Dietary supplementation Eucommia ulmoides extract at high content served as
a feed additive in the hens industry
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ABSTRACT Since numerous natural components in
Eucommia ulmoides belong to phytoestrogen, its effect
on hens production deserve more attention. To investi-
gate the potential of E. ulmoides extract used as a feed
additive, laying performance, egg quality, yolk choles-
terol, yolk fatty acids, yolk fatty, yolk volatile compo-
nents, albumen amino acids, plasma biochemical
parameters, intestinal histology, and gut microbiota of
hens (n = 120) were determined between basal diet (A)
and dietary supplementation low (B), middle (C), and
high (D) level E. ulmoides extract for 11 wk. When com-
pared to A group, 2 percentage points elevation in laying
rate was observed of D group. Significant up-regulation
of immunoglobulin indexes and down-regulation of lipid
related indexes in D group were also found if comparison
with A group, suggesting that supplementation F.
ulmoides extract at a relative high content benefited in
immunity enhancing and blood-fat depressing. Mean-
while, obvious variation in albumen amino acids and
yolk volatile compounds were inspected as dietary

supplementation FE. ulmoides extract, especially in D
group, implied that the flavor of egg would change under
high-level E. ulmoides extract treatment. Besides, villus
height and villus height to crypt depth ratio of duode-
num, jejunum, and ileum in D group were also signifi-
cantly higher than that of in A group, indicating high-
level E. ulmoides extract contributed to nutrient adsorp-
tion via intestinal histology changing. Moreover, the
richness, diversity, and composition of gut microbiota in
D group also significantly altered with a comparison of
A group. These variation caused gut microbiota in D
group major enriched in the KEGG pathway of insulin
signing pathway, systemic lupus erythematosus, and
bacterial invasion of epithelial cells, which were condu-
cive to egg production elevation via facilitating nutrient
adsorption, inflammation relieving, blood lipid ameliora-
tion, and insulin resistance alleviation. These results
indicated that dietary supplementation FE. ulmoides
extract at high content could serve as a feed additive in
the hens industry.
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INTRODUCTION

Antibiotics have been widely used in the poultry
industry since the 1940s. Based on its advantages of
growth-promoting and disease resistance, antibiotics are
applied in numerous countries, such as India, Sweden,
Finland, and Germany (Castanon, 2007; Moudgil et al.,
2018). Despite the merits of antibiotics, numerous
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problems emerge as the times require. For example, resi-
dues of antibiotics in livestock and poultry products
have gained much concern in the past several years
(Kirchhelle, 2018). Antibiotics have serious negative
effects on body health, such as allergic reactions, chronic
toxicity, gene mutation, superbug generating, cancer-
causing, and disruption of digestive system function
(Chen et al., 2019; Marshall and Levy, 2011; Bacanle
and Bagaran, 2019;). Therefore, residues of antibiotics
in poultry products are harmful to human health. Con-
sidering the adverse effects of antibiotics, European
Union (EU) has banned antibiotics used in animal
industries since 2006 (European Commission, 2005).
China also takes a lot of measures to reduce the applica-
tion of antibiotics during the period of the 13th 5-yr
plan and has prohibited commercially available
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antibiotics production and market circulations since
July 1, 2020. Consequently, it is urgently needed to find
alternatives to antibiotics with the property of efficiency
and safety to poultry production.

Recently, herbal plants have been applied in the poul-
try and livestock industry as alternatives to antibiotics,
which are major served as feed additives (Gadde et al.,
2017). Herbal plants are usually regarded as traditional
chinese medicine and have a long application history,
which exhibits various pharmacological activities, such
as antiviral, anti-inflammatory, and antioxidant
(Xu et al., 2017; Yang et al., 2017; Aziz and Kar-
boune, 2018; Abdallah et al., 2019; Zhu et al., 2019). In
the poultry industry, plenty of researches have demon-
strated that herbal plants can improve body health and
production performance, such as dietary addition of
Lycium barbarum and Glycyrrhiza glabra L. can
improve growth performance, immunity, and livability
of broilers (Long et al., 2020; Kalantar et al., 2017).
Moreover, natural products from herbal plants are also
applied in the poultry industry. For example, dietary
supplementation total flavonoids from Rhizoma Drynar-
iae and icariin from Epimedium can increase egg weight
and improve bone tissue microstructure of hens
(Huang et al., 2020a,b). Moreover, in the livestock
industry, dietary supplementation Astragalus membra-
naceus can regulate body antioxidant and immunity of
sheep by increasing the concentration of serum interleu-
kin and immunoglobulin (Wang et al., 2021). Therefore,
herbal plants have a huge application prospect in func-
tion as feed additives.

FEucommia ulmoides Oliv. is the unique medicinal
plant of China and a total of 138 kinds of natural active
compounds are separated, purified, and identified from
the bark and leaves (Wang et al., 2020a), such as chloro-
genic acid, geniposidic acid, and aucubin. Chlorogenic
acid is the most important characteristic component of
E. ulmoides. It is reported that chlorogenic acid can pro-
tect mice against Cd-induced hepatorenal injury via reg-
ulating intestinal flora balance (Ding et al., 2021).
Except chlorogenic acid, geniposidic acid and aucubin
are the other characteristic components with high con-
tents in E. ulmoides (Wang et al., 2016; Yang et al.,
2018). Based on the rich foundation of natural products,
FE. ulmoides possess multiple pharmacological activities,
such as anti-inflammatory and antihyperlipidemia
(Wang et al., 2019; Gu et al., 2020). Moreover, research
shows that the serum levels of IgA, IgG, IgM, LDL-C,
and HDL-C improvements under the function of F.
ulmoides treatment, which leads to immunity enhance-
ment and blood lipid reduction in broilers
(Abaidullah et al., 2021). Besides, supplementation F.
ulmoides leaf powder have been reported to increase the
protein and amino acid contents of muscle tissue, so that
improve the meat quality of broilers (Wang et al., 2018).
However, although literatures have uncovered the
effects of E. ulmoides on broilers, there is no systematic
study about their effects on laying hens production. Fur-
thermore, since numerous components belong to phyto-
estrogen, FE. ulmoides is a rich source of estrogen

receptor modulators (Ong and Tan, 2007; Wang et al.,
2011) and potential has benefits in increase egg produc-
tion of laying hens as its function of estrogen modula-
tion. Therefore, the effect of E. ulmoides on production
performance and body health of hens need to investi-
gate, so that we can assess the possible of F. ulmoides
extract serving as a feed additive in the hens industry.

