
Page 1/29

Lactobacillus fermentum strains from rice water
and lemon pickle with potential probiotic properties
and wastewater treatment applications
Vidhya Prakash 

Amrita Vishwa Vidyapeetham School of Biotechnology
Archana Palillam Veedu Palillam Veedu 

Amrita Vishwa Vidyapeetham School of Biotechnology
Pradeesh Babu 

Amrita Vishwa Vidyapeetham School of Biotechnology
Abhirami Jothish 

Amrita Vishwa Vidyapeetham School of Biotechnology
Sruthy S Nair 

Amrita Vishwa Vidyapeetham School of Biotechnology
Alin Suhail 

Amrita Vishwa Vidyapeetham School of Biotechnology
Meera Prabhakar 

Amrita Vishwa Vidyapeetham School of Biotechnology
Raveena Rajan 

Amrita Vishwa Vidyapeetham School of Biotechnology
Priyanka S 

Amrita Vishwa Vidyapeetham School of Biotechnology
Bipin G Nair 

Amrita Vishwa Vidyapeetham School of Biotechnology
Sanjay Pal  (  spal05@gmail.com )

Amrita Vishwa Vidyapeetham - Amritapuri Campus https://orcid.org/0000-0002-2012-0734

Original article

Keywords: Probiotic, Lactobacillus fermentum, rice water, lemon pickle, wastewater treatment,
microbiome engineering

Posted Date: July 17th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-37101/v1

https://doi.org/10.21203/rs.3.rs-37101/v1
mailto:spal05@gmail.com
https://orcid.org/0000-0002-2012-0734
https://doi.org/10.21203/rs.3.rs-37101/v1


Page 2/29

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://creativecommons.org/licenses/by/4.0/


Page 3/29

Abstract
Enteric infection by faecal contamination of drinking water is a major concern in developing nations
contributing to the huge burden of malnutrition and infant mortality. We have developed a holistic
approach, named as gut to gutter approach, to treat wastewater treatment, by screening potential
probiotic strains from staple food sources. The strains could be potentially used for competing out the
enteric pathogens in different applications such as food and wastewater treatment. We focused on two
strains isolated from rice water (RS) and lemon pickle (T1), identi�ed as Lactobacillus fermentum and
characterized for their probiotic and wastewater treatment capabilities. The strains showed many
probiotic properties (tolerance to low pH (pH 3), bile salts up to 0.5% and simulated gastric juice at low pH
and binding to extracellular matrix molecules, heparin and gelatin. Auto-aggregation of T1 was in the
range of 85% and the strain exhibited signi�cant co-aggregating ability with enteric pathogens, Klebsiella
pneumoniae, Salmonella enterica and E. coli (MDR) with 48%, 79% and 65% respectively. Both strains had
a higher binding a�nity to gelatin and heparin, compared to widely claimed “probiotic” Bacillus clausii
and the pathogenic E. coli ET. The strains had high galactosidase activities. Further, the cell free
supernatant from RS showed BLIS (bacteriocin like inhibitory substance) activity against Klebsiella
pneumoniae, Staphylococcus aureus and Salmonella enterica at 60%, 48% and 30% respectively. T1
strains and B. clausii effectively reduced the coliform count by by 90% (1-log) when immobilized in a
bio�lter to treat wastewater.

Introduction
Fermented foods and drinks have been the most explored source for isolation of bene�cial (probiotic)
bacteria effective in controlling infections of the gut (Kanauchi et al. 2018). Probiotic bacteria are de�ned
as live microorganisms that exert bene�cial effects on human health when ingested in su�cient
quantities (Oh et al. 2018b). These effects improve intestinal microbial balance, immunomodulation,
promote healthy gut micro�ora and inhibit the proliferation of harmful bacteria in the gastrointestinal
barrier (Repa et al. 2015; Xue et al. 2017), and offer new dietary alternatives for the stabilization of the
intestinal micro�ora (Spanhaak, Havenaar and Schaafsma 1998; Bansal et al. 2013).

