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 Tannic acid (TA) is one of the important plant secondary metabolites existed in the Brandt’s vole’s 
daily food. Its anti-nutritional and anti-oxidant effects have been previously reported. However, 
investigations about the microbial communities and alterations of gut microbiota in response to 
dietary TA have not been documented in Brandt’s voles. To characterize the effects of dietary 
TA on the abundance and diversity of caecal microbes, 18 adult Brandt’s voles were randomly 
assigned to 3 groups, where they were continuously fed with commercial rodent diet containing 
0%, 3%, and 6% (w/w) TA for three weeks. The luminal contents of the caeca were collected for 
DNA extraction and high throughput sequencing was applied using an Illumina MiSeq. Significant 
differences in alpha diversity indices were detected between male and female voles. Female voles 
were significantly higher in Chao1, observed species, and the Shannon and Simpson indices than the 
males. The composition of bacterial community in the Brandt’s voles was significantly affected by 
the administration of dietary TA. Gender, as well as the interaction between gender and TA played 
important roles in determining the bacterial structure. Female voles were observed to be more 
vulnerable than the males to the influence of dietary TA. This study was the first non-culture based 
microbiota analysis that revealed the caecal microbiota compositions in Brandt’s voles. Our results 
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provided preliminary data about sex-associated differences in the response of the caecal microbiota 
to dietary TA in Brandt’s voles.

KEYWORDS: Brandt’s voles / caecum / gender effects / microbiota /  tannic acid

The Brandt’s vole (Lasiopodomys brandtii) is a dominant pest rodent in North 
China. It is also one of the smallest strictly herbivorous mammals mainly inhabiting 
the grasslands of Inner Mongolia of China, the Republic of Mongolia, and the region 
of Beigaer Lake in Russia [Li and Wang 2005]. Tannic acid (TA), one of the important 
plant secondary metabolites, is ubiquitously distributed in Brandt’s vole’s daily 
food, accounting for about 5% of the dry food [Li et al. 2007]. Negative effects of 
dietary TA on animals due to its interactions with protein [Torregrossa et al. 2014], 
carbohydrates [Mansoori and Modirsanei 2012], and minerals [Jaramillo et al. 2015] 
had been reported. As an anti-nutritional factor in food, TA reduced food efficiency 
and growth rate [Lee et al. 2010]. On the other side, dietary TA had favorable impacts 
on anti-oxidant and anti-inflammation abilities [Gülçin et al. 2010; Bouki et al. 2013]. 
Its influences on lipid metabolism [Ye et al. 2016, Masek and Starcevic 2017] and the 
composition of microbial flora [Yang et al. 2017] were also documented. We assumed 
that TA, one important component in the daily food of Brandt’s vole, will have 
potential influences on the abundance and diversity of gut microbes. However, there 
has been relatively limited study about the microbial communities colonizing the wild 
or captive Brandt’s voles. Neither is there investigation studying the alterations of gut 
microbiota in response to different concentrations of dietary TA in Brandt’s voles. 

As is known, intestinal microbial communities bear significant roles in promoting 
host development, nutrition and immunity [Jandhyala et al. 2015]. The large and 
diverse assemblage of bacteria in gut exhibits both temporal and spatial variations 
all along the individual’s life span and can be influenced by various factors, such 
as diet [David et al. 2014, Espley et al. 2014], age [Yatsunenko et al. 2012], season 
[Davenport et al. 2014], genetics [Spor et al. 2011, Ussar et al. 2015], antimicrobial 
exposure [Zhang et al. 2016, Bessegatto et al. 2017], and concomitant disease [Zhao 
2013]. Of all these factors, diet is one of the most important determinants in shaping 
the composition, diversity, and richness of the microbial communities. Up till now, 
the host and environmental factors that shape Brandt’s voles’ gut microbiota remain 
largely unexplored. 