In this study, the effects of F. ulmoides extract on lay-
ing hens were investigated. The laying performance, egg
quality, plasma biochemical level, intestinal histology,
and gut microbiota were analyzed under low, middle,
and high-level E. wulmoides extract treatment. We
hypothesis that dietary supplementation FE. ulmoides
extract can increase egg production and improve body
health of hens based on its role of estrogen receptor mod-
ulators. Our study will provide a theoretical foundation
for the application of E. ulmoides extract served as a
feed additive in the hens industry.

MATERIALS AND METHODS

The experimental protocol of this study was approved
by the Animal Care and Use Committee of Guangdong
Academy of Sciences.

Standards and Reagents

Chlorogenic acid (CAS: 327-97-9), geniposidic acid
(CAS: 27741-01-1), aucubin (CAS: 479-98-1), geniposide
(CAS: 24512-63-8), pinoresinol diglucoside (CAS:
63902-38-5), and rutin (CAS: 153-18-4) standards were
purchased from Yuanye Technology Co., Ltd (Shanghai,
China) and had a purity >99%. Methanol and phospho-
ric acid were purchased from Merck (Darmstadt, Ger-
many). Ultrapure water was prepared by a Milli-Q filter
system (Millipore, Bedford, MA). Hexane, petroleum
ether, and chloroform were purchased from Guangzhou
Chemical Reagent Factory (Guangzhou, China).

Preparation of E. ulmoides Extract

The dry leaves of E. ulmoides were purchased from
Hengxin Co., Ltd (Zhangjiajie, China), and extracted
twice with 50% edible ethanol (liquid:solid, 1:10) under
the condition of 80°C for 1 h. The extracted liquid was
concentrated to 20 Brix under vacuum. Then, the
obtained concentrated liquid was dried by spray drying.
The inlet air temperature for spray drying was 150 to
170°C and the outlet air temperature was 90 to 95°C.

Chemical Composition of E. ulmoides Extract

Separation and quantification of chemical composi-
tion (chlorogenic acid, geniposidic acid, aucubin, genipo-
side, pinoresinol diglucoside, and rutin) were performed
on an LC-20A HPLC system (Shimazu, Kyoto, Japan)
combined with a diode array detector (DAD). Samples
were separated by using Thermo BDS HYPERSIL C-18
(250 x 4.6 mm, 5 um) analytical column. The mobile
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phase solutions were solvent A (0.2 % phosphoric acid in
water) and solvent B (MeOH) with linear gradient elu-
tion program (5% B at 0 to 17 min; 5 to 14% B at 17 to
45 min; 14 to 35% B at 45 to 55 min; 35% to 45% B at 55
to 70 min). Aucubin and rutin were detected at 208 nm
and 254 nm, respectively. Geniposidic acid, chlorogenic
acid, geniposide, and pinoresinol diglucoside were moni-
tored at 238 nm. The column temperature was kept at
30°C, the flow rate was 1 mL/min and the injection vol-
ume of the sample was 10 wL.

Animal Experiment and Treatment

Fifty-six wk old spotted-brown laying hens (n = 120)
were randomly assigned to 4 groups: A group was the
basal diet; B, C, and D groups were the basal diet sup-
plementation 100, 200, and 500 mg/kg E. ulmoides
extract, respectively. The basal diet was purchased from
Zhengda Kangdi (Shenzhen, China) Co., Ltd. The com-
position and nutrient levels of basal diet are shown in
Table S1. Laying hens were allowed free access to water
and were fed under the constant condition of 16 h light
and 8 h dark in Baishi poultry farm (Zhongshan, China).
The room temperature was kept at 24 + 1°C. The weight
and number of eggs as well as feed consumption were
recorded daily in the whole experimental period. The
experimental period was 11 wk.

Sample Collection

Blood samples were obtained aseptically from the wing
vein of 10 hens in each group after 11 wk of feeding and the
plasma samples were centrifuged at 3,800 rpm for 10 min.
Samples were stored at —80°C before use. The organs
(liver, spleen) were collected and weighted individually.
Duodenum, jejunum, and ileum were severally collected
and stored at 4% paraformaldehyde until further use. The
contents of the cecum were aseptically collected and pre-
served at —80°C for 16s rRNA gene sequencing analysis.

Laying Performance and Egg Quality

Laying rate, feed conversion rate (FCR), average egg
weight, and daily feed consumption were evaluated at
the end of the experimental period. Thirty eggs from
each group were used to determine the egg quality. Egg-
shape index and eggshell thickness were determined by
an electronic digital caliper (DL91150, Deli, Ningbo,
China). Moisture contents of yolk and albumen were
determined in an oven. The shell strength index was
measured using an eggshell strength tester (ST120H,
Shengtai Ltd, Jinan, China). Yolk color and Haugh
units were automatically measured using an egg ana-
lyzer (EA-01, ORKA, Ramat Hasharon, Israel). More-
over, 10 eggs were randomly selected from each group to
determine the percentage of yolk. Laying rate
(%) = total number of eggs/ number of hens x 100%;
Average egg weight (g) = average daily total egg
weight /average daily total egg number; Average daily

feed consumption (g/d) = total amount of feed con-
sumed per day/hens number; FCR = total feed con-
sumption/total egg weight.

Determination of Yolk Cholesterol, Yolk Fatty
Acids, Yolk Fatty, and Albumen Amino Acids

Ten cooked egg yolks of each group were used to
detect yolk cholesterol, yolk fatty acids, yolk fatty, and
whole egg amino acids. Egg yolk was prepared according
to the method described by Albuquerque et al. (2016).
Chromatographic analysis was performed using an
HPLC system (LC-20D, Shimadzu, Kyoto,Japan). A
Thermo Accucore XL C18 column (2.0 x 100 mm, 4
um) was carried out for separation. The mobile phase
consisted of A (MeOH) and the total run time of analysis
was 10 min at a flow rate of 1.2 mL/min. The column
temperature was kept at 30°C. The injected volume was
10 pLi and the cholesterol content was determined at
210 nm.Yolk fatty acids and whole egg amino acids were
carried out following GB 5009.168 and GB 5009.74,
respectively.

