
Frontiers in Animal Science

OPEN ACCESS

EDITED BY

Demin Cai,
Yangzhou University, China

REVIEWED BY

Ravikanth Reddy Poonooru,
University of Missouri, United States
Guofeng Han,
Jiangsu Academy of Agricultural Sciences
(JAAS), China

*CORRESPONDENCE

Qiang Zhang

15963049731@163.com

Shaoqing Wang

wsq231@126.com

†These authors share first authorship

RECEIVED 16 July 2024

ACCEPTED 11 October 2024
PUBLISHED 04 November 2024

CITATION

Mi Q, Deng X, Wang P, Pan H, Huang Y,
Hu H, Li A, Zhang Q and Wang S (2024)
Effect of energy levels on liver oxidative
state and gut microbiota of laying hens fed
a low-protein diet.
Front. Anim. Sci. 5:1465305.
doi: 10.3389/fanim.2024.1465305

COPYRIGHT

© 2024 Mi, Deng, Wang, Pan, Huang, Hu, Li,
Zhang and Wang. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 04 November 2024

DOI 10.3389/fanim.2024.1465305
Effect of energy levels on
liver oxidative state and gut
microbiota of laying hens fed
a low-protein diet
Qianhui Mi1†, Xu Deng1†, Peiying Wang2, Hongbin Pan1,
Ying Huang1, Hong Hu1, Anjian Li1, Qiang Zhang3*

and Shaoqing Wang4*

1Yunnan Provincial Key Laboratory of Animal Nutrition and Feed Science, Faculty of Animal Science
and Technology, Yunnan Agricultural University, Kunming, China, 2Changchun Nanguan District
Changtong Community Health Service Center, Changchun, China, 3WOD Poultry Research Institute,
Beijing, China, 4College of Veterinary Medicine, Yunnan Agricultural University, Kunming, China
Introduction: The aim of this study was to investigate effect of energy levels on

liver oxidative state and gut microbiota of laying hens fed a low-protein diet.

Methods: A total of 216 laying hens (57-week-old with similar body weight) were

randomly divided into 3 groups: low-energy and low-protein diet (LL: 10.73 MJ/

kg), middle-energy and low-protein diet (ML: 11.15 MJ/kg), and high-energy and

low-protein diet (HL: 11.57 MJ/kg) groups. The experiment lasted for 10 weeks.

Results: Results showed that the liver MDA level was higher, while the liver T-

AOC level was lower in the HL group compared with LL and ML groups. The

dominant phyla in LL group, ML group, and HL group were Bacteroidetes

(38.08%, 39.69%, and 40.93%) and Firmicutes (16.78%, 18.37%, and 17.44%). At

the genus level, Alistipes (9.45%) was abundant in the LL group. Bacteroides

(14.46%), Phocaeicola (4.48%) and Precotella (2.95%) were highest in the ML

group. Parabacteroides (1.78%) and Desulfovibrio (1.02%) were highest in the HL

group. At the species level, Bacteroides fragilis (0.42%) is lowest in LL group,

Desulfovibrio piger increased with the increase of energy. MDA was significantly

and positively correlated with Methanobrevibacter woesei between ML group

and HL groups (p < 0.05). T-AOCwas highly significantly and positively correlated

with Phocaeicola sp. Sa1YUN3 (p < 0.01) .

Discussion: This study found that high-energy and low-protein diets might cause

liver oxidative stress by gut microbes in the laying hens.
KEYWORDS

energy , low prote in diet , lay ing hen, l i ver , ox idat ive stress , cecum
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1 Introduction

Feed is a major input cost in poultry production, accounting for

up to 70% of the total production costs (Thirumalaisamy et al.,

2016). Soybean meal and corn are the main ingredients in

commercial poultry diets that provide crude protein and energy.

