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capacity, and intestinal health of laying hens in the late phase of
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ABSTRACT Magnolol is a multifunctional plant
polyphenol. To evaluate the effects of magnolol on laying
hens in the late laying period, 360 (50-week-old) laying
hens were randomly assigned to 4 dietary treatments: a
non-supplemented control diet (C), and control diets
supplemented with 100, 200, and 300 mg/kg of magnolol
(M100, M200, and M300), respectively. Each treatment
had 6 replicates with 15 hens per replicate. Results
showed that dietary supplementation of 200 and 300 mg/
kg of magnolol increased the laying rate and the M200
group had a lower feed conversion ratio (P < 0.05).
Magnolol supplementation (200 and 300 mg/kg) could
linearly increase albumen height and Haugh unit of fresh
eggs in the late phase of the laying cycle (P < 0.01). And
magnolol linearly alleviated the decline of the albumen
height and Haugh unit of eggs stored for 14 d (P < 0.01).

The total superoxide dismutase activity in the ovaries of
M100 group was greater than that in the other treat-
ments (P < 0.05). As dietary magnolol levels increased,
villus height of jejunum and ileum linearly increased
(P < 0.01). M200 and M300 groups had higher expres-
sion level of occludin in the ileum compared with group C
(P < 0.01). The level of nitric oxide production and
inducible nitric oxide synthase expression in the ileum of
M200 group were lower than that in the C group
(P < 0.05). In conclusion, dietary supplementation of
200 and 300 mg/kg magnolol can improve hen perfor-
mance, albumen quality of fresh and storage eggs, and
hepatic lipid metabolism in the late laying cycle. Also,
magnolol has a good effect on increasing villi and
improving the intestinal mucosal mechanical barrier
function.

Key words: magnolol, hen, egg quality, antioxidant capacity, intestinal health

INTRODUCTION

FEgg production and egg quality, such as eggshell
breaking strength and albumen height, rapidly decline
in the end of the laying cycle (Liu et al., 2018b). In addi-
tion, redox imbalance and chronic inflammatory devel-
opment occur during the aging process (Subramanian
and James, 2010; Xie et al., 2019). Therefore, strategies
are required to improve the egg production performance
and egg quality in the late laying period, which will
extend the laying cycle and increase the breeding effi-
ciency of laying hens (Zhang et al., 2019b; Guo et al.,
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2020). To avoid antibiotic residues in eggs, producers
rely on safe alternatives to improve hen’s health and per-
formance. Thus, plant polyphenols are gaining more and
more attention due to their biological effects (Hu et al.
2019).

Magnolol (molecular formula C;gH;3Os, chemical
structure shown in Figure 2A), is a polyphenol isolated
from the root and stem bark of Magnolia. Magnolol
has been reported to demonstrate a variety of physiolog-
ical processes, including anti-inflammatory (Lin et al.,
2015), antioxidant (Dong et al., 2013), antibacterial
(Zhang et al., 2019a), and antitumor (Ranaware et al.,
2018) properties. In addition, magnolol has attracted
more attention because of its regulation effect on meta-
bolism. Magnolol was reported to stimulate glucose up-
take in L6 myotubes (Choi et al., 2012) and inhibit
accumulation of triglyceride (TG) in HepG2 cells
induced by oleic acid (Tian et al., 2018). It was also
found to significantly reduce the weight of white adipose
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tissue and the size of fat cells of mice fed with a high-fat
diet. The reason was supposedly increased energy con-
sumption and fatty acid oxidation of fat tissue cells
caused by magnolol (Kim et al., 2013). Besides, magnolol
plays a positive role in maintaining intestinal health. It
could alleviate intestinal epithelial cell apoptosis induced
by enterotoxigenic FEscherichia coliin mice by maintain-
ing homeostasis of intestinal secretion and absorption
and protecting intestinal mucosal integrity (Deng
et al., 2018). Considering the multifunctional nature of
magnolol and its high security (Sarrica et al., 2018), it
may serve as a candidate strategy to improve poultry
production and health. However, there is little informa-
tion about the effects of dietary supplementation with
magnolol in laying hens. Thus, the present study was
conducted to evaluate the effects of magnolol on laying
hens in the late laying period and explore proper supple-
mentation doses.

