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ABSTRACT The purpose of this experiment was to
study the effects of fenugreek seed extract (FSE) on the
growth performance, intestinal morphology, intestinal
immunity and cecal micro-organisms in yellow-feathered
broilers. A total of 240 one-day-old male yellow-feathered
broilers were selected and randomly assigned to four
treatments with 6 replicates per group and ten broilers
per replicate. Started from the third day, birds were fed
with basal diet (CON group) or basal diet supplemented
with 30 mg/kg Zinc bacitracin (ZB group), or basal diet
supplemented with 50 (D-FSE group) or 100 (H-FSE
group) mg/kg FSE, respectively. The experiment lasted
for 56 d. The results showed that dietary FSE supplemen-
tation improved average daily weight gain (ADG) and
ratio of feed to weight gain (F: G) (P < 0.01), increased
intestinal villus height (VH), villus height to crypt depth
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ratio (V/C) (P < 0.05), serum concentrations of IL-10,
and the contents of secretory immunoglobulin A (sIgA)
(P < 0.05), as well as decreased the activity of iNOS (P <
0.05). The high-throughput sequencing results showed
that dietary FSE supplementation increased the alpha
diversity of cecal microbes, and Firmicutes, Bacteroidetes,
Verrucomicrobia and Proteobacteria taken up 95% of all
phyla detected, FSE significantly reduced Campylobacter,
Synergistes, and Lachnoclostridium abundance (P ≤
0.05). There were significant difference in more than 30
KEGG pathways between FSE added group and control
group or ZB group. FSE supplementation, in other words,
maintained gut microbiota homeostasis while improving
broiler growth performance. As a result, FSE has the
potential to replace prophylactic antibiotic use in poultry
production system.
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INTRODUCTION

Antibiotics were widely used in livestock and poultry
production due to their antibacterial and growth-pro-
moting functions, which has promoted the rapid devel-
opment of animal husbandry and brought huge
economic benefits to human beings (Abd et al., 2019).
However, several issues such as bacterial resistance,
drug residual effects, endangering human health, envi-
ronmental pollution, and ecological balance disruption
have grown significantly, thus it is critical to produce
effective feed additives to replace antibiotics
(Bengtsson and Wierup, 2006; Mcewen, 2006). Herb
extracts, antibacterial peptides, prebiotics, enzymes,
organic acids, and other substances have all recently
been studied in this field (Alagawany et al., 2018;
Omonijo et al., 2018; Lan and Kim, 2019). Among them,
research on pure, natural, nontoxic, and nonresidual
Chinese herbal extracts as feed additives has become a
focus. Traditional Chinese herbal extract contains not
only nutrients such as protein, carbohydrate, mineral
element, vitamin, amino acid, etc., but also some bioac-
tive compounds which can improve feed efficiency and
growth performance of livestock and poultry production
(Chen et al., 2011; Abdallah et al., 2019). Polysacchar-
ides found in Chinese herbal extracts can help boost the
body's immunity (Jiang et al., 2010; Xu et al., 2014,;
Liu et al., 2018). Chinese herbal extracts also contain
flavonoids, polyphenols, and other substances that
function as antioxidants and improve meat quality
(Park et al., 2015; Turgut et al., 2016; Yu et al., 2021).
Furthermore, the glycosides, alkaloids, and organic acids
included in Chinese herbal extracts can inhibit or kill
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Table 1. Composition and nutrient levels of basal diets (air-dry
basis).

Feed components 1 to 28 d 29 to 56 d

Ingredients
Corn 56.55 58.65
Soybean meal 36.10 33.40
Soybean oil 3.00 3.50
CaHPO4 1.80 1.90
Limestone 1.00 1.00
NaCl 0.30 0.30
Cholone chloride 0.15 0.15
DL-Methionine 0.10 0.10
Premix1 1.00 1.00

Nutrient levels2

ME, MJ/kg 12.20 12.46
CP,% 20.13 19.17
Lys,% 1.01 0.97
Met,% 0.43 0.41
Ca,% 1.09 1.11
Available P,% 0.52 0.53
1The premix provided the following per kg of diets: Cu, 10 mg; Fe, 90

mg; Mn, 90 mg; Zn, 50 mg; I, 0.4 mg; Se, 0.2 mg; Co, 0.4 mg; VA, 5 000
IU; VD, 3 500 IU; VE, 10 IU; VB1, 1.5 mg; VB6, 1.5 mg; VB2, 6.0 mg;
VB12, 10 mg; nicotinic acid, 35 mg; folic acid, 0.8 mg; pantothenic acid, 12
mg; biotin, 0.8 mg.

2Nutrient levels were all calculated values.
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pathogenic bacteria, control intestinal flora, boost
immunity, and have disease prevention and treatment
benefits (Zhang et al., 2014). When used as feed addi-
tives, Chinese herbal extracts are sourced from natural
products and have no drug residual effect nor pollute
the environment (Nathiya et al., 2014).