However, the current feedstuffs supply cannot fulfill the needs of

livestock production (Cao and Li, 2013). A low-protein diet is based

on the theory of protein amino acid nutritional balance and reduces

protein levels and nitrogen emissions by adding appropriate types

and quantities of industrial amino acids, which could decrease

production costs. However, the inappropriate energy levels with

low protein diet can lead to lipid metabolism disorders and

oxidative stress in the liver of laying hens (especially for late-

laying hens), decreasing egg yield and quality (Ampong et al.,

2020; Scappaticcio et al., 2022; Zutphen et al., 2016).

When laying hens enter the late-laying stage, large amounts of

lipids accumulate in the liver. Oxidative stress is the key factor of

liver lipid accumulation, resulting in liver function reduction, which

may lead to hen tissue damage. This phenomenon leads to a

decrease in the production performance and egg quality of laying

hens in the late laying period (Liu et al., 2018). The gastrointestinal

tract is the major site of food digestion and nutrient absorption (Yan

et al., 2017). The gut microbiota profoundly affects many metabolic

processes in the host, including energy homeostasis, lipid

metabolism, and immune system development (Sonnenburg and

Bäckhed, 2016; Sommer and Bäckhed, 2016). The cecum is the

main site for intestinal microorganisms, and manipulation of the

cecum microbiota of chickens might increase their productivity.

Most chicken microbiota studies have focused on microbial

communities in the cecum.

The gut microbiota is closely related to hepatic function via the

gut-liver axis (Konturek et al., 2018). In the gut-liver axis, the liver

and gut functions regulate each other, and they are both affected by

diet (Ringseis et al., 2020; Albillos et al., 2020). Dietary composition

is the most crucial factor for maintaining the growth of microbes,

and changing the ingredients of the diet can directly affect the

intestinal microbiota in the host (Abdollahi et al., 2018; Crisol-

Martıńez et al., 2017; Beam et al., 2021). Additionally, diet energy

levels that do not fulfill the nutritional needs will lead to oxidative

stress in the liver (Tan et al., 2018). At present, there are few reports

on the effects of low-protein diets with different energy levels on

liver oxidative stress and intestinal composition in the late laying

period. In this study, we conducted a correlation analysis of liver

antioxidant capacity and intestinal microbial composition in laying

hens during the late laying period. To achieve this objective, first, we

fed late laying hens different energy levels with the same low-

protein diet content. Next, we detected the antioxidant capacity of

the liver and performed a metagenomic gene sequencing analysis of

the gut microbiomes of the three groups of laying hens. Finally,

evaluated the differences in liver antioxidant capacity and gut

microbiome composition of these three groups of laying hens to

understand the optimal dietary energy density of laying hens.
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2 Materials and methods

2.1 Animals and sample collection

Experiment was conducted on a sample of 216 Peking Pink

laying hens (YunLingGuangDaYukou Poultry Co., Ltd., Yunnan,

China) at 57 weeks of age, with similar body weights and consistent

production performance. The sample was randomly divided into 3

groups of 6 replicates each and12 hens in each replicate. The diets

were prepared by referring to the National Research Council (NRC

1994). The protein level was reduced by 2% to 14.29%. The dietary

energy levels were low, 10.72 MJ/kg; middle, 11.14 MJ/kg; and high,

11.56 MJ/kg (Table 1). The other nutritional levels and feeding

conditions were the same for a pre-test period of 1 week and a test

period of 10 weeks, with feeding limited to 112 g daily; water was

provided ad libitum throughout the trial period. At the end of

experiment, six hens (one hens from every replicate) from every

group were slaughter. The liver and cecum chyme samples were

collected and immediately snap-frozen in liquid nitrogen. Samples

were stored at -80 °C until use. All animal experiments were

approved by the Institutional Animal Care and Use Committee of

the Yunnan Agricultural University (No. 202202001).
2.2 Measurement of oxidative stress indices
in liver

Colorimetric determination of liver malondialdehyde (MDA),

total antioxidant capacity (T-AOC), total superoxide dismutase (T-

SOD), glutathione (GSH), and glutathione peroxidase (GSH-Px).

