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ABSTRACT
Extracellular polysaccharides (EPS) are essential microbial metabolites that are secreted by certain microbes, generally
bacteria and fungi, which consist of mixture of macromolecules i.e., lipid, nucleic acid, protein, lipopolysaccharides,
minerals and certain humic like compounds. This study primarily denotes about isolation, characterisation, application of
EPS producing bacteria. Sampling of EPS carried out from latitude 22° 40" north and a longitude of 81° 45" east. Primary
screening of bacterial isolates was carried out using string formation assay and total 5 isolates were selected for further
production and characterisation assay. Bacterial EPS were evaluated by viscosity, density and dry weight. Dry weight of
extracted EPS was found to be 0.120 gm, 0.091 gm, 0.086 gm, 0.097 gm and 0.117 gm for 5C, 2V, FKH30, FKH12 and FKH13
bacterial strains respectively. Viscosity is determined to the 1.1 mPa.s, 1.02 mPa.s, 1.03 mPa.s, 1.06 mPa.s and 1.04 mPa.s
for 5C, 2V, FKH30, FKH12 and FKH13. As EPS provides the matrix for the biofilm formation, the capability of isolates to
form biofilm were also determined by two methods which includes the formation on the glass slide and in the flask. Both
methods give positive results. The efficacy of desired EPS producing strains was carried out with lab scale application of
dye decolorization. Dye decolorization rate was found to be 98%, 23.07%, 43.63%, 26.98% and 20.42% for 5C, 2V, FKH30,
FKH12 and FKH13 bacterial strains respectively. In addition, the lab scale application of degradation of agricultural waste
was also checked which shows the positive result by partially degrading the waste. The most dominant bacterial strain
was further carried out for its identification by morphological, cultural and molecular assays. Results from 16srRNA
partial sequencing revealed isolate 5C as Bacillus subtilis 5C which can be used as promising bio-sorbent in the
biodeterioration process.
Keywords: Extracellular polysaccharide (EPS), Characterization of EPS, Viscosity, EPS precipitation, Biofilm formation,
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INTRODUCTION

Extracellular polysaccharides (EPS) are essential microbial metabolite that are secreted by certain bacteria
which consist of macromolecules i.e., lipid, nucleic acid proteins, lipopolysaccharides, minerals and certain
humic like compounds. EPS are mostly made up of carbohydrate polymers with high molecular weight
which is either secreted on the outer surface of the cell comprising capsular polysaccharide which forms
capsule attached to cell surface or forms slime like layer (matrix) loosely attached to cell wall or either
completely secreted into surrounding medium/environment.[1] EPS can be synthesized and secreted by
bacteria, cyanobacteria [2], microalgae [3] , fungi [4]and yeast [5]. Certain microorganisms known to
produce various types of EPS includes Xanthomonas campestris (Xanthan), Streptococcus mutans (Mutan).
Leuconostoc mesenteroides (Dextran) Bacillus subtilis (Levan) Pseudomonas elodea (Gellan), Alcaligenes
faecais (Curdlan) etc. [6] There are many variations in EPS composition and physicochemical
characteristics The composition of EPS depends upon the various factors like culture medium composition,
carbon and nitrogen sources, mineral salts, trace elements, type of strain, pH, temperature, oxygen
concentration etc. [7,8] On the basis of composition: of EPS can be classified into Homopolysaccharides and
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Heteropolysaccharides. The homopolysaccharides represents the group of polysaccharide having the long
chain of similar type of monosaccharide subunits, whereas the heteropolysaccharides have the different
monosaccharide units which are linked together at different position to form the oligounits forming long
chain (branched or unbranched/chain).[8] The example of homopolysaccharide includes the dextran,
levan, pullulan etc and of heteropolysaccharide includes the xanthan, hyaluronan, heteroglycans etc [9].
The chemical and physical properties of different kinds provides the many valuable application in the
various industries such as food, pharmaceutical, cosmetic, and paint industry. Because of their physical and
chemical properties of various types. EPS are used as flocculant, gelling agent, emulsifier and stabilizer,
moisturizing agents, coating agent, thickeners.[10] The polysaccharides secreted by bacteria in their
extracellular environment is integral in the matrix formation which is body constituent of biofilm, because
it acts as adhesive and cohesive agent [11]. In the biofilm EPS provides the physical stability from harsh
environments (i.e., High temperature and high pH and, host immunity. In addition to this, EPS also gives
protection from drug and antimicrobial agents [12]. EPS acts as a reservoir of various biomolecules
providing nutrients to organisms in the Biofilm [12].

