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ABSTRACT 
 

The study aimed to evaluate the hypoglycemic activity of lactic acid bacteria isolated from the 
medicinal plants possessing antioxidant and hypoglycemic properties growing in Uzbekistan and 
analyze their prоbiotic properties. 
Four plant isolates of lactic acid bacteria (LAB) and three commercial strains were used in the 
study. Alimentary hyperglycemia was induced in white outbred rats, and glucose level was 
measured before and after treatment with lactic acid bacteria according to the experiment scheme 
using an intraperitoneal glucose tolerance test. 
The investigation was shown that strains of Lactobacillus kunkeei 1, L. рlantarum TK1, L. 
рlantarum KA3, Enterococcus faecium effectively reduce postprandial hyperglycemia in rats. 
Moreover, evaluation of their probiotic properties: sensitivity to antibiotics, simulated gastric juice, 
simulated juice of small intestine, bile, and elevated concentration of sodium chloride, 
demonstrated that the strains Enterococcus faecium 1, Lactobacillus kunkeei 1, L. рlantarum TK1, 
L. рlantarum KA3 meet the criteria for probiotics.  
These strains could be considered promising candidates for the preparation of probiotic 
preparations intended not only to correct gut microbiota but also to maintain normal blood glucose 
levels. 

Review Article 
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1. INTRODUCTION  
 
It is known that diabetes is a common metabolic 
disease, occurs when the pancreas does not 
produce enough insulin (the hormone that 
regulates blood glucose) or when the body does 
not respond to the insulin produced [1]. In the 
last decades, the incidence of diabetes has been 
steadily increasing, and it was 451 million 
patients in 2017 [2]. Five million people died from 
diabetes this year [3]. 
 
Diabetes can damage blood vessels, eyes, 
kidneys, and nerves, significantly increase the 
risk of heart disease and stroke [4], are a 
significant economic and social problem. Type 2 
Diabetes Mellitus (T2DM) is characterized by an 
increase in fasting blood glucose (FBG) and 
glycosylated hemoglobin (HbA1c), which 
indicates impaired glucose metabolism [5]. 
Although there are many antidiabetic drugs, the 
therapies for this pathology are not perfect. Most 
people with diabetes follow a lifestyle and diet 
plan to improve the effectiveness of their 
treatment, and for the most part, they prefer 
using natural medicines and traditional therapies. 
There is a large amount of evidence that the 
intestinal microflora composition is associated 
with the development of T2DM [6]. A close 
interaction was shown between T2DM and 
compositional changes in the gastrointestinal 
tract (GIT) microbiota, with a relative decrease in 
the number of Firmicutes and an increased 
concentration of Bacteroidetes and 
Proteobacteria in patients with T2DM [7, 8]. 
Recent studies demonstrate that some strains of 
lactic acid bacteria of the species Lactobacillus 
rhamnosus, L. plantarum, L. gasseri, along with 
probiotic properties, have both the ability to lower 
blood glucose levels and antioxidant properties 
and have great potential for the treatment of type 
2 diabetes [9, 10, 11].  
 
According to WHO, in Uzbekistan, 8.7% of the 
population suffers from diabetes mellitus, and 2% 
of the total number of deaths is caused by 
diabetes mellitus [12]. Probiotic preparations 
from local microorganisms on the Uzbek market 
have not been previously studied, hypoglycemic 
agents. Taking into consideration that 
microorganisms isolated from the geographical 
area in which they will be used, have a 
competitive advantage over other “foreign” 
representatives [13], the study of the ability of 
local strains of bacteria to reduce blood glucose 

levels will allow the selection of effective strains 
which, along with the probiotic properties will 
possess the ability to maintain normal blood 
glucose levels. 
 
The aim of this research is to study the 
hypoglycemic activity and probiotic properties of 
lactic acid bacteria isolated from local flora and 
commercial preparations. 
 

2. MATERIALS AND METHODS 
 

2.1 Microorganisms 
 
The Lactobacillus plantarum TK1 strain isolated 
from Jerusalem artichoke root; the strain of 
Lactobacillus plantarum MAL, isolated from 
flowers of low mallow (Málva neglecta); 
Lactobacillus kunkeei 1, isolated from dandelion 
flowers (Taraxacum officinale); Lactobacillus 
plantarum KA3, isolated from the leaves of the 
Ayuga Turkestanica; Lactobacillus rhamnosus D, 
Enterococcus durans 1 and Enterococcus 
faecium 1, containing in the commercial 
preparations Lactobacterin and Bifidumbacterin 
PL have been used in the study. 
Plants used for the isolation of lactic acid 
bacteria were selected based on known 
antioxidant and hypoglycemic properties. De 
Mann, Rogosa, Sharp (MRS) medium (HiMedia) 
was used for isolation, purification, and growth of 
lactobacilli. All strains were stored in the freeze 
stock of the Laboratory. The dried culture was 
restored by double culture in MRS broth to study 
the microbial properties, and a suspension 
containing 109 CFU / ml was used [13]. 
 

