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ABSTRACT 
Heavy metal pollution in soil is a global environmental issue, presenting serious risks to ecosystems, agriculture, and 
human health. In recent years, innovative and efficient remediation strategies for heavy metal-contaminated soils have 
been rapidly advancing. The present study focuses on an eco-friendly approach to reduce the metal toxicity in metal 
contaminated soils. The soil sample was collected from iindustrial effluent area near Medchal, Hyderabad. Six bacterial 
colonies resistant towards heavy metals like zinc, copper, iron and lead were isolated. The isolate with maximum metal 
tolerance was identified as Lactococcus lactis through morphological, biochemical, and molecular characterization 
methods. The metal adsorption in the isolate was mediated through extracellular polysaccharides (EPS).Structural 
analysis of EPS was carried by scanning electron microscopy and composition was determined by Fourier transformed 
infrared spectroscopy(FTIR).The ability of the bacterial EPS in metal adsorption was determined by Inductively coupled 
plasma mass spectrometric (ICP-MS)analysis and it was observed that EPS has more adsorption towards Lead, Iron and 
Zinc than copper metal. So Lactococcus lactis can be an effective biosorbent in reducing the metal toxicity in contaminated 
soils. 
Keywords: Industrial effluents, Heavy metals, Biosorption, Extracellular polysaccharides 
 
Received 18.09.2025                                                                     Revised 28.10.2025                                      Accepted 26.11.2025 
 
INTRODUCTION 
An alarming increase in environmental pollution from hazardous wastes containing heavy metals has 
occurred with the rapid development of industries like mining, metallurgy, and metal surface treatment. 
Because toxic metals cannot completely break down chemically or biologically. The health of individuals is 
seriously threatened by elevated concentrations of hazardous heavy metals because they create harmful 
compounds that negatively impact biological processes [1]. The use of microbial bioremediation has 
recently gained attention as a unique technology, as it is a substitute for widely used physico-chemical 
methods like electrochemical treatment and chemical precipitation. Therefore, an inexpensive and 
effective biological approach for removing metals from industrial efϐluent soil is required. Since biosorption 
is non-polluting, highly speciϐic, more efϐicient, and cost-effective for treating huge quantities of efϐluents 
with low metal concentrations, it is now utilized to remove hazardous metals from soil [2]. The first step in 
biosorption is the diffusion of metal ions to the surface of microbial biomass, which combines active and 
passive transport processes [3]. Biosorption can be Extra cellular accumulation and 
Intracellular accumulation [4]. EPS produced by algae, bacteria, fungi, and yeast is getting attention due to 
the need for low-cost, and ecofriendly efϐicient techniques with the objective of extracting heavy metals 
from industrial soil. EPS plays a major role in the metal biosorption process. Heavy metal adsorption by 
EPS is energy independent, non-metabolic, and produced by the interaction of the metal cations and  The 
functional groups of  extracellular polysaccharides have negative charges[5].With abundant binding sites 
extracellular polymeric substances(EPS),can be used to decrease heavy metal ions concentration in 
aqueous solution from ppm to ppb level within hours through adsorption[6].Lactic acid bacteria (LAB) have 
been used for their probiotic properties and  in the food and medical researches. In particular, the use of 
LAB for the bioremediation of industrial efϐluents polluted with metals is not widely proven scientiϐically 
[7].LAB can be effective biosorbents for harmful metal ions such as copper, iron, lead, and zinc because of 
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their thick cell wall, metabolic properties, and the ability to produce extracellular polymeric 
substances(EPS).The objective of this study is to investigate the biosorption ability of Lactococcus	lactis	
which  was isolated from industrial efϐluent contaminated soil.  
 
