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Abstract
AIM: To investigate the anti-obesity and antibacterial 
effects of Ligustrum robustum  (L. robustum) in vivo  
and in vitro  and its possible mechanisms. 

METHODS: The effects of L. robustum  aqueous 
extract (LR) on various gut bacteria in vitro  were 
evaluated. The effects of LR on high-fat diet-fed (HFD) 
rats in vivo  were also assessed. Culture methods, 
quantitative polymerase chain reaction, and terminal-
restriction fragment length polymorphism were used to 
analyze the effects of LR on gut bacteria. Biochemical 
tests were also performed to detect the changes in 
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Basic Study

Effects of Ligustrum robustum on gut microbes and obesity 
in rats



shown that this tea might have anti-oxidative, anti-
inflammatory, and anti-obesity effects[2-5]. In addition, 
it was found that L. robustum may affect a variety of 
gut microorganisms[6,7]. Thus, we hypothesized that L. 
robustum might exert anti-obesity effects by regulating 
gut microbes. 

In this study, we examined the effects of L. 
robustum on different types of gut bacteria. We also 
assessed the effects of L. robustum on the changes in 
host body weight and gut flora in high-fat diet-fed rats. 

MATERIALS AND METHODS
Preparation of L. robustum aqueous extract 
L. robustum was previously identified by Professor 
Guomin Liu of the Ku-Ding Tea Research Institute, 
Hainan University, China and was obtained from China’s 
largest L. robustum provider, Green Hills and Blue 
Waters Co., Ltd. (Junlian, Sichuan, China) (http://
jlqingshanlvshui.1688.com/). The extraction was 
guided by Professor Jing Huang of the West China 
School of Pharmacy, Sichuan University and prepared 
by Chengdu Push Bio-Technology Co., Ltd. (Chengdu, 
China). In brief, dried L. robustum was ground and 
extracted with 10 times its volume of water for 60 
min at 80 ℃. The residue was re-extracted twice, the 
extracted solution was filtered, and the combined 
supernatants were concentrated to 1 g/mL in a 
vacuum evaporator at 60 ℃. L. robustum aqueous 
extract (LR) was sterilized at 115 ℃ for 15 min and 
stored in bottles at -20 ℃ in the dark.

In vitro effects of LR on microorganisms
The inhibitory effects of LR on intestinal symbiotic 
bacteria, conditional pathogenic bacteria, and 
enteropathogenic bacteria were determined. 
The symbiotic bacteria included: Escherichia coli 
(E. coli) ATCC 8099, Bifidobacterium bifidum 
CICC 6071, Bifidobacterium infantis CICC 6069, 
Lactobacterium bulagricum (separated from yogurt), 
Enterococcus faecalis ATCC 29212, and Bacteroides 
thetaiotaomicron ATCC 29741. The conditional 
pathogenic bacteria included: Bacteroides fragilis ATCC 
25285 and Clostridium perfringens ATCC 13124. The 
enteropathogenic bacteria included: Staphylococcus 
aureus ATCC 6538, Pseudomonas aeruginosa ATCC 
15442, Salmonella enteritidis CMCC 50335, Shigella 
flexneri CMCC 51061, E. coli O157:H7 ATCC 882364, 
Entero-Aggregative E. coli (clinical isolates), Entero-
Hemorrhagic E. coli (clinical isolates), Entero-Toxigenic 
E. coli (clinical isolates), Entero-Pathogenic E. coli 
(clinical isolates), Entero-Invasive E. coli (clinical 
isolates), Bacillus cereus (Military Medical Science 
Academy of the PLA reference strain 4001), and Vibrio 
parahemolyticus ATCC 17802. All clinical isolates in our 
laboratory were identified by conventional biochemical 
and serological tests. 

The micro-dilution susceptibility assay was 
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obesity-related indicators after LR treatment. 

RESULTS: LR treatment lowered adipose weight and 
decreased Lee’s index, blood glucose, total cholesterol, 
and lipid in the tested groups relative to control (P  < 
0.05). To determine the reasons for these changes, we 
assessed the potential bacteriostatic and bactericidal 
effects of LR on specific bacterial species in vitro . LR 
affected the richness, diversity, and evenness of gut 
bacteria, increased fecal Lactobacillus , and decreased 
Enterococci  in HFD rats (P  < 0.05). 

