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ABSTRACT
Purpose: The interest in novel probiotics that improve symptoms of irritable bowel 
syndrome (IBS) has been growing trend. This study aims to investigate the probiotic ef-
fect of three kinds of Lactobacillus strain that are isolated from kimchi.
Methods: We used Wister strain rats, male sex. The rat subjects were subdivided into 
four groups by which to be administered Lactobacillus casei DK128, Lactobacillus para-
casei DK121, Lactobacillus platarum DK119 or vesicle only (control). Each Lactobacillus 
(1×109 colony forming unit) was administered by oral gavage once daily for 10 days. At 
day 10, the rats were stressed by being placed in confinement in a restraining stress 
cage for 1 hour. The stool of the animals were collected after the stress test. The stool 
weight was recorded and measured in grams, then, each data were transformed to a 
percentage as compared with the mean stool weight of same age in control group. The 
stool consistency was scored 0 to 4 (0, normal; 2, loose stool; 4, diarrhea). We compared 
the stool weight and consistency between the treatments. 
Results: The total stool weight of the rats was significantly reduced in the L. casei 
DK128 group (65%, P=0.0368) and the L. paracasei DK121 group (64%, P=0.0138), as 
compared to the control group (100%). The stool consistency of the L. paracasei DK121 
group was noted as being better than the control group (2 vs. 4, P=0.0272).
Conclusion: Our findings suggest that L. casei DK128 and L. paracasei DK121 has the 
characteristics of probiotics that could control symptoms of IBS. 
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INTRODUCTION

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder which is characterized by 
recurrent abdominal pain associated with alteration in bowel habits [1-3]. It has been found 
that there are differences in the gut luminal microbiota between patients with IBS and a 
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healthy control, also, the pathogenesis of IBS may be related 
to an alteration in the individual’s gut microbiota [4,5]. Ac-
cordingly, therapeutic options that have potential to alter in-
testinal bacterial composition and their metabolic products 
have been tested to help alleviate the symptoms of IBS, in-
cluding the use of probiotics which are available in some 
food products.
 It is emphasized that there are numerous reports that pro-
biotics may beneficial in the managing the symptoms of IBS 
[6-8]. However, the efficacy of probiotics has been proven in-
dividually and the therapeutic benefits of strain of probiotics 
cannot extended to other strains [9]. Therefore, there are re-
quests for novel probiotics to be revealed and identified for 
the benefit of treatment for humans with IBS. Recently, there 
have been numerous studies for mining the effective species 
and strains that have been conducted, and the results are 
promising.
 Kimchi, which is a traditional Korean spicy based fer-
mented food, is considered to be a good source of potentially 
beneficial and useful lactic acid bacteria (LAB) [10]. A previ-
ous study was undertaken to isolate and identify the strains 
of potentially probiotic LAB as taken from samples of kimchi, 
whereby three strains were found to be the promising 
strains, namely Lactobacillus platarum DK119, Lactobacillus 
paracasei DK121, and Lactobacillus casei DK 128. This refer-
enced showed relatively good results in tolerance to acid and 
bile salt, cold-shock induced cryo-tolerance, and beta-galac-
tosidase and proteolytic activity [11].
 The aim of the present study is to investigate the probiotic 
potency of these three kinds of Lactobacillus strain, through ac-
cess the effects on stress-induced abnormal defecation of rats.

METHODS

Animals
For this study, male Wistar rats aged 11 weeks (weight 340 to 
410 g) and aged 8 weeks (weight 240 to 260 g) were used. In 
the study, eight rats aged 11 weeks and 12 rats age 8 weeks 
were divided into four groups: each group consist of two rats 
aged 11 weeks and three rats aged 8 weeks. This study was 
reviewed and approved by the Institutional Animal Care and 
Use Committee of Samsung Biomedical Research Institute 
(IACUC No.20170216002). The Samsung Biomedical Research 
Institute is an Association for Assessment and Accreditation 
of Laboratory Animal Care International accredited facility 
and the study abided by the Institute of Laboratory Animal 
Resources guidelines. 