The determination steps were conducted per the manufacturer’s

instructions (Nanjing Jiancheng Bioengineering Institute,

Nanjing, China).
2.3 DNA extraction

Sample DNAwas extracted by GuangdongMagigene Biotechnology

Co. Ltd. (Guangzhou, China) using commercial kits per the

manufacturer’s instructions. DNA integrity and purity were monitored

using 1% agarose gel electrophoresis. TheDNA concentration and purity

were assessed usingQubit 3.0 (Thermo Fisher Scientific,Waltham, USA)

and NanoDrop One (Thermo Fisher Scientific).
2.4 Database construction and
metagenomic sequencing

Sequencing libraries were generated using the ALFA-SEQ DNA

Library Prep Kit, and indexing codes were added. Library quality was

evaluated using a Qubit 4.0 fluorometer (Life Technologies, Grand

Island, NY, USA) and a QSEP400 high-throughput nucleic acid

protein analysis system (Houze Biology Technology Co., China).
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Finally, the libraries were sequenced on the Illumina Novaseq 6000

platform, and 150 bp double-ended reads were obtained.

2.5 Statistical analysis

The statistical analysis of liver oxidative stress-related indicators

was performed using SPSS with one-way ANOVA. Tukey test was

used and p < 0.05 was regard as significance.

To obtain clean data, we used Trimmomatic (v.0.36) to process the

original raw data. Based on the compositional spectra of the underlying

functional units annotated at the phylum, genus, and species levels for

each sample, the number of shared and unique species was calculated

and visualized using Venn diagrams. Principal component analysis

(PCA) is based on Euclidean distance and uses variance

decomposition to find the principal components (eigenvalues) and

their contributions that cause differences between samples. The linear

discriminant analysis effect size (LEfSe) was used to determine the

bacterial taxa that were statistically and biologically responsible for

these differences. The Kyoto Encyclopedia of Genes and Genomes

(KEGG, http://www.kegg.jp/kegg/) databases were used for the

functional annotations. Statistical significance was set at p < 0.05.

3 Results

3.1 Oxidative stress-related indicators of
liver tissue

The activity of the antioxidative enzyme and MDA levels in the

liver of the hens is shown in Figure 1. Compared with LL and ML
Frontiers in Animal Science 03
groups, the liver MDA level was higher, while the liver T-AOC level

was lower in the HL group (Figure 1).
3.2 Sequencing data quality statistics

Eighteen cecal samples from the three groups generated

1,303,157,764 clean reads, with an average of 72,397,654 clean

reads per sample. The proportion of bases with a sequencing error

rate of less than 1% (Q30) in the valid data species reached more than

99%, indicating the high reliability of the sequencing data (Table 2).
3.3 Changes in diversity of microbial
community in cecum

A Venn diagram revealed the three groups’ shared and unique

microbial percentages. At the phylum level, 213 core OTUs were

identified in the 3 groups, 4 core OTUs were identified in the LL and

HL groups, and 1 unique OTU was identified in the HL group

(Figure 2A). At the genus level, 3744 core OTUs were identified in

the 3 groups; 93 core OTUs were identified in the LL and ML

groups; 64 core OTUs were identified in the LL and HL groups; 71

core OTUs were identified in the ML and HL groups; and 70, 27,

and 33 unique OTUs were identified in the LL, ML, and HL groups,

respectively (Figure 2B). At the species level, 19309 core OTUs were

identified in the 3 groups; 836 core OTUs were identified in the LL

and ML groups; 731 core OTUs were identified in the LL and HL

groups; 547 core OTUs were identified in the ML and HL groups;
TABLE 1 Ingredients and nutrient composition of the basal diet.

