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Abstract – Aim: Thegut microbiota composition of Type 2 Diabetes individuals is linked with insulin resistance. In animal 
studies and human clinical trials, different strains of Lactobacillus and Bifidobacteriumcould exert beneficial effects on 
glycemic control. However, the quantities of Bifidobacterium and Lactobacillusin the fecal sample of individuals with Type 
2 Diabetes have not yet been determined. Therefore, this randomized, double-blind, controlled clinical trial aimed to 
determine the quantities of Bifidobacterium and Lactobacillus in fecal samples of individuals with Type 2 Diabetes receiving 
a multistrain microbial cell preparation. 
Method: A total of 40individuals with Type 2 Diabetes, aged 30-70 years old, were randomly assigned to receive either 
multistrain (3 strains of Lactobacillus and 3 strains of Bifidobacterium) microbial cell preparation (probiotic)(n=20) or 
placebo (n=20) for 12 weeks. Plate count method was used to quantify the Lactobacillus and BifidobacteriumColony 
Forming Units (CFUs) in fecal sample before and after intervention. Phenotype and genotype methods were utilized to 
confirm the accuracy of the counted colonies. General linear model analysis of variance was conducted on data considering 
grouping as between factor effect. 
Results: Subjects were comparable at baseline characteristics. Mean fasting blood glucose andglycated hemoglobin were 
higher than the target goal. The quantities of Lactobacilluswere1.8×107 ±0.7×107CFU/gr and6.4×106 ± 1.1×106CFU/grin the 
Placebo Group and Probiotic Group, respectively. The quantities of Bifidobacteriumwere2.7×106 ± 5.2×106and3.4×106 ± 
0.2×106inthe Placebo Group and Probiotic Group, respectively. The increase in CFUs of Lactobacillus was not significant in 
Placebo Group, but it increased significantly in Probiotic Group. While the CFUs of  Bifidobacterium increased marginally 
(almost 2-fold) in the Placebo Group, they increased significantly (4.5-fold) in the Probiotic Group 
 
Conclusion - The multistrain probiotic supplement had successfully passed through the gastrointestinal tract. 
 
Keywords - Lactobacillus spp., Lactobacillus spp., gut microbiota, Type 2 Diabetes Mellitus. 
 
I. INTRODUCTION 
 
The gut microbiota composition is linked with 
diabetes and glycemic control [1]. Diabetes is 
associated with compositional alteration of gut 
microbiota which distinguished it from gut 
microbiota of healthy individuals. For example 
reduced proportions of phylum Firmicutes and class 
Clostridia were noted among individuals with Type 2 
Diabetes [2]. Indeed they were characterized by a 
moderate degree of gut microbial dysbacterios is, a 
decrease in the quantity of butyrate-producing 
bacteria and an increase in opportunistic 
pathogens[3]. 
In this regards, researchers have attempted to alter the 
gut microbiota composition in individuals with Type 
2 Diabetes hoping to beneficially impact the glycemic 
control [4–6]. Several approaches have been used to 
alter the gut microbiota including changes in food 
intake[7, 8], consumption of prebiotic [9] and 

probiotic supplementation [10, 11]. Majority of these 
studies have targeted to manipulate the concentration 
of different species of Lactobacillus and 
Bifidobacteriumin the gut[4, 5, 9] because these two 
genera of bacteria have associated with insulin 
resistance and diabetes [12–14]. It is worth to 
mention that, any results from these studies are 
questionable, unless the changes in the gut microbiota 
content have been demonstrated through randomized 
controlled trials. Savard et al. [15]showed that 
probiotic strains supplemented in the form of yoghurt 
successfully passed the gastrointestinal tract of 
healthy adults and increased the quantities of some 
strains of Lactobacillusand Bifidobacterium in the 
stool. However, the resultamong individuals with 
Type 2 Diabetes is limited. 
In this regard, this double blind randomized 
controlled trial aimed to determine the quantities of 
Lactobacillus and Bifidobacteriumbefore and after 12 
weeks supplementation with multistrain microbial 
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cell preparationamong individuals with type 2 
diabetes.  
 
II. METHODOLOGY 
 
This study was part of a randomized, double-blind, 
parallel-group, placebo-controlled trial, conducted at 
the diabetes clinic of a teaching hospital in Kuala 
Lumpur, Malaysia. The protocol was approved by the 
Clinical Research and Ethics Committee of the 
Universiti Kebangsaan Malaysia Medical 
Center,conformed to the contents of the Declaration 
of Helsinki. It was registered at the U.S. National 
Institutes of Health website 
(http://www.clinicaltrials.gov) #NCT01752803.  
 
