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ABSTRACT The abuse of antibiotic growth pro-
moters (AGPs) in feed has led to drug resistance and
ecological damage would threaten human health even-
tually. Natural plants have become a hotspot in the
research and application of substituting AGPs because of
their advantages of safety, efficiency, and availability.
This study was conducted to investigate the effects of
Macleaya cordata extract (MCE) in the diet of Xuefeng
black-bone chicken on laying performance, egg quality,
and serum indices. In this study, 576 birds (47-week-old)
were evenly distributed between 4 treatments with 6
replicates of 24 hens each. The control group was fed a
basal diet without MCE and the remaining groups
received 100, 150, or 200 mg/kg MCE for 84 d. Results
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revealed that the strength and thickness of the eggshell
increased significantly with the dietary addition of MCE
(P , 0.05). The serum concentrations of glutathione
peroxidase increased in the MCE groups (P , 0.01).
Simultaneously, progesterone, follicle stimulating hor-
mone, estradiol as well as serum luteinizing hormone
levels also increased with the addition of MCE
(P , 0.05). Compared with the control group, supple-
mentation of MCE significantly decreased the tumor
necrosis factor-a and interleukin-6 levels (P , 0.01). In
summary, it was concluded that diet addition of 200 mg/
kg MCE ameliorated egg quality, enhanced anti-
oxidation and immune activity, and regulated hormone
secretion of Xuefeng black-bone chicken.
Key words:Macleaya cordata extract, Xuefeng black-bon
e chicken, laying performance, egg quality, anti-oxidation
and immune activity
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INTRODUCTION

It was a common practice for decades to use sub-
therapeutic doses of antibiotics in food-animal feeds to
prevent animals from diseases and to improve produc-
tion performance in modern animal husbandry. As a
consequence of the increasing concern about the poten-
tial for antibiotic-resistant strains of bacteria, the Euro-
pean Commission decided to ban all commonly used feed
antibiotics. In the meantime, China is expected to enter
the era of non-antibiotic growth promoters in 2021. Con-
cerns over the increasing emergence of antibiotic-
resistant bacteria have prompted efforts to develop al-
ternatives to antibiotics, such as Chinese veterinary
drugs and natural plant extracts. In addition to the char-
acteristics of plant-derived products of being natural,
multi-functional, and low in toxicity, recent studies indi-
cated that natural plant extracts also have positive ef-
fects in egg quality and antioxidant capacity of laying
hens (Alagawany et al., 2017). With the advantages of
being eco-friendly and residue-free, natural plant extract
would be an ideal substitution for antibiotics in animal
production.

Macleaya cordata is a perennial herb and a traditional
Chinese medicine, which is widely distributed in the
south of China. In 2004, compounds containing sangui-
narine and chelerythrine extracted from M. cordata
were registered as feed additives in the European Union.
As the main bioactive material, sanguinarine demon-
strated physiological effects such as antitumor, immu-
nity enhancement (Kumar and Hazra, 2014),
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Table 1. Composition and nutrition levels of the basal diet (fed
basis, %).

Ingredients Content (%) Items Nutrient levels (%)

Corn 62.00 ME (MJ/kg) 10.85
Soybean meal 26.00 CP 16.14
Limestone 5.50 Ca 2.99
CaHPO4 1.00 Available P 0.38
Premix 5.50 NaCl 0.37
Total 100.00 Lys 0.95

Met 0.51
Met 1 Cys 0.82

Each kilogram of diet contains the following: vitamin A, 17,000 IU;
vitamin D3, 64,000 IU; vitamin E, 880 IU; vitamin K3, 48 mg; vitamin B1,
48 mg; vitamin B2, 105 mg; vitamin B6, 48 mg; vitamin B12, 0.2 mg;
nicotinamide, 380 mg; pantothenic acid, 270 mg; folic acid, 24 mg; biotin,
3.3 mg; Fe, 1,100 mg; Cu, 240 mg; Zn, 1,560 mg; Mn, 1,800 mg; I, 23 mg;
and Se, 48 mg.
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antibacterial (Hamoud et al., 2014), anti-inflammatory
(Xue et al., 2017), and insecticidal properties. It was
also known that adding M. cordata extract (MCE) to
the diet could improve animal performance, immunity,
and intestinal health. Previous studies showed that die-
tary sanguinarine supplementation enhanced serum me-
tabolites and antibodies in growing pigs (Liu et al.,
2016a). Indeed, MCE has been added to the diet of cat-
tle, pigs, chickens, and fish in recent years (Vieira et al.,
2008). Broiler feeding trials have shown that 20 mg/kg
MCE meal significantly increased the weight gain and
decreased the feed conversion rate of broilers (Lee
et al., 2015).