CONCLUSION: L. robustum  may be a safe and 
effective food for weight loss and obesity control, and 
the effects of L. robustum might be mediated by the 
regulation of gut bacteria. 

Key words: Gut bacteria; Ligustrum robustum; Culture 
methods; Quantitative polymerase chain reaction; 
Terminal-restriction fragment length polymorphism; 
Obesity
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Core tip: Gut microbes play important roles in fat 
storage and metabolism. The control of gut microbes 
is considered promising in the prevention of obesity. In 
this study, the regulatory effect of Ligustrum robustum 
aqueous extract (LR) on gut bacteria in vivo  and in 
vitro  and body weight was determined. Certain doses 
of LR prevented obesity without sacrificing daily food or 
energy intake. LR may affect the richness, diversity, and 
evenness of gut bacteria by increasing Lactobacillus  
and decreasing Enterococci  in the host gut. 
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INTRODUCTION
Recently, emerging data have implicated gut microbes 
in the development of obesity, and the regulation of 
gut microbes as a potential strategy in the prevention 
and treatment of obesity has attracted significant 
attention. Dietary factors, which possess anti-obesity 
effects, may also play a key role in regulating gut 
microbes. However, few foods have been investigated 
for their effects on gut microbes and the development 
of obesity. 

Ligustrum robustum (L. robustum) was classified 
as food by the Chinese Ministry of Health in 2011[1]. 
In southwest China, the leaves of L. robustum are 
processed as Ku-Ding tea. Previous studies have 



performed to determine the minimum inhibitory concen
tration (MIC) and minimum bactericidal concentration 
(MBC). Dilutions were prepared in 96-well plates to 
obtain final concentrations ranging from 200 mg/mL 
to 0.1 mg/mL of LR in the medium. Fresh target 
bacteria were prepared (Table 1), and an inoculum of 
10 μL (approximately 106 CFU/mL-107 CFU/mL) was 
inoculated into the microplates, and the tests were 
performed in a volume of 100 μL. The homogenated 
96-well plates were incubated aerobically or ana
erobically at 37 ℃ in duplicate for 24-48 h (Table 1), 
and then the culture solution containing bacteria was 
re-suspended. The lowest concentration of the tested 
samples, which did not show any visual growth after 
macroscopic valuation, was determined as the MIC. 
Using the results of the MIC assay, the concentrations 
showing complete absence of visual bacterial growth 
were identified, and 10 μL of each culture broth was 
transferred onto agar plates and incubated for the 
specified time and temperature, as mentioned above. 
The complete absence of growth on the agar surface 
at the lowest concentration of sample was defined as 
the MBC. 

In vivo experiments
Animals and treatments: Male Sprague Dawley 
rats [220 ± 20 g, specific pathogen free (SPF) grade, 
Certified No. SCXK (Jing) 2009-0004], normal chow 
diets (No. D12450B), and high-fat diets (HFDs, 
No. D12492) were obtained from the Beijing HFK 
Bioscience Co., Ltd. (Beijing, China). The animals were 
kept in an environmentally controlled breeding room 
(temperature: 23 ℃ ± 2 ℃, humidity: 50%-60%, 
12 h dark/light cycle). The protocol was approved by 
the Ethics Committee of the State Key Laboratory of 
Oral Diseases, Sichuan University, China. After 3 d of 
adaptive feeding, the rats were randomly assigned 
to one of five groups according to their body weight, 
with each group comprising 10 rats. The treatment 
was as follows: the control group (Normal) was fed 

normal chow diet and infused with distilled water; the 
obese model group (HFD) was fed HFD and infused 
with distilled water; and low-, medium- and high-dose 
groups (LR-L, LR-M, LR-H) were fed HFD and infused 
with a solution of LR at 2.5 mL/kg body weight, 5 
mL/kg body weight, and 10 mL/kg body weight per 
day, respectively.