diet composition LL ML HL diet composition LL ML HL

corn 62.87 66.95 64.43 Metabolizable Energy(MJ/kg) 10.73 11.15 11.57

soybean meal 17.8 18.96 19.46 Crude protein% 14.50 14.52 14.52

wheat bran 7.4 2 2 Crude fiber% 2.54 2.32 2.31

Lys 0.17 0.15 0.14 Ca% 3.85 3.85 3.85

Met 0.01 0.03 0.03 total phosphorous% 0.53 0.54 0.54

Thr 0.11 0.09 0.09 Lys% 0.84 0.83 0.83

Trp 0.01 0.03 0.02 Met% 0.25 0.27 0.27

Arg 0.22 0.17 0.17 Thr% 0.64 0.63 0.63

Leu 0.17 0.14 0.15 Trp% 0.17 0.19 0.18

Ile 0.11 0.11 0.10 Arg% 1.14 1.09 1.10

Cys 0 0.02 0.03 Leu% 1.42 1.42 1.42

CaHPO4 0.65 0.83 0.86 Ile% 0.66 0.66 0.66

Soybean oil 0 0.17 2.2 Cys% 0.29 0.29 0.29

CaCO3 9.48 9.35 9.32

Premix * 1 1 1

total 100 100 100
* premix can provide VA 8000-10000 IU, VD3 2200-5000 IU, VE 13 IU, VK3 1.4-4.8mg, VB1 1.8 mg, VB2 3.0 mg, VB6 2.0 mg, VB12 0.01 mg, nicotinamide 20 mg, D-pantothenate 10 mg, folate
0.55 mg, D-biotin 0.15 mg, choline 380 mg, Fe 60 mg, Cu 8 mg, Mn 60 mg, Zn 60 mg, I 0.35 mg, Se 0.12-0.48 mg, Ca 60-180 mg for each kilogram of diet. The nutrient level is the calculated value.
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FIGURE 1

Illustrates the effect of three different low-protein dietary energy levels on liver MDA, T-AOC, T-SOD, GSH and GSH-PX in late-laying hens.
(A) The content of MDA in liver of three groups. (B) The content of T-AOC in liver of three groups. (C) The content of T-SOD in liver of three
groups. (D) The content of GSH in liver of three groups. (E) The content of GSH-PX in liver of three groups. Different letters in the superscripts
(A, B) of the same row indicate significant differences (p < 0.05).
TABLE 2 Description of the assembly results of cecum microbiota.

Sample Raw Reads 1 Clean Reads 2 Clean Bases 3 Clean Q30(%) 4 Clean GC(%) 5 Effective(%)6

LL1 81726848 69435516 10209848027 99.49 51 83.28

LL2 87532962 73144534 10693531754 99.25 50 81.44

LL3 90032660 73451500 10745245749 99.36 50 79.57

LL4 78047384 66069714 9704708969 99.41 51 82.9

LL5 86868940 72762382 10634368207 99.19 50.5 81.61

LL6 85207828 72691070 10700491758 99.51 50 83.72

ML1 94626328 79971950 11685681672 99.27 50 82.33

ML2 97667784 82992474 12160780614 99.38 49.5 83.01

ML3 87110890 71661628 10614119077 99.71 49 81.23

ML4 88115752 71186446 10393335319 99.22 50 78.63

ML5 83829666 71053652 10433721202 99.44 51 82.98

ML6 76892698 64506602 9461235364 99.34 50 82.03

HL1 92871588 76071830 11271619589 99.72 50 80.91

HL2 83776382 71159816 10438664382 99.37 51 83.07

(Continued)
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and 501,234, and 239 unique OTUs were identified in the LL, ML,

and HL groups, respectively (Figure 2C).
3.4 Microbiota diversity analysis

PCA was used to estimate beta diversity among the three groups.

The PCA plot of unweighted UniFrac distances showed no distinct

differences among the three groups (p > 0.05; Figures 3A–C).
3.5 Microbial composition in the cecum of
the three groups

We assessed the relative abundances among all treatment

groups at the phylum, genus, and species levels. At the phylum

level, Bacteroidetes and Firmicutes were the two types of bacteria

that accounted for the largest proportion in the cecum of the laying
Frontiers in Animal Science 05
hens, exceeding 50% of the total cecum bacteria (Figure 4A).

