal basal diet. In this trial, Se content was predicted to be 
0.09 ppm, so the hypothesis behind the trial was that supplementation of Se to a basal diet low in Se would bring more 
significant results in production and quality parameters, but with the analysis of feed done at the end of the trials, trial 
2 ended up testing very high levels of Se. Yolk Se content was higher in all treatments supplemented with Se from 
either source than the control diet. There was an interaction effect of Se source and level on albumen Se content. 
Albumen Se content increased when SM levels in the diet increased, whereas when SS levels increased in the diet, 
there was no increase in egg albumen Se content. Our results indicated that Se supplementation from the organic and 
inorganic sources can be a good practice to increase some of the egg quality parameters, but more research is need to 
be conducted in conditions when the basal levels of Se are low. 
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INTRODUCTION 

 
The vitelline membrane of egg yolk is the membrane 

that separates the yolk from albumen. It is also the last 
barrier to microorganisms invading the nutrient-rich yolk 
(Tan et al., 1992).  The structural integrity of the vitelline 
membrane has been an increasingly important issue for 
the egg-breaking industry, and it can be affected by egg 
storage conditions, yolk and albumen pH, and Haugh 
units of eggs (Kirunda and McKee, 2000).  Improving egg 
quality characteristics by Se supplementation may 
subsequently improve vitelline membrane strength.  

In accordance with the poultry NRC (1994) Se 
requirement is quite low, however, those data are not 
related to the commercial conditions in which poultry may 
confront different stresses that increase Se requirement to 
a much higher level than stated in NRC. Traditionally, Se 
has been added to poultry diets via inorganic sources, 
such as sodium selenite (Na2SeO3). Research has shown 
that organic Se is more bio available, safer, and better 
absorbed than Se in sodium selenite (Edens, 2002). A 
study done by Payne et al. (2005) indicated that organic 
Se from selenium yeast (selenomethionine) results in 
greater deposition of Se in eggs compared to sodium 

selenite. Scheideler et al. (2010) showed that selenium 
deposition in the egg yolk was significantly higher in eggs 
from hens supplemented with organic selenium source 
(selenomethioine) compared to inorganic source (sodium 
selenite).  These developments raise questions as to which 
form of Se is best for dietary supplementation to 
maximize egg quality and content of Se. 

Thus, the objective of this study was to evaluate 
different sources and levels of Se on egg production and 
quality parameters of laying hens including vitelline 
membrane strength when using a normal and a semi-
purified high Se basal diet. 

 
MATERIALS AND METHODS 

 
Birds and Housing 
Trial 1: Hy-Line (Hy-line North America International, 
1005 4th Ave Se, Spencer, IA, 51301-6002, USA).  W36 
White Leghorn pullet chicks were obtained from Hy-Line 
International and were transported to the Animal Science 
Department, at the University of Nebraska-Lincoln, and 
kept there until the start of the trial. A total of one-
hundred-twenty, 35-wk-old White Leghorn laying hens 
were randomly assigned to thirty cages in a single laying 
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hen unit with four hens per cage.  Birds were fed the 
dietary treatments for eight weeks from 35-42 weeks of 
age.  Each bird had approximately 400 sq. cm.of floor 
space (Chore-Time Poultry Production Systems: A 
division of CTB, Inc., 410 N Higbee street, P. O. Box 
2000,    Milford, IN, 46542-2000, USA.).  
 
Trial 2: A total of 90 Single Comb White Leghorn hens 
(Bovans White; Kumm’s Kustom Pullets, NE, USA), 30 
weeks old, were obtained from a commercial laying hen 
operation and were also transported to the Animal Science 
Department, at the University of Nebraska-Lincoln, and 
kept there until the start of the trial. Hens were randomly 
assigned to thirty cages in a single laying hen unit with 
three hens’ per cage.  Birds were fed the dietary 
treatments for six weeks from 30-35 weeks of age.  Each 
bird had approximately 600 sq. cm. of floor space 
(Alternative Design: 3055 Cheri Whitlock, P.O. Box 
6330, Siloam Springs, AR, 72761-6330, USA).   