MATERIALS AND METHODS

The experimental protocol of this study was approved
by the Animal Care and Use Committee of Hubei Acad-
emy of Agricultural Sciences.

Experimental Animals and Diet

A total of 360 Jingfen pink-shell laying hens (50-week-
old) were randomly assigned to 4 dietary treatments,
with 6 replicates of 15 hens. The control group (C)
received a standard maize/soybean meal basal diet
(Table 1), formulated according to the requirement of
laying hens (National Research Council, 1994). The 3
treatment groups (M100, M200, and M300) received a
basal diet supplemented with 100, 200, and 300 mg/kg
of magnolol, respectively. Magnolol was isolated and
pacificated from magnolia bark (purity > 98%,
ChengDu ConBon Biotech Co., Ltd.). The hens were
housed in wire cages (45 X 45 X 50 cm) with 3 hens
per cage and kept in 3-tier ladder-type cages in an envi-
ronmentally controlled house. Each repetition was
evenly distributed in each layer. The trial lasted for
12 wk from May to August 2019. All hens had free access
to clean water and feed twice daily at 7:00 am and 5:00
pm (a small amount of residual feed after each intake).
Hens were exposed to a photoperiod cycle of 16L:8D.

Egg Production and Sampling

The number of total eggs and broken eggs, and egg
weight of each replicate were recorded every day. The
provided and residual feed amount of each replicate
were recorded every week. The feed conversion ratio of
each replicate was calculated by dividing the feed con-
sumption by the total egg weight. At week 4, 8, and 12
of the trial, 10 eggs from each replicate were randomly
used to determine the egg quality. At week 8, 10 other
eggs from each replicate 1 d earlier were randomly
used to determine the egg quality after storage for 14 d
at 25°C. At the end of the trial, 1 hen from each replicate

was randomly selected, weighted, and sacrificed by jugu-
lar exsanguination for tissue sampling. Blood samples
were collected and the weight of liver and spleen was
recorded.

Samples of 1 cm from the distal part of duodenum,
jejunum, and ileum were collected and fixed in formalin
solution for histological studies. The duodenum,
jejunum, and ileum were opened along the longitudinal
axis and washed with physiological saline solution. Mu-
cosa was scraped by sterilized glass slide. Tissue samples
of the small intestine and ovary without follicle were cut
into small pieces and frozen in liquid nitrogen until
further use.

Immune Organ Index

The liver and spleen index were calculated by using
the equation: organ index = (organ weight)/(hen
weight) X 100. Total protein and TG level of the super-
natant of homogenized liver were measured using the
colorimetric method (UV-2550, Shimadzu, Japan) with
commercial assay kits (Nanjing Jiancheng Institute of
Bioengineering, Jiangsu, China) according to the manu-
facturer’s instructions.

Egg Quality

Egg weight, eggshell breaking strength, yolk weight,
eggshell weight, eggshell thickness, albumen height,
and Haugh unit (HU) of the fresh and stored eggs were
determined. The eggshell breaking strength was deter-
mined using an Eggshell Strength Tester (NFN388,
FHJ, Japan). The eggshell thickness was measured and
averaged at 3 points of the blunt end, tip end, and equa-
torial region of the eggshell without the membrane using
a Vernier caliper. The albumen height and HU were
determined by an Egg Multi Tester (EMT-7300,

Table 1. Ingredients and nutrient levels of basal diets (%, as air-dry

basis).