Bacteroidetes was the most abundant in the HL group. At the

genus level, Bacteroides, Alistipes, Phocaeicola, and Prevotella

accounted for greater than 30% of the total cecal bacteria.

Alistipes was abundant in the LL group. Desulfovibrio was the

most abundant in the HL group (Figure 4B). At the species level,

Methanobrevibacter woesei increased with increasing energy levels.

Bacteroides togonis and Mediterranea sp. An20 were the most

abundant in the ML group. Phocaeicola plebeius and Alistipes sp.

CAG:831 were most abundant in the LL group (Figure 4C).
3.6 Analysis of species differences among
the three groups

The LEfSe analysis is an analytical tool for discovering and

interpreting high dimensional data biomarkers. Using the LEfSe, we

compared the cecal microbiotas of these groups.
TABLE 2 Continued

Sample Raw Reads 1 Clean Reads 2 Clean Bases 3 Clean Q30(%) 4 Clean GC(%) 5 Effective(%)6

HL3 78170886 65368480 9598040479 99.42 48 81.86

HL4 86651008 73744148 10820340833 99.42 50 83.25

HL5 91465980 75426748 11177309937 99.72 51 81.47

HL6 84508722 72459274 10652693489 99.47 51 84.04
1Raw reads: information of sample bases before quality control(QC); 2Clean reads: total number of valid bases after QC; 3Clean Base: statistics of clean reads; 4Clean Q30%: number of sequenced
bases whose quality value reaches Q30 or above after QC and its percentage in Raw Data; 5Clean GC: GC ratio of sequenced bases after QC; 6Effective: Raw bases/Cleanbases.
FIGURE 2

Venn diagram of microbial OTUs clustered at identity in LL, ML and HL groups, the overlapping area represent shared OTUs numbers between
different groups; (A) Venn diagram at the phylum level; (B) Venn diagram at genus level; (C) Venn diagram at species level.
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FIGURE 3

Principal component analysis (PCA) of cecal microbial beta-diversity in three groups (black denotes the LL group, yellow denotes the ML group and
blue denotes the HL group). The percentage of the variation explained by the plotted principal coordinates is indicated on the axes. (A) PCA plot at
the phylum level; (B) PCA plot at the genus level; (C) PCA plot at the species level.
FIGURE 4

The effects of different energy level in low protein diets on the relative abundance in the cecal microbiota of laying hens. (A) Relative abundance of
gut microbiota at the phylum level; (B) Relative abundance of gut microbiota at the genus level; (C) Relative abundance of gut microbiota at the
species level.
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Compared with those of the ML group, in the HL group,

Limosilactobacillus mucosae, Alistipes sp. CAG 268, Alistipes sp. 58

9 plus, Bacteroidales bacterium 55 9, and Alistipes dispar were

enriched in HL group (Figure 5A); Clostridia bacterium, Alistipes

t imonen s i s , Clo s t r i d ium sp . CAG 306 , Cand ida tu s

Gastranaerophilales bacterium, Clostridium sp. CAG 768,

Flavonifractor plautii, Fusobacterium sp. CAG 439, Acetobacter sp.

CAG 267, Brachyspira sp. CAG 484, Mailhella massiliensis, Alistipes

dispar, and Alistipes sp. An66 were enriched in the LL group

(Figure 5B). Compared with those of the HL group, Sutterella sp.

CAG 521, Sutterella sp. AM11 39,Mailhella massiliensis, Acetobacter

sp. CAG 267, Brachyspira sp. CAG 484, Fusobacterium sp. CAG 439,

Flavonifractor plautii, Candidatus Gastranaerophilales bacterium,

Clostridium sp. CAG 768, Clostridium sp. CAG 306, Flavonifractor

sp. An100, and Intestinimonas massiliensis were enriched in the LL

group (Figure 5C).
3.7 Analysis of functional differences
among the three groups

Of the three groups, in the HL group, the Infectious disease viral

pathway was significantly enriched at the KEGG L2 level

(Figure 6A), and the Porphyrin metabolism pathway was

significantly enriched at the KEGG L3 level (Figure 6B). The

Bray–Curtis s dissimilarity and analysis of molecular variance

demonstrated that no structural differences among the three

groups significantly differed at the L1 and family levels.
Frontiers in Animal Science 07
3.8 Analysis between liver oxidative stress
and cecum microbiota