Consequently, administration of 50 ppm Sangrovit
increased body weight and average daily gain, as well
as reduced the feed conversion ratio in weaning pigs
(Kantas et al., 2015). In addition, dietary MCE demon-
strated anti-inflammatory activity, which could improve
cow mastitis and reduce the number of somatic cells in
milk (Wang et al., 2018). Moreover, MCE played a
role in inhibiting bacteria and regulating gut health;
antibacterial tests showed that sanguinarine could
inhibit Gram-positive bacteria when the minimum
inhibitory concentration was 1.6 to 6.3 mg/mL
(Obiang-Obounou et al., 2011). For intestinal barrier
function, Zhong et al. (2017) and Liu et al. (2016b) re-
ported that dietary sanguinarine concentrations of
1.6 mg/L inhibited the biofilm of Candida albicans,
and could significantly inhibit the formation of 72.9%
biofilm in growing piglets. All of these indicated that
MCE would be an ideal substitute for antibiotics. There-
fore, dietary MCE supplementation would have an influ-
ence on anti-inflammatory and growth promotion in
Xuefeng black-bone chicken.

Xuefeng black-bone chicken, which originated in Hon-
gjiang City, Huaihua City, Hunan Province, is a kind of
meat and egg chicken with certain medicinal value, and
had been listed in the Chinese national livestock and
poultry genetic resources list. The chicken meat and
egg products are rich in a variety of essential nutrients,
which can not only improve human hemoglobin and
red blood cells, but also regulate metabolism and endo-
crine functions, in agreement with the current consider-
ations of food safety. However, due to the lack of
systematic breeding of Xuefeng black-bone chicken,
there were some shortcomings, such as low laying perfor-
mance, rapid decline in laying rate, and high death rate.
The market demand for Xuefeng black-bone chicken egg
products continued to increase; so it was necessary to
expand the scale of Xuefeng black-bone chicken com-
modity generation. Thus, how to make the best use of
the fecundity of Xuefeng black-bone chicken had become
an urgent problem to be solved. Previous reports had
indicated that MCE had good antibacterial and anti-
inflammatory effects in poultry production (Xue et al.,
2017).

However, the effect of MCE on egg laying performance
and egg quality of Xuefeng black-bone chicken had been
rarely reported. In this study, we aimed to investigate
the effects of supplementation of MCE on laying
performance, egg quality, and serum indices of Xuefeng
black-bone chicken; moreover, the change of intestinal
microflora after adding MCE was investigated in
another study (personal communication).
MATERIALS AND METHODS

Animals and Experimental Design

This experiment was conducted in accordance with the
Chinese guidelines for animalwelfare andwith the animal
welfare standards of the College of Animal Science and
Technology, Hunan Agricultural University. After a 7-
day adaptation period, 576 Xuefeng black-bone chicken
(47-week-old, white feathers) were divided randomly
into 4 groups (6 replicas of 24 hens) and fed for 84 d.Three
hens were reared in an individual cage facility with 1
nipple drinker and 1 feeder in a ventilated room (environ-
mental temperature: 20�C–25�C; relative humidity:
65 6 5%). The hens had ad libitum access to water and
were fed optionally twice a day at 6:30 am and 15:30
pm. Moreover, mortality was recorded as it occurred.
Experimental Diets

Diets were formulated to meet or exceed the NRC
(1994) nutrient requirements for all nutrients
(Table 1). MCE consisted of 7.5% sanguinarine and
92.5% starch.
Sample Collection

