
Frontiers in Animal Science

OPEN ACCESS

EDITED BY

David L. Harmon,
University of Kentucky, United States

REVIEWED BY

Assar Ali Shah,
Jiangsu University, China
Ravikanth Reddy Poonooru,
University of Missouri, United States

*CORRESPONDENCE

Wenchun Qian

cbb2068003@sina.com

†These authors have contributed equally to
this work

RECEIVED 24 July 2024

ACCEPTED 18 November 2024
PUBLISHED 03 January 2025

CITATION

Guo L, Shi X, Cao F, Hu S and Qian W (2025)
Effects of dietary addition of mulberry leaf
powder on blood metabolites and fecal
microbiota composition in Hu sheep.
Front. Anim. Sci. 5:1469850.
doi: 10.3389/fanim.2024.1469850

COPYRIGHT

© 2025 Guo, Shi, Cao, Hu and Qian. 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 03 January 2025

DOI 10.3389/fanim.2024.1469850
Effects of dietary addition of
mulberry leaf powder on blood
metabolites and fecal microbiota
composition in Hu sheep
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In livestock production, ruminant feed resources are often scarce, and numerous

challenges arise during production, such as immune disorders and oxidative

stress. Mulberry leaves are rich in various nutrients and exhibit significant

antioxidant and immune-regulating properties. Therefore, they can be used as

an unconventional feed resource in livestock production. This study investigated

the effects of mulberry leaves (ML) as a feed supplement on the blood

biochemical parameters and hindgut microbial structure of Hu sheep. Sixteen

Hu sheep were randomly divided into two groups and fed either 0 or 60 g/d of

ML. Compared to the control group, sheep fed ML showed a significant increase

in AKP (P = 0.027) and GPT (P = 0.002) levels in the blood, while TP (P = 0.001)

levels decreased significantly. Additionally, there was an increasing trend in GSH-

Px (P = 0.082) and CAT (P = 0.058) levels. After the addition of ML, the abundance

of Campylobacterota, Campylobacter, and Mailhella in the hindgut significantly

increased (P < 0.05), while the abundance of Alloprevotella, Roseburia, and

Prevotellaceae UCG-003 significantly decreased (P < 0.05). Therefore, ML can

serve as a natural feed supplement to regulate the immune status of animals,

thereby promoting the healthy production of ruminants.
KEYWORDS

Hu sheep, mulberry leaf powder, blood metabolism, fecal microbiota, healthy
1 Introduction

Mulberry leaves are rich in protein, fiber, minerals, and other nutrients, making them

an excellent source of feed with high biological yield, comprehensive nutritional value, good

palatability, and high digestibility. They can serve as a new type of protein feed resource to

address feed shortages (Geng et al., 2024). Mulberry leaves grow in regions with diverse

climatic conditions worldwide, ranging from temperate to tropical areas. The annual yield
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of mulberry leaves can reach 25 to 30 tons per hectare, with a

protein content of 18-25% (on a dry matter basis) (Guha et al., 2010;

