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Introduction: This study investigated the effects of Flammulina velutipes residue

(FVR) on performance, antioxidant function, immunity, and intestinal flora

of broilers.

Methods: A total of 192 one-day-old three-yellow chickens were divided into

four groups of 48 chickens per group, 6 replicates per group and 8 chickens per

replicate. The control group (CON) was fed a basal diet, while the remaining three

groups were supplemented with FVR in the basal diet, adding 2%, 4% and 6% of

the basal diet, respectively. The experiment lasted for 48 days. Blood samples

were collected from the jugular vein on days 28 and 48 to determine serum

biochemical indices. Caecum contents were collected on day 48 to assess

flora diversity.

Results and discussion: No significant differences were observed in dry matter

intake (DMI), average daily gain (ADG), or feed conversion ratio (FCR) between the

2% and 4% group and the CON. However, the 6% FRV group showed significantly

reduced DMI and FCR. The FVR groups exhibited significantly increased levels of

catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPC-PX)

and total antioxidant capacity (T-AOC), along with significantly decreased

malondialdehyde (MDA) content. Additionally, serum interleukin-1 (IL-1) levels

decreased, while immunoglobulin G (IgG), immunoglobulin A (IgA) and

interleukin 10 (IL-10) levels significantly increased in the FVR groups. The

caecal flora diversity test revealed that FVR altered the flora structure, with

increased proportions of Bacteroides, Ruminococcus and Faecalibacterium in

the 6% FVR groups. In conclusion, FVR can significantly enhance the antioxidant

capacity and immunity of broilers and enrich the structure of intestinal flora. The

impact on growth performance is limited and dosage-dependent. Further

research is needed to optimize its use in poultry diets.
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1 Introduction

Poultry feed, predominantly consisting of corn, soybean meal,

and other grains, serves as the foundation of poultry farming and

constitutes approximately one-third of the global food resources

(Silver et al., 2021). By 2025, the consumption of animal-based food

is projected to increase by 50% (McIntyre et al., 2009). Over the past

few decades, the global population has grown significantly, reaching

7.43 billion in 2015, with food demand doubling and surpassing the

Earth’s regenerative capacity (Stanisǩis, 2012; Michiel et al., 2021).

Furthermore, the Food and Agriculture Organization estimates a

70% increase in global food demand by 2050 (Bruinsma, 2003).

Given the continuous global population growth and climate

change-induced food shortages, the conflict between feed resource

supply and demand is intensifying, posing a significant threat to the

sustainable development of poultry farming (Mottet and

Tempio, 2017).

China, home to 20% of the world’s population but only 6% of its

land area (Ziegler, 2006; Zhang, 2011), faces significant challenges.

The rapid development of its poultry industry has dramatically

increased food demand, particularly for grain, which has doubled,

posing a substantial impact on the global food market and

potentially leading to a food security crisis (Rosegrant et al., 2001;

Trostle, 2008; Cao and Li, 2013; Chen and Nie, 2016).

As a producer of edible fungi, China boasts a diverse range of

these resources (Falandysz, 2013; Yadav and Samadder, 2018), with

an annual output of nearly 2 million tons that will continue to

increase (Aida et al., 2009; Amin et al., 2014). Approximately 5 kg of

residue is produced per kilogram of edible fungi (Lin et al., 2014;

Zisopoulos et al., 2016). These residues are rich in proteins,

vitamins, and trace elements (Medina et al., 2009; Zhu et al.,

2012), cellulose and lignin, promoting food digestion (Fazaeli

et al., 2014) and offering potential health benefits (Manila et al.,

2000). As a foodborne mushroom, the Flammulina mushroom is

deeply loved by Asian people because of its unique fragrance (Leifa

et al., 2001; Ko et al., 2007; Jing et al., 2014). In addition, it contains

various immune-active substances such as fungal ribosome

inactivation protein (RIP) and fungal immunomodulatory protein

(FIP), which deserve more attention. RIP from Flammulina

velutifolia, with a molecular weight of 30 kDa, effectively inhibits

tumor cells (Ng, 2006). FVPB2, a new polysaccharide from

Flammulina vellum, enhances the immune response in mice,

enabling B cells to induce high immunoglobulin (Ig) M and IgG

levels (Wang et al., 2018). Polysaccharides extracted from

Flammulina velutipes residue (FVR) also demonstrate strong

antioxidant activity (Lin et al., 2016). Despite these benefits,

edible mushroom residues are often discarded (Chiu et al., 1998;

Williams et al., 2001).