Using 16S rDNA sequencing technology, accumulating documents have provided 
a wealth of information on the composition and structure of the bacterial community 
in both domesticated and wild animals [Barker et al. 2013, Maurice et al. 2015, 
McLaughlin et al. 2015, Guass et al. 2016, Kohl et al. 2017, Li et al. 2017]. It has 
been proved to be a useful tool to understand the microbial ecology of organisms. 
Here, we provided an initial view of the profile of caecal bacteria in Brandt’s voles 
using high-throughput sequencing and studied the alterations of their compositions 
in response to different concentrations of dietary TA. Our results revealed that 
the bacterial communities in Brandt’s voles were significantly influenced by the 
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supplementation of dietary TA. Significant interactions between sex and dietary TA 
were also observed. Evidence for the impact of TA over the bacterial composition was 
observed at the phylum, class, order, family, and genus levels. Together, our results 
suggested that dietary TA has an important role in shaping the bacterial communities 
in Brandt’s voles.

Material and methods

Ethical approval

The care and treatment of experimental animals conformed to the “Guide for 
the Care and Use of Laboratory Animals” of the Comparative Medical Centre of 
Yangzhou University (a registered animal facility for supervising experiments on 
laboratory animals). All procedures performed in this study involving animals were 
in accordance with the ethical standards of and approved by the Animal Ethical and 
Welfare Committee of Yangzhou University.

Animals and experimental design   

Eighteen 90-day-old Brandt’s voles, half male and half female, with an average 
weight of 44.07±4.09 g (47.71±1.78 g and 40.42±1.58 g for male and female voles, 
respectively) were obtained from a breeding colony maintained at the College of 
Bioscience and Biotechnology, Yangzhou University, Yangzhou, Jiangsu Province, 
China. Founder animals in the colony were originally captured in the wild in Xilinguole 
League, Inner Mongolia Autonomous Region of China. The animals were housed 
individually in plastic cages and maintained under standard laboratory conditions (22 
± 2℃, 40-60% humidity, and a 12h/12h light/dark cycle). They were acclimated for 
one week with free access to water and commercial rodent diet (Xietong Bio-Pharm 
Co., Ltd., Nanjing, China) before being randomized into three groups. The control 
animals (group CT), fed with commercial diet containing no TA, were included in sub-
groups CT_M and CT_F (for male and female voles, respectively). Animals treated 
with 3% (3% TE group) and 6% TA  (6% TE group) were assigned into sub-groups of 
3%TE_M (male), 3% TE_F (female), 6%TE_M (male), and 6% TE_F (female) groups, 
respectively. Each sub-group contained three animals. The nutrient contents of the 
commercial chow diet (containing no TA) were as follows: crude protein ≥15%, crude 
fat ≥4%, crude fiber 10-15%, ash ≤8%, calcium 1.0-1.8%, and phosphorus 0.6-1.2%.

TA with a molecular weight of 1701.2 was purchased as dry power from Sinopharm 
Chemical Reagent Co., Ltd., Shanghai, China. TA was added to the commercial diet at 
the expense of the whole diet. 3% (6%) TA-containing diets were prepared by adding 
3 g (6 g) TA to 97 g (94 g) of the standard diet. The experiment lasted for three weeks 
and all animals had free access to tap water and diet during the whole experiment. Then 
all animals were sacrificed after being anesthetized by the intraperitoneal infusion of 
sodium pentobarbital (150 mg/kg).

Sex-associated effects of tannic acid on the caecal microbes of Brandt’s voles
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Sampling

Caecal samples were collected immediately after the death of the animal. Briefly, 
the caeca were removed aseptically, clamped with forceps, and placed in sterile plastic 
bags on ice. Then the open ends of the caeca were cut with sterile scissors and the 
contents in the caeca were inverted into 2 mL centrifugal tubes. Approximately 0.5-1 
g of contents was collected into the centrifuge tube and stored at -80℃ until DNA 
extraction, which was undertaken 3 days later. One caecal sample from a female vole 
in the 6% TE_F sub-group was accidently spilled. In order to prevent any potential 
contamination, only 17 caecal samples were used for further analysis.