Despite huge investment in development of probiotics as therapeutics/drugs, so far very few of them, if
any, have succeeded in full scale clinical trials and are approved as drugs. The reason is being the
complexity of gut microbiome dynamics as a function of host, food and other complicated environmental
factors. We feel there needs to be a more precise understanding of the gut microbiome to be altered by
probiotic and prebiotic applications. Moreover, there are large regulatory barriers for any drug approval for
human therapeutics.There is a huge scope of using the same probiotics strains for other applications
where regulatory hurdles are less such as wastewater treatment for removal of faecal contamination.
These applications have potential to reduce the overall cost of probiotic development. Hence we
attempted the same putative probiotics strains for wastewater treatment. We made bio�lters
immobilizing with different strains and tested their capacity to remove total coliforms in wastewater.
Biological treatment of wastewater by protective culture based microbial consortium in bio�lters can be
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an effective strategy to treat wastewaters. Bio�lms with commensal bacteria can signi�cantly reduce
pathogen load biodegrading nitrogenous compounds and carbonaceous materials (-Galvan et al. 2016).

As per FAO/WHO guidelines, evaluation of probiotics should follow stringent phenotypic and genotypic
characterization (Toba et al. 1995; Reid Gadir and Dhir 2019). Fermented rice water and pickle are widely
used in traditional food/beverage across the globe. Rice water, a starch suspension retrieved after boiling
rice, is widely used to treat diarrhoea induced by gastrointestinal diseases and cholera for decades (Wong
1981; Sheila and Peerce 1992; Gregorio et al. 2009). They are rich sources of bene�cial microbes (Giri et
al. 2018; Jeygowri et al. 2015). Pickles too when part of the diet in restricted quantities have imparted
similar effects (Zokaeifar et al. 2012). Hence we isolated several strains from these sources and did a
series of in vitro investigations to evaluate their potential probiotic properties such as host matrix binding,
tolerance to low pH, bile salts and gastric juices, anti-pathogenic activities and to connect the gut to
gutter associations, few strains were employed as bio�lter components in wastewater treatment
(Shokryazdan et al. 2014; Khalil et al. 2007; Štyriak et al. 2003).

Materials And Methods

Media, Chemicals and Instrumentation Used
Lemon pickle was obtained locally (Amritapuri, Kollam, Kerala, India) and rice water was aseptically
fermented for 6 hours. De Man, Rogosa and Sharpe agar (MRS agar), and Nutrient Gelatin was obtained
from HiMedia, India for isolation of Lactobacillus strains and gelatinase activity respectively. Gelatin was
obtained from HiMedia, India and Heparin from Biological E. Limited, Hyderabad, India for matrix binding
studies. Chromocult® Coliform Agar was purchased from Merck, India. Bile salts, Pepsin and Ortho-nitro
phenyl –D-galactopyranoside discs (ONPG) discs were procured from HiMedia, India. Solvents,
hexadecane and xylene was procured from Sigma-Aldrich, India. Dialysis tubing (3.5K MWCO) was
purchased from Thermo Fischer Scienti�c, India. Absorbance measurements employed synergy
microplate reader using Gen5.2.05 Software. Fluorescent microscope (Olympus IX71) and (Olympus
BX51) was employed for matrix binding studies.

Microbial strains used in the study
Bacillus clausii spore suspensions (Enterogermina®), Klebsiella pneumoniae (MTCC 3384) from
Microbial Type Culture Collection, Chandigarh, India, Pseudomonas aeruginosa wild type strain, PAO1
(ATCC 15692), from American Type Culture Collection, Manassas, VA, USA , Escherichia coli ET
(enterotoxigenic), Escherichia coli (MDR), Salmonella enterica and Staphylococcus aureus was gifted by
Dr. Bhabatosh Das, THSTI, Faridabad, India.
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Isolation of probiotic strains from rice water and lemon
pickle
Locally available lemon pickle and fermented rice water were chosen to isolate the Lactobacillus strains
in MRS agar at 37 °C by spread plate method. The rice water sampled from cooked rice was aseptically
fermented for 6 h and serially diluted up to 105. In both cases, few randomly selected colonies were
further screened on its binding to gelatin. Gelatin coating was performed in �at bottom 96 well plates by
incubating 100 µL of 10 mg/mL gelatin in each well at room temperature for 1 h followed by rinsing with
phosphate buffer saline (PBS) thrice. The MRS positive colonies suspended in PBS were added to each
well and kept at room temperature. After 10min, the bacterial suspension was discarded and washed with
100 µL PBS 5 times and the �fth wash was spread plated. More stringent similar volume wash was done
subsequently with 1 N NaCl in PBS and then 1% dimethyl sulphoxide (DMSO) in PBS. The uniform small
pinheaded colonies obtained from 1% DMSO-PBS �fth wash, which is considered as a strong binder to
the gelatin, was selected and subcultured for characterization. Rice water isolate was termed RS and
pickle isolate as T1 (Kumar and Ghosh 2012).

