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ABSTRACT

Although selenium was considered an essential trace element in the early
1970s, it is now widely used as a biological effect, and research projects are also
actively underway. In the production process of selenium-enriched eggs that
can meet people's demand for selenium, this article specifically analyzed the
effects of different levels of selenium-enriched bean sprouts powder on the
laying performance and egg quality of laying hens. First of all, adding
selenium-enriched bean sprouts powder(a kind of organic selenium) to the
basal diet fed for a long time(20weeks) will affect the egg laying rate and feed
intake, egg weight, egg shape index, and eggshell strength, thickness of
eggshell. Next, we analyzed the accumulation of selenium in eggs, breast
muscles, liver, skin and kidneys after feeding organic selenium. Results when
15722.5g/kg selenium-enriched bean sprouts powder(selenium content
40mg/kg) was added to the basal diet fed, the egg laying rate, feed intake, egg
weight, eggshell strength and eggshell thickness respectively increased by
100.67102.9%, 101.37102.3%, 117.17117.6% and 105.67108.3%, and the
selenium content in eggs increased by 197.77206.9%. Selenium is obviously
deposited on the eggs, breast muscles and skin of laying hens. Therefore, in the
production process of selenium-enriched eggs, adding selenium-enriched bean
sprouts powder not only increased the production efficiency of eggs, but also
increased double the selenium content in eggs. From the 15th day of the laying
test, selenium-enriched eggs can be obtained.

Keywords : laying hens, selenium-enriched bean sprouts, organic selenium, egg

quality

I. INTRODUCTION

production method, the original inorganic selenium is

converted to organic selenium, such as seleno-

In recent years, from the perspective of meeting
people's demand for selenium and improving egg
quality, the production of selenium-enriched eggs has

attracted the attention of many scholars. In the

methionine(Se-Met) or yeast selenium.
In 1817, the chemist ].]J. Berzelius Griffiths et al(2006)
first discovered the inorganic element selenium in the

smelting process. First, he studied from the
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perspective of toxic substances[1]. Researchers such as
Rotmck discovered selenium in the composition of
glutathione peroxidase in the early 1970s. Since then,
selenium has been transformed into a beneficial
element, and intensive research has begun. People
gradually deepened their understanding of this, and
its value gradually became clear[2]. Although the
content of selenium in plants and animals is very low,
its effect is very high. Selenium is an essential
element for human health. It is considered the most
nutritious element in the 21st century. It is regarded
as the "longevity element" and "the king of anti-
cancer". The trace element selenium is closely related
to human health and has powerful functions, mainly
cellular antioxidants, radiation prevention and
immune enhancement, toxin decomposition, improve
children’s intelligence, promote development, and
can also play a role in preventing cardiovascular and
cerebrovascular diseases and anti-cancer.[3,4].
Selenium plays an important role in poultry nutrition,
especially commercial poultry, which uses modern
chicken genes with high egg production and high
growth rates. This increase in productivity makes
poultry more susceptible to various stress. Therefore,
in modern poultry production, it is very important to
prevent selenium deficiency and maximize
production performance by meeting the demand for
selenium. Especially under commercial conditions,
selenium demand levels have increased significantly
due to related pressures[5]. Selenium is closely related
to daily weight gain, egg laying rate, fertilization rate,
hatching rate, and immunity[6]. Selenium cannot be
synthesized in the body and can only be consumed
through food.[7]

As people realize the importance of selenium
supplementation, more and more sources and
absorption methods are submitted, and they have
gone through the development process of the fourth
generation. The first generation of inorganic selenium
is sodium selenite, which is 100% inorganic selenium.
Due to its severe toxicity to the human body, it has

been eliminated from the market (in Japan and the

United States, its use has been banned since 1993).
The second-generation organic selenium is artificially
synthesized by adding inorganic selenium (sodium
selenite) as a solvent to yeast and barley malt after
fermentation, and through a biological transformation.
At present, hundreds of factories have led the
technology. The third-generation pure natural plant
organic selenium is produced due to the side effects of
inorganic selenium, which is the basic requirement of
the human body to supplement natural organic
selenium. Currently, many plant selenium treatment
technologies have emerged. The development of the
fourth generation of natural animal organic selenium
the the

supplementation effect in the meat and eggs of

is based on fact that selenium
animals fed with selenium is significantly better than
that of inorganic selenium or plant selenium.
Selenium in selenium-enriched eggs and selenium-
enriched livestock meat mainly exists in the form of
seleno-cysteine, which is present in seleno-albumin
and protein. Since protein is absorbed in the small
intestine in the form of dipeptides or tripeptides,
organic selenium present in food can be better
absorbed and utilized by the human body than
inorganic selenium|8].