Items Content

Ingredient
Maize 63.00
Soybean meal 22.00
Soybean oil 2.50
Dicalcium phosphate 1.50
Limestone 8.00
Premix' 3.00

Nutrient composition”
Metabolic energy (MJ/kg) 11.62
Crude protein 15.31
Lysine 0.75
Methionine 0.35
Calcium 3.66
Available phosphorus 0.41

'The premix provided the following (per kilogram of diet): sodium
chloride, 2 g; calcium, 2.6 g; iron, 40 mg; copper, 8 mg; zinc, 80 mg; man-
ganese, 90 mg; selenium, 0.2 mg; iodine, 750 mg; choline, 55,000 mg;
vitamin A, 8,000 IU; vitamin D3, 3,000 IU; vitamin E, 20 mg; vitamin K,
2.5 mg; niacin, 30 mg; pantothenate, 8 mg; folacin, 1 mg; vitamin By,
2.5 mg; vitamin By, 5.5 mg; vitamin Bg, 4 mg; vitamin Bis, 20 pg.

Chinise Feed Database (2019) was used for calculation.
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Robotmation, Japan). Then, the egg yolks were
collected to detect the level of malondialdehyde
(MDA) by the colorimetric method (UV-2550, Shi-
madzu) with a commercial assay kit (Nanjing Jiancheng
Institute of Bioengineering) according to the manufac-
turer’s instructions. The eggshell and yolk indexes were
defined as the ratio of the eggshell and yolk weight to
egg weight, respectively.

Antioxidant Capacity of Serum, Intestinal
Mucosa, and Ovary

Intestinal mucosa and ovary samples were homoge-
nized in ice-cold PBS (1:9, wt/vol). Then, the superna-
tants were collected after centrifugation (2,500 rpm,
10 min). Total protein, total antioxidant capacity, total
superoxide dismutase (T-SOD), MDA, and nitric oxide
(NO) levels of the serum and the supernatant of homog-
enized intestinal mucosa and ovary were measured. All
these indexes were measured by using the colorimetric
method (UV-2550, Shimadzu) with commercial assay
kits (Nanjing Jiancheng Institute of Bioengineering) ac-
cording to the manufacturer’s instructions.

Histological Studies

After fixing in formalin solution for 24 h, the intestinal
tissues were embedded in paraffin and sectioned. Then,
the sections were stained with hematoxylin—eosin. Eight
complete intestinal villi of each slice were randomly
selected to measure the villus height, crypt depth, and
the thickness of the intestinal muscularis by a micro-
image processing system (Shineso, Hangzhou, China).

Gene Expression of the Small Intestine

Total RNA was extracted from the ileum using Trizol
Reagent (Takara, Dalian, China) and reverse transcrip-
tion was performed using PrimeScript RT Reagent Kit
with gDNA Eraser (Takara). Quantitative real-time
PCR was performed using TB Green Premix Ex Taq II
(Takara) by a LightCycler 96 PCR System (Roche,
Mannheim, Germany) to examine the mRNA levels.
The primers used are shown in Table 2. Relative quanti-
fication of gene expression was determined by 27 44¢*,

Statistical Analysis

Differences were detected by one-way ANOVA fol-
lowed by Duncan’s multiple comparison tests by SPSS
20.0 software (IBM Inc., Armonk, NY). Orthogonal
polynomial contrasts for the linear and quadratic re-
sponses were used to determine the effect of different
magnolol levels. Differences were considered significant
at P < 0.05, while 0.05 < P < 0.10 was considered to
be a trend toward significance.

RESULTS

Effects of Magnolol on Production and
Slaughter Performance

As shown in Table 3, there was a linear increase in
laying rate and a linear reduction in feed conversion ra-
tios with dietary magnolol levels increased (P < 0.05).
Compared with the C group, laying rate in the M200
group was significantly increased (P < 0.05). Feed con-
version ratios of M200 and M300 were lower than that
in the C group (P < 0.05). Magnolol had no significant
effect on egg weight or broken egg rate (P > 0.10).
Also, dietary magnolol supplementation did not influ-
ence the average body weight of laying hens, or the
weights of liver and spleen (P > 0.10). As dietary mag-
nolol levels increased, the liver index and TG level
quadratically decreased (P < 0.05). And 200 mg/kg
magnolol addition reduced the liver index compared
with the C group (P < 0.05).