Genomic DNA isolation and 16SrRNA sequencing for
identi�cation of strains
Genomic DNA isolation was performed by phenol chloroform method (Green and Sambrook 2017; Xu et
al. 2019; Porayath et al. 2018). The DNA isolated was subjected to normal PCR with the help of 16s rRNA
gene primers forward primer (5’-AGAGTTTGATCCTGGCTCAG–3’), reverse primer (5’-
ACGGCTACCTTGTTACGACTT–3’) producing an amplicon of length 1.5 kb. After sequencing BLAST
analysis was performed (Zhang et al. 2000; Salim et al. 2019).

Evolutionary analysis
BLASTn analysis of the sequences were done with the default parameters. The results obtained for
aligned fasta sequences were downloaded from the NCBI BLAST and phylogenetic analysis was carried
out with the help of MEGA-X version 10.0.5. Fasta �les were imported and aligned using MUSCLE and the
resulting.meg �les were used to construct the phylogenetic tree using the Neighbor-Joining method with
default parameters (Saitou and Nei 1987;.Tamura, Nei and Kumar 2004; Kumar et al. 2018).

Assessment of probiotic properties of the strains

Acid tolerance ability
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To determine the acid tolerance of the strains, overnight culture of the strains (were inoculated into tubes
of MRS broth previously adjusted to pH values (1.5 and 3) using 1N HCl and 1N NaOH. The cultures
adjusted to 0.1 OD (in accordance with McFarland Standard) was inoculated and aliquots of cultures
exposed to pH 1.5 and 3 at 0 h and 3 h were plated on to MRS agar and viable counts were determined.
MRS broth maintained at pH 7 was used as the control (Kim et al. 2019). Experiments were repeated in
triplicates and average of 3 independent values were plotted.

Bile Tolerance ability
The bile salt tolerance was checked in MRS agar incorporated with bile salts, adding varying
concentrations from 0.2% to 2%. Aliquots of overnight cultures was spread plated onto the surface of the
bile-salt-containing MRS agar at 0.2% and 0.5% and viable counts were taken after 3 h of exposure. MRS
broth without bile salts was used as control (González-Vázquez et al. 2015).

Tolerance to Simulated Gastric Juice (SGJ):
The strains were centrifuged and resuspended in saline equivalent to an absorbance value of 1 at 600
nm. The cultures were then inoculated to simulated gastric juice (125 mM NaCl, 17 mM KCl, 45 mM
NaHCO3, 3 g Pepsin) adjusted to 3 different pH ranges 2, 3 and 7. Absorbance values after exposure to 6
h was measured at 600 nm (Hassanzadazar et al. 2012).