MATERIALS AND METHOD

1 Sample collection and isolation

Soil sample were collected from the fields of Narmada District region, Gujarat (INDIA). 1g of soil was
dissolved in 10 ml D/W. The sample was serially diluted till 1076 and highest dilutions were then used for
isolation of bacteria. Isolation was done on nutrient agar plate after the incubation of 24-48 hours at 379C.
2 Screening of eps producing bacteria

EPS producing bacteria gives a mucoid(gummy) type of colony on nutrient agar media which is main
criteria for selection of EPS producing bacteria. Screening of EPS producing bacteria was done by string
formation assay, gummy colonies of bacteria were extended by using nichrome wire loop which results in
formation long filament and was re-streaked on another N-agar plate to maintain pure culture [13]

3 Eps production and Characterization

Screened bacteria was then inoculated in the nutrient broth and incubated in rotatory shaker for EPS
production for 24-48hours at 37°C.

4 Dry Weight

Produced EPS was further proceeded for dry weigh estimation through alcohol/acetone precipitation
method. In which, the media was centrifuged for about 10 min. at 5000 rpm. After which 10 ml of
supernatant was taken and 20 ml of chilled acetone/alcohol was added and allowed to rest for 24 hours in
the refrigerator which leads to formation of precipitates. At last weight the precipitates.[14]

5 Viscosity

Viscosity was one of the major criteria to check EPS production. Viscosity is the resistance of fluid to a
change in shape or movement of neighbouring portions relative to one another. Viscosity measurement
was performed by using Ostwald’s Viscometer only after 3-4 days of inoculation [15].

6 Biofilm formation:

EPS provides the matrix (that is body constituents) for the biofilm formation. Therefore, the isolated EPS
producing bacteria are further checked for the biofilm formation. The biofilm formation was determined
by two methods. First includes the determination of biofilm in the flask containing nutrient broth, in which
EPS producing bacterial culture was inoculated and was allowed for the incubation for about 3-4 days. Then
by using the dye methylene blue, it was detected and optical density was checked using spectrophotometer.
In the second method, biofilm was allowed to be formed on the clean glass slide. The glass slide was placed
in slanting position in the petri plate containing inoculated nutrient medium and was allowed for the
biofilm formation for about 3-4 days at 37°C.After incubation biofilm was detected using gentian violet.

7 Application

7.1 Dye degradation.

Due to great increase in urbanization a most common problem also increases which is release of dyes and
untreated effluent in the natural water bodies. EPS produced by bacteria act as biosorbent hence help in
dye removal [16]. EPS producing bacteria was inoculated in the nutrient broth containing Bromothymol
blue and incubated at room temperature, allowed to degrade the dye. The amount of dye degradation was
estimated by measuring the optical density at interval of every 24 hours.

7.2 Degradation of agricultural waste

The lab scale application of biodegradation of agricultural waste was done. The flask containing the 25ml
of nutrient broth was inoculated with screened EPS producing bacteria and incubated for 24hours at
37°C.After incubation the small pieces of agricultural waste was added and was allowed for degradation,

ABR Vol Spl Issue 1,2023 183|Page © 2023 Author



was incubated in rotatory shaker at 250rpm at 37°C. The culture suspension was added on interval of 3-4
days.

8 Bacterial Identification

8.1 Cultural characteristics

Isolated bacteria were grown on Nutrient agar plates and observed for their colony characteristics.

8.2 Morphological characteristics

Gram's staining was performed on isolated bacteria and observed under microscope in oil immersion lens.
8.3 Biochemical Characteristics

Different biochemical tests were performed to identify the bacteria

8.4 Phylogenetic analysis of 16s rDNA sequencing.

The 16srRNA sequencing is considered to be the standard method to identify and for taxonomic
classification of bacterial species. The 16s rRNA sequencing of isolate FKH13 was done at Gene Explore lab,
Ahmedabad. After sequencing, obtained sequence was compared with the NCBI database using BlastN.
Then alignment and construction of phylogenetic tree using maximum likelihood was done with the help
of ClustalW and MEGA 11, respectively.

