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Some lactic acid bacteria (LAB) are observed to be potential probiotics with functional properties such as lowering fasting blood
glucose (FBG), as a promising hyperglycemia management. This study investigated the ability and mechanism of Lactobacillus
rhamnosus BSL and Lactobacillus rhamnosus R23 on lowering FBG in diabetic rats induced by streptozotocin (STZ). The rats
were orally administered with L. rhamnosus BSL and L. rhamnosus R23 by giving 1mL cell suspension (109 CFU/mL) daily for
30 days. The body weight (BW) was recorded once in three days, and FBG was recorded once in six days. An oral glucose
tolerance test (OGTT) was measured 1 week after injection with STZ and before sacrifice. Fecal samples were collected on days 0,
15, and 30 for LAB population and identification, performed by PCR detecting 16S rRNA. Oral administration of L. rhamnosus
BSL and L. rhamnosus R23 decreased FBG and improved glucose tolerance via downregulation of glucose-6-phosphatase (G6pc)
expression by 0.57- and 0.60-fold change, respectively (P < 0:05). The lipid profiles, BUN, creatinine, SGOT, and SGPT were
significantly (P < 0:05) different between normal and diabetic rats, but they were not significantly (P > 0:05) different among
diabetic rats. Both strains were effective in increasing fecal LAB population. Molecular identification of the isolated LAB from fecal
sample indicated that they were able to survive and pass through the digestive tract. These results suggested that both strains have
the ability to manage blood glucose level and become a promising agent to manage hyperglycemia and diabetes.

1. Introduction

The number of type 2 diabetes mellitus (T2DM) patients
has been continuously increasing annually. In 2017, the
prevalence of T2DM keeps increasing around the world
with the number of 425 million and is predicted to reach
629 million in the year 2045 [1]. Diabetes mellitus is a met-
abolic disorder characterized by chronic hyperglycemia as a
result of damage to insulin production (type 1 diabetes
mellitus/T1DM) or insulin resistance (type 2 diabetes melli-

tus/T2DM) and results in abnormal carbohydrate, fat, and
protein metabolism [2].

Insulin resistance in T2DM causes various disruptions
on metabolism and regulation processes in the end causing
dysfunction of various organs including the kidney and liver.
Kidney disorder could be seen from the increase of blood
urea nitrogen (BUN) and creatinine [3], while liver dys-
function could be seen from the increase of serum glutamic-
oxaloacetic transaminase (SGOT) and serum glutamic-
pyruvic transaminase (SGPT) activities [4]. Some studies have
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indicated that T2DM is often associated with dyslipidemia
which is a risk factor causing cardiovascular diseases [5–8].
Recently, probiotic consumption is shown to decrease serum
liver enzymes [9, 10]. Previous studies have shown that some
probiotic bacteria had the ability to improve serum lipid
profiles [11–15]. However, there is limited elucidation on
its mechanism.

Hyperglycemia, as observed in T2DM, is associated with
increased hepatic glucose production caused by dysregulated
gluconeogenesis due to an increased activity of phosphoenol-
pyruvate carboxykinase (Pepck) and glucose-6-phosphatase
(G6pc) [16]. Pepck and G6pc are key enzymes in a gluconeo-
genesis process. Pepck is an enzyme that catalyzes the synthe-
sis of glucose-6-phosphate from noncarbohydrate precursors,
while G6pc catalyzes the dephosphorylation of glucose-6-
phosphate to glucose, and this reaction is the last reaction
step in gluconeogenesis [17]. Consumption of probiotics
has been reported to ameliorate hyperglycemia [18–24].
The probiotic mechanism on hyperglycemia has not yet been
fully understood. Some LAB species had been reported
as antidiabetic, such as Lactobacillus reuteri GMNL-263
[18], Lactobacillus rhamnosus CCFM0528 [19], L. rhamnosus
CCFM0412 [20], Lactobacillus brevis and Lactobacillus plan-
tarum 13 [21], L. rhamnosus NCDC17 [22], and Lactobacil-
lus casei CCFM419 [23, 24].

LAB strains isolated from indigenous resources had been
tested to have probiotic properties with beneficial function
to health. L. rhamnosus R23 isolated from human breast
milk has antidiarrheal properties [25] and a hypocholester-
olemic effect [26]. Research on probiotic utilization had
been done considerably; however, the important functional
characteristic of that isolate, which is antidiabetic, has not
been reported. The ability of LAB to reduce blood glucose
is supported by data that both strains are able to survive
and pass through the digestive tract. This research was
conducted to investigate the ability and clarify the under-
lying molecular mechanism of L. rhamnosus BSL and L.
rhamnosus R23 on improving blood glucose, serum lipid

profile, and renal and liver biomarkers in hyperglycemic
rats induced by STZ.

2. Materials and Methods

2.1. Preparation of Bacterial Cell Suspensions. L. rhamnosus
BSL and L. rhamnosus R23 were obtained from the Food
Microbiology Laboratory, Bogor Agricultural University,
Indonesia. They were cultured in deMan Rogosa Sharp broth
(MRSB) medium (Oxoid, United Kingdom) at 37°C for 18 h.
The bacterial cells were collected by centrifugation at 4000 g
(4°C) for 10min to remove the MRSB medium and resus-
pended in phosphate buffer (Sigma-Aldrich, USA) at a final
concentration of 109CFU/mL.

2.2. Animals and Experimental Design. Animal protocol
was approved by the Animal Ethics Committee of Bogor
Agricultural University, Indonesia (No. 70-2017 IPB). Male
Sprague-Dawley rats (n = 24) (body weight (BW) 60-90 g)
were obtained from the National Agency for Drug and Food
Control, Jakarta, Indonesia. The rats were maintained until
BW reached 200-250 g for 28 days and then acclimatized
for 7 days. During the acclimatization period, all rats were
administered with antibiotics (doxycycline 5mg/kg BW)
and anthelmintic for 3 days. Diabetic rats were prepared by
inducing (40mg/kg BW) with freshly prepared streptozoto-
cin (Sigma-Aldrich, St. Louis, USA) dissolved in 50mM
sodium citrate buffer (pH4.5), while normal rats received
sodium citrate buffer. Hyperglycemia was monitored two
times in one week (on the 3rd and 7th days) after injection
with STZ and confirmed by fasting blood glucose (FBG)
levels higher than 7mmol/L. The hyperglycemia rats were
then divided into three groups (n = 6) randomly—DM: dia-
betic control group (positive control), DM+BSL: STZ group
treated by L. rhamnosus BSL, and DM+R23: STZ group
treated by L. rhamnosus R23. Normal rats (N) were used as
the negative control. Experimental design is shown in Figure 1.
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Figure 1: Experimental design.
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All rats were given a standard diet (AIN-93M) [27]
and provided with water ad libitum. During 30 days of the
experimental period, the rats were kept under controlled
temperature (22°C ± 3°C). The rats were orally administered
with L. rhamnosus BSL (DM+BSL group) and L. rhamnosus
R23 (DM+R23 group) by giving 1mL of cell suspension
(109CFU/mL) daily for 30 days. The diabetic control group
(DM) received 1mL buffer phosphate. All groups were
conducted for an oral glucose tolerance test (OGTT) after
1-week injection with STZ (at day 0) and before sacrifice
(at day 30). Fecal samples were collected at days 0, 15, and
30 during the experimental period for total LAB enumera-
tion. The BW of each rat was measured every 3 days. Feed
consumption for each rat was determined every day. At the
end of experimental periods, rats were fasted overnight and
anesthetized by ketamine (80mg/kg BW) and xylazine
(5mg/kg BW). All rats were sacrificed, and the blood was col-
lected from cardiac puncture for measuring biochemical
analysis. The liver organ was collected for measuring Pepck
and G6pc gene expressions.