Effects of Magnolol on Egg Quality

Figure 2 shows the changes to egg quality for Group C
during the late laying period. Egg weight significantly
increased at 12 wk (P < 0.01). Eggshell thickness signif-
icantly reduced at 8 and 12 wk, while albumen height
and HU reduced at 12 wk (P < 0.01). Effects of magnolol
on the egg quality of fresh eggs are shown in Table 4. Di-
etary magnolol supplementation had no influence on egg
weight, yolk weight, or yolk index (P > 0.10). At 4 wk,
there was no difference in eggshell strength, eggshell
thickness, albumen height, and HU (P > 0.10). At 8
wk, M100 and M200 groups tended to show a decrease
in the eggshell strength compared with the C group
(P = 0.07). The lowest eggshell thickness occurred in
M100 (P < 0.05). At 12 wk, the M300 group showed a
tendency to decrease in the eggshell thickness compared
with the C group (P = 0.09). Dietary magnolol linearly
increased albumen height and HU (P < 0.01).

Effects of magnolol on the quality of storage eggs are
shown in Table 5. After storage for 14 d, the albumen
height and HU of eggs significantly decreased compared
with fresh eggs (P < 0.01). For stored eggs, no significant
difference was found in the weight loss ratio, eggshell
strength, yolk weight, yolk index, and the content of
MDA in yolk among the 4 groups (P > 0.10). Dietary

Table 2. Primers used in this study.

Primer name Primer sequence (5'-3")

7Z0-1F GTGCTTCCAGTGCCAACAGA
7ZO-1R GCTTGCCAACCGTAGACCAT
Occludin F CGCCTCCATCGTCTACATCA
Occludin R CCACAGACAGCAGCCACAG
iNOSF CCTGTACTGAAGGTGGCTATTGG
iNOS R AGGCCTGTGAGAGTGTGCAA
Actin F GAGAAATTGTGCGTGACATCA
Actin R CCTGAACCTCTCATTGCCA

Abbreviations: F, forward; iNOS, inducible nitric oxide synthase; R,
reverse; ZO-1, zonula occludens-1.
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magnolol linearly alleviated the decrease of albumen
height and HU of storage eggs (P < 0.01).

Effects of Magnolol on Antioxidant Capacity

The effects of magnolol on the antioxidant capacity
are shown in Table 6. Magnolol had no effect on the total
antioxidant capacity level and MDA content of serum,
ileum, and ovary (P > 0.10). Ovary T-SOD activity of
group M100 was higher than that of the other groups
(P < 0.05). Compared with group C, group M300 had
a lower level of NO in the ileum (P < 0.05). The T-
SOD activity of serum and ovary, and the NO level of
serum and ovary demonstrated no significant difference
among the 4 groups (P > 0.10).

Effects of Magnolol on the Intestine

The effects of magnolol on intestinal histomorphology
are shown in Table 7 and Figure 2B. Compared with the
C group, supplementation of 100 mg/kg magnolol
increased the wvillus height of the duodenum
(P < 0.05). Dietary magnolol linearly increased the vil-
lus height of the jejunum and ileum (P < 0.01). Inclusion
of magnolol in laying hens’ diets tended to linearly
improve crypt depth of the jejunum (P = 0.09). In addi-
tion, hens of the M300 group had higher thickness of in-
testinal muscularis in the jejunum than that in the C
group (P < 0.05).

Gene expression related to intestinal mucosa barrier
function of the ileum is shown in Figure 2C. Magnolol
had no effect on the expression of zonula occludens-1
(ZO-1) (P > 0.10). Compared with group C, M200 and
M300 increased the expression of occludin (P < 0.01).
In addition, hens of the M200 group demonstrated a
lower expression level of inducible NO synthase (iNOS)
compared with the other 3 groups (P < 0.05).