Fenugreek (Trigonella foenum-graecum), an annual
leguminous plant which belongs to the family Fabaceae.
It is cultivated worldwide as a semiarid crop and was
once recognized in China as a homology of food and medi-
cine. Fenugreek seeds are rich in crude protein, dietary
fiber, fatty acids, amino acids, and minerals (Pandey and
Awasthi, 2015; Nasim et al., 2016). The main chemical
components of Fenugreek seed extract (FSE) are polysac-
charides, flavones, steroidal saponins and alkaloids.
Research evidences proved that FSE owned many posi-
tive role in health, such as hypoglycemic (Gad et al.,
2006; Lu et al., 2015), hypocholesterolemic
(Ramulu et al., 2011; Uemura et al., 2011), anti-oxidation
(Abdel-Daim et al., 2015; Goyal et al., 2018), antibacte-
rial (Mozhdeh et al., 2019; Yasmeen and Shashiku-
mar, 2019), anti-inflammatory (Bae et al., 2012;
Ahmed et al., 2017), immuno-stimulating activities
(Begum et al., 2016; Guardiola et al., 2018) and improve
growth performance (Toaha et al., 2016;
Covarrubias et al., 2018). FSE enhanced the appetite of
broilers through its effects on the nervous system and
intestinal flora. The inclusion rate of 3 g/kg FSE could
stimulate feed intake in broilers, improve the rate of feed
conversion, and increase their live weight (Alloui et al.,
2012). However, little is known regarding FSE's possible
impact on intestinal health and microbiome composition.
As a result, the current study was aimed to explore the
effects of dietary FSE supplementation on broiler growth
performance, intestinal morphology, intestinal immunol-
ogy, and cecum microbial composition.
MATERIALS AND METHODS

Fenugreek Seed Extracts

Fenugreek seed extracts (50% fenugreek polysaccha-
ride, 15% saponin, 10% fenugreek flavones, 2% alka-
loids) was extracted by water and it was provided by
Hunan Geneham Pharmaceutical Co., Ltd (Changsha,
China). The product was white powder in appearance.
Animals and Diets

All experimental procedures used in this study were
approved by the Institutional Animal Care and Use Com-
mittee of Hunan Agricultural University. The male yel-
low-feathered broilers were all purchased from a nearby
commercial hatchery. A total of 240 healthy chicks were
chosen at random at 3 d old and allocated to one of 4
treatment groups (6 replicates per group, 10 broilers each
replicate). Birds were fed with basal diet (CON group) or
basal diet supplemented with 30 mg/kg Zinc bacitracin
(ZB group), or basal diet supplemented with 50 (D-FSE
group) or 100 (H-FSE group) mg/kg FSE, respectively.
The basal diets were prepared in mash according to
“Feeding Standard of Chicken (NY/T33-2004)” issued by
the Ministry of Agricultural of People’s Republic of China
(Ministry of Agricultural of the People's Republic of
China, 2004). The chemical composition of basal diets
was shown in Table 1. All broilers had free access to feed
and water and vaccinated according to the vaccination
procedure guide for broilers. The trial lasted for 56 d.
Data and Samples Collection

Growth Performance Body weight (BW) and feed
consumption of each cage were recorded. Then, the aver-
age daily feed intake (ADFI), average daily weight gain
(ADG), ratio of feed to weight gain (F: G) for entire
experimental period was calculated.
Jejunum and Ileum Samples At d 56, 24 broilers (one
broiler per replicate) were euthanized, then approxi-
mately 1 to 2 cm segment of intestine at the midpoint of
jejunum and ileum (as much as possible in the same posi-
tion) were cut and isolated. The isolated portions were
gently rinsed with 0.9% saline, blotted dry with filter
paper, then fixed it in a 4% paraformaldehyde fixing
solution for 24 h at 4°C for intestinal tissue morphologi-
cal analysis.
Jejunal and Ileal Mucosa and Cecum Chyme About
3 cm segment of intestine at midpoint of jejunum and
ileum was cut, rinsed gently with 0.9% saline, blotted
dry with filter paper, and scraped using glass slide to iso-
late the jejunum and ileum mucosa which were wrapped
in a tin foil and immediately frozen in liquid nitrogen.
Then 24 cecum chyme samples from the euthanized
broilers were collected into 2 mL cryogenic vials and
quickly frozen in liquid nitrogen. All samples were stored
at �80°C until further analyses.



Table 2. Effects of FSE on growth performance of broilers.

Dietary treatment1,2

Items3 CON ZB D-FSE H-FSE P-value

3 d Initial BW (g) 55.25 § 2.55 55.38 § 2.59 55.30 § 2.53 55.30 § 2.59 0.935
59 d Final BW (g) 1083.09 § 43.64b 1080.9 § 28.60b 1199.71 § 62.52a 1161.88 § 50.66a <0.01
ADFI (g) 50.48 § 2.10 52.73 § 1.45 52.60 § 3.80 49.90 § 2.02 0.144
ADG (g) 19.39 § 0.81b 19.35 § 0.49b 21.59 § 1.17a 20.88 § 0.93a <0.01
F: G (g:g) 2.60 § 0.05a 2.73 § 0.02a 2.44 § 0.21b 2.39 § 0.04b <0.01
Mortality rate (%) 8.0 § 0.08 5.0 § 0.05 8.0 § 0.08 8.0 § 0.10 0.841

a-dMeans with different superscripts within a row differ significantly (P < 0.05).
1CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal

diet + 100 mg/kg FSE, n = 6.
2Data represent mean values of 6 replicate per group.
3BW, body weight; ADG, average daily weight gain; ADFI, average daily feed intake; F:G, ratio of feed to weight gain.
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Index Determination Method