2.3. Biochemical Parameter Analysis. Blood samples were
centrifuged at 3000 g (5°C) for 15min to obtain serum.
The serum lipid profiles, consisting of total cholesterol
(TC), triglyceride (TG), and high-density lipoprotein choles-
terol (HDL-c), were quantified using commercial kits (ELI-
TechGroup, France). The low-density lipoprotein (LDL-c)
was calculated using Friedewald’s equation [28].

LDL − c = TC −HDL −
TG
5

� �
: ð1Þ

The atherogenic index (AI) was calculated as follows:

AI =
TC −HDLð Þ

HDL
: ð2Þ

Serum biomarkers of renal function include blood
urea nitrogen (BUN) and creatinine. BUN was determined
using BioMaxima SA kit (Lublin, Poland), while creatinine
was determined using EliTech kit (France). Serum bio-
markers of liver function include glutamic-oxaloacetic trans-
aminase (SGOT) and glutamic-pyruvic transaminase (SGPT)
determined using commercial kit (PT Rajawali Nusindo,
Indonesia).

2.4. Fasting Blood Glucose (FBG) and Oral Glucose Tolerance
Test (OGTT). FBG of each rats was measured once in six days
using a glucometer (Allmedicus, Korea) from the tail vein
after fasting overnight (approximately 12h). The OGTT
was performed in the beginning and before sacrifice during
experimental periods. Rats were orally administered with
a glucose solution at a dose of 2 g/kg BW after fasting over-
night. Blood glucose from the tail vein was monitored at 0,
15, 30, 60, 90, and 120min after glucose administration
using a glucometer. The glucose response curve was plot-
ted, and the area under the curve (AUC) was calculated
using a trapezoidal method.

2.5. Analysis of Pepck and G6pc Gene Expression. Total RNA
from 30mg of liver tissue from each rat was extracted using a
QIAamp RNA Blood Mini Kit (Qiagen, USA) according to
the manufacturer’s instructions. The RNA purity and con-
centration were measured by a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, USA). The RNA
was then diluted with nuclease-free water to final concentra-
tion equivalent to 200ng/20μL. The cDNA was synthesized
using QuantiTect Reverse Transcription Kit (Qiagen, USA).

Absolute quantification was performed using Quanti-
Tect® SYBR® green PCR kit (Qiagen, USA) and conducted
using the RT-qPCR Rotor-Gene Q (Qiagen). The reaction
mixture consisted of 12.5μL QuantiTect SYBR Green mas-
ter mix, 0.75μL forward primer (10μM), 0.75μL reverse
primer (10μM), and 9.0μL nuclease-free water which were
then homogenized. 2μL of cDNA sample was added to the
reaction mixture and run to PCR as follows: PCR initial
activation step at 95°C for 15min, followed by 40 cycles
of denaturation at 94°C for 15 sec, annealing at 59°C for
30 sec and extension at 72°C for 30 sec. An additional final
extension at 72°C for 3 sec was included before melting.
Primer sequences for the Pepck gene are as follows: forward
5′-GAC AAA TCC GAA CGC CAT TAA G-3′ (ID
99665939) and reverse 5′-TCG ATG CCT TCC CAG TAA
AC-3′ (ID 99665940). Primer sequences for the G6pc gene
are as follows: forward 5′-CTG GAG TCT TGT CAG GCA
TT-3′ (ID 99665937) and reverse 5′-CAG GAA GAA GGT
GAT GAC ACA G-3′ (ID 99665938). The standard curve
was constructed using serial dilutions of gBlocks®Gene Frag-
ments (ID 99666939) with concentrations of 10-1, 10-2, 10-3,
10-4, and 10-5 ng/25μL.

2.6. Enumeration of LAB in Fecal Sample Using Plate Count.
Fresh fecal samples from three rats per group were collected
on days 0, 15, and 30. Each sample was homogenized in ster-
ile buffer solution and made serial dilutions (10-1 to 10-10).
One mL of appropriate dilutions (10-6 to 10-8) was taken into
plates, than poured with MRS agar medium (Oxoid, United
Kingdom) supplemented with CaCO3 in duplicate. All plates
were incubated at 37°C for 48 hours. The number of colony
counting for LAB was expressed as log CFU/g fecal.

2.7. Isolation and Identification of LAB in Fecal Sample. LAB
was isolated from the fecal sample of the DM+BSL and DM+
R23 groups. Identification was done to confirm the survival
of LAB in the digestive tract. LAB isolates were grown in
MRS medium and incubated at 36°C for 24 h. Genomic
DNA was extracted using DNA mini kit (Qiagen, USA).
The amplification reaction was carried out in a PCR tube
containing 1μL DNA template, 5μL master mix, 0.25μL for-
ward primer 63F (5′-CAG GCC TAA CAC ATG CAA GTC-
3′), 0.25μL reverse primer 1387R (5′-GGG CGG AGT GTA
CAA GGC-3′), and 3.5μL of water (dd H2O). The amplifica-
tion by PCR (AB Applied Biosystems, USA) is as follows:
initial denaturation (94°C, 5min, 30 cycles), denaturation
(94°C, 30 minutes, 30 cycles), annealing (50°C, 1min, 30
cycles), extension (72°C, 2min, 30 cycles), final extension
(72°C, 5min), and cooling (25°C, 10min). The PCR product
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was purified using AccuPrep® purification kit (Bioneer,
Korea) according the manufacturer’s instructions.

The purified PCR product was then sequenced using the
Sanger method (ABI 3730 xl DNA analyzer) and analyzed
[29]. DNA sequences were edited ,and consensus sequences
were obtained using the BioEdit software package. Final
sequences were then aligned using Clustal X2 for each of
the sequences. The sequences of bacterial isolates of this
study were then compared to those in GenBank (National
Centre for Biotechnology Information; http://www.ncbi.nih
.gov/) using the Basic Local Alignment Search Tool (BLAST).
Phylogenetic tree was constructed using the neighbour join-
ing method with MEGA 7.