Development and utilization of FVR and its rational use in

broiler production will be conducive to increasing the diversity of

feed, reducing the pressure of “human and animal competition for

food”, and support the sustainable development of animal

husbandry. The three-yellow chicken, a renowned breed in China

for its meat and nutritional qualities, has been under-researched

regarding the effects of FVR. The three-yellow chicken is typically

raised for approximately 60–70 days to reach a market weight of
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1.5–2.0 kg. This study examines the impact of varying FVR

concentrations on the antioxidant activity, immunity, and

intestinal flora of three-yellow chickens, evaluating the feasibility

of incorporating FVR into their basal diet.
2 Materials and methods

2.1 Treatments, experimental diet
and management

One-day old three-yellow chickens were selected as the

experimental subjects. A total of 192 healthy three-yellow

chickens (96 males and 96 females) with similar body weight

were purchased and randomly divided into four treatment

groups, each comprising 48 chickens. Each treatment group

comprised six replicates, with eight chickens per replicate. The

control (CON) group was fed a basal diet, while the other three

groups received FVR supplementation at levels of 2%, 4%, and 6%

relative to the basal diet, respectively. The FVR used in this study

was provided by the Shanghai Academy of Agricultural Sciences.

Before feeding, the residue was dried and crushed for inclusion in

the diet. The entire experiment lasted 48 d.

FVR was derived from the residual material after the harvest.

This material was utilized after being dried at 80°C. The nutritional

composition was 90.40% dry matter, 9.63% crude protein, 0.20%

crude fat, 17.20% crude fiber, 13.50% crude ash, 3.20% calcium,

0.38% total phosphorus, and 6.3% total amino acids.

During the experiment, the chickens were raised in two-layer

cages with eight chickens in each cage, and specially assigned

individuals were responsible for feeding the chickens and

maintaining natural ventilation in the cages. The dietary

formulations and nutritional levels of the basic feed are presented

in Table 1. The nutritional levels were formulated in accordance

with standard poultry nutrition guidelines and were further refined

based on data specific to local poultry breeds, including the three-

yellow chicken. The experimental feed, consisting of a powdered

mixture, was prepared on-site using a dedicated mixer and

ingredients procured specifically for the study. Experimental

animals were provided with ad libitum access to both feed and

water throughout the trial period.

All animals experiment were conducted in accordance with the

Guidelines for the Care and Use of Experimental Animals of the

Chinese Academy of Agricultural Sciences and approved by the

Review of Experimental Animal Welfare and Ethics of the Shanghai

Veterinary Research Institute, Chinese Academy of Agricultural

Sciences (SV-20230526- Y01).
2.2 Sample collection and analysis

Feed intake and weight were systematically recorded

throughout the study periods. Feed intake was calculated the

difference between the amount of feed provided and the amount

of feed refused at each replicate. ADG was determined by starting

weight and ending weight every periods. FCR was then calculated
frontiersin.org
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by dividing the total feed intake by the corresponding weight gain

achieved during each specific period average daily.

One chicken was randomly selected from each replicate on 28

and 48 days. Blood was collected from the jugular vein, stored at 4°C

overnight, and centrifuged at 8000g for 30 min. The upper serum

was absorbed and stored at −80°C. Cecal contents of 2–3 g was

collected aseptically on 48 day and frozen at −80 °C for microbial

flora diversity detection.
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According to the kit instructions (provided by Shanghai