MATERIAL AND METHODS 
Collection of industrial effluent soil sample 
The soil sample was collected from Medchal industrial area contaminated with industrial effluents, 
Hyderabad. Soil was transported in sterile polythene bags to the Microbiology Laboratory, St.Francis 
College for Women, Hyderabad. 
Isolation of bacterial isolates from industrial effluent soil 
A stock solution was prepared by suspending 1g of soil in 100 mL of sterile distilled water. The sample was 
diluted 10-fold upto 10-6.0.1mL of 10-6 dilution was inoculated onto sterile nutrient agar plates. The agar 
plates were incubated at 370C for 24 hr for the growth of microorganisms [8]. 
Screening for Heavy metal tolerant isolates 
The bacterial isolates from the agar plate were screened for heavy metal tolerance towards metals like 
copper, iron, lead, and zinc by Agar well diffusion method [9]. Different concentrations of metals 
i.e.,10,25,50 and100ppm were prepared and suspended into the wells bored in the minimal agar plates 
seeded with bacterial isolates and incubated for 48 hours at 37oC.The plates were checked for growth after 
the incubation period [1]. 
 Morphological Identification of metal tolerant isolates 
 The metal tolerant bacterial isolates were identiϐied by Gram staining method according to Bergey’s 
Manual of Determinative Bacteriology [10]. 
Biochemical characterization of metal resistant isolates 
In accordance with Bergey’s Manual of Determinative Bacteriology, metal resistant isolates were further 
identiϐied using the IMViC test series, as well as the Oxidase and Catalase test used to identify organisms 
[11]. 
Indole	 Test: The test was carried out in tryptophan broth or Sulϐide-motility (SIM) medium. When 
tryptophanase enzyme is present, it shows that bacterial isolates can break down the amino acid 
tryptophan to indole. The 24-hour-old cultures was inoculated with tryptone broth and incubated for 24 
hours at 37°C. After the incubation period Kovac’s reagent is added, the tubes were examined, and the 
results were noted. 
Methyl	 Red	 (MR)	 Test: To determine the production of stable acid end-products from glucose 
fermentation, MR-VP broth tubes were inoculated with the bacterial cultures and incubated at 37°C for 24 
hours. After incubation, methyl red indicator was added.  
Citrate	Utilization	Test: The test was performed using Simmon citrate agar. The purpose of the test was to 
identify the bacterial isolates which produce the enzyme citrase. The agar surface was streaked with the 
bacterial inoculum, and incubated for 24 hours at 37°C. 
Catalase	Test	(Slide	Method):	To identify the presence of the catalase enzyme, A loopfull of a 24-hour-old 
isolated cultures was placed on the slide along with 3% hydrogen peroxide. The formation of oxygen 
bubbles indicates a positive result. 
Oxidase	Test: The test was conducted to determine the presence of the enzyme cytochrome c oxidase. A 
loopful of a 24-hour-old bacterial culture was applied onto an oxidase test paper disc. A positive result was 
indicated by the purple color developing within 10 seconds [12]. 
Molecular	characterization	of	metal	resistant	isolate 
 The metal resistant bacterial isolate was subjected to buffer-based lysis, column puriϐication, and elution 
in order to extract its genomic DNA using the Xploregen Universal gDNA Extraction Kit. The next phase was 
16S rDNA typing at Averin biotech Laboratories, Hyderabad. Using the Forward (5′–
GGATGAGCCCGCGGCCTA) and Reverse (5′–CGGTGTGTACAAGGCCCGG) primers, 181 ng of the 16S rRNA 
gene were amplified following spectrophotometric measurement for the quantify the DNA. High-fidelity 
polymerase, dNTPs, MgCl₂, assay buffer, and primers were used in the 50 µL reaction volume for the PCR. 
The thermal cycling conditions were as follows: 30 cycles of denaturation (94°C, 1 min), annealing (50°C, 1 
min), extension (72°C, 2 min), and a final extension at 72°C for 7 min.The PCR results were confirmed 
by agarose gel electrophoresis [13]. An ABI 3130xl Genetic Analyzer was used to conduct bi-directional 
sequencing utilizing Big Dye Terminator v3.1[14]. The molecular characterization of metal resistant 