In both trials, animal care for the hens complied with 
procedures approved by the University of Nebraska 
Institutional Animal Care and Use Committee (IACUC) 
(Protocol # 06-10-044D). Cages in both trials were 
blocked by side, north and south, each side with a total of 
fifteen cages, and hens were given a corn-soybean meal 
basal diet supplemented with: (0, 0.2 ppm 
selenomethionine (SM), 0.2 ppm sodium selenite (SS), 
0.4 ppm SM, or 0.4 ppm SS) for a total of five dietary 
treatments in a factorial design. Selenomethionine (Sel-
Plex) was provided by Alltech (3031 Catnip Hill Pike, 
Nicholasville, KY 40356, USA). Sodium selenite was 
purchased from International Nutrition (P. O. Box 27540, 
7706 I Plaza, Omaha, NE, 68127, USA). Each treatment 
was assigned to six replicate cages. Hens were maintained 
on a 16:8 light: dark cycle throughout the trial. Water was 
supplied ad libitum by nipple drinkers and the cage unit 
was located in a well ventilated room. 
 
Diets 
Trial 1: Diets were formulated to be isocaloric to provide 
2874 kcal ME/kg feed and isonitrogenous to provide 16.0 
% crude protein (CP) as shown in Table 1. Birds were 
provided with ad libitum access to feed (100-110 g of feed 
per hen per day) and water throughout the study.  
 
Trial 2: Diets were formulated to be isocaloric to provide 
2949 kcal ME/kg feed and isonitrogenous to provide 
17.5% crude protein (CP) as shown in Table 2.  Birds 
were provided with ad libitum access to feed (80-100 g of 
feed per hen per day) and water throughout the study.  

In both trials, the five different trace mineral 
premixes (Table 3) were added to the diets to meet the 
National Research Council (1994) trace mineral 
requirements for laying hens. Selenium from both sources 
was weighed, along with the other minerals, and five 
different premixes were mixed separately and then added 
to 150 pounds of basal diet for each formulation and 
mixed again for twenty minutes. Dietary samples were 
collected from each diet mixing. Diet samples were stored 
at -20°C until chemical analysis was performed. 
 
Measurements 
Hen and egg parameters: In both trials, data collected 
included percent daily hen egg production and daily feed 

intake. Both egg production and feed intake were 
calculated on a hen/day basis. One days’ total egg 
production was used to measure egg weight weekly. 
 
Egg yolk vitelline membrane strength: A texture 
analyzer machine (TA.XT Plus, Texture Technologies 
Corp.: Ramona, CA, 25133 Hereford Dr. USA) equipped 
with a 20 kg tension load cell and a crosshead speed of 10 
mm/sec, was used to measure vitelline membrane strength 
of fresh eggs (Tharrington et al., 1998). A one millimeter 
width, rounded end, stainless steel probe was used to 
apply direct pressure to the membrane. Two eggs per cage 
were used for this measurement on week 5, 6, 7, and 8 of 
Trial 1 and on a weekly basis in Trial 2. Eggs were 
broken, and yolks were separated from albumen and 
placed into a shallow dish. The height between the probe 
and base was set at 25-30 mm, and the calibration weight 
was set at 2 kg. Once the start button was pushed, the 
probe moved towards the yolk to penetrate through the 
yolk vitelline membrane in the equatorial region. Care 
was taken to avoid contact with the germinal disc or the 
chalazae. The force it took the probe to penetrate through 
the vitelline membrane strength was then measured 
directly in grams.  
 