Adding selenium to feed is a general trend in the
poultry industry. In the European Union, the use
amount of selenium additives is 0.5 mg per kilogram
of mixed feed, and the maximum allowable content in
the United States is 0.3mg per kilogram[9]. According
to the survey data in 2002, about 40 countries in the
world suffer from selenium deficiency. Therefore,
selenium supplementation is gradually receiving
attention and is considered to be of great significance
to animal production. At present, the World Health
Organization and NRC have listed selenium as an
essential trace element for the human body[10].

Eggs are the main agricultural products in daily life
and the main source of protein intake. Research on
eggs enriched in selenium is not only good for
supplementing trace elements, but the selenium in

eggs is also a kind of organic selenium, which is good
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for the body to absorb. Therefore, the study of
selenium-enriched eggs is of great significance[11].
Currently, most selenium-enriched eggs are produced
through biotransformation, that is, by adding
selenium to feed or water. By increasing the selenium
content in the laying hens and forming a new
dynamic balance of the organism through tissue
circulation, the selenium content in the reproductive
system is maximized, and selenium is transferred and
deposited in the eggs[12]. Many researchers have
found that increasing the concentration of inorganic
and organic selenium in feed will increase the
selenium content in whole eggs. Yeast selenium or
seleno-methionine(Se-Met) is more effective than
sodium selenate[13].

The sources and levels of selenium added in daily feed
are different, and due to the synergy between trace
elements, the selenium content in the produced eggs
is very different. The selenium content in ordinary
eggs is low, with an average of 10718 ng/egg, while
the selenium content in selenium-enriched eggs is
30750 ug/egg[14]. According to the results of the
study, selenium-enriched eggs increase the protein
viscosity, the yolk is dark yellow, the cholesterol
content in the eggs is as low as 21.4%, and the
selenium content increases by 31.6%, and the protein
content increases by 6.4%. In addition, if the quality
assurance period is extended by 11 times, and
selenium-enriched eggs are used to make egg powder,
the organic selenium content can be increased to 10
times that of ordinary eggs, and the protein content
can reach 50%][9]. Adding an appropriate amount of
selenium to the daily feed of laying hens can increase
the selenium content in the tissues and improve the
reproductive performance, egg laying rate and muscle
mass[15].

Generally speaking, related studies have observed the
effects of dietary selenium supplements in a relatively
short period of time, but there is little data on
selenium diets that reach toxic doses, and most
reports have focused on the effects of dietary

supplementation of the same selenium source at

different levels on egg selenium content. Therefore,
in this study, in order to produce selenium-rich eggs,
by designing various supplementary levels of
feed,

measuring its impact on the production performance

selenium-rich bean sprout powder and
and egg quality of laying hens, we found a appropriate

method for producing selenium-rich eggs.

II. MATERIALS AND METHODS

2.1.Selenium-enriched bean sprouts powder and basal

diet fed used in the experiment

The selenium-enriched bean sprouts powder used in
the

University of Agriculture. Soybean: water is 1:3.

experiment was produced by Pyongyang
Soybean seeds are soaked in water at 25°C for 6hours
for three times, and finally soaked at 20mg/L sodium
selenate solution. Incubate for 1week by spraying
20mg/L sodium selenite dilute solution at 22°C for
2minutes each time and once every 4hours. The
grown bean sprouts were dried at a temperature
below 70°C, and then pulverized into powder to
obtain a selenium-enriched bean sprouts powder,
which was used in the test.

lkg of selenium-enriched bean sprouts powder
contains 40mg selenium, in addition, carbohydrate
150g, protein 225g, fat 80g, fiber 75g, VitA 750IU,
VitC 400mg, VitE 40IU, VitB: 2mg, VitB2 0.35mg,
VitPP 30mg, Mg 1000mg, Ca 1000mg, Fe 45mg, Zn
25mg, Cu 7.5mg, Mn 3.4mg, K 7.5g, P 3g, Na 350mg.
The selenium content in the basal diet fed is 0.3mg/kg,
which contains 16.00% crude protein, 3.20% crude
fat, 3.5% calcium and 0.73% soluble phosphorus. The
composition and nutritional level of the basal diet fed

are shown in Table 1.

Table 1 Basal diet fed composition and nutritional
level
Nutrient Content

Ingredient Percent

age
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Corn/% 66.00 Metabolic | 11.38
Soybean 26.00 energy/(MJ 16.00
meal/% 4.00 ‘kg1) 3.20
Mountain 1.00 Crude 3.50
flour/% 3.00 protein/%  0.35
Calcium 100 Crude 0.70
hydrophosphat fat/% 0.62
e/% Calcium/%  0.35
Vitamin—mineral Available
premix/% phosphoru
Total/% s /%

Lysine/%

Methionin

e+Cystine/

%

Methionin

e/%

Note: 1. Premix provides per kilogram;VitA 8 000IU,
VitDs 2 200IU, VitE 8IU, VitKs 1.5mg, VitB: 2.0mg,
VitB: 4.0mg, VitBs 2.0mg, VitBi2 0.2mg, Folic acid
1.0mg, Choline 1500mg, Cu 6.0mg, Fe 80mg, Mn
45mg, Zn 55mg, I 0.3mg, Antioxidant, Salt. 2. The
metabolic energy in the nutritional level is calculated

value, and the rest are measured values.

