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Abstract 

 Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250 and 

Lacticaseibacillus paracasei GMRMP-001 are probiotics strain isolated from Indonesian local and 

traditional fermented foods. This study aims to evaluate the administration of multi-strain probiotics at dose 

of 109 CFU/mL/day for 14 days against the diarrhea-causing bacteria Escherichia coli FNCC-0091 at a 

dose of 1011 CFU/mL/day. Thirty rats were randomized and the divided into 5 groups, including control 

group, skim milk group, single-strain group, multi-strain group and E. coli group. Antibacterial activity 

was analyzed in vitro, feed intake, body weight were analyzed, microbial analysis was carried out on feces 

and cecum, short chain fatty acids were analyzed and intestinal morphology was measured. The result 

showed that the single-strain and multi-strain inhibition zone in in vitro test produces a very strong 

inhibitory potential (> 9 mm). The number of L. plantarum and L. paracasei increased and the number of 

E. coli decreased significantly in the feces and cecum of Rat indicating the survival rate of the probiotic 

bacteria in the digestive tract and their ability to fight pathogenic bacteria. The concentration of acetic acid, 

propionic acid and butyric acid compounds also increased, indicating that the digestive tract is at a low pH 

so that it can inhibit the growth of pathogenic bacteria in rats. In addition, consumption of multi-strain 

probiotics does not have a negative effect on intestinal morphology. The conclusion is that multi-strain 

probiotics are able to inhibit pathogenic bacteria in vivo and in vitro. 

Keywords: Escherichia coli, Gut histology analysis, Multi-strains, Probiotic, Short chain fatty acid 
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Introduction 

 Escherichia coli is a pathogenic bacteria that can cause intestinal infections which called as diarrhea 

[1]. Based on global data, diarrhea is the second most deadly disease in children under 5 years and every 

year there are almost 1.7 billion cases of diarrhea in children [2]. To minimize the incidence of diarrhea, it 

is recommended to consume probiotics. Probiotics are a group of live microorganisms which, if consumed 

in sufficient quantities, will have health effects on the body [3]. Probiotic bacteria are required to survive 

in the intestine, stick to the intestinal mucosa, have a potential to balance the intestinal microflora, and have 

antimicrobial activity in pathogenic bacteria [4], and also being able to play a role in modulating the 

immune system [5]. Probiotic bacteria come from lactic acid bacteria (LAB) group which is dominated by 

Bifidobacterium and Lactobacillus [6]. 

 Lactobacillus is a type of probiotic that is recognized to inhibit intestinal tract pathogens and maintain 

the balance of intestinal microflora [1]. Lactiplantibacillus plantarum Dad-13 and Lacticaseibacillus 

paracasei GMRMP-001 are strains obtained from local fermented Buffalo Milk “Dadih” typical of West 

Sumatra, Indonesia, while Lactiplantibacillus plantarum FNCC-0250 is a strain obtained from the 

traditional fermented Cassava typical of Yogyakarta, Indonesia [7]. All of these strains have met the 

requirements as probiotic bacteria and are functional ingredients, one of which is that it can inhibit 

pathogenic bacteria in the digestion [8]. 

 The Lactiplantibacillus plantarum Dad-13 and Lactiplantibacillus plantarum FNCC-0250 strains 

show the ability as probiotic agents by its ability to survive simulated gastric digestion, bile salts and having 

antagonistic properties against pathogenic bacteria [7]. Meanwhile, the Lacticaseibacillus paracasei 

GMRMP-001 strain is a type of gram-positive bacteria and one of its characteristics is that it is able to 

inhibit the growth of pathogenic bacteria, this strain has a cell surface hydrophobicity > 50 % and high 

aggregation [9]. 

 The ability and anti-pathogenic properties can be attributed to Lactobacillus plantarum in producing 

organic acids which contribute to lowering the pH and create unsuitable conditions for the growth of 

pathogenic bacteria [10]. Studies on Escherichia coli infection and administration of the single-strain 

probiotic candidate Lactiplantibacillus plantarum Dad-13 have been carried out in vitro and in vivo and 

resulted in the conclusion that Lactiplantibacillus plantarum Dad-13 can inhibit the growth of Escherichia 

coli bacteria as an agent of diarrhea [8]. 