DISCUSSION

During the late phase of the laying cycle, the egg pro-
duction and egg quality of hens could dramatically
reduce (Lv et al, 2019). Magnolol, as a natural
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polyphenol, could benefit the production and health sta-
tus of poultry considering its anti-inflammatory, antiox-
idant, antibacterial, and metabolic regulation
properties. Previous research has shown that magnolol
could increase the average daily gain and improve the
carcass and meat quality of ducks (Lin et al., 2020).
However, few studies have reported the use of magnolol
in the late phase of laying hens. In the present study, we
observed that dietary supplementation of magnolol (200
and 300 mg/kg) could increase the laying rate and
reduce the feed conversion ratios of hens in the end of
the laying cycle.

Disturbances in lipid metabolism and fat accumula-
tion in the liver occurred frequently in aged laying
hens because of intensive metabolism at peak production
(Liu et al., 2018a; Wang et al., 2020). Fatty liver hemor-
rhagic syndrome was one of the main causes of mortality
in hens housed in cages (Shini et al., 2019). Hence, an
effective strategy for regulating lipid metabolism of
laying hens is important for animal health and welfare.
Several studies have confirmed that magnolol could
regulate lipid metabolism (Chang et al., 2018; Tian
et al., 2018). In agreement with these studies, magnolol
could reduce the liver index and the TG level of liver
in our present study, which indicated the effect of mag-
nolol on the hepatic lipid metabolism of hens.

Egg quality declined significantly after peak produc-
tion, such as enlarged egg size, increased broken egg
rate, decreased eggshell quality, and reduced albumen
height (Liu et al., 2018b; Saleh et al., 2019). Hierarchical
cluster analyses for eggs during the entire laying cycle in
hens have shown that the egg quality can be considered
to be different from 58 wk (Sirri et al.. 2018). In the pre-
sent study, the egg size increased and the albumen
height and HU declined at 62 wk, while the eggshell
thickness decreased at 58 wk. Dietary magnolol supple-
mentation (200 and 300 mg/kg) could increase the
albumen height and HU of fresh eggs. After storage,
the albumen height and HU of groups M100 and M200
were higher than those of group C. Albumen height
and HU are important parameters for albumen quality
and indicate egg freshness (Qu et al., 2019). The internal
quality of eggs deteriorated as the storage time

Table 3. Effects of magnolol on production and slaughter performance.

P-value
Ttems C M100 M200 M300 SEM P Linear  Quadratic
Egg weight (g) 61.03 61.18 59.84 60.17 024  0.16 0.07 0.84
Laying rate (%) 76.82" 80.48™" 84.57* 82.64™ 094 001 <0.01 0.08
Broken egg rate (%) 0.34 0.40 0.29 0.35 0.04  0.84 0.86 0.97
Feed conversion ratio 2.31* 213" 2.07" 2.05" 0.03 0.01  <0.01 0.15
Average weight (g) 1,693.33 1,718.50 1,723.33 1,663.33 28.54  0.89 0.76 0.49
Liver weight (g) 42.59 37.76 35.66 37.33 124 023 0.1 0.19
Liver index 2.51* 2.22%P 2.02° 2.24™P 0.06 0.04 0.06 0.04
TG level of liver (mmol/gprot) 0.80" 0.55" 0.57" 0.61" 0.03  0.02 0.03 0.02
Spleen weight (g) 1.27 1.45 1.51 1.65 0.07  0.22 0.05 0.84
Spleen index 0.075 0.085 0.088 0.01 0.004  0.22 0.04 0.90

“PMeans not sharing a common superscript letter within the same row differ significantly (P < 0.05).
Abbreviations: C, control group; M100, M200, and M300, control diets supplemented with 100, 200, and 300 mg/kg of magnolol,

respectively; TG, triglyceride.
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Figure 1. The changing law of egg quality in the late laying period. Column charts indicate the egg quality of the control group. Column charts not
sharing a common capital letter differ significantly (P < 0.01).

Table 4. Effects of magnolol on egg quality of fresh eggs.