Test animals: 500Hyline brown laying hens aged
32weeks were randomly divided into 5groups(A, B, C,
D, and E groups), each with 100chickens, divided into
4repeats, each repeat 25laying hens. The experimental
chicken cages were of three-tier ladder type, 5laying

hens in a cage.

2.2. Experimental design

The experiment was conducted on experimental
animals at Pyongyang University of Agriculture from
From September 2018 to July 2019. A single-factor
experimental design was adopted and randomly
divided into 5groups: Group A was the control group,
and the control group was fed a basic diet with a
selenium level of 0.30 mg/kg(the source of selenium

in the basal diet fed was sodium selenite); group B

selenium level 0.30mg/kg(adding 7.5g/kg of selenium-
enriched bean sprouts powder); group C selenium
level is 0.6mg/kg(adding selenium-enriched soybean
sprouts powder 15g/kg); D group selenium level is
0.9mg/kg (adding selenium-enriched soybean sprouts
powder 22.5g/kg);

1.2mg/kg(adding selenium-enriched soybean sprouts

group E selenium level is
powder 30g/kg). After a 7-day pre-test period, it was
determined that there was no significant difference in
the production performance of the test groups, and
the test period was formally entered, with a total of
20weeks. During the test period, all the laying hens
had free intake of food (with unlimited measurement)
and free drinking, and the daily lighting time was
fixed at 16h/d. Keep the house clean and sanitary, and

conduct regular disinfection and epidemic prevention.

2.3. Measurement indicators and methods
2.3.1.
The egg production of the day within laying test

Production performance

period will be recorded every day in each groups.
There were regular weekly calculations of food
the

experiment period the average egg laying rate,

supplies and remaining weight. During
average egg weight and feed:egg mass ratio of each
groups were counted.

Egg laying rate=total number of eggs laid during the
chickens in

statistical ~ period/(number  of

stockxnumber of days in the statistical period)x100(%)
(1)

Average daily feed intake=total

intake/number of chickens in stock (g/d) )

weekly feed

Feed:egg mass ratio=total feed consumption/total egg
weight(kg:kg) (3)

2.3.2. Egg quality determination

Collect egg samples on the 15th, 30th, 60th, 90th,
120th, and 140th after the start of the formal
experiment, and randomly pick 5medium sized and
eggs
determination of egg quality. And the selenium

normal colored from each group for

content in the whole egg liquid.
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Use vernier calipers to measure the long and short
diameters of eggs, calculate the egg shape index, and
use a spiral micrometer (CLH12-211) to measure the
thickness of the eggshell. The eggshell strength was
measured with an eggshell strength tester (EFR-01).
Egg shape index =egg long diameter/egg short
(4)

diameter

23.3. Selenium content determination in egg
sample
Egg sample treatment: Pour the egg content (egg yolk
and egg white) into a large beaker without damage,
stir it evenly with an egg beater, divide it into
multiple 5mL centrifuge tubes, record the number,
and store it in a refrigerator at -20 °C. To determine
the selenium content of whole eggs.
2.3.4. Selenium content determination in meat
sample
Meat sample processing: On the last day of the test,
three laying hens with an average weight were
slaughtered. The breast muscle, liver, skin, and
kidney tissues were extracted, and 5 g was taken, and
the selenium content in each tissue was measured.
Atomic absorption spectroscopy(Varian Spectrum
AA-220FS, CA) inductively coupled plasma mass
spectrometer (Agilent 7500cx; Agilent, Tokyo, Japan)

was used to determine the content of selenium|[17].

2.4.Data analysis
All result data are statistically processed using SPSS

23.0 program, and the result is expressed as “X+m”.
When there is a significant difference, it is expressed
as P<0.05.

III. RESULTS

3.1.The effect of adding different levels of selenium-

enriched bean

sprouts

performance of laying hens

powder

on

the

The effects of different levels of selenium-enriched

bean sprouts powder on performance of laying hens

were shown in Table 2.

Table 2 The effect of adding selenium-enriched bean

sprouts powder on the performance of laying hens

Item |Control A | Group B| Group| Group| Gro
C D up

E

Feed | 103.43%+5.] 106.39:+| 105.85| 104.77| 105.
intake/( 72 7.37 | *+8.68| 2+£5.80| 32+
g-dt) | 89.54°+7.2] 90.77°+9.| 92.152| 90.08%| 12.1
Egg laying 5 04 +9.10| +10.83| 4
rate/% | 60.23+1.2| 61.52>+2.| 61.84%| 61.15°| 88.7
Egg 1 46 +2.15] +1.61 | 1b+1
weight/g| 1.92°+0.91| 1.91°+0.9| 1.862+| 1.90+| 5.13
Feed:egg 2 1.110| 0.97 | 60.9
mass 12+0
ratio/kg:Kk .89
g 1.95
cxl.

