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 As the prevalence of type 2 diabetes mellitus continues to increase over 
the years, research into antidiabetic drugs needs to continue. Probiotics 
are non-pathogenic microorganisms that have potential as α-glucosidase 
inhibitors. This study aimed to characterize and determine the α-
glucosidase inhibitor activity of LBSU9 isolate, a probiotic isolated from 
"trites," a traditional food of North Sumatra. The results showed that 
LBSU9 had bacillus morphology, Gram positive, negative catalase test, 
TSIA (Triple Sugar Iron Agar) A/A test and non-hemolysis. LBSU9 had 
good tolerance to simulated gastric acid and bile salts, with growth 
percentages of 66.54% and 64.74%. LBSU9 also has potent antimicrobial 
activity against S.aureus and E.coli, with 20 mm and 17 mm inhibition 
zones, respectively. The alpha-glucosidase inhibitor activity of LBSU9 was 
98.4% greater than that of acarbose, which was 97%. Based on the results 
of this study, it is concluded that LBSU9 isolate has the potential to be a 
complementary therapy to prevent or treat type 2 diabetes mellitus.  
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1. INTRODUCTION  
Type 2 diabetes mellitus (T2DM) is recognized as a critical public health concern that has a significant 
impact on human life and healthcare costs. Rapid economic development and urbanization have 
increased the prevalence of diabetes in many parts of the world [1]. In the past, Type 2 Diabetes Mellitus 
(T2DM) was previously known as non-insulin dependent diabetes or adult-onset diabetes with insulin 
resistance that could escalate to total resistance. Over the past decade, impaired β-cell function has 
been discovered as a major issue in T2DM. About 90-95% of diabetics have type 2 diabetes [2].  

Acarbose, an alpha-glucosidase inhibitor (AGIs), is a common oral hypoglycemic medication. 
AGIs primarily focus on inhibiting α-glucosidase in the small intestine, an enzyme responsible for 
converting complex carbs that cannot be absorbed into easily absorbable monosaccharides. Acarbose 
functions as a competitive and reversible inhibitor of glucosidase, an enzyme found in the small 
intestine's brush border. By doing so, it hinders the digestion of starch and sucrose, thereby slowing 
the absorption of glucose and fructose in the upper part of the small bowel. This reduces blood glucose 
levels, particularly after eating [3]. Although these inhibitors reduce glucose absorption, they are not 
widely used due to adverse gastrointestinal side effects. As a result, research efforts continue to identify 
new inhibitors with increased efficacy and minimum adverse effects [4].  
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One of the potential source of 𝛼-glucosidase inhibitors is Lactic Acid Bacteria. Several 
species of Lactic Acid Bacteria possess this inhibitor activity. Lactic acid bacteria (LAB) are 

classified into many genera and have long been utilized as probiotics. LAB can be found in a variety of 
environments, including the gastrointestinal (GI) tract, oral cavities, vaginal tracts of people and 
animals, fermented foods, silages, and composts. They provide numerous health benefits to the host, 
including increased immunological function, better digestion, control of inflammatory bowel illnesses, 
relief of constipation, and strengthening the mucosal barrier [5]. Research on the use of probiotics as 
an alternative therapy in lowering blood glucose levels is still in its early stages, but some studies have 
shown potential especially in α-glucosidase inhibition. Lactobacillus casei 2W and Lactobacillus 
rhamnosus Z7 are reported to have α-glucosidase inhibitor activity [6]. Lactobacillus pentosus isolated 
from the Kersen plant (Muntingia calabura) was reported to have activity as an α-glucosidase inhibitor 
in vitro although 1.27 times lower than acarbose [7]. Traditional fermented food have been identified 
as potential sources of probiotics due to their high nutritional value and the presence of lactic acid 
bacteria (LAB). These LAB, which are integral to many fermented foods, have been shown to have 
probiotic characteristics, suggesting that these foods could be beneficial for gut health [8]. 

 In North Sumatra, there is one traditional food that has potential as a source of probiotics, 
called "trites". Trites are made from grass derived from the rumen of buffalo. Based on a report by [9], 
the rumen of livestock is one of the sources of probiotics, apart from milk and even feces. In his 
research, it was stated that bacteria isolated from the rumen, milk, and feces of livestock showed 
antimicrobial activity against pathogenic bacteria such as Bacillus spp, E.coli, Staphylococcus aureus, 
Salmonella sp, and Listeria spp. 16SrRNA gene sequencing results showed that the bacteria were 
identified as Enterococcus lactis, Pediococcus pentosaceus, and Lactococcus lactis. This statement is 
also reinforced by [10], who reported in his research that probiotics identified as Lactobacillus casei, 
Lactobacillus rhamnosus, Lactobacillus fermentum, and Lactobacillus johnsonii can be isolated from 
cow rumen fluid. These probiotics are reported to have antimicrobial activity against pathogenic 
bacteria such as Pseudomonas aeruginosa (ATCC9027) and Staphylococcus aureus (ATCC 6538).  

LBSU9 is one of the bacterial isolates that we isolated from trites. In this study, we 
characterized LBSU9 probiotics based on antimicrobial activity, tolerance to simulated gastric acid and 
tolerance to bile salts. We determined the safety test based on hemolytic activity. However, research 
on the potential of LBSU9 as α-glucosidase inhibitors has not been reported.  

2. RESEARCH METHOD  

2.1. Isolation of LBSU9 from Trites 

One gram of trites sample was cultured into 9 mL of sterile MRS broth and incubated for 18-24 hours 
under anaerobic conditions. After the incubation process, serial dilution was carried out up to a 
dilution of 10-7. A total of 0.1 mL of the 10-7th dilution was then inoculated onto the surface of MRS 
agar media supplemented with 1% CaCO3 to distinguish acid-producing bacteria from other bacteria 
characterized by a clear zone around the bacteria. Bacterial isolate were then randomly selected and 
continued with purification by re-streaking into new MRS media. The isolate were stored in 40% 
glycerol stock media at -20°C [11]. 