 To increase the effectiveness of probiotics, multi-strain probiotics are being researched to increase 

potency. It is known that multi-strain probiotics have better effectiveness than single-strains in their 

inhibition against pathogenic bacteria [11]. Therefore, this study was conducted to test and evaluate the 

antibacterial activity of Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250 

and Lacticaseibacillus paracasei GMRMP-001 in vitro and in vivo, against Escherichia coli FNCC-0091. 

Several variables were evaluated, including food intake, body weight, gastrointestinal tract morphology, 

short chain fatty acids (SCFA), analysis of bacteria in feces and cecum and in vitro antibacterial activity. 
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Materials and methods 

 Reagents and raw material 

 Rats (age between 8 - 12 weeks, weight 180 - 220 g) were collected from Nutrition Laboratory Center 

for Food and Nutrition Studies, Gadjah Mada University, Indonesia. Pure cultures of Lactiplantibacillus 

plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250, Lacticaseibacillus paracasei GMRMP-001 

and Escherichia coli FNCC-0091 were obtained from the Food and Nutrition Culture Collection (FNCC) 

Center for Food and Nutrition Studies, Gadjah Mada University. LAB selection analysis media used de 

Man Rogosa Sharpe (MRS) agar with a composition of 52.2 g MRS (Merck, Germany), bacteriological 

agar (Oxoid, UK) and 3 g CaCO3. Meanwhile, the medium for selecting Latiplantibacillus plantarum uses 

Lactobacillus Plantarum Selective Medium (LPSM) with a composition of 1 L distilled water, 15 g 

bacteriological agar (Oxoid, UK), 20 g sorbitol, 10 g bacteriological peptone (Oxoid, UK), 10 g beef extract 

(Oxoid, UK), 5 g yeast extract (Oxoid, UK), 5 g CH3COONa, 2 g K3PO4, 0.1 g MgSO4, 0.05 g MnSO4, 

0.02 g bromocresol purple and 2 mL antibiotics (Ciprofloxacin IV infusion 0.2 %), Tryptone Bile NA) and 

NaCl 0.85 %. All chemicals and reagents used in experiment were of analytical grade. 

 

 Antibacterial activity 

 Antibacterial activity against Escherichia coli FNCC-0091 were tested using agar well diffusion 

method of Ratna et al. [12]. Lactic Acid Bacteria (LAB) and pathogenic bacteria were cultured in MRS 

broth (Merck, Germany) and nutrient broth, respectively. Escherichia coli FNCC-0091 at a dose of 1011 

CFU/mL/day as a pathogenic bacteria were then plated using the pour-plate method and stored in a cool 

room (4 °C) for 1.5 h. A 7 mm sterile steel cork borer created 4 wells in each petri dish containing NA 

media. Furthermore, 70 μL of LAB culture at a dose at a dose of 109 CFU/mL/day is added to each well 

and incubated at 37 °C for 24 h. The ability to inhibit pathogen growth was determined by the appearance 

of a clear zone surrounding the well. The diameter of clear zone minus that of the well in millimeters was 

used to determine the antibacterial activity of LAB strains.  

 

 Bacterial strain production  

 Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250 and 

Lacticaseibacillus paracasei GMRMP-001 are strains obtained from the Food and Nutrition Culture 

Collection, Center for Food and Nutrition Studies, Gadjah Mada University, Yogyakarta. Cell biomass 

production was carried out by inoculating 0.1 mL of probiotic bacterial isolate into MRS broth media. Next, 

the strain was inoculated into 1 L MRS broth then incubated at 37 °C for 24 h. After that, the bacterial 

culture was centrifuged at cold temperatures for 10 min at 3,500 rpm and the resulting pellet was suspended 

in 20 mL of 10 % skim milk at a concentration of 109 CFU/mL. Then, the biomass is enumerated using a 

colony counter and after reaching the desired dose it is stored in a freezer at a temperature of −20 °C. 