26

Note: Different lowercase letters on the shoulders of
peer data indicate significant differences (P<0.05), and
no letters or the same lowercase letters indicate
insignificant differences (P>0.05); the same in the

table below.

It can be seen from Table 2 that when selenium-
enriched bean sprouts powder is added to the basic
diet of Hyline brown laying hens, according to the
level of addition, there is a difference in daily feed
intake, egg laying rate, egg weight and feed:egg mass

ratio, which has a positive effect on egg production
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performance. In terms of daily feed intake, all test
groups have significant differences compared to
control group A (#<0.05), but both test groups are
slightly higher but the difference is not significant
(P>0.05). In terms of egg laying rate, the highest egg
laying rate of C group was 92.15%, so the difference
from the control group (89.54%) was significant
(P<0.05), but the difference between the other test
groups and the control group was not significant
(P>0.05). In terms of egg weight, there was a
significant difference between the test group and the
control group (F<0.05), but there was no significant
difference between the test groups (P>0.05). In the
feed:egg mass ratio, the C group was at least 1.86kg/kg,
and the E group was the highest at 1.95kg/kg (P<0.05).
There was no significant difference between the other

test groups and the control group(2-0.05).

y=-0.0052x + 0.1682x+ 60351
Re=0.8457

— —

y=-0.011F + 0299x+ 89473 Ht"'
R=08679

0 75 15 25 30

® Layimgraefe A Eggweightg Level of addition /(gg™ *)

Fig.1 The effect of adding selenium-enriched bean
sprouts powder on egg laying rate and egg weight

As shown in Fig. 1, if the selenium-enriched bean
sprouts powder is fed to laying hens, the egg laying
rate follows the quadratic function relationship y=-
0.011x+0.299x+89.473(R=0.8679). In
increase the egg laying rate, the best addition amount
is 13.59g/kg in the basal diet fed. If the selenium-

enriched soybean sprout seedling vegetable powder is

order to

added to the ingredients, the relationship with the
egg weight is in a quadratic y=-
0.0052x+0.1682x+60.351(R?=0.8457), and the optimal
addition amount is 16.17g/kg. It was confirmed that

function,

adding 14716g/kg of selenium-enriched bean sprouts
powder in the feed for laying hens had the greatest

impact on egg production.

3.2.The effect of selenium-enriched bean sprouts
powder on egg quality

The trace element selenium enters the body and has a

certain effect on the thickness and strength of the

eggshell.

Table 3. Effect of adding different content of selenium-enriched bean sprouts powder on egg quality

Item Trial period/d Control A Group B Group C Group D Group E
Egg weight/g 15 56.83+2.04 57.29+2.37 57.87+2.36  57.16x3.44  57.35+2.21
30 58.47°+2.38 59.86"+2.88 60.48:+2.27  60.84°+3.23  60.20°+2.15
60 60.83°+2.83 61.43P+2.15 61.58"+2.89  64.41°+3.76  60.81°+3.24
90 61.21+3.64 62.83+3.36 62.87+2.87  61.78+3.75  61.89+4.62
120 62.13+3.46 63.74+4.58 63.82+3.58  62.25+4.19  62.21+4.44
140 62.41°+4.87 63.96°+3.61 64.43°+4.58  63.48'+4.69  63.01°+4.85
Egg Shape 15 1.31+0.08 1.31+0.06 1.31+0.07 1.32+0.08 1.31+0.08
index 30 1.33+0.09 1.32+0.08 1.32+0.09 1.31+0.08 1.30+0.11
60 1.36°+0.12 1.312+0.11 1.28+0.08 1.29v+0.10  1.322+0.01
90 1.352£0.12 1.322£0.11 1.29v+0.10 1.29v+0.12  1.30°+0.12
120 1.34°+0.13 1.332+0.11 1.30v+0.12 1.322+0.12 1.302+0.12
140 1.362+0.15 1.30v+0.13 1.31%+0.12 1.322+0.12 1.332+0.15
Eggshell 15 30.2+0.35 32.3+0.38 32.6+0.30 32.9+0.42 33.4+0.40
stiffness/ 30 31.5+0.43 32.9+0.46 33.5+0.41 34.6+0.57 34.7+0.54
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(N-cm?) 60 30.2°+0.41 34.3°+0.41 35.62+0.45 35.2:40.64  36.22+0.66
90 29.2°+0.47 33.22£0.52 35.82£0.49 36.6+0.72  37.2°+0.65
120 29.6+0.63 32.2°+0.72 36.2:+0.69 35.9+0.68  37.3°+0.67
140 28.4+0.57 31.1°+0.76 36.1:+0.53 35.52+0.75  36.820.72
Eggshell 15 0.31+0.02 0.31+0.03 0.31+0.02 0.31+0.02 0.32+0.02
thickness/m 30 0.30+0.03 0.30+0.01 0.31+0.02 0.33+0.03 0.33+0.03
m 60 0.30°+0.02 0.31°+0.02 0.32°+0.02 0.34+0.03  0.34°+0.03
90 0.31+0.03 0.32+0.02 0.32+0.03 0.32+0.03 0.33+0.03
120 0.29°+0.02 0.31*+0.03 0.332+0.03 0.33+0.03  0.32°+0.02
140 0.29+0.02 0.30+0.03 0.31+0.03 0.32+0.03 0.32+0.02
It can be seen from Table 3 that the egg weights of period A pB C pD
groups C and D were significantly higher than those /d
of the control group at 30d, 60d, and 140d during the 15 0.28=+0. 046>+ 058=+0. 0.60~+ 058=0.06
test period(P<0.05). During the test period, the egg 30 02 003 05 0.05 0.46>+0.0
shape index of group C was significantly lower than 60 030<+0. 050>+ 054*0. 062+ 8
that of control group, group B was 140d, group D was 90 02 002 08 007 052007
60d, 90d, and group E was 90d lower than control 120  030+0. 052+ 058+0. 05%+ 0.46°0.1
group(F<0.05). In terms of eggshell strength, 60 days 140 03 005 07 007 O
after the start of the test, the test groups C, D, and E 0.29:0. 049+ 056"0. 058+ 053"+0.1
have significant differences compared with the 04 005 08 008 0
control group(F<0.05), while the difference in group 0.28+0. 046>+ 060+0. 0.60+ 049-+0.1
B is only significant at 60 and 90days after the start of 04 007 08 006 2
the test there is no significant difference from the 0290. 044>+ 058+0. 0.61=
group(#>0.05). There was no significant difference 04 006 09 0.08
from the control group during the rest of the period. Sy 0.478 0.6
Similarly, in the ihickness oi the eggshell, the test Xt kb 0.29 164.9 0.573 0-507
groups C, D, and E were higher than the control /% 100.0 197.7 174.71