RESULT AND DISCUSSION

Isolation and Characterization:

Figure 1 shows the soil sample collection site. Total 12 bacterial strains were isolated from the soil sample
collected from the field region of Narmada district, Gujarat (INDIA) on the nutrient agar plate.

Screening of EPS producing bacteria

Out of 12 bacteria isolated, 5 EPS producing bacteria screened on the basis of mucoid(gummy) colony
characteristic and string formation. The screened bacteria were 5C, 2V, FKH30, FKH12, FKH13 which
shows positive result. In figure 2 we can observe the string formation which was formed because of viscous
EPS production.

EPS Production and Characterization

After the incubation period the inoculated nutrient agar broth becomes viscous and shows sticky/ropy
broth with foam formation.

Dry weight.

The EPS produced was characterized using its dry weight estimation. Dry weight shows the yield of EPS in
the broth [17]. The produced EPS was precipitated using the alcohol/acetone precipitation method and
dried at 50-55°C in hot air oven overnight and weighed. Figure 3 shows the results of dry weight estimation
of EPS. From the results we can observe that the bacterial isolate 5C and FKH13 gives the greatest amount
of EPS which is obtained 0.120g and 0.117g respectively, than the other isolates 2V, FKH12 and FKH30.
Viscosity

Viscosity is the key characteristic to identify EPS production in the broth. Viscosity is estimated using the
Ostwald’s viscometer. The results of viscosity of EPS produced are as shown in table 1. From the results
we have observed that the viscosity of EPS produced by isolate 5C is 1.1mPa.s, which is much higher than
the viscosity of EPS produced by the other isolates 2V,FKH30,FKH12 and FKH13 which is obtained 1.02,
1.03, 1.06 and 1.04mPa.s, respectively. Figure 4 shows the graphic study of results of viscosity, from which
we can easily observe the results by comparative study that the bacterial isolate gives the highest result.
Biofilm formation

The biofilm formation was done by two methods which includes the flask method and on the slide. The
flask method was done for the quantification of biofilm formation capability of isolates. The optical density
was measured after the addition of dye and application of acetone in the broth at 490nm. Table 2 shows
the result of optical density measured at 490nm in the flask method. The results shows that the 5C gives
the highest results than the 2V, FKH30, FKH12 and FKH13, which shows the higher capability of 5C to form
denser biofilm.

In the second method the biofilm formation was done on the slide by placing the slide in the slanting
position with partially submerged in to the inoculated broth in the petri plate. The detection of biofilm
formed on the slide is done using the gentian violet dye as the application of dye will stain all the organisms
(Figure 5 shows the biofilm formed on slide and figure 6 shows the detection of biofilm formed on slide
using the gentian violet). All the isolates give the positive results for the biofilm formation. This method
shows only ability of isolates to form biofilm.

Application

1)Dye decolorization
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Table 3 shows the rate of dye decolorization obtained. Figure 7 shows the comparative graphic study of
dye decolorization rate, from which we can observe that 5C give the highest decolorization rate, 98%, by
decolorizing the dye bromothymol blue.

2) Degradation of Agricultural waste

The lab scale application of degradation of agricultural waste was checked. As the 5C gives the maximum
yield of EPS than the other isolates, it also shows the degradation potential. The degradation of agricultural
waste was proceeded for the 21 days. By comparing the test flask with the control flask, it was observed
that the agricultural waste was partially degraded after 21days.

Bacterial Identification

After the whole study, we observed that the isolate 5C is most promising EPS producing bacteria by giving
the higher results in the estimation of viscosity, dry weight and biofilm formation capability. Therefore, we
have further done the identification of 5C on the basis of its cultural and morphological characteristic,
biochemical tests and 16s rRNA sequencing.

1) Cultural characteristics

Table 4 show the cultural characteristics of isolate 5C. Its cultural characteristics shows that it has smooth
and mucoid colony which is the one of the main characteristics for the EPS producing colonies.

2) Morphological characteristics

Table 5 shows the result of gram staining. The Gram staining results shows that 5C is Gram positive
bacteria, rod in shape.

3) Biochemical Identification

The various biochemical tests were performed, in which carbohydrate utilization, catalase, amylase,
protease, lipase production and gelatine liquefaction test were positive. Table 6 show the result of various
biochemical tests that were performed.