bacterial isolate BLASTn (Basic Local Alignment Search Tool) program was used, which is accessible via 
the National Center for Biotechnology Information (NCBI) database, the resultant DNA sequence was 
examined and multiple sequence alignment was performed using Clustal W software [15][16]. Weighbor 
method with the Jukes-Cantor model was used to identify phylogenetic relationships. 
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Determination	of	metal	adsorption	by	bacterial	isolate	by	UV	VIS	analysis 
UV-VIS Spectrophotometer (Systronsis 2100) was used to determine the adsorption of the metal by 
bacterial isolate.1000ppm of heavy metals copper, iron, lead, and zinc were added to 100 ml of nutrient 
broth ϐlasks inoculated with 5 ml of bacterial isolate respectively. The flasks were incubated in orbital 
shaker at 150rpm, 370C for 72hr.After the incubation period, the absorbance maxima were determined at 
600nm [17]. 
Extracellular	polysaccharides	production	in	metal	resistant	bacteria 
Screening	for	EPS	production 
 The ability of bacterial isolates towards metal adsorption is mediated through extracellular polysaccharide 
production. The bacterial isolate was screened for extracellular polysaccharides by Disc method [18]. 3 
sterile De Man, Rogosa and Sharpe Agar (MRS Agar) plates were incorporated with 8% sucrose, lactose 
and fructose respectively. To the plates, sterile ϐilter paper discs (5 mm) embedded with 3 μL of bacterial 
isolate was placed and plates were incubated for 48 hour at 370C.The plates were checked for mucoid 
colonies around the disc, for extracellular polysaccharide production [19]. 
Extraction	and	Puriϐication	of	EPS 
A 5 mL aliquot of bacterial inoculum was aseptically transferred into 500 mL of De Man, Rogosa and Sharpe 
(MRS) broth to facilitate the proliferation of lactic acid bacteria. The culture was incubated at 37°C for 24 
hours under aerobic conditions. Following incubation, trichloroacetic acid (TCA) was added to achieve a 
final concentration of 14% (v/v) to precipitate extracellular proteins. The mixture was subjected to 
agitation at 90 rpm in an orbital shaker at 37°C for 30 to 40 minutes for protein denaturation. Subsequently, 
the culture was centrifuged at 8,000 rpm for 20 minutes to separate the precipitated proteins and cellular 
debris. The resulting supernatant was carefully decanted, and cold absolute ethanol was added in a 1:2 
ratio (supernatant: ethanol,v/v) to precipitate extracellular polysaccharides. This mixture was incubated 
at 4°C for 48 hours to facilitate extracellular polysaccharide precipitation [20]. The precipitate has been 
collected and centrifuged, dissolved in 10 mL of deionized water following the incubation period. After 
dissolving in water  the mixture was dialyzed at 4°C for 48hrs.Then the precipitate was lyophilised at -
80°C[21]. The puriϐied EPS was further analysed. 
Structural	characterization	of	EPS	producing	bacterial	isolate 
The EPS production in the metal resistant bacterial isolate was identified using Scanning electron 
microscope,was carried out at Averin Biotech Laboratory,Hyderabad.EPS surface morphology and 
elemental composition was determined. 
Determination	of	Extracellular	polysaccharide	composition	using	FTIR 
Functional groups of puriϐied extracellular polysaccharides were identiϐied using Fourier Transform 
Infrared (FTIR) spectrophotometer (Averin Biotech Laboratory, Hyderabad, India). 
Determination	 of	 EPS	 mediated	 metal	 adsorption	 by	 inductively	 coupled	 plasma	 mass	
spectrometric	(ICP-	MS)	analysis 
Metal stock solution(0.01g/10mL) for copper, iron, lead, and zinc were prepared.0.001g EPS was 
inoculated into the metal solutions respectively and was incubated for 37oC for 24 hrs. Metal solutions 
without EPS was used as control. After the incubation period the metal adsorption by EPS was determined 
by ICP-MS analysis (Averin Biotech Laboratory, Hyderabad, India). Removal efϐiciency was determined by 
comparing the amount of adsorbed heavy metals (Cf)to their initial concentration (Ci)[22]. 
The equation used for calculating biosorption efϐiciency: 
Biosorption efϐiciency (%)=Ci-Cf ×100 

