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ABSTRACT: A 35-day experiment was conducted to evaluate the effect of selenium-enriched probiotics (SP) on laying
performance, egg quality, egg selenium (Se) content, and egg glutathione peroxidase (GPX) activity. Five hundred 58-week-old
Rohman laying hens were randomly allotted to 5 dietary treatments of 100 each. Each treatment had 5 replicates, and each replicate
had 5 cages with 4 hens per cage. The SP was supplemented to a corn-soybean-meal basal diet at 3 different levels that supplied total
Se at 0.2, 0.5, and 1.0 mg/kg. The basal diet served as a blank control, while the basal diet with supplemental probiotics served as a
probiotics control. The results showed that dietary SP supplementation not only increased (p < 0.05) the rate of egg laying, day egg
weight, mean egg weight, egg Se content, and egg GPX activity but also decreased (p < 0.05) the feed:egg ratio and egg cholesterol
content. The egg Se content was gradually increased (p < 0.05) along with the increasing level of dietary Se. The SP supplementation
also slowed down (p < 0.05) the drop of Haugh units (HU) of eggs stored at room temperature. The egg GPX activity had a positive
correlation (p < 0.01) with egg Se content and a negative correlation (p < 0.01) with egg HU drop. These results suggested that Se
contents, GPX activity, andHU of eggs were affected by the dietary Se level, whereas the egg-laying performance and egg cholesterol
content were affected by the dietary probiotics. It was concluded that this SP is an effective feed additive that combines the organic Se
benefit for hen and human health with the probiotics benefit for laying hen production performance. It was also suggested that the
eggs from hens fed this SP can serve as a nutraceutical food with high Se and low cholesterol contents for both healthy people and
patients with hyperlipidemia, fatty liver, or cardiovascular disease.
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’ INTRODUCTION

Selenium (Se) is an essential trace element for animal and
human health. As integral parts of several metabolic enzymes
including glutathione peroxidase (GPX)1 and type I iodotyro-
nine deiodinase,2 Se plays important roles in human antioxidant
defense, thyroid function, reproduction,3 and immune function.4

Se deficiency may contribute to cardiovascular disease,5 cancer,6

asthma,7 diabetes8 and hypothyroidism9 in humans, white muscle
disease in sheep,10 and exudative diathesis,11 pancreatic fibrosis
or atrophy12 in chicks.

In China, the low level of soil Se in some geographical regions
resulted in endemic prevalence of Keshan and Kaschin�Beck
diseases in humans,13,14 especially in 70�80-year-olds. So, it is
essentially important to supply Se to human food to prevent or
cure Se-deficiency associated diseases.

In recent years, numerous studies indicated that organic Se is
more bioavailable and has higher tissue accumulation rate than
inorganic Se, and the increased level of Se in animal body from
organic source can persist for a longer period of time.15,16 More
importantly, organic Se is usually less toxic and has a lower envi-
ronmental pollution issue than inorganic Se.17,18 Thus, renewed
interests exist in the use of organic Se to feed animals and humans.

Selenium-enriched yeast (SY, e.g., Sel-Plex) is a well-known
source of organic Se. Numerous applied studies on SY have been

conducted in broilers and laying hens, and the results have shown
that dietary supplementation of SY resulted in better production
efficiencies.19�23 A common yeast species, Saccharomyces cerevi-
siae, in SY acts as a Se biotransformation vector,24 and this strain
of yeast, as well as some others (e.g., Saccharomyces boulardii and
Candida utilis), can also serve as probiotics.25�27 It was reported
that oral administration of probiotics can protect animals against
enteric infections,28 maintain intestinal microbiota balance,29

prevent and treat certain diarrheal diseases,30 improve growth,
enhance immune response, reduce serum cholesterol,31 and in-
hibit cancer cells.32

Besides these yeast strains, there may be other microorgan-
isms that also have the ability to transform inorganic Se to
organic forms, and it would be economically beneficial if we
could develop a new product that exerts dual effects of organic Se
and probiotics at the same time. There are some reports about
lactic acid bacteria (e.g., genus Lactobacillus) that have the ability
to synthesize biomolecules containing Se.33 To develop new Se-
enriched probiotics (SP), our laboratory utilized several strains of

Received: May 20, 2011
Accepted: September 26, 2011
Revised: September 20, 2011



11425 dx.doi.org/10.1021/jf202014k |J. Agric. Food Chem. 2011, 59, 11424–11431

Journal of Agricultural and Food Chemistry ARTICLE

probiotics (e.g., Lactobacillus acidophilus and C. utilis) that can
efficiently transform and enrich organic Se from an inorganic
source (i.e., sodium selenite, SS). As a new organic source of Se,
this SP product was granted a patent in China in the year 2006
(number ZL 2005 1 0040990.2).