2.8. Statistical Analysis. The data obtained in this experiment
were presented as the mean ± standard deviation (SD). Data
was analyzed using one-way analysis of variance (ANOVA).
The differences between groups were further analyzed using
Duncan’s multiple range tests. All statistical significance
was accepted at P value < 0.05. Statistical analysis was per-
formed using SPSS® Statistics software Version 22.

3. Results

3.1. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
Feed Consumption and Body Weight in Experimental
Groups. The daily feed consumption of the N group was sig-
nificantly (P < 0:05) lower than the those of the DM, DM
+BSL, and DM+R23 groups, indicating all STZ-treated rats
show hyperphagia, a classic indicator of T2DM and hyper-
glycemia. All rats in the DM, DM+BSL, and DM+R23 groups
exhibited significantly (P < 0:05) lower final body weight and
weight change than the N groups (Table 1). The oral admin-
istration of L. rhamnosus BSL and L. rhamnosus R23 was
unable to prevent the decrease of body weight and weight
change in the DM+BSL and DM+R23 groups because of
insufficient glucose uptake by peripheral tissue; therefore,
cellular degradation occurs and is wasting.

3.2. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
FBG Changed in Experimental Groups. The FBG in the DM
group was significantly higher (P < 0:05) than that in the N
group during the experimental period. The administration
of L. rhamnosus BSL and L. rhamnosus R23 was observed
able to significantly reduce FBG (P < 0:05) in the DM+BSL
and DM+R23 groups compared to the N and DM groups.
However, the decline in FBG was not significantly different
(P > 0:05) between LAB-treated groups DM+BSL and DM+

R23 groups (Figure 2). These data indicated that gavage
administration of L. rhamnosus BSL and L. rhamnosus R23
reduce FBG and can be used for controlling blood glucose
in diabetic rats.

3.3. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
OGTT in Experimental Groups. At day 0, glucose tolerance
was impaired in the DM, DM+BSL, and DM+R23 groups,
which were showed by the AUC glucose values higher than
in the N group. There was a significant difference (P < 0:05)
on AUC glucose values between the N and diabetic groups,
but not significantly different (P > 0:05) among the diabetic
groups (Figure 3(b)). The oral administration of L. rhamno-
sus BSL and L. rhamnosus R23 for 30 days was significantly
decreased on AUC glucose values (P < 0:05) in the DM+
BSL and DM+R23 groups compared to the DM group
(Figure 3(d)). These data indicate the L. rhamnosus BSL
and L. rhamnosus R23 potential to improve glucose tolerance
in diabetic rats.

3.4. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
Serum Lipid Profile in Experimental Groups. There was a sig-
nificant (P < 0:05) increase in the serum level of TC, HDL-c,
LDL-c, and AI in all diabetic groups compared to the N

Table 1: Feed consumption and body weight in experimental groups.

Parameters N DM DM+ BSL DM+ R23
Feed consumption (g/day) 17:07 ± 1:36a 19:14 ± 0:79b 19:82 ± 0:32b 19:15 ± 0:75b

Initial body weight (g) 232 ± 15:11a 234 ± 12:08a 240 ± 18:92a 224 ± 23:80a

Final body weight (g) 290 ± 15:66b 222 ± 11:48a 228 ± 16:29a 212 ± 23:65a

Weight change (g) (+)58 ± 4:34b (-)12 ± 1:94a (-)12 ± 5:01a (-)12 ± 2:14a

The values are expressed as themeans ± SD (n = 6). Means within a row with different superscript letters are significantly different (P < 0:05). N = nondiabetic
control group; DM= diabetic control group;DM+ BSL = STZ treated with L. rhamnosus BSL;DM+ R23 = STZ treated with L. rhamnosus R23. (+) increased in
weight change; (-) decreased in weight change.
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group (Table 2). L. rhamnosus BSL and L. rhamnosus R23
administration was able to decrease TC in the diabetic
groups. There were no differences in the TG level among
the N and diabetic groups during the experimental period
(P > 0:05). Regarding HDL-c, there were significant
(P < 0:05) differences among the N and diabetic groups. All
diabetic groups showed a significant (P < 0:05) increase in
HDL-c, but they did not differ significantly from each other.

The administration of L. rhamnosus BSL and L. rhamno-
sus R23 had a significant (P < 0:05) decrease in the athero-
genic index (AI) which is responsible for use as a predictor
of cardiovascular diseases (CVD). The present study also
showed that L. rhamnosus BSL and L. rhamnosus R23 played
an important role to lower the risk of atherosclerosis by low-
ering the AI.

3.5. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
Renal and Liver Biomarker in Experimental Groups. Bio-

markers of renal function include blood urea nitrogen
(BUN) and creatinine. The abnormally high concentrations
of BUN and creatinine were consistent with the impaired
kidney function. In our present study, there was significant
(P < 0:05) increase in serum BUN in all diabetic groups when
compared to that in the nondiabetic group, but serum creat-
inine concentration was not different (P > 0:05) among the
nondiabetic group and diabetic groups (Figure 4).

The effect of L. rhamnosus BSL and L. rhamnosus R23
administration was observed in serum biomarkers of liver
function. In our present study, concentrations of SGOT and
SGPTwere significantly increased (P < 0:05) in diabetic groups
compared to those in theN group (Figure 4). Administration of
L. rhamnosus BSL and L. rhamnosus R23 did not significantly
(P > 0:05) decrease SGOT and SGPT in diabetic groups.

3.6. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
Gluconeogenesis Gene Expressions. The Pepck and G6pc
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Figure 3: Effect of L. rhamnosus BSL and L. rhamnosus R23 on OGTT at day 0 (a) and day 30 (c); AUC glucose at day 0 (b) and day 30 (d).
The values are expressed as the means ± SD (n = 6). The values with different superscript letters are significantly different (P < 0:05).
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mRNA expression level in the liver are shown in Figure 5.
Our results demonstrated that increasing FBG in the dia-
betic group was caused by increasing expression levels of
Pepck and G6pc in diabetic rats. The concentration of Pepck
mRNA expression in liver was not different (P > 0:05) among
the N group and diabetic group, while the G6PC mRNA
expression was significantly different (P < 0:05) among
the N group and diabetic groups (Figure 5). The administra-
tion of L. rhamnosus BSL and L. rhamnosus R23 could not
downregulate Pepck gene expression in the liver of diabetic
rats. Interestingly, after administration with L. rhamnosus
BSL and L. rhamnosus R23, the expression levels of G6pc
decreased almost the same with N group by 0.57- and 0.60-
fold changes, respectively (P < 0:05). These data indicated
that L. rhamnosus BSL and L. rhamnosus R23 administration
downregulates G6pc gene expression, but did not downregu-
late Pepck gene expression in the liver of diabetic rats.

