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Abstract 
The paper investigates the ecological effect of exopolysaccharides (EPS) produced by Bifidobacterium animalis 
RH on mice intestinal flora in terms of behavioral ecology. The Bifidobacterium produced two kinds of EPS, 
named as EPSa and EPSb. Five intestinal floras were detected to explore what role EPS plays in regulating 
intestinal floral and fighting against intestinal flora disturbance. After 14-days gavage, in comparison with 
control group, EPSa and EPSb remarkably increased the quantity of Bifidobacterium and Lactobacillus (P<0.05), 
reduced Clostridium perfringens quantity (P<0.05), while there was no significant ecological change in the 
quantity of Enterobacteriaceae and Enterococcus (P>0.05). That indicates that Bifidobacterium EPS is capable of 
regulate the intestinal flora of normal mice. On the 15th day, cyclophosphamide (CTX) is intraperitoneally 
injected to build mucous-injured mice models. EPSa and EPSb also significantly antagonized the decreasing 
numbers of Bifidobacterium and Lactobacillus (P<0.05) and increasing amounts of Clostridium perfringens, 
Enterococcus and Enterobacteriaceae (P<0.05) to resist the intestinal dysbacteriosis induced by large dose of CTX 
and maintain intestinal flora balance. 
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INTRODUCTION 
Behavioral ecology attempts to find the link between 

an animal’s behavior to its environmental adaptation 
and reproductive success. Tremendous amount of 
microorganisms build up a bio-barrier within the 
intestinal tract of mammals, serving to combat the 
invasion of potential pathogens and maintain the gut 
microbial community balance. Gut microbiota can 
contribute to the host metabolism, enhanced the host 
immune system, thereby keeping the host healthy 
(Guamer 2007). The number of probiotics in the 
intestinal tract holds a key to the health status of the 
host. Nevertheless, external factors (e.g., contaminated 
food intake, administration of antibiotics or 
immunosuppressants) can decrease the number of 
probiotics such as Bifidobacterium spp., Lactobacillus spp. 
and other probiotics bacteria, thus causing the massive 
propagation of pathogenic bacteria and opportunistic 
pathogens. The disrupted intestinal microbiota 

eventually can result in diarrhea, mal-digestion, vitamin 
B complex deficiency, hypoproteinemia, constipation 
and other clinical diseases (Rehman et al. 2012). 

Bifidobacterium is the one of the predominant 
bacterial species present in the gut of healthy mammals. 
It possesses unique health care properties and plays a 
crucial role in interacting with the host in behavioural 
ecology. They can provide the host with nutrients, 
improve host immunity, stimulate host cell growth and 
enhance the biological antagonistic ability of the gut. As 
demonstrated in many studies, the intake of exogenous 
Bifidobacterium and other probiotics will help restore the 
disrupted intestinal microbiota and foster the 
propagation of endogenous beneficial bacteria (Lievin et 
al. 2000). Recently, the outstanding hygienic functions 
of Bifidobacterium have received extensive attention in 
the academic community, whose physiological 
functions may be linked to its bioactive metabolites. 
Nevertheless, the information on which metabolites of 
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Bifidobacterium and how these metabolites improve the 
balance of host gut microbiota remains scarce. Isolating 
and characterizing the bioactive effects of each 
metabolite from Bifidobacterium may provide valuable 
information to this area. 

In one of our previous studies, we showed that both 
live cells and culture supernatant of Bifidobacterium 
animalis RH can restore and modulate the intestinal 
micro-ecology balance of mice (Shang et al., 2000). In 
addition, two fractions of exopolysaccharide (EPS), 
named as EPSa and EPSb, were isolated from the 
supernatant of B. animalis RH and showed excellent 
anti-oxidant activity both in vitro and in vivo (Xu et al. 
2011). Therefore, in the present study, we investigated 
the bioactive effect of our two Bifidobacterium EPS 
fractions on the gut microbiota using a mouse model. 

MATERIAL AND METHODS 

Animal Grouping and EPS Administration 
After 1-week observation of adaption, based on the 