2.2. Characterization of LBSU9 
The purified colonies were then characterized, including Gram staining, TSIA (Triple Sugar Iron Agar) 
test, hemolysis, and catalase test. Morphological and culture examination used the Gram staining 
method described by Hans Christian Gram (1884). This test was used to check for catalase enzyme 
production. For this test, a clean microscopic slide was taken. A drop of 3% H2O2 is taken on the 
microscopic slide aseptically. One ose of bacterial culture was taken, mixed with 3% H2O2 solution on 
the slide, and observed for bubble production [12]. The TSIA test is performed by inoculating the TSIA 
medium by piercing through the center of the medium to the bottom of the tube and then scraping 
the agar surface obliquely. Incubate the tube at 35°-37°C in open air for 18-24 hours. After incubation, 
check for discoloration of the slanted and bottom portions, appearance, and cracks in the media [13].  
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2.3. Characterization Test and Safety Evaluation of Probiotics 
The probiotic characteristics of LBSU9 isolates were tested based on tolerance to acidic pH, simulation 
of gastric juice and bile salt, and hemolytic test. Tolerance to acidic pH and gastric juice was carried 
out to simulate the ability of isolates to survive in gastric conditions. In contrast, tolerance to bile salt 
was carried out to simulate conditions in the duodenum. To evaluate the capacity for tolerance to 
acidic conditions, 0.1 mL of LBSU9 cultured for 24 hours was inoculated into MRS broth, which had 
been adjusted to pH 3 using 1 M HCl. OD values of LBSU9 growth at MRS pH 3 and pH 6.5 were 
measured at a wavelength of 600 nm after incubation at 37 C for 4 hours with the formula [5] : 

Percentage of  growth =  
𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛 𝑀𝑅𝑆 𝑏𝑟𝑜𝑡ℎ 𝑝𝐻3

𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛 𝑀𝑅𝑆 𝑏𝑟𝑜𝑡ℎ 𝑝𝐻 6.5
 ×  100% (1) 

The range of tolerance to bile salt was assessed by assessing the growth ratio of MRS broth containing 
0.3% bile salt to MRS broth without bile salt. Simulated gastric fluid was prepared by dissolving 3 
mg/ml pepsin in physiological NaCl and then set at pH 2.5. This solution was inoculated for 4 hours 
with 1% mL of LAB culture (v/v) incubated overnight [14]. 
The hemolytic assay was determined using Columbia agar containing 5% (w/v) sheep blood, and Petri 
dishes were incubated at 37°C for 48 hours. After incubation, the hemolytic activity of the isolate was 
evaluated and classified based on the lysis of red blood cells around the colony. A green zone around 
the colony included α-hemolysis, and a clear zone around the colony included 𝛽 −hemolysis. If there 
was no zone around the colony, it included γ-hemolysis. Only 𝛾-hemolysis is considered safe [15].  

2.4. Antibacterial activity of LBSU9 
LBSU9 and indicator bacteria, as many as 4-5 colonies, were dissolved into 5 mL of sterile Nutrient 
Broth and compared with 0.5 McFarland solution, equivalent to 1.5 𝑥 108 CFU/mL. Indicator 
microorganisms Staphylococcus aureus and Escherichia coli were utilized. The indicator 
microorganisms were transferred using a sterile cotton swab onto the nutrient agar surface. Sterile 
discs were dipped into the LBSU9 isolate culture attached to the nutrient agar surface and incubated 
for 24 hours at 37°C. The zone of inhibition was measured using a caliper [16].  

2.5. Inhibitory α-glucosidase activity of LBSU9 

Isolates of LBSU9 were cultivated for 24 hours at 37oC in MRS broth medium. 15 minutes of 
centrifugation at 3500 rpm were required to separate the metabolite extract from the bacteria. 
Metabolites contained in the supernatant were tested for α-glucosidase enzyme inhibition activity. An 
enzyme solution of 1 unit/ml was prepared by dissolving 2,695 mg α glucosidase in 50 mL phosphate 
buffer pH 7. The reaction mixture containing 2µl supernatant, 48µl phosphate buffer (100 mM, pH 7), 
and 25µl α-glucosidase enzyme (0.25 unit/mL) was incubated at 37°C for 5 minutes. After incubation, 
25µl of p-nitrophenyl α D glucopyranoside substrate (20mM) was added to the mixture. Incubation 
was continued for 15 minutes at 37C, and then 100µl of 200mM Na2CO3 was added to stop the reaction. 
The absorbance was measured using a microplate reader at λ 415nm. Acarbose, 1% solution, was 
prepared as a comparison (positive control) by dissolving Glubose tablets in phosphate buffer pH 7 
(1:100). The complete reaction design for 1 sample with a total volume of 200 µl can be seen in the 
following table: 

Table 1. Enzymatic reaction design of α-glucosidase inhibitor 

 mixture 

A0 (µL) A1 (µL) AI0 (µL) AI1(µL) 

Supernatant - - 2 2 
 MRS media 2 2 - - 

Buffer  48 48 48 48 
Enzyme - 25 - 25 

Incubate at 37°C for 5 minutes 

substrate 25 25 25 25 

Incubate at 37°C for 15 minutes 
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 mixture 

A0 (µL) A1 (µL) AI0 (µL) AI1(µL) 

Na2CO3 100 100 100 100 

The inhibitory activity of isolate and acarbose against α-glucosidase enzyme was calculated by the 
following formula : [17]  