To calculate the laying rate and average egg weight,
eggs were collected daily by replicate and weighed. At
the same time, to calculate the number of qualified
eggs, the number of cracked eggs, sand eggs, and soft
eggs were recorded. Then, qualified eggs were allowed
to hatch to determine the fertilization rate, hatching
rate, and healthy chick rate. On the 84th day, 48 hens
(2 hens per replicate) were humanely slaughtered after
a 12-hour fast (water offered ad libitum) to collect blood,
which was collected from the wing vein and centrifuged
at 3,000! g for 10 min to separate the serum, and frozen



Table 2. Effects of MCE on laying performance and reproductive
performance of Xuefeng black-bone chicken (1–12 wk).1

Groups (MCE mg/kg)
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at220�C for further analysis. Ninety six eggs (4 eggs per
replicate) were randomly selected for egg quality deter-
mination on the 56th and 84th day.
Item SEM P-value0 100 150 200

LR (%) 50.67 50.00 51.50 51.67 0.37 0.377
ADEW (g) 50.62 51.46 50.84 50.83 0.17 0.340
FR (%) 92.07 93.84 92.45 92.38 0.36 0.315
HR (%) 94.31 96.31 96.13 95.65 0.30 0.066
HCR (%) 98.83 99.33 99.50 99.83 0.15 0.093

Abbreviations: ADEW, average daily egg weight; FR, fertilization rate;
HCR, healthy chick rate; HR, hatching rate; LR, laying rate; MCE,
Macleaya cordata extract.

1Group means were represented as the mean of the corresponding data
from 6 replicates (24 birds per replicate).
Egg Quality

The eggs in each treatment were randomly selected to
measure egg quality. Haugh unit (HU) and the yolk in-
dex were determined with a digital egg tester (EA-01;
ORKA Co. Ltd., Israel). The thickness of the eggshell
(without the eggshell membrane) was measured by the
average values from 3 different locations (top, middle,
and bottom of the egg) by an eggshell thickness tester
(NFN-380, FHK Co. Ltd., Japan). Eggshell strength
was measured by an eggshell strength tester (EFR-01,
ORKA Co. Ltd.).
Serum Indices

Serum total protein levels, albumin, globulin, total
cholesterol, triglyceride, urea, glucose (GLU), urea acid
(UA), Ca, phosphorus (P), alkaline phosphatase, aspar-
tate aminotransferase, and alanine aminotransferase ac-
tivity, and glutathione peroxidase (GSH-Px) activity,
superoxide dismutase (SOD), total antioxidant capacity
(T-AOC), and malondialdehyde (MDA) were assayed
with commercial radioimmunoassay kits (Nanjing Jian-
chengBioengineering Institute,Nanjing,China) according
to the manufacturer’s guidelines. Serum immunological
indices including immunoglobulin A, immunoglobulin M,
immunoglobulin G, tumor necrosis factor-a (TNF-a),
and interleukin-6 (IL-6) levels were detected by an ELISA
kit. The levels of progesterone (PO), follicle stimulating
hormone (FSH), estradiol (E2), luteinizing hormone
(LH), and parathyroid hormone (PTH) in the serum
were measured by radioimmunoassay kits according to
the manufacturer’s instructions.
Statistical Analysis

Data were statistically analyzed with one-way
ANOVA using SPSS 22.0 (SPSS Inc., Chicago, IL).
The results were expressed as arithmetic mean and
SEM. Differences were considered to be significant at
P , 0.05 and highly significant at P , 0.01.
RESULTS

Laying Performance and Reproduction
Performance

Effects of MCE on laying performance and reproduc-
tive performance are presented in Table 2. Dietary
MCE tended to increase the hatching rate and the
healthy chick rate (P . 0.05). The hatching rate was
increased by 2.08, 1.89, and 1.40% (P . 0.05) and the
healthy chick rate was increased by 0.50, 0.67, and 1%
(P . 0.05) following dietary supplementation with
100, 150, and 200 mg/kg MCE, respectively, in compar-
ison to the control. No significant differences were found
in egg production rate, average egg weight, and fertiliza-
tion rate (P . 0.05).

As shown in Figure 1, the hatching rate was signifi-
cantly higher with the 100 mg/kg MCE supplementa-
tion, compared with the other groups at 5 to 8 wk,
which was 3.13% higher than the control group
(P , 0.05). During 9 to 12 wk, the hatching rates was
also greatly improved by 2.61, 2.04, and 1.91% with
100, 150, and 200 mg/kg MCE supplementation, respec-
tively (P, 0.05). There were no significant differences in
other indicators between these groups.