Yinuopai Biotechnology Co., Ltd.), the following serum

antioxidant indices were determined: catalase (CAT), superoxide

dismutase (SOD), glutathione peroxidase (GPC-PX), total

antioxidant capacity (T-AOC), and malondialdehyde (MDA); The

serum immune indices were immunoglobulin A(IgA),

Immunoglobulin G(IgG). The Serum inflammatory factors were

interleukin-1 (IL-1), interleukin 10 (IL-10), and tumor necrosis

factor alpha (TNF-a).
After first completing the genomic DNA extraction, the

extracted genomic DNA was detected using 1% agarose gel

electrophoresis. For formal experiments, three replicates of each

sample were mixed with the polymerase chain reaction (PCR)

products from the same sample and detected using 2% agarose

gel electrophoresis. The PCR products were recovered by cutting

glue using an E.Z.N.A. ® Gel Extraction Kit (Omega Bio-Tek,

Guangzhou Feiyang Biological Engineering Co., LTD) and eluted

with Tris HCl and 2% agarose gel electrophoresis. The

abovementioned PCR sequencing region was 338F_806R, 338F

(5′-ACTCCTACGGGAGGCAGCAG-3 ′) , and 806R (5 ′-
GGACTACHVGGGTWTCTAAT-3 ′) . According to the

preliminary quantitative results of electrophoresis, the PCR

products were determined using QuantiFluor™ -ST blue

fluorescence quantification system (Promega). Sequencing was

performed using an Illumina’s MiSeq PE300 platform. The Flash

(version 1.2.11) software was used for pair-end double-ended

sequence splicing, and sequence quality was controlled and

filtered simultaneously. Operational taxonomic unit (OTU)

cluster and taxonomic analyses of species were performed after

distinguishing the samples. Based on OTU cluster analysis results, a
and b diversities were calculated, and the groups were compared.

Differences in species at different levels in each group were analyzed

using the Kruskal–Wallis H test.
2.3 Statistical analysis

All data were preliminarily sorted using EXCEL 2010, and SPSS

26.0. was used to test the significance between different groups using

one-way analysis of variance and Duncan’s multiple comparison

test. The results were expressed as means ± SD. Statistical

significance was set at P < 0.05. The GraphPad Prism 9.5 software

was used for mapping.
3 Results and discussion

3.1 Growth performance

The results of performance are shown in Table 2. The results

indicated that the low-dose addition of FVR (2%) tended to increase

dry matter intake compared to the control group, although this

difference was not statistically significant. There was no significant

difference in average daily weight gain between the control and low-
TABLE 1 Composition and nutrient levels of basal diets (dry
matter basis).

Items 0–4 week 5–7 week

Ingredient (%)

Corn 58.76 62.47

Wheat middling 4.00 5.00

Soyabean meal 27.08 21.56

Corn gluten meal 3.00

Rapeseed meal 3.00

Fish meal 2.00 1.00

Calcium hydrogen phosphate 1.47 1.34

Limestone 1.17 1.35

NaCl 0.31 0.31

Plant oils 0.90 2.69

premixes 1.00 1.00

Lys 0.18 0.19

DL-Met 0.13 0.09

Total 100 100

Nutrient level (%)

ME (MJ/kg) 12.13 12.35

CP 20.06 17.10

Ca 0.84 0.90

Available P 0.45 0.40

NaCl 0.38 0.37

Lysine 1.09 0.94

Methionine 0.48 0.38

Threonine 0.81 0.69

Tryptophan 0.26 0.22
CON, broilers fed with a basic diet; 2% FVR, broilers fed with a basic diet supplemented with
20 g/kg Flammulina velutipes residue; 4% FVR, broilers fed with a basic diet supplemented
with 40 g/kg Flammulina velutipes residue; 6% FVR, broilers fed with a basic diet
supplemented with 60 g/kg Flammulina velutipes residue. ME, metabolizable energy; CP,
crude protein; Ca, calcium; Available P, Available phosphorus.
The premix provides following for 1kg of feed: VA,10000 IU; VD3, 2400 IU; VE, 10 IU; VK, 1.6
mg; VB1,1.0 mg; VB2, 6.8 mg; VB6,1.0 mg; VB12,0.01 mg; Biotin,0.08mg; Folic acid, 1.02 mg;
Nicotinic acid,28.0mg; Choline chloride,500mg; Cu,16mg; Fe,90mg; Zn,45mg; Mn, 70 mg;
I,0.3 mg; Se, 0.15 mg.
The nutritional levels of the diet were calculated based on the nutrient content of the
ingredients and the nutrient content of the ingredients determined through
laboratory analysis.
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dose groups. The feed conversion ratio (FCR) was higher in the low-