body weight, 72 BALB/c mice were randomly divided 
into nine groups: a blank control group (only received 
phosphate buffered saline tablets, Beijing Epigen 
Biotech Co., Ltd.), an injured control group (received 
PBS tablets before CTX injection), EPSa groups 
(received 400, 200 and 100 mg/kg of EPSa before CTX 
injection), EPSb groups (received 400, 200 and 100 
mg/kg of EPSb before CTX injection) and a positive 
control group (received 170 mg/kg of shiitake 
mushroom polysaccharide before CTX injection). 
Shiitake mushroom polysaccharide (supervised by 
Japan New Sunshine International Trading Co., Ltd. 
and produced by Luoyang Huayi Bio-tech Co., Ltd.) is 
crude polysaccharide extracted from the fruiting body 
of shiitake mushroom. It contains mannose and fucose 
and its definite therapeutic effects have been applied to 
various diseases caused by hypo-immunity (need a 
reference). As per human-mice surface area ratio, the 
drug dosage was converted into 170 mg/kg for mice. All 
the mice received intragastric administration of PBS or 
EPS once a day for 15 days. On the 14th day, all mice 
were intraperitoneally injected with 100 mg/kg 
cyclophosphamide (CTX) (Jiangsu Heng Rui Medicine 
Co., Ltd.) to create intestinal flora disturbance. The 
fecal samples were collected from all the mice before 
CTX injection and 24 h after CTX injection, each of 
which represent normal and injured microbiota, 
respectively. 

Enumeration of Different Bacteria from Mice 
Gut 

Using selective media, one family 
(Enterobacteriaceae), three genera (Bifidobacterium, 
Lactobacillus and Enterococcus) and one species 
(Clostridium perfringens) were individually enumerated. 
Before CTX injection on the 14th day, 0.1 g of normal 
feces were collected from each mouse under aseptic 
condition, fully homogenized into 9.9 mL sterile saline 
using MixPlus. Ten-fold serial dilutions were 
performed and 0.1 ml of aliquot from each desirable 
dilution was plated on the selective media (Beijing Land 
Bridge Technology Co., Ltd.). Bifidobacterium spp. were 
anaerobically cultivated for 48-72 h at 36±1℃ on BBL 
medium; Lactobacillus spp. were cultivated for 48 h at 
36±1℃ on LBs medium; Clostridium perfringens was 
anaerobically cultivated for 24 h at 36±1℃ on TSC 
agar; Enterococcus spp. were incubated for 48 h at 36±1℃ 
on sodium azide-crystal violet-aesculin medium; 
Enterobacteriaceae were incubated for 24 h at 36±1℃ on 
EMB medium. After the colonies grew up on the petri-
dishes, Gram staining and biochemical tests were 
performed on selected colonies to verify the specificity 
of the selective media. After 24 h of intraperitoneal 
injection of 100 mg/kg CTX on the 15th day, 0.1 g of 
feces was collected from each injured mouse. The 
number of Bifidobacterium, Lactobacillus, Clostridium 
perfringens, Enterococcus, and Enterobacteriaceae were 
enumerated using selective media as mentioned above. 

Statistic Analysis 
Data were expressed as mean ± SD by at least 3 

biological replicates for each sample. Statistical 
significance was evaluated by one-way analysis of 
variance (ANOVA) to determine the difference among 
different groups (SPSS 19.0, IBM). Values of P < 0.05 
were considered as statistically significant. 

RESULTS 

Bacteria Identification by Colony Morphology 
and Biochemical Reactions 

Most of the bacteria grew at the bottom of the plates 
indicating their anaerobic or facultative anaerobic 
properties. On the Bifidobacterium selective media, 
colonies that were Gram-positive and white or milk 
white with irregular bacillus were counted. On the 
Lactobacillus selective media, colonies that were catalase 
negative, Gram-positive and white or milk white non-
spore forming with regular bacillus were counted. On 
the Enterobacteriaceae selective media, colonies that were 
red with lactose fermenting ability and Gram-negative 
were counted; On the Enterococcus selective media, 
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colonies with visible brown ring and Gram-positive 
cocci were counted; On the Clostridium perfringens 
selective media, colonies containing spores and Gram-
negative bacillus were counted. 

The Effect of EPS on the Number of Mice 
Intestinal Bifidobacterium 

After 14-day intragastric administration of EPSa and 
EPSb, the number of intestinal Bifidobacterium in normal 
mice increased in a dose-dependent manner as shown 
in Fig. 1. In comparison with normal control group, the 
Bifidobacterium number in the EPSa high dosage, EPSb 
medium dosage, and EPSb high dosage groups showed 
significant differences (P < 0.01). Therefore, the results 
indicated that intragastric administration of EPS could 
increase intestinal Bifidobacterium amount and improve 
colonization resistance of intestinal flora. On the 15th 
day, the decrease of intestinal Bifidobacterium in mice 
treated with CTX were observed in Fig. 1, which 
demonstrated that intraperitoneal injection of CTX 
indeed resulted in intestinal flora damages. Number of 
Bifidobacterium in the CTX injured group was 
significantly (P < 0.05) lower than that of the blank 
control group. However, when EPSa and EPSb were 
orally administrated before CTX injection, intestinal 
Bifidobacterium number in all CTX treated groups could 
maintain the normal level or above (P < 0.05). These 
results showed that EPS could propagate intestinal 
Bifidobacterium and maintain the amount of intestinal 
Bifidobacterium to resist to CTX-induced microbiota 
disorder. 