3.7. Effects of L. rhamnosus BSL and L. rhamnosus R23 on
Fecal LAB Population in Experimental Groups. Fresh fecal
samples were taken at days 0, 15, and 30 for microbial anal-
ysis in order to verify that the strains survived in the gastro-
intestinal tract. The effectiveness of L. rhamnosus BSL and L.
rhamnosus R23 to reduce FBG was well supported with the
increase of fecal LAB population during the experimental
period. Fecal LAB population was not significantly different
(P > 0:05) among the four groups during 15 days of experi-
mental periods. LAB population was significantly increased
after 30 days on the diabetic group treated by L. rhamnosus
BSL and L. rhamnosus R23 (Table 3). These results demon-
strated that L. rhamnosus BSL and L. rhamnosus R23 could
pass through in the digestive tract and survive detrimental
conditions including low pH (in the stomach) and bile salt
(in the gut) thus significantly increasing the number of in
fecal LAB population on the DM+BSL and DM+R23 groups.

Table 2: Serum TC, TG, HDL, and LDL cholesterol concentrations in experimental groups.

Lipid profile N DM DM+ BSL DM+ R23
Serum TC (mg/dL) 52:17 ± 9:41a 79:83 ± 8:16b 78:67 ± 10:67b 70:83 ± 10:19b

Serum TG (mg/dL) 60:17 ± 20:24a 79:33 ± 22:95a 74:83 ± 24:11a 77:17 ± 36:46a

HDL-c (mg/dL) 42:83 ± 6:80a 60:00 ± 4:05b 63:17 ± 4:02b 58:67 ± 10:82b

LDL-c (mg/dL) 2:70 ± 1:34a 5:10 ± 3:29a 9:87 ± 5:06b 7:13 ± 4:13ab

AI 0:22 ± 0:04a 0:33 ± 0:10b 0:24 ± 0:11ab 0:25 ± 0:09a

The values are expressed as themeans ± SD (n = 6). Means within a row with different superscript letters are significantly different (P < 0:05). N = nondiabetic
control group; DM= diabetic control group; DM+ BSL = STZ treated with L. rhamnosus BSL; DM+ R23 = STZ treated with L. rhamnosus R23.
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3.8. LAB Identification in Fecal Samples of Diabetic Rats. LAB
isolates from fecal sample on DM+BSL and DM+R23 were
identified using its 16S RNA as Lactobacillus rhamnosus. This
suggests that both strains were able to tolerate gastric acid and
bile salt and survived in the gastrointestinal tract. Phylogenetic
tree of LAB isolates in fecal sample is shown in Figure 6.

4. Discussion

One novel beneficial effect in probiotics study is their capa-
bility to manage blood glucose level [30]. Several animal
studies have shown the potency of probiotics in managing
T2DM [19, 21, 22, 24, 31]. However, the mechanism is still
unclear and thus required further experiment to prove it. In
this research, we investigated the effects of indigenous pro-
biotics, namely, L. rhamnosus BSL and L. rhamnosus R23
administration on lowering blood glucose level in diabetic
rats induced by STZ and proposed their possible molecular
mechanism through downregulation of gluconeogenesis
gene expressions and related parameters. The administration
of L. rhamnosus BSL and L. rhamnosus R23 for 30 days sig-
nificantly improved hyperglycemia and insulin sensitivity,
specifically, in decreasing FBG and improving glucose intol-

erance, as seen by OGTT. The mRNA expression of gluco-
neogenesis genes especially G6PC was suppressed after L.
rhamnosus BSL and L. rhamnosus R23 administration.

Diabetic condition usually results in the reduction of
body weight although the feed intake is increased [11]. In this
present study, the administration of L. rhamnosus BSL and L.
rhamnosus R23 did not prevent weight loss, although the feed
intake is increased. Destruction of pancreatic β-cells with
STZ causes a decrease in β-cell integrity and function result-
ing in a significant decrease of insulin secretion. Glucose as a
major energy source is not available in the cell, so the liver
will produce glucose from noncarbohydrates such as protein
and lipid via gluconeogenesis [16]. Degeneration of tissue
lipid and muscle protein for long periods will cause weight
loss because they are the major component of body weight.

L. rhamnosus BSL and L. rhamnosus R23 effectively
decreased FBG in the DM+BSL and DM+R23 groups. Our
preliminary study demonstrated that ethanol extract from
that culture had α-glucosidase inhibitory activities by an
in vitro study [32]. The inhibition of α-glucosidase enzyme
could delay the digestion and absorption of carbohydrates
and thereby decrease FBG. The α-glucosidase enzyme is able
to hydrolyze oligosaccharides and disaccharides into gluco-
se/monosaccharides in the small intestine ready for absorp-
tion [33]. The ability of probiotics to inhibit α-glucosidase
may contribute to a decrease in FBG and potentially diabetic
prevention and management [33–35]. These findings are in
line with other studies that L. rhamnosus CCFM0528 [19]
and probiotic fermented milk (L. rhamnosus MTCC 5957,
L. rhamnosus MTCC 5897, and L. fermentum MTCC 5898)
[31] significantly reduced FBG.

The decrease of FBG in the diabetic group treated by
L. rhamnosus BSL and L. rhamnosus R23 was further sup-
ported by OGTT as an indicator for T2DM which reflects
the function of β-cell pancreas to improve glucose toler-
ance and insulin sensitivity. Our data indicate that both
strains improved glucose tolerance and insulin secretion
after 30 days of treatment (Figure 5). The administration
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Figure 5: Effect of L. rhamnosus BSL and L. rhamnosus R23 on Pepck (a) and G6pc (b) mRNA expression in the liver of experimental groups.
The values are expressed as the means ± SD (n = 6). The values with different superscript letters are significantly different (P < 0:05).

Table 3: Fecal LAB populations on days 0, 15, and 30 after L.
rhamnosus BSL and L. rhamnosus R23 administration.

Experimental groups
LAB population (log CFU/g)

Day 0 Day 15 Day 30

N 9:52 ± 0:04a 9:34 ± 0:05a 9:15 ± 0:28a

DM 9:53 ± 0:24b 9:15 ± 0:10ab 8:63 ± 0:03a

DM+ BSL 9:37 ± 0:02a 9:50 ± 0:29a 9:68 ± 0:14b

DM+ R23 9:21 ± 0:05a 9:41 ± 0:05a 9:80 ± 0:15b

The values are expressed as the means ± SD (n = 6). Means within a row
with different superscript letters are significantly different (P < 0:05).
N = nondiabetic control group; DM= diabetic control group; DM+ BSL =
STZ treated with L. rhamnosus BSL; DM+ R23 = STZ treated with L.
rhamnosus R23.
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of L. rhamnosus CCFM0528 [19] and L. rhamnosus NCDC
17 [22] has been reported to improve glucose tolerance,
which is consistent with our results. A further experiment is
needed to study the ability of L. rhamnosus BSL and L. rham-
nosus R23 on repairing β-cell pancreas regeneration resulting
in the improvement of insulin sensitivity.