Subject selection 
The inclusion criteria were established type 2 
diabetes, age 30–70 years, glycated hemoglobin 
(HbA1c) 6.5–12%, FBG <15 mmol/L, BMI 18.5–40 
kg/m2, and current treatment with a stabilized dose of 
medication. The exclusion criteria were prebiotic or 
probiotic supplementation for the last 2 weeks, 
antibiotic administration for the last 2 months, 
pregnancy, lactation, advanced diabetes 
complications (except for hyperlipidemia and blood 
pressure), other chronic illnesses, or administration of 
insulin or any other medications that might affect the 
results. 
Sample size for this part was calculated based on 
Savard et al. [15]. A total of 0.78 Log10Colony 
Forming Unit(CFU)/g increase in 
theBifidobacteriumquantities with average standard 
deviation of 0.8 Log10 CFU/g was needed to get a 
significant increase in the levels of Bifidobacterium. 
According to Lemeshow et al. equation[16], 16 
participants in each group was needed. Considering 
20% drop out rate, this number reached to 20 
participants in each group. 
 
Intervention procedure 
The random allocation sequence was generated by the 
main researcher with blocks of four and eight using a 
computer model (www.randomization.com). Then the 
participants were allocated to receive either probiotics 
-the term used throughout this study to refer to 
microbial cell preparations- or a placebo. Sachets 
were identical in physical characteristics and 
weredifferentiated by a code placed on them(“A” or 
“B”). The main researcher and participantsremained 
blinded to the contents of the sachets throughout the 
study procedure and the statistical analysis. A third 
person out of the research team was in possession of 
the blinding codes. Code breaking was performed 
after analysis was done.  
 
Both the Probiotic and Placebo Groups received 
standard dietary advice aiming to homogenize 
theirfood intake regardless of the assigned group. The 
amount of energy was calculated using quick method 

formula as follows: Energy requirement = weight 
(kg) × quick method factor. Values of the Quick 
Method factor were determined based on the 
subject’s Body Mass Index (BMI) and physical 
activity level[17]. The proportion of macronutrients 
was calculated according to nutritional guidelines for 
individuals with Type 2 Diabetes Mellitus [18]. The 
food exchange list was provided to all the participants 
to allow a variety of food choices within each food 
group. Participants were asked to cease consumption 
of all foods and products known to contain probiotic 
bacteria throughout the study. They also educated not 
to change their routine intake of fiber as a measure of 
prebiotic intake.  
 
In terms of adverse effects, they were asked to report 
incidence of adverse effect if any. Expected adverse 
effects were minor gastrointestinal disturbances.  
 
Supplementation and compliance 
Supplementationwas provided by Hexbio® B-Crobes 
Laboratory Sdn. Bhd. (Ipoh, Malaysia). Each sachet 
contained6 viable microbial-cell preparation strains 
(Lactobacillusacidophilus, Lactobacilluscasei, 
Lactobacilluslactis, Bifidobacteriumbifidum, 
Bifidobacteriumlongum, and Bifidobacteriuminfantis) 
with daily dose of 6×1010. Participants have been 
educated about storage condition and necessary 
instruction regarding the use of supplement. 
 
Measurementsof variables 
Body weight was measured using a digital scale 
(SECA; London British Indicators, London, UK) to 
the nearest 0.1 kg. Height was measured only at 
baseline using the height attachment on the same 
scale to the nearest 0.1 cm. BMI was then calculated.  
Energy, macronutrient and fiber intake were 
measured usinga review of 3 days’ offood records (2 
weekdays and one weekend)atbaseline and week 
12.Nutrient analysis was performed using a 
computerized dietary analysis program (Nutritionist 
Pro Version 2.0; First Data Bank, Hearst Corp., NY, 
USA).  
Blood samples were collected after 12 hours fasting. 
Fasting blood Glucose (FBG) and Glycated 
hemoglobin (HbA1c) were analyzed within 2 hours 
after drawing blood. FBG were measured using the 
enzymatic method. The Cobas® 8000 modular 
analyzer, series 702 (Roche Diagnostics, Mannheim, 
Germany) was used for analysis of FBG. HbA1c was 
measured by ion-exchange high-performance liquid 
chromatography using the Adams A1c HA-8160 
automated HbA1c analyzer (Arkray, Inc., Kyoto, 
Japan) in the diabetes mode. 
 
