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Abstract
The aim of this study was to investigate the efficacy of
selenium nanoparticles (SeNPs) that had been biologically
synthesized by Bacillus licheniformis to counteract
deoxynivalenol (DON) toxicity in laying hens. Ninety-six
healthy, 20-week-old laying hens were randomly assigned to
four treatment groups, each of which included 3 replicates
of 8 layers, and fed four different diets: an uncontaminated
basal diet (control group), a 10 mg/kg DON-contaminated
basal diet (DON group), a 10 mg/kg DON-contaminated
basal diet with 0.5 mg/kg SeNPs (DON+SeNPs group) and
the basal diet with 0.5 mg/kg SeNPs (SeNPs group).

Serum T-AOC and GPx activities were significantly decreased
(P<0.05) in hens fed the DON-contaminated diet, and DON
significantly decreased the egg production rate (P<0.05),
significantly increased the soft-shelled or cracked egg rate
(P<0.05), significantly decreased serum calcium and
inhibited the immune systems of the animals according to
blood routine indexes. However, SeNPs improved the levels
of GPx and T-AOC, increased the egg production rate,
significantly decreased the soft-shelled or cracked egg rate
(P<0.05), and decreased the influence of DON on the blood
routine.

In addition, SeNPs significantly (P<0.05) increased serum
calcium. However, no differences were observed in egg
quality (egg weight, Haugh units, yolk color, eggshell
strength and eggshell thickness) among the four groups.
These results showed that SeNPs could provide effective
anti-oxidative protection against DON toxicity in laying hens,
reduced DON’s influence on egg production and blood
calcium

Keywords: Deoxynivalenol (DON); Selenium nanoparticles
(SeNPs); Antioxidation; Laying hens

Introduction
Deoxynivalenol (DON), also known as vomitoxin, is one of

several mycotoxins produced by certain Fusarium species that
frequently infect corn, wheat, and other grains in the field or
during storage, resulting in great economic losses [1]. To date,
many studies have suggested that the presence of DON in food
and feed negatively affects health and productivity, particularly
by causing anorexia and vomiting [2,3], but different species
exhibit different sensitivities. Although laying hens are not as
sensitive to DON as some other species [4], the toxin does pose
a major threat. The productive and growth performance of
laying hens, as well as the related economic income, seriously
decrease as the DON concentration increases. Even at a low
concentration, DON can cause serious damage at the cellular
level.

Previous studies of the mechanisms underlying DON toxicity
have mainly focused on absorption, metabolism and the
immune response [5], but recent studies have paid more
attention to DON-induced oxidative stress. DON could increase
the production of free radicals, thus initiating oxidative stress
[6-9], and both in vitro [10-12] and in vivo [13-15] studies have
suggested that DON causes DNA fragmentation and lipid
peroxidation (LPO), which lead to cell death and apoptosis
through oxidative stress. On the other hand, previous research
has found that antioxidants including epigallocatechin gallate
(EGCG) [16], lutin [17], flavanols and vitamins E (α-tocopherol),
A (β-carotene) or C (ascorbic acid) [18] could protect animals
from DON toxicity. All of the above studies demonstrate the key
role of oxidative stress in DON toxicity from different
perspectives.

Selenium (Se) is an essential trace element for animals and
humans that is commonly used as an antioxidant, but there is a
very narrow margin between the nutrient levels that are safe for
intake and those that are toxic [19]. Selenium nanoparticles
(SeNPs), a new source of selenium, exhibit the excellent

Research Article

iMedPub Journals
http://www.imedpub.com/

Journal of Animal Research and Nutrition
Vol.2 No.1:1

2017

© Under License of Creative Commons Attribution 3.0 License | This article is available from: http://animalnutrition.imedpub.com 1

DOI: 10.21767/2572-5459.100021

mailto:mdn2008@gmail.com
http://www.imedpub.com/
http://animalnutrition.imedpub.com


biological properties of antioxidant and antibacterial activities as
well as lower toxicity, better absorption and bioactivity.

Especially, some reports reported selenium nanoparticles
have anticancer effect. Wang et al. [20] found Se-HANs induced
apoptosis of tumor cells by an inherent caspase-dependent
apoptosis pathway synergistically orchestrated with the
generation of reactive oxygen species. In addition, another
research reported that selenite-doped bone mineral
nanoparticles can retard the growth of osteosarcoma in a nude
mice model [21]. These excellent properties introduced
selenium nanoparticles as a good candidate for replacing other
forms of selenium, such as Na2SeO3 and Na2SeO4, in nutritional
supplements [19]

Based on the current understanding of DON toxicology and
the biological function of SeNPs, we hypothesized that SeNPs
may alleviate DON toxicity (Figure 1). In the present study, SeNPs
were synthesized by Bacillus licheniformis, and their protective
effects against DON in laying hens were examined.