Elucidation of cell surface properties

Microbial Adhesion to Hydrocarbon Test (MATH) assay for
hydrophobicity
Bacterial cell surface hydrophobicity was assessed by measuring adhesion to hydrocarbons, hexadecane
and xylene. Overnight cultures of RS and T1 were centrifuged at 9,000 g for 10 min at 4 ℃. The pellet
was washed with phosphate urea magnesium buffer (PUM buffer- 22.3 g K2HPO4, 7.26 g KH2PO4, 1.80 g
urea, 0.2 g MgSO4.H2O, pH 7.1). Absorbance at 600 nm was adjusted to 1 OD. To 5 mL cell suspension 1
mL hexadecane was added. The two-phase system was vortexed for 2 min followed by incubation at 37
℃ for 1 h. Suspension was vortexed for 3 min and then incubated at room temperature for 1 h. Aqueous
phase was removed, and absorbance was measured at 600 nm. Similarly, a two-phase system with
xylene was performed. The percentage of cell surface hydrophobicity was expressed as (H %) = (1-A1
/A0) ×100 where A1 represents the absorbance of aqueous phase after 1 h and A0, at time t = 0. Bacillus
clausii, a known probiotic organism was used as the positive control (Xu et al. 2019).
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Autoaggregation assay
The strains (RS and T1) were grown in MRS broth and incubated at 37 ℃. The overnight cultures were
centrifuged (5,000 g, 15 mins, 4 ℃), harvested cells washed twice with phosphate buffer saline (PBS)
and resuspended in the same to 4 mL calibrated to an OD of 0.2 (108 CFU/mL). The cells were vortexed
for 10 s and the autoaggregation was determined at 3, 5 and 24 h respectively. The top portion of the
suspension was transferred to another tube with 3.9 mL of PBS and the absorbance (A600) was
measured each hour. The autoaggregation percentage is expressed as: Autoaggregation (%) = [1—At/A0]
× 100 Where At denotes the absorbance at time t = 1- 5 h and 24 h and A0 the absorbance at t = 0.
Bacillus clausii, a known probiotic organism was used as the positive control (Sorroche et al. 2012; Ben
Taheur et al. 2016).

Coaggregation assay of probiotic strains with pathogenic
strains
Coaggregation of probiotic strains with pathogens was investigated. The bacterial cell suspension was
resuspended in PBS to approximately 108 CFU/mL, and 2 mL of each bacterial suspension was mixed
with 2 mL of RS and T1 each and vortexed for 10 s. (Salmonella enterica, E. coli MDR, Klebsiella
pneumoniae).. Control tubes, each with 4 mL of bacterial suspension alone, were maintained at room
temperature. The degree of coaggregation was measured at 600 nm for 3 h, 5 h and 24 h respectively
(Collado, Meriluoto and Salminen 2008).

Bacterial attachment to immobilized extracellular matrix
(ECM) proteins
Gelatin and heparin (1 mg/mL, 50 μL) was added to 96 well plates and was incubated at room
temperature for 1 h. Unbound proteins were removed by washing with PBS. Absorbance of the strains
was adjusted to 0.1 (600 nm) and 50 μL of each of the bacterial suspension was transferred to the
coated plates and incubated for 1 h at room temperature. The wells were washed with 1X PBS for 3
times, 50 μL of formalin was added and the plate was kept undisturbed for 20 min to �x the bacteria and
was washed with PBS. Crystal violet (0.1 %, 50 μL) stain was added for 1 minute. Excess stain was
removed by washing and the plates were dried after which 50 μL of acetic acid was added into the wells
to solubilize the dye. Absorbance was measured at 595 nm in Synergy microplate reader using Gen5.2.05
Software. Bacillus clausii and E. coli ET strain were used as controls (Yadav et al. 2014; Nishiyama et al.
2015).

Microscopic examination of binding e�ciency of the strains
(�uorescent staining and crystal violet staining)
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Microscopic observation of the probiotic binding to ECM was performed with some modi�cations
(Shahara et al. 2012). Cultures (RS and T1 in MRS broth) adjusted to 0.1 OD were inoculated into sterile
coverslips placed in 6 well micro titre plates and were kept for incubation for 5 h. The wells were washed
with 1 X PBS to remove planktonic cells and coverslips transferred to glass slides were heat �xed at 55
℃ for 20min. Slides were then kept overnight at 4 ℃ and air dried (15 min). Fixed slides were stained
with 0.02% acridine orange for threemin in the dark, washed with distilled water and then air dried at room
temperature for 15 min. The attached cells were then imaged using a �uorescent microscope (Olympus
IX71). Another set of matrix bound coverslips were stained with crystal violet (0.1%) and observed under
100 X magni�cation (Olympus BX51).

Bio�lm formation of probiotic strains
In order to perform bio�lm quanti�cation, 2 mL of overnight culture of RS and T1 were inoculated into 6
well microtitre plates, with an initial turbidity of 0.25 OD at 600 nm. MRS broth was employed as control.
Plates were then left in a static condition for 48 h at 30 °C. Bio�lm formation was analysed by standard
crystal violet assay as described by Gómez et al. Quanti�cation was made based on the equations, non-
bio�lm producers [OD ≤ ODC], weak bio�lm producers [ODC < OD ≤ 2 x ODC], moderate bio�lm producers
[2 x ODC <OD ≤ 4x ODC], strong bio�lm producers [4 x ODC < OD] where ODC (cut-off) is mean OD value
of control. B. clausii was kept as a positive control. Visualization of bio�lm formation was further
performed using acridine orange and crystal violet staining (Gómez et al.2016).