Chemical analysis: Dietary samples were collected from 
the feed mixing at the start of each trial and were analyzed 
for Ca (927.02), P (965.17), and crude protein (Kjeldahl 
Method) (988.05) (A.O.A.C., 1984). Selenium analysis of 
the diets, yolk and albumen were analyzed by Alltech 
using a PSA Millenium Excalibur system (P S Analytical: 
Arthur House, Crayfields Industrial Estate, Main Rd, 
Orpington, Kent, BR5 3HP, UK), which utilizes 
continuous flow vapour/hydride generation atomic 
fluorescence to analyze for selenium (Wallschlager and 
Bloom, 2001). All samples were analyzed in duplicate.  
The 2 batches of all dietary samples were analyzed 
separately and the results were averaged.  
 
Yolk and albumen selenium content: Three eggs per 
treatment were collected 3 times throughout Trial 2 for 
this measurement. Eggs were kept at a cooler at -20°C 
until they were sent to Alltech for analysis. Eggs from the 
same treatments were pooled and yolk and albumen were 
separated before analysis was conducted. 
 
Statistical analysis: All data were analyzed as repeated 
measure using GLIMMIX procedure of SAS 
(SAS 9.2, 2008).  The experimental design was repeated 
measures, randomized completely blocked design. 
Blocking was implemented in order to reduce the effect of 
temperature variation in the cage unit. Blocks were 
considered a random effect, dietary treatments were 
considered fixed. A total of five dietary treatments were 
given for hens in the experiment (0, 0.2 ppm SM, 0.2 ppm 
SS, 0.4 ppm SM, or 0.4 ppm SS) in a factorial treatment 
design. Cages were the experimental units. Average 
values for the variables were generated and subsequently 
analyzed separately to determine differences between 
combinations of treatments. The following model was 
used to determine differences between treatments groups: 



Int J Appl Poult Res, 2014, 3(3): 33-38. 
 

35

Yijklm = µ + Rk + αi + βj + αβij + τl + ατil + βτjl + αβτijl + εijklm 
Yijklm = Variable measured. 
µ = Overall mean. 
Rl = Effect of lth block. 
αi = Selenium level effect. 
βj = Selenium source effect. 
αβij = Interaction effect of selenium level and source.  
τl = Time effect. 
ατil = Interaction effect of selenium level and time. 
βτjl = Interaction effect of selenium source and time. 
αβτijl = Intreraction effect of selenium source and level 
and time. 
εijklm = Residual error. 
εijkl = Residual error.   
The separation of means was done using LS means statement.  
 

RESULTS  
 

Table 3 shows the dietary SS and SM treatment 
combinations and analysis of total dietary Se content. Our 
analysis shows that the non-supplemented diets had an 
average of 234.3 ppb Se in Trial 1 and this level increased 
as the supplemental Se level increased in the diet. 
Supplementation with higher levels of Se increased the 
analyzed Se content, but this increase was more obvious 
when using SM rather than SS. The basal diet in Trial 2 
had much higher levels of Se than expected because of the 
high soybean meal used (Table 3). 

In both trials feed intake increased when using higher 
levels of Se in the diet (Tables 4 & 5) (P<0.05), and this 
was more obvious when using 0.4 ppm SM compared to 
0.4 ppm SS in the diet.  

Egg production followed the same trend as feed 
intake. Se level had a significant effect on egg production 
in both trials (P<0.05), with hens fed 0.4 ppm Se having 
higher egg production percentages than hens fed 0.2 ppm 
Se (Tables 4 & 5).   

Dietary treatments had no negative effect on egg 
weight, and fresh or aged yolk and albumen pH in Trial 2 
(P>0.05) (Data not shown).  

As SM increased in the diet of Trial 1 from 0.2 to 0.4 
ppm, vitelline membrane strength (VMS) increased (6.44 
vs. 6.75 g) (P<0.05), but when using SS as the source of 
Se, VMS had the tendency to decrease with increasing SS 
at the highest level (0.4 ppm)  in the diet. When 
comparing treatment effect on VMS, Treatment 4, which 
was supplemented with 0.4 ppm SM, gave the highest 
VMS (Table 6).  