Experimental protocol
Body weight and food intake were monitored once a 
week. Total calorie intake was calculated according to 
dietary calorie intake and expressed as kcal/rat per 
day. Freshly collected feces were used for bacteria 
number assays. After 6 wk of normal chow diet or 
HFD feeding, the animals were weighed and fasted 
for 24 h before the experiments. Fasted blood was 
collected from the femoral artery. Serum was isolated 
by centrifugation at 3000 g and 4 ℃ for 10 min and 
stored at -70 ℃ until it was used for blood biochemical 
assays. Following blood collection, the rats were 
sacrificed by cervical dislocation. Visceral adipose 
tissue, liver, and spleen were immediately weighed 
after removal. 

Biochemical analysis
Blood glucose (GLU), total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C) were 
measured using an automatic biochemical analyzer 
(Olympus AU400; Olympus, Tokyo, Japan). 

Fecal sample preparation, bacterial cultivation, and 
counting
Fecal samples were obtained before the animals were 
killed and stored at -70 ℃ for culture independent 
analysis. For bacterial cultivation and counting, fresh 
fecal samples were cultured quantitatively for aerobic, 
facultative, and anaerobic bacteria using methods 
defined by the Chinese Ministry of Health[8]. In brief, 
freshly voided feces (less than 10 min after defecation) 
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Table 1  Culture media and incubation conditions

Bacterial group Bacteria preparation MIC

Medium Incubation conditions Medium Incubation conditions

Bacteroides GAM1 agar 37 ℃ anaerobic, 48 h BHI2 (10% HS4) 37 ℃ Anaerobic, 48 h
Bifidobacteria BBL2 agar 37 ℃ anaerobic, 48 h RC2 37 ℃ Anaerobic, 48 h
Lactobacilli LBS2 agar 37 ℃ aerobic with 5% CO2 48 h RC2 37 ℃ Anaerobic, 48 h
C. perfringens SPS2 agar 37 ℃ anaerobic, 48 h RC2 37 ℃ Anaerobic, 48 h
Aerobic E. coli EMB2 agar 37 ℃ aerobic, 18 h MH2 37 ℃ Aerobic, 18 h
Enterococci BEA2 agar 37 ℃ aerobic, 18 h MH2 37 ℃ Aerobic, 18 h
Candida albicans Salouraud2 agar 37 ℃ aerobic, 18 h Salouraud2 37 ℃ Aerobic, 18 h
Staphylococcus aureus blood plate3 37 ℃ aerobic, 18 h MH2 37 ℃ Aerobic, 18 h
Other bacteria LB1 agar 37 ℃ aerobic, 18 h MH2 37 ℃ Aerobic, 18 h

1Prepared in the laboratory according to methods defined by the Chinese Ministry of Health[8]; 2Purchased from Beijing Land Bridge Technology Co., Ltd., 
China; 3Purchased from Chengdu RICH Technology Co., Ltd., China; 4Purchased from Hyclone. MIC: Minimum inhibitory concentration; GAM: Gifu 
anaerobic medium; BBL: Bifidobacterium culture; LBS: Lactobacillus selection; SPS: Sulfite polymyxin-sulfadiazine; EMB: Eosin methylene blue; BEA: Bile 
esculin azide; LB: Luria-Bertani; BHI (10% HS): Brain heart infusion with 10% horse serum; RC: Reinforced Clostridium medium; MH: Mueller-Hinton 
medium.
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(Dongsheng Biotech, Guangdong, China), 0.2 μmol/L 
labeled primer, 0.5 μL Taq Enzyme, and water in a final 
volume of 25 μL. The PCR reaction was performed 
in a PCR Thermo cycler (S1000, Bio-Rad, Hercules, 
CA, United States) using the following program: an 
initial activation of Taq polymerase at 95 ℃ for 3 min, 
30 cycles of 95 ℃ for 30 s, 53 ℃ (56 ℃ and 60 ℃ 
were also tested) for 30 s, and 72 ℃ for 90 s, with a 
final extension at 72 ℃ for 7 min. Negative controls 
containing all reagents, but without DNA template, 
were included throughout the analysis to exclude DNA 
contamination.