Histomorphometry of Jejunum and Ileum The intes-
tinal segment was removed from 4% paraformaldehyde
fixing solution, then these samples were embedded in par-
affin. Paraffin sections were made by microtome (Leica
microsystems AG, Hessen, Germany), then stained with
hematoxylin-eosin (HE staining). Selecting 5 intestine
sections with complete morphology and clear vision, the
microscope image processing software (Image-Pro Plus
6.0) was used to measure villus height (VH), crypt depth
(CD) and ratio of villus height to crypt depth (V/C).
Intestinal Mucosa Cytokines Expression and sIgA
Content After taking out the jejunum and ileum
mucosa from �80°C refrigerator, each intestinal mucosa
was weighed, diluted with 0.9% phosphate buffer solu-
tion (PBS) at a mass-to-volume ratio of 1:9. The
mucosa was homogenized at 4°C to make 10% tissue
homogenate, and the supernatant was collected into
1.5 mL Eppendorf tubes after the homogenate was cen-
trifuged, stored at 4°C until cytokines and sIgA analyses.
Tumor necrosis factor-a (TNF-a), interferon-g (IFN-
g), interleukin-6 (IL-6), interleukin-10 (IL-10), and
secretory immunoglobulin A (sIgA) were analyzed by
ELISA (Jiangsu Yutong Biological Technology Co.
Ltd., Nanjing, China). Inducible nitric oxide synthase
(iNOS), nitric oxide (NO) were analyzed by using the
kit provided by Nanjing Jiancheng Bioengnieering Insti-
tute. All analyses instructions were strictly followed.
Analysis of Cecum Microbe DNA was extracted from
cecum samples using PowerSoil DNA Isolation Kit
(MoBio Laboratories, CA) according to the instruction
manual. The V3-4 hypervariable region of bacterial 16S
rRNA gene were amplified. PCR was performed on the
Mastercycler Gradient, with a cycle parameter of 95°C
for 5 minutes, followed by 28 cycles (Munyaka et al.,
2015). The PCR product was purified using a QIAquick
Gel Extraction Kit (QIAGEN, Germany), quantified
using Real Time PCR, and sequenced at Allwegene
Company, Beijing. Sample-specific barcode sequences
were used to separate qualified readings and trimmed
with Illumina Analysis Pipeline version 2.6. Then use
QIIME (Illumina Miseq PE250, Illumina, Inc., Beijing,
China) to analyze the dataset (Schloss et al., 2011;
Wang et al., 2012; Edgar, 2013).
Statistical Analysis

Using Excel 2016 to arrange data, One-way ANOVA
program of SPSS20.0 statistical software was used for
one-way analysis of variance and Duncan method was
used for multiple comparison of data. The results were
expressed as “mean § SD,” and significant differences
were set at P < 0.05.
RESULTS

Effects on Growth Performance

The performance of broilers was presented in Table 2.
The findings revealed that dietary treatments had a sig-
nificant effect on broiler chicken performance (P <
0.01). The final BW and ADG of broilers supplemented
with FSE were significantly greater than those of the
CON and ZB groups, with the D-FSE group having the
highest ADG. Dietary supplementation with FSE
resulted in lower F: G (P < 0.01) than the CON group.
The ADFI and mortality rate of broilers were not
affected by FSE (P > 0.05).
Effects of FSE on Intestinal Morphology

H&E staining revealed alterations in the morphology
of the intestinal mucosa in the experimental groups
when FSE was added to their diets (Figure 1). Dietary
FSE supplementation increased VH (villus height) at
jejunum, compared with the CON group (P < 0.01)
(Figure 1C), and decreased the CD (crypt depth) at
ileum, compared with the ZB group (P < 0.05) (Figure
D). The jejunum and ileum V/C were also improved by
FSE addition in broiler diet, compared with the CON
group (Figure 1E).
Effects of FSE on Concentration of Intestinal
Mucosa Cytokines

There was a significant difference in the expressions of
inflammatory cytokines in the intestinal mucosa (P <
0.01) (Table 3). FSE decreased the expressions of IFN-g,
IL-6, and TNF-a, while increasing the expressions of IL-
10 (P < 0.01), as compared to the CON group. At



Figure 1. Effects of FSE on intestinal mucosa morphology. Jejunum (A) and ileum (B) stained with H&E (40 £). (C) The villus height of
broilers. (D) The crypt depth of broilers. (E) The ratio of villus height to crypt depth ratio (V/C) of broilers. Data are means § SD. Bars with differ-
ent letters are significantly different (P < 0.05). *P < 0.05, **P < 0.01 vs. the control group. CON group, basal diet; ZB group, basal
diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.