 

 Research experimental design 

 In this scientific research, rats were used as research subjects by following the rules of the Helsinski 

Declaration. Other requirements in the form of Ethical Clearance issued by the Integrated Research and 
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Testing Institute, Gadjah Mada University, Yogyakarta, Indonesia were approved as research guidelines 

with certificate number 00045/04/LPPT/II/2023 dated February 27, 2023. Thirty male rats with the Sprague 

Dawley strains (8 weeks old, and body weight 200 ± 20 g) was placed in a stainless steel cage with air 

circulation 12 h/12 h light-dark cycle and air control (22 - 25 °C and 60 % humidity). Rat were fed AIN-

93M and given drinking water ad libitum based on the method of Reeves et al. [13] with modifications. 

The composition of AIN-93M rat feed is 62.07 % corn starch, 10 % sucrose, 14 % casein, 4 % soybean oil, 

3.5 % mineral mix, 5 % fiber, 0.18 % L-Cystine, 1 % vitamin mix and 0.2 5% choline bitartrate. 

 Probiotic intervention in rat was carried out after the rat has been adapted for 1 week, while during 

the adaptation period the rat were given standard AIN-93M feed and drinking water ad libitum. Rats were 

randomly divided into 5 groups with a good number of rats per group. The first group (P.1) was the group 

given standard AIN-93M feed for 14 days. The second group (P.2) was the group given standard AIN-93M 

feed and 1 mL of 10 % skim milk solution for 14 days. The third group (P.3) was the group given standard 

feed AIN-93M and 1 mL of 109 CFU/mL Lactiplantibacillus plantarum Dad-13 in 10 % skim milk solution 

for 14 days. The fourth group (P.4) was the group given standard feed AIN-93M and 1 mL of 109 CFU/mL 

multi-strain (Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250 and 

Lacticaseibacillus paracasei GMRMP-001) in 10 % skim milk solution for 14 days. The fifth group (P.5) 

was the group given standard feed AIN-93M and 1 mL of 1011 CFU/mL Escherichia coli FNCC-0091 in 

10 % skim milk solution for 3 days. 

 Rats activity during the study was observed per day, in the form of food consumption and body 

weight. All rat were euthanized with chloroform on day 17 and feces and cecum samples were taken for 

microbial and short chain fatty acids analysis. Then, the rat intestines were collected aseptically in a 

refrigerator box using formalin as a preservative for further analysis. 

 

 Gut histological analysis 

 Quantitative analysis of the morphology of the digestive tract (ileum, cecum and colon) was identified 

using an Eclipse E100 microscope (Nikon, Tokyo, Japan). Hematoxylin and Eosin (H&E) staining was 

used to view tissue based on the method of Zhou et al. [14] with modifications. Tissue samples were soaked 

in 10 % neutral buffered formalin solution for 48 h. After that, the tissue samples were cut to a thickness of 

0.3 - 0.5 mm and then placed in a paraffin block. Then, tissue blocks were cut to a length of 3 - 4 µm. Then, 

the tissue is stained with Hematoxylin & Eosin (H&E), followed by reading the tissue preparation using a 

microscope. 

 

 Bacterial analyses of the feces and the cecum 

 Feces and cecum samples were prepared aseptically, then weighed 1 g each, then homogenized and 

serially diluted with 9 mL of 0.9 % sodium chloride solution. A total of 0.1 mL of liquid samples with 

various dilutions were poured into MRS Agar (Merck, Germany), Lactiplantibacillus plantarum Selective 

Media (LPSM), Tryptone Bile-X (TBX Agar) and LLV Agar using the spread plate method. Then, it was 

incubated at a temperature of 37 °C for 48 h. Colonies were enumerated using a Colony Counter (Reichert, 

New York, USA) based on the method of Bujalance at al. [15] with modifications. 
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 Short chain fatty acids analysis 