Correlation analysis was performed to obtain a visualized

understanding of the relationship of the gut–liver axis in aged

laying hens fed different energy low-protein diets. The correlation

between liver oxidation indexes (MDA, T-AOC) and cecal flora was

analyzed. We compared the HH group and HL groups, and MDA

was significantly and positively correlated with M. woesei (p < 0.05;

Figure 7A). T-AOC was highly significantly and positively

correlated with Phocaeicola sp. Sa1YUN3 (p < 0.01; Figure 7A).

There were non-significant difference between HH group and ML

group (p > 0.05; Figure 7B).
4 Discussion

HFD is one of the important causes of obesity and liver

oxidative stress (Milagro et al., 2006; Chu et al., 2024). MDA is a

soluble degradation product of lipids, and indirectly reflects the

degree of cell damage. Oxidative stress occurs in tissues, and the cell

membrane of tissue cells will produce MDA through an oxidation

reaction. MDA is the final product of lipid peroxidation, and the

MDA level increased significantly with the increase in energy (Chen

et al., 2018). According to Lasker et al. (2019), oxidative stress

induced by a high-energy diet significantly increased MDA content

in rats. Hosseinian and Hasanzadeh (2021) increased dietary energy

to 3,450 kcal/kg, increased serum MDA concentration and
FIGURE 5

Linear discriminant analysis effect size (LEfSe) analysis based on OTUs characterizes microbiota between three groups. Histogram of the linear
discriminant analysis (LDA) scores computed for features differentially abundant (significant threshold > 2 fold and p < 0.05) among hens was shown.
(A) HL group * ML group; (B) LL group * ML group; (C) HL group * LL group.
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decreased T-AOC level in pigeons. Our results support this view.

We also detected the contents of T-AOC, T-SOD, GSH, and GSH-

Px, which play an important role in maintaining the internal redox

balance; they are important indicators for evaluating the body ‘s

antioxidant capacity (Li et al., 2022). T-AOC is an integrative index

used to reflected the functional status of the body ‘s antioxidant

system (Miao et al., 2017). In the liver, according to our results, the
Frontiers in Animal Science 08
HL diet significantly increased the liver MDA level and decreased

the T-AOC level. This result prove that the high-energy diet has an

adversely affected on the liver oxidation ability of aged laying hens.

Microbes that colonize the intestine are called the gut

microbiota, regarded as an organ that contributes to the

regulation of host metabolism. The gut microbiota might also

affect production efficiency by altering the shape of intestinal
FIGURE 7

The correlations analysis between liver oxidation indexes and cecal flora parameters. (A) The correlations analysis between HH group and LL group.
(B) The correlations analysis between HH group and ML group. *Representative significant difference between two groups (p < 0.05);
**Representative extremely significant difference between two groups (p < 0.01).
FIGURE 6

LEfSe analysis based on OTUs characterizes function between three groups. Histogram of the linear discriminant analysis (LDA) scores computed for
features differentially abundant (significant threshold > 2 fold and p < 0.05) among hens was shown. (A) Three groups compared at KEGG L2 level;
(B) Three groups compared at KEGG L3 level.
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tissue in poultry. According to our results, at the genus level,

Bacteroides and Parabacteroides play key roles in the host

immune system. Bacteroides can protect the intestinal tract from

pathogens and reduce the production of lipopolysaccharides in

intestinal microorganisms (Yoshida et al., 2018). Parabacteroides

can help the body regulate metabolism, relieve inflammation, and

regulate the immune system (Fu et al., 2019). Some studies have

found that Parabacteroides can protect against inflammation and

obesity (Cui et al., 2022; Wang et al., 2022). Alistipes have protective

effects against liver fibrosis but are pathogenic in colorectal cancer

and cardiovascular diseases (Rau et al., 2018; Moschen et al., 2016;