Egg Quality

As illustrated in Table 3, at the eighth week of the
experiment, as compared with the control group,
chickens fed with the 200 mg/kg MCE diet showed the
highest eggshell thickness, which was significantly higher
than the 0 and 100 mg/kg groups (P , 0.05). The yolk
index of the 150 and 200 mg/kg groups which were
non-statistically significant increased by 2.33 and
6.98% (P. 0.05), respectively. And there were no signif-
icant differences in eggshell strength, egg weight, and
HU between these groups (P . 0.05).

At the end of the 12th week of the experiment, the
eggshell strength of the 150 mg/kg test group was the
highest, 4.06 N/m2, which was significantly higher
than the 0 and 100 mg/kg groups (P , 0.05). The yolk
index, egg weight, and HU did not exhibit significant re-
sponses to the dietary treatments (P . 0.05).

Serum Antioxidant Indices

As shown in Table 4, the serum concentrations of
GSH-Px were highly significantly increased by 28.37
and 38.49% (P , 0.01) with dietary MCE supplementa-
tion of 150 and 200 mg/kg, respectively, compared with
the control group. No noticeable difference was detected
in the serum concentrations of T-AOC, T-SOD, and
MDA between the dietary MCE supplementation
groups (P . 0.05).

Serum Biochemical Indices

Table 5 shows that the serum UA was greatly
decreased by 13.87% (P , 0.01) and 24.5% (P . 0.05)



Figure 1. Comparison of egg laying performance and reproductive performance of Xuefeng black-bone chicken with different amounts of added
MCE (statistics every 4 wk): (A) laying rate; (B) average egg weight; (C) fertilization rate; (D) hatching rate. Note: In the same statistical period
(4 wk), # represents significant difference (P , 0.05) compared with group E. E: MCE 0 mg/kg; F: MCE 100 mg/kg; G: MCE 150 mg/kg; H:
MCE 200 mg/kg.
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with 100 and 150 mg/kg MCE supplementation, respec-
tively, but the 200 mg/kg group was increased by 7.96%
(P. 0.05). Compared with the control group, the serum
urea level in the 150 mg/kg group was significantly
decreased by 59% (P , 0.01); however, in the 200 mg/
kg group it was increased by 13.73% (P . 0.05). The
Table 3. Effects of MCE on egg quality of X

Item

Groups

0 100

Week 8
Eggshell strength (N/m2) 3.53 3.78
Egg weight (g) 54.79 51.81
Haugh unit 61.62 63.22
Yolk index 0.43 0.42
Eggshell thickness (mm) 0.33b 0.33b

Week 12
Eggshell strength (N/m2) 3.36b 3.63b

Egg weight (g) 52.67 52.04
Haugh unit 62.21 58.93
Yolk index 0.37 0.37
Eggshell thickness (mm) 0.31B 0.33A

a,bMeans within a row with different superscri
(P , 0.05).

A,BMeans within a row with no common super
(P , 0.01).

Abbreviation: MCE, Macleaya cordata extract
1Group means were represented as the mean o

eggs per replicate).
GLU content was 12.95 mmol/L following dietary sup-
plementation with 200 mg/kg MCE, which was signifi-
cantly higher than the 100 and 150 mg/kg groups
(P , 0.05), but not significantly different from the con-
trol group (P . 0.05). There were no significant differ-
ences in other indicators between the groups (P. 0.05).
uefeng black-bone chicken.1

(MCE mg/kg)

SEM P-value150 200

3.64 3.93 0.10 0.483
53.14 53.28 0.56 0.322
60.72 62.46 1.16 0.896
0.44 0.46 0.01 0.080
0.34a,b 0.35a 0.01 0.019

4.06a 3.68a,b 0.08 0.011
51.67 53.08 0.43 0.667
60.05 60.11 0.75 0.498
0.38 0.38 0.01 0.319
0.33A 0.33A 0.01 0.006

pts for each factor are significantly different

scripts indicate a highly significant difference

.
f the corresponding data from 6 replicates (4



Table 4. Effects of MCE on serum antioxidant indices of Xuefeng black-bone chicken.1

Item

Groups (MCE mg/kg)

SEM P-value0 100 150 200

T-AOC (U/mL) 7.41 7.44 6.15 6.71 0.43 0.689
T-SOD (U/mL) 354.12 331.70 349.43 353.07 6.60 0.612
GSH-Px (U/mL) 2,357.01C 2,359.84C 3,290.55B 3,832.09A 162.65 ,0.01
MDA (nmol/mL) 11.28 11.25 10.94 10.86 0.56 0.992

A–CMeans within a row with no common superscripts indicate a highly significant difference
(P , 0.01).