dose group than in the control group, but not significant, indicating

a potential decrease in feed conversion efficiency. Conversely, the

high-dose addition of FVR (6%) significantly reduced body weight

at 48 days of age (P<0.05). Additionally, dry matter intake was

significantly lower in the high-dose group during both the 29 to 48

days period and the entire 1 to 48 days period (P<0.05). The high-

dose group also exhibited a significantly increased FCR during both

the 29 to 48 days and 1 to 48 days periods, indicating reduced feed

conversion efficiency (P<0.05).
3.2 Blood serum antioxidant capacity

As shown in Table 3, the serum antioxidant content of broilers

added with FVR was significantly changed compared with that in the

CON group. On D28, serum CAT levels in the 4% and 6% FVR

groups were significantly higher than those in the control group

(P<0.05), whereas the 2% FVR group showed no significant

difference. By D48, all experimental groups demonstrated

significantly elevated serum CAT levels compared to the control

group (P<0.05). Throughout the experimental period, SOD levels in
Frontiers in Animal Science 04
the experimental groups consistently remained significantly higher

than those in the control group (P<0.05). On D28, serum GSH-PX

levels in the 6% FVR group were significantly higher than those in the

control group (P<0.05). By D48, GSH-PX levels in all experimental

groups exceeded those in the control group (P<0.05). During the trial

period, T-AOC in the 2% and 4% FVR groups was significantly

higher than that in the control group (P<0.05), while the 6% FVR

group exhibited an extremely significant increase (P<0.01). On D28,

serum MDA levels in the 4% and 6% FVR groups were significantly

lower than those in the control group (P<0.05). By D48, MDA levels

in the 2% and 4% FVR groups showed a significant reduction

(P<0.05), while the 6% FVR group exhibited an extremely

significant decrease compared to the control group (P<0.01).
3.3 Blood serum immunoglobulin and
inflammatory factors

As illustrated in Figures 1A–D, serum immunoglobulin levels

indicated no significant change in IgA in the FVR groups compared

with that in the CON group at 28 days, and IgA levels in the 6%

FVR groups were significantly higher than those in the CON group

at 48 days and increased in the 2% and 4% FVR groups (P<0.05). At

28 d and 48 d, the IgG levels in the 6% FVR groups were

significantly higher than those in the CON group (P<0.05). As

presented in Figures 1E–J, the levels of inflammatory factors

changed. The FVR groups demonstrated lower serum IL-1

contents than the CON group at 48 days. The content of IL-10 in

the 4% FVR and 6% FVR groups significantly increased compared

to that in the CON group (P<0.05). For TNF-a activity, no

significant change was observed between groups.
3.4 Cecal microbiota of broilers

As presented in Figure 2A, the Venn plot demonstrates 1249

OTUs in the four groups, with 84, 49, 110 and 66 OTUs unique to

the CON, 2% FVR and 4% FVR, and 6% FVR, respectively. Based

on a diversity, Ace, Chao, Shannon, and Simson indices changed in

Figures 2B–E, although the difference was not significant (P>0.05).

Assessing b-diversity as in Figures 2F, G, the microbial composition

was slightly altered at the genus and phylum level (P>0.05). The

dominant flora of each group was further analyzed at the phylum

and genus level. At the phylum level, Firmicutes and Bacteroidetes

were the dominant bacteria. As in Figures 2H, I, Firmicutes were

upregulated in 2% and 4% FVR groups, and the proportion of

Bacteroidetes was significantly upregulated in 6% FVR groups

(P<0.05). At the genus level, Bacteroides and Lactobacillus

accounted for a high proportion (Figures 2H, I). The total

proportion of Bacteroides and Lactobacillus in the FVR groups

decreased, whereas those of other bacteria were upregulated,

including Ruminococcus and Faecalibacterium, which were

slightly upregulated. However, Bacteroides was significantly

upregulated in the 6% FVR groups (P<0.05).
TABLE 2 Effects of Flammulina velutipes residue on growth
performance of three-yellow chicken.