Zuo et al., 2019). Polansky et al. Polansky et al. (2015) reported that

in the cecal microbiota of chickens, Alistipes is a propionate

producer. In research conducted by Oliphant and Allen-Vercoe

(2019) also found that Alistipes can benefit the host gut and produce

acetate in the cecum. Alistipes has a protective role, and a decrease

in its abundance correlates with an increase in hepatic

encephalopathy recurrence (Sung et al., 2019). Alistipes grows

particularly well in the gut microbiota of patients who are obese,

suggesting that Alistipes is associated with obesity. Therefore, the LL

group had the lowest risk of liver cirrhosis. Desulfovibrio can act as

opportunistic pathogens or induce asymptomatic infections in the

host gastrointestinal (GI) tract (Urata et al., 2008). Desulfovibrio

infections are often associated with inflammation (Ma et al., 2018).

Gibson et al. (2010) postulated a role for Desulfovibrio in ulcerative

colitis (UC). Our results showed Desulfovibrio abundance in the HL

group; thus, a high energy diet was not conducive to host gut health.

At the species level, Bacteroides fragilis was the lowest in the LL

group. Bacteroides fragilis is a Gram-negative anaerobic bacterium

that colonizes the host’s lower gastrointestinal tract. Although

Bacteroides fragilis occupies a eminently low proportion of the

gut microbiome, it benefits the immune system. Decreases in

Bacteroides fragilis can lead to ulcerative colitis and Crohn’s

disease (Zamani et al., 2017), which are associated with an

imbalance in the intestinal flora. Furthermore, Desulfovibrio piger

increased with an increase in energy. Loubinoux et al. (2002) found

that the number of Desulfovibrio piger significantly increased in

patients with inflammatory bowel disease. Doumatey et al. (2020)

have reported that Desulfovibrio piger improves hyperglycemia and

reduces insulin resistance.

As the core of the liver-gut axis, intestinal flora is involved in the

regulation of liver diseases. We found that liver oxidation indexes

were closely related to some microorganisms in the cecum. In our

research, M.woesei was significantly correlated with the MDA level;

Phocaeicola sp. Sa1YUN3 was significantly correlated with the T-

AOC level. In this study, M.woesei increased with an increase in

energy. Notably, M. woesei participates in the regulation of gut

metabolism, such as methane metabolism. Additionally, in this

study, M.woesei had higher intestinal content in chickens with

higher abdominal fat content (Xiang et al., 2021). Our research

also found that as the MDA level increased, M.woesei content
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increased. According to our results, Phocaeicola sp. Sa1YUN3 was

highly abundant in the HL group. Sun et al. found Phocaeicola sp.

could improved colitis in mice. Choi et al. (2023) found that the HF

diet increased the relative abundance of Phocaeicola, supported by

our findings.

As an important metabolic organ of the body, the liver can

maintain oxidative balance by scavenging excessive reactive oxygen

species in the body. Intestinal flora imbalance can cause oxidative

stress (Vajro et al., 2013). Intestinal microorganisms are closely

related to the liver through the gut–liver axis. This result has been

further confirmed in our experiments. As an important component

of the diet, energy affects not only affect intestinal composition, but

also affect liver function. We found that high-energy–low-protein

diets can cause oxidative stress in the liver.
5 Conclusions

In this study, a high-energy-low-protein diet caused oxidative

stress in laying hens. According to our results, the HL group was

enriched in the infectious disease viral pathway at the KEGG L2

level, indicating that feeding a high-energy-low-protein diet affected

the intestinal health of chickens adversely. Our experiment further

demonstrated that high-energy diets cause oxidative stress in laying

hens through the gut-liver axis. This research might indicate that

high energy adversely affects the production of laying hens.
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