Figure 1: Diagrammatic sketch of DON-induced cell damage.
DON induces oxidative stress at the cellular level and then
causes cell death or apoptosis; the key point in the process is
the oxidative stress. SeNPs could enhance the anti-oxidative
system and reduce oxidative stress as much as possible, thus
providing effective protection from DON in laying hens.

Materials and Methods

Preparation of SeNPs and DON
Bacillus licheniformis, which was previously isolated from a

pig farm and identified by 16S rRNA and gyrB gene analysis
techniques, was used to biosynthesize SeNPs following the
method described by Shakibaie et al. [22]. Briefly, 2 ml of
activated Bacillus licheniformis were added to 200 mL of Luria-
Bertani nutrient solution containing Na2SeO3 (final
concentration of 200 μg.ml-1) and incubated in a shaker

incubator (200 rpm, DAIHAN ThermoStable™, DAIHAN Scientific
Co. Ltd., Korea) at 37°C for 24 h.

The color of the solution changed from clear light yellow to
red. Then, the bacterial cells were harvested by centrifugation at
4,000 xg for 10 min (Kentro Laboratory Products, U.S.A.). After
the obtained biomass was washed with sterile NaCl solution
(0.9%) three times, the bacterial cells were then ultra-sonicated
at 100 W for 30 min (Sanyo, U.K.) and washed three times by
sequential centrifugation (14,000 xg, 5 min) with a 1.5 M Tris–
HCl buffer (pH 8.3) containing 1% sodium dodecyl sulfate (SDS)
and deionized water. The precipitate was dissolved in deionized
water again and mixed with 2-octanol in 2 volumes.

Next, the mixture was centrifuged (2000 xg for 5 minutes) and
stored at 4°C for 24 hours to allow the SeNPs to settle. Then, the
purified SeNPs were obtained after successive washings with
trichloromethane, absolute ethyl alcohol and deionized water.

Finally, the purified SeNPs were stored at 4°C, and their
characteristics were examined with a transmission electron
microscope (TEM, FEI Tecnai G2 spirit). DON was provided by the
Institute of Agri-food Standards and Testing Technology, SAAS.

Hens and housing
Ninety-six healthy laying hens (hyline-brown, twenty weeks

old) with similar initial body weights (BW) and laying rates were
obtained from a commercial layer farm in Shanghai and then
individually housed in a three-deck laying cage, which allowed
feed ingestion and egg production to be quantified for each
individual.

A basal diet was provided ad libitum for a weeklong
adaptation period, during which daily individual egg production
was recorded.

At the end of this pre-experimental period, the hens were
individually weighed and randomly divided into four groups,
each of which included 3 replicates of 8 layers, and all groups
had similar average BW and egg production before the
experiment. The experiment was carried out for four
consecutive weeks.

The experiment involved four treatment groups: a control
group (fed the basal diet), the DON group (challenged by 10
mg/kg DON in the diet), the DON+SeNPs group (challenged by
10 mg/kg DON and provided 0.5 mg/kg SeNPs) and the SeNPs
group (provided 0.5 mg/kg SeNPs).

The concentrations of DON and selenium in the experiment
were set based on previous studies [21-23], and the
experimental diet was designed according to NRC (1994)
requirements. The ingredients and chemical composition of the
basal diet is shown in Table 1. All birds had free access to feed
and water.

The animal handling protocol for this study was approved by
the Animal Welfare Committee of SAAS and was conducted in
accordance with the guidelines for experimental animals.
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Table 1: Composition and nutrient levels of the basal diet.

Composition Level (%)

Ingredients

Corn 59.35

Soybean meal 17.6

Sunflower meal 4

Cottonseed meal 3.8

Corn gluten meal 3

Vegetable oil 1.3

CaHPO4 1.6

Limestone 8

NaCl 0.3

DL-Methionine 0.05

Premix1 1

Nutrition

Dry matter 90.32

Crude protein 16.79

Crude fiber 6.43

Ether extract 4.35

Organic material 87.64

Nitrogen-free extract 60.13

Calcium 3.76

Total phosphorus 0.68

Note: 1) The premix provided the following per kilogram of diet: 10,000 IU vitamin A, 600 IU vitamin D3, 40 IU vitamin E, 2 mg vitamin K3, 1.6 mg vitamin B1, 4.5 mg
vitamin B2, 5 mg vitamin B6, 0.03 mg vitamin B12, 0.1 mg biotin, 10 mg pantothenic acid, 2 mg folic acid, 60 mg MnSO4×5H2O, 35 mg FeSO4×7H2O, 50 mg
ZnSO4×7H2O, 10 mg CuSO4×5H2O, 1 mg/KI, 0.15 mg CoCl2×6H2O, 0.15 mg NaSeO3. 2) Dietary metabolizable energy is 11.26 mj/kg