Percentage of inhibition =  
(𝐴1 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 − 𝐴0) − (𝐴𝐼 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 − 𝐴𝐼0)

(𝐴1 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 − 𝐴0)
×  100% (2) 

3. RESULTS AND DISCUSSIONS  
3.1. Characterization of LBSU9 

Before further testing, isolate LBSU9 was first characterized morphologically and biochemically. Tests 
include determining Gram staining and morphology, catalase test, TSIA test, Gas production, and 
hemolysis test. Characterization needs to be done to ascertain whether or not the LBSU9 isolate is 
classified as lactic acid bacteria. The characterization results of isolate LBSU9 are shown in table 2 
below: 

Table. 2. Characterization of LBSU9 isolate 

isolate characterization 

Gram 
staining 

morphology catalase TSIA test Gas 
production 

Haemolysis 

LBSU9 positive rod negative A/A - 𝛾 

From Table. 2, it is known that isolate LBSU9 is Gram positive and catalase negative. The identification 
of LAB is typically confirmed through a combination of morphological, physiological, and biochemical 
tests, including the catalase test and Gram staining. Lactic acid bacteria (LAB) are Gram-positive, 
catalase-negative, and non-spore forming organisms, with a variety of shapes including cocci and rod-
shaped cells [18]. Gram staining results of LBSU9 are shown in Figure 1 below.  

 
Figure 1. Gram staining results of isolate LBSU9. 

Figure. 1 was obtained from observations using a light microscope at 400x magnification. From Figure. 
1, it can be seen that the LBSU9 bacterial colony has a bacillus or rod-shaped morphology. The dark 
purple color observed from the results of Gram staining indicates that isolate LBSU9 is Gram positive. 
The violet or purple color of Gram-positive bacteria is due to their ability to retain the crystal violet-
iodine complex after treatment with alcohol. 

The TSIA (Triple Sugar Iron Agar) test showed that the LBSU9 isolate showed A/A results, 
which means that the bacterial isolate is able to ferment glucose, lactose and sucrose. TSIA media 
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contains phenol red which is an indicator and ferrous sulfate which is an indicator for hydrogen sulfide. 
The change in the media to a yellow color is because the bacteria produce acid so that it lowers the pH 
and the media becomes yellow [19]. TSIA test results are shown in Figure 2 below.  

 
Figure 2. TSIA test result of isolate LBSU9 

3.2. Characterization Test and Safety Evaluation of Probiotics 
Hemolysis test results show that isolate LBSU9 is hemolysis γ. Bacteria are frequently classified into 
several families and groups. This classification is based in part on the bacteria's physical appearance, 
as well as some chemical and biological properties. The organism does not cause hemolysis, the agar 
under and around the colony remains unaffected, and it is referred to as non-hemolytic or gamma 
hemolytic (γ-hemolysis) [20]. The correlation between hemolytic activity of bacteria and pathogenicity 
is well-established. Previous study found that these properties are characteristic of pathogenic strains, 
with a wide variation in their activity against different human blood group cells [21]. This is further 
supported by [22], who reported that hemolytic activity is pronounced in dermatophytes and may play 
a role as a virulence factor. The hemolysis test result are shown in Figure 3. 

 

Figure 3. Hemolysis test result of LBSU9 
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Numerous studies have demonstrated that probiotics do not induce hemolysis. A prior investigation 
documented the combination of three prospective probiotics—Bacillus amyloliquefaciens (L9, isolated 
from the blue swimming crab), Lysinibacillus fusiformis (A2, isolated from a microalga), and 
Enterococcus hirae (LAB3, isolated from the Asian seabass)—which exhibited in vitro antagonistic 
activity towards Aeromonas hydrophila. Additionally, streaking the probiotic mixture onto sheep blood 
agar (5%), which contained hemolytic agents, did not yield any discernible effects. However, A. 
hydrophila exhibited α-hemolysis [23]. Similarly, [24] and [25] reported that Lactobacillus gasseri MA-
2 and various yeast strains, respectively, also showed no hemolytic activity. These findings collectively 
support the safety of probiotics in this regard.  Simulated gastric fluid was made by adjusting the pH 
of MRS broth to 3 and added with 3% pepsin. The growth of LBSU9 isolate in simulated gastric acid 
solution and MRS media pH 6.5 is shown in table 3. 

Table. 3. Growth of LBSU9 isolate in MRS broth media (pH =6.5) compared to growth in simulated gastric juices 

Isolate code Growth on MRS broth 
pH 6.5 

Growth on simulated gastric fluid % growth 

LBSU9 1.81 1.20 66.54% 

Based on the Table. 3, it can be seen that isolate LBSU9 has a good tolerance to simulated stomach 
acid. The ability of bacteria to grow on acidic media is influenced by a variety of factors. In marine 
environments, acidification has been shown to decrease microbial community diversity and bacterial 
metabolic activity [26]. Research has shown that certain strains of probiotics, such as Lactobacillus 
pentosus, have inherent resistance to stomach acid, which is associated with the over-production of 
specific proteins [27]. Similarly, Lactobacillus spp. strains isolated from the human stomach have 
demonstrated good resistance to low pH, making them potential candidates for probiotic use [28]. 
However, the impact of exposure to stressful conditions, such as acid, on the functional properties of 
probiotics is not fully understood. Further research is needed to explore the relationship between stress 
exposure and probiotic properties [29]. Another probiotic criterion is resistance to bile salts. LBSU9 
isolate resistance to bile salt solution is shown in the following table. 