A few studies have been conducted in this laboratory which
concluded that this SP product can strongly antagonize patho-
genic Escherichia coli, increase blood Se level, fortify immunity,
enhance antioxidant status, improve the internal environment of
intestinal tract, and lowermortality inmice and canine.27,34 How-
ever, no applied research of SP in poultry has been conducted.
The purpose of this study is to investigate the effect of dietary SP
supplementation on hen’s laying performance, egg quality, egg Se
content, and egg GPX activity, with a hope to produce nutra-
ceutical eggs for improving human health.

’MATERIALS AND METHODS

Selenium Source and Chemical Reagents. The SP product
used in this study is the aforementioned probiotics product developed by
this laboratory. Its total Se content is 5.0 mg/L, with over 90% being
organic Se and over 75% being selenomethionine. The probiotics micro-
organisms in this product include L. acidophilus (LA) and C. utilis (CU),
and the colony forming units (CFU) of LA and CU are 1011/mL and
109/mL, respectively.

The total cholesterol (TC) assay kit was purchased from Biosino
Biotechnology & Science Inc. (Beijing, China), and the GPX assay
kit was purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). All reagents used for egg yolk preparation and Se
determination were of analytical or higher grade. Se stock standard
solution of sodium selenite [GBW(E)080215] and the certified Se
reference material, pork liver [GBW 08551], were provided by the
National Research Center for Standard Materials (Beijing, China) and
the Food Detection Science Institute of the Ministry of Commerce
(Beijing, China), respectively. The water used in the chemical analyses
was of ultrapure grade (resistance 18 MΩ/cm).
Animals and Dietary Treatments. Five hundred 58-week-old

Rohman laying hens (egg rate: 86% () housed in wire cages were
randomly allotted to 5 dietary treatments of 100 each. Each treatment
was replicated five times (n = 5), and each replicate had 5 cages with

4 hens per cage. Each cage was equipped with one nest, one perch, and
two fresh water nipples. Chipboards were inserted into the feeders
between individual cages to avoid between-cage contamination. A corn-
soybean-meal diet was formulated as a basal diet in accordance with
NRC (1994) recommendations35 to meet the nutrient requirements for
laying hens (Table 1).

Selenium-enriched probiotics were gradually mixed into the basal
diet at three different levels that supply total Se at rates of 0.2, 0.5, and
1.0 mg/kg (on a dry matter basis). Briefly, the stock volumes of 40, 100,
and 200 mL of SP liquid were diluted to three 250 mL working solutions
and, then, respectively sprinkled onto 1 kg of basal diet that had been
evenly spread out on an appropriate salver. The mixture was stirred
synchronously and blended continually to prevent conglobating. During
the whole animal trial period (35 days), the corresponding diet for each
treatment was prepared 2 times per day. The activity of the SP product
(i.e., the number of probiotics) was examined before and at the end of
the animal trial, and no significant decrease in the activity was found.

The basal diet contains 0.151 mg/kg of total Se (dry matter basis),
and the final Se levels for the 5 treatment diets are listed in Table 2. The
basal diet without adding SP and probiotics served as a blank control
(treatment 1), while the basal diet with added probiotics served as a
probiotics control (treatment 2) whose probiotics level was equal to that
of the treatment 5 diet, which contains the highest level of probiotics. All
hens were fed the same basal diet for 2 weeks prior to the application of
experimental treatments. Feed and water were provided ad libitum to all
the birds throughout the 35-day experiment period.
Data Recording, Sample Collection and Preparation. Dur-

ing the experiment period, the egg mass, the number of shell-less and
cracked eggs, the feed intakes, and the egg weights were recorded daily
on an individual cage basis. The rate of hen-day egg production, rate of
shell-less and cracked eggs, meanweight of eggs, and the ratio of feed:egg
then were calculated. At the end of the experiment, six eggs per treat-
ment replicate were collected. One third of sample eggs were depurated
and analyzed immediately for egg quality and egg GPX activity; another
one-third were depurated and stored at 4 �C for analysis of egg Se
content and egg cholesterol level. The remaining one-third were stored
at room temperature (27�29 �C, 54�57% humidity) for 6 days before
analysis of egg Haugh units (HU) and GPX activity. Egg quality param-
eters included egg shape index, eggshell strength, eggshell thickness, egg
HU, egg yolk color, and egg yolk weight. The preparation steps for
determination of egg Se content and egg GPX activity were described
previously by this laboratory.36 For cholesterol analysis each egg was
prepared according to the method described by Salma et al.37 and Elkin
et al.38 Briefly, each egg was broken and weighed. The yolk was sepa-
rated and weighed, from which 1 g was homogenized with 15 mL of
chloroform�methanol mixture (2:1, by volume), sonicated, and filtered
by using a 10 mL syringe attached 33 mm filter unit with 0.45 μm pore
size membrane. The obtained samples were then stored at �30 �C
before analysis.