P-value
Ttems C M100 M200 M300 SEM P Linear  Quadratic
4 wk
Egg weight (g) 59.68 60.74 60.72 59.53 0.42 0.61 0.90 0.18
Eggshell strength (kg/cm?)  37.07 36.35 37.52 38.04  0.82 0.90 0.59 0.71
Eggshell thickness (jm) 368.93 364.78 377.67 362 3.34 0.35 0.80 0.39
Eggshell weight (g) 5.84 5.81 5.87 5.7 0.05 0.57 0.38 0.47
Albumen height (mm) 6.65 6.26 6.48 6.42 0.12 0.73 0.68 0.49
HU 78.76 77.72 79.11 79.05 0.73 0.90 0.74 0.74
Yolk weight (g) 15.56 15.63 15.7 15.88 0.11 0.74 0.29 0.80
Yolk index 26.13 25.88 26.13 26.72 0.37 0.13 0.93 0.08
8 wk
Egg weight (g) 59.31 60.27 60.58 60.74  0.42 0.64 0.23 0.64
Eggshell strength (kg/cm?) 34.67*°  31.41° 31.49° 35.43*  0.69 0.07 0.70 <0.01
Eggshell thickness (jm) 302.78" 286.00°  305.44®  308.00"°  2.86 0.02 0.15 0.08
Eggshell weight (g) 5.60 5.47 5.55 557  0.05 0.77 0.96 0.40
Albumen height (mm) 6.54 6.55 6.52 6.31 0.11 0.87 0.50 0.64
HU 81.61 79.75 79.57 78.07  0.71 0.38 0.09 0.90
Yolk weight (g) 16.06 15.94 16.23 16.64  0.11 0.14 0.05 0.24
Yolk index 27.14 26.49 26.83 27.48 0.29 0.24 0.40 0.07
12 wk
Egg weight (g) 62.51 62.59 61.68 62.26 0.4 0.89 0.64 0.76
Eggshell strength (kg/cm?) 36.72 33.96 34.31 34.34 0.77 0.57 0.33 0.37
Eggshell thickness (pm) 31233 303.56™  311.22%"  299.00°  2.19 0.09 0.09 0.69
Eggshell weight (g) 6.05 5.88 5.86 5.76 0.05 0.19 0.04 0.65
Albumen height (mm) 5.09" 5.33" 5.94* 587 0.1 <0.01  <0.01 0.06
HU 68.44" 70.05*"  74.66 7419 0.88 0.03  <0.01 0.55
Yolk weight (g) 16.87 17.16 16.54 16.56 0.13 0.26 0.17 0.61
Yolk index 26.89 26.53 26.75 25.79 0.38 0.74 0.37 0.70

*PMeans not sharing a common superscript letter within the same row differ significantly (P < 0.05).
Abbreviations: C, control group; HU, Haugh unit; M100, M200, and M300, control diets supplemented with 100, 200, and
300 mg/kg of magnolol, respectively.
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Table 5. Effects of magnolol on egg quality of storage eggs.

P-value
Items C M100 M200 M300 SEM P Linear  Quadratic
Fresh egg weight (g) 61.30 61.71 60.49 62.98 0.47 0.29 0.36 0.27
Stored egg weight (g) 60.32 60.79 59.57 61.93 0.47 0.32 0.37 0.31
Weight loss ratio (%) 1.64 1.50 1.52 1.57 0.04 0.55 0.58 0.19
Albumen height (mm) 2.59" 3.14% 3.05" 2.83*>  0.07 0.04 0.34 <0.01
HU 36.90°  46.29°  44.93*"  39.8>¢ 110 <001  0.44 <0.01
Yolk weight (g) 16.80 16.53 16.84 17.20 0.11 0.18 0.08 0.42
Yolk index 28.03 27.26 28.22 27.85 0.21 0.43 0.83 0.66
MDA content of yolk (nmol/g)  100.27 104.27 98.00 101.47 2.87 0.91 0.92 0.97

#“Means not sharing a common superscript letter within the same row differ significantly (P < 0.05).
Abbreviations: C, control group; HU, Haugh unit; M100, M200, and M300, control diets supplemented with 100, 200, and
300 mg/kg of magnolol, respectively; MDA, malondialdehyde.