Table 4. Growth of LBSU9 isolate in MRS broth media (pH =6.5) compared to growth in bile salt 0.3% 

Isolate code Growth on MRS broth 
pH 6.5 

Growth on bile salt 3% % growth 

LBSU9 1.9 1.23 64.74% 

Based on the Table. 4 it can be seen that isolate LBSU9 has a good tolerance to simulated stomach 
acid. Research has shown that certain probiotic strains, such as Pediococcus acidilactici R01 and R02, 
are resistant to bile salt and acid conditions, making them potential probiotic candidates [30]. 
Similarly, Lactobacillus spp strains isolated from locally fermented food products have been found to 
be tolerant to bile salt, indicating their potential as probiotics [31]. The resistance of these probiotics 
to bile salt is attributed to specific mechanisms, such as efflux of bile salts or protons, modification of 
sugar metabolism, and prevention of protein misfolding [32].  

3.3. Antibacterial activity of LBSU9 
The antimicrobial activity of the isolates was tested against E.coli ATCC 25922 and S.aureus ATCC 
25923 by disc diffusion method. Amoxycillin was used as positive control. The antimicrobial activity 
of isolate LBSU9 is shown in Figure 4. 
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Figure 4. Antimicrobial activity of LBSU9 againts E.coli ATCC 25922 (a) and S.aureus ATCC 25923 (b). the brown 
arrow indicates the antibacterial activity of LBSU9 while the blue arrow indicates the antibacterial activity 

of amoxycillin 

Figure 4 above shows the ability of LBSU9 isolate to inhibit the growth of E.coli and S. aureus bacteria. 
The zone of inhibition of LBSU9 isolate against these pathogenic bacteria is indicated by a clear zone 
around the disc. Figure. 2 shows that the inhibition zone of LBSU9 isolates against E. coli bacteria is 
greater than the zone of inhibition of amoxycillin.Diameter of the inhibition zone of LBSU9 and 
amoxycillin are shown in the following table. 

Table 5. Diameter of the inhibition zone of LBSU9 and amoxycillin 

Isolate / positive control Inhibition zone (mm) 

E.coli S.aureus 

LBSU9 17 20 
Amoxycillin 11 22 

From the Table. 5, it can be seen that LBSU9 can inhibit the growth of E.coli and S.aureus bacteria, 
which can even show better antimicrobial activity than Amoxycillin in inhibiting the growth of E.coli. 
Research has consistently shown the antimicrobial activity of probiotics against E. coli and S. aureus. 
From previous study, [33] found that probiotics isolated from yoghurts and their metabolites exhibited 
significant antibacterial effects, with the highest activity against S. aureus which is 10.3 mm. In another 
study, [34] highlighted the potential of certain lactic acid bacteria, classified as probiotics, to produce 
antimicrobials active against S. aureus and other skin pathogens, suggesting their use in the 
development of living antimicrobials for skin disorders. Table. 5 demonstrates that the growth 
inhibition against S. aureus is more potent than the inhibition against E. coli. This is attributed to 
variations in their cellular wall structure and composition. The increased thickness of the 
peptidoglycan layer in Gram-positive bacteria renders it more susceptible to antimicrobial chemicals, 
whereas the outer membrane of Gram-negative bacteria functions as a protective barrier, rendering 
them more resilient [35]. Efflux pumps in Gram-negative bacteria can also contribute to antimicrobial 
resistance [36].  

3.4. Inhibitory α-glucosidase activity of LBSU9 
The value A0, A1, A10, and A1I were determinded by measuring the absorbance of the solution based on 
Table 1 using a microplate reader at λ = 415 nm. The 𝛼-glucosidase inhibitor activity was determined 
by the formula (2):   

     
                             (a)                                                            (b) 
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Table 6. Inhibitory 𝛼-glucosidase activity of LBSU9 

sample A0 A1 A1o A1I % inhibition 

LBSU9 0 4.714 0 0.074 98.4% 
acarbose 0 4.324 0 0.1 97% 

From the table 6, it is known that the activity of alpha glucosidase inhibitor LBSU9 is higher than the 
activity of acarbose. A range of studies have explored the potential of probiotics to inhibit α-
glucosidase activity, a key enzyme in carbohydrate digestion. In previous research it was reported that 
that certain lactic acid bacteria strains, including Lacticaseibacillus rhamnosus and Lactobacillus, 
exhibited α-glucosidase inhibitory activities [37]. These findings are supported by the work of [38] who 
demonstrated that specific probiotics, such as Lactobacillus paracasei and Bifidobacterium animals, 
can stimulate glucagon-like peptide-1 (GLP-1) secretion, which can help regulate blood glucose levels. 
Furthermore, [39]   identified specific bioactive components in probiotics, such as secreted proteins 
and metabolites, that can enhance intestinal barrier function and display antioxidant and anti-
inflammatory potential, respectively. A range of bioactive compounds produced by probiotics have 
been found to inhibit the enzyme α-glucosidase. These include antioxidants and anti-inflammatory 
agents such as those produced by Lactobacillus plantarum KU15149 [40]. Postbiotics, such as 
bacteriocins and organic acids, have also been identified as having inhibitory effects on alpha 
glucosidase [41]. These findings suggest that a variety of bioactive compounds produced by probiotics 
can play a role in inhibiting 𝛼-glucosidase. The limitation of this study is that the test is still on an in 
vitro scale and the secondary metabolites that act as alpha glucosidase inhibitors are not yet known. 
For further research, it is hoped that researchers can conduct in vivo tests using type 2 diabetes mellitus 
models and conduct whole genomic sequencing analysis to predict secondary metabolites that act as 
alpha glucosidase inhibitors. 