group(#<0.05), while the B group and the control
group had no significant difference (2>0.05).

3.3. The effect of different levels of selenium-enriched
bean sprouts powder on the selenium content in
eggs

The analysis results of the effects of different levels of

selenium-enriched bean sprouts powder on the

selenium content of eggs are shown in Table 4.

Table 4 Selenium content in eggs of

[(mg/kg™)

different groups

Trial Control Grou Group Grou GroupE

It can be seen from Table 4 that the addition of
selenium-enriched bean sprouts powder to the basic
diet can significantly increase the selenium content in
whole eggs (P<0.05). With the increase in the amount
of addition, the selenium content in the eggs
increased significantly, but the selenium content in
the eggs of group E was significantly lower than that
of group D (P<0.05). Compared with the control
group A, the selenium content in the eggs of the test
groups B, C, D, and E respectively increased by
164.94%, 197.7%, 206.90%, and 174.71%.
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y = -26-05x + 0.0014x + 0.2994

0s |

B ~o 032

¥ =-0.0008x +0.0315x +0.2884
R*=08974

nium content in eges/(mg kg )

Eggshell thicknessfmm

03

Sele

+—J 029

0 75 15 25 30
Level of addition /lg-kg™)
®  Seleniumcontentineggs/(mghg™) A Eggshell thickness/mm

Fig.2 The effect of adding selenium-enriched bean
sprouts powder on eggshell thickness and selenium

content in eggs

As shown in Figure 2, if the selenium-enriched bean
sprouts powder is fed to laying hens, the selenium
content in the eggs is in a quadratic function

relationship y=-0.00002x*+0.0014x+0.2994 (A?=0.99).

In order to increase the selenium content in eggs, the

best addition amount is 19.69g/kg in the basal diet fed.

If selenium-enriched bean sprouts powder is added to
the basal diet fed, the addition amount and eggshell
thickness quadratic function y=-
0.0008x2+0.0315x+0.2884 (R?=0.99). The results show
that it is effective to add 19.69g/kg selenium-enriched

are

bean sprouts powder to the feed of laying hens.
Finally, add 15720g/kg of selenium-enriched bean
sprouts powder that is most suitable for improving
egg production performance and selenium content in
eggs (the selenium content of basic basal diet fed is

0.3mg/kg+organic selenium 0.670.8mg/kg).

3.4.The effect of adding different selenium-enriched
bean sprouts powder on the selenium content in
tissues

At the end of the experiment, 3 laying hens of each

group were slaughtered, breast muscle, liver, skin and

kidney tissues were cut, and the selenium content in

each tissue was measured by atomic absorption

spectroscopy. The results are as follows.

Table 5. Selenium content in breast muscle, liver, skin

and kidney tissues /(mg-kg?)