Table 1. Ingredient Composition and Calculated Nutrient
Levels of the Basal Diet (on Dry Matter Basis)

ingredients composition (%) nutrient levels

corn 65.0 ME,c MJ/kg 11.57

soybean meal 9.0 crude protein, % 15.6

bran 2.0 crude fiber, % 3.5

clover meal 5.6 lysine, % 0.77

fishmeal (55.5% CP) 8.0 methionine, % 0.32

bone powder 1.0 cystine, % 0.23

salt 0.35 calcium, % 3.56

vitaminsa 0.05 phosphorus, % 0.75

trace mineralsb 1.0 selenium, mg/kg 0.151

limestone 8.0
aThe vitamins provided per kg of diet: vitamin A (retinol acetate),
4.13 mg; vitamin D3, 75.00 mg; vitamin E (DL-α-tocopherol acetate),
20.00mg;menadione, 2.00mg; vitamin B12, 0.015mg; thiamin, 1.50mg;
riboflavin, 4.50 mg; biotin, 0.10 mg; folacin, 0.50 mg; niacin, 20.00 mg;
pantothenic acid, 10.00 mg; and pyridoxine, 3.00 mg. bThe trace
minerals provided per kg of diet: manganese, 60.0 mg; zinc, 50.0 mg; iron,
55.00 mg; copper, 5.0 mg; and iodine, 0.5 mg. cME: metabolizable energy.

Table 2. SeleniumLevels inDiets of FiveTreatments (mg/kg)a

Se level

treatment diet supplemental final total

1 basal diet 0.0 0.151

2 basal diet + probiotics 0.0 0.151

3 basal diet + SP 0.2 0.351

4 basal diet + SP 0.5 0.651

5 basal diet + SP 1.0 1.151
a Presented Se levels for the SP product (supplemental Se) and the basal
diet are the chemically analyzed values, while for the final total Se levels of
the treatment diets (except for treatment 1) they are the calculated values.
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Sample Analyses. Egg HU (determined by the weight and the
effective height of albumen of each egg), egg yolk color (determined by
the Roche Yolk color fan calibration), and egg yolk weight (after
discarding egg shell and albumen) were directly measured by EMT-
5200 Egg Multi Tester (Robotmation Co., Ltd., Tokyo, Japan). The
eggshell strength in terms of destruction strength was measured by using
EFG-0502 Eggshell Force Gauge (Robotmation Co., Ltd., Tokyo,
Japan). The egg shape index and eggshell thickness were calculated
with the values measured by a vernier caliper. The egg shape index is
equal to the ratio of egg vertical length to egg across length. The eggshell
thickness is the mean value of the blunt, the cusp, and the middle thick-
ness of eggshell without inner shell membrane.

The egg Se content assay was performed following the method of Pan
et al.36 using an AF-610A atomic fluorescence spectrometer (Ruili
Analysis Instrument Co., Beijing, China), whereas the egg TC content
and GPX activity were determined by the Slectea-E-Plus Automated
Biochemical Analyzer (The ELITech Group, Vital Scientific B.V., The
Netherlands) using the two respective commercial kits (as aforemen-
tioned) following the manufacturers’ instructions.

Briefly, the TC content assay was based on the measurement of
hydrogen peroxide, which reacted with 4-aminoantipyrine and 3,5-
dichloro-2-hydroxybenzenesulfonic acid sodium salt via cholesterol oxi-
dase and peroxidase to form a flammulated compound. The absorbency
value of this compound was determined at 500�600 nm wavelength,
and the TC content was then calculated by the Analyzer. The GPX
activity assay was based on the oxidation of glutathione (GSH) by
hydrogen peroxide via GSH peroxidase. The reduced GSH was tested
using hydrogen peroxide as a substrate. A nonenzyme reaction of
reduced GSH and hydrogen peroxide was subtracted. GSH was then
monitored by 5,5-dithiobis(2-nitrobenzoic acid) at 412 nm wavelengh.
One unit (U) of GPX activity was defined as the milligrams of protein
that can reduce GSH concentration by 1 μmol/L in one minute sub-
tracting the nonenzymatic reaction.
Statistical Analysis. All the egg-laying performance, egg quality,

and Se-associated data were analyzed with one-way ANOVA model
using SPSS computer program (version 13.0) for windows. Final data
were expressed as mean ( standard error (SE). To determine the dif-
ferences between the means, multiple comparisons were conducted
using the least significant difference (LSD) test. The mean difference
was considered significant when p e 0.05. Bivariate regression analyses
between egg GPX activity and egg Se level and between egg HU drop
and egg GPX activity were both examined using the SPSS program. The
coefficients of the regression parameters were considered significant
when p e 0.01.