Lactobacillus strains 
Three Lactobacillus strains, L. platarum DK119, L. paracasei 
DK121, and L. casei DK128, which are isolated from Korean 
fermented food Kimchi were used in this study. These strains 
were isolated, selected and identified through previous 
study conducted by Cho et al. [11]. The samples from home-
made and commercial kimchi were mixed with phos-
phate-buffered saline (PBS) and diluted with 0.85% saline, 
then each dilution was spread onto MRS agar (De Man, Rogo-
sa and Sharpe agar) plate containing 0.02% sodium azide. 
The plates were incubated for 48 hours and representative 
colonies were picked from plates. There are several studies 
noting that probiotics including the Lactobacillus strain has 
effective symptom relief in IBS patients [12-14]. Gram posi-
tive, non-motile and rod shaped bacteria showing phenotyp-
ic characters similar to Lactobacillus species on MRS agar 
media being able to growth at pH4.4 were selected for fur-
ther test.
 Selected strains were tested bile salt tolerance, acid toler-
ance, and cryo-tolerance, for requirement of the factors that 
could affect the viability of probiotic bacteria, including gas-
tric acid, bile salt and refrigerated storage. Also, beta-galacto-
sidase and proteolytic activity were tested for commercial 
use as probiotics and starter culture in dairy products. Three 
selected isolates that showed relatively good results, were 
desingnated as DK119, DK121, and DK128. Identification was 
confirmed by using an API kit and 16s rRNA gene sequencing. 
DK119 was identified as L. plantarum, DK121 as L. paracasei, 
and DK128 as L. casei.

Protocols 
In this experiment, the rats were divided into four groups; 
three treatment groups that each treated with L. platarum 
DK 119, L. paracasei DK121, and L. casei DK 128, and the con-
trol group. In this study, rats in the treatment groups were 
administered a suspension of Lactobacillus (1×109 colony 
forming unit) using oral gavage at the same time once daily 
for 10 days, whereas the control group received a suspension 
of PBS for the same period (Fig. 1). At day 10, the rats were 

Fig. 1. Study protocol. 
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stressed by being placed in a controlled area of confinement 
in a restraining stress cage (Fig. 2) for 1 hour. The stools were 
collected 1 hour after the initiation of restraint stress. 

Measurement 
The outcomes and measurements for this experiment are 
noted as the results of the stool weight and consistency. The 
stool weight was measured using the total stool collected 
during 1 hour after a stress was induced on the rats. The stool 
consistency result was scored from 0 to 4 (0, normal; 2, loose 
stool; 4, watery). To check the growth of rats, the body weight 
of each of the rats was measured every other day and noted 
during the experiment.

Statistical analysis 
We compared the stool weight and consistency of data be-

tween the treatment and the experiment control group, to 
investigate the effects of probiotics on the stress-induced 
defecation in rats. Because the initial body weight of rats 
were noted as different in each group, the data was analyzed 
by a percentile increased weight. In these terms, the mean of 
stool weights of each age in control group were set up as 
100%, then, each stool weight data were transformed to a 
percentage compared with the mean of same age. The stool 
weight data were presented as percentage and the median 
with interquartile range (IQR). The stool consistencies are 
presented as median with IQR. In other words, the outcomes 
were compared between the treatment group and the con-
trol by the use of a Mann-Whitney U-test model, using the sta-
tistical software GraphPad Prism version 5 (GraphPad Soft-
ware, La Jolla, CA, USA). The statistical significance was set at 
a level of P<0.05.

RESULTS

Body weight of rats 
It is noted that the body weight of the study rats were linearly 
increased during experiment. Additionally, it is noted that 
the weight gain did not differ between the four groups (Fig. 
3). No rats were noted to have died during the experiment. 

The total stool weight 
In this study, the average stool weights in control group were 
3.6 g in age 11 weeks, and 2 g in age 8 weeks. The median per-
centages of stool weight were 65.1% (IQR, 51.8% to 82.5%) in 

Fig. 2. Restraint stress cage. 

Fig. 3. The body weight of rats. Because the initial body weight of 
rats was different in each group, it was analyzed by percentile 
increased weight. There were no significant differences between 
the groups. 

120

115

110

105

100

95

Bo
dy

 w
ei

gh
t (

%
)

 0 2 4 6 8 10

Control
Lactobacillus casei
Lactobacillus plantarum
Lactobacillus paracasei

Day
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L. casei DK128, 93.7% (IQR, 76.1% to 110.7%) in L. platarum 
DK121, and 64.3% (IQR, 38.0 to 75.6%) in L. paracasei DK121. 
The total stool weight was significantly reduced in L. casei 
DK128 group (P=0.0368) and L. paracasei DK121 group (P=  
0.0138) compared to the control group (Fig. 4).

Stool consistency 
We examined and noted that the median score of stool consis-
tency was 3.5 (IQR, 3 to 4) in control group, 2.5 (IQR, 2 to 3) in 
L.casei DK128 group, 3 (IQR, 2.25 to 3) in L. plantarum DK119 
group, and 2.0 (IQR, 1.25 to 2.75) in L. paracasei DK121 group. 
The stool consistency of L. paracasei group (P=0.0272) was 
better than the control group (Fig. 5).