Items CON 2% FVR 4% FVR 6% FVR

BW(g)

D1 28.27 ± 0.89 29.20 ± 1.08 28.71 ± 1.31 28.19 ± 1.12

D28 265.94 ± 10.01 276.25 ± 11.09 262.50 ± 15.55 260.50 ± 4.08

D48
755.92
± 53.50a

696.67
± 50.33a

682.08
± 55.83a

601.79
± 38.95b

D1–28

ADG
(g)

8.80 ± 0.35 9.15 ± 0.44 8.66 ± 0.59 8.59 ± 0.14

ADFI(g) 14.94 ± 0.66ab 15.06 ± 0.24ab 15.37 ± 0.28a 14.48 ± 0.77b

FCR 1.70 ± 0.08 1.65 ± 0.08 1.78 ± 0.14 1.69 ± 0.10

D29–48

ADG(g) 25.79 ± 2.98a 22.13 ± 3.07ab 22.08 ± 2.33ab 17.99 ± 2.23b

ADFI(g) 48.29 ± 0.50a 48.36 ± 0.36a 47.76 ± 0.58a 46.30 ± 0.61b

FCR 1.89 ± 0.24b 2.22 ± 0.29ab 2.18 ± 0.20b 2.60 ± 0.30a

D1–48

ADG(g) 15.48 ± 1.15a 14.20 ± 1.06a 13.09 ± 1.21a 12.20 ± 0.85b

ADFI(g) 27.62 ± 0.37ab 28.07 ± 0.35a 27.03 ± 0.60b 25.97 ± 0.28c

FCR 1.79 ± 0.13b 1.98 ± 0.12ab 1.95 ± 0.16ab 2.14 ± 0.15a
CON, broilers fed with a basic diet; 2%FVR, broilers fed with a basic diet supplemented with
20 g/kg Flammulina velutipes residue; 4%FVR, broilers fed with a basic diet supplemented
with 40 g/kg Flammulina velutipes residue; 6%FVR, broilers fed with a basic diet
supplemented with 60 g/kg Flammulina velutipes residue. BW, body weight; ADG, average
daily gain; ADFI, average daily feed intake; FCR, feed conversion ratio.
Superscript letters within each row show significant differences of mean values at P < 0.05.
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4 Discussion

In animal production, growth performance is a critical

determinant of economic benefits. Key indicators such as ADG

and FCR are often researched to optimize feeding strategies.

Studies have shown that dietary supplementation with certain

mushrooms can improve these performance metrics. For instance,

higher body weight gain and lower FCR were observed in broilers

fed a 2% level of Agaricus bisporus mushroom (Giannenas et al.,

2010). In our research, the addition of FVR at low doses (2%, 4%)

did not significantly affect the growth performance of broiler.

These findings align with previous research by Hassan et al. (2020)

and Mahfuz et al. (2020), who observed similar results. The

limited impact of FVR at low doses could be attributed to the

nutrient composition and bioactive substances in the residue.

Flammulina velutipes mycelium produces cellulolytic enzymes

during growth, which break down fibrous structures, releasing

nutrients that aid in digestion and absorption. The presence of

phenolic compounds and glucans in mushrooms enhances

antioxidant capacity in animals. However, the active substances

in fungal residue are limited, which might explain the negligible

effect on broiler chickens’ production performance when FVR is

used in small quantities. The experiment revealed that a high dose

of FVR (6%) significantly reduced body weight, dry matter intake,

and feed conversion efficiency. These adverse effects are likely due

to the lower protein content and higher levels of indigestible fiber

and crude ash in the fungal residue compared to the basal diet.

The direct addition of high doses of FVR diluted the overall
Frontiers in Animal Science 05
nutrient content, inhibiting dry matter intake and thus negatively

impacting growth performance. These findings suggest that while

FVR has potential as a feed ingredient, careful consideration of its

dosage and nutrient content is essential to avoid negative impacts

on broiler performance.