2.2 Determination of Hypoglycemic 
Activity 

 
Healthy 115 white outbred rats (both sexes) 
weighing 150-180 g were used for the 
experiments. They were quarantined for at least 
10-14 days [14, 15] and divided into 23 groups, 
each containing five animals (Table 1). The study 
of the hypoglycemic activity of the samples 
(preparations) was carried out using an 
intraperitoneal glucose tolerance test [16]. 
Briefly, 30 minutes after the administration of the 
tested bacterial suspension to the groups No 1-
23, the animals of all groups (except for the intact 
one) were injected with glucose in the form of an 
8% solution, at a dose of 2 g / kg (5 ml / 200 g). 
Fifteen minutes after the glucose injection in all 



 
 
 
 

Amirsaidova et al.; JPRI, 33(60B): 445-457, 2021; Article no.JPRI.79979 
 
 

 
447 

 

animals in ether anesthesia (ether was 
administered by inhalation), blood was taken 
from the cardiac region. The criterion for 
assessing the pharmacological activity was the 
normalization of blood glucose levels. 
 
The blood was placed in a serological tube 
without anticoagulant and centrifuged at 3000 
rpm for 10 minutes for the glucose concentration 
measure. Next, the concentration of glucose in 
the obtained serum was determined on a 
biochemical analyzer "HUMALYZERPrimus" 
(semi-automatic), manufactured by "Human 
GmbH" (Germany), with metrological 
characteristics: 340, 405, 500, 546, 620 nm, 
reagent consumption 400 μl. 
 

2.3 Study of the Probiotic Properties of 
Strains 

 

2.3.1 Determination of antagonistic activity 
 

The antagonistic properties of the studied 
cultures were determined by the method of spots 
on agar [17]. Briefly, the dots of test strains were 
grown on the surface of the MRS agar and 
covered with the second layer of the soft agar 
containing 10

7
 CFU/ml of the indicator strain. The 

plates were incubated for 24 hours at 37
o
C. The 

presence of the clear zones around the test 
strain dot was indicative of antagonistic activity. 
 
Opportunistic and pathogenic strains C. freundii, 
002801/27, Pseudomonas aeruginosa 
003841/114, Serratia marcescens 367, Listeria 
monocytogenes ATCC 1911, Escherichia coli 
002673/477, Candida albicans, Enterococcus -
46, B. subtilis, S. aureus D8 were used as an 
indicator. All indicator strains were stored at + 4 ° 
C onto nutrient agar slant. Before the 
experiment, the test cultures were renewed two 
times in meat-peptone broth (BCH) (HiMedia, 
India) and incubated at 37°C for 24 hours. 
 
2.3.2 Determination of bile and different 

concentrations of NaCl tolerance in the 
environment 

 

The bile tolerance of bacteria, their ability to grow 
at increased concentrations of sodium chloride 
were determined according to the Guidelines 
4.2.2602-10. [18]. Briefly, 1 ml of 109 CFU/ml 
suspension of the tested culture was added to 
the growth medium containing 0,2; 0,3; 0,4 and 
0,6% of ox bile (HiMedia) and 2; 4; 6,5% of NaCl. 
After incubation at 37oC for 24 hours, the 
number of viable cells was measured by serial 
dilution assay. 
 

Table 1. Hypoglycemic activity tests experimental groups 
 

No Group No Microbe tested Dose  
(mg/kg) 

Volume taken 
(ml/200g) 

1 Intact group animals without test modeling   
2 Control group animals with test modeling, but without 

exposure to the drug 
  

3 No. 1 Lactobacillus kunkeei1 500 1 
4 No. 2 Lactobacillus kunkeei1 1000 2 
5 No. 3 Lactobacillus kunkeei1 1500 3 
6 No. 4 Lactobacillus plantarum TK1 500 1 
7 No. 5 Lactobacillus plantarum TK1 1000 2 
8 No. 6 Lactobacillus plantarum TK1 1500 3 
9 No. 7 Lactobacillus plantarum KA3 500 1 
10 No. 8 Lactobacillus plantarum KA3 1000 2 
11 No. 9 Lactobacillus plantarum KA3 1500 3 
12 No. 10 Enterococcus faecium 1 500 1 
13 No. 11 Enterococcus faecium 1 1000 2 
14 No. 12 Enterococcus faecium 1 1500 3 
15 No. 13 Lactobacillus plantarum MAL 500 1 
16 No. 14 Lactobacillus plantarum MAL 1000 2 
17 No. 15 Lactobacillus plantarum MAL 1500 3 
18 No. 16 Enterococcus durans 1 500 1 
19 No. 17 Enterococcus durans 1 1000 2 
20 No. 18 Enterococcus durans 1 1500 3 
21 No. 19 Lactobacillus rhamnosus D 500 1 
22 No. 20 Lactobacillus rhamnosus D 1000 2 
23 No. 21 Lactobacillus rhamnosus D 1500 3 
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2.3.3 Study of resistance to gastric juice and 
small intestine juice 

 
Survival in the presence of simulated gastric 
juice and simulated small intestine juice was 
studied according to the method described by 
B.M. Corcoran et al. [19]. The simulated gastric 
juice with pH=2 and simulated intestinal juice 
with pH=8 were prepared according to Cunha et 
al. [20]. 1 ml of test culture suspension 
containing 109 CFU/ml was added to the 9 ml of 
simulated juice, and viable cells number was 
determined in 30; 60; 90 min for gastric juice and 
in 1; 2 and 3 hours for intestinal juice by serial 
dilution assay. 
 