     Ci 
RESULTS AND DISCUSSION 
Isolation of bacterial isolates from industrial effluent soil 
Soil sample collected from industrial effluent soil, medchal was used for the isolation of metal resistant 
bacterial isolates [23]. The collected samples were serially diluted and inoculated onto nutrient agar plates 
using the spread plate method. After the incubation period at 37°C for 24 hours, growth of microorganisms 
were observed. Six bacterial isolates were obtained and the culture labelled as 1A,1B,1C,1D,1E,1F. Each 
isolate was maintained by subculturing on nutrient agar media and stored at 4°C. 
Screening for metal resistant bacterial isolates 
The bacterial isolates from nutrient agar plates were screened by Agar well diffusion method [24].Minimal 
agar plates were prepared  and inoculated with 1A,1B,1C,1D,1E,1F .Different concentrations (10,25,50,100 
ppm) of metal solutions such as copper, iron, lead, and zinc were suspended onto the wells.After the 
incubation period at 37°C for 24 hours, zone of inhibition were not observed around the wells.Bacterial 
growth was observed on the agar plates containing different heavy metals [10]. The minimal agar plates 
with different concentrations of lead exhibited higher tolerance to Isolates 1A,1B,1C (Fig1 a,b,f) and 
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inhibition zones were not observed.1E showed comparatively reduced growth, indicating lower tolerance 
to the metal copper (Fig 1e). Isolate 1D showed tolerance to zinc metal (Fig 1d) and 1F exhibited tolerance 
to iron metal (Fig 1c). 
Characterization of  metal resistant bacterial isolates 
The colony morphology of the metal resistant bacterial isolates.1A, 1B, 1C,1D, 1E, and 1F was studied. The 
colonies(1A, 1B, 1C,1D, 1E,1F)were medium-sized, irregular, raised colonies with smooth, opaque, 
flat,shiny surfaces in beige to off-white and cream coloured colonies[25].The colony of 1C was small, 
circular,white with entire margin (Table 1) as indicated by Rahman H U et al., [26].Morphological 
identification by gram staining indicated the isolates to be Gram positive bacilli (1A, 1B, 1D, 1E, and 1F) 
and cocci(1C).The isolates were not  produced the enzyme tryptophanase for Indole test. Methyl red test 
confirmed the production of stable acid end products by 1C isolate with a colour change from yellow to red 
colour in MR-VP broth tubes inoculated with isolates.Isolates 1A ,1B,1D,1E,1F tested positive for citrate 
utilization, indicating their ability to use citrate as the sole carbon source. Isolates 1A ,1B,1D,1E,1F were 
positive for the catalase test,indicated with production of gas bubbles.All isolates except 1C showed oxidase 
activity indicated by the colour change from colourless to purple on the oxidase disc with  the culture.The 
biochemical tests conϐirmed the isolates to be Bacillus	 subtilis(1A,1B,1E,1D,1F) and Lactococcus lactis 
(1C)(Table 2).Lactococcus lactis is primarily known for its probiotic benefits, this study explores its 
potential for heavy metal biosorption processes. The isolate,1C was further characterized by 16S rDNA 
typing(Averin Biotech Laboratory, Hyderabad)and was identified to be Lactococcus lactis 
MF429197.1.Based on the BLAST analysis(Table 3) and sequence similarity using the System Software 
aligner and conserved alignment model positions the phylogenetic tree was constructed(Fig 2).Zammouri, 
A et al.,2024 reported that the majority of LAB isolates share a common evolutionary ancestor[27]. 
Determination of metal adsorption by Lactococcus lactis  
The ability of Lactococcus lactis to adsorb the heavy metals was primarily determined by  UV-VIS 
absorption spectrophotometer .The absorbance of  L. lactis cultures was measured at 600 nm for 
monitoring bacterial growth, as it provides a reliable estimation of cell density and does not harm the 
cultures.Metal solutions(1000 ppm of Cu²⁺, Pb²⁺, Zn²⁺, and Fe²⁺)inoculated with L. lactis culture(5mL)and 
incubated at 37 °C for 96 hoursThe metal  absorbance of the isolate towards Lead, Zinc, and Iron was 0.205, 
0.205,0.204 respectively. For Copper, lowest absorbance of 0.201 was observed (Fig	3). The study by Xu, Y 
et	 al., [28] revealed that lactic acid bacteria showed good adsorbance towards lead metal at higher 
concentrations. 
3.8	Extracellular	polysaccharide	production	in	metal	resistant	Lactococcus	lactis 
Microbial polysaccharides are macromolecules that are released by bacteria and consist of glycosidic bonds 
between several monosaccharides. These polymeric materials can be found in the cell extracellularly or 
intracellularly as glycogen [9]. The extracellular polysaccharide was screened by disc method. The bacterial 
isolate inoculated onto MRS agar media supplemented with 8% Sucrose, fructose and dextrose 
respectively. The agar plates were incubated at 37oC for 24 hours. Mucoid colonies were observed in MRS 
agar plates supplemented with 8% Sucrose (Fig	4).	The most effective carbon source for EPS synthesis was 
determined to be sucrose, which is consistent with the results of Angelov et	 al., (2023), reported that 