Plasma Biochemical Parameters

Immunoglobulin A (Ig A), immunoglobulin M (Ig
M), immunoglobulin G (Ig G), interleukin-1 (IL-1),
interleukin-5 (IL-5), and tumor necrosis factor-o
(TNF-«) were measured by using commercial Elisa kits
(Beyotime Biotechnology Ltd, Shanghai, China). Total
cholesterol (TC), triglycerides (TG), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (ALB),
alkaline phosphatase (ALB), blood urea nitrogen
(BUN), uric acid (UA), plasma calcium (Ca), and
plasma phosphorus (P) were measured by commercial
kits (Rayto Biotechnology Ltd, Shenzhen, China).

Safety Inspection of Egg Contents

The detection of Salmonella, aerobic plate count, molds,
and coliforms in egg contents were carried out following
GB 4789.4-2016, GB 4789.2-2016, GB 4789.15-2016, and
GB 4789.3-2016, respectively. Aflatoxin Bl and heavy
mental in egg contents were detected severally according
to GB 5009.22-2016 and GB 5009.74-2014, respectively.

Headspace-Gas Chromatography-lon
Mobility Spectrometry (HS-GC-IMS) Analysis

The yolk samples were performed on a gas chromatog-
raphy-ion mobility spectrometry (GC-IMS) (Flavour-
Spec, Gesellschaft fiir Analytische Sensorsysteme mbH,
Dortmund, Germany) based on an Agilent 490 micro
gas chromatograph (GC), equipped an autosampler and
headspace sampling unit. The GC equipped with an
MXT-5 (15 m x 0.53 mm) column was used for separa-
tion at 60°C. Yolk (2 g) was transferred into a 20 mL
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glass vial sealed with a silicon septum and magnetic
metal crimp. The headspace vial was incubated at 90°C
for 15 min. A total of 1000 uL solution was then auto-
matically injected via heated syring at 95°C. The carrier
gas followed a programmed flow: 2 mL/min for 0 to
2 min, flow ramp up to 100 mL/min in 18 min. The drift
tube was kept at 45°C with a drift gas of 150 mL/min.
The analytes were ionized in the IMS ionization chamber
in positive mode. Each spectrum was 32 scans. SIMCA
14.1 software (Umetrics, Umea, Sweden) was used to
analyze the data. All data were processed with UV
scaled before building the principal component analysis
(PCA) and orthogonal partial least-squares discrimina-
tion analysis (OPLS-DA) model. PCA and OPLS-DA
were used to analyze the differences in volatile compo-
nents among the 4 tested groups.

Intestinal Histology Analysis

Duodenum, jejunum, and ileum were dehydrated with
graded alcohol and xylene, and then embedded in paraf-
fin. The paraffin block was cut into 4-um sections and
stained with hematoxylin and eosin. Villus height and
crypt depth were determined using an automatic image
analyzer (Olympus DP73 camera,Tokyo, Japan). A
minimum of 6 well-oriented villus and 10 crypts were
measured from different sections of each hen.

16S rRNA Gene Amplicon Sequencing and
Analysis

DNA of cecum digesta was extracted by using DNA
isolation kits (Qiagen NV, Hilden, Germany). Nearly
specific regions were amplified from the DNA samples
using the 341F/805R primers (341F primer: 5'-
CCTACGGGNG
GCWGCAG-3'; 805R primer: 5-GACTACHVGGG-
TATCTAATCC-3"). PCR conditions were conducted as
the following thermocycling program: denaturation at
98°C for 30 s, 35 cycles of 98°C for 10 s, 54°C for 30 s,
and 72°C for 45 s, and a final elongation at 72°C for
10 min. After amplicons were purified and quantified,
the V3-V4 region of 16S rRNA was sequenced on an Illu-
mina HiSeq 2500 platform (Illumina, San Diego, CA).
The raw FASTQ files were merged using FLASH
(v1.2.7) and then demultiplexed and quality-filtered
with Trimmomatic (v0.33). The chimeric sequences
were removed using UCHIME (v4.2). Sequencing data

analysis was conducted with QIIME 1.91 software.
Sequences with >97% similarity were clustered into
operational taxonomic units (OTUs) by open reference
arithmetic. The reference OTU sequences were against
the Greengenes database. The a-diversity analysis was
determined by Chao 1, Shannon, Observed Species, and
Simpson indexes. The unweighted UniFrac distances
were used to evaluate the diversity between groups. Lin-
ear discriminant analysis effect size (LEFSe) was used
to identify significantly different species and generated
the graphs. The differentially abundant feature was
evaluated by false discovery rates (FDR) <0.05 and lin-
ear discriminant analysis (LDA) score >2. Bacterial
phenotype prediction was determined using BugBase
(https://bugbase.cs.umn.edu/). Phylogenetic Investiga-
tion of Communities by Reconstruction of Unobserved
States (PICRUSt) was used to identify microbial func-
tions. Comparing the PICRUSt results with the Kyoto
Encyclopedia of Genes and Genomes (KEGG) data-
base, the KEGG pathway was enriched.

Statistical Analyses

All data analyses were performed on GraphPad 8.0
(San Diego, CA). All data were analyzed using one-way
ANOVA. Tukey test was used to correct multiple com-
parisons. All results were expressed as the mean + SD,
with P < 0.05 considered statistically significance.
GraphPad 8.0 software was used to draw pictures.

RESULTS

Contents of Major Components in
E. ulmoides Extract

The contents of chlorogenic acid, geniposidic acid,
aucubin, and rutin in E. ulmoides extract were 60.74,
63.14, 46.85, and12.15 mg/g, respectively. The extract
was used to further research without otherwise specified.
The chromatographic peaks of major components
(chlorogenic acid, geniposidic acid, aucubin, geniposide,
pinoresinol diglucoside, and rutin) standards and F.
ulmoides extract are shown in Figure S1.