4) Phylogenetic analysis of 16s rDNA sequencing

The bacteria were identified by 16s rRNA sequencing. Then analysed by BlastN, which shows the highest
similarity with the Bacillus subtilis. Then phylogenetic tree has been constructed using MEGA11.
Phylogenetic analysis also placed the strain among the Bacillus subtilis (Figure 11).
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Figure 1 : Soil sample collection site (Narmada district )
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Figure 3: Graph showing the results of Dry weight of EPS precipitates

Table 1: Results of viscosity
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Figure 4: Graph showing the results of viscosity of EPS
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Table 2: Result table of biofilm production in flask

Bacterial Name | Optical Density at 490 nm
Control 0.00
5C 0.44
2V 0.31
FKH30 0.34
FKH12 0.27
FKH13 0.40

Figure 5 : Biofilm formation on the slide

Figure 6 : Detection of biofilm on slide using dye gentian violet
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Table 3: Results of dye decolorization
BACTERIAL NAME DYE DECOLORIZATION (%)

Control -

5C 98%
2V 23.07%
FKH30 43.63%
FKHI2 26.98%
FKHI13 20.42%

Figure 7 : Results showing the results of dye decolorization
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Figure 8 : 7th day result of biodegradation of agricultural waste
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Figure 10 : 21st day result of biodegradation of agricultural waste
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Size Shape Arrangement Gram’s Microscopic Image
Reaction
Big Rod Chain Gram Positive

Cellular
morphology

Table 5 : Morpholo

Table 4 : Cultural characteristics of 5C

Bacillus subtilis 5C

gical characteristics of 5C

Cellular
morphology

Bacillus subtilis 5C

Colony size Medium Consistency Gummy
Colony shape Round Opacity Opaque
Margin Wavy Surface Smooth
Elevation Slightly raised Colony colour Light pink

Table 6 : Biochemical test results of bacterial isolate 5C

Indole
production
test

Methyl red
test

Voges-
Proskauer test

Citrate
utilization test

H,S
production
test

Nitrate
reduction test

Urea
hydrolysis test

Decarboxylase
test

+ve

Keys: A=Acid production, G=Gas production

ABR Vol Spl Issue 1, 2023

Dehydrogenase @ +ve
test

Gelatinase +ve
Lipase -ve
Amylase +ve
Protease +ve
Cellulase +ve
Phenylalanine | -ve
deaminase

Catalase test +ve
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Glucose
utilization

Fructose
utilization

Maltose
utilization

Sucrose
utilization

Xylose
utilization

Mannitol
utilization

Lactose
utilization

+ve (A, G)

+ve(A, G)

+ve(A, G)

+ve(A, G)

+ve(A, G)

+ve(A, G)

+ve(A, G)
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Figure 11 : Phylogenetic tree
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CONCLUSION

Five EPS producing bacteria were isolated and screened from the soil sample in this study. These isolates
were further characterized by its EPS’s viscosity and dry weight estimation, with isolate 5C showing the
best results. This study also involves the ability of isolates to form biofilm, which yields a positive result.
furthermore, the lab scale application of dye decolorization and degradation of agricultural waste were
checked which shows the positive result by decolorizing the dye and partially degrading the agricultural
waste, respectively. Based on the results of the studies, isolate 5C which is identified as Bacillus subtilis 5C
was determined to be a potential EPS producing bacteria due to its dye decolorizing and waste degrading
capabilities with highly viscous EPS production.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE:
Not applicable

AVAILABILITY OF DATA AND MATERIALS:
WThe manuscript comprises all the applicable data in the text, tables and in the figures.

CONFLICT OF INTERESTS:
All the authors declare that there is no any conflict of interests for this publication.

ABR Vol Spl Issue 1,2023 192|Page © 2023 Author



ACKNOWLEDGEMENT

We gratefully acknowledge the Microbiology Department, Gujarat Arts and science college, Ellis bridge,
Ahmedabad. We express are sincere gratitude to are research guide Dr. Chaitanya Kumar Jha. We express
are heartful gratitude toward are research scholar, Janki Ruparelia.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Madigan, M. T, ]. M. Martinko, and ]. Parker. (1997). Brock Biology of Microorganisms. 8th ed. Prentice Hall
International Ltd., London, UK.