Iqbal et al., 2012; Wang et al., 2022). Moreover, the digestibility of

protein in mulberry leaves for animals can reach 75-85% (on a dry

matter basis) (Chan et al., 2016; Chen et al., 2018). Analysis reveals

that mulberry leaves possess a relatively high crude fat content and

low crude fiber content, positioning them as a valuable source of

high-quality protein for livestock feed. Additionally, it is also rich in

protein, containing 218.6 g/kg (Trabi et al., 2017). They are rich not

only in amino acid content but also in diversity. Some essential

amino acids, which may be lacking in other feeds, are present in

sufficient quantities in mulberry leaves, meeting the amino acid

requirements of livestock and poultry and helping to balance amino

acid ratios (Leterme et al., 2005). Mulberry leaves are also high in

minerals, with 100 g containing 2.699% calcium and 3.101%

potassium (Batiha et al., 2023). The vitamin content in mulberry

leaves is also abundant, especially in B-complex and C vitamins,

which are beneficial for improving the immune systems of animals

(Chen et al., 2021). Additionally, mulberry leaves contain various

physiologically active substances such as polysaccharides,

flavonoids, steroids, volatile oils, and alkaloids, which play

important physiological roles (Liu et al., 2001). Multiple studies

have demonstrated that incorporating mulberry leaves as a feed

ingredient can significantly improve the health status, productivity,

meat quality, and flavor of ruminant animals. Supplementing

600 g/d of mulberry leaf feed in a rice straw-based diet can

significantly increase the dry matter intake of beef cattle (Tan

et al., 2012). Moreover, adding 2 g of air-dried mulberry leaves

per head in the daily ration does not adversely affect the feed intake

of sheep (Chen et al., 2015). According to Liu et al. (2001),

supplementing ammonia-treated rice straw with varying levels of

mulberry leaf powder as a replacement for rapeseed meal can

enhance feed intake in lambs and improve their growth

performance. These findings suggest that mulberry leaf products

can be added as a feed ingredient in the diets of ruminant animals.

In recent years, the use of unconventional plant feed ingredients

has become increasingly popular, with beneficial plant-based feed

ingredients being widely adopted in animal husbandry, especially in

intensive farming systems (Hashem et al., 2020; Zhao et al., 2022a).

Reports indicate that supplementing animal diets with plant feed

can improve animal productivity and immune response while

reducing oxidative stress and inflammation (Zhao et al., 2023a).

These substances act on the gut microbiota by neutralizing free

radicals and preventing their interaction with cellular DNA, while

also enhancing nutrient digestion and absorption, thereby exerting

immunomodulatory effects (Yu et al., 2023a). Therefore, adding

feed ingredients containing natural plant nutrients such as

polyphenols to animal diets is considered an optimal alternative

for improving animal productivity (Yu et al., 2023b; Zhao et al.,

2023b). In organic farms, a diverse grassland with high

plant diversity ensures adequate intake of polyphenolic

compounds. Achieving such results in intensive farming requires

supplementing feed with polyphenol-rich food additives (Huang

et al., 2018). This strategy has been supported by research

conducted on some farms where the addition of natural plant

extract antioxidants to animal feed has improved the quality of
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animal products (Ji et al., 2018). Additionally, these natural plant

extracts play an important role in the hindgut of animals. Therefore,

a comprehensive exploration of the effects of natural plant

components on the blood and hindgut health of ruminant

animals in intensive farming is a focal point of the modern

livestock industry. Considering these factors, the aim of this study

is to evaluate the effects of supplementing fattening Hu sheep with

mulberry leaf powder and retrograde diets on blood parameters and

hindgut microbiota.
2 Materials and methods

2.1 Source of dried tea residue

Mulberry leaves purchased from Huzhou, China, were tested

for their nutritional levels, yielding the following results: moisture

11.46%, crude protein 19.30%, crude fat 8.25%, crude ash 7.46%,

neutral detergent fiber 34.20%, acid detergent fiber 16.38%, calcium

1.54%, phosphorus 0.10%.
2.2 Animals and treatments

This study selected 16 male Hu sheep with a weight of 28.96 ±

1.04 kg at three months of age. These 16 sheep were randomly

divided into a control group and a treatment group, with 8 sheep in

each group. The control group was fed a basal diet (CON, n=8),

while the treatment group was fed with 60 g of mulberry leaf

powder (ML, n=8) daily. The dosage of mulberry leaf powder was

determined based on the results of an unpublished in vitro

experiment. The basal diet chosen for the experiment (Table 1)

was a complete mixed ration, with a concentrate-to-roughage ratio

of 7:3, meeting the requirements of Chinese sheep feeding standards
TABLE 1 Composition and nutrient levels of the basal diet (dry matter
basis %).