4. CONCLUSION  
From this study, Trites, a traditional food typical of North Sumatra, contains probiotics that can 
potentially produce bioactive compounds that inhibit the α-glucosidase enzyme. The probiotic isolate 
coded LBSU9 has an inhibitor activity of 98.4%, even more significant than the activity of acarbose, 
which is 97%. Based on the result, it is concluded that LBSU9 has the potential as a complementary 
therapy to prevent or treat type 2 diabetes mellitus. The limitation in this study is that the LBSU9 
isolate has not been identified to the molecular level. So that in future studies, it is necessary to carry 
out molecular identification of LBSU9 isolates and in vivo tests using experimental rats. In addition 
further research is needed to determine the genomic characteristics of this LBSU9 isolate through 
whole genomic sequencing before in vivo testing. 

ACKNOWLEDGEMENTS  
The researchers would like to express their deepest gratitude to the team of analysts in the integrated 
basic sciences lab at Prima Indonesia University, namely Edi Sihotang and Lisa Cristin who have 
assisted in the implementation of this research. 

REFERENCES  
[1] M. A. B. Khan, M. J. Hashim, J. K. King, R. D. Govender, H. Mustafa, and J. Al Kaabi, “Epidemiology of 

Type 2 Diabetes – Global Burden of Disease and Forecasted Trends,” J. Epidemiol. Glob. Health, vol. 10, pp. 
107–111, 2020, doi: https://doi.org/10.2991/jegh.k.191028.001; 

[2] A. Artasensi, A. Pedretti, G. Vistoli, and L. Fumagalli, “Type 2 diabetes mellitus: A review of multi-target 
drugs,” Molecules, vol. 25, no. 8, pp. 1–20, 2020, doi: 10.3390/molecules25081987. 

[3] K. He, J. C. Shi, and X. M. Mao, “Safety and efficacy of acarbose in the treatment of diabetes in Chinese 
patients,” Ther. Clin. Risk Manag., vol. 10, no. 1, pp. 505–511, 2014, doi: 10.2147/TCRM.S50362. 

[4] A. M. Dirir, M. Daou, A. F. Yousef, and L. F. Yousef, A review of alpha-glucosidase inhibitors from plants 
as potential candidates for the treatment of type-2 diabetes, vol. 21, no. 4. Springer Netherlands, 2022. 

[5] M. Li, Y. Wang, H. Cui, Y. Li, Y. Sun, and H. J. Qiu, “Characterization of Lactic Acid Bacteria Isolated From 
the Gastrointestinal Tract of a Wild Boar as Potential Probiotics,” Front. Vet. Sci., vol. 7, no. February, pp. 

https://link.springer.com/article/10.2991/jegh.k.191028.001
https://link.springer.com/article/10.2991/jegh.k.191028.001
https://link.springer.com/article/10.2991/jegh.k.191028.001
https://www.mdpi.com/1420-3049/25/8/1987
https://www.mdpi.com/1420-3049/25/8/1987
https://www.tandfonline.com/doi/abs/10.2147/TCRM.S50362
https://www.tandfonline.com/doi/abs/10.2147/TCRM.S50362
https://link.springer.com/article/10.1007/s11101-021-09773-1
https://link.springer.com/article/10.1007/s11101-021-09773-1
https://www.frontiersin.org/articles/10.3389/fvets.2020.00049/full
https://www.frontiersin.org/articles/10.3389/fvets.2020.00049/full


         p-ISSN 2301-8038   e-ISSN 2776-3013  

 Int J of Basic & App Sci, Vol.12, No. 4 March 2024: 138-147 

146 

1–10, 2020, doi: 10.3389/fvets.2020.00049. 
[6] P. Chen et al., “Screening for potential new probiotic based on probiotic properties and α-glucosidase 

inhibitory activity,” Food Control, vol. 35, no. 1, pp. 65–72, 2014, doi: 10.1016/j.foodcont.2013.06.027. 
[7] A. Frediansyah, Suryani, R. Nurhayati, Miftakhussolikhah, and J. Sholihah, “Lactobacillus pentosus 

isolated from Muntingia calabura shows inhibition activity toward alpha-glucosidase and alpha-amylase 
in intra and extracellular level,” IOP Conf. Ser. Earth Environ. Sci., vol. 251, no. 1, 2019, doi: 10.1088/1755-
1315/251/1/012045. 

[8] M. P. Mokoena, “Lactic acid bacteria and their bacteriocins: Classification, biosynthesis and applications 
against uropathogens: A mini-review,” Molecules, vol. 22, no. 8, pp. 1–13, 2017, doi: 
10.3390/molecules22081255. 

[9] T. Khalil et al., “Tracing probiotic producing bacterial species from gut of buffalo (Bubalus bubalis), South-
East-Asia,” Brazilian J. Biol., vol. 84, pp. 1–10, 2024, doi: 10.1590/1519-6984.259094. 

[10] S. Rodríguez-González et al., “Isolation of bacterial consortia with probiotic potential from the rumen of 
tropical calves,” J. Anim. Physiol. Anim. Nutr. (Berl)., vol. 107, no. 1, pp. 62–76, 2023, doi: 10.1111/jpn.13699. 

[11] E. Fachrial, S. Anggraini, Harmileni, Saryono, and T. T. Nugroho, “Inhibitor α-glucosidase activity of 
Pediococcus acidilactici DNH16 isolated from Dali ni Horbo, a traditional food from North Sumatra, 
Indonesia,” Biodiversitas, vol. 24, no. 2, pp. 958–965, 2023, doi: 10.13057/biodiv/d240235. 

[12] R. Goyal, H. Dhingra, P. Bajpai, and N. Joshi, “Characterization of the Lactobacillus isolated from different 
curd samples,” African J. Biotechnol., vol. 11, no. 79, pp. 14448–14452, 2012, doi: 10.5897/AJB11.310. 

[13] S. Aryal, “Microbe Notes,” 2022. [Online]. Available: https://microbenotes.com/triple-sugar-iron-agar-
tsia-test/#procedure-of-tsia-triple-sugar-iron-agar-test. [Accessed: 12-Sep-2023]. 

