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This study aimed to evaluate the effects of dietary Lasia spinosa Thw. (LST)

powder supplementation on growth performance, blood metabolites, antioxidant status,

intestinal morphology, and cecal microbiome in broiler chickens. A total of 400 1-day-old

male Guangxi partridge broilers (initial body weight: 42.52 ± 0.06 g) were randomly

allotted to 4 dietary treatments: LST0 group (a basal diet), LST1 group (a basal

diet with 1% LST powder), LST2 group (a basal diet with 2% LST powder), LST4

group (a basal diet with 4% LST powder), 10 replicates for each treatment, and

10 broilers in each treatment group. Results indicated that the average daily feed

intake of broilers during 22–42 days and the average daily gain of chickens during

1–42 days significantly increased by dietary supplementation of LST powder (p <

0.01), while the feed conversion ratio during the overall periods was decreased by

dietary supplementation of LST powder (p < 0.01). Except for the levels of superoxide

dismutase (SOD) and glutathione peroxidase (GSH-Px) in liver (p > 0.05), the levels of

SOD, catalase (CAT) and GSH-Px in serum, liver, and breast muscle were significantly

increased in the LST supplemented groups (p < 0.05), while the levels of reactive

oxygen species (ROS) and malondialdehyde (MDA) in serum, liver, and breast muscle

were significantly decreased in the LST supplemented groups (p < 0.05). Furthermore,

the levels of triglyceride (TG) and low-density lipoprotein cholesterol (LDL-C) were

significantly decreased by the addition of dietary LST powder (p < 0.01), while the

levels of HDL-C, Ca, Fe, Mg, and P were linearly increased by the addition of dietary

LST powder (p < 0.01). With respect to the gut morphometric, crypt depth was

significantly decreased by LST supplementation (p < 0.05), while villus height and the

ratio of villus height to crypt depth were notably increased by LST supplementation

(p < 0.05). Sequencing of 16S ribosomal RNA (16S rRNA) from the cecal contents

of broilers revealed that the composition of the chicken gut microbiota was altered

by LST supplementation. The α-diversity of microbiota in broilers was increased (p <

0.05) in the LST1 group, but was decreased (p < 0.05) in the LST2 and LST4 groups
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FIGURE 1 | Histomorphology of chicken small intestine (ileum) and cecum. LST, Lasia spinosa Thw.; LST0, control diet; LST1, 1% supplementation level of LST

powder; LST2, 2% supplementation level of LST powder; LST4, 4% supplementation level of LST powder; Vh, villus height; Cd, crypt depth. Bar = 300µm.

DNA, lipids, and proteins. Lipid peroxidation is a fundamental
cellular degenerating process caused by free radicals and readily
occurs in the tissues rich in highly oxidizable polyunsaturated
fatty acids, which may contribute to cell death and disease in

living organisms (24). The elimination of free radicals depends
on the action of several enzymes such as SOD, GSH-Px, and CAT
(25). Moreover, chickenmeat is relatively rich in polyunsaturated
fatty acids, making it extremely vulnerable to oxidation (26).
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FIGURE 2 | Abundance and diversity of microbial community in cecal contents of broiler chickens after dietary supplementation of LST powder for 42 days. (A) The

Venn diagram summarizing the numbers of common and unique OTUs in the microflora community. (B) The PCA plot about the cecal microflora. (C,D) Microbial

composition at the phylum and genus level. (E) α-diversity about the cecal microbial community. a−dBoxes followed by different letters differ significantly (p < 0.05),

followed by no or same letters indicated no significant difference (p > 0.05). OTUs, operational taxanomic units; PCA, principal component analysis; LST, Lasia

spinosa Thw.; LST0, control diet; LST1, 1% supplementation level of LST powder; LST2, 2% supplementation level of LST powder; LST4, 4% supplementation level

of LST powder.
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FIGURE 3 | Linear discriminant analysis (LDA) effect size (LEfSe) of cecal microbiota in broilers fed with LST powder at day 42. (A) Phylogenetic profile of specific