4 YANG ET AL.
jejunum, the concentration of IL-10 was the highest in
the H-FSE group (P < 0.01), while TNF-a and IL-6
were the highest in the ZB group (P < 0.01).

There was no significant difference in the expressions of
NO and iNOS at jejunum (P > 0.05) among treatments
(Figure 2). However, FSE significantly decreased the activ-
ity of iNOS at ileum compared to other groups (P < 0.05).
Effects of FSE on Concentration of Intestinal
Mucosa sIgA

As shown in Figure 3, FSE significantly increased
the concentrations of sIgA in the intestinal mucosa of
the broilers (P < 0.01). Compared to that of other
groups, the H-FSE group had highest concentrations
of sIgA at the jejunum (P < 0.01), while CON group
had lowest concentrations of sIgA at the ileum (P <
0.01).
Effects of FSE on Cecum Microbial
Community Structure

Data Quality Control and OTU Cluster Analysis To
determine the effect of FSE on cecal microbial commu-
nity structure of broilers, cecum samples were analyzed
by 16s rRNA analyses. From the 24 cecum samples,



Table 3. Effect of fenugreek seed extracts on intestinal mucosa cytokines of broilers.

Dietary treatment

Items CON ZB D-FSE H-FSE P-value

Jejunum
TNF-a(pg/mL) 38.38 § 7.12b 54.48 § 6.00a 37.87 § 4.38b 25.18 § 7.29c <0.01
IFN-g(pg/mL) 41.10 § 8.42ab 48.17 § 6.28a 36.56 § 3.13b 33.56 § 7.95b <0.01
IL-6(pg/mL) 23.82 § 1.88b 28.20 § 2.94a 21.37 § 2.03b 16.99 § 0.99c <0.01
IL-10(pg/mL) 42.02 § 5.69b 35.84 § 6.67b 55.95 § 7.32a 63.06 § 7.46a <0.01

Ileum
TNF-a(pg/mL) 44.72 § 4.96b 58.69 § 7.91a 44.87 § 4.63b 32.15 § 6.65c <0.01
IFN-g(pg/mL) 51.70 § 5.47a 52.12 § 7.37a 44.25 § 5.8b 39.08 § 5.0b <0.01
IL-6(pg/mL) 25.51 § 1.68b 29.76 § 4.17c 23.37 § 1.45b 21.24 § 2.52a <0.01
IL-10(pg/mL) 53.54 § 5.12b 40.81 § 6.58b 56.16 § 5.16a 66.33 § 7.14a <0.01
a-dMeans with different superscripts within a row differ significantly (P < 0.05).Data are means § SD, n = 6. CON group, basal diet; ZB group, basal

diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE.

Figure 2. Effects of FSE on intestinal mucosa NO, iNOS activity of broilers. (A) Concentration of NO in jejunum and ileum mucosal. (B) Activ-
ity of iNOS in jejunum and ileum mucosal. Data are means § SD. Bars with different letters are significantly different (P < 0.05). *P < 0.05, **P <
0.01 vs. the control group. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-
FSE group, basal diet + 100 mg/kg FSE, n = 6.
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1,520,682 high-quality sequences were obtained. Each
sample had an average of 30,502 sequences after cluster-
ing, and based on 97% sequence similarity, 2,259 opera-
tion taxon units (OTUs) were clustered from these
sequences. The Venn diagram shows the similarity and
overlap of OTUs composition of samples of each group
(Figure 4). The figures showed that 1,235 OTUs were
Figure 3. Effects of FSE on concentration of intestinal mucosa sIgA in b
broilers. Data are means § SD. Bars with different letters are significantly
group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin;
diet + 100 mg/kg FSE, n = 6.
shared by all samples, and 64 unique OTUs in CON
group, 81 unique OTUs in ZB group, 74 and 58 unique
OTUs in the D-FSE and H-FSE groups, respectively.
Effects of Dietary Supplementation of FSE on the
Cecum Microbial Diversity of Broilers As shown in
Figure 5, the species accumulation curve indicated that
the samples were reasonable and sample size was enough
roilers. (A) (B) Concentration of sIgA in jejunum and ileum mucosal of
different (P < 0.05). *P < 0.05, **P < 0.01 vs. the control group. CON
D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal



Figure 4. Venn diagram of cecum microbial OTUs between different groups of broilers. CON group, basal diet; ZB group, basal diet + 30 mg/kg
Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
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to reflect the species richness (Figure 5A). The rank
abundance curves of the wide and smooth broken lines
indicated that there were high species abundance and
uniform species distributions of cecum microbes
(Figure 5B).