Egg production and egg quality
Throughout the experiment, the health of the hens and their

egg production were monitored by feeding staff every day. The
egg production rate of each group was calculated as the total
number of eggs/total number of hens in each group, and the
soft-shelled or cracked egg rate was calculated as the number of
soft-shelled or cracked eggs/total number of eggs. On the fifth
day of each week, 8 eggs were collected from each group for an
egg quality test, in which egg weight, shell strength and
thickness, Haugh units, yolk color and egg shape indexes were
determined with automatic egg testing equipment (State Key
Laboratory of Poultry, SAAS).

Assessment of the serum antioxidative level
On the last day of the experiment, 12 h after feed withdrawal,

blood samples were drawn into Eppendorf tubes (10 ml) from
the axillary vein of 8 hens in every group. After the serum was
naturally separated, it was centrifuged 3,000 xg for 15 min, and
pure serum samples were aspirated by pipette, stored in 1.5 ml

Eppendorf tubes at -70°C until analysis, and thawed at 4°C
before analysis. Serum total antioxidant capacity (T-AOC) and
glutathione peroxidase (GPx) activity were detected using assay
kits (colorimetric method) (Nanjing Jiancheng Bioengineering
Institute) according to the manufacturer’s protocols.

Evaluation of blood routine and biochemical indexes
Blood samples were collected on the last day of the

experiment. Whole blood was used to evaluate the blood
routine indexes, and pure serum was used for the biochemical
indexes. Indexes were detected with a fully automatic
hematology analyzer at the Institute of Animal Husbandry and
Veterinary Science, SAAS.

Blood routine indexes included white blood cell count (WBC),
lymphocytes (LY), monocytes (MO), granulocytes (GR), red blood
cell count (RBC), hemoglobin (HGB), and mean platelet volume
(MPV).

Biochemical indexes included albumin (ALB), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), glucose
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(GLUC), UREA, blood calcium (Ca), total bilirubin (TBILC),
creatinine (CRE) and total protein (TP).

Statistical analysis

Data were analyzed statistically by one-way ANOVA and mean
comparisons in SPSS 16.0 and Graphpad Prism 16.0 for
WindowsR.

Results

Biosynthesis of SeNPs with Bacillus licheniformis

SeNPs were successfully biosynthesized by Bacillus
licheniformis and purified using a 2-octanol-water partitioning
system. Based on the TEM images (Figures 2a and 2b), the
purified SeNPs presented spherical shapes, and most ranged
from 50 to 110 nm in diameter.

In addition, energy dispersive X-ray (EDX) (OXFORD
Instruments) was used to analyze the components of the
biosynthesized SeNPs, and the EDX spectrum exhibited the
characteristic elemental selenium (Se0) absorption signals (1.4
KeV).

Based on previous research, 5-200 nm of SeNPs showed high
bioactivity and directly scavenged free radicals in vitro [23,24].

Figure 2: Transmission electron microscope (TEM) images (a)
of SeNPs and the EDX spectrum (b) exhibiting the
characteristic elemental selenium absorption signals. The
SeNPs are spherical in morphology and EDX spectrum showed
characteristic elemental selenium absorption signals (1.4
KeV).

Laying performance and egg quality
No mortality was recorded during the four weeks of the

experiment. Eggs in all groups had similar egg quality parameter
values (egg weight, Haugh unit, yolk color, eggshell intensity,
eggshell thickness and index of the egg sharp) over the entire
experimental period (Tables 2 and 3).

However, hens fed DON had the lowest (P<0.01) egg
production and the highest (P<0.05) soft-shelled or cracked egg
rates among all treatments.

In addition, there was no significant difference (P>0.05) in the
laying rate and soft-shelled or cracked egg rate between the
DON+SeNPs and control groups (Figure 3).

Figure 3: The egg production rate (a) and the soft-shelled or
cracked egg rate (b) for the entire experimental period (4
weeks). Asterisks (*) indicate a significant difference
compared with the control; * signifies P<0.05, and ***
signifies P<0.001.

Serum antioxidative level
The antioxidative level in the serum is shown in Figure 4.

According to the enzyme activity levels, it was concluded that
the SeNPs significantly eased the oxidative stress induced by
DON.