Parikh, A, & Madamwar, D. (2006). Partial characterization of extracellular polysaccharides from
cyanobacteria. Bioresourc technology, 97(15) 1822-1827. https://doi.org/10.1016/ j.biortech. 2005. 09.008
Boonchai, R, Kaewsuk, J., & Seo, G. (2015). Effect of nutrient starvation on nutrient uptake and extracellular
polymeric substance for microalgae cultivation and separation. Desalination and Water Treatment, 55(2), 360-
367.

Kim, M. ], Seo, H. N,, Hwang, T. S, Lee, S. H., & Park, D. H. (2008). Characterization of exopolysaccharide (EPS)
produced by Weissella hellenica SKkimchi3 isolated from kimchi. The Journal of Microbiology, 46(5), 535.
Pavlova, K., & Grigorova, D. (1999). Production and properties of exopolysaccharide by Rhodotorula acheniorum
MC. Food Research International, 32(7), 473-477.

Sutherland, I. W. 1998. Novel and established applications of microbial polysaccharides. Trends Biotechnology.
Joshi, S.R.; Koijam, K. Exopolysaccharide Production by a Lactic Acid Bacteria, Leuconostoc Lactis Isolated from
Ethnically Fermented Beverage. Natl. Acad. Sci. Lett. 2014, 37, 59-64.

Cazares-Vasquez, M.L.; Rodriguez-Herrera, R.; Aguilar-Gonzalez, C.N.; Sdenz-Galindo, A.; Solanilla-Duque, ].F.;
Contreras-Esquivel, J.C.; Flores-Gallegos, A.C. Microbial Exopolysaccharides in Traditional Mexican Fermented
Beverages. Fermentation 2021

Bajpai, V.K; Rather, [.A.; Majumder, R.; Shukla, S.; Aeron, A.; Kim, K.; Kang, S.C.; Dubey, R.C.; Maheshwari, D.K.; Lim,
J.; et al. Exopolysaccharide and Lactic Acid Bacteria: Perception, Functionality and Prospects. Bangladesh J.
Pharmacol. 2015, 11, 1.

D Widyaningrum and B. Meindrawan 2020: The application of microbial extracellular polymeric substances in
food industry

Koo H, Yamada KM. Dynamic cell-matrix interactions modulate microbial biofilm and tissue 3D
microenvironments. Curr Opin Cell Biol. 2016 Oct; 42:102-112. Doi: 10.1016/j.ceb.2016.05.005. Epub 2016 May
31. PMID: 27257751; PMCID: PMC5064909.

Hobley L, Harkins C, MacPhee CE, Stanley-Wall NR (2015). “Giving structure to the biofilm matrix: an overview of
individual strategies and emerging common themes”.

Cugini C, Shanmugam M, Landge N, Ramasubbu N (2019). “The Role of Exopolysaccharides in Oral Biofilms”.
Journal of Dental Research. 98 (7): 739-745. D0i:10.1177/0022034519845001. PMC 6589894. PMID 31009580.
Chaudhari, R, Hajoori, M., Suthar, M, Desai, S, & Bharthana-Vesu, S. (2017). Isolation, screening and
characterization of marine bacteria for exopolysaccharide production. Biosci Discov, 8, 643-9.

Azeredo, j., & oliveira, r. (1996). a new method for precipitating bacterial exopolysaccharides. biotechnology
techniques, 10(5), 341-344.

Subramanian, S. B, Yan, S, Tyagi, R. D., & Surampalli, R. Y. (2010). Extracellular polymeric substances (EPS)
producing bacterial strains of municipal wastewater sludge: isolation, molecular identification, EPS
characterization and performance for sludge settling and dewatering. Water research, 44(7), 2253-2266.
Siddharth T., Sridhar, P., Vinila, V., & Tyagi, R. D. (2021). Environmental applications of microbial extracellular
polymeric substance (EPS): A review. Journal of Environmental Management, 287, 112307

Degeest, B., Janssens, B., & De Vuyst, L. (2001). Exopolysaccharide (EPS) biosynthesis by Lactobacillus sakei 0-1:
production kinetics, enzyme activities and EPS yields. Journal of Applied Microbiology, 91(3), 470-477

Copyright: © 2023 Author. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

ABR Vol Spl Issue 1,2023 193|Page © 2023 Author



https://doi.org/10.1016/