Ingredients Nutrient levels2

Corn/% 20.40 ME/(MJ/kg) 10.14

Wheat bran/% 3.56 CP/% 14.09

Soybean meal/% 12.80 EE/% 5.06

Corn silage/% 10.00 NDF/% 50.30

Peanut straw/% 50.00 ADF/% 22.4

NaCl/% 0.28 Ca/% 1.09

NaCO3/% 0.64 P/% 0.43

CaCO3/% 0.24

CaHCO3/% 0.08

Premix1/% 2.00
ME, metabolic energy; CP, crude protein; EE, ether extract, NDF, neutral detergent fiber;
ADF, acid detergent fiber.
1The premix provided the following per kilogram of the diet: Cu 16.0 mg, Fe 35.0 m, Mn 30.0
mg, Zn 80.0 mg, I 0.5 mg, Se 0.10 mg, Co 0.03 mg, VA 14400 IU, VD 4 400 IU, VE 30 mg.
2The metabolic energy was calculated and the rest was measured.
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(NY/T816-2004). The Hu sheep in the experiment were

individually housed in pens and fed the basal diet twice daily

(8:00 am and 5:00 pm). They had ad libitum access to feed and

water throughout the experiment, which lasted for 56 days,

including a 14-day adaptation period and a formal experimental

period of 42 days. All experimental techniques followed the rules

established by the Experimental Animal Management Committee

of the Zhejiang Academy of Agricultural Sciences.
2.3 Sample collection

2.3.1 Blood sample collection
On the morning of the 56th day, 2 hours after feeding, blood

samples were collected from the jugular vein of the Hu sheep using

non-anticoagulant vacuum tubes. The samples were then

centrifuged at 3,000 × g for 15 minutes at 4°C to collect serum.

Commercial assay kits (Nanjing Jiancheng Bioengineering Institute,

Nanjing, China) and a microplate reader (Multiskan FC; Thermo

Fisher Scientific, Waltham, MA, USA) were used to analyze the

concentrations of catalase (CAT), total superoxide dismutase (T-

SOD), glutathione peroxidase (GSH-Px), malondialdehyde (MDA),

total antioxidant capacity (T-AOC), free fatty acids (FFA), albumin

(ALB), total protein (TP), low-density lipoprotein (LDL), high-

density lipoprotein (HDL), alkaline phosphatase (AKP), acid

phosphatase (ACP), glutamate pyruvate transaminase (GPT),

triglycerides (TG), total cholesterol (TCH), glutamate oxaloacetate

transaminase (GOT), and lactate dehydrogenase (LD). All ELISA

data were recorded using a microplate reader (Multiskan FC;

Thermo Fisher Scientific, Waltham, MA, USA) and analyzed

according to the instructions provided by the supplier using

commercial ELISA assay kits (Nanjing Jiancheng Bioengineering

Institute, Nanjing, China).

2.3.2 Fecal sample collection, 16S rRNA amplicon
sequencing and analysis

On the morning of the 56th day, fecal samples were collected 2

hours after feeding and stored in liquid nitrogen until analysis.

Genomic DNA was extracted from the collected fecal microbiota

using the E.Z.N.A. Soil DNA Kit (Omega Bio-Tek, USA). The

quantity and quality of the extracted DNA were evaluated using a

ND-1000 spectrophotometer (NanoDrop, Wilmington, DE, USA),

and validation was performed by running samples on a 1% agarose

gel. Sequencing of the 16S rRNA gene was conducted using the

Illumina MiSeq platform. For bacteria, the V3-V4 region of the 16S

rRNA gene was amplified using primers 338F (5’-barcode-

ACTCCTRCGGGAGGCAGCAG-3 ’ ) a n d 80 6R ( 5 ’ -

GGACTACCVGGGTATCTAAT-3’). PCR amplification was

performed in a 25 mL reaction system, including 2 mL of DNA

template, 12.5 mL of 2× Taq PCRMasterMix, 2.5 mL of each primer,

and ddH2O to adjust the final volume. PCR products were

evaluated by 2% agarose gel electrophoresis and purified using the

QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany).

Amplified products were then mixed at equimolar ratios to

generate the amplicon library. Paired-end sequencing (2×300 bp)

was performed on the Illumina MiSeq sequencing system.
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Paired-end reads were merged using FLASH (version 1.2.11).