DNA isolation and high-throughput sequencing

The following protocols were performed by staff at the Oebiotech Co., Ltd., 
Shanghai, China. Bacterial genomic DNA was extracted from the whole caecal contents 
containing solid and liquid fractions of each animal with the QIAamp DNA Stool 
mini kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. 
The resulting metagenomic DNA samples were dissolved in 50 μL of elution buffer 
and then inspected on ethidium bromide-stained agarose gels. DNA concentrations 
were determined using the Nanodrop 2000 spectrophotometer (Thermo Scientific, 
Wilmington, USA). All DNA samples were stored at -20 °C until needed. 

The bacterial 16S rRNA gene was amplified from the extracted DNA 
using primers 338F (5’ -ACTCCTACGGGAGGCAGCA-3’) and 806R 
(5’-GGACTACHVGGGTWTCTAAT-3’). The primer pair contained the appropriate 
Illumina adapter sequence and an 8-bp barcode which allowed for post-sequencing 
identification. The resulting PCR products were confirmed on 2% agarose gel 
electrophoresis and purified using QIAquick PCR Purification Kit (QIAGEN, 
Valencia, CA, USA) according to the manufacturer’s instructions. The purified 
amplicons were quantified using QuantiFluor™-ST (Promega, Madison, WI, USA), 
pooled in equimolar concentrations, and sequenced on Illumina MiSeq platform 
(Illimina, USA) to characterize total bacterial population.

Data availability and bioinformatics analysis

The raw sequences generated in this study were deposited into the NCBI Sequence 
Read Archive (SRA) database under the study PRJNA394059. Bioinformatics analysis 
was performed by staff at the Oebiotech Co., Ltd., Shanghai, China. Paired-end reads 
were truncated by cutting off the primer sequences using Trimmomatic software 
and merged using FLASH software (V1.2.7). Each sample was sorted according 
to the unique barcode. Quality filtering on the raw reads was performed by using 
the QIIME (V1.7.0) program. Chimeric sequences were removed by using Usearch 
software to obtain the clean sequences. The operational taxonomic units (OTUs) 
were mathematically defined as having a 3% sequence distance (e.g. 97% similarity). 
Diversity and richness were calculated using the Cluster Database at High Identity 
with Tolerance (CD-HIT). For each OTU, representative sequence was screened for 
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further annotation. The taxonomic information of each representative sequence was 
annotated using the GreenGene Database based on RDP classifier algorithm. Alpha-
diversity indices including Chao1, Shannon-Wiener, and Simpson indices were also 
calculated from QIIME to estimate the community richness and diversity. 

Statistical analysis

All data were presented as the mean ± standard error of the mean (SEM) for each 
group. Two-way analysis of variance (ANOVA) was used for analyzing the effects of 
TA, gender, and potential interaction between gender and TA on the composition of 
caecal bacteria, followed by the LSD method for post-hoc test using SPSS software 
(Chicago, IL, USA) (version 15.0 for windows). Values were considered significant 
when p<0.05.

Results and discussion

Summary of sequencing data

In the present study, 393,940 nucleotide sequences originating from 16S rRNA 
genes were retrieved from bacteria found in the caecal contents. Following quality 
control and removing of chimera, a total of 359,634 high quality sequences were 
obtained (Tab. 1) and the average number of sequences was about 21,154 per sample. 
Most of the sequences were distributed between 420-429 bp (76.26%) and 440-449 bp 
(22.56%) (Fig. 1). Based on the 97% species identity, the superior quality sequences 
were clustered into 3790 operational taxonomic units (OTUs). 