In Trial 2, There was a treatment effect on yolk Se 
when comparing the control diet vs. Treatments 2, 3, 4, 
and 5 (1.24 vs. 1.57, 1.41, 1.63, 1.49 µg/g, respectively) 
(P<0.05), as Se level increased in the diet, yolk Se content 
increased significantly; SM supplementation resulted in 
higher Se content compared to SS, and both Se sources 
gave higher amounts of Se in yolk than the basal level.  
There was an interaction effect between Se source and 
level affecting albumen Se content in eggs (P<0.05).  
Albumen Se content increased from 2.33 to 2.93 µg/g 
when SM levels increased in the diet but not with 
increasing SS (1.90 to 1.95 µg/g). There was a significant 
treatment effect on Se content of albumen (P<0.05); the 
highest level of Se in albumen attained when hens were 
fed SM at 0.4 ppm, which had the highest Se content 
when analyzed (822.83 ppb). 

Table 1: Diet composition and nutrient content of the basal 
corn-soybean meal diet in Trial 1. 

Ingredients % Diet  
Fine Ground Corn 65.91  
Soybean Meal- 47%  20.53  
Tallow 1.81  
Limestone 4.49  
Dicalcium Phosphate 1.97  
Shell and Bone 4.49 
Salt, White 0.37 
DL- Methionine 0.20  
Lysine 0.14  
Vitamin Premix1 0.20  
Mineral Premix2 0.10  

Composition 
Calculated 

nutrient 
composition 

Analyzed 
nutrient 

composition 
ME, kcal/kg 2874 -
Protein, %  16.00 16.30 
Methionine, % 0.45 - 
Met+Cys 0.72 - 
Lysine, % 0.88 - 
Ca, %  3.94 3.57 
Total P, % 0.73 0.66 
Se (ppm) 0.20 0.20 
Sodium 0.17 -

1Provided per kilogram of diet: Vitamin A 29,964,000 IU; 
Vitamin D 35,200,000 IU; Vitamin  K 35,200 mg; Vitamin B-12 
1,320 mg; Riboflavin 798,336 mg; Niacin 498,960 mg; 
Pantothenic acid 323,855.4 mg; Folic acid 99,792 mg; Vitamin 
B-6 821,286.4 mg; Vitamin E 88,000 IU; Choline 598,400 mg; 
Thiamin 88,000 mg; Biotin 2,200 mg; 2Provided per kilogram of 
diet: Copper, 8.75 mg from copper sulfate; zinc, 35 mg from 
zinc sulfate; iodine, 0.035 mg from organic iodine; manganese, 
20 mg from manganese sulfate; iron, 45 mg from iron sulfate.  

 
Table 2: Diet composition and nutrient content of the standard 
corn starch-soybean meal diet in Trial 2. 

Ingredients % Diet  
Corn Starch 46.94  
Soybean Meal- 47%  37.36  
Corn Oil 3.38  
Limestone 9.55  
Dicalcium Phosphate 1.91  
Salt, White 0.42  
DL- Methionine 0.34  
Lysine 0.11 
Vitamin Premix1 0.20 
Mineral Premix2 0.10  

Composition 
Calculated 

nutrient 
composition 

Analyzed 
nutrient 

composition
ME, kcal/kg  2949 - 
Protein, %  17.5 23.36 
Methionine, % 0.55 - 
Met+Cys 0.82 -
Lysine, % 1.15 - 
Ca, %  4.1 4.2 
Total P, % 0.73 0.62 
Se (ppm) 0.09 0.42 
Sodium 0.17 - 

1Provided per kilogram of diet: Vitamin A 29,964,000 IU; 
Vitamin D 35,200,000 IU; Vitamin K 35,200 mg; Vitamin B-12 
1,320 mg; Riboflavin 798,336 mg; Niacin 498,960 mg; 
Pantothenic acid 323,855.4 mg; Folic acid 99,792 mg; Vitamin 
B-6 821,286.4 mg; Vitamin E 88,000 IU; Choline 598,400 mg; 
Thiamin 88,000 mg; Biotin 2,200 mg; 2Provided per kilogram of 
diet: Copper, 8.75 mg from copper sulfate; zinc, 35 mg from 
zinc sulfate; iodine, 0.035 mg from organic iodine; manganese, 
20 mg from manganese sulfate; iron, 45 mg from iron sulfate. 
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Table 3: Dietary premix combinations and analyzed Se content 
in Trials 1 & 2 