Approximately 100 ng purified PCR products 
(TIANgel Midi Purification Kit DP209, Tiangen, Beijing, 
China) were digested with 1 μL of the restriction 
enzyme Hae Ⅲ or Hha Ⅰ at 37 ℃ for 1 h in a final 
volume of 20 μL following the manufacturer’s instruc
tions (Takara, Dalian, China). DNA fragments were 
separated by capillary electrophoresis on an ABI 
3730xl DNA analyzer (Invitrogen, Shanghai, China). 
The lengths of fluorescently labeled T-RFs were 
determined by comparison with an internal standard 
(GeneScan 1200 LIZ®; Applied Biosystems, Foster 
City, CA, United States), and data were analyzed using 
GeneMapper 4.1 software (Applied Biosystems, Foster 
City, CA, United States). T-RFs > 15 bp with more than 
1% abundance of bacterial 16S rRNA gene fragments 
were identified using the MiCA online software[16,17]. 
In order to quantify the differences in community 
structures of the studied groups, the fragment rich
ness, Shannon-Weiner diversity index, and Evenness 
value were calculated by double fluorescence labeled 
T-RFLP[16]. The Jaccard similarity index[18] of T-RFs 
between the HFD group and the other groups were 
then investigated using the equation, J = C/(A + B - C), 
in which A is the total size of T-RFs present in group A, 
B is the total size of T-RFs present in group B, and C is 
the total size of T-RFs present in both groups. 

Statistical analysis
Continuous variables were expressed as mean ± SD. 
Statistical analysis was performed using one-way 
analysis of variance (ANOVA) or nonparametric tests, 
where appropriate. Spearman’s correlation was used to 
determine the relationship between body weight and 
Jaccard similarity index derived from T-RFLP. P values 
less than 0.05 were considered statistically significant. 
SPSS 13.0 software (SPSS Inc., Chicago, IL, United 
States) was used for all statistical analyses.

The statistical methods of this study were reviewed 
by assistant professor Xing Zhao from the Department 
of Biostatistics, West China School of Public Health, 
Sichuan University, China.

RESULTS
In vitro effect of LR on microorganisms
Following culture in vitro, the MIC and MBC of 20 
types of bacteria were obtained. The tested strains 

were collected in a sterile box. Fecal samples 
(approximately 1000 mg) were homogenized and 
serially diluted in sterile anaerobic solution. Appropriate 
dilutions were incubated aerobically or anaerobically 
at 37 ℃ in duplicate using selective media within 2 h 
of collection. The culture conditions are shown in Table 
1. The target bacterial colonies in each medium at the 
corresponding dilution were counted, and the bacteria 
were subsequently characterized by Gram staining and 
polymerase chain reaction (PCR) identification. Colony 
counts are expressed as the log of colony forming 
units per gram of wet feces (log colony forming units/g, 
log CFU/g).

Nucleic acid extraction
Genomic DNA was extracted from 200 mg (wet 
weight) of frozen rat feces using a TIANamp Stool DNA 
Kit (Tiangen, Beijing, China). 

Quantitative polymerase chain reaction
In our laboratory, 16S rRNA analysis of the main 
gut bacteria (Table 2) in feces was performed in 
accordance with a previously published method[9-13] 
with slight modifications, which demonstrated good 
repeatability and specificity[14].

Terminal-restriction fragment length polymorphism 
A double fluorescence labeled terminal-restriction 
fragment length polymorphism (T-RFLP) analysis was 
performed based on the technique described by Kato 
et al[15]. Bacterial 16S rRNA genes were amplified 
with the universal bacterial primers Bac8F (5’-FAM-
AGAGTTTGATCCTGGCTCAG) and Univ1492R (5’-HEX-
GGTTACCTTGTTACGACTT) (Sangon, Shanghai, China). 
For T-RFLP, the forward primer was fluorescently 
5’-labeled with FAM and the reverse primer was 
5’-labeled with HEX, respectively, to enable subsequent 
detection of terminal restriction fragments (T-RFs). 

The PCR mixture contained approximately 50 
ng DNA template, 12.5 μL Hot Start Taq Master Mix 
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Table 2  Primers for target gut bacteria

Target bacteria 
(amplicon size, bp)

Sequence (5’ to 3’)

Bifidobacteria sp. (243) F: TCGCGTC(C/T)GGTGTGAAAG
R: CCACATCCAGC(A/G)TCCAC

Lactobacilli sp. (341) F: AGCAGTAGGGAATCTTCCA
R: CACCGCTACACATGGAG

Clostridium perfringens 
groups (120)