 Short Chain Fatty Acid (SCFA) analysis was carried out on cecum samples taken after surgery and 

after consuming probiotics with an intervention period of 14 days, and injection Escherichia coli FNCC-

0091 with an intervention period of 3 days. A total of 1 g of cecum sample was added with 1 mL of distilled 

water (1:3) and homogenized using a vortex for 5 min, after that it was sonicated for 30 min using an 

ultrasonic cleaner, then centrifuged at a speed of 1,000 rpm for 10 min. The supernatant obtained from 

centrifugation was then analyzed using a gas chromatography (GC) instrument (Shimadzu, GC 2010 plus 

series), while the injector specifications were 240 °C, RTX-Wax column, with a column length of 30 m, 

then a column temperature of 145 °C, followed by column diameter 0.25 µm and column speed of 0.8 min 

using helium carrier gas. The temperature of the Flame Ionization Detector (FID) is 240 °C. 

 

 Statistical analysis 

 The data obtained is expressed as an average number and standard deviation. Statistical analysis was 

continued with 1 way ANOVA, Kruskal Wallis and Mann Whitney tests to detect differences in p-values 

from p < 0.05 whose significance was expressed using SPSS Statistics 22 Software (IBM Corp., Armonk, 

NY, USA). 

 

Results and discussion 

 Antibacterial activity analysis 

 Antibacterial activity analysis is needed to see the inhibitory potential of probiotic bacteria against 

pathogenic bacteria. Table 1 show the results of antibacterial activity testing with the diameter of the 

inhibition clear zone of several isolates, namely Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus 

plantarum FNCC-0250, Lacticaseibacillus paracasei GMRMP-001 and multi-strain tested on pathogenic 

bacteria, namely Escherichia coli FNCC-0091. The inhibition zone for each isolate ranged from 26.84 to 

36.13 mm against Escherichia coli FNCC-0091. 

 

Table 1 Antibacterial activity test (mm). 

Isolates Escherichia coli FNCC-0091 

Lactiplantibacillus plantarum Dad-13 26.84 ± 2.48a 

Lactiplantibacillus plantarum FNCC-0250 35.02 ± 3.80b 

Lacticaseibacillus paracasei GMRMP-001 36.13 ± 2.87b 

Multi-strain (Lactiplantibacillus plantarum Dad-13, 

Lactiplantibacillus plantarum FNCC-0250, 

Lacticaseibacillus paracasei GMRMP-001) 

27.00 ± 2.41a 

Note: No significant differences were detected between the groups (p < 0.05). 

  

LAB that are considered probiotic candidates need to be beneficial to the host and possess the ability 

to inhibit the growth of pathogenic bacteria. LAB can produce large amounts of antimicrobial metabolites, 
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including bacteriocin, diacetyl, lactic acid and hydrogen peroxide, prohibiting the growth of different 

pathogenic bacteria [16]. The presence of clear zone formation can confirm the antimicrobial activity 

against pathogenic bacteria [12]. In the analysis of antimicrobial activity against Escherichia coli FNCC-

0091, the results of measuring the diameter of the inhibition zone showed large results, the isolate that 

produced the largest diameter of the inhibition zone was Lacticaseibacillus paracasei GMRMP-001, 

namely 36.13 mm (Table 1). 

 According to Ferdouse et al. [17] the antimicrobial activity was grouped into 3 categories, namely no 

inhibition (negative), moderate (9 mm) and strong (> 9 mm). Based on that criterion, it can be stated that 

most of the isolates probiotics have moderate inhibition against Escherichia coli FNCC-0091. All isolates 

showed a very high zone of inhibition against Escherichia coli FNCC-0091. The highest zone of inhibition 

was found in the isolate Lacticaseibacillus paracasei GMRMP-001 with an inhibition zone of 36.13 mm. 