 Source Analyzed Se 
content (ppb) Treatment Selenite Selenomethionine 

 (ppm) (ppm) Trial 1 Trial 2 
1 (Control) 0.0 0.0 234.25 417.50
2 0.0 0.2 356.00 483.83
3 0.2 0.0 314.50 601.17
4 0.0 0.4 470.75 822.83
5 0.4 0.0 334.25 591.33

Diet Se was analyzed at Alltech Labs using a PSA Millenium 
Excalibur system, which uses continuous flow vapour/hydride 
generation atomic fluorescene to analyze for selenium 
(Wallschlager et al., 2001). 
 
Table 4: Treatment effect on feed intake, egg production, and 
hen weight gain in Trial 1 

Treatment 

Source Feed 
intake 

(g/hen/d) 

Egg 
prod. 
(%) 

Hen wt.
gain 
(g) 

Selenite 
(ppm) 

Selenome- 
thionine 
(ppm) 

1 (Control) 0.0 0.0 86.10a 80.23a 225.97
2 0.0 0.2 84.73a 76.70b 266.66
3 0.2 0.0 89.68b 84.56c 230.39
4 0.0 0.4 90.56b 83.21c 253.13
5 0.4 0.0 89.98b 82.70ac 279.47
P value 0.0075 <0.0001 0.4148 
SEM1 1.6601 1.0355 22.6040
Main Effects    
Se Source    
Selenomethionine 87.64 79.69a 258.13 
Selenite 89.83 83.44b 253.76 
SEM 1.1364 1.2173 25.0741
Se Level (ppm)    
0.2 87.20a 80.15a 246.56
0.4 90.27b 82.99b 265.33 
SEM 1.1364 1.2173 25.0741
P values    
Se Source 0.0761 0.0095 0.8644 
Se Level 0.0182 0.0375 0.4685 
Se Source x Se Level 0.0303 0.0039 0.2925 
Control vs. Treatments 2, 3, 4, 5 0.064 0.1441 0.2430 

a,b,cDifferent superscripts within one column are significantly 
different at P<0.05; 1SEM: Standard Error of Mean. 
 

DISCUSSION 
 

In Trial 1, whether the higher levels of analyzed Se 
content in the diets with SM supplementation compared to 
Se was a consequence of less availability of SS or a 
mixing error is not known. The hypothesis behind Trial 2 
was that supplementation of Se to a basal diet low in Se 
(semi-purified diet) would bring more significant results 
in production and quality parameters than when 
supplementation is applied to a corn-soybean meal basal 
diet that already has adequate Se. Unfortunately, diet 
analysis was done at the end of the trial, which could have 
revealed the unexpected high Se level from the beginning. 

In trial 2 the basal diet had higher levels of Se likely 
due to high soybean meal used (Table 3), originated from 
NE, with levels of 0.54 ppm Se compared to 0.1 ppm 
from other places (Leeson and Summers, 2001).  Soybean 
meal percentage in the diet was nearby 10-15% higher 
than its normal percentage in a corn-soybean meal basal 
diet in a laying hen ration (37.36 vs. around 20-25%). 
Using the feed formulation program (ECO-MIX: Logic 
soft solution, 101, H No. 1-1-565 Raghavendra Apts, New  

Table 5: Treatment effect on feed intake, egg production, and 
hen weight gain in Trial 2 

Treatment 

Source Feed 
intake 

(g/hen/d) 

Egg 
prod. 
(%) 

Hen Wt.
gain 
(g) 

Selenite
(ppm) 

