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ABSTRACT
Introduction: Probiotics are suggested to be potentially therapeutic in the treatment and 
management of chronic kidney disease (CKD), as they improve gut microbiota, and delay the 
progression of CKD. Synbiotic benefits are found in Lactobacillus acidophilus and Streptococcus 
thermophiles, enriched with barely medium (prebiotic), in reducing Blood Urea Nitrogen, Uric acid 
and creatinine level. Therefore, this study aimed to standardize and develop a probiotic-enriched 
dietary supplement with barley as the prebiotic base in powdered form, and to prevent uremic 
toxins by targeting bacterial protein fermentation in gut. Materials and Methods: Half of each vial 
containing L. acidophilus (MTCC447) and S. thermophilus (MTCC1938) were mixed in 4ml sterile 
Luria Broth separately and incubated overnight. One ml of each mother culture was transferred to 
4ml of selective medium (Nutrient broth) separately and kept for overnight incubation. These two 
probiotic microorganisms were transferred to prebiotic (enrichment) medium (barley). The colony 
forming units (CFU) in the enriched nutrient agar medium were counted. The serial dilutions 10-3and 
10-6 were selected from the serially diluted culture. The scaled-up microorganisms L. acidophilus 
and S. thermophilus in the enriched medium were lyophilized. After lyophilisation, cultures were 
revived and checked for contamination by Gram staining method. CFU were counted to determine 
the scale-up of the microbes in the enriched medium. Results: There was a significant scale up of 
the probiotic in the barely medium in the study. Conclusion: Probiotics in barley medium can be 
used in the management and treatment of CKD, however future studies are required to confirm 
these findings. 
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INTRODUCTION
Chronic kidney disease (CKD), marked by a progressive  
deterioration of kidney function overtime,[1] is a  
worldwide public health concern[2] with a globally 
increasing prevalence of 29.3% since 1990.[3] CKD 
significantly contributes to the global health burden  
as a cause of mortality and morbidity, and risk factor for  
cardiovascular disease (CVD).[3] The condition progresses  

from stages 1-5, as very mild damage to complete  
kidney failure, respectively.[4] The progression of  
CKD is related to health complications such as  
hyperlipidaemia, metabolic bone disease, anaemia, and 
CVD,[5] emphasising the importance of early detection. 
However, in the initial stages, CKD commonly occurs  
asymptomatically, with this also being when interven-
tions appear to be most effective in the prevention or 
delay of its progression.[6,7]

One such possible intervention demonstrating 
effectiveness in the delaying of CKD is probiotic  
supplementation.[8] Probiotics are living bacteria  
and yeasts that yield beneficial effects on the body.[9]  
Researchers have suggested probiotic supplementation  
to possibly delay CKD progression by altering and  
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controlling intestinal flora, thus decreasing the harmful 
toxin, urea.[10] Dysbiotic gut microbiota demonstrates a  
relationship with CKD,[11] furthering the importance  
of probiotic supplementation in the initial stages. More-
over, probiotics improve intestinal barrier function,[12] 
modulate immune function,[13] and have the potential  
to fight diseases such as CKD.[14] Among stage 3 and  
4 CKD patients, the oral ingestion of probiotics  
(90 billion colony forming units [CFUs]/day) was 
reported to be well tolerated and safe for humans, with 
a reduction in BUN, creatinine and uric acid levels.[15]  
For a probiotic product to have potential health  
properties, a minimum count of 106–107 CFU/g  
probiotics has been suggested.[16] Despite their benefits,  
probiotics are expensive,[17] mainly due to being available  
in synthetic form.
Specifically, the combination of two probiotic species, 
Lactic acid acidophilus and Streptococcus thermophiles, have 
been reported to have potential therapeutic effects 
by decreasing concentrations of nitrogen containing 
metabolites, thus helping to maintain healthy kidney 
function.[14] Along with probiotics, the administration 
of prebiotics illustrates synbiotics.[18] Prebiotics are 
present in the form of short-chain carbohydrates that 
selectively expediting the growth of beneficial bacteria 
in the colon.[19] Barley acts as a prebiotic as it stimulates 
the growth of beneficial bacteria in the large intestine. 
By supplementing patients with a symbiotic of bacteria 
(probiotics) and beneficial fibre to facilitate the growth 
of beneficial bacteria (prebiotics), gut flora and health 
can be improved, therefore decreasing the production 
of toxins.
Considering the findings of existing literature regarding  
the benefit of probiotics, and specifically Lactobacillus  
acidophilus and Streptococcus thermophiles on CKD, the  
present study focuses on the development of a synbiotic  
complex product using the two probiotic species 
and barley as the prebiotic. Through this study, it is 
intended that this product can be used as an adjuvant  
therapy in the treatment of CKD, and delay its  
progression. Additionally, the present study seeks to  
prevent uremic toxins by targeting the process of  
bacterial protein fermentation in the gut.