Sex-associated effects of tannic acid on the caecal microbes of Brandt’s voles

 Table 1 Raw and clean counts obtained and OTUs detected 
 

Group  Sample 
name  Sex  Raw Counts  Clean 

Counts  Total 
OTUs 

           

CT 

 CT.F1  female  22128  19233  844 
 CT.F2  female  28338  26282  1095 
 CT.F3  female  30860  25879  1155 
 CT.M1  male  14350  13370  692 
 CT.M2  male  14056  13372  538 
 CT.M3  male  19576  17791  821 

3% TE 

 3%TE.F1  female  34921  32532  1242 
 3%TE.F2  female  30075  28430  939 
 3%TE.F3  female  35477  33002  1258 
 3%TE.M1  male  17749  16779  789 
 3%TE.M2  male  28293  25013  968 
 3%TE.M3  male  20685  18731  816 

6% TE 

 6%TE.F1  female  17552  16604  778 
 6%TE.F2  female  11130  10485  733 
 6%TE.M1  male  21864  20146  759 
 6%TE.M2  male  22151  20367  862 
 6%TE.M3  male  24735  21618  942 
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Microbial communities in the control and two TA-treated groups

At the phylum level, the 10 most relatively abundant bacterial phyla were 
Firmicutes, Bacteroidetes, Proteobacteria, Spirochaetes, Actinobacteria, Candidate 
division TM7, Cyanobacteria, Deferribacteres, Tenericutes, and Verrucomicrobia 
(Fig. 2). Firmicutes and Bacteroidetes dominated, accounting for 78.4±2.1% and 
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Fig. 1. Distribution of the length of the sequences obtained.

Fig. 2. The relative abundance of community of the top 30 phyla.
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14.4±1.7% of sequences, respectively. Only less than 0.3% of sequences could not be 
classified at the phylum level. 

The most relatively abundant classes (orders) were Clostridia (Clostridiales) and 
Bacteroidia (Bacteroidales), accounting for 77.1±2.0% and 14.2±1.7%, respectively. 
Ruminococcaceae, Lachnospiraceae, and S24-7 constituted the major family of bacteria 
detected, accounting for 21.76±0.78%, 21.54±1.6%, and 10.20±1.26%, respectively. 
Oscillospira was the most relatively abundant genus accounting for 10.36±0.52% of 
all sequences followed by Ruminococcus (7.27±0.52%), Coprococcus (4.85±0.68%), 
Desulfovibrio (3.23±0.31%), and Roseburia (2.27±0.49%). The sequences were 
assigned into 329 different genera, with an average of 28.3% of sequences being 
unclassified at the genus level.

Influences of dietary TA and gender on the bacterial compositions

Our results showed that the composition of caecal bacteria in Brandt’s voles was 
significantly affected by dietary TA (Fig. 3). The majority of them came from four 
phyla (Firmicutes, Proteobacteria, Cyanobacteria, and Bacteroidetes). In most cases, 
these significantly altered bacteria responded to 6% TA administration by reducing 
their relative abundances. Three families (Enterococcaceae, Planococcaceae, and 
Ruminococcaceae) didn’t follow the pattern. Their distributions after 6% TA treatment 
were significantly elevated. Accordingly, one genus from the Planococcaceae family 
(Lysinibacillus) and two genera from the Ruminococcaceae family (Oscillospira and 

Sex-associated effects of tannic acid on the caecal microbes of Brandt’s voles

Fig. 3. Significantly altered bacterial compositions caused by the treatment of TA in voles. *Indicated 
significant changes (p<0.05) in the bacterial compositions.