DISCUSSION

In this study, we aimed to prove the potent inhibitory effect 
of Lactobacillus stains that were isolated from kimchi on 
stress-induced abnormal defecation in rats. The total stool 
weight was significantly reduced in rats which are adminis-
tered L. casei DK128 and L. paracasei DK121. Especially, 
where L. paracasei DK121 showed a better outcome at both 
stool weight and consistency. There were no growth inter-
ruptions nor death at the Lactobacillus administration group. 
The results of this study indicated that application of Lacto-
bacillus strains that are isolated from kimchi reduced the 
stress-induced fecal output in rats. 
 We used a restrain stress model in this study to investigate 
probiotic potency of three Lactobacillus strains. The restrain 
stress model consists of forced immobilization of the animal 

and is applied once during testing [15]. Animal shows abnor-
mal defection after restrain stress. This model reproduced, at 
least in part, the main symptoms present in IBS, visceral hy-
persensitivity and dysmotility [16,17]. The efficacy of this test 
is confirmed by the development of an immediate hyperal-
gesia [18], the inhibition of small intestinal transit, the stimu-
lation of large intestinal activity and the incidence of an in-
creased fecal excretion [15]. Also, it was recently demonstrat-
ed that rats underwent testing to the restrain stress present-
ed a low-grade mucosal inflammation, with a significant in-
crease in mast cells and eosinophilic granulocytes [19,20], 
that is seen to have overlapped on what is described in co-
lonic biopsies of IBS patients [21]. 
 This model was introduced in the scientific literature more 
than 30 year ago, and commonly applied to investigate po-
tential drugs to treat IBS. For example, in the Hirata et al. [22] 
study, the researchers examined the pharmacological profile 
of ramosetron, selective 5-hydroxytryptamine 3 receptor an-
tagonists receptor antagonist (5-HT3), for IBS-D, and ramose-
tron dose-dependently inhibited restraint stress induced 
defecation in rats. In a recent randomized controlled trial 
with IBS patients with diarrhea symptoms, it is noted that ra-
mosetron has proved effective in improving stool consisten-
cy, relieving abdominal pain/discomfort, and improving the 
patient’s health-related quality of life [23,24].
 Probiotics, defined as living microorganisms that have 
benefits for the gut tract and its immune function after being 
ingested [25]. There is growing evidence of the role of imbal-
ance of the intestinal microbiota, intestinal infections, and a 
dysfunctional intestinal barrier in the development of IBS 
and its symptoms [26]. Therefore, the therapeutic potential 
of probiotics has gathered a lot of interest. Gut microbiota 
known to be influenced the bidirectional communication be-
tween the enteric nervous system and central nervous sys-
tem, modulated the physiological gut functions [27]. Probi-
otics altered composition and/or activity of gut microbiota 
and may alter the physiological gut functions, including in-
testinal motility and hypersensitivity [28]. Numerous clinical 
trials have investigated the effects of probiotics in patients 
with IBS [29,30]. However, when interpreting trials of probi-
otics in any research area, the results found with one probi-
otic species cannot be extrapolated to another result or test. 
Different strains may have very different immunological and 
enzymatic effects within the host [4]. Therefore, studies such 
as the present experiment for mining the novel probiotics 
and their characteristics are needed. 
 In this study, the results suggests the potential utility of 

Fig. 5. The stool consistency between group. Data were presented 
in median with interquartile range. a)P<0.05 by Mann-Whitney 
U-test.
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Lactobacillus strain in conditions of stress-associated in-
creased defecation and altered bowel function, and it sug-
gested the probiotic potency of the strains. Potent probiotic 
effect of Lactobacillus strain isolated from kimchi that inves-
tigated in this study might help relieve symptoms of IBS pa-
tients.
 There are several limitations in our study. First, the sample 
size is small for this study. The results might be distorting of 
the analysis, and results in a different study with a larger 
sample size may provide different conclusions, such as in the 
case of different animal handling or gavaging. However, the 
results in this experiment showed significant differences de-
spite the incidence of a small sample size, and it implies that 
the evidence of a potent inhibitory effect of Lactobacillus 
strain is suggestive. Second, there are issues that these find-
ings are applicable to human. Further studies are required to 
ascertain the potent effect of Lactobacillus strain as use for a 
probiotics therapy in human and IBS patients. The restrain 
stress model misses the characterizing clinical condition of 
IBS such as with a chronic course, and there are interspecies 
differences. However, this experiment is an animal study for 
investigating the safety and beneficial effect of potent candi-
date of novel probiotics, where it is suggested that further 
clinical trials will be studied and reviewed in the future. 
 In conclusion, our findings indicate that L. casei DK128 and 
L. paracasei DK121 have probiotic potency as relieving symp-
toms or IBS. 
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