[14] M. Tokatl, G. Gülgör, S. Baʇder Elmac, N. Arslankoz Işleyen, and F. Özçelik, “In Vitro Properties of 
Potential Probiotic Indigenous Lactic Acid Bacteria Originating from Traditional Pickles,” Biomed Res. 
Int., vol. 2015, 2015, doi: 10.1155/2015/315819. 

[15] I. Yasmin et al., “In vitro probiotic potential and safety evaluation (Hemolytic, cytotoxic activity) of 
bifidobacterium strains isolated from raw camel milk,” Microorganisms, vol. 8, no. 3, 2020, doi: 
10.3390/microorganisms8030354. 

[16] A. Girma and A. Aemiro, “Antibacterial Activity of Lactic Acid Bacteria Isolated from Fermented Ethiopian 
Traditional Dairy Products against Food Spoilage and Pathogenic Bacterial Strains,” J. Food Qual., vol. 
2021, 2021, doi: 10.1155/2021/9978561. 

[17] A. Susilowati, C. P. Y. Dewi, and S. L. A. Sari, “Isolation and identification of endophytic bacteria from 
Salak Pondoh (Salacca edulis) fruit as a-glycosidase inhibitor producer.,” Biosaintifika J. Biol. Biol. Educ., 
vol. 11, no. 3, pp. 352–359, 2019, doi: http://dx.doi.org/10.15294/biosaintifika.v11i3.21031 Department. 

[18] N. Rahmawati, M. Syukri, D. Darmawi, I. Zachreini, M. Yusuf, and R. Idroes, “Identification of lactic acid 
bacteria from etawa goat milk kopelma Darussalam Village, Banda Aceh,” IOP Conf. Ser. Earth Environ. 
Sci., vol. 667, no. 1, 2021, doi: 10.1088/1755-1315/667/1/012022. 

[19] Susanty, D., & Oksari, A. A. (2021). Pertumbuhan Dan Metabolit Sekunder Chlorella Sorokiniana Yang 
Dikultur Pada Limbah Cair Tahu. JBIO: JURNAL BIOSAINS, 7(3), 121–126. 
https://doi.org/https://doi.org/10.24114/jbio.v7i3.29015. 

[20] Muhammad Sohail et al., “Effects of Different Types of Microbes on Blood Cells, Current Perspectives and 
Future Directions,” Saudi J. Med. Pharm. Sci., vol. 7, no. 1, pp. 1–6, 2021, doi: 10.36348/sjmps.2021.v07i01.001. 

[21] R. HRV, R. Devaki, and V. Kandi, “Comparison of Hemagglutination and Hemolytic Activity of Various 
Bacterial Clinical Isolates Against Different Human Blood Groups,” Cureus, vol. 8, no. 2, pp. 1–9, 2016, doi: 
10.7759/cureus.489. 

[22] E. Aktas and N. Yigit, “Hemolytic activity of dermatophytes species isolated from clinical specimens,” J. 
Mycol. Med., vol. 25, no. 1, pp. e25–e30, 2015, doi: 10.1016/j.mycmed.2014.10.014. 

[23] O. W. S. Lee, P. Puvanasundram, K. C. Lim, and M. Karim, “In vitro Assessment of Multistrain Probiotic 
on Its Safety, Biofilm Formation Capability, and Antimicrobial Properties Against Aeromonas hydrophila,” 
Pertanika J. Trop. Agric. Sci., vol. 45, no. 4, pp. 943–959, 2022, doi: 10.47836/pjtas.45.4.06. 

[24] M. A. Ozusaglam and A. Gunyakti, “Investigation of lactobacillus gasseri ma-2 as probiotic candidate,” 
Cumhur. Sci. J., vol. 41, no. 3, pp. 160–168, 2020. 

[25] S. Suvarna, J. Dsouza, M. L. Ragavan, and N. Das, “Potential probiotic characterization and effect of 
encapsulation of probiotic yeast strains on survival in simulated gastrointestinal tract condition,” Food 
Sci. Biotechnol., vol. 27, no. 3, pp. 745–753, 2018, doi: 10.1007/s10068-018-0310-8. 

[26] C. Hu, X. Li, M. He, P. Jiang, A. Long, and J. Xu, “Effect of Ocean Acidification on Bacterial Metabolic 
Activity and Community Composition in Oligotrophic Oceans, Inferred From Short-Term Bioassays,” 
Front. Microbiol., vol. 12, no. February, 2021, doi: 10.3389/fmicb.2021.583982. 