Fecal analysis 
The quantities of Lactobacillus and Bifidobacterium 
inthe fecal samples weremeasured at baseline and 
week 12 in order to demonstrate the successful 
passage of the supplement from gastrointestinal tract. 
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Fecal samples were transformed to laboratory within 
3 hours upon collection. De Man Rogosa and  Sharpe 
agar  (Difco, USA)supplemented with L-Cyctein was 
opted as selective media for culturing 
Bifidobacteriumsub-species plural (spp.)[19]. Rogosa 
S/L agar was chosen as selective media for 
Lactobacillus spp. [20].Media were prepared 
according to the manufacturers’ instructions. 
 
After preparing serial dilution of fecal samples,0.1 
mL of dilutionsof 10−3 to10−6 were cultured under 
anaerobic conditionsproduced by gas pack (Oxoid 
Ltd, Basingstoke, UK) and placed in an incubator for 
48 hours. The number of colonies was then counted 
bya colony-counting machine (Stuart Scientific, 
Staffordshire, UK) (Error! Reference source 
not found.). Then, several colonies from each 
subject were taken for phenotype and genotype 
identification.  
 
Phenotype identification: The counted colonies were 
checked for colony morphology against the 
morphology of Lactobacillus and Bifidobacterium 
colonies obtained from the control plates.Two 
colonies from Rogosa S/L agar plate and two colonies 
from MRS plate were randomly selected for gram 
staining. Gram staining procedure was adopted from 
Leboffe and Pierce(2010). 
 
Genotype identification:  
The Polymerase Chain Reaction (PCR) method was 
used to confirm the accuracy of counted colonies at 
DNA level. 
 
The ZR Fungal/Bacteria DNA MiniPrepTM kit 
(Catalogue Number: D6005, Zymo Research, Irvin, 
CA, USA) was used to extract ultrapure DNA from 
samples from isolated colonies cultured on broth 
media (Difco, USA). The 16s rDNA primers were 
selected from previous studies, retrieved from the 
Basic Local Alignment Search Tool (BLAST) 
database (Error! Reference source not 
found.), and synthesized by First Base Laboratories 
Sdn. Bhd. (Selangor, Malaysia). 
 
The amplification procedure for Lactobacillus spp. 
consisted of one cycle at 94°C for 4 minutes, 30 
cycles at 94°C for 30 seconds, 1 minute at 56°C as 
the annealing temperature, one cycle at 72 °C for 30 
seconds, and one cycle of 72°C for 1 minute [20]. 
The amplification procedure for Bifidobacterium spp. 
consisted of one cycle at 50°C for 2 minutes, 45 
cycles at 95°C for 15 seconds, 1 minute at 56.4°C as 
the annealing temperature, one cycle at 72 °C for 30 
seconds, and one cycle at 72°C for 1 minute [22]. The 
amplification products were detected using agarose 
gel electrophoresis and UV transillumination. The gel 
was visualized using an alpha imager.After PCR 
procedure, PCR products were visualized.  

 
Statistical analysis  
Statistical analyses were performed by SPSS software 
version 22 (SPSS Inc., Chicago, USA). A p value 
of<0.05 was considered a statistically significant 
difference between and within groups. Normality 
tests were checked through Shapiro-Wilk tests before 
analysis. Log transformation was performed to 
convert skewed data into normal data.Independent 
sample t test and chi-square test were applied on data 
to detect the significant difference in baseline 
characteristics between the two groups. The changes 
in quantities of Lactobacillus and Bifidobacterium 
were analyzed by General Linear Model Analysis of 
Variance (GLM ANOVA) considering grouping as 
between factor. 
 
III. RESULTS 
 
Two participants in each group withdraw from the 
study (attrition rate: 10%) (Error! Reference 
source not found.). The age, weight and BMI, 
glycemic control and dietary intake of the participants 
(Error! Reference source not found.) as 
well as Quantity of Lactobacillus and 
Bifidobacteriumwere comparable in both groups at 
baseline (Error! Reference source not 
found.). In terms of the incidence of adverse effects, 
a few adverse effects were happened which most of 
them were expected minor gastric disturbances (n=1 
in Placebo Group and n=2 in Probiotic Group). 
 