106

Ruminococcus) exhibited significantly increased abundances. Furthermore, Most of 
the significant alterations in the bacterial compositions caused by 6% TA treatment 
were happened in the minor bacteria that accounted for less than 1% of the total 
caecal bacterial microbiome. The only exception was the Ruminococcaceae family, 
which was the major family detected in the caecum of Brandt’s voles. The distribution 
of the Ruminococcaceae family was significantly elevated from 20.46±1.05% (0% 
dietary TA) to 25.46±0.45% (treated with 6% TA). Similarly, the Ruminococcus 
genus followed the same trend, its relative composition increased significantly 
from 5.34±0.43% (0% dietary TA) to 8.76±0.60% due to the administration of 6% 
dietary TA. The relative composition of another genus that belonged to the family 
Ruminococcaceae, Oscillospira, also exhibited an increase after the treatment of 6% 
TA, from 10.86±0.93% to 11.82±0.69%. However, the difference was not significant. 
On the other hand, the influence of 3% TA on the bacterial composition seemed to be bi-
directional. It significantly increased the compositions of three orders (Rhodospirillales, 
Vibrionales, and Synechococcales), two families, Pseudoalteromonadaceae (order 
Vibrionales) and Synechococcaceae (order Synechococcales), as well as two genera, 
Vibrio and Synechococcus, which belonged to family Pseudoalteromonadaceae and 
Synechococcaceae, respectively. It also significantly reduced the compositions of 
the Rikenellaceae family, Oscillospira genus, and Oxalobacter genus. Our results 
indicated that under the influence of relatively low concentration of TA (3% TA) some 
bacteria nurtured while others were inhibited. When the concentration of dietary TA 
increased to 6%, most of the bacteria were inhibited.

Significant effects of gender (Fig. 4) and gender × TA interaction were also detected 
(Tab. 2). The structure of the bacterial community in male and female voles exhibited 
significant difference. Female voles were significantly higher in the composition of 
phylum Bacteroidetes (Fig. 5), as well as in class Bacteroidia and order Bacteroidales. 
At the genus level, the composition of Oxalobacter, Veillonella, Lysinibacillus, 
Synechococcus, and Vibrio were significantly affected by TA treatment, gender, and 
gender × TA interaction.

M. Ye et al. 

 Table 2 Bacteria significantly affected by the gender × TA interaction 
 

Level  Bacteria 
   
Phylum  Verrucomicrobia (p = 0.046) 
Class  Sphingobacteriia (p = 0.046), Saprospirae (p = 0.022) 
   

Order  Sphingobacteriales (p = 0.045), Synechococcales (p = 0.022), 
Syntrophobacterales (p = 0.034), Vibrionales (p = 0), Saprospirales (p = 0.022) 

Family 

 Oxalobacteraceae (p = 0.037), Pseudoalteromonadaceae (p = 0.007),  
Rikenellaceae (p = 0.024), Streptococcaceae (p = 0.048),  
Synechococcaceae (p = 0.003), Syntrophobacteraceae (p = 0.033),  
Veillonellaceae (p = 0.039) 

Genus 
 Oxalobacter (p = 0.008), Veillonella (p = 0.039), Lysinibacillus (p = 0.012),  

Paenibacillus (p = 0.050), Paludibacter (p = 0.047), Synechococcus (p = 0.003),  
Vibrio (p = 0.012)   
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Microbial diversity of the caecal microbiota

Ecological features of caecal bacterial communities were evaluated (Tab. 3). The 
average values for the Shannon and Simpson indices, which measure the community 
diversity, were 6.97±0.08 and 0.974±0.002, respectively. The overall average Chao1 
(the number of estimated OTUs) of all samples, a nonparametric estimator of species 
richness, was 1292.32±80.36. The Good’s coverages of all the samples were greater 
than 0.98, indicating good sequencing depth for reliable investigation of differences in 
caecal microbiota between TA-treated groups and the control group.

Our results showed that gender had significant effects on alpha diversity indices. 
Compared with male voles, female voles were significantly higher in Chao 1(p = 0.012), 

Sex-associated effects of tannic acid on the caecal microbes of Brandt’s voles

Fig. 4. Bacterial compositions significantly different between two genders in voles. *Indicated significant 
difference (p<0.05) in the bacterial compositions.

Fig. 5 Significant sex-associated distribution of bacteria in voles at the phylum level. *Indicated significant 
difference (p<0.05) in the bacterial composition.
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observed species (F(1,11) = 7.555, p = 0.019), Shannon and the Simpson indices (p = 0.004 
and p=0.015, respectively). Significant interaction of gender × TA was also detected in 
Chao1 and observed species (p=0.008 and p=0.037, respectively). Compared to the 
treatment of 3% dietary TA, 6% TA significantly reduced Chao1 and observed species 
in female Brandt’s voles, with no significant influences on the male ones.