’RESULTS AND DISCUSSION

Laying Production Performance. As shown in Table 3, the
rates of hen-day egg production among 5 treatments did not
differ in week 1. However, in week 3, in week 5, or across the

whole experiment period, supplementation of probiotics or SP vs
the blank control significantly increased (p < 0.05) the rates of
hen-day egg production. Comparing to the probiotics control
(treatment 2), the rates of hen-day egg production in SP treat-
ment groups were not significantly increased (p > 0.05) in week
3, in week 5, or across the whole experiment period.
As shown in Table 4, compared to the blank control, supplemen-

tation of probiotics or SP significantly increased (p < 0.05) the day
egg weight and the mean egg weight (except for treatment 3),
significantly decreased (p < 0.05) the feed:egg ratio, and numerically
decreased (p > 0.05) the rates of shell-less and broken eggs.
However, there were no differences among treatments 2 to 5
(probiotics and SP supplementation groups) for all these parameters.
In short, the rates of day egg production of the hens from the

3-week to the end of the 5-week period (Table 3), the day egg
weight, the mean egg weight, and the feed:egg ratio (Table 4)
were significantly affected (p < 0.05) by supplementation of
probiotics only or by SP, but not differentially affected by the
level of Se supplementation. The daily feed intake of hens and the
rate of shell-less and broken eggs were not affected (p > 0.05) by
the supplementation of probiotics or SP.
These results suggested that the laying performance was

mainly affected by the probiotics in SP but not the Se in SP.
The similar results of no effect of organic or inorganic Se supple-
mentation on laying performance were also reported by Utter-
back et al.,21 Payne et al.,22 and Bennett et al.39 Some studies
reported that the probiotics containing Lactobacillus affected
production performance of laying hens and other birds. Panda
et al.40 reported that supplementation of probiotics significantly
increased (p < 0.05) the egg production, shell weight, and shell
thickness. Kurtoglu et al.41 reported that supplementation of
probiotics significantly increased (p < 0.05) egg production and
feed conversion ratio, and decreased (p < 0.05) the number of
damaged eggs. Y€or€uk et al.42 reported that supplementation of
probiotics during the late laying stage increased egg production,
reduced mortality, and improved feed conversion efficiency.
Torres-Rodriguez et al.43 reported that feeding Lactobacillus
spp. based probiotics appeared to increase the market weight
of commercial turkey and reduce the cost of turkey production.
Based on the results of this study as well as the aforementioned
studies, it can be concluded that the effect of SP supplementation
on the laying performance was due to the contained probiotics in
SP. The speculated mechanisms by which probiotics improve
laying performance may be attributed to the balance of the in-
testinal flora by means of competitive antagonism and exclusion,
and the enhancement of digestion and utilization of dietary nut-
rients via increasing host digestive enzyme activities and decreas-
ing bacterial enzyme activities.29,44,45

Egg Selenium Content. As shown in Table 5, the Se contents
in the eggs from hens fed SP were significantly higher (p < 0.05)
than those in eggs from hens fed a basal or probiotics diet. Egg Se
content was also gradually increased (p < 0.05) with the increase
of supplemental Se level. These results indicated that the supple-
mentation of SP in laying hen diets is very effective in increasing
egg Se content. Also hens fed the diets with higher Se from SP
can produce eggs with higher Se contents. These results are
similar to those reported by others. Payne et al.22 and Bennett
et al.39 reported that egg Se content was linearly increased (p <
0.05) as dietary Se level increased. Leeson et al.23 reported that Se
contents in eggs were greater (p < 0.01 or 0.05) from hens fed
greater concentrations of Se. Pappas et al.46 reported that a high-
Se diet elevated the Se content of the hen eggs by 7.1-fold.