Edible fungi contain numerous active substances (Meng et al.,

2018) with antioxidative properties and tumor-inhibiting abilities

(Muszyń et al., 2018). Polysaccharides, the most abundant

macromolecules present in edible fungi, significantly scavenge

hydroxyl and superoxide anion free radicals (Lin et al., 2014). By

influencing the Keap1-Nrf2/ARE signaling pathway, these

polysaccharides regulate antioxidant enzyme expression and

enhance the body antioxidant capacity (Lin et al., 2016; Wu et al.,

2020). Li et al. (2018) reported that polysaccharides can increase the

expression of Nrf2 and ARE in cyclophosphamide-treated mouse

testicular tissue, reduce Keap1 expression, and promote antioxidant

enzyme production. These polysaccharides also regulate apoptosis

pathway genes expression and promote antioxidant production,

thereby mitigating oxidative damage. Additionally, polysaccharides

from sea buckthorn increase SOD activity in mice by inhibiting BAX

expression (Chen et al., 2020). Polyphenols in edible fungi act as

natural antioxidants, clearing free radicals and quenching reactive

oxygen species. Wang et al. (2012) found that sesquiterpenoids from

Flammulinella magnolia prevent lipid peroxidation by chelating OH−

with Fe2+ or Cu2+ in the polyphenol ring, thus reducing oxidative

stress. Feeding FVR to broilers significantly increased antioxidant

enzyme activity in the serum and decreased harmful products,

highlighting the role of bioactive substances in FVR. However, the
TABLE 3 Effects of Flammulina velutipes residue on antioxidant functions of three-yellow chicken.

AGE Items CON 2% FVR 4% FVR 6% FVR

D28

CAT
(U/mL)

50.91 ± 2.56a 55.84 ± 2.49ab 57.42 ± 2.48b 58.38 ± 1.61b

SOD
(U/ml)

322.15 ± 2.26a 334.28 ± 3.80b 344.40 ± 1.97b 385.01 ± 5.70b

GSH-PX
(nmol/min/mL)

793.19 ± 1.87a 790.87 ± 6.44a 794.29 ± 9.98a 912.01 ± 4.37b

T-AOC
(U/Trolox/mL)

0.18 ± 0.04a 0.22 ± 0.01b 0.21 ± 0.01b 0.25 ± 0.02c

MDA
(nmol/mL)

12.10 ± 1.68b 12.06 ± 2.49b 9.10 ± 1.10a 8.37 ± 2.79a

D48

CAT
(U/mL)

49.30 ± 4.70a 62.03 ± 6.66b 60.24 ± 3.30b 59.02 ± 6.04b

SOD
(U/ml)

323.54 ± 2.25a 345.81 ± 2.25b 365.61 ± 0.72b 502.13 ± 0.12c

GSH-PX
(nmol/min/mL)

644.59 ± 9.77a 781.06 ± 1.93b 737.28 ± 1.67c 953.29 ± 4.87d

T-AOC
(U/Trolox/mL)

0.19 ± 0.01a 0.21 ± 0.09b 0.21 ± 0.01b 0.24 ± 0.03c

MDA
(nmol/mL)

11.57 ± 1.01b 12.21 ± 2.14b 11.53 ± 1.51b 8.64 ± 1.73a
Superscript letters (a–c) within each row show significant differences of mean values at P < 0.05.
CON, broilers fed with a basic diet; 2% FVR, broilers fed with a basic diet supplemented with 20 g/kg Flammulina velutipes residue; 4% FVR, broilers fed with a basic diet supplemented with 40 g/
kg Flammulina velutipes residue; 6% FVR, broilers fed with a basic diet supplemented with 60 g/kg Flammulina velutipes residue.CAT, catalase; SOD, superoxide dismutase; GPC-PX, glutathione
peroxidase; T-AOC, total antioxidant capacity; MDA, malondialdehyde.
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specific antioxidant effects of edible mushroom residues require

further elucidation.

Additionally, the immune capacities of livestock and poultry

should not be ignored, and the concentration of immune factors is

an important index for measuring poultry immunity (Criste et al.,

2020). FVR supplementation significantly increased IgG and IgA

contents in serum of 48-day-old broilers, decreased IL-1 levels, and

increased IL-10 levels, which had positive effects on the immunity of

broilers. Active substances of edible fungi are known to enhance

macrophage phagocytosis and stimulate the release of cytokines

such as NO, TNF-a, and IL-6 (Guo et al., 2023). Among them,

edible polysaccharide regulates the secretion and expression of

cytokines and other factors through nuclear factor-kB and
Frontiers in Animal Science 06
mitogen-activated protein kinases signaling pathways, thereby

exerting its immunomodulatory activity (Wu et al., 2019). In

addition, edible fungi contain various active proteins, the most

common of which are lectins (12–190 kDa) and FIP (12.7 kDa),

which are involved in various physiological functions such as

anticancer, antiviral, antibacterial, and immune regulation (Ng

and Wang, 2004). Polypeptides from mycelium of Pleurotus

eryngii have been demonstrated to inhibit the proliferation of

cancer cells (cervical, breast, and stomach cancer cells) while

promoting the proliferation of macrophages (Ana-1 cells), TNF-

a, and IL-6 and expression of TLR2 and TLR4 (Sun et al., 2017).