METHODOLOGY
Bacterial strains and culture conditions

Bacterial Strains such as Lactobacillus acidophilus MTCC 
447 and Streptococcus thermophilus MTCC 1938, were  
obtained from the Microbial Type Culture Collection  
and Gene Bank (MTCC) Institute of Microbial  

Technology, Shanti Path, 39A, Sector 39, Chandigarh, 
160036.

Reviving the microbial cultures

Half of each vial containing the strains, Lactobacillus  
acidophilus MTCC447 and Streptococcus thermophilus 
MTCC 1938 were mixed in 4ml of sterile Luria Broth 
separately and incubated overnight. This was used as 
the mother culture. Then, 1ml of each mother culture 
was transferred to 4ml of selective medium (MTCC447 
and MTCC1938) separately and kept for overnight 
incubation.

Preparation of the MTCC 447 Selective Medium for 
Lactobacillus acidophilus

The selective medium was prepared as per the instruction  
given in the MTCC literature. The selective medium 
i.e., 50ml of tomato juice was prepared and filtered. It 
was left overnight at 10°C. The pH was adjusted to 7. 
Skimmed milk powder (50gms) and yeast extract (2.5g) 
was added to it. The medium was made up to 500ml  
with distilled water and kept in autoclave for sterilization.  
Lactobacillus acidophilus MTCC 447 was cultured in the 
prepared selective medium and incubated at 37°C for 
24 hr.

Preparation of the MTCC 1938 Selective Medium 
for Streptococcus thermophiles

The selective medium was prepared according to 
instructions from MTCC literature. The selective 
medium (MTCC 1938) 1g of yeast extract, 0.5g of 
beef extract, 2.5g of peptone and 2.5g of NaCl were 
taken and dissolved in distilled water. 7.5g of agar was 
added to it and the volume was made up to 500ml 
with distilled water. The prepared medium was kept in 
autoclave for sterilization at 37°C for 24 hr. The pH 
was adjusted to 6.8 to 7 as per the instruction given in 
the MTCC literature. S. thermophilus MTCC1938 was  
cultured in the prepared selective medium and incu-
bated at 37°C for 24 hr. For further use, the grown 
cultures (L. acidophilus MTCC447 and S. thermophilus 
MTCC1938) from the selective medium were streaked 
on Nutrient Agar petri plates.

Preparation of Cereal-based prebiotic medium as 
Enrichment Media for culturing Probiotic bacteria

Barley grain was used for the preparation of prebiotic 
media. The grain was ground in a laboratory mixer. 
The resulting flour weighed approximately 30 g. The  
flour was divided into two portions each weighing 15 g;  
and was added to two separate conical flasks containing  
500 ml of nutrient agar medium each. After this, the 
medium was subjected to autoclaving at 121°C for 
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20  min for the purpose of sterilisation. The cereal-
based prebiotic medium prepared was then cooled and 
used for growing the two probiotic cultures separately.

Enumeration of Colony Forming Unit
Principle

Microbial counting is a method used for determining 
the number of bacteria present for physiological or 
biochemical studies. The number of bacteria present  
in the unknown sample can be enumerated by making  
dilutions of the culture and counting the number of 
colonies formed upon overnight incubation of the 
diluted culture on agar plates. The individual CFU rep-
resents the bacterium present in the diluted culture. 
The CFU is calculated by dividing the product of the  
dilution factor and the volume of the diluted suspension  
which was plated. The number of bacteria per mL that 
is present in the original solution is thus calculated.

Preparation of Culture Media for Enumeration of 
Colony Forming Unit

Half of the strains of lactobacillus acidophilus and 
streptococcus thermophillus were mixed with 2ml of 
Luria broth medium separately in sterilized test tubes. 
The inoculum for pour plate was made by mixing 1ml 
of each strain with 4ml of barley medium separately. 
20 numbers of sterile 15ml test tubes were filled with 
4ml of Luria Broth each for serial dilution, and 20 
numbers of sterile 90mm petri plates were also taken 
for finding the colony forming unit in each dilution. 
250 ml of Nutrient Agar medium was prepared for 
pour plate method.

Serial Dilution of Probiotic Culture

The two strains were inoculated separately in 5ml of 
barley medium each and kept in the shaker over a 
period of 24 hr. After 24 hr the strains were used for 
serial dilution. 1ml of the strain was mixed in the first 
test tube which was 10-1 dilution in the Barley medium. 
Serial dilution was performed from the first test tube 
by taking 1 ml of the mixed culture to the second tube 
which contained 4ml of barley medium. The total 
volume of the second dilution 10-2 was then 5ml, and 
the same procedure was subsequently followed for the 
remaining dilutions up to 10-10 dilution. 1ml of the 
medium was discarded from the last test tube which 
was 10-10 dilution. The solution, therefore, has been 
diluted by a factor of 10(10-10). The final dilution ratio  
was calculated from the serial dilution. The entire  
procedure was done for the two strains and was used 
for determining the CFU.