Changes in dietary intake  
Dietaryintake did not change significantly within 
each group or between the groups over the course of 
the study (data not shown). Fiber intake as a source of 
prebiotic was also comparable between two groups 
across the study. As these variables were comparable 
between the groups at baseline and throughout the 
study, they did not require adjustment in the analysis 
of the data. 
 
Fecal analysis 
Phenotype identification: Bifidobacterium colonies 
were transparent white circular raised and dense 
colonies with an entire margin, and bigger in size 
than Lactobacillus colonies. Lactobacillus colonies 
were white translucentcircular raised. They were 
smaller than Bifidobacterium colonies. In gram 
staining, Lactobacillus colonies were gram positive, 
rod-shape bacteria which colored in blue or light 
purple after gram staining. Bifidobacterium were 
gram positive, often branched, rod shape bacterium 
which colored blue or dark purple after gram staining. 
Genotype identification:Since base pair (bp) of 
Lactobacillusspp. primer was 92, the Lactobacillus 
bounds were visualized in slightly lower than 100 bp 
(Error! Reference source not found.). 
Similarly, since the bp of Bifidobacteriumspp. primer 
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was 231,the Bifidobacterium bound was visualized 
higher than 200 bp(Error! Reference source 
not found.). The associated colonies were 
confirmed as Lactobacillus and Bifidobacterium.  
 
Quantification of Lactobacillus and Bifidobacterium: 
While the Colony Forming Units (CFUs) of 
Lactobacillus spp. increased marginally (almost 2-
fold) in the Placebo Group, they increased 
significantly (up to 4.5-fold) in the Probiotic 
Group(Error! Reference source not found.).  
 
IV. DISCUSSION 
 
Baseline CFUs of Lactobacillus and Bifidobacterium  
The quantities of Lactobacillus spp. among 
participants in Placebo Group and Probiotic Group 
was 7.25 and 6.8LogCFUs/g respectively. The 
quantities of Bifidobacterium spp. was 6.43 and 
6.53LogCFUs/g in Placebo Group and Probiotic 
Group respectively. There is limited data on the 
quantities of Lactobacillus spp. and Bifidobacterium 
spp. amongindividuals with Type 2 Diabetes in 
Malaysia. 
 
Several studieshave measured the quantities of 
Lactobacillus spp. and Bifidobacterium spp. in 
human modelusing plate count method or qPCR 
(Error! Reference source not found.). The 
results of these two methods may vary and may not 
be precise to compare. Bervoets et al., [23]showed 
that the amount of microorganism detected in the gut 
is higher when using the qPCR method compared 
with the plate count method. The reason is that qPCR 
counts all inactive and active microorganisms while 
culture-based analysis of gut bacteria detects only the 
live and active bacteria. On the downside, it is 
possible that the bacteria may not grow on the media 
but still demonstrate some activities in the gut [24]. 
Besides, participants of these studies were in different 
age groups with different health or disease condition. 
Literature review have shown that age and disease 
affect the quantities of Bifidobacterium in the gut 
[25].  
 
The quantities of Bifidobacterium in this study was 
lower than studies conducted among children and 
adolescents [23, 26, 27]. Indeed, the quantities of 
Bifidobacterium spp. in this study was lower 
compared with German[28], Canadian [15] and 
Australian [29] healthy adults (Error! Reference 
source not found.Error! Reference source not 
found.). It supports the findings of Larsen et al. 
[2]and Murri et al. [27]where the amount of 
Bifidobacterium spp. is lower in individuals with 
Type 2 Diabetes compared with healthy ones. 
 
It is interesting to note that the quantities of 
Lactobacillus spp. among Malaysians with Type 2 

Diabetes based on the current study, was higher than 
in healthy Canadian adults  [15] and lower than 
healthy German individuals [28] and Australian 
athletes [29] (Error! Reference source not 
found.). These may be attributed to the differences 
in BMI of the participants as the amount of 
Lactobacillus spp. is directly related to BMI [30, 31]. 
Participants of this study had a mean BMI of 29.4 
kg/m2 which was higher than the participants in the 
studies conducted by Savard et al. [15]and West et 
al.[29].  
 
Dietary intake also plays a role in which influences 
the results of the present study compared with other 
studies summarized in Error! Reference source not 
found.. However, since the other studies did not 
assess dietary intake, the contribution of dietary 
intake in the differences in gut microbiota remains 
unclear.  
In the current study, participants were asked to refrain 
from taking any probiotic products or fermented 
foods two weeks before commencing the trial. Other 
studies considered one week [15, 32] or two weeks 
wash-out period [4, 29, 33, 34] before assessing gut 
microbiota or prior to starting a probiotic trial. 
Whether this washout time is adequate remains 
unclear and needs further investigation. 
 