Lactiplantibacillus	plantarum ZE2 produced a maximum yield of 211.53 mg/L when sucrose was utilized 
[29]. EPS was puriϐied using ethanol precipitation method (Fig	5).	The dry weight of	EPS produced by 
L.lactis was found to be 20mg.Similar yield ranged between 25.45–257.362 mg/L was observed in L.	
plantarum	YM-2[30]. The dry yield of EPS is dependent on medium composition, climatic conditions, and 
the selection of superior strains [20]. By optimizing the conditions for biosynthesis of EPS, production can 
be increased. 
Structural	characterization	of	EPS	producing	Lactococcus lactis 
The structural analysis of the EPS produced by Lactococcus lactis was performed using scanning electron 
microscopy (SEM). The SEM images provided detailed information about the surface morphology of the 
extracted EPS.At higher magnification, the SEM images clearly showed a scaly, layered structure, 
characteristic of microbial EPS. The EPS appeared as tightly, irregular sheets, forming a dense matrix with 
various thicknesses across the surface. These scale-like features are likely due to the entanglement and 
aggregation of polysaccharide molecules, which form a protective and stable structure around the bacterial 
cells(Fig 6).The structural microscopy images of L.	plantarum were  showing similar irregular structure 
like L.lactis with a rough surface and porous structure[31].The EPS surface exhibited porous regions 
between the scales, indicative of the  ability to bind to heavy metals or other substrates, highlighting its 
potential in metal biosorption .  
Determination of extracellular	polysaccharide composition using FTIR 
The functional composition of the extracted extracellular polysaccharide produced by Lactococcus lactis 
was determined using Fourier Transform Infrared Spectroscopy (FTIR), which was performed at Averin 
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Laboratories, Hyderabad [32]. The FTIR spectrum of the EPS sample (Fig 7) revealed a broad absorption 
band at 3309.96 cm⁻¹, indicating the presence of O–H stretching vibrations associated with hydroxyl 
groups, a typical feature of carbohydrate structures.Peaks observed between 2858.6–2928.04 cm⁻¹ were 
attributed to C–H stretching vibrations of methyl and methylene groups, commonly found in 
monosaccharides such as glucose, galactose, rhamnose, and fucose. The carbonyl group's (C=O) stretching 
vibration was the origin of the absorptions in the 1741.78cm⁻¹.Stretching bands around the 1745.64–
1988.68 cm⁻¹region were C=O stretching vibration, and absorptions around the 1224.84–
1415.8cm⁻¹region were  carboxyl group (C=O) stretching vibration.The fingerprint region between 
1053.17–1060.88 cm⁻¹ confirmed the presence of polysaccharides.Sugar monomers were identified by a 
peak near 1244.13 cm⁻¹, with a vibration band at 968.3 cm⁻¹ indicated the C–O–C linkage of glycosidic 
bonds.A specific peak at 860.28 cm⁻¹ represented α-D-glucan structures.The presence of functional groups 
such as hydroxyl, carboxyl, carbonyl, and amino groups,contribute to the biological activity of EPS, 
including metal-binding mechanism.Similar peaks were reported in EPS derived from Lactobacillus 
plantarum C7 and Lactococcus lactis SLT10, confirming the carbohydrate nature and biosorption potential 
of the polymers[33][34]. 
Determination	 of	 EPS	 mediated	 metal	 adsorption	 by	 inductively	 coupled	 plasma	 mass	
spectrometric	(ICP-	MS)	analysis 
The efficiency of the extracted extracellular polysaccharide (EPS) from Lactococcus lactis in removing 
heavy metals was evaluated using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for the 
quantitative determination of trace metals and elemental composition in samples. For this analysis, liquid 
samples were prepared by adding 0.1% (w/v) metal solutions of zinc, iron, lead, and copper to 10 mL of 
sterile MRS broth, resulting in a final metal concentration of 1000 ppm, along with 0.01 g of EPS extracted 
from L. lactis.After treating EPS with heavy metals ,shown reduction in metal concentrations and the 
biosorption efficiency was determined using the mass balance equation[35].The initial iron (Fe) 
concentration of 964.8 ppm was reduced to 85.1 ppm, corresponding to a removal efficiency of 91.18%. 
Similarly, copper, zinc,lead with initial concentrations of 1127.2 ppm,1696 ppm, 766.8 ppm were reduced 
to 123.2 ppm,63.5 ppm,and 0.1 ppm having removal efficiencies of 89.07% , 96.26% and 99.98% 
respectively. Copper and iron were also adsorbed by the EPS of the isolate, but their biosorption efficiencies 
were lower as compared to lead and zinc. Previous studies reported that EPS produced by Bacillus cereus 
NSPA8 showed lead biosorption of approximately 90% and also showed affinity for cadmium and copper, 
as determined by atomic absorption spectroscopy[36][37]. The biosorption ability of L. lactis EPS for these 
heavy metals is shown in Figure 8.The results indicate that Lactococcus lactis, isolated from industrial 
effluent-contaminated soil, exhibited effective biosorption of heavy metals, with the highest removal 
efficiency was observed for lead metal. 