2.4 Study of Physiological and 
Biochemical Properties of Strains 

 
The test for catalase activity for the production of 
lecithinase, hemolysin, gelatinase, and amylase 
was carried out according to Guidelines for 
preclinical study for selection, verification, and 
storage of industrial strains used in the 
production of probiotics [17]. 

3. RESULTS  
 
3.1 Evaluation of the Hypoglycemic Activity 

of Microorganisms in the Model of 
Alimentary Hyperglycemia in Rats 

 
As a result of intraperitoneal administration of 
glucose in animals, a significant increase in 
glucose level in the blood serum was observed, 
which was a sign of hyperglycemia. However, the 
preventive intake of different strains of lactobacilli 
leads to a decrease in glucose levels (Table 2). 
 

3.2 Probiotic Properties 
 
Probiotic properties ensure the survival of 
microorganisms in the gastrointestinal tract and 
their beneficial effect on the host organism. For 
the probiotic properties characterization, isolates 
with the most pronounced hypoglycemic 
properties were selected, and their antagonistic 
activity, resistance to bile, gastric juice, small 
intestinal juice, and NaCl were studied. 
 

Table 2. Hypoglycemic effect of lactobacilli 
 

Tested strain Decrease in glucose level comparing to the control group 

500 mg / kg 1000 mg / kg 1500 mg / kg 

Lactobacillus kunkeei 67.14% 77.36% 67.76% 
Lactobacillus plantarum TK1 76.81% 79.63% 75.96% 
Lactobacillus plantarum KA3 74.71% 74.36% 76.55% 
Enterococcus faecium 1 76.75% 76.51% 72.09% 
Lactobacillus plantarum MAL 14.08% 26.79% 43.31% 
Enterococcus durans 1 28.87% 33.70% 37.13% 
Lactobacillus rhamnosus D 54.17% 58.57% 44.60% 

 

Hypoglycemic effect of bacteria in vivo 

 
 

Fig. 1. The blood glucose level (mMol/ml) in rats with alimentary hyperglycemia after 
preventive treatment with different concentrations of lactobacilli 
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Table 3. Antagonistic activity 
 

Investigated isolate 
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Lactobacillus plantarumТК1 30±0.3 34±0.24 35±0.20 26±0.22 36±0.23 34±0.24 30±0.3 30±0.2 20±0.3 34±0.2 
Lactobacillus plantarumКА3 28±0.2 30±0.6 44±0.4 34±0.2 38±0.22 34±0.6 35±0.5 36±0.4 25±0.3 35±0.2 
Enterococcus faecium 1 12±0,25 34±0,1 40±0,35 18±0,4 30±0,3 19±0,5 31±0,1 18±0,1 34±0,2 18±0,3 
Lactobacillus kunkeei1 14±0,3 30±0,22 28±0,1 16±0,5 25±0,2 17±0,4 30±0,3 14±0,3 38±0,2 14±0,5 
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3.2.1 Antagonistic activity of strains against 
conditionally pathogenic 
microorganisms 

 
The antagonistic activity of Lactobacillus kunkeei 
1, Enterococcus faecium 1, Lactobacillus 
plantarum TK1, Lactobacillus plantarum KA3 
against ten cultures of pathogenic and 
opportunistic microorganisms was studied. 
 
The studied isolates showed high antagonistic 
activity against Serratia marcescens 367 (the 

diameter of growth inhibition for the antagonistic 
strains ranges from 44 to 28 mm), E. coli 
002673/477 (from 38 to 25 mm), Pseudomonas 
aeruginosa 003841/114 (from 34 to 30 mm), B. 
subtilis (from 38 up to 20mm), E. faecalis (from 
30 to 35mm), Listeria monocytogenes ATCC 
1911 (from 34 to 16mm). The strains also 
effectively suppressed the growth of the clinical 
isolate S. aureus D8 (from 35 to 14 mm), S. 
aureus 003594 / wood 46 (from 36 to 14 mm). All 
tested strains exhibited antimicrobial activity 
against all indicator cultures (Table 3). 

 
3.2.2 Resistant to various concentrations of bile. All studied strains showed resistance to the 

presence of 0.6% bile. The number of living cells was at least 10
9
 for all studied cultures. 