bacterial taxa and predominant bacteria among the four different groups, as determined using the LEfSe analysis. Biomarker taxa are heighted by colored circles and

shaded areas. Each diameter of circle is relative to abundance of taxa in the community. (B) Histogram of LDA score calculated for differential abundant taxa with

cutoff LDA score > 2.0. LST, Lasia spinosa Thw.; LST0, control diet; LST1, 1% supplementation level of LST powder; LST2, 2% supplementation level of LST

powder; LST4, 4% supplementation level of LST powder.

Therefore, diet-derived antioxidants may be vital in reducing
cumulative oxidative damage. Natural antioxidants are broadly
found in medicinal herbs. 5 g/kg supplementation of ginger root
powder enhanced the oxidative stability of broilers (27). Pulicaria
gnaphalodes powder in broiler diets significantly increased the
SOD and GSH-Px activities and decreased the MDA level
in serum, liver, and thigh muscle (28). According to a large
amount of literature, plant polyphenolic flavonoids was one of
the major groups of compounds contributing mainly to the
total antioxidant activity (29). The LST and its extracts have
antioxidant properties due to its high content of flavonoids
and phenolic compounds (7). It has been reported that the
extracts of LST could scavenge the stable radical 1,1-diphenyl-
2-picrylhydrazyl (DPPH), elucidating those polyphenols and
ascorbic acid acted mainly as the primary antioxidant free-
radical terminators of rhizomes (30). Besides, phytochemical
constituents in LST such as flavonoids and phytosterols (19, 31)
were proven to improve the antioxidant enzyme activity.

In this study, we measured the levels of antioxidant enzymes
to determine the antioxidant status in serum, liver, and
breast muscle. We found that GSH-Px, SOD, and CAT were
significantly increased in the LST supplementation groups, while
the levels of ROS andMDA, as indicators of OS, were significantly
reduced in the LST supplementation groups. The increased
antioxidant enzyme content is parallel with the decreased level of
MDA and ROS in response to dietary LST inclusion, indicating
that dietary LST supplements can promote the antioxidant
capability of broilers by enhancing the enzymatic antioxidant
scheme. As the improvement of the antioxidant enzyme would

exert a positive influence on meat quality (19), so it is logical to
speculate that the addition of LST can enhance the meat quality
of the chickens involved in this experiment.

Results of this study indicated that the dietary LST powder
addition affected the structure of the intestine in broilers. It is
well-known that intestinal morphology can objectively reflect gut
health and Vh, as well as Cd, can partially reflect the functional
status of the intestine (11). A previous study demonstrated that
the Vh was increased and the intestinal function was improved
in fish after supplementation of LST extract in diet (8). Similarly,
in this study, a statistical decrease in Cd and a statistical increase
in Vh and the ratio of the two were observed in the intestine of
chickens fed with LST powder compared with the control group.
The increased Vh and Vh/Cd ratio for various gut fractions
of chickens fed with LST powder were in accordance with
appropriate growth performance and increased metabolizability
of nutrients. In fact, the increase of Vh usually results in a higher
total luminal villus absorptive area and subsequently leads to
higher transport of nutrients at the villus surface (32). Moreover,
the decrease in Cd usually indicates a slower turnover and
healthier condition of the gut, which can reduce maintenance
requirements and ultimately be beneficial to promote the growth
of the animals (33). Rich fiber fractions in LST rhizome (7) may
sustain the intestinal integrity through increasing the Vh and
Vh/Cd and decreasing the Cd feature (34).

The gut microbiome is closely related to intestinal health,
normal physiological functions, and poultry production and the
composition of the microbial community could be altered upon
the diet and over time (35). This study is setup necessarily
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TABLE 7 | The differential genera that were separately correlated with growth

performance, blood metabolites, antioxidant status, and intestinal morphology in

42-day-old broiler chickens by using the Spearman’s correlation analyses (n = 5).