F: ATGCAAGTCGAGCGA(G/T)G
R: TATGCGGTATTAATCT(C/T)CCTTT

Enterobacteriaceae (195) F: CATTGACGTTACCCGCAGAAGAAGC
R: CTCTACGAGACTCAAGCTTGC

Enterococci sp. (144) F: CCCTTATTGTTAGTTGCCATCATT
R: ACTCGTTGTACTTCCCATTGT

Bacteroidetes (126) F: GGARCATGTGGTTTAATTCGATGAT
R: AGCTGACGACAACCATGCAG

Firmicutes (126) F: GGAGYATGTGGTTTAATTCGAAGCA
R: AGCTGACGACAACCATGCAC

F: Leading strand; R: Lagging strand.
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had different MIC and MBC to LR: 0.20 mg/mL and 
0.20 mg/mL for Clostridium perfringens; 0.39 mg/mL 
and 0.39 mg/mL for Bacteroides thetaiotaomicron and 
Bacteroides fragilis; 1.56 mg/mL and 1.56 mg/mL 
for Bifidobacterium bifidum; 3.13 mg/mL and 6.25 
mg/mL for Bifidobacterium infantis; 3.13 mg/mL 
and 6.25 mg/mL for Lactobacterium bulagricum and 
Enterococcus faecalis; 3.13 mg/mL and 3.13 mg/mL 
for Staphylococcus aureus and Bacillus cereus; 6.25 
mg/mL and 6.25 mg/mL for Vibrio parahemolyticus; 
1.56 mg/mL and no bactericidal effect for Candida 
albicans. The MICs for other strains were all greater 
than 25 mg/mL. Taken together, nonparametric test 
results indicated that LR exhibited higher inhibitory 
effects on gram positive bacteria than gram negative 
bacteria in the in vitro experiment (P < 0.05, Figure 1).

Animal experimental results
Food and energy intake: As indicated in Figure 2A, 
the average daily food intake in the Normal group 
was higher than that in the HFD model group (23.47 
± 1.69 g vs 19.16 ± 1.33 g, P < 0.05). In contrast, 
the average daily energy intake in the Normal group 
was markedly lower than that in the HFD model 
group (98.52 ± 6.67 kcal vs 88.49 ± 6.72 kcal, P < 
0.05, Figure 2B), which could lead to greater body 
weight gain in the HFD group. In addition, LR did not 
significantly affect average daily food intake (19.95 ± 
0.98 g, 19.99 ± 1.78 g, 18.37 ± 1.13 g, respectively) 
and energy intake (101.74 ± 5.02 g, 101.94 ± 9.07 
g, 93.67 ± 5.75 g, respectively) compared with the 
HFD model group, suggesting that L. robustum did not 
affect food intake and energy intake.
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Pseudomonas aeruginosa-

Salmonella enteritidis-

E. coli. 8099-

E. coli. O157:H7-

Shigella flexneri-

EIEC-

ETEC-

EHEC-

EPEC-

EAEC-

Vibrio parahemolyticus-

Bacteroides fragilis-

Bacteroides thetaiotaomicron-

Bacillus cereus+

Staphylococcus aureus+
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Bifidobacterium infantis+
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0                      50                    100                   150                   200

MBC (mg/mL)

MIC (mg/mL)

Figure 1  Antimicrobial activity of Ligustrum robustum on gut bacteria. MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; -: 
Gram negative bacteria; +: Gram positive bacteria; EAEC: Entero-aggregative Escherichia coli; EHEC: Entero-hemorrhagic Escherichia coli; ETEC: Entero-toxigenic 
Escherichia coli; EPEC: Entero-pathogenic Escherichia coli; EIEC: Entero-invasive Escherichia coli.
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Figure 2  Effects of Ligustrum robustum on macroscopic obesity related parameters. A: Daily food intake; B: Daily energy intake; C: Body weight; D: Lee’s 
index; E: Body adipose; F: Liver index and Spleen index; G: Blood glucose and lipid. Normal: Normal chow diet-fed mice; HFD: High-fat diet-fed control mice; LR-L/M/H: 
Low-, medium- and high-dose of Ligustrum robustum aqueous extract-treated HFD rats; n = 10 for LR-L, LR-M, LR-H; n = 9 for Normal and HFD; aP < 0.05 vs HFD 
group; cP < 0.05 vs Normal group.
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Body and organ weight: Compared with the control 
group, the HFD group showed increases in body 
weight, Lee’s index, and body adipose tissue (P < 0.05, 
Figure 2C-E). However, no significant increase in Lee’s 
index was found in LR-L, LR-M, and LR-H compared 
with the Normal group, and high dose LR suppressed 
the increases in body weight and fat in HFD rats (P < 
0.05, Figure 2F). 