 
Table 4. Resistance to various concentrations of bile 

 

Culture Control Concentration of bile 

0,2% 0,3% 0,4% 0,6% 

Enterococcus faecium 1 10
9 

1,0 x10
10 

4 x10
9

 2 x10
9

 
2 x10

9
 

Lactobacillus kunkeei 1 10
9
 1,0 x10

10
 1,3 x10

9

 1,0 x10
9

 1,0 x10
9

 
Lactobacillus plantarum ТК1 10

9
 2х10

9
 2х10

9
 2х10

9
 1х10

9 

Lactobacillus plantarum КА3 10
9
 5х10

9
 3х10

9
 3х10

9
 1х10

9 

 

 
 

Fig. 2. Resistance to various concentrations of bile 
 

Table 5. Resistance to simulated gastric juice and the juice of the small intestine 
 

Culture Control рН-2 рН-8 

0 
min* 

30 min 60 
min 

90 
min 

0 h* 1 h 2 h 3 h 

Enterococcus 
faecium1 

1 х10
9
 1 x10

9
 3x10

5
 2x10

5
 1x10

4
 1 x10

9
 2 x10

9
 1 x10

9
 1x10

9
 

Lactobacillus  
kunkeei1 

7 х10
9
 4 x10

9
 3х10

7 
2x10

6
 2x10

2
 6 x10

8
 5x10

8
 5 x10

8
 1 x10

8
 

Lactobacillus 
plantarum ТК1 

8 x10
9

 2 x10
6
 4 x10

4
 3 x10

3
 5 x10

1 
6x10

9
 5x10

9
 2,5x10

9
 1 x10

9
 

Lactobacillus 
plantarum КА3 

1,1 х10
10

 4x10
7
 2x10

4

 2x10
2

 1х10
1 

2x10
9

 2х10
9 

2x10
9 

1x10
9
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3.2.3 Resistance of the studied isolates to 
simulated gastric juice (pH 2.0) and 
simulated small intestine juice (pH 8.0) 

 

The survival rate of lactic acid bacteria at pH 3.0 
for 2 hours and with a bile content of 1 g / l 
(0.1%) are optimal for probiotic cultures. 
Moreover, the transit time of food through the 
stomach is 90 minutes [21]. Considering these 
physiological characteristics of the organism, we 
established the duration of the treatment of 
cultures with simulated gastric juice. 
 

The investigation of the resistance of 
Lactobacillus plantarum KA3, Lactobacillus 
plantarum TK1, Enterococcus faecium 1, and 
Lactobacillus kunkeei 1 isolate to simulated 

gastric juice with a pH 2.0 showed that the 
studied bacteria exhibit different sensitivity. 
 
Among the cultures studied, resistance to 
simulated gastric juice was observed in all 
isolates, where the cells remained viable after 90 
minutes of co-cultivation. 
 
When studying the survival of the studied 
isolates under the influence of simulated small 
intestine juice with a pH value of 8, all strains of 
Enterococcus faecium 1, Lactobacillus kunkeei 1, 
Lactobacillus plantarum TK1, Lactobacillus 
plantarum KA3 showed high resistance. After 3 h 
hours, the number of living cells was 1x10

9
, 

1x10
8
, and 1x10

9
, respectively. 

 

 
 

Fig. 3. Resistance to the simulated gastric juice 
 

 
 

Fig. 4. Resistance to the simulated juice of the small intestine 
 



 
 
 
 

Amirsaidova et al.; JPRI, 33(60B): 445-457, 2021; Article no.JPRI.79979 
 
 

 
452 

 

Table 6. Survival of isolates in the presence of different concentrations of NaCl 
 

Isolate NaCl concentration in MRS medium 

0% 2% 4% 6.5% 

Lactobacillus plantarum ТК1 3х10
10

 1х10
10

 5х10
9
 2х10

9
 

Lactobacillus plantarum КА3 2,5x10
10

 1,3x10
10 

1,4x10
10

 1x10
10

 

Enterococcus faecium 1 2x10
9

 1x10
9

 1x10
9

 1x10
9

 
Lactobacillus kunkeei 1 7x10

9

 1,4x10
9
 1x10

9
 1x10

9
 

 

 
 

Fig. 5. Survival of isolates in the presence of different concentrations of NaCl 
 
All the studied strains proved to be resistant to 
both simulated gastric juice and small intestine 
juice, ensuring their survival under stressful 
conditions during the gastric passage. 
 
3.2.3 Resistance of strains to various 

concentrations of NaCl 
 
The results showed that all cultures are resistant 
to 2%, 4%, and 6.5% NaCl in the medium, with 
an increase in salt concentration to 6.5%, the 
cells number did not fall below 10

9
. In the case of 

Enterococcus faecium 1, Lactobacillus kunkeei 1, 
and Lactobacillus plantarum KA3, the number of 
viable cells at a salt concentration of 6.5% did 
not differ from the initial one; in Lactobacillus 
plantarum TK1, it decreased by 1 log. 
 
All studied cultures showed resistance to the 
presence of 6.5% salt in the medium, which 
indicates their stability during the production 
process. 
 

3.3 Physiological and Biochemical 
Properties of Strains 

 

In the cultivation process, microorganisms 
secrete various proteolytic enzymes into the 

external environment, which can be divided 
conditionally into two groups: the first group 
should include enzymes that take part in the 
metabolism of microorganisms (respiration, 
nutrition). They break down carbohydrates, 
proteins, peptides, amino acids, resulting in the 
formation of food and metabolic products easily 
digestible by microorganisms - acids, peroxides, 
indole, hydrogen sulfide, etc. The second group 
should include enzymes related to pathogenic 
factors (hyaluronidase, fibrinolysin, plasma 
coagulase, hemolysin, lecithinase C, lysozyme) 
neuraminidase) [18]. To determine the absence 
of synthesis of enzymes that are virulence 
factors, we studied catalase, lecithinase, and 
hemolytic activity. 