increased, especially at room temperature (Pires et al.,
2020). These results implied that magnolol may be effec-
tive in preserving the albumen quality of eggs. Several
studies have indicated that plant polyphenol can in-
crease the albumen height and HU, which were impli-
cated with the antioxidative effect of polyphenol (Feng
et al., 2017; Xie et al., 2019). Magnolol has been proved
to have good antioxidant properties (Dong et al., 2013).
In our study, the highest T-SOD activity of ovary in the
M100 group may be related with the increased albumen
height. Whether magnolia affects albumen quality by
deposition in eggs needs further study.

Although magnolol had no significant influence on the
broken egg rate, dietary addition of magnolol had some
negative effect on the eggshell quality after 58 wk. Para-
cellular and transcellular transport of calcium (Ca2+) in
the intestine and eggshell gland is critical for Ca2+ ho-
meostasis which plays an important role in eggshell for-
mation (Bar, 2009). Several studies have indicated that
magnolol could regulate Ca2+ homeostasis in multiple
cell types (Deng et al., 2015; Hsieh et al., 2018; Zhou
et al., 2019). However, there is little information about
the effects of magnolol on Ca2+ homeostasis in the intes-
tine and eggshell gland of laying hens. Whether

Table 6. Effects of magnolol on antioxidant capacity.

magnolol influenced the quality of egg shells by regu-
lating Ca2+ homeostasis needs further study.

The morphology of villus and crypt and the integrity
of intestinal mucosa are important indicators of intesti-
nal health and function. Increase of villus height could
increase nutrient digestibility (Rattanawut et al.,
2018). Magnolol could increase the crypt depth and vil-
lus height of diarrhea mouse induced by enterotoxigenic
E. coli (Deng et al., 2018). One report has shown that
magnolol could enhance the growth performance and
ileal villus height of Linwu ducks (Lin et al., 2017).
Consistently, magnolol increased the villus height of
the duodenum, jejunum, and ileum in our study. This
may be one of the main reasons why dietary supplemen-
tation of magnolol could reduce the feed conversion ra-
tios of hens. Tight junction proteins, such as occludin
and ZO-1, are essential components of the intestinal bar-
rier and play a critical role in the integrity of intestinal
mucosa (Tian et al., 2016). Magnolol was reported to
enhance the expression level of ZO-1 and occludin in
colonic mice induced by dextran sulfate sodium (Shen
et al., 2018). A recent study also indicated that magnolol
could increase ZO-1 and occludin level of brain microvas-
cular endothelial cells induced by oxygen and glucose

P-value

Items C M100 M200 M300 SEM P Linear  Quadratic
Serum

T-AOC (mM/mL) 0.10 0.10 0.09 0.11 0.01 0.48 0.83 0.21

T-SOD (U/mL) 352.34 305.01 392.30 392.60 1773 0.25 0.19 0.50

MDA (nmol/mL) 7.89 8.17 8.29 7.82 0.22  0.87 0.96 0.42

NO (pmol/mL) 31.80 30.13 24.21 38.96 237 0.20 0.46 0.09
Ileum

T-AOC (mM/mgprot) 0.13 0.12 0.12 0.13 0.01  0.95 0.77 0.66

T-SOD (U/mgprot) 420.27 435.16 353.39 384.34 17.38  0.39 0.22 0.82

MDA (nmol/mgprot) 0.44 0.50 0.47 0.45 0.02 0.77 0.97 0.36

NO (umol/mgprot) 0.66* 0.54™P 0.34" 054> 0.02 003 007 0.04
Ovary

T-AOC (mM/mgprot) 0.08 0.09 0.11 0.09 0.01  0.56 0.44 0.28

T-SOD (U/mgprot) 401.44"  508.5" 422.75"  396.25" 15.11  0.02 0.38 0.02

MDA (nmol/mgprot) 0.57 0.58 0.46 0.59 0.04 0.61 0.81 0.44

NO (pmol/mgprot) 0.68 0.83 0.72 0.85 0.04 0.24 0.21 0.89

*PMeans not sharing a common superscript letter within the same row differ significantly (P <0.05).
Abbreviations: C, control group; M100, M200, and M300, control diets supplemented with 100, 200, and 300 mg/kg
of magnolol, respectively; MDA, malondialdehyde; NO, nitric oxide; T-AOC, total antioxidant; T-SOD, total su-

peroxide dismutase.
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Table 7. Effects of magnolol on the morphology of intestine.