 The Effect of EPS on the Mice Intestinal 
Lactobacillus 

The changes of intestinal Lactobacillus after 14 days in 
normal mice and in CTX treated mice were shown in 
Fig. 2. Except for the low dosage group, the intestinal 
Lactobacillus number of all the other groups significantly 
(P < 0.05) improved compared to the normal control 
group. However, although significant reduction of 
Lactobacillus was not observed in the CTX treated group 
compared to the normal control group, administration 
of EPS to the CTX treated mice also increased the 
amount of Lactobacillus. 

 
Fig. 1. Effect of EPS from B. animalis RH on sum of intestinal Bifidobacteria in normal and injured mice (* means 
significant differences with compared with blank control group; # means significant differences with compared 
with injured control group). 
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 The Effect of EPS on the Mice Intestinal 
Enterobacteriaceae 

As shown in Fig. 3, after 14 days continuous oral 
administration, Enterobacteriaceae number of mice in 
different EPSa and EPSb dosage groups has no 
significant difference compared to normal group (P > 
0.05), indicating that EPSa and EPSb did not result in 
the increase of the Enterobacteriaceae. In contrast, after 
CTX intraperitoneal injection causing intestinal injury, 
the Enterobacteriaceae number significantly (P < 0.05) 
increased compared to blank control group. Except for 
low dosage groups, mice in all other EPS treated groups 
had reduced amount of Enterobacteriaceae than that of 
CTX treated group (P < 0.05), but no significant 
difference compared to that of blank control group (P 

> 0.05). It indicates that EPSa and EPSb were capable 
of restraining from the increase of Enterobacteriaceae 
number, which was caused by the injured intestinal 
flora, to keep it at a normal level and maintain the 
intestinal flora balance. 

 The Effect of EPS on the Mice Intestinal 
Enterococcus 

Fig. 4 indicated Enterococcus number changes in 
normal mice intestine of different EPSa and EPSb 
groups after 14 days administration. Both of EPS 
components were able to maintain the Enterococcus 
number at normal level as no significant difference was 
observed compared to the normal group (P > 0.05). 
After the CTX intraperitoneal injection causing 

 
Fig. 2. Effect of EPS from B. animalis RH on sum of intestinal Lactobacillus in normal and injured mice (* means 
significant differences with compared with blank control group; # means significant differences with compared 
with injured control group). 

 
Fig. 3. Effect of EPS from B. animalis RH on sum of intestinal Enterobacteriaceae in normal and injured mice (* 
means significant differences with compared with blank control group; # means significant differences with 
compared with injured control group). 
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intestinal flora injury on the 15th day (Fig. 4), 
Enterococcus number increased significantly (P < 0.05) 
in comparison to blank control group. EPS treated 
groups showed much lower amount of Enterococcus than 
the injured model group (P < 0.05), though the 
numbers were still higher than that of normal mice 
group (P < 0.05). These results indicate that EPS was 
able to reduced the intestinal damage caused Enterococcus 
increase to some extent. 

 The Effect of EPS on the Mice Intestinal 
Clostridium perfringens 

In Fig. 5, intragastric administration of EPSa and 
EPSb both were able to reduce Clostridium perfringens 
number of normal mice in a dosage dependent manner. 

Fig. 5 also showed that the amount of Clostridium 
perfringens from the injured group was much higher than 
that in normal control group (P < 0.05). Apart from 
EPSa low dosage group, Clostridium perfringens number 
of all rest groups remained similar to the normal level 
without significant difference from the blank control 
group (P > 0.05). These results indicate that EPS can 
assist to combat with Clostridium perfringens propagation 
caused by injured intestinal microbiota. 

 The Effect of EPS on the B/E Value of Mice 
Intestinal Microbiota 

B/E value is the ratio of Bifidobacterium to 
Enterobacteriaceae which typically represents the 
beneficial and detrimental microbes in the intestine, 

 
Fig. 4. Effect of EPS from B. animalis RH on sum of intestinal Enterococcus in normal mice and injured mice (* 
means significant differences with compared with blank control group; # means significant differences with 
compared with injured control group). 