https://www.frontiersin.org/articles/10.3389/fvets.2020.00049/full
https://www.sciencedirect.com/science/article/pii/S0956713513003101
https://www.sciencedirect.com/science/article/pii/S0956713513003101
https://iopscience.iop.org/article/10.1088/1755-1315/251/1/012045/meta
https://iopscience.iop.org/article/10.1088/1755-1315/251/1/012045/meta
https://iopscience.iop.org/article/10.1088/1755-1315/251/1/012045/meta
https://www.mdpi.com/1420-3049/22/8/1255
https://www.mdpi.com/1420-3049/22/8/1255
https://www.scielo.br/j/bjb/a/cn58JnHVd53ZWXrMhFpCCYG/
https://www.scielo.br/j/bjb/a/cn58JnHVd53ZWXrMhFpCCYG/
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpn.13699
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpn.13699
https://smujo.id/biodiv/article/view/12914
https://smujo.id/biodiv/article/view/12914
https://smujo.id/biodiv/article/view/12914
https://www.ajol.info/index.php/ajb/article/view/129104
https://www.ajol.info/index.php/ajb/article/view/129104
https://microbenotes.com/triple-sugar-iron-agar-tsia-test/#procedure-of-tsia-triple-sugar-iron-agar-test
https://www.hindawi.com/journals/bmri/2015/315819/abs/
https://www.hindawi.com/journals/bmri/2015/315819/abs/
https://www.hindawi.com/journals/bmri/2015/315819/abs/
https://www.mdpi.com/2076-2607/8/3/354
https://www.mdpi.com/2076-2607/8/3/354
https://www.hindawi.com/journals/jfq/2021/9978561/
https://www.hindawi.com/journals/jfq/2021/9978561/
https://www.hindawi.com/journals/jfq/2021/9978561/
https://www.academia.edu/download/79961195/9954.pdf
https://www.academia.edu/download/79961195/9954.pdf
https://www.academia.edu/download/79961195/9954.pdf
https://iopscience.iop.org/article/10.1088/1755-1315/667/1/012022/meta
https://iopscience.iop.org/article/10.1088/1755-1315/667/1/012022/meta
https://iopscience.iop.org/article/10.1088/1755-1315/667/1/012022/meta
https://jurnal.unimed.ac.id/2012/index.php/biosains/article/viewFile/29015/17584
https://jurnal.unimed.ac.id/2012/index.php/biosains/article/viewFile/29015/17584
https://www.researchgate.net/profile/Adnan-Shahid-5/publication/348547450_Effects_of_Different_Types_of_Microbes_on_Blood_Cells_Current_Perspectives_and_Future_Directions/links/6002e24892851c13fe14988a/Effects-of-Different-Types-of-Microbes-on-Blood-Cells-Current-Perspectives-and-Future-Directions.pdf
https://www.researchgate.net/profile/Adnan-Shahid-5/publication/348547450_Effects_of_Different_Types_of_Microbes_on_Blood_Cells_Current_Perspectives_and_Future_Directions/links/6002e24892851c13fe14988a/Effects-of-Different-Types-of-Microbes-on-Blood-Cells-Current-Perspectives-and-Future-Directions.pdf
https://www.cureus.com/articles/4131-comparison-of-hemagglutination-and-hemolytic-activity-of-various-bacterial-clinical-isolates-against-different-human-blood-groups.pdf
https://www.cureus.com/articles/4131-comparison-of-hemagglutination-and-hemolytic-activity-of-various-bacterial-clinical-isolates-against-different-human-blood-groups.pdf
https://www.sciencedirect.com/science/article/pii/S1156523314002777
https://www.sciencedirect.com/science/article/pii/S1156523314002777
https://www.cabidigitallibrary.org/doi/full/10.5555/20230080706
https://www.cabidigitallibrary.org/doi/full/10.5555/20230080706
https://www.cabidigitallibrary.org/doi/full/10.5555/20230080706
https://dergipark.org.tr/en/download/article-file/1016312
https://dergipark.org.tr/en/download/article-file/1016312
https://link.springer.com/article/10.1007/s10068-018-0310-8
https://link.springer.com/article/10.1007/s10068-018-0310-8
https://link.springer.com/article/10.1007/s10068-018-0310-8
https://www.frontiersin.org/articles/10.3389/fmicb.2021.583982/full
https://www.frontiersin.org/articles/10.3389/fmicb.2021.583982/full
https://www.frontiersin.org/articles/10.3389/fmicb.2021.583982/full


Int J of Basic & App Sci p-ISSN 2301-8038   e-ISSN 2776-3013  

 

α-glucosidase Inhibitory Activity of Probiotic Isolate LBSU9 Isolated from Traditional Food “Trites”: a Preliminary 
Study (Edy Fachrial, et al) 

147 

[27] B. Pérez Montoro et al., “Proteomic analysis of Lactobacillus pentosus for the identification of potential 
markers involved in acid resistance and their influence on other probiotic features,” Food Microbiol., vol. 
72, pp. 31–38, 2018, doi: 10.1016/j.fm.2017.11.006. 

[28] S. Delgado, A. M. O. Leite, P. Ruas-Madiedo, and B. Mayo, “Probiotic and technological properties of 
Lactobacillus spp. Strains from the human stomach in the search for potential candidates against gastric 
microbial dysbiosis,” Front. Microbiol., vol. 5, no. DEC, pp. 1–8, 2014, doi: 10.3389/fmicb.2014.00766. 

[29] O. D. Amund, “Exploring the relationship between exposure to technological and gastrointestinal stress 
and probiotic functional properties of lactobacilli and bifidobacteria,” Can. J. Microbiol., vol. 62, no. 9, pp. 
715–725, 2016, doi: 10.1139/cjm-2016-0186. 

[30] E. Damayanti, H. Julendra, A. Sofyan, and S. N. Hayati, “Bile salt and acid tolerant of lactic acid bacteria 
isolated from proventriculus of broiler chicken,” Media Peternak., vol. 37, no. 2, pp. 80–86, 2014, doi: 
10.5398/medpet.2014.37.2.80. 

[31] D. Berebon, K. Ofokansi, A. Attama, C. Eze, R. Onwusuba, and I. Ugwoke, “Preliminary studies on 
isolation, bile tolerance and antibiogram of potential probiotics (Probionts) from locally food products at 
beach market, Nsukka Metropolis, Enugu State, Nigeria,” Biotechnol. J. Int., vol. 22, no. 3, pp. 1–10, 2018. 

[32] L. Ruiz, A. Margolles, and B. Sánchez, “Bile resistance mechanisms in Lactobacillus and Bifidobacterium,” 
Front. Microbiol., vol. 4, no. DEC, pp. 1–8, 2013, doi: 10.3389/fmicb.2013.00396. 