Table 3. Rates of Day Egg Production of the Hens (%)a

treatment week 1 week 3 week 5

whole trial

periodb

1 84.35 ( 2.93 a 83.81 ( 1.08 a 83.25 ( 2.41 a 83.93 ( 2.58 a

2 84.82 ( 2.44 a 86.62 ( 1.89 b 86.51 ( 2.77 b 85.89 ( 2.35 b

3 84.47 ( 2.38 a 86.73 ( 4.03 b 86.89 ( 1.16 b 85.92 ( 2.57 b

4 85.06 ( 4.21 a 86.64 ( 2.18 b 86.67 ( 5.06 b 86.03 ( 4.03 b

5 85.16 ( 3.21 a 86.67 ( 3.08 b 86.71 ( 2.68 b 86.21 ( 2.99 b
aThe data (mean( SE, n = 5) within a column that have different letters
(a, b) differ (p e 0.05). bThe means were calculated for the whole
5-week experiment period.
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Nevertheless, the probiotics control diet in this study yielded
an egg Se content that almost equals that from the basal diet
(Table 5), which suggests that egg Se content was influenced by
the dietary Se content from SP but not the dietary probiotics.
Higher Se content in egg is beneficial for preserving egg fresh-
ness,47,48 and, more importantly, higher egg Se content may
provide a measure to prevent or treat human diseases caused by
low dietary Se supply.13,14

Eggshell Characteristics and Egg Haugh Units. There were
no differences in either egg shape index, egg yolk color, or egg
yolk weight among the five treatments (data not shown). The
eggshell strength and thickness had numerical increases with SP
or probiotics supplementation, but the increases (p > 0.05) were
not statistically significant (Table 6).
TheHUof fresh eggs did not differ among treatments (Table 6).

After storage at room temperature for 6 days, the HU of eggs
in all treatments (except for treatment 5) were significantly de-
creased (p < 0.05), but the extent of HU drop in SP supple-
mentation groups was smaller (p < 0.05) than those in the basal
diet and probiotics control groups. After this 6-day storage, the
HU of eggs from the SP supplementation groups, but not the
probiotics group, were higher (p < 0.05) than those from the
blank control group. In addition, the HU of eggs were gradually
increased with the increased levels of Se, which means the HU
drop was gradually slowed with the increasing level of Se. These
results indicated that dietary supplementation of SP can slow the
drop of HU and extend the fresh time of the eggs stored at room
temperature. At the same time, these results also suggested that
the egg HU was mostly influenced by Se but not probiotics, and
there might be a positive correlation between eggHU and dietary
Se level.
It was well-known that HU is an important index of egg

albumen quality and egg freshness. As storage time increases, the
HU value drops because of the proteolysis of dense protein to

rare protein. Therefore, how to maintain egg HU during storage
attracted much attention. There have been different reports
about the effect of dietary Se supplementation on egg HU.
Arnold et al.49 reported that adding 0.4 mg/kg of Se from SS
to diets did not change egg HU. Patton50 also reported that
adding 0.3 mg/kg of Se from SS or SY did not affect the HU of
fresh eggs and eggs stored for 21 or 42 days. However, Payne
et al.22 reported that the HU of eggs from hens fed SS were
significantly higher than from the blank control after storage at
22 �C for 3 days, although the HU of eggs from the group fed SY
were close to that in the blank control. But Wakebe47 reported
that SY supplementation can slow down the albumen degrada-
tion and maintain albumen quality during storage. Pappas et al.48

reported that high dietary SY treatments led to greater albumen
HU compared to the low SY treatments, and that after storage
the egg quality was affected by dietary Se contents. Apparently,
our results were similar to those of Wakebe47 and Pappas et al.48

As to the discrepancy among some of those results, there may be
twomajor reasons as they explained: (1) it might be related to the
contents of dietary and/or egg Se that exerts antioxidant effect by
GPX; (2) it might be related to the temperature and humidity of
the storage environment and/or the time of storage. However,
more defined reasons must be further investigated.
Egg Cholesterol Content. As shown in Table 7, the weights

of egg yolks were not different among all the treatments. The
total cholesterol contents of egg yolks or of whole eggs from hens
fed SP or probiotics diets were significantly lower (p < 0.05) than
those of the blank control; however, there were no differences
among hens fed SP and probiotics diets. These results indicated
that dietary SP or probiotics supplementation can produce low-
cholesterol eggs and that the egg cholesterol level may be influ-
enced by the probiotics in SP but not the Se in SP.
Little is known about the mechanism by which probiotics

reduce the cholesterol contents in eggs, although there are some
studies which reported that certain dietary probiotics supple-
mentation reduced egg cholesterol contents.40,41,51,52 Panda
et al.40 and Kurtoglu et al.41 reported that probiotics supple-
mentation to hen diets at 100 or 200 mg/kg and 250, 500, or
750 mg/kg, respectively, decreased the egg yolk cholesterol.
Mohan et al.51 reported that the total egg cholesterol was reduced
by probiotics supplementation at the overall level of 100 or
150 mg/kg. Haddadin et al.52 reported that when L. acidophilus
was added to hen diets at levels up to 4 million viable cells per
gram of feed, the cholesterol level in yolks was decreased by
18.8%. As to the mechanism of the decrease, current hypotheses
include the assimilation of cholesterol by probiotics53 to incor-
porate it into the cellular membranes during probiotics growth or
to convert it into coprostanol,54 the binding of cholesterol to the
probiotics cell walls,55 the enzymatic deconjugation of bile acids
by the bile-salt hydrolase of probiotics,56 and the production of