Blood glucose and lipid parameters: The high-
fat diet increased plasma CHOL and TG relative to the 
Normal group (P < 0.05, Figure 2G). LR-H reduced the 
increases in GLU, TG, CHOL, LDL-C, and the ratio of 
LDL-C to HDL-C relative to the HFD group (P < 0.05, 
Figure 2G). 

Viable counts of six gut bacteria: After 24-48 
h of culture ex vivo, no significant differences in E. 
coli, Bacteroides, and Clostridium perfringens growth 
were observed between the experimental groups 
(Figure 3A). However, compared with the HFD group, 
the LR groups had a greater increase in the growth 
of Lactobacilli and Bifidobacteria (P < 0.05), and 
compared with the Normal group, the LR groups had a 

lower number of Enterococci (P < 0.05).

Quantitative PCR: As indicated in Figure 3B, there 
were no significant differences in E. coli, Enterococci, 
and Lactobacilli, although LR showed a tendency 
to decrease Enterococci and increase Lactobacilli in 
the feces of HFD rats, which is in accordance with 
the results of the culture method. In addition, the 
HFD group had the lowest ratio of Bacteroidetes to 
Firmicutes in all the groups, and had a decreased 
number of Firmicutes compared with the Normal group 
(P < 0.05). In contrast, certain doses of LR increased 
the ratio of Bacteroidetes to Firmicutes (P < 0.05) and 
decreased Clostridium perfringens and Bifidobacteria in 
the feces of HFD rats (P < 0.05). These data indicated 
that the effects of LR on certain types of gut bacteria, 
using quantitative PCR, were partly in accordance with 
those derived from the culture method (Enterococci 
and Lactobacilli), although Bifidobacteria was different.

T-RFLP community analysis: In this study, as 
previously mentioned, the forward primer was labeled 
with FAM fluorescein and the reverse primer was 
labeled with HEX fluorescein. Two incision enzymes, 
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Figure 3  Effect of Ligustrum robustum on gut bacteria. A: Viable counts of six gut bacteria; B: 16S rRNA relative gene expression of gut bacteria. Normal: Normal 
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Hha Ⅰ and Hae Ⅲ, were used separately to obtain 
T-RFs. Finally, four types of treatment, namely Hha Ⅰ-
HEX, Hha Ⅰ-FAM, Hae Ⅲ-HEX, and Hae Ⅲ-FAM, 
were analyzed separately. The relative abundance of 
T-RFs in each sample was determined by calculating 
the ratio between the size of each peak and the total 
peak size of all peaks detected in one sample. Distinct 
T-RF was defined as an abundance of more than 1% 
(Figure 4). According to the Mica Ⅲ database, in the 
Hae Ⅲ-FAM group, the probable bacteria in T-RF 247 
were Lactobacillus gallinarum, uncultured Lactobacillus 