 

 Populations of lactic acid bacteria, Lactiplantibacillus plantarum, Lacticaseibacillus paracasei 

and Escherichia coli in feces and cecum of rats 

 Force feeding a 109 dose of single-strain and multi-strain probiotics did not affect the food intake or 

body weight of any rat group. However, force feeding a 109 dose of single-strain and multi-strain affected 

the LAB population. Consumption of probiotics for 14 days in rat can increase and maintain the population 

of LAB in the feces and cecum of rat, this is proven by the quantitative data produced (Table 2). This 

finding is in line with Rahayu et al. [18] where consumption of Lactiplantibacillus plantarum Dad-13 

resulted in up to 108 CFU/mL of LAB in digestion. The amount of LAB in the digestion and feces of rat 

did not differ much. Based on the results of this research, it can be concluded that probiotics are able to 

survive in the digestive system. 

 

Table 2 The populations of LAB, L. plantarum, L. paracasei and E. coli in the feces and cecum of rats. 

Group 

Total LAB (log CFU/mL) 

Feces Cecum 

14 Days 17 Days 14 Days 17 Days 

P.1 6.56 5.94 NA 6.64 

P.2 6.42 6.11 NA 6.21 

P.3 6.71 4.73 NA 5.99 

P.4 6.45 5.25 NA 5.59 

P.5 6.23 5.16 NA 6.09 

Group 

L. plantarum (log CFU/mL) 

Feces Cecum 

Mean Min Mean Min 

P.1 6.95 6.83 NA 7.06 

P.2 6.96 6.72 NA 5.90 

P.3 6.72 6.86 NA 6.78 

P.4 6.05 5.25 NA 6.89 

P.5 6.89 6.86 NA 7.00 
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Group 

L. paracasei (log CFU/mL) 

Feces Cecum 

Mean Min Mean Min 

P.1 6.56 6.45 NA 6.80 

P.2 8.02 6.52 NA 6.58 

P.3 7.07 6.20 NA 6.96 

P.4 6.89 6.20 NA 6.43 

P.5 6.44 6.35 NA 6.43 

Group 

E. coli (log CFU/mL) 

Feces Cecum 

Mean Min Mean Min 

P.1 7.32 7.00 NA 8.00 

P.2 6.38 6.67 NA 6.51 

P.3 7.26 6.45 NA 6.77 

P.4 6.76 5.77 NA 6.64 

P.5 9.00 6.84 NA 6.51 

Note: P.1 = control group; P.2 = skim milk group; P.3 = single-strain group; P.4 = multi-strain group; P.5 = E. coli 

group. 

 

 In this study, E. coli FNCC-0091 was induced at a dose of 1011 CFU/mL on day 17. In Table 2, it can 

be seen that before the rat were infected with pathogenic bacteria, the number of L. plantarum in the fecal 

microbiota was relatively higher compared to after infection of pathogenic bacteria. It proves that 

administration of single-strain and multi-strain at a dose of 109 CFU/mL to rat is able to suppress the growth 

of E. coli at a dose of 1011 CFU/mL as evidenced by the persistence of single-strain and multi-strain in the 

digestive tract and in the feces of rat. Based on research results, single-strain and multi-strain as LAB in 

the digestive tract have an average growth rate of 104 to 106 CFU/mL. These results are strengthened 

research by Ikhsani [19] where the average growth of LAB in the digestive tract ranges from 104 to 105 

CFU/mL, indicating that LAB is able to survive in the digestive tract of rat. The results of this research are 

strengthened by Ratna et al. [12] reported that L. plantarum and L. paracasei have resistance in gastric 

fluid with a pH of 2, then have resistance in bile salt solutions with a percentage of 0.3 % and have the 

ability to inhibit pathogenic bacteria such as Escherichia coli, Staphylococcus aureus and Salmonella typhi. 

The population of LAB and L. plantarum in the large intestine can be interpreted as a potential for probiotics 

to attach to the mucosal surface of the digestive tract. This sticking characteristic can be called adhesion, 

which is one of the criteria for a strain to be said to be a probiotic bacteria [20]. 