 
Fig. 5. Effect of EPS from B. animalis RH on sum of intestinal Clostridium perfringens in normal mice and injured (* 
means significant differences with compared with blank control group; # means significant differences with 
compared with injured control group). 
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respectively. Therefore, B/E value represents a 
comprehensive yet precise indicator of intestinal 
colonization resistance (Ministry of Health of People’s 
Republic of China 2003, Wu et al. 2000). In the 
experiment, after 14 days of EPSa and EPSb intragastric 
administration, the changes of intestinal B/E value of 
normal mice and intestinal flora injured mice were 
presented in Fig. 6. The EPSa and EPSb high dosage 
group in normal mice showed the largest increase in 
B/E value, no significant different was observed among 
different groups (P > 0.05). B/E value of the injured 
mice was much lower than that of blank control group 
(P < 0.05) indicating that intestinal microbiota damage 
affects the microbiota composition and their 
colonization resistance. B/E value in EPS treated groups 
showed significant (P < 0.05) difference from that of 
the injured model group, yet no such significant 
difference compared to that of normal control group (P 
> 0.05). These results suggest that EPS was able to 
enhance the composition of beneficial microbes in the 
presence of intestinal damage. 

 DISCUSSION 
Intestine serves as the home to various bacteria. The 

body metabolism, dietary habits and medication can 
affect the intestinal environment to change intestinal 
microbiota composition, thereby having a great impact 
on body health. Therefore, it is of great importance to 
study how the microbiota impacts the host health. A 
great number of intestinal flora play a crucial role in 
maintaining normal intestinal functions, such as 
maintaining the completion of intestinal mucosa 
histological and anatomical structures (Yu et al. 2008), 

restraining endogenous and exogenous opportunistic 
pathogen from colonization (Lievin et al. 2000) and 
providing nutrients to the host metabolism (Hooper et 
al. 2001, Turnbaugh et al. 2006). 

In the present study, the CTX intraperitoneal 
injection significantly reduced the amounts of 
Bifidobacterium (P < 0.05), resulted in the propagation of 
Clostridium perfringens, Enterobacteriaceae, and Enterococcus. 
In comparison to injured model of the experiment, the 
EPSa and EPSb could significantly increase the amount 
of intestinal Bifidobacterium and Lactobacillus (P < 0.05), 
reduce the number of Clostridium perfringens (P < 0.05), 
and keep the amounts of Enterobacteriaceae and 
Enterococcus unchanged. These data demonstrated that 
EPS produced by B. animalis RH could maintain the 
microbiota composition, strengthen colonization 
resistance of intestinal microbiota and protect against 
microbiota disturbance caused by mucosa injury. This 
protective effect on microbiota is consistent with the 
results that qiling medicament polysaccharide also can 
maintain the microbiota composition in CTX injured 
mice (Liao et al. 2010). 

For a long period, researches mainly focus on 
oligosaccharide which can improve the propagation of 
beneficial bacteria and be selectively absorbed by 
Bifidobacterium and Lactobacillus. Large amount of 
evidence show that no enzymes are present in the 
human gastrointestinal tract to hydrolyze 
oligosaccharides. It is reported that the recovery rate of 
orally administered oligosaccharides can reach up to 
89.4% in ileum which also suggests that 
oligosaccharides cannot be digested or absorbed. The 

 
Fig. 6. Effect of EPS from B. animalis RH on ratio of Bifidobacteria and Enterobacteriaceae (B/E value) in normal mice 
and injured (* means significant differences with compared with blank control group; # means significant 
differences with compared with injured control group). 
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most common non-digestible carbohydrate is fructo-
oligosaccharide which can foster the propagation of 
probiotics, effectively improve intestinal microbiota 
composition and improve the intestinal function of the 
host. Nevertheless, limited information is available on 
whether EPS produced by Bifidobacterium is able to 
foster the propagation of intestinal beneficial microbes. 
The in vivo experiment shows that, the recovery rate of 
EPS from feces reaches up to nearly 100% when EPS 
produced by L. actis subsp. cremoris B40 was 
administered to rats for two weeks, indicating that 
digestive tract cannot absorb or utilize this type of EPS 
(Looijesteijn et al. 2001). The poor absorption and 
utilization also have been demonstrated on other EPSs 
from lactic acid bacteria such as from L. sake 0-1, S. 
thermophilus SFi2, and L. helveticus Lh59. However, the 
research also found EPS produced by S. thermophilus 
SFi39 and SFi12 can be utilized. This could be due to 
the primary structure of EPS which only contained one 
branch while EPS from L. actis subsp. cremoris B40 and 
L. sake 0-1 had two branches (Ruijssenaars et al., 2000). 
In our study, both of EPSa and EPSb had two branches 

(Shang et al. 2013), which will be predicted to be non-
digestive, but this need to be verified in future in vivo 
experiment. 

CONCLUSIONS 
In conclusion, our EPSa and EPSb can improve the 

microbiota composition in both healthy and CTX 
injured mice by propagating the beneficial microbes 
such as Bifidobacterium and Lactobacillus and reducing 
harmful microbes such as Enterobacteriaceae. Therefore, 
our EPSs produced by B. animalis RH have great 
ecological potential for further application in 
maintaining a healthy gut in human. 
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