sp., uncultured Chloroflexi bacteria, and uncultured 
bacteria. T-RF 247 was found in LR-L, LR-M, and LR-H 
but not in the Normal or HFD groups, indicating that 
LR treatment might increase Lactobacillus. T-RF 254 
was identified as Clostridium subterminale, uncultured 
Clostridiales bacteria, uncultured rumen bacteria, 
and uncultured bacteria. T-RF 254 was detected in 
the Normal group (19.9%) and HFD group (3.4%). 
However, T-RF 254 was not detected in the treatment 
groups, indicating that LR may decrease bacteria 
such as Clostridium. T-RF 270 was identified as 
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Streptococcus equi subsp., uncultured rumen bacteria, 
Helicobacter sp., uncultured Acidobacteria bacteria, 
and uncultured bacteria. T-RF 271, using Hae Ⅲ-FAM, 
was identified as Helicobacter pylori, uncultured rumen 
bacteria, uncultured Fusobacterium sp., Fusobacterium 
nucleatum subsp. and uncultured bacteria. The HFD 
group had a higher percentage of T-RF 270 and T-RF 
271 than the other groups (T-RF 270: 2.8%, 2.9%, 
12.1%, 6.6%, 19.1%; T-RF 271: 3.4%, 1.0%, 0%, 
3.0%, 5.0% in the LR-L, LR-M, LR-H, Normal, and HFD 
groups, respectively), which indicated that the HFD 
group may contain more Streptococcus equi subsp. 
and Helicobacter sp. compared with the other groups. 
In the Hae Ⅲ-HEX group, the bacteria of T-RF 35 were 
suggested to be uncultured bacteria. The abundance 
of T-RF 35 in the LR-L, LR-M, LR-H, Normal and HFD 
groups was 2.2%, 0%, 1.03%, 20.69%, and 10.25% 
respectively. In the Hha Ⅰ-FAM group, bacteria of 
T-RF 361 were mainly uncultured rumen bacteria. 
The abundance of T-RF 361 in the LR-L, LR-M, LR-H, 
Normal, and HFD groups was 3.4%, 4.3%, 3.1%, 0%, 
and 0%, respectively, indicating that LR treatment may 
increase the abundance of uncultured rumen bacteria. 

In the Hha Ⅰ-HEX group, bacteria of T-RF 403 were 
mainly Lactobacillus sp. and uncultured bacteria when 
compared with the database. This also indicated 
that LR treatment may increase the abundance of 
Lactobacillus sp. The findings from T-RF 403 (Hha Ⅰ-
HEX) and T-RF 247 (Hae Ⅲ-FAM) indicated that LR 
effectively increased some types of Lactobacillus sp. 
(Figure 4). This finding was partly in accordance with 
the results obtained from the culture method and 
quantitative PCR.

The Jaccard similarity index in the different 
treatments (i.e., Hae Ⅲ-FAM, Hae Ⅲ-HEX, Hha Ⅰ-
FAM, and Hha Ⅰ-HEX) between the HFD group and 
the other groups is shown in Figure 5A. The average 
similarity compared with the HFD group was 0.44%, 
0.40%, 0.35%, and 0.36%, respectively. There was a 
correlation between body weight and average similarity 
compared with the obese group (P < 0.05, Figure 5B), 
which indicated that gut microbiota in the heavier body 
weight group had higher similarity with the HFD group. 
These results demonstrated that the anti-obesity effect 
of LR might be derived from its effect on gut bacteria.

In this study, we found that bacterial richness was 
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in our study, the decreased amount of Bifidobacteria 
detected by quantitative PCR might be vulnerable to 
LR treatment. According to our other results, this kind 
of Bifidobacteria might contribute less to the control 
of host’s body weight than those that could be grown 
on BBL plates. Besides, there are only 2000 types of 
bacteria that can be used for 16S rRNA sequencing, 
and a large proportion of the 16S rRNA sequence is 
still unknown. Therefore, we speculate that the reason 
we obtained controversial results for Bifidobacteria 
may be partly due to the different principles of the 
detection methods. However, further studies are 
needed to confirm our speculation. 

Lactobacillus consists of more than 90 types of 
bacteria, and approximately 30% can be cultured from 
stool samples[23]. The beneficial effect of Lactobacillus 
has been widely known for a long time. In this study, 
the culture results showed that the populations of 
Lactobacillus at different doses of LR were higher 
than those in the HFD model group (P < 0.05). The 
quantitative PCR results also demonstrated a similar 
tendency without significant variance. Furthermore, 
T-RF 247 (Hae Ⅲ-FAM) and T-RF 403 (Hha Ⅰ-HEX) 
analyses showed that LR treatment increased the 
abundance of Lactobacillus sp. Several previous 
studies reported that Lactobacillus regulates host 
metabolism and energy intake[24,25]. These results may 
indicate a potential role for cultivable Lactobacillus in 
LR-mediated weight loss. 

Clostridium perfringens is a harmful gut bacterium, 
which can cause many diseases[26,27]. In this study, 
C. perfringens in LR-H treated group was lower than 
that in the normal group (P < 0.05), therefore, LR 
might inhibit the growth of C. perfringens and result 
in a healthier gut environment. However, this is a 
preliminary conclusion, and more studies are needed 
to confirm these findings.