Lipid metabolism disorder (dyslipidemia) common in
T2DM patients causes cardiovascular complication [36].
Dyslipidemia is a lipid metabolism disorder marked with
an increasing or decreasing lipid in the blood [37]. The
occurrences of dyslipidemia in the society are increasing
due to the behavior of consuming low fiber and high-fat level
food. Probiotics may improve lipid profile in T2DM [38, 39].
From this study, there was an increase in serum blood
lipid profile in the DM, DM+BSL, and DM+R23 groups,
and the administration of L. plantarum BSL and L. rham-
nosus R.23 for 30 days was not effective to improve lipid
profile, which may be caused by less duration of experimental
periods. Interestingly, the atherogenic index in the L. plan-
tarum BSL and L. rhamnosus R23 groups was significantly
decreased to 0.24 and 0.25, respectively, compared to that
in the DM group (0.33) and N group (0.22). The administra-
tion of L. rhamnosus SKG34 and L. rhamnosus FBB42 has
also decreased the ratios of the atherogenic index [15], which
was similar with our results.

In T2DM conditions, kidney and liver disorder is also
found, which could be seen from the increase of serum blood
urea nitrogen (BUN), creatinine [40], serum glutamic-
oxaloacetic transaminase (SGOT), and serum glutamic-

pyruvic transaminase (SGPT) concentration [4, 41]. In this
study, there was significant increase (P < 0:05) in BUN con-
centration but there was no difference (P > 0:05) in creati-
nine concentration among the normal and diabetic groups
(Figure 5). These results are similar with those of a previous
study that plasma and urine creatinine were not different
between a diabetic group treated with kefir and a diabetic
group [42]. The significant increase observed in the BUN
concentration of all diabetic groups might be due to the
increased synthesis from the damaged pancreatic cells caused
by STZ injection. Probiotic bacteria could improve kidney
damage by rising gut bacterial metabolism for the excretion
of ammonia and reducing BUN concentration [43].

Biomarkers of liver function include SGOT and SGPT,
and their measurement is a validated toxicology test [41].
L. plantarum BSL had beneficial effects on lowering SGOT
and SGPT concentration, while L. rhamnosus R23 could
affect only SGPT. A previous study showed that administra-
tion of multispecies probiotics for 8 weeks among patients
with T2DM could be able to lower serum SGPT levels, but
did not affect serum SGOT, ALP, and bilirubin levels [44].
Similar with our results, L. paraplantarum BGCG11 could
decrease serum SGOT and SGPT, indicating that probiotics
could improve the condition of the liver in diabetic rats
[45]. Another study has shown that soymilk fermented by a
mixture of B. bifidum, L. casei, and L. plantarum reduced
liver enzymes by decreasing SGPT concentration [33].

The control of blood glucose was greatly affected by glu-
cose production and uptake, and abnormalities of this
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KY556681.1 Lactobacillus plantarum strain AZZ3

Lactobacillus rhamnosus DM+BSL

Lactobacillus rhamnosus R23

Figure 6: Position of the isolates in the neighbour joining phylogenetic tree based on 16S rRNA gene sequences.
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control cause the progressions of T2DM. Glucose production
contributes to hyperglycemia than glucose uptake in T2DM.
Glucose was produced through gluconeogenesis and glyco-
genolysis, but 90% of glucose is obtained from gluconeo-
genesis, especially in T2DM case [46]. In this study, the
disorder of pancreas β-cell by STZ induction caused poor
insulin secretion and then hyperglycemia occurred. Contin-
uous gluconeogenesis will cause hyperglycemia in long
periods [16, 46]. Administration of L. rhamnosus BSL and
L. rhamnosus R23 could decrease serum FBG and may indi-
cate to improve glucose tolerance (Figures 2 and 3). One
attempt to explore the mechanism is that we assessed liver
mRNA expression of genes involved in gluconeogenesis.
G6pc and Pepck are important enzymes in gluconeogenesis
which are activated by glucagon and inactivated by insulin
[47]. Our results demonstrated that there was a marked
increase in Pepck and G6pc gene expression in diabetic com-
pared to normal rats, which was supported in previous
results [48]. Administration of L. rhamnosus BSL and L.
rhamnosus R23 could decrease the rate of glucose production
and eventual secretion into the blood in LAB-treated diabetic
rats by downregulating G6pc expressions and therefore
decreasing FBG in the blood. This mechanism was similar
with an antidiabetic drug, metformin, which suppressed
hepatic glucose production [49]. These results were in line
with a previous study that treatment with probiotic fermen-
ted milk (L. rhamnosus MTCC 5957, L. rhamnosus MTCC
5897, and L. fermentum MTCC 5898), independently or in
combination, has normalized the expression of liver Pepck
and G6pc gene expressions [31]. L. paracasei TD062 lowered

FBG by partially downregulating the expressions of Pepck
and G6pc [50], and the same suppression was found by
administration with L. rhamnosus GG [51], L. plantarum
MTCC 5690, and L. fermentum MTCC 5689 [52].

The colonic bacterial fermentation product, namely,
short-chain fatty acid (SCFA), may be key molecules in
improving diabetes [53]. SCFA was absorbed into hepatic por-
tal circulation [54, 55] resulting in decreased hepatic gluconeo-
genesis gene expressions through the AMPK pathway [56].
Propionate might be a substrate for liver gluconeogenesis while
acetate and butyrate are involved in liver lipogenesis [57]. L.
plantarum Ln4 could decrease FBG through the AMPK path-
way, especially through phosphorylation of AMPK [58] that
led to reduced Pepck and G6pc gene expression [56].

Diabetic condition also changed the intestinal microbiota
[59, 60]. Modulation of intestinal microbiota with probiotics
may be promising to manage T2DM [61, 62]. In this present
study, administration of L. rhamnosus BSL and L. rhamnosus
R23 significantly increased the population of LAB in feces
after 30 days of intervention, suggesting that both strains
are able to tolerate gastric acid and bile salts and gave their
positive effect on managing T2DM through enhancement
of beneficial bacteria. This was supported with survival in
fecal sample and identified using 16S RNA as Lactobacillus
rhamnosus. The phylogenetic tree was constructed to saw
their relationship with other isolates which were deposited
in GenBank (Figure 6). Our results were in line with a previ-
ous report that administration of L. rhamnosus hsryfm 1301
[63] and L. rhamnosus NCDC17 [22] increased the popula-
tion of lactobacilli significantly than the control group.
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LAB metabolytes
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Figure 7: Possible mechanism involved antidiabetic effect of L. rhamnosus BSL and L. rhamnosus R23 on a diabetic rat model induced by
STZ. The alleviation of fasting blood glucose and downregulation of G6pc in diabetic rats was assumed to originate from LAB metabolytes
absorbed into the blood and circulated throughout the body.
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Some other Lactobacillus strains are reported to change
the intestinal microbiota and survive in the gastrointestinal
tract such as L. plantarum 9-41-A and L. fermentum M1-16
[64], L. reuteri GMNL-263 [18], and L. casei CCFM419
[24]. All of the results implicated that probiotic administra-
tion has beneficial effects on diabetes through increasing
the beneficial bacteria and decreasing the harmful bacteria;
however, the exact mechanism of this phenomenon needed
further investigation. Based on these results, administration
L. rhamnosus BSL and L. rhamnosus R23 downregulated glu-
coneogenesis gene expressions, improved glucose intoler-
ance, and therefore reduced FBG. The possible mechanism
involved in antidiabetic effects of L. rhamnosus BSL and L.
rhamnosus R23 on a diabetic rat model induced by STZ is
provided in Figure 7.