Abbreviations: GSH-Px, glutathione peroxidase; MCE, Macleaya cordata extract; MDA,
malondialdehyde; T-AOC, total antioxidant capacity; T-SOD, total superoxide dismutase

1Groupmeans were represented as themean of the corresponding data from 6 replicates (2 birds
per replicate for serum samples).
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Serum Immunological Indices

Highly significant differences in serum TNF-a are
evident in Table 6, which were decreased by 9.57,
16.60, and 23.31% in the dietary 100, 150, and
200 mg/kg MCE supplementation chickens compared
with the control (P , 0.01). And the IL-6 levels were
decreased by 6.72, 10.53, and 16.20% with dietary 100,
150, and 200 mg/kg MCE supplementation
(P , 0.01), respectively. Serum immunoglobulin A,
immunoglobulin M, immunoglobulin G, and IL-6 were
not affected by the treatment (P , 0.01).
Serum Hormone Indices

As shown in Table 7, as compared with the control
group, chickens fed with the 100, 150, and 200 mg/kg
MCE diet showed higher FSH contents, which were
significantly increased by 11.00, 18.48, and 26.26%
(P , 0.01). Compared with the control group, E2 in
the 100, 150, and 200 mg/kg groups were significantly
increased by 11.45, 20.81, and 27.50%, respectively
(P , 0.01). Serum E2 levels were significantly increased
Table 5. Effects of MCE on serum bioch
chicken.1

Item

Groups (MCE

0 100

TP (g/L) 51.68 52.67
ALB (g/L) 24.96 25.53
GLB (g/L) 26.72 26.26
TC (mmol/L) 4.25 3.87
TG (mmol/L) 18.28 18.09
Urea (mmol/L) 0.88A 0.68A,B

UA (mmol/L) 161.83A,B 139.38C

GLU (mmol/L) 12.73a,b 12.36b

AST (U/L) 168.43 176.26
ALT (U/L) 90.79 87.93
ALP (U/L) 437.68 428.76
Ca (mmol/L) 6.22 5.35
P (mmol/L) 1.24 1.27

a,bMeans within a row with no common supe
A–CMeans within a row with no common su

ference (P , 0.01).
Abbreviations: ALB, albumin; ALP, alkalin

ferase; AST, aspartate aminotransferase; GLB
cordata extract; TC, total cholesterol; TG, trig

1Groupmeans were represented as themean o
birds per replicate for serum samples).
by 11.45, 20.81, and 27.50% in the 100, 150, and 200 mg/
kg MCE groups (P , 0.01), compared with the control
group. Serum LH levels of the 100, 150, and 200 mg/kg
MCE diet were significantly higher than the control
group, which were increased by 10.62, 17.93, and
26.68% (P , 0.01). The content of PTH reduced in the
groups fed with the 100, 150, and 200 mg/kg MCE
meal by 7.68, 11.88, and 5.45% compared with the con-
trol group (P, 0.01). Compared with the control group,
the levels of PO in groups 100, 150, and 200 mg/kg were
increased (P , 0.05), which were increased by 6.25,
24.31, and 27.95%, respectively.
DISCUSSION

Sanguinarine isolated from M. cordata is a compound
with various biological activities (Gu et al., 2015), which
has been used as a feed additive in swine and poultry pro-
duction in recent years (Vieira et al., 2008; Pellikaan
et al., 2010). Several investigators have reported that
MCE diets could ameliorate production performance,
improve gut health and body immunity, and promote
growth (Bojjireddy et al., 2013; Khadem et al., 2014).
emical indices of Xuefeng black-bone

mg/kg)