 
 Catalase activity. All studied isolates are 

catalase-negative. 

 Lecithinase production test. None of the 
studied strains showed the ability to 
produce lecithinase. 

 Hemolysin test. The studied isolates: 
Lactobacillus plantarum TK1, 
Lactobacillus plantarum KA3, 
Enterococcus faecium 1, Lactobacillus 
kunkeei 1 do not produce hemolysins. 
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3.4 Enzymes Involved in Metabolism 
 
Gelatinase production test. The investigated 
strains do not thin the gelatinous medium. 
 
Amylase production test. Amylase production is 
judged by forming transparent hydrolysis zones 
around crops in potato agar. The results showed 
that the cultures of Enterococcus faecium 1, 
Lactobacillus kunkeei 1 produce amylase. 
Lactobacillus plantarum KA3 and Lactobacillus 
plantarum TK1 did not give clear zones of starch 
hydrolysis around the inoculation on potato agar. 
 
All studied cultures showed the absence of 
pathogenic factors. 
 

4. DISCUSSION 
 
Diabetes is a metabolic disease characterized by 
hyperglycemia, which strongly affects both the 
patient's health as well as the socio-economic 
development of the country. As of today, there 
are no cures for diabetes. The high cost and side 
effects of hypoglycemic drugs and the increasing 
number of diabetics have led to finding 
alternative, natural treatments. The mechanisms 
of action of the drugs currently used are as 
follows: a decrease in the flow of glucose into the 
blood (α-glucosidase inhibitors and biguanide); 
an increase in the amount of insulin (insulin and 
sulfonylurea injections), and an increase in 
insulin sensitivity (glucagon-like peptide-1, GLP-
1) [21]. 
 
It is known that the consumption of probiotics can 
lead to a decrease in hyperglycemia. These 
results were obtained when studying the 
antidiabetic effect of lactic acid bacteria 
Lactobacillus reuterii GMNL-263 [22], 
Lactobacillus rhamnosus CCFV0528 [21], L. 
rhamnosus NCDC17 [23], L.casei CCFM419 
[24].  
 
It is also proved that potential beneficial 
microbes, when isolated from the local source, 
would be more resistant to particular spices and 
herbs and have an advantage over other 
currently available probiotics in terms of stability, 
viability, and ultimately functionality after 
consumption [25]. In this regard, we have 
devoted work to determining the hypoglycemic 
effect of 7 strains isolated from local sources to 
study their probiotic potential. Some studied 
strains are already used in the composition of 
probiotic preparations produced in Uzbekistan 
(Enterococcus durans, Enterococcus faecium), 

others were isolated and studied by us in the 
framework of early experiments - Lactobacillus 
plantarum mal [26], and still others were isolated 
for the first time from medicinal plants 
possessing antioxidant and hypoglycemic 
properties (Lactobacillus kunkeei, L. plantarum 
TK1, L. plantarum KA3, Lactobacillus rhamnosus 
D). The ability of these microorganisms to lower 
blood glucose levels has been studied for the 
first time. 
 
Our experiment studied the effect of a single 
dose of live bacteria cells on postprandial 
hyperglycemia in a model of alimentary 
hyperglycemia in rats. As a result, it was found 
that strains Lactobacillus kunkeei 1, L. plantarum 
TK1, L. plantarum KA3, Enterococcus faecium 1 
have a robust hypoglycemic effect; when 
administered to rats, a decrease in blood glucose 
levels to the level of intact rats (100%) was 
observed. A moderate effect was observed with 
the introduction of Lactobacillus rhmanosus D 
(58.57%) and relatively low - in Lactobacillus 
plantarum MAL and Enterococcus durans 
(43.31% and 37.13%, respectively). Most lactic 
acid bacteria use glucose as a food source. 
Therefore, we assume that the studied lactic acid 
bacteria reduce postprandial blood glucose by 
suppressing glucose adsorption due to its 
utilization. This assumption is also confirmed by 
the results obtained by Tabuchi et al. [27]. 
 
The degree of glucose reduction varied slightly 
depending on the dose; however, a significant 
difference was observed between the effects of 
different strains. That indicates that not all lactic 
acid bacteria exhibit the antidiabetic effect, which 
is strain-dependent. The same conclusion was 
made when the different effects on blood glucose 
were found in L. Rhamnosus, and L. Bulgaricus 
strains in the work of Honda et al. [28]. 
 
Our study used the L. kunkeei strain, which had 
not previously been isolated in Uzbekistan. The 
isolate is isolated from the medicinal plant 
Taraxacum officinale, which has medicinal 
properties such as antioxidant activity, lowering 
cholesterol, and regulating blood sugar levels. L. 
kunkeei was firstly isolated from fermented wine 
and identified as a new species based on the 
16SrRNA gene sequence in 1998 [29], and later 
the species was characterized as fructophilic 
lactic acid bacteria [29]. The properties of 
representatives of the species L. kunkeei are 
poorly studied, antidiabetic properties are shown 
in this study for the first time, and it is not 
previously used in commercial preparations. 
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The aim of screening the hypoglycemic 
properties of lactic acid bacteria was to elaborate 
the probiotic preparations to help keep the 
average glucose level in the blood. Although 
lactic acid bacteria have a GRAS (generally 
recognized as safe) status, not all could be 
considered probiotics. In order to claim that a 
bacterial strain is a potential probiotic, the 
FAO/WHO [30] has established guidelines with 
safety and functional criteria. They include 
antagonistic activity and strain behavior under 
conditions that mimic the GIT. That allows a 
selection of strains likely to survive such 
conditions, further investigating their potential as 
probiotic cultures.  
 