Using high-throughput sequencing, the present study revealed that the 
caecal bacterial microbiota in Brandt’s voles was dominated by Firmicutes and 
Bacteroidetes (92.8%), while Proteobacteria represented 4.6% and other bacterial 
phyla by approximately 2%. The caecal microbiota of the Brandt’s vole was generally 
consistent with those from other rodents with Firmicutes and Bacteroidetes being the 
most abundant bacterial phyla [Kreisinger et al. 2015; Weldon et al. 2015]. 

Significant changes in gut micobiota due to the intake of dietary tannins (both 
condensed and hydrolysable tannins), such as proanthocyanidin [Choy et al. 2014], 
anthocyanin [Vendrame et al. 2011], ellagitannins [Li et al. 2015], gallic acid [Hidalgo 
et al. 2012], and gallotannins [Čandek-Potokar et al. 2015] have been previously 
reported. We studied the responses of caecal microbiota to different concentrations of 
dietary TA in Brandt’s voles. Our results showed that TA, one member of hydrolyzed 
tannins, could modulate the composition of caecal bacterial microbiota community 
in Brandt’s voles. As reviewed by Goel et al. [2005], a number of bacteria capable 
of tolerating tannins have been identified in both adapted domesticated and wild 
animals. Here, a group of TA-sensitive microflora, whose growth was significantly 
affected under the supplement of TA, was detected in the Brandt’s vole. Most of 
them was characterized by a relatively low abundance (0.1% or less of the entire 
caecal bacterial microbiome) and came mainly from two phyla, Proteobacteria and 
Firmicutes, which indicated that some species belonging to these phyla might play 
important roles in the adaption of intestinal metabolism to the alteration of dietary TA 
concentration. However, at present, we are still unable to define the exact characters 
of these dynamically changed bacteria. Further researches are required to clarify the 
mechanisms how their growth is affected by TA.

Gender differences in the gastrointestinal tract have been observed in human 
[Mueller et al. 2006; Freire et al. 2011], animal [Fushuku and Fukuda 2008, Martin 
et al. 2010, Kovacs et al. 2011, Coretti et al. 2017], and insect [Han et al. 2017]. 
The identification of sexually dimorphic genes expressed in the small intestine of 
mice reinforced the dissimilarities between males and females at the molecular level 
[Steegenga et al. 2014]. Here, we reported a significant sex-associated difference in the 

M. Ye et al. 

 Table 3 Comparison of alpha diversity indices in different groups 
 

Groups  Observed_species  Chao1  Shannon  Simpson   Goods_coverage  
CT_F  1023.27±92.92  1619.84±135.20  7.26±0.20  0.981±0.002  0.983±0.002 
CT_M  675.13±79.81  960.39±97.82  6.64±0.20  0.964±0.005  0.984±0.001 
3%TE_F  1137.50±101.39  1669.92±181.47  7.20±0.13  0.978±0.001  0.987±0.001 
3%TE_M  849.33±59.81  1189.33±55.91  6.73±0.12  0.964±0.010  0.985±0.001 
6%TE_F  744.50±25.80  977.58±25.54  7.19±0.03  0.981±0.000  0.981±0.005 
6%TE_M  849.20 ± 50.69  1231.96±92.19  6.89±0.09  0.976±0.003  0.986±0.001 
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caecal microbial composition in Brandt’s voles with females having higher microbial 
diversity than did the males. Since male and female voles within the same group were 
housed in the same environment and consumed the same type of laboratory chow, the 
observed sex-related differences in microbial communities were more likely due to 
sex-specific host-microbe interaction rather than differential exposure. As suggested 
by Markle et al. [2013] and Yurkovetskiy et al. [2013], this process of within-gut 
selection may be driven by pronounced hormonal differences in adult animals. 