SEM P-value150 200

54.99 51.64 0.58 0.141
26.36 25.08 0.22 0.135
27.64 26.55 0.42 0.677
3.77 3.51 0.15 0.384
17.96 17.14 0.29 0.539
0.36B 1.02A 0.07 ,0.01

151.39B,C 175.83A 2.87 ,0.01
12.34b 12.95a 0.09 0.035
170.61 188.76 3.22 0.169
89.48 92.22 0.93 0.422
421.54 436.82 2.70 0.112
5.65 6.17 0.14 0.079
1.39 1.24 0.04 0.549

rscripts differ significantly (P , 0.05).
perscripts indicate a highly significant dif-

e phosphatase; ALT, alanine aminotrans-
, globulin; GLU, glucose; MCE, Macleaya
lyceride; TP, total protein; UA, urea acid.
f the corresponding data from 6 replicates (2



Table 6. Effects of MCE on serum immunological indices of Xue-
feng black-bone chicken.1

Item

Groups (MCE mg/kg)

SEM P-value0 100 150 200

IgA (g/L) 2.24 2.27 2.27 2.28 0.01 0.839
IgM (g/L) 1.65 1.66 1.67 1.67 0.01 0.833
IgG (g/L) 4.20 4.24 4.27 4.29 0.02 0.438
TNF-a (pg/mL) 57.18A 51.71B 47.69C 43.85D 0.69 ,0.01
IL-6 (pg/mL) 98.64A 92.01B 88.25C 82.66D 0.87 ,0.01

A–DMeans within a row with no common superscripts indicate a highly
significant difference (P , 0.01).

Abbreviations: IgA, immunoglobulin A; IgG, immunoglobulin G; IgM,
immunoglobulin M; IL-6, interleukin-6; MCE, Macleaya cordata extract;
TNF-a, tumor necrosis factor-a.

1Group means were represented as the mean of the corresponding data
from 6 replicates (2 birds per replicate for serum samples).
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Besides, sanguinarine is the major active ingredient of
M. cordata, which has been found to have anti-
inflammatory activity (Niu et al., 2012), inhibit the acti-
vation of NF-kB, and regulate inflammatory response
(Wullaert et al., 2011). Gradually, it evoked attention
as a substitute of antibiotics (Kim et al., 2012).
Although sanguinarine is poisonous, an average daily
oral dose of alkaloids of up to 5 mg/kg animal body
weight has been proven safe (Kosina et al., 2004). In
our study, we assessed the effects of additional dosages
of MCE of 0, 100, 150, or 200 mg/kg feed for every treat-
ment on laying performance, egg quality, and serum
indices of Xuefeng black-bone chicken, respectively.
Laying Performance

Laying performance, in the final analysis, was deter-
mined by the development of follicles in the ovary and
gonadotropins; for example, FSH and LH played a
particularly important role in the course of follicular
development and ovulation (Long et al., 2017). The pre-
sent study found that dietary 200 mg/kg MCE supple-
mentation increased the concentrations of FSH, P, and
E2. The laying rate of hens fed the 200 mg/kg MCE
diet increased significantly at 9 to 12 wk, indicating
that the MCE diet played a role and helped to increase
the laying rate. However, at this stage of 9 to 12 wk,
the egg laying rate decreased, which might be related
Table 7. Effects of MCE on serum horm
chicken.1

Item

Groups (MCE

0 100

PO (ng/mL) 1.65b 1.76b

FSH (mIU/mL) 22.89D 25.07C

E2 (pg/mL) 23.75D 26.82C

LH (mIU/mL) 28.19D 31.54C

PTH (pg/mL) 129.25B 119.32C 1

a,bMeans within a row with no common su
A–DMeans within a row with no common

difference (P , 0.01).
Abbreviations: FSH, follicle stimulating

hormone; MCE, Macleaya cordata extract
hormone.