Laying Performance and Organ Coefficient

No mortality of hens was observed during the
whole experiment. The laying rate in C and D groups were
85.31% and 85.56%, respectively, which were 2 percentage
points higher than in A group (83.03%), indicating that E.

Table 1. Effects of E. ulmoides extract on laying performance and organ coefficient of hens.

Category Item B C D

Laying performance Laying rate (%) 83.03 83.07 85.31 85.56
Average egg weight (g) 60.44 £1.22 a 60.37+1.34a 60.75 £ 1.30 a 60.03 £ 1.42a
Average daily feed consumption (g) 101.62 +5.99 a 96.95 £ 6.66 a 103.43 £6.90 a 103.64 +£4.92 a
Feed conversion rate (FCR) 2.03 2.04 2.00 2.02
Initial body weight (kg) 1.76 £0.14 a 1.74+0.15a 1.79+0.14 a 1.75£0.15a
Final body weight (kg) 1.88+0.12a 1.83+0.19a 1.86 £ 0.17 a 1.85+0.16 a

Organ coefficient Liver (%)

Spleen (%)

0.017 £0.001 a
0.0009 £ 0.0002 a

0.019 £ 0.004 a
0.0010 £ 0.0003 a

0.019 £0.023 a
0.0010 £ 0.0003 a

0.019 £ 0.002 a
0.0011 £ 0.0003 a

Different small letters indicated significant differences at P < 0.05 level of Tukey test under different treatments.
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ulmoides extract at a relatively high content could
enhance the laying performance of hens (Table 1, Figure
S2). However, the average egg weight, average daily feed
consumption, FCR, and body weight revealed no signifi-
cant difference among the 4 tested groups (P > 0.05).
Moreover, the body weight-related organ coefficient (liver
and spleen) exhibited no significant difference among the
4 tested groups either (P > 0.05, Table 1), suggesting that
dietary supplementation FE. ulmoides extract did not
affect the weights of liver and spleen.

Egg Quality

The egg quality related indexes were determined and
shown in Table S2. The yolk color, egg-shape index, shell
strength, shell thickness, egg albumen height, Haugh
unit, percentage of yolk, whole egg protein, and moisture
content (yolk and albumen) displayed no significant sig-
nificant difference among the 4 tested groups (P> 0.05),
indicating that feeding with F. ulmoides extract could
ensure egg quality remain as normal, no matter under
low or high-level treatment.

Albumen Amino Acid and Yolk Fatty Acids

Seven essential amino acids (EAA) were detected in
albumen (Table 2). The proportion of EAA in A group
(41.45%) was slightly higher than in other groups
(<39.87%). Meanwhile, Asp and Glu were the 2 dominant
amino acids in albumen and their average contents
reached to 1.24 and 1.74 g/100 g, respectively. The pro-
portion of delicious amino acid (DAA) in every group
was greater than 45%, indicating that the eggs were of
high quality. Moreover, proportion of DAA was slightly
elevated among the FE. ulmoides extract added groups.
Besides, the composition of bitter amino acid (BAA) sig-
nificantly altered (Arg increase and His decrease, P <
0.05) as supplementation E. ulmoides extract. All of the
fatty acids in yolk revealed no significant difference among
the 4 tested groups (Table S3), indicating E. ulmoides
extract could not induce egg fatty acids variation.

Yolk Volatile Components

The HS-GC-IMS results showed that the composition
and contents of yolk volatile components significantly
changed under dietary supplementation E. ulmoides
extract, regardless supplementation at low or high con-
tent (Figure 1A). The PCA and OPLS-DA analysis indi-
cated the yolk volatile components of each group
separated clearly (Figure 1B,C), certifying that FE.
ulmoides extract could change the flavor of eggs as dos-
age alteration. Fifty-six certain volatile compounds
(with isomer) were determined in yolk, which were
related to volatile components variation (Table S4).

Safety Inspection of Egg

Microorganisms, aflatoxins, and heavy metals of eggs
among the 4 tested groups were determined (Table S5).
The Salmonella in egg contents was not detected. Mean-
while, aerobic plate count, moulds, and coliforms in all
tested groups were lower than 100, 3, and 10 CFU/mL,
respectively. Aflatoxin Bl and heavy metals (Pb, Cd)
levels in egg contents of the 4 tested groups were also
lower than 0.2 and 0.05 mg/kg. These results certified
that E. ulmoides extract did not bring pathogenic bacte-
ria, aflatoxins, and heavy metals to eggs, which met the
safety production standard of the hens industry.

Routine Plasma Biochemical Parameters

The routine plasma biochemical parameters are listed
in Table 3. The contents of ALT, ALB, and BUN
revealed no significant differences among the 4 tested
groups (P > 0.05). However, the AST content signifi-
cantly increased from 217.81 U/L (A group) to above
255.00 U/L as dietary supplementation FE. ulmoides
extract (P < 0.05), no matter under low or high-level
treatment. Meanwhile, the ALP in A group (313.53 U/
L) were significantly higher than in B (289.79 U/L), C
(280.38 U/L), and D (232.42 U/L) groups (P < 0.05).

Table 2. The contents of amino acids under E. ulmoides extract treatment.

Ttem Amino acid (g/100 g) B C D
Delicious amino acid (DAA) Asp 1.24£0.01a 1.20£0.01a 1.24 £0.06 a 1.26 £0.04 a
Glu 1.75+0.01a 1.69+0.02a 1.74£0.08 a 1.78 £ 0.06 a
Tyr 046 £0.01a 0.45+£0.01 a 0.46 £0.02 a 0.46 £0.02 a
Gly 0.41+0.01a 0.40+£0.01a 0.42£0.02 a 0.42+0.01a
Phe 0.64+0.01a 0.61+0.02a 0.63+0.04a 0.65+0.02a
Ala 0.71+0.01a 0.68+0.01a 0.70+0.04 a 0.71+0.02a
Sweet amino acid (SAA) Lys 0.90£0.01 a 0.88£0.01a 0.89 £0.04 a 0.91+£0.03a
Pro 0.45+0.01a 0.45+0.01 a 0.46 +0.02 a 0.47+0.022
Ser 0.98 £0.01 a 094 +£0.01a 0.97£0.04a 0.98+£0.03 a
Thr 0.59£0.01a 0.57+0.01 a 0.59+0.02a 0.60+0.02 a
Bitter amino acid (BAA) Val 0.71+£0.03 a 0.70 £ 0.03 a 0.71+£0.03 a 0.73+0.03a
Leu 0.52+£0.03 a 0.52£0.02 a 0.52£0.02 a 0.53 £0.03 a
Met 0.36 £0.01a 0.35+0.01a 0.36 £0.02 2 0.36 £0.01 a
Arg 0.64£0.01b 0.76 £ 0.02 a 0.77+0.04 a 0.77+0.04 a
His 046 £0.01a 0.22£0.01b 0.22£0.01b 0.23£0.02b
Ile 0.52+£0.03a 0.524+0.02 a 0.52+0.02a 0.53+0.03 a
EAA/TAA (%) 41.45 39.67 39.64 39.87
DAA/TAA (%) 45.94 46.19 46.34 46.35