 

 Short Chain Fatty Acids (SCFA) 

 Analysis of short chain fatty acid levels is carried out to determine the abundance of acids in digestion. 

Based on the results of the analysis of short chain fatty acids in the cecum of rats, the concentrations of 

acetic acid, propionic acid and butyric acid showed results that were not significantly different (p < 0.05) 

(Table 3), but these results were in accordance with the concentrations required by the body. One of the 
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functions of short chain fatty acids in the digestive system is to fight pathogenic bacteria such as E. coli. 

The short chain fatty acids analyzed were acetic acid, propionic acid and butyric acid, these 3 acids have 

the largest percentage, as much 90 % in the digestive system compared to other acid compositions [21]. 

 

Table 3 Level short chain fatty acids in the cecum. 

Group 
Short chain fatty acid (mg/L) 

Acetic acid Propionic acid Butyric acid 

P.1 3.86 ± 1.84a 1.75 ± 0.77a 0.71 ± 0.34a 

P.2 4.15 ± 2.69a 2.69 ± 1.96a 0.74 ± 0.41a 

P.3 3.70 ± 1.31a 1.74 ± 0.55a 0.59 ± 0.18a 

P.4 5.63 ± 2.10a 2.98 ± 1.35a 0.77 ± 0.37a 

P.5 5.90 ± 1.92a 2.41 ± 0.47a 0.73 ± 0.29a 

Note: No significant differences were detected between the groups (p < 0.05). P.1 = control group; P.2 = 

skim milk group; P.3 = single-strain group; P.4 = multi-strain group; P.5 = E. coli group. 

  

 The results of the SCFA analysis showed that acetic acid had a highest composition, followed by 

propionic acid and finally acetic acid. The mechanism by which probiotics maintain a healthy colonic 

environment is that probiotics will increase the number of good bacteria (such as Bifidobacterium and 

Lactobacillus) in the colon so that more nutrients are fermented by good bacteria and will increase SCFA. 

This increase in SCFA puts the colon in an acidic condition because the pH of the colon decreases as SCFA 

increases. Pathogenic bacteria in the colon that cannot tolerate low pH will experience a decrease in 

population so that the gut microbiota population and the colonic environment become balanced. These good 

environmental conditions will help the absorption of nutrients to be more optimal. 

 

 Gut histology analysis 

 Histological examination of the intestine showed inflammation after the induction of Escherichia coli 

FNCC 0091, however there was an influence and effect from consuming probiotics for 14 days, namely it 

could improve the histological structure of the intestine from the influence of pathogenic bacteria. The 

picture shows normal intestinal morphology, groups P.3 and P.4 are the groups that were given single-

strain and multi-strain probiotic treatment and induced Echerichia coli FNCC-0091, but no erosion was 

shown on the intestinal mucosa. Meanwhile, group P.5 was a group that only underwent Escherichia coli 

FNCC-0091 induction without probiotic treatment, so it showed erosion of the intestinal mucosa. These 

results are supported by quantitative morphological analysis (Table 4). There was a significant difference 

in the P.5 group compared to the other groups (p < 0.05). 
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Table 4 Quantitative analysis of the gut histology analysis. 

Intestinal tract Parameter (µm) 
Group 

P.1 P.2 P.3 P.4 P.5 

Ileum 
Villous height 1.35 ± 2.11a 1.56 ± 2.45a 1.53 ± 2.39a 2.27 ± 2.62a 1.81 ± 2.06a 

Epithelial height 0.05 ± 0.08a 0.05 ± 0.08a 0.05 ± 0.08a 0.07 ± 0.08a 0.06 ± 0.07a 

Cecum 
Villous height 1.25 ± 1.97a 1.57 ± 2.47a 1.60 ± 2.47a 1.96 ± 2.20a 5.27 ± 0.80ab 

Epithelial height 0.06 ± 0.09a 0.05 ± 0.08a 0.04 ± 0.06a 0.05 ± 0.06a 0.11 ± 0.05a 

Colon 
Villous height 1.12 ± 1.74a 1.47 ± 2.28a 1.77 ± 2.95a 1.67 ± 2.43a 2.71 ± 2.18a 

Epithelial height 0.04 ± 0.06a 0.05 ± 0.07a 0.04 ± 0.07a 0.06 ± 0.07a 0.10 ± 0.07a 
Note: P.1 = control group; P.2 = skim milk group; P.3 = single-strain group; P.4 = multi-strain group; P.5 = E. coli 

group. 