Changes in the CFUs of Lactobacillus and 
Bifidobacterium after supplementation 
 
In the current study, the amount of Lactobacillusspp. 
and Bifidobacteriumspp. increased in Placebo Group 
at week 12 though they were not statistically 
significant. Retrospective assessment of dietary 
intake to locate any increase in prebiotic and 
probiotic sources did not discover any foods that 
contributed to it. Other studies also have noted 
increase in Lactobacillus spp.[26] or Bifidobacterium 
spp. [15] in placebo groups.  
 
Supplementation led to approximately two-fold 
increase in the amount of Lactobacillusspp. and 3.5-
fold increase in the population of Bifidobacteriumspp. 
in the gut among participants in the Probiotic Group. 
West et al. (2011) showed a 3.3-fold increase in the 
amount of Lactobacillusspp. among  athletic men in 
Australia and 6.6-fold increase among athletic 
women in the same country after 11 weeks of 
consuming a daily dose of 
1×109Lactobacillusfermentum. Despite lower dosage 
(1×109 vs. 6×1010) and shorter duration of 
supplementation (11 weeks vs. 12 weeks) compared 
with the present study, the researchers found higher 
concentration of Lactobacillusspp. at the end of the 
supplementation period. De Vrese et al. [28]also 
showed higher increase compared with the present 
study with even lower dosage and shorter duration of 
supplementation among healthy German adults. 
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Result of these studies showed that the duration of 
supplementation and the dosage of probiotics did not 
affect the percentage of increase in the amount of 
probiotics in the gut. As demonstrated inError! 
Reference source not found., the highest 
increase was related to the amount of 
Bifidobacterium, only after 14 days of consuming a 
multistrain probiotics with the dosage of 5×107 CFUs 
among healthy German adults[28].  
 
Along with the current study, two other studies [15, 
28] also used a mix of Lactobacillus and 
Bifidobacterium species. These three studies found 
greater increase in the amount of Bifidobacteriumspp. 
compared withLactobacillus spp. The reason may be 
due to the fact that Bifidobacterium species are 
mostly colonized in colon[35, 36] and they may 
appear in bigger concentrations compared 
withLactobacillus which are colonized in the small 
intestine [37]. 
 
Probiotic supplementation resulted in production of 
short chain fatty acid which decreased the pH level. 
Low pH level improves the intestinal peristalsis 
eventually leading to a decrease in the colonic transit 
time [38]. Thus, the stool water does not reabsorb 
completely and stool becomes more 
dilutedsubsequently the concentration of 
Lactobacillus and Bifidobacterium species in the 
stool declines. This may be the reason for not 
achieving a bigger difference in the concentrations of 
Bifidobacteriumspp. and Lactobacillusspp. after 
intervention compared with baseline in Probiotic 
Group.  
 
Limitation and strength of the study 
This study is one of its kinds to quantify the amount 
of Lactobacillus spp. and Bifidobacterium spp. 
Before and after supplementation among Malaysian 
individuals with Type 2 Diabetes. Application of 
culture-based method guaranteed the quantification of 
active bacteria which can confer health benefits to the 
host. However, it was not spared from its limitations. 
It would be more precise if dry fecal sample was used 
for the analysis.  
 
CONCLUSION 
 
In the present study, the quantities of Lactobacillus 
spp. and Bifidobacterium spp. increased significantly 
in the Probiotic Group compared withthe Placebo 
Group. This proved that the probiotic supplement had 
successfully passed through the gastrointestinal tract. 
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Figure 1. Preparing Serial Dilution and Culturing Fecal Samples 

 

 
Figure2. CONSORT flowchart 

 
Figure 3: Lactobacillus bounds obtained from PCR 
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Figure 4.Bifidobacterium bounds obtained from PCR 

 
 
 
 
 
 
 

Table 1: Baseline Characteristics of participants in each group 
 

 
 

Table 2: Characteristics of primers. 

 
 

Table 3: Quantities of Lactobacillus spp. and Bifidobacterium spp. Before and after intervention 
 

 
aLog transformed.   
SD, standard deviation; spp, sub-species plural 
 

Table 4. Summary of studies measured the quantities of Lactobacillus and Bifidobacterium species before and after probiotic 
supplementation 

 

 
  

 
 

 