Selenome- 
thionine 
(ppm) 

1 (Control) 0.0 0.0 78.24ab 82.60ac -205.8 
2 0.0 0.2 73.85cb 72.06a -143.6 
3 0.2 0.0 67.84c 70.86a -101.4 
4 0.0 0.4 80.60a 87.04bc -106.7 
5 0.4 0.0 76.57ab 79.40ac -106.1 
P value 0.0054 0.0502 0.2557 
SEM1 2.1708 4.1574 38.11 
Main Effects    
Se Source    
Selenomethionine 77.22a 79.55 -125.1 
Selenite 72.20b 75.13 -103.8 
SEM 2.2289 4.4711 36.88 
Se Level (ppm)    
0.2 70.85a 71.46a -122.5 
0.4 78.58b 83.22b -106.4 
SEM 2.2289 4.4711 36.88 
P values    
Se Source 0.0397 0.3380 0.5706 
Se Level 0.0034 0.0189 0.6684 
Se Source x Se Level 0.6662 0.4827 0.5805 
Control vs. Treatments 2, 3, 4, 5 0.1614 0.2680 0.0380 

a,b,cDifferent superscripts within one column are significantly 
different at P<0.05; 1SEM: Standard Error of Mean. 
 
Bakaram, Musheerabad, Hyderabad-20 Adnhra Pradesh, 
India. www.ecomixonline.com) to formulate the diet for 
this trial, Se content was predicted to be 0.09 ppm (Table 
2), which is lower than the normal corn-soybean meal 
basal diet found in places like Nebraska and the Dakotas’ 
that are known for the high Se level in their soil, and the 
high Se level of corn and soybean grown there as a result.  
Normal Se level varies between 0.01 and 1.00 ppm in 
corn, whereas in soybean meal it varies between 0.06 and 
1.00 ppm depending on the soils that they were grown in 
(Surai, 2006). So in Trial 2, rather than having a low basal 
Se level, the trial ended up testing very high levels of Se, 
well above NRC (1994) and FDA regulations (1997) so 
that, ironically, what started as a requirement study ended 
up being more of a toxicity study. 

Previously, Bunk and Combs (1981) conducted 
experiments to determine the effects of oral Se 
administration on Se-deficient chicks, and they found that 
administration of SM significantly increased feed 
consumption compared to SS, which is in agreement with 
our Trial 2 results. These results also agree with the 
findings of Zuberbuehler et al. (2002), who concluded 
from their study that young Se-deficient laying hens 
reduce their Se deficit if they have a choice between a 
Low-Se and a High-Se diet by preferentially selecting the 
High-Se diet.   

Cantor and Scott (1974) reported an increase in egg 
production of hens fed 0.1 ppm of organic selenium 
relative to no supplementation. In Trial 1, 
supplementation with SS resulted in higher feed intakes 
which could have a significant effect on egg production 
from hens supplemented with sodium selenite compared 
to SM (P=0.0095).   

The lack of results on egg weight, fresh and aged 
yolk and albumen pH in Trial 2 may have been due to the  
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Table 6: Treatment effect on egg quality parameters in Trial 1 
 Source Egg Wt. 

(g) HU1 Specific 
gravity 

VMS2 

(g) 

Yolk pH Albumen pH 
Treatment Selenite Selenomethionine Fresh Aged Fresh Aged
 (ppm) (ppm)     
1 (Control) 0.0 0.0 56.41 98.83 1.087 6.52ac 6.155 6.406 8.435 9.260a

2 0.0 0.2 56.50 98.17 1.087 6.44c 6.163 6.392 8.390 9.277abc

3 0.2 0.0 57.57 99.53 1.087 6.69ab 6.254 6.357 8.428 9.277abc

4 0.0 0.4 57.70 98.56 1.086 6.75b 6.190 6.299 8.396 9.259ab

5 0.4 0.0 57.67 97.60 1.093 6.52ac 6.152 6.315 8.455 9.284c

P value 0.2058 0.3774 0.4846 0.0335 0.1880 0.4430 0.8024 0.0577 
SEM 0.5673 0.7094 0.0028 0.0730 0.0382 0.0480 0.0430 0.0073
Main Effects         
Se Source         
Selenomethionine 57.12 98.36 1.087 6.60 6.176 6.345 8.393 9.268a