Abbreviations: BAA, bitter amino acids; DAA, delicious amino acids; EAA, essential amino acids; SAA, sweet amino acids; TAA, total amino acids.
Different small letters indicated significant differences at P < 0.05 level of Tukey test under different treatments.
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Figure 1. (A) The HS-GC-IMS results of yolk volatile components. (B) and (C) The PCA and OPLS-DA analysis of yolk volatile components of

the 4 tested groups, respectively.

Besides, the UA contents in A group (222.91 umol/L)
was also significantly lower than in B (190.61 umol/L),
C (189.09 umol/L), and D (193.58 umol/L) groups.
These results suggested that E. ulmoides extract had
influences on liver function and purine metabolism. The
plasma Ca and P contents as well as the inflammatory
factor (IL-1, IL-6, TNF-«) contents also showed no sig-
nificant difference among the 4 tested groups (P < 0.05),
indicating that E. ulmoides extract could keep hens
healthy without leading to inflammation regardless
under low or high-level treatment.

Lipid-Related Indexes in Yolk and Plasma

The lipid-related indexes in yolk and plasma are shown
Figure 2. The yolk cholesterol content in D group was
1290 mg/g and was significantly lower than in A

(13.78 mg/g) and C (13.96 mg/g) groups (P < 0.05).
Meanwhile, the plasma TG and TC contents in C and D
groups were also significantly lower than in A and B groups
(P < 0.05). Moreover, when compared with A group (1.61
mmol /L), plasma LDL-C content in D group decreased to
1.19 mmol /L, with significant difference (P < 0.05). Excep-
tion the down-regulation indexes, the plasma HDL-C con-
tent in B, C, and D groups increased to 0.38, 0.45, and
0.40 mmol/L, which were 3.2, 3.8, and 3.3 times higher
than in A group (0.12 mmol/L, P < 0.05).

Plasma Immunoglobulin Indexes

Plasma immunoglobulin indexes are shown in Figure 3.
The plasma IgA in A group were 7,498.87 pug/mL, which
was significantly lower than in C (9,921.27 pug/mL) and
D (9,584.16 pg/mL) groups (P < 0.05). Similar situation

Table 3. Effects of E. ulmoides extract on plasma biochemical parameters.

Category Item A B C D

Liver function ALT (U/L) 10.33 £0.53 a 9.89+1.17a 9.09£0.79 a 9.33+£1.08a
AST (U/L) 217.81 £4.38b 263.02£5.00a 259.08 £5.21 a 255.43 £5.99 a
ALB (g/L) 3119+ 142a 30.92£0.73 a 31.57+£1.12a 3127+ 1.27a
ALP (U/L) 313.53£9.15a 289.79 £8.81b 280.38 £7.23 b 232.42+6.94c

Nitrogen metabolism BUN (mmol/L) 0.41£0.02a 0.40£0.01a 0.39 £0.02a 0.38 £0.02a
UA (umol/L) 222.91 £10.93 a 190.61 £9.62 b 189.09 £ 7.51 b 193.58 £5.90 b

Shell strength-related element Ca (mmol/L) 3.09 £ 0.06 a 2.98+0.08 a 3.07£0.07a 3.00 £ 0.06 a
P (mmol/L) 4.85£0.55 a 4.43 £0.60 a 4.65 £ 0.61 a 4.41+£0.46 a

Inflammatory factory TNF-« (ng/L) 49.08 +1.80 a 49.08 + 3.67 a 48.62 £ 3.29 a 50.37 £ 3.28 a
IL-1 (ng/L) 228.50 £6.70 a 234.84 £9.93 a 231.99 £12.58 a 23242 £ 1251 a

IL-6 (ng/L)

30.38 £0.54 a

30.04 £1.59a 30.52£1.79a 31.59£229a

Different small letters indicated significant differences at P < 0.05 level of Tukey test under different treatments.
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Figure 2. Effects of E. ulmoides extract on lipid related indexes in yolk and plasma. Different small letters indicated significant differences at

P < 0.05 level of Tukey test under different treatments.

was observed for plasma IgG and IFN-y, where the
plasma IgG and IFN-y in C and D groups were also sig-
nificantly higher than in A group (P < 0.05). Meanwhile,
plasma Ig G in D group (77.48 ng/mL) was significantly
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Figure 3. Effects of E. ulmoides extract on plasma immunoglobu-
lin indexes. Different small letters indicated significant differences at P
< 0.05 level of Tukey test under different treatments.

higher than in B group (61.20 pug/mL, P < 0.05). How-
ever, no significant difference of plasma IgM was
detected among the 4 tested groups (P > 0.05).

Intestinal Histology

The villus height of duodenum, jejunum, and ileum in
A group were 1,235, 1,141, and 890 um, respectively,
and were significantly lower than in D (1,435, 1,358, and
1,050 pum) group (P < 0.05, Figure 4A—D). Down-regu-
lation in crypt depth of duodenum, jejunum, and ileum
were observed under different F. ulmoides extract treat-
ments. Meanwhile, the crypt depth of jejunum and ileum
in A group were significantly higher than in D group
(P < 0.05, Figure 4E). Based on the alteration of villus
height and crypt depth, the villus height to crypt depth
ratio of duodenum, jejunum, and ileum changed too.
The ratios in A and B groups were significantly lower
than in D group (P < 0.05). Moreover, the ratios of duo-
denum and jejunum in C group were also significantly
higher than in A group (P < 0.05). These results implied
that dietary supplementation FE. ulmoides extract was
beneficial to intestinal morphology improvement, espe-
cially supplementation at a relative high content.