We analyzed these probiotic properties of the 
isolates, which demonstrated hypoglycemic 
activity. Strains showed good adaptation to bile, 
intestinal juice at pH=8 and NaCl, and moderate 
to low gastric juice tolerance. E. faecium and L. 
kunkeei were able better survive simulated 
stomach juice (2x10

5
 and 2x10

6
 in 1 hour) rather 

than L. plantarum TK1 and L. plantarum KA3 
(4x10

4
 and 2x10

4
 in 30 min). A strain-dependent 

tolerance to conditions similar to those found in 
the GIT was also observed in L. plantarum 
strains isolated from Bulgarian cheeses [31] and 
Fiore Sardo cheese [32].  
 
Safety assessment must also include the lack of 
harmful activities, such as catalase, gelatinase, 
and hemolysin activity. Hemolysis is a common 
virulence factor among pathogens, facilitating 
iron availability to the microorganism and causing 
anemia and edema in the host [33]. Iron is a 
micronutrient that acts as a cofactor for several 
enzymes and is thus required for the growth of 
these microorganisms [34]. Lactobacilli can grow 
without iron, giving them an advantage in the 
natural environment, in competition with 
pathogenic bacteria [35]. However, some studies 
[36, 37] have shown lactobacilli strains with 
hemolytic activity. The hemolytic activity was not 
detected in the four tested strains in our study.  
 
These results agree with those found by Cunha 
et al. [20], who also detected no hemolytic 
activity in 30 Lactobacilli strains isolated from the 
stools of a Brazilian newborn infant. Similarly, 
Krõll et al.46, did not detect hemolytic activity in 
93 lactobacilli strains isolated from Estonian and 
Swedish children (1–2 y old). 
 
Lactobacilli produce metabolites such as organic 
acids, fatty acids, hydrogen peroxide, and 
bacteriocins, which can inhibit the growth of 

pathogenic bacteria.65 In our study, four 
lactobacilli were assayed for antimicrobial activity 
against ten pathogenic bacteria. All of them 
exhibited strong antagonistic activity. The nature 
of this activity will be investigated in our further 
researches. These results are in agreement with 
Cunha et al. [20], Martin et al. [38-42], 
Maragkoudakis et al. [36] that also detected 
inhibitory activity of lactobacilli isolates. 
 
Considering the compliance of the isolate with 
the criteria of probiotic microorganisms (survival 
in SGS, the absence of pathogenic enzymes, 
and high antimicrobial activity (Tables 1, 3), it will 
be further investigated in the author’s 
laboratories to evaluate their other probiotic 
safety characteristics to be considered as a new 
probiotic strain with a set of valuable properties 
 

4. CONCLUSION 
 
According to the result of the research work, 
Lactobacillus kunkeei, L. Plantarum TK1, L. 
Plantarum KA3, Enterococcus faecium reduce 
postprandial hyperglycemia in rats, and the 
antidiabetic effect depends on the bacterial 
strain. 
 
The strains Enterococcus faecium 1, 
Lactobacillus kunkeei1, L. Plantarum TK1, L. 
Plantarum KA3, meet the criteria for probiotics 
and can be used to prepare probiotic 
preparations. 
 
The hypoglycemic properties of Lactobacillus 
kunkeei1, Enterococcus faecium1, L. plantarum 
TK1, L. plantarum KA3, together with their 
probiotic properties and the absence of virulent 
enzymes, makes it possible to consider them as 
promising candidates for the preparation of 
probiotic preparations intended not only to 
correct gut microbiota but also to maintain 
normal blood glucose levels. 
 

DISCLAIMER 
 

The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 



 
 
 
 

Amirsaidova et al.; JPRI, 33(60B): 445-457, 2021; Article no.JPRI.79979 
 
 

 
455 

 

CONSENT 
 
It is not applicable. 

 
ETHICAL APPROVAL 
 
It is not applicable. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Gavin III, James R. Report of the expert 
committee on the diagnosis and 
classification of diabetes mellitus. Diabetes 
care. 1997;20(7):1183-195. 

2. Rossi G. Association AD. Diagnosis and 
classification of diabetes mellitus. Diabetes 
Care. 2018;33(1):S62-S9. 

3. Cho NH, Shaw JE, Karuranga S, Huang Y, 
JD da Rocha Fernandes, Ohlrogge AW, 
Malanda B. IDF Diabetes Atlas:Global 
estimates of diabetes prevalence for 2017 
and projections for 2045. Diabetes 
Research and Clinical Practice. 
2018;138:271-81. 