Sequence reads were processed and analyzed using the

Quantitative Insights into Microbial Ecology (QIIME) pipeline

software (version 1.9.1). Operational Taxonomic Units (OTUs)

were assigned to reads based on 97% similarity using average-

linkage clustering. OTU raw read counts were normalized against

the total number of quality-filtered reads to calculate relative

abundances. Taxonomic assignments were performed for each

OTU using the RDP classifier (version 2.13) against the SILVA

16S rRNA database (version 138). Alpha diversity indices, including

ACE, Chao1, Shannon, and Simpson, were calculated using Mothur

(version 1.30.2). Beta diversity analysis was conducted using PCoA

based on weighted and unweighted UniFrac distances in QIIME.

ANOSIM statistical tests were performed to identify the statistical

significance of between-group beta diversity.
2.4 Statistical analyses

The differences in blood biochemical parameters and microbial

relative abundances observed in the experiment were analyzed

using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). After

conducting the Shapiro-Wilk test for normality, a two-tailed t-test

was employed for analysis. A significance level of P < 0.05 was

considered to indicate a significant difference, 0.10 < P ≤ 0.05

indicated a trend, and P ≥ 0.10 indicated no significant difference.
3 Results

3.1 Serum index

From Table 2, it can be observed that the addition of ML to the

diet of Hu sheep does not significantly affect the concentrations of

MDA, T-AOC, and T-SOD in the blood (P > 0.05). However, there

is a trend of increased concentrations of GSH-Px (P = 0.082) and

CAT (P = 0.058). This indicates that the addition of ML to the diet

has the potential to enhance the antioxidant capacity of Hu sheep.

From Table 3, it can be seen that the concentration of TP in the

blood significantly decreases after adding ML to the diet (P = 0.001),

while the concentrations of AKP (P = 0.027) and GPT (P = 0.002)
TABLE 2 Effects of ML on the antioxidant capacity of blood in Hu sheep.

Item
Treatments

SEM P-value
CON ML

GSH-Px (nmol/min/mL) 223.01 243.70 5.961 0.082

MDA (nmol/mL) 3.23 3.35 0.080 0.483

T-AOC (mmol/mL) 0.06 0.07 0.004 0.738

T-SOD (U/mL) 6.02 5.47 0.331 0.426

CAT (mmol/mL) 1.73 1.92 0.052 0.058
fr
The control group was fed a basal diet (CON, n=8), while the treatment group was fed with 60 g
of mulberry leaf powder (ML, n=8) daily. CAT, catalase; T-SOD, total superoxide dismutase;
GSH-Px, glutathione peroxidase; MDA, malondialdehyde; T-AOC, total antioxidant capacity.
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significantly increase. However, there are no significant differences

in the concentrations of ALB, LD, ACP, HDL-C, LDL-C, FFA,

GOT, TG, and TCH (P > 0.05).
3.2 Structural changes in the
gut microbiota

In Figure 1, the microbial composition of the CON andML groups

is presented. As seen in Figure 1A, the dilution curves of the sequencing

samples reach a plateau, indicating that the sequencing depthmeets the

requirements. Figure 1B shows the PCA scores of the two groups,

indicating that there is no significant separation between them. Further

analysis of the microbial composition at the phylum level reveals that

both the CON and ML groups have similar compositions, primarily

composed of Firmicutes, Bacteroidota, Spirochaetota, Proteobacteria,

Fibrobacterota, Verrucomicrobiota, Desulfobacterota, Cyanobacteria,

Actinobacteriota, and Campylobacterota (Figure 1C). At the genus

level, the microbial composition of both groups is also consistent,

comprising Rikenellaceae RC9 gut group, UCG-005, Bacteroides,

Treponema, Alistipes, Christensenellaceae R-7 group, Monoglobus,

Lachnospiraceae NK4A136 group, Succinivibrio, and Prevotellaceae

UCG-003 (Figure 1D). Additionally, according to Table 4, there are

no significant differences in thea-diversity of the microbiota (P > 0.05).

This suggests that the addition of ML to the diet does not have a

negative impact on the composition of hindgut microbiota.