 

Figure 1 Microscopic appearance of the (a) ileum, (b) cecum and (c) colon. P.1 = control group, P.2 = skim 

milk group, P.3 = single-strain group, P.4 = multi-strain group and P.5 = Escherichia coli group. 

 

 

 Microscopic images using H&E staining show that single-strain and multi-strain probiotic 

intervention at a dose of 109 for 14 days in pathogenic bacterial infections causes structural changes and 

inflammation in the ileum, cecum and colon of mice which can trigger infection, but with the intervention 

of probiotic bacteria intestinal structure and barrier can be improved (Figure 1). Inflammation of the 

intestine can be characterized by the presence of reddish spots, then characterized by shortened or elongated 

intestinal villi accompanied by enlarged mucosal granules in the ileum [22]. Apart from that, inflammation 

can also be characterized by erosion of the intestinal mucosa accompanied by thinning of the outer mucosal 

layer due to invasion of pathogenic bacteria [23].  

P.1

 
P.2

 

P.3

 

P.4

 

P.5

 

(a) 

(b) 

(c) 
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 Tight junction function plays a very important role in regulating intestinal homeostasis. Transcriptase-

polymerase chain reaction showed that 3,5,7,3’,4’-pentamethoxyflavone increased transcription of 

occludin, claudin-3 and claudin-4. 3,5,7,3’,4’-pentamethoxyflavone-induced transcription of occludin and 

claudin-3 is mediated by the transcription factors, KLF5 and EGR1, respectively, while 3,5,7,3’,4’-

pentamethoxyflavone activates transcription claudin-4 via GATA1 and AP1 [24]. Aberrant expression of 

claudin-2 is thought to be involved in clinical symptoms, one of which is diarrhea because claudin-2 also 

functions as a water channel. Claudin-2-mediated influx of Na+ into the lamina propria activates serum-

glucocorticoid salt-sensitive kinase 1 to increase Th1 and Th17 cells [25].  

 Together with the immune system, the mucosal system in the digestive tract has epithelial cells which 

can function to prevent or block attacks by pathogenic bacteria [26]. In general, bacteria in the digestive 

tract in the form of the intestine pass-through epithelial tissue and interact with the body’s immune cells 

under normal conditions, but if the mucosal tissue and epithelial cells in the body are damaged, the 

interaction of immune cells can be excessive, causing inflammation in the intestinal tract. Based on previous 

research, it was stated that giving strains of Lactobacillus rhamnosus HN001, Lactobacillus acidophilus 

HN017 and Bifidobacteriumlactis HN019 to rats did not have a negative effect on intestinal health and 

integrity.  

 

Conclusions 

 The inhibitory potential (clear zone) in antibacterial activity shows that single-strain and multi-strain 

(Lactiplantibacillus plantarum Dad-13, Lactiplantibacillus plantarum FNCC-0250 and Lacticaseibacillus 

paracasei GMRMP-001) are able to fight pathogenic bacteria well. In this case it was also shown that 

consumption of single-strain and multi-strain as probiotics for 14 days by Sprague-Dawley rats does not 

have side effects, such as food intake and body weight. The concentration of acetic acid, propionic acid and 

butyric acid also increased, with this it can be concluded that Short Chain Fatty Acid (SCFA) plays a role 

in inhibiting pathogenic bacteria. In addition, consumption of multi-strain probiotics does not have a 

negative effect and intestinal morphology. Although this study was limited to animal studies, these findings 

help assess the potential use of single-strains and multi-strains as probiotics. 
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