Detection of β -galactosidase activity:
Qualitative determination of the rate of lactose fermentation was done by β-galactosidase assay. A single
colony of RS and T1 was applied to Ortho-nitro phenyl β –D-galactopyranoside discs (ONPG) in MIC
tubes followed by addition of 100 μL of saline. Reduction of ONPG to ONP (ortho nitrophenol) was
indicated by a color change to yellow at room temperature (Gómez et al 2016; Cebeci and Gürakan 2003).

Coliform reduction in sewage aided with probiotic bio�lters
The e�ciency of the probiotic strains, T1 and Bacillus clausii for their ability to form bio�lms embedded
in bio�lters was utilized to reduce coliform count in sewage. Pseudomonas aeruginosa (PAO1)was used
as a positive control. 1 L bottle employed as �lter was �lled with pre washed and dried sand, charcoal,
coarse gravel, �ne gravel, big gravel in the ratio of 3:3:1:1:1 respectively to a total bed height of 18
cm.The �lter was aseptically washed for 30 min, followed by inoculation of overnight culture of T1,
Bacillus clausii and Pseudomonas aeruginosa at OD (600) of 0.3 into the respective �lters for 72 h. A
control �lter was maintained devoid of bio�lm. After 3 d, the bio�lter was washed with 0.9% percent
saline without disturbing the bio�lm and sewage was introduced at a �ow rate of 35 mL/min (slow sand
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�lter linear velocity: 0.3 m/h). The reduction in fecal coliform (Escherichia coli) was checked in
Chromocult® Coliform Agar (Verschuere et al. 2000; Prol-García and Pintado 2013).

Detection of Gelatinase activity
Gelatinase production of the strains was checked by spotting 1µL aliquots of the 24 h cultures on to the
surface of nutrient gelatin plates (HIMEDIA). Plates were incubated for different time period and
temperature, 37 oC, 42 oC (48 h), 25 oC (72 h) and 10 oC and 15 oC (10 d). After incubation, the plates
were maintained at 4 oC for 2 h and gelatin hydrolysis was recorded as opaque halos around the colonies
(Oh et al 2018).

Bacteriocin extraction by pH mediated adsorption
desorption method and activity assay:
Initially, heating the culture broth to 60 ℃ was done in order to prevent the inactivation of bacteriocin by
proteases present in the culture medium. Adsorption of bacteriocin to producer cells was facilitated by
adjusting the pH to 6.0 using 1M NaOH followed by steering it for 30 min at 4 ℃. The cells were
harvested by centrifuging at 10,000 g for 25 min at 4 °C and pellets were washed twice with sterile 0.1 M
phosphate buffer (pH 6.5). Pellets resuspended in 100 mM NaCl, was adjusted to pH 2.0 (1N HCl), stirred
for 12 h at 4 ℃. Centrifugation of cell suspension at 10,000 g for 25 min was done and supernatant
dialyzed against distilled water at 4 ℃ for 24 h (dialysis tubing 3.5 K MWCO, Thermo Fischer Scienti�c).
The protein concentration was determined by Bradford assay (Elegado, Kim and Kwon 1997; Zhang et al.
2009; Zhang et al. 2013).The dialyzed samples were tested against indicator pathogens S. typhi, S.
aureus and K. pnuemoniae by microtitre inhibition assay (Vijayakumar and Muriana 2015).

Statistical analysis
Statistical analysis of data obtained was performed by conducting Two-way RM ANOVA and values were
expressed as mean ± SD (Standard deviation of the mean) values of 3 independent experiments using
the software Graph Pad Prism 6. Signi�cance levels were at *P ≤ 0.05,**P ≤ 0.01,***P ≤ 0.001 and ****P
≤ 0.0001.