Enumeration of Colony Forming Unit of Probiotic 
Culture

100µl culture from each serially diluted test tube was 
taken and transferred to petri plates for pour plating. 
The plates were labelled as 10-1, 10-2,10-3… 10-10 respec-
tively. Pour plate method was carried out by mixing 
the inoculum with the medium and then allowing it to 
solidify. The plates were incubated at 37°C for 24 hr 
and the colonies grown were counted. The minimum 
number of colonies from 30 to 300 were and used for 
scaling up in the barley enriched medium.
The number of bacteria per mL of diluted sample was 
calculated by the following formula:

Scale up of Probiotic in Barley Enrichment Medium

The L. acidophilus culture (4 × 10-2 dilution) was selected 
on the basis of ease of counting since the culture would 
be scaled up upon adding it to the enrichment medium. 
The successive dilution was not taken as it had higher 
number of colonies and would be difficult to count 
after scaling up in the enrichment medium. Similarly, 
the S. thermophilus (3x 10-6 dilution) was selected for 
the same reason as above. The preferred dilutions of  
each bacteria of volume 2 ml were taken and transferred  
to the barley medium of volume 500 ml each. The 
medium was then kept in the shaker for overnight 
incubation. The barley medium was then lyophilized.

Lyophilization of Barley Enrichment Medium

Lyophilization extracts water from foods and other 
products to ensure foods remain stable and can be 
stored in an ambient room temperature condition. 
Lyophilization is carried out through sublimation.[20]  
Sublimation denotes the transition of a substance  
from a state of solid to vapour, without initially passing  
through an intermediate liquid phase. For water  
extraction from foods, the following are the steps of 
the process of lyophilization:
1.	 Freezing food for water in food to turn into ice
2.	 The ice will then be sublimated to turn into water 

vapour under a vacuum
3.	 The water vapour will then be drawn off
4.	 Following sublimination, foods will be freeze-dried 

and removed from machine.
The barley medium containing the L. acidophilus (MTCC 
447) and S. thermophilus MTCC 1938) were lyophilized  
in CHRIST lyophilizer machine. The lyophilized  
material was further used for determining the number  
of colonies present in the enrichment medium.
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Identification of probiotic strain from lyophilized 
culture by Gram’s staining method

Rod shaped and purple-coloured organisms were  
considered Gram positive and cocci shaped and pink  
coloured organisms were considered to be Gram  
negative. The results are shown in Figure 2a and 2b. 
The lyophilized culture was serially diluted and the 
colonies formed in nutrient agar plates from various  
dilutions were counted. The results are shown in  
Figure 3a and 3b. The number of colonies was increased 
after lyophilization. The number of bacteria per mL  
of diluted sample was calculated, Lactobacillus acidophilus:  
TNTC (Too Numerous To Count)/ml, Streptococcus  
thermophillus: 57×106/ml.

DISCUSSION
The present study focused on the development and  
standardisation of a synbiotic complex using pre and  
probiotics. Barley medium was used as the prebiotic for 
the probiotics to grow. Lactobacillus acidophilus (MTCC 
447) and Streptococcus thermophillus (MTCC 1938), were  

Enumeration of colony forming unit of the 
probiotic in Barley Enrichment Medium

The lyophilized culture weighing 250 mg was taken 
and diluted in 6 ml of the LB broth. Serial dilution  
was performed by adding 1 ml of the lyophilized culture  
to 4 ml of LB broth in the first test tube and subse-
quent serial dilutions were made as previously done. 
The number of colonies obtained from the pour plate 
was counted.

RESULTS
Enumeration of Colony Forming Unit of Probiotic 
Cultures

The Lactobacillus acidophilus (MTTC 447) and Streptococcus 
thermophillus (MTCC 1938), colonies formed in nutrient 
agar plates. The results are shown in Figure 1a and 1b 
and Table 1. The L. acidophilus culture (4 × 10-2 dilution) 
with the colony count of 27 was selected on the basis 
of ease of counting since the culture would be scaled 
up upon adding it to the enrichment medium. The 
successive dilution was not taken as it had a higher 
number of colonies and would be difficult to count 
after scaling up in the enrichment medium. Similarly, 
the S. thermophilus (3x 10-6 dilution) with colony count 
of 27 was selected for the same reason as above. The 
following formula was used for calculating number of 
bacteria per mL of diluted sample:

Lactobacillus acidophilus: 6.75×103/ml and Streptococcus 
thermophillus: 9.0×106/ml

Yield of Lyophilization

Lactobacillus acidophilus yields forty-seven grams and 
Streptococcus thermophillus yields fifty-nine grams.