Bacteroides, the most predominant bacterial 
group in the gut, is involved in the regulation of host 
metabolism and energy intake by regulating the 
metabolism of polysaccharide in the gut[28]. Previous 
studies have shown that normal rats contained more 
Bacteroides compared with the obese group[19,20]. In 
the present study, no significant difference was found 
using the culture method. However, the number of 
Bacteroidetes in the control group was higher than 
that in the group fed a HFD (P < 0.05). This was partly 
consistent with previous findings. 

The relative proportions of gut bacteria can also 
affect body weight. Bacteroidetes and Firmicutes are 
the main gut bacteria that affect energy homeostasis[29]. 
It was reported that obese rats had less Bacteroidetes 
and more Firmicutes than the lean group[30,31]. In the 
present study, the HFD model group had the highest 
Lee’s index and the lowest ratio of Bacteroidetes to 
Firmicutes compared with the other groups. On the 
other hand, the RL-H group had the lowest Lee’s index 
and the highest ratio of Bacteroidetes to Firmicutes 
(P < 0.05). In addition, our results showed that the 

numbers of Bacteroidetes and Firmicutes in the normal 
control group were higher than those in the other four 
HFD groups, indicating that a HFD may lower the total 
number of gut bacteria. 

In addition to the animal experiment, the different 
bacteriostatic and bactericidal effects of LR on gut 
bacteria were studied. Strongly selective bacteriostasis 
of LR was found by the MIC and MBC tests, and 
LR showed a higher inhibitory effect on the growth 
of gram positive bacteria than on gram negative 
bacteria. Interestingly, Enterococci, Bifidobacteria, 
Lactobacillus, and C. perfringens are all gram positive 
bacteria, and it was speculated that the growth of 
these gram positive bacteria would be inhibited and 
not enhanced according to the in vitro experiment. 
However, in the in vivo experiment, the number of 
some gram positive bacteria, such as Enterococci 
and C. perfringens decreased, while the number of 
Lactobacillus increased. This may be attributed to the 
fact that LR did not reach the effective concentrations 
required ex vivo when in the intestinal tract. The in 
vitro experiment targeted specific strains that partly 
represented the whole gut flora, whereas the results 
from the animal experiment focused on the genus 
level of different gut bacteria. Furthermore, LR is a 
mixture of different components, and the digestive 
tract is a complicated channel with various enzymes 
and microorganisms. LR would gradually be degraded 
in the gastrointestinal tract, thus the effective 
components in LR would probably be metabolized. 
As a result, in the ex vivo and in vivo experiments, 
the active ingredients of LR on gut bacteria would be 
different. However, we still observed the same trend in 
some bacteria after LR treatment both in vivo and in 
vitro.

In the present study, double fluorescence labeled 
T-RFLP was used to analyze the richness, diversity, and 
evenness of gut microbiota. Analysis of dominant flora 
showed that LR changed the advantageous bacterial 
species and their percentage in the total flora. By 
analyzing the percentage of advantageous flora in 
the total flora, we found that a certain amount of LR 
increased the percentage of Lactobacillus sp. in the 
total flora. We also found that LR treatment, especially 
LR-L, increased the richness and species diversity of 
the gut. Similar analysis of gut microbiota in the LR 
treated groups and the normal group compared with 
the HFD group indicated that gut microbiota in the 
heavier body weight group had higher similarity with 
the HFD group, which revealed a possible role for LR in 
obesity prevention by affecting the gut microbiota.

In conclusion, our study demonstrated significant 
bacteriostatic and bactericidal effects of LR on specific 
gut bacteria in vitro, and certain doses of LR altered 
the richness and diversity of gut bacteria in HFD 
rats. This study also found increased number of fecal 
Lactobacilli and decreased number of Enterococci, 
together with a decrease in Lee’s index and blood 
concentration of fat storage-related indicators in HFD 
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rats. These findings indicated that LR may have a 
potential anti-obesity effect by regulating gut bacteria.
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different bacteriostatic activities on different bacteria. However, the exact effect 
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In this study, the authors analyzed the regulatory effect of L. robustum aqueous 
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effects on specific gut bacteria in vitro and in vivo, and certain doses of 
LR altered the richness and diversity of gut bacteria. This study also found 
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