Results

Isolation of probiotic strains, genomic DNA isolation and
16S rRNA typing
The rice water isolate (RS) and pickle isolate (T1) was identi�ed as Lactobacillus fermentum strains
based on their molecular characterization. The strains were deposited in GenBank under accession no: (i)
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MN410703 (rice water isolate) and (ii) MN410702 (pickle isolate) respectively.

Evolutionary analysis
The strain MN410703 (RS) was not closely related to any other strains as analyzed from the BLAST
analysis which makes it an interesting candidate to elucidate the complete genome sequence. (Fig.1a).
The strain MN410702 (T1) demonstrated an evolutionary relationship with the strain MK639007 (Fig.1b).

Assessment of probiotic properties of the strains

Acid tolerance ability
When compared to the control (pH 7) after exposure for 3 h, the colony counts of RS did not decrease in
both pH 1.5 and 3 indicating their ability to persist and grow in the high acidic environment (P ≤0.01).
(Fig. 2a) However, there was a negligible reduction in growth when the organism is exposed to pH 1.5 for
3 h. T1 after 3 hours of exposure demonstrated increased growth at pH 3 compared to the control (pH 7)
(Fig. 2b).

Bile Tolerance ability
Viable counts of T1 and RS were plated after 3 h of exposure to 0.2 and 0.5% of bile salts. Results clearly
demonstrated that both RS and T1 signi�cantly increased in counts by one log when exposed to bile salt
concentrations of 0.2% (P ≤0.01) when compared with the control. T1 could tolerate 0.5% of bile salts
which was evident by the increase in CFU/mL. (Fig. 2c).

Tolerance to Simulated Gastric Juice
The absorbance values after 6 h of exposure clearly demonstrated that with increasing time, T1 showed
increase in absorbance in simulated gastric juice (SGJ) at pH 2 and pH 3 (P ≤0.001) (Fig. 2d) while RS
showed increased in absorbance at pH 3 compared to the control pH 7 (P ≤0.01) con�rming the ability of
the strains to tolerate the high acidity in the gastric environment (Fig. 2e).

Elucidation of cell surface properties

Microbial Adhesion to Hydrocarbon Test (MATH) assay for
hydrophobicity
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The result indicated that compared to Bacillus clausii, RS and T1 had more a�nity towards xylene. (p
≤0.01 in ranges of 88% and 90% for RS and T1 respectively (Fig. 3a). However, a�nity to hexadecane
was in the ranges of 25% and 21%. The results con�rmed the ability of strains to bind to hydrophobic
barriers within the gut epithelium.

Autoaggregation assay
Aggregation properties of the strains were compared with B. clausii and E. coli ET. After 5 h compared to
Bacillus clausii, T1 exhibited higher percentage of autoaggregation in the range of 85% (P ≤0.001). After
24 h of incubation both strains exhibited 85% of autoaggregation when compared with the control (Fig.
3b). This property will essentially help the probiotic strains to adhere to the gut epithelium and enhance
their coaggregation abilities.

Coaggregation assay
In agreement with the autoaggregation results,T1 coaggregated with Salmonella spp in a range of 78%
within 5 h of incubation. While with E. coli and Klebsiella spp. percentages were 65 and 45% respectively
after 24 h of incubation (P ≤0.0001) (Fig 3c). RS coaggregated with all the strains in the range of 65%
after 24 h (P ≤0.0001) (Fig 3d). High coaggregation percentages reveal the ability of the strains under
investigation to competitively exclude pathogens from the gut epithelia thereby activating an immune
response.

Bacterial attachment to immobilized extracellular matrix
(ECM) proteins
To establish the strains ability to bind to the ECM proteins, in vitro assays were performed followed by
microscopic observation. T1 demonstrated increased binding e�ciency to gelatin matrix until 5 h
consistently when compared to B. clausii, (P ≤0.001). Binding of RS to gelatin matrix was similar to the
pathogen model (E. coli ET after 5 h. (Fig. 4a). With heparin, RS and T1 bound to the matrix with similar
a�nity as demonstrated as B. clausii (Fig. 4b)., It was observed that binding of E. coli was signi�cantly
reduced after 5 h of incubation. Results were con�rmed by �uorescent microscopy and crystal violet
staining (Fig. 5). The strains were found to be binding abundantly to the matrix after 5 hours of
incubation with gelatin (Fig. 5a-h) and heparin (Fig. 5i-p) when compared to B. clausii and E. coli ET as
revealed by microscopic asssay.