Selenite 57.41 98.36 1.091 6.60 6.203 6.336 8.441 9.280b

SEM 0.4704 0.6413 0.0035 0.0747 0.0341 0.0418 0.0321 0.0059 
Se Level (ppm)         
0.2 56.84 98.64 1.087 6.57 6.209 6.374 8.409 9.277 
0.4 57.69 98.08 1.090 6.63 6.171 6.307 8.425 9.271 
SEM 0.4685 0.6413 0.0035 0.0747 0.0341 0.0418 0.0321 0.0059 
P values         
Se Source 0.5515 0.9922 0.2784 0.9880 0.4446 0.8244 0.1497 0.0563 
Se Level 0.0896 0.3951 0.3366 0.3972 0.2855 0.1274 0.6152 0.3393
Se Source x Se Level 0.5068 0.1537 0.2784 0.0064 0.0799 0.5590 0.7382 0.0563 
Control vs. Treatments 2, 3, 4, 5 0.1121 0.6295 0.7045 0.3131 0.3505 0.2298 0.7179 0.0704 

a,b,c Different superscripts within one column are significantly different at P<0.05; 1HU: haugh units; 2VMS: vitelline membrane strength 
 
Table 7: Treatment effect on egg quality parameters in Trial 2 

 Source Egg Wt. 
(g) HU1 Specific 

gravity 
VMS2 

(g) 

Yolk pH Albumen pH 
Treatment Selenite Selenomethionine Fresh Aged Fresh Aged
 (ppm) (ppm)     
1 (Control) 0.0 0.0 56.47 91.21 1.086 6.76 6.038 6.311 8.338 8.956 
2 0.0 0.2 54.31 91.24 1.088 6.60 6.052 6.293 7.982 8.975
3 0.2 0.0 54.40 91.22 1.084 6.86 6.118 6.329 8.300 8.959 
4 0.0 0.4 53.99 88.92 1.086 6.75 6.100 6.296 8.449 8.995 
5 0.4 0.0 53.85 93.16 1.085 6.71 6.096 6.2688 8.401 8.962 
P value 0.5313 0.7857 0.4370 0.6575 0.2495 0.9126 0.3875 0.7592 
SEM 1.2177 2.3347 0.0015 0.1130 0.0282 0.0427 0.1833 0.0242 
Main Effects         
Se Source   
Selenomethionine 54.64 90.61 1.087 6.68 6.076 6.296 8.215 8.985 
Selenite 53.72 92.47 1.085 6.79 6.106 6.299 8.350 8.968 
SEM 1.0153 2.0792 0.0014 0.1072 0.0250 0.0421 0.1957 0.0216 
Se Level (ppm)         
0.2 54.82 91.87 1.086 6.73 6.084 6.312 8.140 8.968
0.4 53.54 91.21 1.085 6.73 6.098 6.283 8.425 8.985 
SEM 1.0153 2.0792 0.0014 0.1072 0.0251 0.0421 0.1957 0.0217 
P values         
Se Source 0.3799 0.3833 0.1472 0.3275 0.2487 0.9456 0.5030 0.4505 
Se Level 0.2227 0.7540 0.6415 0.9739 0.578 0.4916 0.1707 0.4492 
Se Source x Se Level 0.9884 0.2048 0.4616 0.1899 0.1953 0.5023 0.3656 0.8899 
Control vs. Treatments 2, 3, 4, 5 0.0913 0.9778 0.9069 0.8219 0.0975 0.7519 0.7802 0.5326 

a,b,c Different superscripts within one column are significantly different at P<0.05; 1HU: haugh units; 2VMS: vitelline membrane strength. 
 
fact that the basal diet had a high level of Se (234.3 ppb & 
417.5 ppb in Trial 1 & Trial 2; respectively), and that 
further increases in Se level would not show any further 
positive effects. 