Gut Microbiota

Alpha-diversity indexes of Shannon, Observed
Species, Chao 1, and Simpson exhibited no significant
differences among the 4 tested groups (P < 0.05,
Figure 5A—D), whereas the result of B-diversity by
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Figure 4. Effect of E. ulmoides extract on intestinal morphology. (A—D) Representative photomicrographs (5x) of villus in the duodenum, jeju-
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principal coordinate analysis (PCoA) showed the gut
microbiota communities in D group distinguished from
the A, B, and C groups clearly (Figure 5E). Moreover,
the composition of gut microbiota among the 4 tested
groups were observably changed both at phylum and
genus levels (Figure 5F,G). The above-mentioned results
revealed that the gut microbiota communities in the
cecum could alter under the treatment of E. ulmoides
extract, especially under high-level treatment.

Discriminative LEFSe Analysis and Bacterial
Phenotype Prediction

The LDA score (log 10 > 2) indicated 86 certain genus
revealed significant difference among the 4 tested
groups, with 14, 15, 14, and 43 in A to D group
(Figure GA), certifying that supplementation of F.
ulmoides extract at a relative high content contributed
to gut microbiota communities alteration. When com-
pared with A group, up-regulation and down-regulation
of gram positive and gram negative were found in B and
D groups, without significance (P > 0.05, Figure 6B,C),
indicating that gut microbiota communities would be
affected by FE. ulmoides extract. Meanwhile, down-regu-
lation of potentially pathogenic was observed as supple-
mentation F. ulmoides extract and significant difference
between A and B groups were determined (P < 0.05),
suggesting that E. ulmoides extract could reduce patho-
gen invasion.

KEGG Pathway Based on PICRUSt Gene
Prediction Information

Twenty-two significant enriched KEGG pathways
among the 4 tested groups were predicted by PICRUSt
analysis (P < 0.05, Figure 7), and these pathways in D
group revealed apparently difference with them in A
group. These enrichment pathways might involvement
with lipid metabolism and immunity variation, such as
insulin signaling pathway, systemic lupus erythemato-
sus, and bacterial invasion of epithelial cells pathways.

DISCUSSION

Laying Performance Enhancing by Dietary
Supplementation E. ulmoides Extract

Numerous studies had reported that egg production
(laying rate) increased in hens under dietary supplemen-
tation medical plant extract, such as Tribulus terrestris
extract (increase 8.8%, Abad et al., 2020), ginger extract
(increase 2.2%, An et al., 2019), allium extract (increase
6.3%, Akbari and Torki, 2016), and mulberry leaf
extract (increase 0.9%, Lin et al., 2017). However, the
effects of E. ulmoides extract on laying hens production
were still limited. In this study, 2 percentage points ele-
vation in laying rate was observed by adding 0.2% and
0.5% E. ulmoides extract, indicating that supplementa-
tion F. ulmoides extract at a relative high content could

enhance laying performance of hens. Comparison with
the above-mentioned plants, although the nutritional
compounds and clinical applications of E. ulmoides are
not exactly the same with the them, these results might
a corroborative evidence of that F. ulmoides extract can
heighten laying performance of hens based on some simi-
lar active ingredients, such as flavonoids and polyphe-
nols. Differ from the laying performance elevation, the
body weight of hens did not increase with a comparison
of control group, which was consistent with our previous
reports that the body weight of broilers did not alter
under different F. ulmoides leaf powder treatments
(Wang et al., 2018), indicating the growth performance
of hens were not well associated with E. ulmoides treat-
ment. Therefore, the effects of E. ulmoides extract on
increase egg production might ascribe to numerous natu-
ral components in F. ulmoides belong to phytoestrogen,
for example, aucubin and wogonin (Wang et al., 2011),
which potential function as estrogen receptor modula-
tors in hens and contribute to egg production.

Since E. ulmoides is rich in polysaccharides and pos-
sess a variety of nutrients, the extracts is suitable for
microbial reproduction and is easily be contaminated
when store. As the long-term experiment period, the
extract potential encounter microbial pollution. Simul-
taneously, presence of food microorganisms, aflatoxins
B4, and heavy metals will cause the growth rate, egg pro-
duction, and egg quality decrease (Jones et al., 1995;
Fouad et al., 2019; Ma et al., 2020). Consideration of the
these points, although the extract used in this experi-
ment met the safety standards, we also detected these
indexes of egg contents and none of them were detected
in eggs, indicating that dietary supplementation
E. ulmoides extract did not affect laying performance
through bringing pathogenic bacteria, aflatoxins, and
heavy metals to eggs. Our findings confirmed that sup-
plementation E. ulmoides extract at a relative high con-
tent could enhance laying performance, which was green
and safety for the hens industry.

Flavor of Egg Changed by Dietary
Supplementation E. ulmoides Extract

Research evidences have demonstrated that dietary
inclusion of plant extract cause changes in amino acid
metabolism and fatty acid composition in mature laying
hens, so that the flavor of egg will alter (Kaya et al.,
2013). In this study, the composition of amino acid and
fatty acid were determined. The proportion of EAA
descending and DA A rising were observed, and composi-
tion of BAA changed too (His increase and Arg
decrease) as dietary supplementation FE. wulmoides
extract, no matter under low or high-level treatment.
These results indicated the composition of amino acid
would alter to copy with feeding materials variation,
which were consistent with our previous findings that
supplementation E. ulmoides leaf powder changed the
meat amino acid contents of broilers (Wang et al.,
2018). However, although changes in yolk amino acid
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different treatments.

were observed, we did not find any variation in fatty
acid among the 4 tested groups. This might own to the
low fatty acid content in E. ulmoides extract (An and
Guo, 1998), which could not make fatty acid accumula-
tion in eggs. Besides, our previous studies have estab-
lished the fingerprint of flavor compounds in FE.