To determine whether FSE changes the species rich-
ness, the alpha diversity analysis was used and the alpha
diversity index was shown in Figure 6. The observed spe-
cies and PD whole tree in the CON group were lower
than that of other groups (Figure 6A, B). The Shannon
index showed great difference between the H-FSE group
Figure 5. Species richness and diversity analysis of broilers. (A) Specie
CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitrac
diet + 100 mg/kg FSE, n = 6.
and the ZB group (P < 0.05) (Figure 6C). The Chao1
index showed a higher richness of microbial community
in FSE group compared to that of the CON group
(Figure 6D).
The Microbial Community Structure in Different
Levels At phylum level, Firmicutes, Bacteroidetes,
Verrucomicrobia, and Proteobacteria were the prime
phyla in the ceca of broilers. The relative abundance of
the 4 phyla reached more than 95% of all phyla detected.
The relative abundance of Firmicutes accounting for
more than 60% in each group, followed by Bacteroidetes,
s accumulation curves of cecum. (B) Rank abundance curves of cecum.
in; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal



Figure 6. The alpha diversity index of microbial in cecum of broilers. (A) Observed species in cecum. (B) PD whole tree in cecum. (C) Shannon
index of cecum microbe. (D) Chao1 index of cecum microbe. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group,
basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
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which the highest relative abundance was up to 32%
(Figure 7). The ZB group had the highest abundance of
Proteobacteria while the H-FSE group had lowest. The
D-FSE and H-FSE groups had the highest abundance of
Bacteroidetes, Firmicutes, respectively. Spirochaetes
existed in the D-FSE group, Chlamydiae and Chlamyd-
iae were present in the CON group and the ZB group,
while the CON group did not have Armatimonadetes.

The top 10 genera at the genus level were Bacteroides,
Faecalibacterium, Lactobacillus, Akkermansia, Rumino-
coccaceae_UCG-014, Ruminococcus_torques_group,
Alistipes, Lachnoclostridium, Anaerotruncus, Phasco-
larctobacterium. The Bacteroides, Faecalibacterium,
Lactobacillus, and Akkermansia were the main genera in
CON group, Bacteroides, Faecalibacterium, Lactobacil-
lus, and Alistipes were prime genera in ZB group, while
Bacteroides, Faecalibacterium, Alistipes, and Rumino-
coccaceae_UCG-014 were main genera in D-FSE group,
and Faecalibacterium, Ruminococcaceae_UCG-014,
Bacteroides, and Alistipes were detected to dominate
the microbial population in H-FSE group (Figure 8).
There was changes in the structure of dominant
microbial communities in the broilers cecum among
treatments. By employing Kruskal-wallis and Meta-
stats analysis, 2 phyla and 21 genera had significant
differences among treatments. At phylum level, the
relative abundance of Synergistetes in the FSE groups
were lower than the ZB group (P < 0.05) (Figure 9).
At genus level, Ruminiclostridium_1 was higher in
the ZB group (P < 0.05), while Ruminococcus_2
and Exiguobacterium were found to be higher in the
D-FSE group. Corprobacter and Ruminococca-
ceae_NK4A214 in H-FSE group were higher than
that of the ZB and CON group (P < 0.05). The rela-
tive abundances of Ruminococcaceae_UCG-014,
Ruminococcus_2, and Romboutsia in the FSE group
were observed to be prominently higher than that of
other groups (P < 0.05). Furthermore, FSE signifi-
cantly reduced Campylobacter, Synergistes, and Lach-
noclostridium abundance (P < 0.05) (Figure 10).



Figure 7. The cecum microbe community structure of broilers at phylum level. (A) Comparing microbial differences in all broilers; (B) Compar-
ing the microbial differences in 4 groups. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal
diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
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The Microbial Community Structure The results of
PCA (Figure 11A) and Weighted unifrac distance heat-
map (Figure 11B) showed obvious differences of micro-
bial structure in broilers which was confirmed by ANO-
SIM analysis (Figure 11C) (P < 0.05).

LEfSe (Linear Discriminant Analysis [LDA] Effect
Size) analysis was carried out to identify taxonomic bio-
markers of each group. As shown in Figure 11D, there
were 10 genera enriched in the CON group, 8 genera
enriched in the ZB group, 3 and 8 genera enriched in the
D-FSE group and the H-FSE group, respectively (LDA
> 3).
Functional Prediction of Cecum Microbes

In order to predict the functional alterations of
microbes in cecum, PICRUSt was performed to analyze
the possible levels of KEGG pathways and its abundan-
ces. According to the prediction results, six KEGG path-
ways were obtained at level 1, with the highest
proportion being the metabolism and genetic informa-
tion processing. Fourty-one KEGG pathways were
Figure 8. The cecum microbe community structure of broilers at genus
paring the microbial differences in 4 groups. CON group, basal diet; ZB
diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
obtained at level 2, with the highest proportion being
the membrane transport, carbohydrate metabolism,
amino acid metabolism, replication, and repair. There
were significant differences in level 3 KEGG pathway of
cecum microbe among treatments (P < 0.05). There
were significant difference in 8 KEGG pathways of the
D-FSE group (Figure 12A) and 5 KEGG pathways of
H-FSE group (Figure 12B) compared to the CON group.
Significant difference was identified in 31 KEGG path-
ways (Figure 12C) between the ZB group and the D-
FSE group, and 32 KEGG pathways (Figure 12D) were
identified to be significantly different between ZB group
and H-FSE group.
Correlation Between Cecum Microbe and Intestinal
Mucosa Immune Indicators of Boilers The associa-
tion between cecum microbe and intestinal immune indi-
cators (including intestinal mucosa cytokines and sIgA)
of broilers was analyzed by using Spearman’s correlation
analysis (Figure 13). At the phylum level, Synergistetes
was negatively associated with concentrations of IL-10
and sIgA (P < 0.01), while Deferribacteres was posi-
tively correlated with concentrations of IL-6 and iNOS
(P < 0.01). At the genus level, Megasphaera,
level. (A) Comparing the microbial differences in all broilers; (B) Com-
group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal



Figure 9. Comparison of cecum microbial in phylum level of broilers. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin;
D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
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Faecalibacterium, Coprobacter, Ruminococcaceae
\NK4A214, and Ruminococcus_2 was positively
correlated with concentrations of anti-inflammatory
cytokines and sIgA (P < 0.01). Furthermore, Campylo-
bacter, Variibacter, Synergistes, and Phyllobacterium
were positively correlated with concentrations of pro-
inflammatory cytokines, NO and iNOS (P < 0.01). In
current study, the data showed that cecum microbe was
significantly related to inflammatory response.
DISCUSSION

The fenugreek seed extracts used in this study showed
no signs of toxicity or probable death risk during the ini-
tial tissue evaluation and observation. Furthermore, due
to its food and medicinal homology, fenugreek could be
safely added into broiler diets. This study found that
FSE supplementation significantly enhanced ADG and
lowered F: G when compared to that of the ZB group
and the CON group. These results are congruent with
the findings of Weerasingha and Atapattu (2013) and
Amein et al. (2019), who found that fenugreek inclusion
in the broiler diets could increase feed conversion effi-
ciency, enhance biological and metabolic processes, and
optimize nutrients utilization. This observation can be
attributed not only to the availability of essential fatty
acids and high-quality proteins in fenugreek, but also to
the presence of steroid saponins, which activate the
hypothalamus gland, enhance food intake, and stimulate
the digestive system (Toaha et al., 2016;
Covarrubias et al., 2018). The current investigation also
found that FSE had a considerable positive effect on the
intestinal morphology of broilers. According to
Qureshi et al. (2016), fenugreek seeds could increase vil-
lus height, decrease crypt depth, and enhance intestinal
morphology. Furthermore, the researchers suggested
that FSE could minimize pathogenic microorganisms in
the gastrointestinal system, hence reducing damage to
intestinal epithelial cells and increasing absorptive cells.
Moreover, Abdel-Rahman et al. (2014) reported positive
correlation between increased intestinal villus height of
small intestine of broilers and rate of feed digestion and
nutrient absorption. Salehifar et al. (2017) observed
that increased villus height and decreased crypt depth
provide a larger surface area for nutrient absorption. In
the present study, longer villus height, lower crypt
depth, and a higher ratio of villus height to crypt depth
were observed in FSE groups, indicating that FSE
played an important role in improving intestinal mor-
phology, which led to increased absorption of available
nutrients, enhanced feed efficiency, and improved broiler
growth performance. These findings suggest that FSE is
more effective than antibiotics in improving gut mor-
phology.
The action of fenugreek on the intestinal mucosa may

change the level of inflammatory cytokine expressions.
FSE has been shown to reduce the expression of inflam-
matory cytokines and exert an anti-inflammatory effect
by balancing Th1 cells and lowering the expression of



Figure 10. Comparison of cecal microbial in genus level of broilers. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin;
D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal diet + 100 mg/kg FSE, n = 6.
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Th2 cytokines in previous researches (Piao et al., 2017;
Liu et al., 2019). Also, Sindhu et al. (2012) showed that
fenugreek reduced concentrations of IL-6 and TNF-a,
inhibit B cells activation, and play an anti-inflammatory
role. In this study, broilers fed with FSE had lower levels
of expression of TNF-a, IFN-g, and IL-6, and higher
concentrations of IL-10 than broilers fed with antibiot-
ics, which indicated that FSE had an anti-inflammatory
function. Moreover, FSE played a significant role in low-
ering the activities of NO and iNOS compared to the
other groups. This observation corroborated the findings
of Abdel-Daim et al. (2015), who found that fenugreek
oil can lower NO content in liver, kidney, and brain tis-
sues, prevent liver and kidney injury, and avoid inflam-
matory reaction aggravation. Subsequently, the broilers
fed with FSE had the highest concentrations of sIgA
among the 4 treatments. Bin-Hafeez et al. (2003)
reported that fenugreek has an obvious immune stimu-
lating effect, which are responsible for inducing macro-
phages, and improve immunity. Also, Motamedi et al.
(2014) showed that fenugreek powder can increase anti-
body titer and IgG content of traits related to immune
system, and play an immunomodulatory role in broilers
immunity. In our study, FSE attenuated inflammation
by decreasing concentration of proinflammatory cyto-
kines, increasing anti-inflammatory cytokines, stimulat-
ing the secretion of antibodies, thereby, improving the
immune function and disease resistance in broilers.
Based on the aforementioned, our study suggested that
FSE could be used as an immunopotentiator to replace
the use of antibiotics.
In the present study, 16s rRNA gene Illumina MiSeq

sequencing was employed to investigate the effect of
FSE supplementation on cecal microbiota community
composition and their correlations with metabolic path-
ways in broilers. The results of Venn diagram analysis
showed that the FSE group had the highest diversity of
cecum microbes, while CON group had the lowest. The
index of Shannon in FSE groups was significantly higher
than ZB group, and Chao1 index was obviously higher
than the CON group which indicated that FSE
increased intestinal microbe richness and diversity. This
finding was consist with the observation of Bruce-
Killer et al. (2020) who revealed robust and significant
effects of fenugreek on gut microbiota, with alterations
in both alpha and beta diversity. In present