Item Control Group Group Group Group
A B C D E
Breast 0.234+ 0.42<+ 0.68x 0.792x 0.84°+
muscle 002 0.03 0.03 0.04 0.05
Liver 1.444+ 1.69<+ 1.78<x 1.85%+ 1.92:+
Skin 0.17 0.19 0.20 0.22 0.21
Kidney 0.17¢x 0.332+ 0.462+ 0.49%*+ 0.532
0.01 0.03 0.03 0.04 +0.04
0.654+ 0.744+ 0.93c+ 1.12b+ 1.282+
0.03 0.05 0.06 0.12 0.14

As shown in Table 5, adding selenium-enriched bean
sprouts powder will affect the selenium content in
various tissues of laying hens. With the increase in
the amount of selenium-enriched bean sprouts
powder, the selenium content in breast muscle, liver,
skin and kidney increased, but no significant
difference was observed between E and D groups
(P>0.05). Compared with the control group, the
content of selenium in the chest muscles, liver, skin
and kidney of the B, C, D, and E groups increased
significantly (#<0.05). During the whole test period,
no chickens died in each group, and no symptoms of
acute poisoning (such as blindness, abdominal pain,
muscle paralysis, dyspnea) or chronic poisoning
symptoms (such as depilation, toenail discoloration
and brittle, joint swelling, liver damage, etc.) were

found.

IV. DISCUSSION

4.1.The content of selenium in feed will affect the

productivity of eggs.
There are many factors that affect the performance of
laying hens, including individual differences,

environment, dietary energy level, etc. Egg laying
rate, average egg weight, eggshell weight, and
eggshell strength are important indicators to evaluate
the performance of laying hens.

V. Tufarelli et al.,(2016)[14] found that after adding

exogenous selenium to the diet of 40-week-old
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brown-shell laying hens, there was no significant
difference in daily feed intake, egg weight, and egg
laying rate. However, Zoran Pavlovi¢ et al.,(2010)[17]
studied the effect of feeding selenium (inorganic
selenium 0.4mg/kg or yeast selenium 0.8mg/kg) on
the productivity of egg-laying chickens. As a result,
egg weight, broken egg ratio, and feed intake by 8
weeks of test there was no significant difference
(P<0.05), but after the 9th week of the test, it was
revealed that the yeast selenium group had higher egg
production than the sodium selenite (#<0.01).

In this experiment, adding selenium-enriched bean
sprouts powder to the basal diet fed of Hyline brown
laying hens, there was a significant difference in daily
feed intake compared with the control group,
especially when were added 7.5g/kg selenium-
enriched bean sprouts powder, B group the average
daily feed intake was 2.96g/d higher than control
group (£<0.05),
difference between the test groups (#0.05). In terms

and there was mno significant
of egg laying rate, the test C group was 102.9% higher
than control group, the difference was significant
(P<0.05), while the other test groups had no
significant difference compared with control group.
On the contrary, the E group was slightly lower than
the control group (2> 0.05). In terms of egg weight,
group B and group C were 1.29g and 1.61g higher
than control group(#<0.05), but there was no
significant difference between group D and group E
and the control group (#0.05). Results The feed:egg
mass ratio was 1.86 in group C, which was the
smallest compared with 1.92 in the control group,
while it was 1.95 in group E, which was the highest
(P<0.05). There was no significant difference between
the other test groups and the control group.

The reason why the above research results are
different from the previous literature data seems to be
due to the different types of eggs and poultry in the
experiment, the different production stages, and the
breeding environment, as well as the differences in
the selenium source and the added level. In this study,

the addition of different levels of selenium-enriched

bean sprouts powder has a certain impact on the egg
laying rate of laying hens, especially 15722.5g/kg
added to the basal diet fed(the selenium content in
the feed is 0.670.9mg/kg), it has a positive impact on
the production performance of laying hens, but under
low or high level conditions, it will not significantly

affect the egg laying rate.

4.2. The effect of selenium level in feed on egg quality
Egg weight, egg shape index, eggshell thickness,
eggshell strength, etc. are important indicators for
evaluating egg quality. Egg weight is an important
indicator for evaluating egg grade and an important
trait for breed selection. The egg shape index is a
parameter describing the length and width of an egg,
and is the most intuitive indicator when observing
the shape of an egg. The strength of the eggshell
refers to the degree of pressure resistance of the
eggshell, which is related to the rate of shell breakage.
The thickness of the eggshell is positively related to
the strength of the eggshell, and is closely related to
the specific gravity of the egg. However, according to
research data such as Elzbieta Lipiec.(2010)[18]
compared with the control group without selenium,
adding different levels of selenium to the feed has
little effect on the egg egg laying rate of brown layers,
but has a great effect on the thickness of the eggshell.
The test group added 0.4mg/kg inorganic selenium
and 0.4mg/kg yeast selenium had higher egg weight
(3.61%, 2.95%) and egg shell weight (4.26%, 5.38%)
than the control group with 0.11 mg/kg inorganic
selenium. P<0.05). M Jlali et al,.(2013)[19] revealed
that adding vitamin E and selenium to the feed of
egg-laying quail can increase the strength of the egg
yolk membrane, prolong the storage period, and
increase the nutritional level of the egg yolk. SE
Scheideler(2010)[6] and other experimental studies
have found that adding yeast selenium to feed can
significantly increase

eggshell weight, eggshell

strength and egg shell thickness, but has no
significant effect on egg shape index. Studies such as

M Youssefi(2014)[20] have shown that if a certain
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concentration of yeast-enriched selenium is added to
the diet fed, it can improve the strength and color of
the eggshell. Adding yeast selenium to chicken feed
will significantly increase the selenium content in
eggs (F<0.05), and the egg selenium content will
increase significantly with the addition of yeast
selenium in the feed[9,16].