ulmoides bark and leaf by HS-GC-IMS and PLS-DA
methods and further certify the volatile components
from E. ulmoides are significantly changed by different
microbial strains through biofermentation technology,
thus resulting in flavor substance variation (Wang et al.,
2020b,c). Hence, the volatile components of eggs under



EUCOMMIA ULMOIDES SUPPLEMENTATION IN HENS 11

—‘FA_

[ 1

mﬁﬁfﬁfﬂﬁ

3
I Insulin signaling pathway l

Glyoxylate and dicarboxylate metabolism

Glycerophospholipid metabolism 0

Cysteine and methionine metabolism

Sultur relay system "
. RNA transport

Styrene degradation

Peptidoglycan biosynthesis

Photosynthesis

Biotin metabolism

Systemic lupus erythematosus

Bacterial invasion of epithelial cells

Betalain biosynthesis

Metabolism of xenobiotics by cytochrome P450

Apoptosis

Steroid hormone biosynthesis

Geraniol degradation

Lipoic acid metabolism

Selenocompound metabolism

Retinol metabolism

Base excision repair

Valine leucine and isoleucine degradation

2R 2252532235328 83R2823838328888a8829283282898¢8

AAAAAAA & S 8
3

Figure 7. Heat map of significant enrichment KEGG pathway of the 4 tested groups.

E. ulmoides extract treatment were therefore detected.
The HS-GC-IMS results also showed that the composi-
tion and contents of yolk volatile components signifi-
cantly varied as supplementation F. ulmoides extract.
Consequently, the yolk flavor components under FE.
ulmoides extract treatment might be induced alteration
via gut microbiota mediating, which cocertified the
changes happened in flavor of eggs. Together with amino
acid contents, all of these alterations manifested the fla-
vor of eggs would significantly change as dietary supple-
mentation F. ulmoides extract. Moreover, because we
major focused on the effects of F. ulmoides on laying per-
formance and body health, we neglected to investigate
the meat quality of hens. In order to evaluate the whole
effects of F. ulmoides on laying hens, the meat quality
will be analyzed and a conjoint analysis with egg produc-
tion will be conducted in our next work.

Body Health Improvement by Dietary
Supplementation E. ulmoides Extract

Literatures related to hyperlipidemia amelioration
often announce that natural products have benefits in
lipid metabolism, such as DMY from Ampelopsis grosse-
dentata can significantly reduce TG, TC, and LDL-C
levels and increase HDL-C contents in mice and high-fat
diet hamsters (Liu et al., 2017; Fan et al., 2020). Mean-
while, E. ulmoides is also reported to take function in
blood lipids improving based on its multiple pharmaco-
logical components (Wang et al., 2019). Compared with
A group, plasma TG, TC, and LDL-C contents signifi-
cant decreasing and HDL-C contents significant increas-
ing were determined in D group, indicating dietary
supplementation FE. ulmoides extract contributed to

lower blood lipid of hens. Previous researches have
showed that E. ulmoides can ameliorate hypertriglyceri-
daemia in rats by up-regulating genes involved in
hepatic a-, B-, and w-oxidation (Kobayashi et al, 2012)
and the active ingredients of E. ulmoides leaves (flavo-
noids and phenolics) participate in regulating blood lipid
metabolism  via mediating PPARy  expression
(Gong et al, 2022). Consequently, the mechanism of E.
ulmoides on lipid-decreasing must be a complex network
based on its numerous active ingredients and the specific
mechanisms need deeper research. Meanwhile, since
most of the yolk cholesterol was synthesized in liver and
related to lipid metabolism of hens (Naber, 1976), the
yolk cholesterol was also analyzed in this study. Evi-
dence have shown that feeding plant extract can reduce
yolk and blood cholesterol levels of hens, such as sumac
extract and ginger extract (Gurbuz and Salih, 2017).
Consistently, our results also showed the yolk choles-
terol content in D group significant descended if compar-
ison with A group. Therefore, it could easily conclude
that high level E. ulmoides extract contributed to ame-
liorate hyperlipidemia of hens. Ig A and Ig M are the
main classes of Ig and play a critical role in immune reg-
ulation in poultry (Moon et al., 2021). Interestingly,
plasma Ig A, Ig G, and IFN-y contents also increased in
D group, indicating that supplementation E. ulmoides
extract at a relative high content could enhance immu-
nity of hens. High concentration of chlorogenic acid
from E. ulmoides had been certified to stimulate immune
response of chickens (Abaidullah et al., 2021), which was
in accordance with our results that high level F.
ulmoides extract benefited in hens immunity elevation.
Exception lipid metabolism and immune regulation, F.
ulmoides extract further exhibited the ability of UA-low-
ering. Significant decrease of UA content in B, C, and D
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groups were determined, which was consistent with the
antihyperuricemia effect of E. ulmoidesin hyperuricemic
mice (Fang et al., 2019). Comprehensive the above-men-
tioned points, it was therefore concluded that high level
E. ulmoides extract revealed stronger lipid metabolism
and immune regulation abilities, and further exhibited
huge property in hyperuricemia therapy.

Gut Microbiota Well Associated with Hens
Production Elevation via E. ulmoides Extract
Mediating

According to intestinal histomorphology, a higher vil-
lus height to crypt depth ratio and villus height facilitate
nutrients absorption (Ege et al., 2019; Chen et al., 2021).
In this study, we observed that the villus height and the
villus height to crypt depth ratio in D group significantly
increased with a comparison of A group, suggesting that
supplementation E. ulmoides extract at a relative high
content was beneficial for intestinal histology changing
and nutrients absorption. Meanwhile, plenty of studies
have showed that gut microbiota is closely related to
nutrient absorption (Zhao et al., 2019). In our research,
the gut microbiota communities significantly altered at
phylum and genus levels. Moreover, half of the certain
microbiota with significant difference at genus level
highly enriched in D group, such as amino acid metabo-
lism  related  beneficial  bacterium  Prevotella
(Huang et al., 2020c), which was in accordance with
amino acid alteration in eggs. As former results had indi-
cated that the weight of hens and eggs did not alter
under E. ulmoides extract treatment and the plasma Ca
and P contents (closely related to egg quality,
Xiao et al., 2019) kept at the equilibrium level between
control and E. ulmoides extract treatment, we thus con-
cluded that dietary supplementation F. ulmoides extract
could enhance laying performance on the basis of main-
taining egg quality as normal. The reason of E. ulmoides
to maintain egg quality was major attributable to F.
ulmoides extract facilitate nutrients absorption via
intestinal histomorphology changing and gut microbiota
communities variation, which contributed to materials
conversion of hens. Since the experiment hens were
aged, the growth performance of hens did not be induced
improving. Therefore, the nutrients absorption enhance-
ment mainly promoted the egg production elevation
without affecting the weight and the quality of eggs.
Similar situation have been observed by dietary supple-
mentation Mentha arvensis and Geranium thunbergii,
which improve egg production and keep egg quality as
normal (Dilawar et al., 2021). Furthermore, based on
numerous components belong to phytoestrogen, F.
ulmoides is a rich source of estrogen receptor modulators
(Yao et al., 2007). Therefore, E. ulmoides extract
increase the estrogen level of aged hens, which partici-
pate in increase egg production without affecting egg
quality. However, the accurate mechanism of F.
ulmoides to maintain egg quality isn't that simple and
need further study.