[33] M. A. Sayeed, A. Hossen, R. Saha, and M. Jakaria, “Antimicrobial activities of isolated probiotics and their 
metabolites against some pathogenic microorganisms,” IIUC Stud., vol. 14, no. 1, pp. 21–28, 2018, doi: 
10.3329/iiucs.v14i1.37652. 

[34] G. Khalfallah, R. Gartzen, M. Möller, E. Heine, and R. Lütticken, “A New Approach to Harness Probiotics 
Against Common Bacterial Skin Pathogens: Towards Living Antimicrobials,” Probiotics Antimicrob. 
Proteins, vol. 13, no. 6, pp. 1557–1571, 2021, doi: 10.1007/s12602-021-09783-7. 

[35] X. Huang, X. Bao, Y. Liu, Z. Wang, and Q. Hu, “Catechol-Functional Chitosan/Silver Nanoparticle 
Composite as a Highly Effective Antibacterial Agent with Species-Specific Mechanisms,” Sci. Rep., vol. 7, 
no. 1, pp. 1–10, 2017, doi: 10.1038/s41598-017-02008-4. 

[36] P. Aelenei, A. Miron, A. Trifan, A. Bujor, E. Gille, and A. Aprotosoaie, “Essential Oils and Their 
Components as Modulators of Antibiotic Activity against Gram-Negative Bacteria,” Medicines, vol. 3, no. 
3, p. 19, 2016, doi: 10.3390/medicines3030019. 

[37] Y. Jeong et al., “The antioxidant, anti-diabetic, and anti-adipogenesis potential and probiotic properties 
of lactic acid bacteria isolated from human and fermented foods,” Fermentation, vol. 7, no. 3, 2021, doi: 
10.3390/fermentation7030123. 

[38] R. Xiao et al., “Preliminary Evaluation of Potential Properties of Three Probiotics and Their Combination 
with Prebiotics on GLP-1 Secretion and Type 2 Diabetes Alleviation,” J. Food Qual., vol. 2022, 2022, doi: 
10.1155/2022/8586843. 

[39] J. Gao et al., “A novel postbiotic from lactobacillus rhamnosus GG with a beneficial effect on intestinal 
barrier function,” Front. Microbiol., vol. 10, no. MAR, pp. 1–14, 2019, doi: 10.3389/fmicb.2019.00477. 

[40] K. J. Han, J. E. Lee, N. K. Lee, and H. D. Paik, “Antioxidant and Anti-inflammatory effect of probiotic 
lactobacillus plantarum KU15149 derived from Korean homemade Diced-radish kimchi,” J. Microbiol. 
Biotechnol., vol. 30, no. 4, pp. 591–598, 2020, doi: 10.4014/JMB.2002.02052. 

[41] S. A. Rasool, F. Mirza, H. Waheed, and M. Munir, “Probiotics as Human Health Promoters,” RADS J. Biol. 
Res. Appl. Sci., vol. 9, no. 2, pp. 102–105, 2018, doi: 10.37962/jbas.v9i2.152. 

 

https://www.sciencedirect.com/science/article/pii/S0740002017306755
https://www.sciencedirect.com/science/article/pii/S0740002017306755
https://www.sciencedirect.com/science/article/pii/S0740002017306755
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2014.00766
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2014.00766
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2014.00766
https://cdnsciencepub.com/doi/abs/10.1139/cjm-2016-0186
https://cdnsciencepub.com/doi/abs/10.1139/cjm-2016-0186
https://cdnsciencepub.com/doi/abs/10.1139/cjm-2016-0186
https://jurnalpenyuluhan.ipb.ac.id/index.php/mediapeternakan/article/view/7732
https://jurnalpenyuluhan.ipb.ac.id/index.php/mediapeternakan/article/view/7732
http://eprints.go2submission.com/id/eprint/830/
http://eprints.go2submission.com/id/eprint/830/
http://eprints.go2submission.com/id/eprint/830/
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00396/full
https://www.frontiersin.org/articles/10.3389/fmicb.2013.00396/full
https://www.researchgate.net/profile/Mohammed-Sayeed-2/publication/326680584_Antimicrobial_activities_of_isolated_probiotics_and_their_metabolites_against_some_pathogenic_microorganisms/links/5bea699b92851c6b27ba5097/Antimicrobial-activities-of-isolated-probiotics-and-their-metabolites-against-some-pathogenic-microorganisms.pdf
https://www.researchgate.net/profile/Mohammed-Sayeed-2/publication/326680584_Antimicrobial_activities_of_isolated_probiotics_and_their_metabolites_against_some_pathogenic_microorganisms/links/5bea699b92851c6b27ba5097/Antimicrobial-activities-of-isolated-probiotics-and-their-metabolites-against-some-pathogenic-microorganisms.pdf
https://link.springer.com/article/10.1007/s12602-021-09783-7
https://link.springer.com/article/10.1007/s12602-021-09783-7
https://link.springer.com/article/10.1007/s12602-021-09783-7
https://www.nature.com/articles/s41598-017-02008-4
https://www.nature.com/articles/s41598-017-02008-4
https://www.nature.com/articles/s41598-017-02008-4
https://www.mdpi.com/2305-6320/3/3/19
https://www.mdpi.com/2305-6320/3/3/19
https://www.mdpi.com/2305-6320/3/3/19
https://www.mdpi.com/2311-5637/7/3/123
https://www.mdpi.com/2311-5637/7/3/123
https://www.hindawi.com/journals/jfq/2022/8586843/
https://www.hindawi.com/journals/jfq/2022/8586843/
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.00477
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2019.00477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9728282/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9728282/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9728282/
http://www.jbas.juw.edu.pk/index.php/JBAS/article/view/152
http://www.jbas.juw.edu.pk/index.php/JBAS/article/view/152