1Group means were represented as the mea
cates (2 birds per replicate for serum samples)
to the increase in age. Our current study showed that
100 mg/kg MCE supplementation affected the hatching
rate, which was significantly higher than the other 3
groups during 5 to 8 and 9 to 12 wk. Besides, the hatch-
ing rate and healthy chick rate tended to increase during
the whole period of the experiment, but we failed to
observe increases in the laying rate, average egg weight,
and fertilization rate with MCE supplementation diets.
As a result, further studies are needed to confirm if the
addition of MCE has a correlation with laying perfor-
mance of meat breeder chickens.
Egg Quality

Eggshell quality is an important parameter in the
poultry industry; it is affected by many factors, such as
disease, nutrition, heat stress, and age (Akyurek and
Okur, 2009). The strength and thickness of the eggshell
have been found to be independent of the egg quality (De
Ketelaere et al., 2002). On the other hand, HU is the
standard for quantifying interior egg quality; it is gener-
ally believed that the larger the value, the better the egg
quality. The results of this experiment showed that on
the 84th day, dietary MCE levels at 200 mg/kg increased
the eggshell strength and eggshell thickness, but did not
affect HU and other egg quality characteristics. To our
knowledge, there are no available studies on the effects
of MCE on egg quality in hens. Besides, serum PTH
levels increased following dietary supplementation with
200mg/kgMCE. PTH is secreted by parathyroid master
cells and regulated by the negative feedback of Ca ions in
the extracellular fluid, which could promote bone turn-
over and mobilize bone Ca into blood. Ca and phos-
phorus are very important for eggshell quality,eggshell
thickness, and strength; these are mainly affected by ge-
netic factors and Ca and phosphorus metabolism. How-
ever, dietary MCE did not affect the levels of Ca and
phosphorus in the serum. In contrast to earlier studies
(Park et al., 2017), it was found that eggshell quality
had little correlation with blood Ca level. In addition,
we found that the level of P in serum increased signifi-
cantly with MCE diets, which is secreted by the ovarian
corpus luteum and played an important role in egg
laying. The improvement of P increased the thickness
one indices of Xuefeng black-bone

mg/kg)

SEM P-value150 200

2.17a,b 2.78a 0.16 0.045
28.08B 31.04A 0.46 ,0.01
29.99B 32.76A 0.53 ,0.01
34.35B 38.45A 0.61 ,0.01
13.89D 135.88A 0.98 ,0.01

perscripts differ significantly (P , 0.05).
superscripts indicate a highly significant

hormone; E2, estradiol; LH, luteinizing
; PO, progesterone; PTH, parathyroid

n of the corresponding data from 6 repli-
.
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and strength of eggshells and stimulated eggshell calcifi-
cation (Pollock and Orosz, 2002); MCE diets might
improve the egg quality by hormone regulation.
Serum Antioxidant Indices

In order to assess the antioxidant capacity of MCE,
several antioxidant parameters such as T-AOC, SOD,
GSH-Px, and MDA in serum were monitored. It has
been reported that the T-AOC, GSH-Px, and SOD of
serum increased in MCE-supplemented piglets (Chen
et al., 2019). GSH-Px is an important peroxidase that
is widely present in the body, which catalyzes the reduc-
tion reaction of lipid peroxides caused by reduced gluta-
thione to protect the cell membrane (Johnson et al.,
2003). SOD is an active protease containing metal ele-
ments, which protects cells from superoxide-free radicals
by degrading superoxide radicals into hydrogen peroxide
(Hao et al., 2015). The T-AOC levels represented T-
AOC, reflecting non-enzymatic antioxidant defense sys-
tems (Momeni and Eskandari, 2017). MDA is one of the
most commonly used indexes of lipid peroxidation, indi-
cating cell membrane damage caused by the increase of
free radical formation (Niedernhofer et al., 2003). Our
current study showed that dietary MCE supplementa-
tion increased the level of GSH-Px in the serum. In our
latest study, we reported that dietary MCE significantly
increased the activity of catalase and GSH-Px, and
reduced the content of MDA (Qin et al., 2006; Guan
et al., 2019). It was found that sanguinarine could
weaken the activity of the nicotinamide adenine dinucle-
otide phosphate enzyme, which indicates that sangui-
narine is an inhibitor of enzymes rather than a
scavenger of reactive oxygen species. Liu et al. (2015)
confirmed that sanguinarine could inhibit the activity
of nicotinamide adenine dinucleotide phosphate oxidase
2 and the generation of reactive oxygen species in H9c2
cardiac cells. Thus, it has been indicated that dietary
MCE could reduce oxidative stress in vivo.
Serum Biochemical Indices