The activities of T-AOC and GPx in the serum of laying hens in
the DON group were significantly (P<0.05) lower than those of
laying hens in the control group. However, there was no
significant (P>0.05) difference in enzyme activity between the
DON+SeNPs group and the control group.
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These results indicated that DON actually inhibited the
activities of the enzymes related to antioxidation, and the SeNPs

successfully improved the unbalanced oxidative state caused by
DON.

Table 2: Effect of SeNPs and DON on egg quality in the first week.

Items Control DON DON+SeNPs SeNPs P-value

Egg weight (g) 63.4 ± 4.24 65.3 ± 4.46 63.94 ± 4.66 62.76 ± 4.77 0.8087

Shell strength (kgf 2) 3.17 ± 0.63 3.8 ± 0.20 3.55 ± 0.31 3.24 ± 0.76 0.1805

Yolk color (score) 8.53 ± 0.60 8.24 ± 0.40 8.85 ± 0.76 8.57 ± 0.21 0.3078

Haugh units (score) 93.57 ± 2.67 96.92 ± 5.43 98.11 ± 3.36 93.41 ± 4.74 0.0866

shell thickness 3 (mm) 0.34 ± 0.03 0.38 ± 0.01 0.36 ± 0.04 0.34 ± 0.02 0.1309

Egg shape index 1.25 ± 0.05 1.31 ± 0.02 1.3 ± 0.06 1.29 ± 0.05 0.1215

1n=8 eggs per group. Eight eggs were collected from each group on the first day of the first week. Data are shown as the mean ± SD.

2kgf=kilogram-force

3Eggshell thickness was the mean of 3 different points (blunt, middle, sharp) on the egg.

Table 3: Effect of SeNPs and DON on egg quality in the fourth (last) week.

Items Control DON DON+SeNPs SeNPs P-value

Egg weight (g) 61.68 ± 6.17 63.4 ± 5.43 65.74 ± 4.77 62.05 ± 4.24 0.0538

Shell strength (kgf 2) 3.34 ± 0.36 3.33 ± 0.84 3.62 ± 0.50 3.60 ± 0.6 0.2743

Yolk color (score) 8.15 ± 0.54 8.20 ± 0.50 8.05 ± 1.12 8.62 ± 0.66 0.1271

Haugh units (score) 91.52 ± 4.81 97.17 ± 2.5 95.05 ± 3.87 91.92 ± 4.35 0.3009

Shell thickness 3 (mm) 0.35 ± 0.02 0.36 ± 0.02 0.35 ± 0.02 0.34 ± 0.03 0.1653

Egg shape index 1.32 ± 0.06 1.31 ± 0.03 1.29 ± 0.05 1.3 ± 0.04 0.1594

1n=8 eggs per group. Eight eggs were collected from each group on the fifth day of the fourth week. Data are shown as the mean ± SD.

2kgf=kilogram-force

3Eggshell thickness was the mean of 3 different points (blunt, middle, sharp) on the egg.

Table 4: Effects of SeNPs and DON on blood routine indexes.

Parameter Control DON DON+SeNPs SeNPs

WBC (´10 9/L) 9.56 ± 1.08 a 6.30 ± 2.04 b 8.61 ± 2.30 a 7.90 ± 0.63 a

LY (´10 9/L) 1.09 ± 0.13 a 0.75 ± 0.21 b 1.00 ± 0.25 a 0.93 ± 0.09 a

MO (´10 9/L) 0.49 ± 0.06 a 0.32 ± 0.10 b 0.43 ± 0.11 a 0.41 ± 0.03 a

GR (´10 9/L) 8.02 ± 0.90 a 5.28 ± 1.75 b 7.24 ± 1.93 a 6.61 ± 0.50 a

RBC (´10 12/L) 2.37 ± 0.09 b 3.26 ± 1.18 a 2.49 ± 0.44 b 2.50 ± 0.14 b

HGB (g/L) 170.50 ± 8.99 b 234.63 ± 80.97 a 178.43 ± 35.37 b 185.25 ± 10.32 b

MPV (fL) 4.98 ± 0.29 b 7.17 ± 1.03 a 5.73 ± 0.36 b 5.99 ± 0.23 b

Means in the same row with different letters are significantly different from each other (P<0.05).

Blood routine and biochemical indexes
Of the blood routine indexes (Table 4), WBC, LY, MO and GR in

the DON group were significantly (P<0.05) decreased, and RBC,
HGB and MPV were significantly (P<0.05) increased compared

with control group. These indexes in the DON+SeNPs and the
SeNPs groups did not differ significantly from the control. Of the
biochemical indexes, serum calcium significantly (P<0.05)
decreased in the DON group, but there were no significant
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changes in the other indexes compared with the control group
(Table 5).