Figure 11. The microbial community structure in different groups of broilers. (A) Principal Component Analysis (PCA) of cecum microbe.
(B) Weighted unifrac distance heat-map of cecum microbe. (C) Anoism analysis of cecum microbe. (D) LDA distribution histogram of cecum
microbe. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE group, basal
diet + 100 mg/kg FSE, n = 6.
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investigation, the FSE other than fenugreek seed was
used, however both of them contain the main active
compounds like polysaccharides and saponins which was
considered as probiotic dietary modifiers and was proved
to enhance beneficial intestinal bacteria (Chen et al.,
2015; Deshmukh et al., 2019). Subsequently, the
increased richness and diversity of intestinal microbes
was analyzed for the dominating phyla. Many studies
have shown that the intestinal domination of Firmicutes
and Bacteroidetes phyla has positive correlation with
the healthy states of the hosts (Sun et al., 2019;
Xiao et al., 2020). In present study, the main structure
of cecal microflora was composed of Firmicutes, Bacter-
oides, Verrucomicrobia, and Proteobacteria, and the
relative abundance of the 4 phyla was about 95%. The
Firmicutes may serve as a source of energy and have
participated in the host’s material and energy metabo-
lism cycle (Liu et al., 2018). Meanwhile, the Bacteroides
participated in the metabolism of carbohydrate, polysac-
charide and other nutrients which promoted nutrients
absorption (Ouyang et al., 2018). The Proteobacteria is
a gram-negative bacterium that contains a variety of
pathogens (Liu et al., 2018). Thus, the symbiotic rela-
tionship between Firmicutes and Bacteroides, with a
reduced abundance of Proteobacteria, promoted the
absorption of nutrients and energy storage in the host
which is evident in the increased body weight gain
observed in broilers fed diets supplemented with FSE
(Wang et al., 2014). Interestingly, the addition of FSE
altered the intestinal microbiota community structure,
and regulated the intestine microecological balance,
which had more beneficial effect than Zinc bacitracin.
The species abundance level of the intestinal micro-

biota community may be correlated with management
of body health, which may be helpful or otherwise for
the host animal. In the current study, at genus level, the
Synergistes, Campylobacter, Lachnoclostridium, Varii-
bacter, Pir4_lineage was discovered at lower level in
FSE groups than the other groups, while the relative
abundance of Ruminiclostridium_1, Coprobacter,
Romboutsia, Ruminococcus_2, Ruminiclostridium_9,
Ruminococcaceae_NK4A214_group were higher in
FSE group. From the findings, it showed that the FSE
supplementation could reduce pathogenetic genus abun-
dance, thereby reducing intestinal mucosa inflamma-
tion, preserving intestinal health, promoting the growth
of beneficial bacteria, and increasing the digestion and
nutrients availability for absorption. This is because, on
the one hand, Campylobacter is associated with acute
bacterial enteritis, the Synergistes has been found to be
positively correlated with inflammation and increasing
levels of Lachnoclostridium may contribute to the sus-
ceptibility of intestinal disease (Moore et al., 2005;
Hugenholtz et al., 2009; Zhou et al., 2019). Whereas, the
Ruminococcaceae are connected to cellulose-degrading
ability and Ruminococcus_2 can generate cellulase and



Figure 12. Differences in the predicted functional meta-genomes of the cecum microbiota at KEGG level 3. (A) Comparison of the functional
pathways of microbes in the CON and D-FSE groups. (B) Comparison of the functional pathways of microbes in the CON and H-FSE groups.
(C) Comparison of the functional pathways of microbes in the ZB and D-FSE groups. (D) Comparison of the functional pathways of microbes in the
ZB and H-FSE groups. CON group, basal diet; ZB group, basal diet + 30 mg/kg Zinc bacitracin; D-FSE group, basal diet + 50 mg/kg FSE; H-FSE
group, basal diet + 100 mg/kg FSE, n = 6.
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have a positive correlation with dietary fiber degrada-
tion (Wu et al., 2018; Yang et al., 2019). The Corpro-
bacter, Ruminococcaceae, and Ruminococcus 2 genera,
on the other hand, have been reported to produce higher
concentrations of succinates and SCFAs due to
increased degradation of indigestible macromolecular
carbohydrates in the hindgut of broilers, which directly
improves broiler growth performance (Shkoporov et al.,
2013). These indicated that FSE can promote the
growth of beneficial bacteria, inhibit the proliferation of
harmful bacteria, maintain intestinal health, improve
growth performance of broilers.