Genus Performance1 Correlation coefficient P-value

Alistipes CAT (serum) −0.491729323 0.028

Alistipes Triglyceride 0.449718312 0.047

Alistipes CAT (liver) −0.469172932 0.037

Alistipes Duodenum Vh/Cd −0.454135338 0.044

Alistipes Duodenum Cd 0.481203008 0.032

Alistipes ROS (breast muscle) 0.461654135 0.04

Barnesiella ROS (serum) 0.491729323 0.028

Barnesiella MDA (serum) 0.552295115 0.012

Barnesiella GSH-Px (liver) −0.568421053 0.009

Mucispirillum Ca 0.518448942 0.019

Mucispirillum Jejunum Cd −0.562617565 0.01

Mucispirillum Jejunum Vh/Cd 0.516735651 0.02

Bacillus CAT (serum) 0.518689418 0.019

Bacillus SOD (serum) 0.598530933 0.005

Bacillus F: G (1–42 days) −0.46666282 0.038

Bacillus TBIL −0.580175398 0.007

Bacillus LDL-C −0.596165198 0.006

Bacillus Ca 0.531902155 0.016

Bacillus Duodenum Vh 0.625895742 0.003

Bacillus Duodenum Vh/Cd 0.499770655 0.025

Bacillus SOD (breast muscle) 0.611706669 0.004

Bacillus GSH-Px (breast muscle) 0.65585045 0.002

Peptococcus TBIL −0.456999133 0.043

Peptococcus LDL-C −0.450993047 0.046

Peptococcus Ca 0.562620313 0.01

Anaerofilum CAT (serum) −0.481203008 0.032

Sutterella Mg 0.446032375 0.049

Gallibacterium ROS (serum) −0.498499154 0.025

Gallibacterium LDL-C 0.486560546 0.03

Gallibacterium Mg 0.464581954 0.039

Gallibacterium Cecum Cd 0.478801619 0.033

Odoribacter ADG (1–42 days) 0.479699248 0.032

Odoribacter 42 d BW 0.479699248 0.032

1ADG, average daily gain; FCR, feed conversion ratio; TBIL, total bilirubin; LDL-C, low-

density lipoprotein cholesterol; ROS, reactive oxygen species; MDA, malondialdehyde;

SOD, superoxide dismutase; CAT, catalase; GSH-Px, glutathione peroxidase; Vh, villus

height; Cd, crypt depth; Vh/Cd, villus height to crypt depth ratio.

to evaluate the effect of LST powder as a feed additive on
the intestinal flora of Guangxi partridge broilers, which will
contribute to developing nutrition intervention for optimal
health, growth, and productivity in poultry. We found that the
dominant phyla in the chicken are Firmicutes, Bacteroidetes,
and Proteobacteria. Furthermore, the primary genera were
Bacteroides, Faecalibacterium, and Oscillospira in this study,
whichwas consistent with earlier works recognizing Bacteroidetes
as the fundamental genus in the cecum (about 40% of
sequences) (36).

Dietary LST powder addition also caused a significant
alteration of the gut microbiota diversity in broilers. According
to the α-diversity results, the 1% supplementation of LST powder

significantly increased the abundance of caecal microbiota
(PD whole-tree index, Chao1 index, observed species, and
unique OTUs) compared with the other groups, while 2 and
4% supplementation of LST powder decreased the abundance
(Chao1 index and observed species) of cecal microbiota. In
addition, with respect to the β-diversity analysis, a clear
separation of microbial community due to dietary LST powder
inclusion was observed, which means microbial communities of
each groupwere significantly different. Elevated levels of diversity
mostly contribute to maintaining the stability of intestinal
microbiota after exposure to environmental stress as well as
resistance against potential invading pathogens (37). For these
reasons, it is considered that a reduction of α- and β-diversity
should be negative. This suggests that the structure of intestinal
flora in the LST1 group was improved and, thus, better intestinal
health. However, the LST2 and LST4 groups got a lower diversity
and this may be due to the antibacterial activity of higher LST
powder addition (7). However, no antibacterial substances were
specified in these studies (7) and further investigation is required
for isolating the specific bioactive constituents responsible for
antibacterial properties.