Table 4. Production Performance of the Laying Hensa

treatment hen day feed intake (g) day egg wt (g) feed:egg ratio mean egg wt (g) shell-less and broken egg rate (%)

1 119.96 ( 1.98 a 54.07 ( 1.66 a 2.219 ( 0.030 b 64.44 ( 1.48 a 1.612 ( 0.175 a

2 121.16 ( 2.29 a 55.92 ( 1.88 b 2.167 ( 0.032 a 65.11 ( 1.23 c 1.495 ( 0.216 a

3 120.01 ( 3.25 a 55.65 ( 1.73 b 2.156 ( 0.053 a 64.77 ( 1.12 ac 1.550 ( 0.238 a

4 121.38 ( 2.13 a 56.19 ( 3.18 b 2.160 ( 0.034 a 65.29 ( 1.32 c 1.423 ( 0.160 a

5 121.59 ( 2.73 a 56.27 ( 2.14 b 2.161 ( 0.039 a 65.27 ( 1.23 c 1.475 ( 0.196 a
aThe data (mean ( SE, n = 5) was calculated for the whole experiment period. Means within a column that have different letters (a, b, c) differ (p e
0.05).

Table 5. Selenium Contents of the Eggs (on a Wet Weight
Basis)a

treatment

supplemental Se level

(mg/kg)

egg Se content

(mg/kg)b

1 0 0.189 ( 0.006 a

2 0 0.193 ( 0.005 a

3 0.2 0.358 ( 0.008 b

4 0.5 0.458 ( 0.011 c

5 1.0 0.582 ( 0.024 d
aThe egg Se content for each treatment is the mean ( SE of five
replicates (n = 5) with two eggs being analyzed and averaged for each
replicate. bMeans within a column having different letters (a, b, c, d)
differ (p e 0.05).
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short-chain fatty acids upon the fermentation in the presence of
prebiotics.57

In this study, the probiotics in SP include LA and CU. From
the results, we cannot separate the performance between LA and
CU. However, we speculate that LA may play a more important
role in reducing egg cholesterol level because some studies
reported that CU acts as a biotransformation processor or
factory.58,59 It may also be because of the result of the reduction
of total cholesterol level in animal blood resulting from animal
consumption of LA through diets.
Egg GPX Activity. As shown in Table 8, egg GPX activity was

remarkably affected (p < 0.05) by supplemental SP and the level
of Se in SP, but not by the probiotics. Compared to the blank or
probiotics control, the GPX activities of the fresh eggs or the eggs
stored at room temperature for 6 days were all significantly
increased (p < 0.05) upon dietary Se supplementation at 0.5 and
1.0 mg/kg (except for the level of 0.2 mg/kg). With the sup-
plemental Se level increasing, the GPX activities of the fresh eggs
or the eggs stored at room temperature for 6 days were also
gradually increased (p < 0.05) accordingly. After 6 days of storage
at room temperature, the egg GPX activities of treatments 1 to 5
dropped by 5.57%, 4.68%, 2.94%, 2.91%, and 2.50%, respectively,
although these drops were not statistically significant. These re-
sults show that SP supplementation can increase theGPX activity
of eggs, and the extent of increase might be positively correlated
to the dietary Se level. These results suggest that the egg GPX
activity was affected by Se in SP but not probiotics, and that
supplementation of SPmay slow the drop of GPX activity in eggs
after storage at room temperature for several days.
These results of this study were in agreement with the finding

of Wakebe47 that SY supplementation to hen diets improved the
GPX activity of eggs. Surai’s research19 showed that SY supple-
mentation to hen diets increased (p < 0.05) the GPX activities
in liver and plasma of 1-day-old chicken through yolk embryo,

because these activities rightly reflected the GPX activities in yolk
embryos. However, the activities in liver and plasma did not
continually increase along with the continual increase of supple-
mental Se level. The disagreement between Surai’s results19

and this study’s is probably because the supplemental level of
Se (0.4 mg/kg) used in Surai’s research was lower than what this
study used (0.5 or 1.0 mg/kg).
There are also other similar studies about the effect of Se

supplementation to broiler or hen’s diets on tissue GPX activities.
In 2003, Mahmoud20 discovered that adding 0.46 mg/kg of Se in
the form of SY to the diet for newly hatched broilers remarkably
increased (p < 0.05) the liver GPX activity. In 2005, Payne et al.60