 
TABLE	1: Morphological  characterization of  metal resistant bacterial isolates 

ISOLATE GRAM NATURE COLONY MORPHOLOGY 

1A Gram-positive 
rods 

Medium, irregular, undulate,raised, smooth,beige to off- white, opaque, shiny 

1B Gram-positive 
rods 

Medium, irregular, undulate, raised, opaque, flat, shiny, white colour colonies. 

1E Gram-positive 
rods 

Medium, irregular, undulate, raised, smooth, beige to off- white, opaque, shiny 
 

1D Gram-positive 
rods 

Medium, irregular, entire, raised, smooth, white, opaque, shiny cream colour 
colonies. 

1C Gram-positive 
cocci 

Small,  circular, entire, raised,  smooth,  beige,  opaque,  shiny, white colour 
colonies. 

1F Gram-positive 
rods 

Medium, irregular, entire,raised, smooth,white, opaque, shiny cream colour 
colonies. 

 
TABLE	2:	Biochemical characterization of metal resistant bacterial isolates 

Identification Indole  Methyl red  Citrate  Catalase  Oxidase  
1A - - + + + 
1B - - + + + 
1C - + - - - 
1D - - + + + 
1E - - + + + 
1F - - + + + 
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Table	3: BLAST data analysis of the Lactococcus	lactis	sp. 
Sl.	
No. Organism	Name Accession	No. %	Match 

1 Lactococcus	lactis subsp. lactis strain CAU2082 16S ribosomal 
RNA gene MF429197.1 98.17% 

2 Lactococcus	lactis subsp. lactis strain IMAU11523 (BM41-5) 16S 
ribosomal RNA gene KP763979.1 98.17% 

3 Lactococcus	lactis DCR3-2 gene for 16S rRNA LC819332.1 98.17% 
4 Lactococcus sp. strain M81 16S ribosomal RNA gene OQ775374.1 98.17% 
5 Lactococcus sp. strain FP2GJF02c 16S ribosomal RNA gene OR373509.1 98.17% 

 
(a)                                       (b)                                                    (c)                                                  

 
(d)                                            (e)                                      (f) 

Figure	1: Screening for heavy metal tolerant isolates using agar well diffusion method(a)Minimal agar 
plates inoculated with culture 1A with metal lead(b)plates  inoculated with culture 1B in presence of 

metal lead(c)plates  inoculated with culture 1F  in presence of metal iron(d)plates inoculated with culture 
1D  in presence of metal zinc(e)plates  inoculated with culture 1E  in presence of metal copper(f)plates  

inoculated with culture 1C in presence of metal lead. 
 

 
Fig	2.	The phylogenetic tree made by using weigh or algorithm method 
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Fig	3:	Absorbance of Lactococcus lactis towards copper (Cu), lead (Pb), zinc (Zn), and iron (Fe) 

measured at 600 nm using UV-VIS absorption spectrophotometer. 
 

 
Fig	4.Mucoid colonies were observed in MRS agar plates supplemented with 8% Sucrose 

 
 

 
(a)                                               (b)                                           (c)                                             (d) 

Fig	5.Puriϐied EPS obtained from Lactococcus lactis using ethanol precipitation method(a)MRS modified  
broth inoculate with L.lactis which is amended with 8% sucrose including trichloroacetic acid(b)Addition 

of double volume of ethanol to supernatant broth(c)Dialysed precipitate (d)Purified EPS 
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Fig	6	.	Scanning electron microscope images of the extracellular polysaccharides produced by Lactococcus	

lactis 

 
Fig 7.The FTIR Spectrum of extracellular polysaccharide produced by Lactococcus	lactis 

 

 
Fig	8. Biosorption of Heavy metals by EPS produced from Lactococcus lactis 
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CONCLUSION 
The present study concludes the application of extracellular polysaccharides by Lactococcus lactis in 
removal of heavy metals from soil thus providing a sustainable approach of bioremediation. 
 
ABBREVIATIONS 
Cu-Copper; Pb-Lead; Fe-Iron; Zn-Zinc; EPS-Extracellular polysaccharides; Ci-Initial metal concentration; 
Cf-Final metal concentration; LAB-Lactic acid bacteria; mL-Milliliter; ppm-parts per million; nm-
Nanometre; rpm-revolutions per minute 
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