5. Conclusions

The administration of L. rhamnosus BSL and L. rhamno-
sus R23 for 30 days decreased fasting blood glucose and
improved insulin sensitivity through downregulation of
glucose-6-phosphatase gen expressions in the liver of a dia-
betic rat model induced by STZ. Moreover, both strains were
also effective in increasing lactic acid bacteria population and
survive in fecal sample. These findings suggested that L.
rhamnosus BSL and L. rhamnosus R23 have potential as pro-
biotic foods and become a promising agent to manage
T2DM. Further studies on human are required to clarify this
antidiabetic effect.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This research was funded by the Ministry of Research,
Technology and Higher Education of the Republic of Indo-
nesia through competency-based research and doctoral dis-
sertation grant.

References

[1] International Diabetes Federation, IDF Diabetes Atlas, 8th
edition, 2017, http://www.diabetesatlas.org.

[2] J. P. Leu and J. Zonszein, “Diagnostic criteria and classification
of diabetes,” in Principles of Diabetes Mellitus, L. Poretsky, Ed.,
pp. 107–115, Springer, Boston, MA, USA, 2nd edition, 2010.

[3] W. F. Rodrigues, C. B. Miguel, M. H. Napimoga, C. J. F.
Oliveira, and J. E. Lazo-chica, “Establishing standards for
studying renal function in mice through measurements of body
size-adjusted creatinine and urea levels,” BioMed Research
International, vol. 2014, Article ID 872827, 8 pages, 2014.

[4] E. H. Harris, “Elevated liver function tests in type 2 diabetes,”
Clinical Diabetes, vol. 23, no. 3, pp. 115–119, 2005.

[5] I. J. Goldberg, “Diabetic dyslipidemia : causes and conse-
quences,” Journal of Clinical Endocrinology & Metabolism,
vol. 86, no. 3, pp. 965–971, 2018.

[6] S. Gupta, “Diabetic dyslipidemia: clinical implication,” Medi-
cine Update, pp. 234–242, 2005.

[7] A. K. Dixit, R. Dey, A. Suresh et al., “The prevalence of dyslip-
idemia in patients with diabetes mellitus of Ayurveda hospi-
tal,” Journal of Diabetes & Metabolic Disorders, vol. 13, no. 1,
p. 58, 2014.

[8] M. Mandal, R. Kumari, and A. Mukherjee, “Prevalence of dys-
lipidemia in patients with type 2 diabetes mellitus: a hospital
based study in Kishanganj, India,” International Journal of
Research in Medical Sciences, vol. 3, no. 12, pp. 3691–3697,
2015.

[9] A. G. Ranjbary, R. Bahadori, and R. Moridi, “The study of milk
containing Lactobacillus acidophilus on histological and serum
markers of liver tissue injury in streptozotoc-3,” Journal Babol
University Medical Science, vol. 17, no. 6, pp. 19–25, 2015.

[10] I. A. Kirpich, N. V. Solovieva, S. N. Leikhter et al., “Probiotics
restore bowel flora and improve liver enzymes in human
alcohol-induced liver injury: a pilot study,” Alcohol, vol. 42,
no. 8, pp. 675–682, 2008.

[11] M. N. Roselino, N. D. Pauly-Silveira, D. C. U. Cavallini et al.,
“A potential synbiotic product improves the lipid profile of
diabetic rats,” Lipids in Health and Disease, vol. 11, no. 1,
pp. 1–9, 2012.

[12] R. Salaj, J. Štofilová, A. Šoltesová et al., “The effects of two Lac-
tobacillus plantarum strains on rat lipid metabolism receiving
a high fat diet,” The ScientificWorld Journal, vol. 2013, 7 pages,
2013.

[13] M. Kumar, S. Rakesh, R. Nagpal et al., “Probiotic Lactobacillus
rhamnosus GG and aloe vera gel improve lipid profiles in
hypercholesterolemic rats,” Nutrition, vol. 29, no. 3, pp. 574–
579, 2013.

[14] P. Sharma, P. Bhardwaj, and R. Singh, “Administration of Lac-
tobacillus casei and Bifidobacterium bifidum ameliorated
hyperglycemia, dyslipidemia, and oxidative stress in diabetic
rats,” International Journal of Preventive Medicine, vol. 7,
no. 1, p. 102, 2016.

[15] K. A. Nocianitri, N. S. Antara, I. M. Sugita, I. D. M. Sukrama,
Y. Ramona, and I. N. Sujaya, “The effect of two Lactobacillus
rhamnosus strains on the blood lipid profile of rats fed with
high fat containing diet,” International Food Research Journal,
vol. 24, pp. 795–802, 2017.

[16] F. Zhang, X. Xu, Y. Zhang, B. Zhou, Z. He, and Q. Zhai, “Gene
expression profile analysis of type 2 diabetic mouse liver,”
PLoS One, vol. 8, no. 3, article e57766, 2013.

[17] M. Miraghajani, S. S. Dehsoukhteh, N. Rafie, S. G. Hamedani,
S. Sabihi, and R. Ghiasvand, “Potential mechanisms linking
probiotics to diabetes: a narrative review of the literature,”
Sao Paulo Medical Journal, vol. 135, no. 2, pp. 169–178, 2017.

[18] F.-C. Hsieh, C. L. Lee, C. Y. Chai, W. T. Chen, Y. C. Lu, and
C. S. Wu, “Oral administration of Lactobacillus reuteri
GMNL-263 improves insulin resistance and ameliorates
hepatic steatosis in high fructose-fed rats,” Nutrition and
Metabolism, vol. 10, no. 1, p. 35, 2013.

[19] P. Chen, Q. Zhang, H. Dang et al., “Oral administration of
Lactobacillus rhamnosus CCFM0528 improves glucose toler-
ance and cytokine secretion in high-fat-fed, streptozotocin-
induced type 2 diabetic mice,” Journal of Functional Foods,
vol. 10, pp. 318–326, 2014.