Adding selenium to the diet can increase the selenium
concentration in eggs compared with the control
group. Of course, this is related to organic selenium or
inorganic selenium. When yeast selenium or
inorganic selenium is added to the feed of laying hens,
the selenium content in the eggs will double.
Compared with inorganic selenium, yeast selenium
can increase the selenium deposition rate in eggs by
47%[21]. When supplementing the same dose of
selenium, yeast selenium will increase more because
most of the selenium in yeast selenium is composed of
selenomethionine similar to methionine. When the
dose exceeds ten times the required dose, selenium is
toxic to poultry. Yeast selenium preparations are less
toxic than inorganic forms of selenium, such as
sodium selenite[22]. When 0.8, 2.4, 4.0, 6.4, 9.0 mg/kg
sodium selenite is added to the feed of laying hens,
due to the toxicity of sodium selenite, after the 9th
week, the egg production efficiency is reduced when
the level is above 0.8 mg/kg[9].

In this study, the addition of selenium-enriched bean
sprouts powder to the feed had a significant effect on
egg weight, egg laying rate, eggshell strength and
eggshell thickness(P<0.05). During the 140days test
period, with the increase in the amount of selenium-
enriched bean sprouts powder in the feed, the quality
of the eggs was improved, and the selenium content
in the eggs was significantly increased, which is
consistent with the results of the previous literature.
From 15 to 140days, the selenium content in eggs of
all test groups containing selenium-enriched bean
sprouts powder was significantly higher than that in
the control group (the selenium level was 0.3mg/kg
inorganic selenium). On the 15th, 30th, 120th and
140th of the test, the selenium content in the eggs of

the group C and D was significantly higher than
group B (the selenium content was 0.3mg/kg, and the
selenium-enriched bean sprouts powder was added
7.5g/kg to the basal diet fed). The test E group
(selenium content is 1.2mg/kg, the basic ingredient is
added with selenium-enriched bean sprouts powder
30g/kg), which is fed the highest selenium level feed
for a long time, has a tendency to feed lower selenium
feed C or D group. This indicates that feeding a layer
of hens with a high selenium level of 1.2mg/kg will
cause the body to become weak for a long time,
thereby reducing its ability to transfer to eggs, will
not continue to improve. It has not been determined
yet and more research and review is needed.

On the 15th day after the start of the test, there was
no significant difference in the selenium content in
the eggs of the test groups C, D, and E (the selenium
added 15730g/kg of

selenium-enriched bean sprouts powder)(P>0.05).

content was 0.671.2mg/kg,

However, from the 60th day, the selenium content in
the eggs of the E group continued to decrease
compared with the test C and D groups(/<0.05).
According to the test results, it was found that after
adding selenium-enriched bean sprouts powder,
selenium chicken eggs can be obtained from the 15th
day. When the selenium-enriched bean sprouts
powder was added to the feed for more than 100days,
the average selenium content of the eggs in the test
group B(the selenium level was 0.6mg/kg) was
0.478pg/g, and E group(the high selenium content
was 1.5mg/kg) to reach 0.507g/g.

NRC states that adults should consume 507250pg of
selenium per day, and should not exceed 500ug. In
some countries, the selenium content in the soil is
usually only 0.5 to 2.0mg/kg. Some areas are far apart,
with an average of 0.2mg/kg[11]. The human body
usually gets selenium from plants and animals. In

selenium deficient areas, selenium does not meet the

demand standard. For people in these areas,
reasonable selenium supplementation is very
necessary[23].
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According to calculations, when the egg weight is 60g,
the selenium content in an egg in the control group A
is 17.4pg, and the selenium deposits in an egg in the
test D and E groups are 36ug and 30.4pg, respectively.
If adults consume 20730pg of selenium from other
foods a day, and eat 1 selenium-enriched egg a day,
they can reach the minimum selenium level
recommended by the NRC of 507250pg. If you eat
275eggs every day, you can reach the recommended
dosage range. If you do not exceed the maximum
limit of 500pg, you will not be poisoned.

Therefore, under the condition that the selenium
level in the feed for laying hens is 0.671.5mg/kg
(selenium-enriched bean sprouts powder 7.5730g/kg,
sodium selenite 0.3mg/kg), the selenium-enriched
eggs produced can be Meet the selenium demand of
and achieve the

ordinary people purpose of

supplementing selenium.