Results from the present study also suggested a role for gender in the sensitivity 
of caecal microbiota to dietary TA in Brandt’s voles. Compared with the males, 
female voles exhibited much more significant alterations in the composition of 
caecal microbiota in response to dietary TA. Furthermore, the relative abundances 
of two phyla, Firmicutes and Bacteroidetes, were altered due to the administration 
of dietary TA. Female voles in group CT were characterized by significantly higher 
abundance of Bacteroidetes than the male ones. Supplemented dietary TA (both 3% 
and 6% TA) reduced the relative proportion of Bacteroidetes, while increased the 
propotion of Firmicutes. As a result, the ratio of Bacteroidetes to Firmicutes changed 
from 0.34 (group CT) to 0.29 (3% TE group) and 0.14 (6% TE group). However, in 
male voles, the ratio of Bacteroidetes to Firmicutes exhibited only little fluctuation 
due to TA administration (0.13, 0.12, and 0.14 for group CT, 3% TE, and 6% TE 
groups, respectively). Although Firmicutes and Bacteroidetes were always the two 
dominant taxa in the caecum of all the tested Brandt’s voles, the relative abundances 
of these phyla in female voles were more sensitive to TA treatment than that in male 
ones. Sex-associated differences in the alterations of gut microbiota due to dietary 
treatments had been observed in other reports. Shang et al. [2016a] reported that 
keratan sulfate exerted a differing effect on male and female microbiota with much 
more drastic increase in the abundance of Lactobacillus spp. induced in female mice. 
They [Shang et al. 2016b] also revealed that the caecal microbiota  in female mice 
were more vulnerable than that of male mice to the treatment of chondroitin sulfate 
and its oligosaccharide. We speculated that microbial communities in female Brandt’s 
voles shifted more rapidly in response to the intake of dietary TA and exhibited more 
flexibility in the relationship between host and its microbial consortia.

Furthermore, an increase in the relative abundance of Firmicutes with a concordant 
decrease in Bacteriodetes was documented to be positively associated with obesity in 
mice [Ley et al. 2005; Turnbaugh et al. 2008], plasma glucose concentration in type 
II diabetic patients [Larsen et al. 2010], and increased fat deposition in rat treated 
with chronic olanzapine [Davey et al. 2012]. The proportional increase of Firmicutes 
was observed to be associated with ingestion of food [Costello et al.  2010], while the 
reduced proportional representation of the Bacteroidetes was accompanied with the 
development of obesity [Turnbaugh et al. 2008]. Thus, our findings, while preliminary, 
bring more insights into the significant role dietary TA may play during the lifetime 
of voles, especially to the female ones. It was extremely interesting as the shift in the 
predominant phyla of the caecal microbiota in female Brandt’s voles might be directly 
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or indirectly linked to energy regulation and/or different nutritional requirements of 
the host. However, given the small sample size, additional studies of Brandt’s voles 
consuming TA-containing diets will be necessary to determine the detailed effects of 
dietary TA on the variations in the composition and abundance of gut microbial taxa. 
Since the gut microbiota is vital to host metabolism, the potential interplay of the 
altered composition and diversity of the caecal microbiota in Brandt’s voles due to the 
intake of dietary TA are worthy of further elucidation.

The present study characterized the microbial community in the caeca of Brandt’s 
voles, as well as the modification of microbiota compositions due to the supplementation 
of dietary TA. We also demonstrated a sex-dependent effect of dietary TA on caecal 
microbiota with female voles being more sensitive to the influences of dietary TA. 
To our knowledge, this is the first non-culture based microbiota analysis in Brandt’s 
voles showing that the composition and abundance of caecal microbial taxa varies 
due to the administration of dietary TA. Our results also provided suggestive evidence 
for differences in microbiota composition between sexes. Further investigations are 
needed to elaborate the potential consequences of the observed TA-responsive shifts 
in the caecal community structure in Brandt’s voles.
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