10 International Journal of Food Science

http://www.diabetesatlas.org


[20] P. Chen, Q. Zhang, H. Dang et al., “Antidiabetic effect of Lac-
tobacillus casei CCFM0412 on mice with type 2 diabetes
induced by a high-fat diet and streptozotocin,” Nutrition,
vol. 30, no. 9, pp. 1061–1068, 2014.

[21] M. Yakovlieva, T. Tacheva, S. Mihaylova et al., “Influence of
Lactobacillus brevis 15 and Lactobacillus plantarum 13 on
blood glucose and body weight in rats after high-fructose diet,”
Beneficial Microbes, vol. 6, no. 4, pp. 505–512, 2015.

[22] S. Singh, R. K. Sharma, S. Malhotra, R. Pothuraju, and U. K.
Shandilya, “Lactobacillus rhamnosus NCDC17 ameliorates
type-2 diabetes by improving gut function, oxidative stress
and inflammation in high-fat-diet fed and streptozotocin-
treated rats,” Beneficial Microbes, vol. 8, no. 2, pp. 243–255,
2017.

[23] X. Li, E. Wang, B. Yin et al., “Effects of Lactobacillus casei
CCFM419 on insulin resistance and gut microbiota in type 2
diabetic mice,” Beneficial Microbes, vol. 8, no. 3, pp. 421–432,
2017.

[24] G. Wang, X. Li, J. Zhao, H. Zhang, and W. Chen, “Lactobacil-
lus casei CCFM419 attenuates type 2 diabetes via a gut micro-
biota dependent mechanism,” Food & Function, vol. 8, no. 9,
pp. 3155–3164, 2017.

[25] L. Nuraida and A. W. Hartanti, “Evaluasi potensi Lactobacillus
yang diisolasi dari air susu ibu untuk mencegah diare,” Journal
of Food Technology and Industry, vol. 13, no. 2, pp. 158–165,
2012.

[26] Y. Maryati, L. Nuraida, and R. D. Hariyadi, “Kajian ISOLAT
bakteri asam laktat dalam menurunkan kolesterol secara
in vitro dengan keberadaan oligosakarida (A Study In Vitro
of Lactic Acid Bacteria (LAB) Isolates on Cholesterol Lowering
Ability in The Presence of Oligosaccharides),” Agritech,
vol. 36, no. 02, p. 196, 2016.

[27] P. G. Reeves, “Components of the AIN-93 diets as improve-
ments in the AIN-76A diet,” The Journal of Nutrition,
vol. 127, no. 5, pp. 838S–841S, 1997.

[28] W. T. Friedewald, R. I. Levy, and D. S. Fredrickson, “Estimation
of the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge,” Clinical
Chemistry, vol. 18, no. 6, pp. 499–502, 1972.

[29] F. Sanger and A. R. Coulson, “A rapid method for determining
sequences in DNA by primed synthesis with DNA polymer-
ase,” Journal of Molecular Biology, vol. 94, no. 3, pp. 441–
448, 1975.

[30] E. Razmpoosh, M. Javadi, H. S. Ejtahed, and P. Mirmiran,
“Probiotics as beneficial agents in the management of diabetes
mellitus: a systematic review,” Diabetes/Metabolism Research
and Reviews, vol. 32, no. 2, pp. 143–168, 2016.

[31] R. Yadav, D. K. Dey, R. Vij, S. Meena, R. Kapila, and S. Kapila,
“Evaluation of anti-diabetic attributes of Lactobacillus rham-
nosus MTCC: 5957, Lactobacillus rhamnosus MTCC: 5897
and Lactobacillus fermentum MTCC: 5898 in streptozotocin
induced diabetic rats,” Microbial Pathogenesis, vol. 125,
pp. 454–462, 2018.

[32] E. Farida, B. S. L. Jenie, L. Nuraida, and P. E. Giriwono, “Anti-
oxidant and α-glucosidase inhibitory activities of ethanol
extract from indigenous lactic acid bacteria culture,” Journal
of Food Technology and Industry, vol. 30, no. 1, pp. 56–63,
2019.

[33] P. Chen, Q. Zhang, H. Dang 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.

[34] L. Muganga, X. Liu, F. Tian, J. Zhao, H. Zhang, and W. Chen,
“Screening for lactic acid bacteria based on antihyperglycae-
mic and probiotic potential and application in synbiotic set
yoghurt,” Journal of Functional Foods, vol. 16, pp. 125–136,
2015.

[35] Z. Zeng, J. Luo, F. Zuo, Y. Zhang, H. Ma, and S. Chen, “Screen-
ing for potential novel probiotic Lactobacillus strains based on
high dipeptidyl peptidase IV and α-glucosidase inhibitory
activity,” Journal of Functional Foods, vol. 20, no. 17,
pp. 486–495, 2016.

[36] Y. Wu, Q. Zhang, Y. Ren, and Z. Ruan, “Effect of probiotic
Lactobacillus on lipid profile: a systematic review and meta-
analysis of randomized, controlled trials,” PLoS One, vol. 12,
no. 6, article e0178868, 2017.

[37] S. Tangvarasittichai, “Oxidative stress, insulin resistance,
dyslipidemia and type 2 diabetes mellitus,” World Journal of
Diabetes, vol. 6, no. 3, pp. 456–480, 2015.

[38] M. A. Kasińska and J. Drzewoski, “Effectiveness of probiotics
in type 2 diabetes: a meta-analysis,” Polskie Archiwum Medy-
cyny Wewnetrznej, vol. 125, no. 11, pp. 803–813, 2015.

[39] C. Li, X. Li, H. Han et al., “Effect of probiotics on metabolic
profiles in type 2 diabetes mellitus,” Medicine, vol. 95, no. 26,
article e4088, 2016.

[40] C. Ronco, S. Grammaticopoulos, M. Rosner et al., “Oliguria,
creatinine and other biomarkers of acute kidney injury,” Con-
tribution Nephrology, vol. 164, pp. 118–127, 2010.

[41] E. G. Giannini, R. Testa, and V. Savarino, “Liver enzyme alter-
ation: a guide for clinicians,” Canadian Medical Association
Journal, vol. 172, no. 3, pp. 367–379, 2005.

[42] G. R. Punaro, F. R. Maciel, A. M. Rodrigues et al., “Kefir
administration reduced progression of renal injury in STZ-
diabetic rats by lowering oxidative stress,” Nitric Oxide,
vol. 37, no. 1, pp. 53–60, 2014.

[43] N. Ranganathan, P. Ranganathan, E. A. Friedman et al., “Pilot
study of probiotic dietary supplementation for promoting
healthy kidney function in patients with chronic kidney dis-
ease,” Advances in Therapy, vol. 27, no. 9, pp. 634–647, 2010.

[44] Z. Asemi, S. Bahmani, H. Shakeri, A. Jamal, and A. M. Faraji,
“Effect of multispecies probiotic supplements on serum min-
erals, liver enzymes and blood pressure in patients with type
2 diabetes,” International Journal of Diabetes in Developing
Countries, vol. 35, no. 2, pp. 90–95, 2015.