We compared the specific microbial abundances and found that

after adding ML to the diet, the abundance of Campylobacterota at

the phylum level significantly increased (P < 0.05). At the genus

level, the abundances of Campylobacter and Mailhella significantly
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increased (P < 0.05), while the abundances of Alloprevotella,

Roseburia, and Prevotellaceae UCG-003 significantly decreased

(P < 0.05). There was a decreasing trend in the abundances of

Rikenellaceae RC9 gut group (P = 0.067) and UCG-002 (P =

0.081, Figure 2).

Figure 3 displays the core composition of gut microbiota in the

CON and ML groups. In the CON group, the significant

core microbiota include Ruminococcaceae uncultured,

Hydrogenoanaerobacterium, Succinivibrio, Acetitomaculum, Clostridia

norank, UCG-009, NK4A214 group, and Alloprevotella. In the ML

group, the significant core microbiota consist of Lachnoclostridium,

Rickettsiales norank, UCG-005, Marinbryantia, Oscillibacter,

Ruminococcaceae norank, Papillibacter, Ruminiclostridium,

Gastranaerophilales, Quinella, and Ruminococcus.
3.3 Correlation between gut microbiota
and blood indices

We utilized Spearman correlation analysis to examine the

correlation between trending microbiota and all detected blood

indices (Figure 4). We found a significant negative correlation (P <

0.05, R < -0.5) between Prevotellaceae UCG-003 and ABL, TG, LD,

and FFA. Mailhella exhibited a significant positive correlation (P <

0.05, R > 0.5) with LD, FFA, and ACP. UCG-002 showed a

significant positive correlation (P < 0.05, R > 0.5) with MDA and

ACP, and a significant negative correlation (P < 0.05, R < -0.5) with

T-AOC. ACP exhibited a significant positive correlation (P < 0.05,

R > 0.5) with Campylobacter and a significant negative correlation

(P < 0.05, R < -0.5) with Alloprevotella. Rikenellaceae RC9 gut group

showed a significant positive correlation (P < 0.05, R > 0.5)

with ALB.
4 Discussion

Adding food, industrial by-products, or unconventional feed

products to animal diets is becoming an important approach in the

development of animal husbandry today. For example, adding apple

pomace (Maslovarić et al., 2017), citrus peel (Zhao et al., 2022b),

and other vegetable and fruit waste to feed has become increasingly

common (Sahoo et al., 2021). Previous studies have demonstrated

that mulberry leaves are rich in various bioactive compounds,

including flavonoids and phenolic acids, which contribute to their

efficacy as a high-quality immune modulator (Cui X. et al., 2023).

These bioactive components, such as flavonoids, can effectively

improve the health status of the host through pathways like the

PI3K-Akt signaling pathway and the AGE-RAGE pathway (Lv

et al., 2022). Additionally, many studies have reported that

mulberry leaves also have a certain growth-promoting effect,

which will be an important focus of our future research (Ding

et al., 2021; Mengistu et al., 2020).

In the animal biological system, the redox system plays a crucial

role in the host’s immune and health status. GSH-Px, MDA, T-

AOC, T-SOD, and CAT are the main indicators used to evaluate the

antioxidant capacity of animals. Among these, GSH-Px reduces
TABLE 3 Effect of ML on hematological biochemical indices in
Hu sheep.

Item
Treatments

SEM P-value
CON ML

ALB (g/L) 0.17 0.18 0.013 0.619

TP (mg/mL) 3.92 3.69 0.040 0.001

LD (nmol/min/mL) 28.70 29.96 0.883 0.495

ACP (mmol/min/mL) 0.02 0.01 0.003 0.277

AKP (mmol/min/mL) 0.12 0.17 0.011 0.027

HDL-C (mmol/L) 1.34 1.035 0.505 0.770

LDL-C (mmol/L) 1.00 0.99 0.017 0.938

FFA (mmol/L) 138.50 144.81 4.417 0.495

GPT (nmol/min/mL) 126.77 127.41 0.116 0.002

GOT (nmol/min/mL)) 29.65 25.38 1.294 0.100

TG (mmol/L) 0.19 0.21 0.018 0.619

TCH (mmol/L) 1.26 1.20 0.084 0.728
The control group was fed a basal diet (CON, n=8), while the treatment group was fed with 60
g of mulberry leaf powder (ML, n=8) daily. FFA, free fatty acids; ALB, albumin; TP, total
protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; AKP, alkaline
phosphatase; ACP, acid phosphatase; GPT, glutamate pyruvate transaminase; TG,
triglycerides; TCH, total cholesterol; GOT, glutamate oxaloacetate transaminase; and LD,
lactate dehydrogenase.
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toxic hydrogen peroxide and organic peroxides to relatively