The results of the VMS agree with the findings of 
Scheideler et al. (2010), who studied the effects of Se 
supplementation from SS and SM at two dietary levels 
(0.5 or 0.75 ppm) in laying diets and their effects on egg 
production and VMS. Increasing dietary Se improved 
VMS in both fresh and aged eggs in Scheideler’s study.  
Schafer et al. (1998) found that the protein percentage of 
the whole VM was on average about 70%; thus, knowing 
that Se is incorporated into proteins in the body, Se 
supplementation to the laying hen diets may change the 

composition of the proteins in the VM and contribute to 
its strength. 

The results of yolk and albumen Se content agree to 
some point with the results of studies conducted by Surai 
(2000), who showed that egg Se content can be easily 
increased when SM is included in the diet at a level to 
provide 0.4 ppm Se, and that Se content increased from 7 
to 43 µg in the egg by adding up to 0.8 ppm organic Se to 
the basal diet. The results of this study indicate that higher 
Se levels of 0.8 ppm as analyzed did not adversely affect 
any of the production parameters. Combs (2000) reported 
that using Se in the form of high-quality Se-enriched yeast 
in the chicken diet at 1.2 ppm results in Se content in the 
egg of up to 200 µg.   
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Table 8: Treatment effect on Se content of yolk and albumen of 
egg in Trial 2 

Source Se Content
Treatments Selenite Selenomethionine Yolk Albumen
 (ppm) (ppm) (ppm)
1 0.0 0.0 1.24a 1.98a

2 0.0 0.2 1.57b 2.33a

3 0.2 0.0 1.41b 1.90a

4 0.0 0.4 1.63b 2.93b

5 0.4 0.0 1.49b 1.95a

P Value 0.1857 0.0054
SEM 0.0985 0.1122
Main Effects  
Se Source  
Selenomethionine 1.52 2.54a

Selenite 1.45 1.92b

SEM 0.0860 0.0960
Se Level (ppm)  
0.2 1.41 2.03a

0.4 1.56 2.44b

SEM 0.0860 0.0960
P values  
Se Source 0.6038 0.0039
Se Level 0.2537 0.0230
Se Source x Se Level 0.5788 0.0358
Control vs. Treatments 2, 3, 4, 5 0.0497 0.0604

a,b,c Different superscripts within one column are significantly 
different at P<0.05. 
 

Interestingly, the highest level of Se attained in 
analysis increased feed intake significantly and gave 
higher Se content of albumen that reached 2.93 µg/g 
(Table 8).  The  yolk  Se  content averaged 1.5 µg/g for all 
treatments (Table 8).  So an egg that has 50 gm of total 
albumen and yolk from this study could supply around 
100 µg Se, a novel finding that was not expected.  
According to Whanger (2004), the maximum safe dietary 
selenium intake for humans is 819 µg/day which is 8 
times higher than the level reached in this study per egg.  
The RDA for Se in the U.S.A is 55 µg/day for adult males 
and females (Fisinin, 2007).  So one egg from our study 
contains 2 times the daily Se requirement. 

In order to produce ‘designer eggs’ enriched with Se 
at levels that significantly contribute to the RDA for 
human consumption, FDA should consider Se inclusion in 
the laying hen diet to a level higher than 0.3 ppm.  It is 
important to note that no negative effects were observed 
using the highest levels in the second Trial.  

As more commercial eggs are further processed, the 
VMS is important to prevent contamination of the 
albumen by yolk, which can cause huge economical loss 
for the egg-breaking industry. So future research should 
be directed toward studying the composition of yolk 
VMS, measuring Se content of the membrane, and 
relating that to the strength of the membrane and interior 
quality of fresh versus aged eggs.  
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