[45] M. Mihailović, M. Živković, J. A. Jovanović et al., “Oral admin-
istration of probiotic Lactobacillus paraplantarum BGCG11
attenuates diabetes-induced liver and kidney damage in rats,”
Journal of Functional Foods, vol. 38, pp. 427–437, 2017.

[46] C. Wu, D. A. Okar, J. Kang, and A. J. Lange, “Reduction of
hepatic glucose production as a therapeutic target in the treat-
ment of diabetes,” Current Drug Targets - Immune, Endocrine
& Metabolic Disorders, vol. 5, no. 1, pp. 51–59, 2005.

[47] J. C. Yoon, P. Puigserver, G. Chen et al., “Control of hepatic
gluconeogenesis through the transcriptional coactivator
PGC-1,” Nature, vol. 413, no. 6852, pp. 131–138, 2001.

[48] R. A. Haeusler, S. Camastra, B. Astiarraga, M. Nannipieri,
M. Anselmino, and E. Ferrannini, “Decreased expression of
hepatic glucokinase in type 2 diabetes,”Molecular Metabolism,
vol. 4, no. 3, pp. 222–226, 2015.

[49] T. Zhou, X. Xu, M. Du, T. Zhao, and J. Wang, “A preclinical
overview of metformin for the treatment of type 2 diabetes,”
Biomedicine & Pharmacotherapy, vol. 106, pp. 1227–1235,
2018.

11International Journal of Food Science



[50] F. Dang, Y. Jiang, R. Pan et al., “Administration of Lactobacil-
lus paracasei ameliorates type 2 diabetes in mice,” Food and
Function, vol. 9, no. 7, pp. 3630–3639, 2018.

[51] S.-W. Kim, K. Y. Park, B. Kim, E. Kim, and C. K. Hyun, “Lac-
tobacillus rhamnosus GG improves insulin sensitivity and
reduces adiposity in high-fat diet-fed mice through enhance-
ment of adiponectin production,” Biochemical and Biophysical
Research Communications, vol. 431, no. 2, pp. 258–263, 2013.

[52] M. Balakumar, D. Prabhu, C. Sathishkumar et al., “Improve-
ment in glucose tolerance and insulin sensitivity by probiotic
strains of Indian gut origin in high-fat diet-fed C57BL/6J
mice,” European Journal of Nutrition, vol. 57, no. 1, pp. 279–
295, 2018.

[53] A. Puddu, R. Sanguineti, F. Montecucco, and G. L. Viviani,
“Evidence for the gut microbiota short-chain fatty acids as
key pathophysiological molecules improving diabetes,”Media-
tors of Inflammation, vol. 2014, 9 pages, 2014.

[54] V. Tremaroli and F. Bäckhed, “Functional interactions
between the gut microbiota and host metabolism,” Nature,
vol. 489, no. 7415, pp. 242–249, 2012.

[55] D. J. Morrison and T. Preston, “Formation of short chain fatty
acids by the gut microbiota and their impact on humanmetab-
olism,” Gut Microbes, vol. 7, no. 3, pp. 189–200, 2016.

[56] G. den Besten, K. van Eunen, A. K. Groen, K. Venema, D. J.
Reijngoud, and B. M. Bakker, “The role of short-chain fatty
acids in the interplay between diet, gut microbiota, and host
energy metabolism,” Journal of Lipid Research, vol. 54, no. 9,
pp. 2325–2340, 2013.

[57] E. E. Canfora, J. W. Jocken, and E. E. Blaak, “Short-chain fatty
acids in control of body weight and insulin sensitivity,” Nature
Reviews Endocrinology, vol. 11, no. 10, pp. 577–591, 2015.

[58] E. Lee, S. R. Jung, S. Y. Lee, N. K. Lee, H. D. Paik, and S. I. Lim,
“Lactobacillus plantarum strain Ln4 attenuates diet-induced
obesity, insulin resistance, and changes in hepatic mRNA
levels associated with glucose and lipid metabolism,” Nutri-
ents, vol. 10, no. 5, p. 643, 2018.

[59] J. Qin, Y. Li, Z. Cai et al., “A metagenome-wide association
study of gut microbiota in type 2 diabetes,” Nature, vol. 490,
no. 7418, pp. 55–60, 2012.

[60] I. Moreno-indias, F. Cardona, and F. J. Tinahones, “Impact of
the gut microbiota on the development of obesity and type 2
diabetes mellitus,” Frontiers in Microbiology, vol. 5, pp. 1–10,
2014.

[61] J.-L. Han and H.-L. Lin, “Intestinal microbiota and type 2
diabetes: from mechanism insights to therapeutic perspec-
tive,” World Journal of Gastroenterology, vol. 20, no. 47,
pp. 17737–17745, 2014.

[62] N. M. Delzenne, P. D. Cani, A. Everard, A. M. Neyrinck, and
L. B. Bindels, “Gut microorganisms as promising targets for
the management of type 2 diabetes,” Diabetologia, vol. 58,
no. 10, pp. 2206–2217, 2015.

[63] D. Chen, Z. Yang, X. Chen et al., “Effect of Lactobacillus rham-
nosus hsryfm 1301 on the gut microbiota and lipid metabolism
in rats fed a high-fat diet,” Journal of Microbiology and Bio-
technology, vol. 25, no. 5, pp. 687–695, 2015.

[64] N. Xie, Y. Cui, Y. N. Yin et al., “Effects of two Lactobacillus
strains on lipid metabolism and intestinal microflora in rats
fed a high-cholesterol diet,” BMC Complementary and Alter-
native Medicine, vol. 11, no. 1, p. 53, 2011.

12 International Journal of Food Science



Hindawi
www.hindawi.com

 International Journal of

Volume 2018

Zoology

Hindawi
www.hindawi.com Volume 2018

 Anatomy 
Research International

Peptides
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of 
Parasitology Research

Genomics
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Hindawi
www.hindawi.com Volume 2018

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Neuroscience 
Journal

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Cell Biology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Biochemistry 
Research International

Archaea
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Genetics 
Research International

Hindawi
www.hindawi.com Volume 2018

Advances in

Virolog y Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Enzyme 
Research

Hindawi
www.hindawi.com Volume 2018

International Journal of

Microbiology
Hindawi
www.hindawi.com

Nucleic Acids
Journal of

Volume 2018

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijz/
https://www.hindawi.com/journals/ari/
https://www.hindawi.com/journals/ijpep/
https://www.hindawi.com/journals/jpr/
https://www.hindawi.com/journals/ijg/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/abi/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/neuroscience/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijcb/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/gri/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/ijmicro/
https://www.hindawi.com/journals/jna/
https://www.hindawi.com/
https://www.hindawi.com/