PICRUST analysis showed that FSE diet significantly
affected the pyruvate metabolism, fatty acid biosynthesis,
DNA replication proteins, DNA replication, purine
metabolism, and glycolysis/gluconeogenesis, which are
probably related to the changes in structure of intestinal
microbiota community. Also, FSE increased the func-
tions of KEGG pathways of carbohydrate metabolism
and digestive system. These microbial pathways may be
related to the increased cellulolytic bacteria such as
Ruminococcaceae and Ruminococcus_2. Cellulolytic bac-
teria degrade undigested crude fibers and carbohydrate,
thereby improving the utilization of crude fiber and car-
bohydrates, and promote nutrients digestion and absorp-
tion (Giger-Reverdin et al., 2004). In addition,
Zhang et al. (2019) reported that Parasutterella was nega-
tively correlated with pyruvate metabolism pathway, and
the Synergistes was negatively correlated with starch and
sucrose metabolism, and peptidase pathway. That is, as
FSE supplementation decreased the relative abundance of
Synergistes and increased the relative abundance of Para-
sutterella in this study, it depicted that FSE up-regulated
the starch and sucrose metabolism, peptidase pathway,
and down-regulated pyruvate metabolism pathway. A
large amount of glucose is produced through the starch
and sucrose metabolism for absorption and utilization by
the body, which could provide energy and carbon source
for body metabolism (Liu et al., 2020). Overall, the cecal
microbial community in broilers has many important



Figure 13. Heat map of cecum microbes and intestine immunity in broilers. *0.01 < P ≤ 0.05, ** meant 0.001 < P ≤ 0.01, respectively, n = 6.

HERB EXTRACT AND INTESTINAL HEALTH 13
physiological functions, and its stability plays a crucial
role in their physiology and health.

Spearman’s correlation analysis was carried out to
explore the correlation between cecal microorganisms of
broilers and intestinal immunity. In this study, we mea-
sured the expression of inflammatory factors and sIgA in
the caecum to explore the potential link between them
and the altered genera. We discovered that the Rumino-
coccaceae_NK4A214 and Ruminococcus_2 was posi-
tively related with concentration of sIgA, while
Campylobacter, Synergistes were negatively related with
concentration of sIgA. We also found that the higher rela-
tive abundances of Ruminococcaceae_NK4A214 and
Ruminococcus_2 in the FSE groups were positively
related with the concentration of sIgA, while the lower
relative abundances of Campylobacter and Synergistes in
FSE groups were negatively correlated with sIgA
compared to the CON and ZB groups. At the same time,
the Parasutterella, Peptococcus, and Faecalibacterium
were positively correlated with the IL-10 expression, while
Phyllobacterium, Phaselicystis, and Variibacter were posi-
tively correlated with IL-6, TNF-a, IFN-g. Our results
show that, compared to the other groups, FSE groups
had a higher abundance of Parasutterella, Peptococcus,
and Faecalibacterium, while Phyllobacterium, Phaselicys-
tis, and Variibacter were lower indicating that increasing
abundance of Parasutterella, Peptococcus, and Faecali-
bacterium would result to increased anti-inflammatory
response and enhanced intestinal immunity of the host
animal. These observations were in agreement with the
findings of Shi et al. (2019) who reported that Faecalibac-
terium could inhibit inflammatory response by increasing
the production of SCFAs and IL-10. Liang et al. (2019)
also reported that Peptococcus could ferment proteins,
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peptides, and amino acids, which induced regulatory T
cell differentiation and alleviate inflammatory response.
Furthermore, we observed that Megasphaera and Rosebu-
ria were negatively correlated with NO, iNOS, while Syn-
ergistes were positively correlated with NO, iNOS.
Patterson et al. (2017) reported that Roseburia can pene-
trate mucus layer and attach to host gut epithelial cell
surfaces, reverse metabolic disorders, inhibit inflammatory
response, and strengthen intestinal barrier function.
Zhang et al. (2019) also stated that Megasphaera could
downregulate expression of NO, IL-6, IL-12 and other
proinflammatory factors. With the above, it indicates
that FSE supplementation played an anti-inflammatory
role in the intestinal mucosa by inhibiting the expression
of inflammatory factors. According to this study, FSE
may enhance the relative abundance of anti-inflammatory
bacteria, decrease the relative abundance of proinflamma-
tory and pathogenic bacteria, play an anti-inflammatory
role, and boost broiler immunity, and thus be employed
in poultry production instead of antibiotics.

CONCLUSION

This study demonstrated that dietary FSE supple-
mentation could increase broiler ADG, improve gut
health via regulating intestinal microbiota composition
and metabolites, inhibiting inflammatory response, and
improving body immunity. Furthermore, dietary FSE
supplementation could improve the morphology of the
jejunum and ileum, increase the abundance of beneficial
microorganisms, while decreasing the abundance of
harmful microorganisms, preserve gut health, and
improve broiler growth performance. In summary, FSE
has the potential to replace or partially replace the
application of antibiotics in poultry production.
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