reported that pGPX3 (plasma glutathione peroxidase) activity
was greater in broilers fed diets with 0.30 mg/kg of Se from SY or
SS than in those fed the basal corn-soybean-meal diet without Se
supplementation, and that the pGPX3 remained greater in birds
previously fed a diet with supplemental SY than in those fed
supplemental SS. In 2007, Yoon et al.15 reported that when Se
from SY or SS was supplemented to broiler diets at levels of 0.1,
0.2, or 0.3 mg/kg, blood GPX activities increased (p < 0.05) as
the concentration of Se in diets increased. In 2008, Leeson et al.23

reported that liver GPX activity was greater (p < 0.01) in hens fed
selenite or Se yeast. These results indicate that either organic or
inorganic Se supplemented to broiler or hen’s diets can result in
greater tissue GPX activities, which suggests that there is a posi-
tive relationship between dietary Se level and tissue GPX activity.
Relationship between Egg GPXActivity and Egg Se or HU.

As is known, HU of eggs can gradually drop with storage time,
which is also shown in Table 6 of this study, and egg nutrients can
be wasted and eventually the egg will be deteriorated. As an
essential element, Se is located in the active center of GPX for this
enzyme to perform antioxidant function. Also, it is known that
GPX can prevent cell from free radical damnification. Now,
whether or not GPX can influence egg HU value during the time
of storage is a rational question.
Bivariate regression analyses of the data (Tables 8 and 5;

Tables 6 and 8) showed that there was a positive quadratic cor-
relation (r2 = 0.993, p < 0.01) between egg GPX activity and egg
Se content (Figure 1), which means that the higher the egg Se
content, the higher the egg GPX activity. Furthermore, there was
a negative quadratic correlation (r2 = 0.988, p < 0.01) between
the drop of egg HU value and GPX activity (Figure 2), which
means that the higher the GPX activity, the lower the drop of egg
HU value. These analyses suggest that the dietary Se plays an
important role in prolonging the egg freshness and maintaining
the egg quality during storage. A suggested mechanism for this is
that a certain amount of dietary Se is gradually transferred to the
eggs and, then, the egg GPX activity is improved. A higher GPX

Table 7. The Contents of Total Cholesterol of the Eggsa

treatment

egg yolk

wt (g)

egg yolk cholesterol

(mg/g)

whole egg cholesterol

(mg/egg)

1 17.10 ( 0.66 a 14.93 ( 0.83 a 255.30 ( 14.20 a

2 16.95 ( 0.54 a 11.87 ( 0.87 b 201.20 ( 14.72 b

3 16.97 ( 0.62 a 11.75 ( 0.80 b 199.40 ( 13.52 b

4 17.16 ( 0.58 a 11.53 ( 0.58 b 197.86 ( 9.99 b

5 17.08 ( 0.61 a 11.68 ( 0.68 b 199.48 ( 11.63 b
aData (mean( SE) for each treatment were calculated from 5 replicates
(n = 5) with two eggs being analyzed and averaged for each replicate.
Means within a column having different letters (a, b) differ (p e 0.05).

Table 6. Eggshell Characteristics and Haugh Units of the Eggsa

egg Haugh units

treatment eggshell strength (kg/cm2) eggshell thickness (mm) fresh after 6 days

1 3.445 ( 0.168 0.375 ( 0.018 85.16 ( 1.634 d 72.36 ( 1.416 a

2 3.488 ( 0.161 0.381 ( 0.023 84.95 ( 1.395 d 72.09 ( 1.568 a

3 3.506 ( 0.157 0.380 ( 0.016 85.00 ( 1.594 d 76.91 ( 1.474 b

4 3.474 ( 0.165 0.378 ( 0.017 85.23 ( 1.477 d 80.25 ( 1.940 bc

5 3.512 ( 0.160 0.385 ( 0.021 86.80 ( 1.864 cd 83.30 ( 1.643 c
aData (mean( SE) for each treatment were calculated from five replicates (n = 5) with two eggs being analyzed and averaged for each replicate. Means
within a column having different letters (a, b c, d) differ (p e 0.05).
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activity could protect eggs from free radical oxidation, eggshell
deterioration, and egg content liquidation. Therefore, the egg
quality degradation would be slowed down and the eggs' shelf life
extended.
General Discussion. As an essential element for human

health, Se comes mainly from food. In China, about 72% of
surface soil is low in Se and the Se contents in a variety of foods
are therefore low. Thus, typical human diets do not provide
enough Se tomeet the recommendation levels, and it is necessary