Bio�lm formation
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RS and T1 were found to be moderate bio�lm producers indicated by the absorbance values obtained
when compared with B. clausii (Fig. 6a). Further validation of the observation was con�rmed by CV
staining and �uorescent microscopic observation (acridine orange) of the bio�lms Both RS (Fig. 6b-c)
and T1 (Fig. 6d-e). formed bio�lms abundantly on the surface indicated by the microscopy which could
strongly corelate with their aggregation, co aggregation abilities and hydrophobicity percentages.

Detection of β -galactosidase activity:
β –galactosidase production of RS and T1 was con�rmed qualitatively with ONPG discs and within 24 h
yellow colour development in MIC tubes indicated that the strains were early lactose fermenters (Fig. 6f).

Coliform reduction in sewage aided with probiotic bio�lters
The E. coli count (blue colonies in the Chromocult® Coliform Agar) was found to be reduced by 1log
(90%) when sewage was passed through the bio�lters augmented with T1 and Bacillus clausii bio�lms,
compared to the raw sewage (P ≤0.001). It was quite evident from the observation that bio�lter devoid of
probiotic bio�lms was less effective in reducing E. coli counts (Fig.7). This con�rmed the prospective
application of these strains in bio�lter embedded reduction of coliforms.

Detection of Gelatinase activity
Both strains showed no gelatin hydrolysis zones after different incubation conditions indicating the
absence of gelatinase which is a virulence trait (Table 1).

Table 1 Gelatinase activity of RS and T1

Temperature and time of incubation Gelatinase activity of the strains

RS T1

37 oC (48 h.) - -

42 oC (48 h.) - -

25 oC (72 h.) - -

10 oC (10 d) - -

Gelatinase activity of RS and T1 at different temperature and time of incubation.(-) sign indicates the
absence of gelatinase activity.
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Bacteriocin extraction by pH mediated adsorption
desorption method and activity assay
RS speci�cally demonstrated inhibitory activity against the pathogens S. enterica, S. aureus and K.
pneumoniae (MTCC 3384) with percentage inhibition rates of 30%, 48% and 60% respectively (P ≤0.001)
(Fig.6f). However, the effect of T1 was not prominent against the strains (Fig. 8).

Discussion
The prolonged use and synthesis of antibiotics in multiple communities and hospitals has fuelled the
crisis of antimicrobial resistance even more (Chandler 2019). Recent studies implicate that over 70% of
global antimicrobial applications are accounted by animal food sector (Van Boeckel et al. 2019). Sewage
treatment plants are becoming the breeding ground of AMR genes, where sensitive strains are freely
mixing with resistant ones derived largely from non-therapeutic sources particularly from food and
agriculture sources (Pazda et al. 2019). It is high time we develop an integrated antimicrobial use policy
emphasizing to manage this health emergency. Moreover, development of probiotics to alter microbial
dynamics to favourable microbiome is complex, as probiotic engineering by strains need a more nuanced
approach by analysing the microbiome composition and the keystone species in that particular
environment. Hence it is important we look for approaches which can reduce the research and
development (R&D) cost of this approach by exploring wide number of applications for the putative
probiotic strains. Even though metagenomic and whole genome analysis give us some clues about the
composition of the microbiome, their dynamics is very di�cult if not impossible for predicting the
keystone species. We are developing different bacteriophages against enteric pathogens, which can bind
to host cell matrix molecules such as gelatin, �bronectin, heparin (Porayath et al, 2018) and also trying to
understand the role of knocking out these pathogens on overall microbiome dynamics by 16s ribotype
based microbiome analysis with next generation sequencing technologies (unpublished results). In
parallel, we need traditional culture-based approach and trial and error methods for which one or few
species need to be experimentally tested for their potential to reduce the target pathogens in complex
ecosystems such as food or wastewater.