Gut microbiota is necessary for immune homeostasis,
and a healthy gut microbiota is important for the regula-
tion of the host immune responses (Belkaid and Harri-
son, 2017). In this study, certain microbiota with high
abundance at genus level in D group are involvement
with immune response, such as Faecalibacterium
(Yeoh et al., 2021), Desulfovibrionaceae (Su et al.,
2021), and Prevotella (Larsen, 2017). It is reported that
genus Prevotella could promote Ig A and Ig G response
in sera and synovial fluids of arthritis patients
(Moen et al., 2003), and genus Faecalibacterium and
Desulfovibrionaceae can take function in inflammation
regulation (Schneeberger et al., 2015; Chang et al.,
2019). Accordance with certain microbiota high abun-
dance in D group, higher contents of plasma Ig A and Ig
G in D group were also detected. Besides, the plasma
IFN-y level also rose in D group when compared with A
group. These results verified that dietary supplementa-
tion E. ulmoides extract at high level could simulate
immune response via mediating gut microbiota commu-
nities alteration. Except for these immune response
related microbiota, the pathogenic bacterium in the gas-
trointestinal tract also affect immunity regulation, and
most of pathogenic bacterium belong to gram negative
bacteria (Xiao et al., 2014). In our research, the bacterial
phenotype prediction result showed that the gram nega-
tive bacteria in D group significantly decreased if com-
parison with A group, implying the high level E.
ulmoides extract treatment could alleviate inflammation
as gram negative bacteria down-regulation. Meanwhile,
PICRUSt functional prediction analysis revealed that
the inhibition of systemic lupus erythematosus and bac-
terial invasion of epithelial cells pathways were enriched
in D group, which was consistent with gram negative
bacteria descending in D group. Former study have
announced that inflammation had impacts on produc-
tion performance of agricultural animals (Mani et al.,
2012). Hence, these results confirmed that high level E.
ulmoides extract could enhance immune response and
reduce pathogen invasion, which contributed to improv-
ing production performance and body health of hens
through inflammation relieving.

Numerous studies have indicated that poultry has
higher blood glucose levels and insulin resistance, despite
the level of endogenous hyperactive insulin circulating at
normal levels (Simon et al., 2011;Simon et al., 2012).
Moreover, insulin can significantly participate in regula-
tion of hepatic lipid metabolism and the development of
steatosis during in insulin resistance rodent models and
humans (Titchenell et al., 2017). In this study, bacteria
functional prediction revealed that the insulin signaling
pathway was significantly enriched in D group. As the
insulin signaling pathway was related to insulin metabo-
lism and resulted in lipid homeostasis, the higher abun-
dance of gut microbiota in D group contributed to lipid
metabolism. Moreover, the enrichment pathway and
profiles of gut microbiota alteration were in agreement
with the lipid related indexes variation in D group
(plasma TC, TG, LDL-C levels decrease and HDIL-C
increase). It is reported that insulin resistance is closely
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associated with poor egg production, high mortality, and
abnormal  ovarian  morphology  (Walzem  and
Chen, 2014; Chuang et al., 2020). Based on the insulin
metabolism heightened in D group, the effect of insulin
resistance would alleviate. Thus, the egg production,
mortality, and abnormal ovarian morphology would
therefore improve. Hence, it could conclude that gut
microbiota enrichment in insulin signaling pathway
benefited in blood lipid amelioration and insulin resis-
tance alleviation in hens, and further manifested that
dietary supplementation E. ulmoides extract at a high
content could therefore enhance production performance
and improve body health.

Comprehensive the above-mentioned points, the egg
production elevation under E. ulmoides extract treat-
ment might ascribe to 3 aspects: 1) E. ulmoides extract
facilitate nutrients absorption via intestinal histomor-
phology changing and gut microbiota communities var-
iation; 2) FE. wulmoides extract stimulate immune
response and reduce pathogen invasion, so that contrib-
ute to production performance -elevation through
inflammation relieving; 3) FE. ulmoides extract promote
egg production, mortality, and abnormal ovarian mor-
phology of hens improvements via regulating gut micro-
biota participation in insulin signaling pathway, which
benefit in blood lipid amelioration and insulin resis-
tance alleviation.

CONCLUSION

In the present study, the effects of F. ulmoides extract
on laying performance and body health of hens are inves-
tigated. First of all, egg production elevation as well as
egg quality maintaining as normal are observed as sup-
plementation F. ulmoides extract at a relative high con-
tent. Second, variations in albumen amino acid and yolk
volatile components suggest flavor of egg will change by
dietary supplementation with FE. ulmoides extract.
Thirdly, high level E. ulmoides extract exhibit huge
property in lipid-decreasing, immune enhancing, and
uric acid dropping, which benefits in body health
improving of hens. At last, E. ulmoides extract increase
egg production is tightly involvement with gut micro-
biota communities variation, which participate in
nutrients absorption, inflammation relieving, blood lipid
amelioration, and insulin-resistance alleviation. These
results can deepen our understanding of F. ulmoides
extract application in hens production and provided a
scientific basis for E. ulmoides extract used as a feed
additive in the hens industry.
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