to supplement human diets with Se, especially for those who live
in the low Se region, such as the low Se belt from the northeast
to the southwest of China. As is seen in this study, the eggs
produced from the hens fed the SP supplemented diets are rich in
Se and low in cholesterol. Therefore, this type of egg could be
used as a nutraceutical food for people who live in the low Se
region or for senior or middle-aged people, especially those
having hyperlipidemia and/or cardiovascular disorders. Provid-
ing Se-enriched eggs is a convenient way to correct the Se de-
ficiency in human diets.
As a cofactor for signaling molecules, a precursor for steroid

hormones, and an essential membrane component,61 cholesterol
is an indispensable nutrient for human health. An appropriate
level of body cholesterol is beneficial for juvenile brain growth,
learning andmemory ability,62 immunity,63 and other physiologi-
cal functions. However, excess blood cholesterol could lead to
hyperlipidemia and further to atherosclerosis,64 coronary disease,
and other complications.65,66 Therefore, low cholesterol foods
are beneficial in terms of health of senior andmiddle-aged people
and also of the people with hyperlipidemia or cardiovascular
diseases.
Eggs are rich in nutrients, convenient for eating, and ready for

digestion and absorption. Consequently, many consumers use
eggs as one of the primary supplies of dietary proteins without
knowing that eggs are usually rich in cholesterol. Spence et al.67

reported that dietary cholesterol (when it is high) is harmful to
the arteries and suggested that patients at risk of cardiovascular
disease should limit their intake of cholesterol. However, the eggs
from the dietary SP treated hens as in this study are low in cho-
lesterol and, therefore, can be used to satisfy people’s special
needs.
Based on the present study, a 60�65 g egg from a SP-fed hen

will provide approximately 27�30 μg of Se, and the cholesterol
content in one egg is about 198�199 mg and about 21.9�22.5%
lower (p < 0.05) than an egg from the control group. A common
60�65 g egg from the market contains only 11�12 μg of Se but
253�257 mg of cholesterol. Obviously, the eggs produced with
our SP-treated diet had higher Se but lower cholesterol contents
than the common eggs.
The Nutrition Council of China published the Referenced

Dietary Nutrient Intake of Chinese in 2000. The adequate intake
of Se for people over 14 years old is 50 μg/day, and the maximal
intakes for youths (14�18 years old) and those over 18 years old
are 360 and 400 μg/day, respectively.68 Eating 2.0 eggs/day as
produced in this study would not only provide enough Se for
people over 14 years old but also minimize the risk of hyperli-
pidemia or fatty liver caused by high cholesterol intake. The cur-
rently recommended upper limit of dietary cholesterol (DC) is
different between healthy and unhealthy people. In Canada, the
recommended DC intake for persons with diabetes or hyperli-
pidemia should be limited to 200 mg/day,67 whereas less than
300 mg/day is recommended for healthy persons in the United
States.69 Obviously, it is safe for healthy persons to consume
1.5 eggs/day as yielded in this study, and for persons with
diabetes or hyperlipidemia to consume 1.0 egg/day.
In conclusion, this study demonstrated that the SP product

used in this study can serve as an effective feed additive that com-
bines the organic Se benefit for hen and human health with the
probiotics benefit for hen production performance. Dietary SP
supplementation can increase laying rate of hens, egg weight,
egg Se content, and egg GPX activity, whereas it can decrease
the feed:egg ratio and the egg total cholesterol content. The SP

Figure 2. The relationship between the HU drop and GPX activities of
the eggs.

Table 8. The Glutathione Peroxidase Activities of the Eggsa

egg GPX act. (U)

treatment supplemental

Se level (mg/kg)

fresh after 6 days

1 0 22.96 ( 0.726 a 21.68 ( 0.969 a

2 0 23.29 ( 0.751 a 22.20 ( 0.787 a

3 0.2 24.12 ( 0.818 ab 23.41 ( 0.546 ab

4 0.5 26.49 ( 0.856 c 25.72 ( 0.615 c

5 1.0 28.82 ( 0.626 d 28.10 ( 0.701 d
aData (mean ( SE) for each treatment were calculated from 5 repli
cates (n = 5) with two eggs being analyzed and averaged for each
replicate. Means within a column having different letters (a, b, c, d) differ
(p e 0.05).

Figure 1. The relationship between GPX activities and Se contents of
the eggs.
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supplementation also slows down the HU drop of eggs stored at
room temperature. The egg GPX activity has a positive correla-
tion with egg Se content, and a negative correlation with the
drop of egg HU value. Hens fed a SP supplemented diet can lay
eggs rich in Se, low in cholesterol, and long in shelf life. This type
of egg should be a valuable source of nutrients, especially of Se,
for not only healthy humans but also, maybe more importantly,
for people with hyperlipidemia, fatty liver, or cardiovascular
disease.
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