harmless water and corresponding alcohols, playing a role in

clearing peroxides within cells (Czyżowska et al., 2023; Sharma

et al., 2021). CAT, on the other hand, is another antioxidant enzyme

responsible for breaking down hydrogen peroxide (a type of oxygen

free radical) into water and oxygen, thus protecting cells from

oxidative stress damage, especially in tissues with active aerobic

metabolism such as the liver and lungs (Kang et al., 2013). In this

study, there was an increasing trend in GSH-Px and CAT after

adding mulberry leaves to the diet, indicating that mulberry leaves

have a positive effect on improving the immune status of sheep.

This finding is consistent with previous research results (Jin et al.,

2022; Li et al., 2022; Shi et al., 2022). This effect may be attributed to

the various bioactive components abundant in mulberry leaves,

similar to the significant antioxidant capacity reported previously
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for polysaccharides and flavonoids in mulberry leaves (Kim et al.,

2020; Liao et al., 2017). Our current research does not offer a

comprehensive analysis of antioxidant indicators. While some

indicators show an improving trend, this does not fully

substantiate the antioxidant effects of ML. It merely suggests that

ML does not negatively impact the antioxidant system of Hu sheep.

The specific effects will be explored in greater detail in

future studies.

During the growth and development of animals, the

concentrations of AKP and GPT reflect the growth and

remodeling of bone and muscle tissues (Eriksson et al., 2016;

Sobhani et al., 2021; Wang et al., 2017). In bone tissue, AKP is

primarily secreted by osteoblasts and plays a critical role in

promoting the deposition of calcium and phosphate, thereby

facilitating bone mineralization and formation. AKP catalyzes the

hydrolysis of phosphate esters, converting organic phosphate esters

into inorganic phosphate and alcohols or phenols, a process

essential for bone mineralization (Ansari et al., 2022). GPT

catalyzes the transamination reaction between glutamate and

pyruvate, converting glutamate to a-ketoglutarate and pyruvate to

alanine. This process is essential for amino acid metabolism and

nitrogen transport (Wei et al., 2022). In this study, the addition of

mulberry leaves to the animal diet resulted in increased

concentrations of AKP and GPT, suggesting that mulberry leaves

may influence certain blood hormones to regulate the host’s

development. However, the specific mechanisms underlying this

effect warrant further investigation. The concentration of TP also

reflects the metabolism within the animal’s body. A slight decrease

in TP levels may indicate metabolic adjustments within the animal’s
TABLE 4 Effects of ML on the a diversity of fecal bacteria in Hu sheep.

Item
Treatments

SEM P-value
CON ML

Observed_species 2418.38 2460.75 56.638 0.722

Chao1 2897.90 2941.67 61.076 0.733

ACE 2948.43 3009.75 59.821 0.625

Shannon 6.41 6.38 0.087 0.904

Simpson 0.99 0.99 0.002 0.547
The control group was fed a basal diet (CON, n=8), while the treatment group was fed with
60 g of mulberry leaf powder (ML, n=8) daily.
FIGURE 1

Overview of the structure and composition of gut microbiota. (A) Dilution curves of all samples. (B) PCA score plot based on unweighted analysis.
(C) Composition of bacteria at the phylum level across all samples. (D) Composition of bacteria at the genus level across all samples. The control
group was fed a basal diet (CON, n=8), while the treatment group was fed with 60 g of mulberry leaf powder (ML, n=8) daily.
frontiersin.org

https://doi.org/10.3389/fanim.2024.1469850
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Guo et al. 10.3389/fanim.2024.1469850
body (Mapfumo and Muchenje, 2015; Rogaly et al., 1982). In this

study, the observed decrease in TP levels may be associated with the

liver and kidney functions of Hu sheep. However, it remains unclear

whether ML have a beneficial or detrimental effect on TP regulation.