841

P-value

Items C M100 M200 M300 SEM P Linear Quadratic
Duodenum

Villus height (um) 1,235.89"  1,514.16* 1,311.70%"  1,436.25>  41.46 0.04 0.28 0.43

Crypt depth (um) 190.09 228.67 193.48 246.3 1254  0.33 0.25 0.78

Thickness of muscularis (um) 221.97 278.19 262.8 298.26 15.49 0.41 0.15 0.74

Villus/crypt 6.88 7.32 7.16 6.38 031  0.75 0.58 0.37
Jejunum

Villus height (pm) 802.59° 955.27>¢  1,108.94™  1,216.6 46.78  0.003  <0.001 0.75

Crypt depth (um) 122.22° 146.05™" 159.12" 164.93* 6.640  0.09 0.02 0.47

Thickness of muscularis (jum) 198.6" 177.15° 237.03*" 281.98* 14.32  0.04 0.01 0.20
Villus/crypt 6.69 6.91 7.42 7.71 025 047 0.12 0.94

Tleum

Villus height (pm) 537.89" 789.23" 754.23" 856.55" 37.61  0.006 0.002 0.22

Crypt depth (pm) 89.1 132.33 121.66 113.57 823  0.29 0.39 0.13

Thickness of muscularis (jm) 222.35 229.44 229.01 293.81 1947  0.52 0.69 0.77

Villus/crypt 6.34 7.11 6.95 8.04 032 031 0.09 0.80

#“Means not sharing a common superscript letter within the same row differ significantly (P < 0.05).
Abbreviations: C, control group; M100, M200, and M300, control diets supplemented with 100, 200, and 300 mg/kg of magnolol,

respectively.

deprivation (Liu et al., 2017). In our present study, mag-
nolol increased the mRNA expression level of occludin
but had no effect on the expression of ZO-1. NO demon-
strates diverse biological activities, which are involved in
inflammation and oxidative stress (Yu et al., 2015).
Inducible NO synthase is one of the main synthases for
NO production in intestines. Activation of iNOS and
the overproduction of NO are associated to intestinal
barrier dysfunction (Mu et al., 2019). A prior study

has indicated that magnolol could improve gastrointes-
tinal function by reducing the production of NO
(Wang et al., 2019). And magnolol could inhibit sepsis-
induced NO production and iNOS expression (Miao
et al., 2013). In the present study, 200 mg/kg supple-
mentation of magnolol decreased the expression of
iNOS and the production of NO. All these results indi-
cate that magnolol has an effect on improving the intes-
tinal mucosal mechanical barrier function.
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Figure 2. Effects of magnolol on intestine health. (A) Chemical structure of magnolol. (B) Effects of magnolol on the morphology of ileum (X 100).
(C) Effects of magnolol on gene expression of ileum. Column charts not sharing a common lowercase letter differ significantly (P < 0.05). Abbrevi-
ations: C, control group; iNOS, inducible nitric oxide synthase; M100, M200, and M300, control diets supplemented with 100, 200, and 300 mg/kg

of magnolol, respectively; ZO-1, zonula occludens-1.
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In conclusion, the results of our research indicated
that dietary supplementation of 200 and 300 mg/kg
magnolol could increase production performance,
albumen quality of fresh and storage eggs, and hepatic
lipid metabolism, and improve intestinal histomorphol-
ogy and intestinal mucosal barrier function in the late
laying cycle. Synthetically, 200 mg/kg may be a suitable
concentration for addition of magnolol in hens’ diet.
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