The gut microbiota plays an important role in nutrient digestion,

metabolism, maintenance of intestinal barrier function, and immune
FIGURE 1

Effects of Flammulla velutipes residue on serum immunoglobulin and inflammatory factors of broilers. (A, B) IgA and IgG content in d28; (C, D) IgA
and IgG content in d48; (E–G) IL-1, IL-10 and INF-a content in d28; (H–J) IL-1, IL-10 and INF-a content in d48. Lower-case letters show significant
differences of mean values at P < 0.05.
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development (Fu et al., 2021). Active substances of edible fungi, which

can regulate the structure and diversity of the intestinal microbial

community and affect the production of short-chain fatty acids in the

intestine and intestinal barrier to exert benefits (Zhao et al., 2018).

According to the results of the fecal microflora diversity analysis, FVR

affected the regulation of intestinal microflora and its number.

Firmicutes and Bacteroides constitute was the main of microbial

communities at the phylum level (Ahir et al., 2010), and Firmicutes

and Bacteroidetes were the dominant bacteria in this study, consistent

with the results of previous studies (Choi et al., 2014). However, in

contrast to that in the CON group, the abundance of Bacteroidetes

significantly increased at the phylum and genus levels in the 6% FVR

groups. However, Bacteroidetes promote the production of short-chain

fatty acids during biological metabolism, maintain intestinal

environmental stability, and effectively prevent inflammation (Zhang

et al., 2019). Bacteroidetes also respond significantly to changes in the
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intestinal environment (Flint and Duncan, 2014). This indicates that

the intestinal environment is changed by the addition of FVR, which

makes the above-mentioned immunity improvement in broilers

feasible. Other studies have demonstrated that Bacteroides can

increase the relative abundance of plant polysaccharides through

degradation them (Tamura et al., 2017). In addition, at the genus

level, while the total proportion of Bacteroides and Lactobacillus

decreased in the FVR groups, the proportion of other beneficial

bacterial genera, such as Ruminococcus and Faecalibacterium,

increased. Ruminococcus is known to be one of the most efficient

bacterial genera for decomposing carbohydrates, and can degrade and

ferment cellulose and hemicellulose. Fibers can further increase the

viscosity of the digestive fluid and thickness of the mucous layer, reduce

the number of mucus-degrading bacteria, and increase the number of

cellulose-degrading bacteria, which are considered a line of defense

against pathogens in the intestinal tract (La Reau and Suen, 2018).
FIGURE 2

Effect of Flammulla velutipes residue on cecal microbiota of broilers. (A) Venn diagram of broilers cecal microbiota in different treatments: (B) Ace
index; (C) Chao index; (D) Shannon index; (E) Simpson index of OUT level of broilers cecal microbiota. (F, G) b-diversity (PCoA) on Phylum level and
Genus level. (H, I) relative abundance of bacteria at the phylum and genus levels. * indicates significant differences (P<0.05).
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Ruminococcus is a probiotic that can enhance the overall immunity and

growth indices of cultured fish (Gayed et al., 2021). As a member of

Firmicutes, Faecalibacterium plays an important role in promoting the

production of butyrate in the intestine, anti-inflammation, maintenance

of bacterial enzyme activity, and protection of the digestive system from

intestinal pathogens. Farhadfar et al. (2021) have reported that

Faecalibacterium is actively involved in the metabolism of the host

and regulates the intestinal immune system, oxidative stress, and colon

cell metabolism through butyrate production. The addition of FVR has

been demonstrated to increase the diversity of cecal flora and increase

the number of beneficial bacteria.
5 Conclusion

Our results demonstrate that supplement 2% or 4% FVR to

three-yellow chickens has no significant effect on performance, but

supplement 6% FVR can reduce performance of broiler. But

supplement FVR can improve antioxidant capacity and

immunity, change intestinal probiotic flora to a certain extent,

and enrich the diversity of intestinal flora.
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