The serum biochemical index is an internal micro-
scopic reflection of the physiological function of the an-
imal body, indirectly reflecting nutrient metabolism,
and changes in organ functions and nutrient deposition
(Wang et al., 2009). Generally, UA is a product of pu-
rine derivatives, which is reabsorbed and excreted in
the proximal tubule by a voltage-sensitive urate chan-
nel and a urate-anion exchange mechanism (Siu et al.,
2006). Vaziri et al. (1995) reported that there was a
decrease in the urinary excretion of UA and an increase
in plasma UA in rats with renal disease. Therefore, the
UA content is considered to be an indicator for testing
the kidney function of birds, which could directly
reflect the level of protein catabolism in the body.
The present study found that dietary MCE supple-
mentation with 100 and 150 mg/kg decreased the con-
centrations of serum UA, indicating that MCE had no
adverse effect on the kidney, and could reduce the
catabolism of proteins except at high doses. In addi-
tion, dietary MCE supplementation with 100 and
150 mg/kg decreased the serum urea by 22.73 and
59.09%. Urea is not only the end product of body pro-
tein, but is also one of the main indexes of renal func-
tion, reflecting the sensitive index of early glomerular
injury and the decrease of glomerular filtration func-
tion. Lower content of serum urea is related with a
higher utilization rate of nitrogen (Coma et al.,
1995). The decrease in serum urea showed that the
addition of low-dose MCE improved the nitrogen utili-
zation rate. In our study, dietary MCE supplementa-
tion had no significant influences on blood GLU
content, while dietary 200 mg/kg MCE supplementa-
tion was the most effective in improving GLU content,
which was significantly higher than dietary 100 and
150 mg/kg MCE, indicating that the addition of
high-dose MCE may promote the digestion and ab-
sorption of carbohydrates in the diet.
Serum Immunological Indices

In this experiment, we also measured the content of in-
flammatory factors in the serum. IL-6 participates in the
development of inflammation by enhancing other in-
flammatory cytokines (Webel et al., 1997). TNF-a is a
pro-inflammatory cytokine that plays different physio-
logical roles and could induce apoptosis of intestinal
epithelial cells (van Dullemen et al., 1995). Previous
studies have shown that macrophages increased in the
colonic mucosa of patients with inflammatory diseases,
and the expressions of inflammatory factors TNF-a,
IL-1, and IL-6 also increased (Rogler et al., 1998). In
this study, MCE supplementation reduced the content
of IL-6 and TNF-a in the serum; this suggests that the
MCE diet could inhibit inflammation. More research
on this is needed in the future.
Serum Hormone Indices

Gonadotropins, for example FSH and LH, play a
particularly important role in the course of follicular
development and ovulation (Mendez-Herrera et al.,
1998). Accordingly, there is a certain relationship be-
tween egg production and reproductive hormone con-
tent in laying hens. In this study, with the increase in
the supplementation of MCE diets, the levels of FSH,
E2, LH, and PO in serum increased significantly in a
concentration-dependent manner. Improvement of
FSH and LH levels might increase the number of
germ cells, stimulate follicular growth and matura-
tion, and secrete PO in follicles. It has been deter-
mined that steroids E2 and PO promote the growth
and differentiation of reproductive organs and regu-
late steroid production, promote ovarian granulosa
cell proliferation, and maintain general development
of ovarian follicles (Drummond and Findlay, 1999;
Faria et al., 2010). Furthermore, the hatching rates
were significantly increased with MCE supplementa-
tion in the 9 to 12-week trials, indicating that the



GUO ET AL.8
MCE diets might affect the reproductive performance
of Xuefeng black-bone chicken by increasing the level
of endocrine hormones. So far, there are a few reports
on the effect of MCE on animal reproductive hor-
mones; the underlying mechanism of MCE on the
reproductive performance of Xuefeng black-bone
chicken needs further study.
CONCLUSION

In conclusion, the present study demonstrated that di-
etary supplementation with 200 mg/kg MCE in Xuefeng
black-bone chicken improved the antioxidant capacity
and immunity level, regulated hormone secretion, and
ameliorated egg quality.
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