4. Anastassios GP, Joseph L, Frank BH, 
Bess DH. The Role of Vitamin D and 
Calcium in Type 2 Diabetes. A Systematic 
Review and Meta-Analysis. The Journal of 
Clinical Endocrinology & Metabolism. 
2007;92(6):2017–029. 

5. DeFronzo AR. Pathogenesis of type 2 
diabetes mellitus. Med. Clin. Nam. 
2004;88:787-835 

6. Jun LH, Hui LL. Intestinal microbiota and 
type 2 diabetes:From mechanism insights 
to therapeutic perspective. World J. 
Gastroenterol. 2014;20:17737–45 

7. Vogensen FK, Vandenberg FWJ, Nielsen 
DS, Andreasen AS, Pedersen BK, Al-Soud 
WA, Sørensen SJ, Hansen LH, Jakobsen 
M. Gut microbiota in human adults with 
type 2 diabetes differs from non-diabetic 
adults. PLoS ONE. 2010;5:e9085.  

8. Hulston CJ, Churnside AA, Venables MC. 
Probiotic supplementation prevents high-
fat, overfeeding-induced insulin resistance 
in human subjects. Br. J. Nutr. 
2015;113:596–602.  

9. Kayoko H, Mihoko M, Naoko U, Fang H, 

Naotaka H. Anti-diabetic effects of lactic 
acid bacteria in normal and type 2 diabetic 
mice. J. Clin. Biochem. Nutr. 2012; 
51(2):96–101. 

10.  Li X, Wang N, Yin B, Fang D, Jiang T, 
Fang S, Zhao J, Zhang H, Wang G, Chen 
W. Effects of Lactobacillus plantarum 
CCFM0236 on hyperglycaemia and insulin 
resistance in high-fat and streptozotocin-
induced type 2 diabetic mice. J Appl. 
Microbiol. 2016;121(6):1727-36. 

11.  Yun SI, Park HO, Kang JH. Effect of 
Lactobacillus gasseri BNR17 on blood 
glucose levels and body weight in a mouse 
model of type 2 diabetes. Journal of 
Applied Microbiology. 2009;107:1681–86. 

12. World Health Organization - Diabetes 
profiles in countries, 2016.  

13. Masharova AA, Danilevskaya NN. Modern 
criteria for choosing an effective probiotic 
therapy. Medical advice. 2018;12:52-9. 
Russia. 

14. Le W, Qingyao Sh, Wenxuan G, Xiaoli W, 
Lingwei, Lan W, Tingtao Ch. Evaluation of 
the hypoglycemic effect of probiotics via 
directly consuming glucose in intestines of 
STZ-induced diabetic mice and glucose 
waterinduced diabetic mice. Journal of 
Functional Foods. 2020;64:103614. 

15.  Khabrieva RU. Guidelines for 
experimental (preclinical) study of new 
pharmacological substances. 2nd ed. Rev. 
And add. Moscow:JSC Publishing House 
Medicine; 2005. 

16. Mironov AN. Guidelines for conducting 
preclinical and drug follow-up. Part one. 
Moscow:Grif and K; 2012. 

17.  Stefanov AV. Preclinical studies of drugs 
(guidelines). Kiev:Avicena; 2002. 

18.  Khay E, Idaomar M, Miguel L, Castro P, 
Bernardez PF. Antimicrobial activities of 
the bacteriocin-like substances produced 
by lactic acid bacteria isolated from 
Moroccan dromedary milk. African Journal 
of Biotechnology. 2011;10 (51). 

19. MUK 4.2.2602-10 System of pre-
registration preclinical study of drug safety. 
Selection, verification and storage of 
industrial strains used in the production of 
probiotics. 

20. Cunha LR, Célia LL, Ferreira F, Durmaz E, 
Goh YJ, Rosemary B, Dawes S, 
Klaenhammer TR. Сharacterization of 
Lactobacillus gasseri isolates from a 
breast-fed infant. Gut Microbes. 2012;3:15-



 
 
 
 

Amirsaidova et al.; JPRI, 33(60B): 445-457, 2021; Article no.JPRI.79979 
 
 

 
456 

 

24. 

21. Liong M, Shah N. Acid and bile tolerance 
and cholesterol removal ability of 
lactobacilli strains. Journal Dairy Science. 
2005;88. 

22. Corcoran BM, Ross RP, Fitzgerald GF, 
Stanton G. Comparative survival of 
probiotic lactobacilli spray-dried in 
presence of prebiotic substance. J. Appl. 
Microbiol. 2004;96:1024-39  

23. Kuller LH, Velentgas P, Barzilay J, et al. 
Diabetes mellitus:subclinical 
cardiovascular disease and risk of incident 
cardiovascular disease and all-cause 
mortality. Arterioscler Thromb Vasc Biol. 
2000;20:823-29.  

24. Hsieh FC, Lee CL, Chai CY, Chen WT, Lu 
YC, Wu CS. Oral administration of 
Lactobacillus reuteri GMNL-263 improves 
insulin resistance and ameliorates hepatic 
steatosis in high fructose-fed rats. Nutrition 
and Metabolism. 2013;10(1):35. 