Figure 1: Nutrient agar plates showing Colony Forming Unit 
from culture (MTCC44, MTCC 1938).

Figure 2: Identification of Probiotic Bacteria by Gram Staining.

Table 1: The number of bacteria per mL of serially 
diluted bacteria.

Dilution Factor Number of bacterial colonies (CFUs)
L. acidophillus S. thermophillus

2×10-1 75 TNT (Too numerous 
to count)

4×10-2 27 TNT

8×10-3 14 TNT

1.6×10-4 10 TNT

3.2×10-4 17 86

6.4×10-6 14 72

1.3×10-6 12 36

3×10-6 9 27

2.5×10-8 6 18

5.1×10-8 5 9
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obtained from the Microbial Type Culture Collection  
and Gene Bank (MTCC) as the probiotic. These two 
probiotic microorganisms were used determining 
the colony forming unit in barely enriched prebiotic  
medium. The colonies were first formed in Nutrient  
agar medium. Two dilutions were selected on the basis 
of ease of counting since the culture would be scaled 
up upon adding it to the enrichment medium. The 
successive dilution was not taken as it had higher 
number of colonies and would be difficult to count  
after scaling up in the enrichment medium. The  
colonies formed in the selected dilutions were scaled 

up in the enrichment medium and was lyophilized.  
After lyophilisation, the cultures were stained by Gram 
staining method for checking the purity of the culture 
and the CFU was done to check the effectiveness of the  
enrichment medium in scaling up the probiotic  
culture. Finally probiotic microorganisms were scaled 
up when using the barley enriched medium. This  
dietary supplement was supplemented based on inter-
vention needs. The product must be checked for shelf 
life and stability. Many researchers have reported the  
beneficial therapeutic effects of oral ingestion of  
Probiotics consisting an average of 90 billion colony 
forming units [CFUs]/day.[15,21] Figure 4.
A review on probiotic supplementation on CKD also 
suggests probiotics to decrease p-cresyl sulfate (PCS) 
and increase levels of interleukin-6, thus protecting the 
intestinal wall of individuals with CKD.[10] Although 
the decrease of urea and creatinine level is beneficial,  
the role of probiotics in preserving glomerular filtration  
rates (GFR) in CKD are yet to be studied and confirmed,  
thus demonstrating the ambiguity of results.[22] Another 
review posited that although there are insignificant  
alterations in serum creatinine of estimated-GFR  
following short-term probiotic treatment, there are 
potential beneficial impacts of probiotics on the  
presence of uremic toxins in individuals with CKD.[23]  
Among non-dialysis CKD individuals, probiotic 
supplementation exerted a positive influence on urea 
levels, while there was no evidence that probiotics 
decrease C-reactive protein, creatinine, eGFR, and uric 
acid.[24] Furthermore, synbiotic therapy was found to  
not reduce serum indoxyl sulfate, but reduced PCD  
levels and benefited the stool microbiome of patients.[25]  
Nonetheless, research has also asserted that the  
evidence on the use of prebiotics, probiotics, and  
synbiotics in the regulation of CKD is inconclusive.[26]

Research has also shown Faecalibacterium and Roseburia 
to be less among early-stage kidney disease (ESKD) 
patients when compared to health individuals. This 
potentially indicates its contribution to gut dysbiosis. 
Also, Fusobacterium, Shewanella, and Erwinia were 
present in the ESKD patients, but absent in the health 
individuals. The study inferred that developing gut 
symbiosis may be an additional treatment for CKD 
patients once empirically strengthened.[24] 
Despite the findings of these studies, healthcare  
providers are unable to firmly suggest probiotic  
products due to a lack of strong data. Apart from 
Renadyl by Kibow Biotech, commercial probiotics that 
focus on uremic toxics are also scarce.[28]

Figure 3: Colony Forming Unit of Lactobacillus acidophilus 
and Streptocoocus thermophillus in Nutrient agar plates.

Figure 4: Graphical Representations of the Comparison of 
Colony Forming Units of L. acidophillus and S. thermophillus 

before and After Lyophilization.
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CONCLUSION
In the present study, the probiotics Lactobacillus acidophilus  
and Streptococcus thermophillus were found to be scaled 
up in prebiotic barley enriched medium and they were 
found to be viable after lyophilisation. This natural 
synbiotic product can be considered as a therapeutic 
adjunct to treat many disease conditions including 
CKD. To confirm these findings, future studies are 
needed to evaluate the short- and long-term effects of 
synbiotic complexes on the progressive CKD patients 
and their intestinal health.
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