Table 5: Effects of SeNPs and DON on blood biochemistry indexes.

Parameter Control DON DON+SeNPs SeNPs

ALB (g/L) 16.58 ± 0.89 17.05 ± 1.83 16.67 ± 2.17 16 ± 1.49

AST (U/L) 190.74 ± 15.4 204.3 ± 34.18 186.71 ± 17.07 188.39 ± 20.07

ALT(U/L) 2.89 ± 1.37 2.75 ± 1.91 3.49 ± 1.54 3.36 ± 1.76

GLUC (mmol/L) 0.49 ± 0.14 0.41 ± 0.1 0.39 ± 0.04 0.45 ± 0.15

UREA (mmol/L) 0.49 ± 0.14 0.41 ± 0.1 0.39 ± 0.04 0.45 ± 0.15

Ca (mmol/L) 7.92 ± 0.69 a 6.38 ± 1.03 b,c 7.17 ± 1.14 a,b 7.26 ± 0.85 a,b

TBILC (μmol/L) 2.25 ± 0.46 1.91 ± 0.49 1.91 ± 0.4 1.94 ± 0.4

CRE (μmol/L) 6 ± 2.67 5 ± 1.77 5.29 ± 0.95 5 ± 1.07

TP (g/L) 54.45 ± 3.16 57.45 ± 14.45 51.99 ± 5.08 52.48 ± 4.2

Means in the same row with different letters are significantly different from each other (P<0.05)

Figure 4: Serum T-AOC activity (a) and GSH-Px activity (b).
Different letters indicate a significant difference (P<0.05).

Discussion
Over the last decade, DON-induced oxidative stress has been

a hot topic of research, and many studies have revealed the role
of oxidative stress in DON toxicity in animals and humans [6].
DON could induce oxidative stress in several cell lines, such as
chicken embryo fibroblast DF-cells [30], human peripheral blood

lymphocytes [25] and murine YAC-1 lymphoma cells [18], thus
causing cell lipid peroxidation, DNA fragmentation, or apoptosis.

GPx and T-AOC are the main antioxidizing enzymes that
protect biological membranes and the large biological molecules
from oxidative tissue damage. In this research, the levels of
these enzymes were significantly (P<0.05) inhibited by DON
compared with the control, indicating that DON could induce
oxidative stress in laying hens. This result is consistent with the
previous research described above, and studies have also found
that oxidative stress affects the female reproductive system by
inhibiting follicle cell growth [26,27] or by even damaging
ovarian and uterine cells. This is the probable explanation for
why the DON group exhibited a lower egg production rate
(71.15%) compared with the other groups.

According to blood routine indexes, we found that WBC, LY,
MO and GR significantly (P<0.05) decreased in the DON group,
meaning that DON inhibited the immune system of the hens.
DON also significantly (P<0.05) decreased serum calcium, which
is essential for strong bones and teeth. In laying hens, calcium is
required for egg production, so the decrease in serum calcium
significantly (P<0.05) increased the soft-shelled or cracked egg
rate (11.17%) compared with the other groups.

Selenium, as a necessary and biogenic trace element, can
enhance antioxidant activity, and this has been supported by
both clinical and laboratory experiments. The selenium
nanoparticle (SeNP), which is one form of elemental selenium
(Se0), has lower toxicity and better absorption and it is most
effective when provided to broiler chicken under oxidative stress
with the same dose but different sources of Se (organic,
inorganic and nano-Se) [28]. According to some studies, the size
of SeNPs synthesized by microorganisms has mostly been
between 20 and 300 nm [20,26,27], and the diameter of the
SeNPs in this research was 50 to 110 nm, which is consistent
with previous research.
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In this study, SeNPs significantly increased GPx and T-AOC
activity, improved egg production (92.42%) and decreased the
soft-shelled or cracked egg rate (5.43%) compared with the DON
group (11.17%). This likely occurred for two reasons: the SeNPs
reduced the oxidative stress in the bodies of the hens, and
selenium improved the status of the avian immune system by
increasing the ability of immunocompetent cells to respond to
an antigen challenge (such as DON in the present study).
Scheideler et al. found that selenium could improve the vitelline
membrane strength of fresh and aged eggs while also increasing
the levels of these nutrients in the egg yolk [29]. The protection
of SeNPs against DON in this study is also consistent with Rizzo,
who found that a selenium pretreatment provided protection
against acute DON toxicity in male rats [30].

Conclusion
The results of this study showed that SeNPs have the

potential to alleviate DON toxicity in laying hens by reducing
DON-induced oxidative stress, and they might be used as a novel
anti-mycotoxin agent.
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