4.3.Influence on the selenium content of tissues
When organic selenium is provided, the selenium
content in the tissue is higher than that when
inorganic selenium is provided. In other words,
feeding yeast selenium to laying hens is expected to
increase the selenium content in tissues. In fact,
compared with inorganic selenium, the addition of
yeast selenium will increase the selenium content in
the breast muscle of hens. It was observed that the
concentration of selenium in the breast muscle of the
hens fed with yeast selenium was increased compared
to the hens fed with sodium selenite. The muscle
tissue of chickens fed with yeast selenium is the most
important part of selenium deposits[16].

The selenomethionine absorbed from the digestive
tract non-specifically binds to the structural proteins
of muscles, stomach, heart and other organs, and
these structural proteins cannot be used for protein
synthesis immediately[24].

Muscle tissue is the most important part of the
the

selenomethionine. Selenomethionine accumulated in

accumulation of selenium in form of

muscle protein is very important in improving the

selenium transport of protein and egg yolk in laying
hens and improving the immunity of chickens and
overall health[25].

selenium compounds can increase the concentration

Inorganic selenium or vyeast

of selenium in the liver of laying hens, but it is
reported that using organic selenium is more effective
than inorganic selenium[26].

In this experiment, as the amount of selenium added
increased, the selenium concentration in the liver also
increased, and a statistically significant difference was
found. However, if the selenium concentration is too
high, there is no significant difference between the
selenium content and the medium-level selenium
feeding in the liver. The concentration of selenium in
the skin is the same as that in the liver. The content
of selenium in the kidneys of laying hens fed with
selenium-enriched bean sprouts powder was higher
than that of the control group, and the difference was
statistically significant. It can be assumed that adding
sodium selenite to the basal diet fed will cause more
selenium to be excreted through the kidneys. When
comparing laying hens fed with sodium selenite and
laying hens fed with selenium-enriched bean sprouts,
the concentration of selenium in the kidney was
slightly lower. When supplied to feed in the form of
inorganic selenium, excess inorganic selenium that
exceeds the maintenance or production requirements
will be excreted through the kidneys, but organic
selenium forms such as yeast selenium will be
absorbed by the capillaries of the kidneys and
renewed through the blood, enter the metabolism.
Shows that it is not excreted in urine.The content of
selenium in the kidney reflects the content of
selenium accumulated in the kidney and the content
of selenium excreted by the organism body through
urine. Sodium selenite absorbed from the small
intestine non-specifically binds to plasma albumin
within a few minutes. After sodium selenite is
converted into organic selenium and methylated, it
circulates several times in the body, and only the
remaining inorganic selenium is excreted through

urine.
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It can be seen from the test data that feeding a diet
enriched in selenium for a relatively long period of
time will not pose a potential risk to the health of the
body. During the egg production test, none of the test
groups had any abnormal symptoms or death, and it
was found that under the conditions of this study, the
level of selenium-enriched bean sprouts powder
(selenium level 1.5mg/kg) did not cause adverse
symptoms, such as egg poisoning, laying chickens .
This further the

supplements from the perspective of animal health.

explains safety of selenium
According to NRC data, the maximum tolerable level
of selenium. For humans, if the selenium in food is
less than 0.05mg/kg, it will cause selenium deficiency
in the human body. If it is more than 375mg/kg, it
will cause poisoning. The safest range is Between
0.170.36mg/kg[8].

literature data,

In addition, according to many
selenium-enriched bean sprouts
powder is a kind of organic selenium. Because of its

low toxicity, it is a good way to supplement selenium.

V. CONCLUSION

During the 140d period of the egg production test,

adding selenium-enriched bean sprouts powder
(selenium content 40mg/kg) 7.5730g/kg to the basal
diet fed (inorganic selenium content 0.3mg/kg) of
laying hens can significantly improve egg production
performance and egg quality. The experimental group
with 15722.5g/kg of selenium-enriched bean sprouts
powder added to the basal diet fed, compared with
the control group, the egg laying rate, daily feed
intake, eggshell strength, and eggshell thickness
100.67102.9% 101.37102.3%,
105.67108.3%. content of
eggs 197.77206.9%

compared with the addition of 0.3mg/kg of inorganic

and
The

increased by

increased by
117.17117.6%,
selenium in
selenium (sodium selenite), and it increased
significantly from the 15th day of the laying test. If
the selenium-enriched bean sprouts powder is added
to the level of 30g/kg(the selenium level in the basal

diet fed is 1.5mg/kg), it will reduce the egg laying rate

and the selenium content in the eggs. The selenium
level in the feed is 0.670.9mg/kg(selenium-enriched
bean sprouts powder 15722.5g/kg+sodium selenite
0.3mg/kg) to produce a kind of selenium-enriched
eggs, which will not affect the egg quality.

Such data will provide a theoretical basis for
producing enriched in selenium eggs, an essential

element for human health, using organic selenium.
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