25.  Chen P, Zhang Q, Dangetal H. Oral 
administration of Lactobacillus rhamnosus 
CCFM0528 improves glucose tolerance 
and cytokine secretion in high-fat-fed, 
streptozotocin induced type 2 diabetic 
mice. Journal of Functional Foods. 
2014;10:318-26. 

26.  Singh S, Sharma RK, Malhotra S, 
Pothuraju R, Shandilya UK. Lactobacillus 
rhamnosus NCDC17 ameliorate stype-2 
diabetes by improving gut function, 
oxidative stress and inflammation in high-
fat-diet fed and streptozotocin treated rats. 
Beneficial Microbes. 2017;8(2):243-55. 

27.  Wang G, Li X, Zhao J, Zhang H, Chen W. 
Lactobacillus casei CCFM419 attenuates 
type 2 diabetes via a gut microbiota 
dependent mechanism. Food&Function. 
2017;8(9):3155-64. 

28.  Sokhibnazarova KhA, Ibragimova ShN, 
Davurov AM, Akhmedova ZM, Miralimova 
ShM. Antagonistic activity of lactobacilli 
strains against clinical isolates of 
Staphylococcus sp. Infection, immunity 
and pharmacology. 2018; 5:108-15. 
Uzbek. 

29.  Sybesma W, Kort R, Lee YK. Locally 
sourced probiotics, the next opportunity for 
developing countries? Trends Biotechnol. 
2015;33(4):197-200. 

30. Food and Agriculture Organization of the 
United Nations and World Health 
Organization. Guidelines For The 

Evaluation Of Probiotics In Food And 
Agriculture Organization For The United 
Nations And World Health Organization 
Working Group Report, On Line 2002. 

31. Georgieva R, Iliev I, Chipeva VA, 
Dimitonova SP, Samelis J, Danova S. 
Identification and vitro characterization of 
Lactobacillus plantarum strains from 
artisanal Bulgarian white brined cheeses. 
J. Basic Microb. 2008;48:234-44. 

32. Pisano MB, Casula M, Corda A, Fadda 
ME, Depilano M, Casentino S. In vitro 
probiotic characteristics of Lactobacillus 
strains isolated from Fiore Sardo cheese. 
Ital. J. Food Sci. 2008;20:505-16. 

33. Vesterlund S, Vankerckhoven V, Saxelin 
M, Goossens H, Salminen S, Ouwehand 
AC. Safety assessment of Lactobacillus 
strains:presence of putative risk factors in 
faecal, blood and probiotic isolates. 
International Journal Food Microbiol. 
2007;116:325-31. 

34. Husain S. Effect of ferric iron on 
siderophore production and pyrene 
degradation by Pseudomonas fluorescens 
29L. Curr. Microbiol. 2008;57:331-34. 

35. Elli M, Zink R, Rytz A, Reniero R, Morelli L. 
Iron requirement of Lactobacillus spp. in 
completely chemically defined growth 
media. Journal Appl. Microbiol. 
2000;88:695-03. 

36. Maragkoudakis PA, Zoumpopoulou G, 
Miaris C, Kalantzopoulos G, Pot B, 
Tsakalidou E. Probiotic potential of 
Lactobacillus strains isolated from dairy 
products. Internation Dairy Journal. 2006; 
189-99. 

37. Baumgartner A, Kueffer M, Simmen A, 
Grand M. Relatedness of Lactobacillus 
rhamnosus strains isolated from clinical 
specimens and such from food-stuffs, 
humans and technology. Lebensmittel-
Wissenschaft und-Technologie 
1998;31:489-94. 

38. Martín R, Soberón N, Vaneechoutte M, 
Flórez AB, Vázquez F, Suárez JE. 
Characterization of indigenous vaginal 
lactobacilli from healthy women as 
probiotic candidates. Int Microbiol. 
2008;11:261-66. 

39. Tabuchi M, Morita H. Effect of 
administration of Lactobacillus GG on 
postprandial glucose levels in rats. Milk 
science. 2004;54:249-53. 

40. Kayoko H, Mihoko M, Naoko U, Fang H, 



 
 
 
 

Amirsaidova et al.; JPRI, 33(60B): 445-457, 2021; Article no.JPRI.79979 
 
 

 
457 

 

Naotaka H. Anti-diabetic effects of lactic 
acid bacteria in normal and type 2 diabetic 
mice. Journal of Clinical Biochemist. 
2012;51(2):96-101. 

41.  Edwards CG, Haag KM, Collins MD, 
Hutson RA, Huang YC. Lactobacillus 
kunkeei sp. nov.:a spoilage organism 
associated with grape juice fermentations. 

Journal Appl. Microbiol. 1998;84:698–02. 

42.  Akihito E, Tomohiro I, Yuka FE, Katsumi 
T, Maret dT, Sanae O, Leon MT. 
Characterization and emended description 
of Lactobacillus kunkeei as a fructophilic 
lactic acid bacterium Dicks. International 
Journal of Systematic and Evolutionary 
Microbiology. 2012;62:500–04 

 

© 2021 Amirsaidova et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0); which permits unrestricted use; distribution; and reproduction in any 
medium; provided the original work is properly cited.  
 
 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/79979 

http://creativecommons.org/licenses/by/2.0