Linear discriminant analysis effect size analysis revealed that
the relative abundance ofAnaerofilumwas significantly increased
in the LST1 group compared with other groups, which has been
proposed to boost the antioxidant capability and absorption of
energy as previously reported by Guo et al. (38). Interestingly,
Odoribacter (39, 40) and Sutterella (41), known as short-chain
fatty acid (SCFA)-producing bacteria, were also overrepresented
in the LST1 group. SCFAs, as themain energy source of colorectal
cells, play an essential role in regulating the absorption of several
nutrients, digestive and hormonal secretions in the intestine,
and participating in energy metabolism widely (39, 41). Further
investigation will be focused on measuring the composition and
levels of SCFAs in broilers supplemented with LST powder.
Notably, Sutterella, a potential probiotic, could contribute to
improving the growth rate and the feed conversion ratio of
chickens (42) and its deficiency might lead to the destruction
of the normal function of colonic epithelium and the induction
of inflammatory bowel disease, suggesting its vital role in
maintaining intestinal health (43). In addition, Bacillus has been
widely proven to promote growth performance (41, 44). In
this study, we found the enrichment of Bacillus in the LST1
group, while the best growth performance was found in the
LST1 group. Therefore, the increase of relative abundance in
Anaerofilum, Odoribacter, Sutterella, and Bacillus in the LST1
groups in this study suggests the efficacy of 1% LST powder in
promoting beneficial bacteria, which would eventually contribute
to improved performance and health. These findings suggest
that there is a close association between intestinal flora and
physiological performance.

However, no reports have verified the associations of
growth performance, serum metabolites, antioxidant status, and
intestinal morphology with changed gut microbiome structure in
Guangxi partridge broilers fed with LST powder. By using the
Spearman’s correlation analysis, we revealed that the profiles of
taxonomic composition at the genus level in cecal microbiota
were significantly associated with growth performance, serum
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metabolites, antioxidant status, and intestinal morphology.
Consistently, the relative abundance of Odoribacter and Bacillus
was positively correlated with growth performance, which
showed that 1% addition level of LST powder could improve
ADG and decrease FCR potentially by increasing the abundance
of Odoribacter and Bacillus as detected at day 42. In this
study, we also demonstrated that Bacillus, which has been
reported to improve intestinal morphology (45, 46), was
positively related to the Vh and Vh/Cd of the duodenum.
Furthermore, the abundance of Bacillus was closely correlated
to the concentrations of CAT, SOD, and GSH-Px and many
studies have reported that Bacillus could participate in boosting
of the antioxidant scheme (47–49). Actually, intestinal flora
can regulate the well-being, immunity, and disease of host by
determining the biological value of the diet (50). In this study,
we found that serum metabolites including TG, TBIL, Ca, Mg,
and LDL-C affected by dietary treatment of LST powder were
faithfully connected with the dynamic fluctuations of broiler gut
microbiome structure.

Overall, the diversity of gut microbiota is reshaped by
LST supplements and further contributes to the improvement
of growth performance, intestinal morphology, antioxidant
capacity, Ca and Mg, and reduction of TG, LDL-C, and TBIL.

CONCLUSION

Our results indicate that LST powder contributed to the
improvement of growth performance, intestinal morphology,
antioxidant capacity, Ca, Mg, Fe and P, and reduction of
blood lipids. Especially, 1% supplementation of LST significantly
increased the diversity of gut microbiota, which further
promoted physiological performance. Of note, during the
antibiotic-free era, LST has a great potential application in broiler
feeding when the importance of nutrition, feed processing,
management, and biosafety strategies is highly recognized.
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