Some studies suggest that a moderate reduction in TPmay be linked

to immune system modulation, potentially lowering hyperactive
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immune responses and reducing inflammation-related damage

(Azzini et al., 2022; Fuellen et al., 2023). Although there are

indirect reports indicating that supplementing Hu sheep diets

with ML may enhance protein utilization efficiency in intensive

farming, the specific mechanisms underlying this effect remain

unexplored and require further investigation (Ariyarathne et al.,
FIGURE 3

Overview of the composition of core microbiota network interactions. Data were presented as means ± SEM (n=8 per group). The control group
was fed a basal diet (CON, n=8), while the treatment group was fed with 60 g of mulberry leaf powder (ML, n=8) daily.
FIGURE 2

Comparative analysis of microbial relative abundance. * denotes P < 0.05, ** denotes P < 0.01. Data were presented as means ± SEM (n=8 per
group). The control group was fed a basal diet (CON, n=8), while the treatment group was fed with 60 g of mulberry leaf powder (ML, n=8) daily.
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2021; Laroche et al., 2022). This suggests that the addition of

mulberry leaves to the diet has the potential to influence the

host’s physiological processes. However, further investigation is

needed to determine whether all these effects are indeed beneficial

(Cui W. et al., 2023).

In this study, we focused on the influence of mulberry leaves on

the composition of the intestinal microbiota. At the phylum

level, there was a significant increase in the abundance of

Campylobacterota, which may be due to the relative decrease in

the abundance of other phyla. At the genus level, Campylobacterin

the intestine may play a role in food degradation and digestion,

potentially secreting enzymes that break down complex food

components and facilitate nutrient absorption in the host

(Burnham and Hendrixson, 2018). However, most studies identify

Campylobacter as a harmful pathogen responsible for animal

diseases. The observed increase in abundance in this study might

be linked to the host’s nutrient metabolism. Campylobacter

possesses unique metabolic pathways, primarily utilizing amino

acids and organic acids as carbon and energy sources, instead of

relying on carbohydrate fermentation. This adaptation enables their

survival in low-oxygen environments, such as the gut and

foodborne microbial niches (Stahl et al., 2012). Moreover, there

are few reports regarding Mailhella, but it may contribute to

maintaining the diversity and stability of the intestinal

microbiota, interacting with other microbial communities to

collectively maintain normal intestinal function. The significant

increase in the abundance of Campylobacterota, Campylobacter,

and Mailhella in this study may be related to changes in certain

indicators in the blood, as demonstrated in the correlation analysis.

Meanwhile, the observed decrease in the abundance of

Alloprevotella, Roseburia, and Prevotellaceae UCG-003 may be

attributed to changes in the microbial network. Additionally, their

changes are strongly correlated with immune metabolic capacity

(Shen et al., 2022; Ye et al., 2022; Yu et al, 2023c). Finally, we

observed a significant increase in the complexity of the microbial
Frontiers in Animal Science 07
network in the hindgut following the addition of mulberry leaves to

the diet. More complex microbial networks are known to possess

greater resistance to adverse external factors (Yu et al., 2023b; Yu

et al., 2024), further supporting the notion that mulberry leaves can

modulate intestinal microbiota structure and enhance host health.
5 Conclusions

This study offers new insights into the use of ML in ruminant

production. The inclusion of ML can elevate the levels of AKP and

GPT in the blood, and showing potential to enhance the host’s

antioxidant capacity and improve the hindgut microbiota structure

of Hu sheep. These findings are significant for the development of

alternative feed resources. ML is a promising feed ingredient that

benefits both animal health and environmental sustainability.

Further investigation into ML’s impact on rumen fermentation,

metabolism, and microbial communities in ruminants will support

its wider adoption in ruminant production.
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