Antimicrobial resistance (AMR) gene abundance is directly related to societal, health and environmental
factors in different countries (Hendriksen et al. 2019). Several initiatives have been introduced to address
this growing concern among which probiotics play a major role (Vuotto, Longo and Donelli 2014; Granato
et al. 2010). Probiotic mediated therapy even though has hazzles to meet in terms of drug trials,
application of these in waste water is a less explored approach. Previous reports have suggested that rice
bran-based prebiotics in synergy with probiotics in the gut may promote gut health by production of
metabolites (Zubaidah et al. 2012). Fewer studies have investigated the potential probiotic strains from
rice water fermented for a period of 6 to 7 h. Several studies have claimed microbial diversity in different
ethnic rice based fermented foods, but not in rice water which is widely drunk across rice cultıvatıng
regions in the world, for its potential health bene�ts (Ray et al. 2016). Rice water with proper
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supplementation is also recognised as equivalent or better than WHO formulated glucose-based ORS in
many respects as described by (Gregorio et al. 2009). Very often this boiled rice water gets fermented
while storing. Understanding the possible microbes involved in this fermentation and their effects on
human health is very important from a public health perspective, keeping in view of its wide usage in
food and wastewater treatment applications.

However, application of these strains in food sector demands identifying bacteria to the species level and
validating their probiotic properties and safety guidelines. With stringent regulations from FAO and
supported by the World Health Organization, the de�nition, purpose and applications of probiotics are
under scrutiny and demand consistency in investigations of properties to be validated for food
applications (Fao et al. 2002).

An effective prerequisite property of probiotic strains is their ability to survive the harsh conditions in the
gastrointestinal tract (Mantzourani et al. 2019). Therefore, the two strains namely RS and T1 identi�ed as
L. fermentum MN410703 and MN410702 respectively were tested for their ability to tolerate the acidic
condition, bile salts and simulated gastric juice conditions. At pH 2, organisms were able to survive, but
they grow better at pH 4 similar to observations made by (Honey Chandran and Keerthi 2018).In contrary
viable counts indicated that strains were able to tolerate low pH ranges of 1.5 and 3. This is in agreement
with studies done in probiotic strains isolated from cocoa fermentations by (Lacerda et al. 2013). The
resistance to low pH is an important characteristic for the food industry as they withstand acidic
environments for long periods.

Bile tolerance is crucial for growth and survival of the strains in the proximal part of the small intestine.
The liver synthesizes bile salts from cholesterol and is an essential candidate in absorption and digestion
of fats (Meira et al. 2012). Staying time of food in the small intestine is 4 to 6 h and the mean bile
concentration of bile is 0.5% in the small intestine. Earlier investigations have proved that viability in 0.3%
is considered to be optimum for bile resistant strains as per (Gilliland, Staley and Bush 1984). Our strains
showed good tolerance after 6 h of exposure to 0.2% and 0.5% concentrations. The acidic gastric
condition in the stomach destroys most of the microorganisms. RS and T1 survived in simulated gastric
juice for 6 h and showed signi�cant growth. Their signi�cant transit tolerance were in full agreement with
similar tolerance of probiotic strains isolated from broiler chicken (Nallala, Sadishkumar and
Jeevaratnam 2017; Reuben et al. 2019).

Hydrophobicity, an important factor of a bacterial cell that shows the adhesive reaction to the intestinal
surface, also enhances their tendency to form bio�lm (Krasowska and Sigler 2014;. Savage 1992). The
investigations proved that our strains showed a�nity to xylene in higher ranges when compared to
hexadecane. Strains with hydrophobicity more than 40% shows they are hydrophobic (Sidira et al. 2015)
and effectively colonize the intestinal walls. Bacterial cell surface hydrophobicity and autoaggregation
ability are directly correlated (Tuo et al. 2013). Autoaggregation can prevent or act as a barrier against the
colonization of pathogens (Kos et al. 2003). Coaggregation is related to the ability to interact closely with
other bacteria(Chen et al. 2019). Strong aggregating nature of the probiotic strain may help to achieve an
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adequate mass to form bio�lms (Zivkovic et al. 2015). In this study all the strains showed good
aggregation property. T1 showed a consistent range of autoaggregation properties until 24 h. They were
also strongly coaggregating with pathogens indicating their competitive exclusion properties.Probiotic
strains can be used as an alternative approach to reduce the inhibitory effects of pathogenic bio�lm
formation by food borne pathogens (Berríos et al. 2018). In alignment with aggregation properties, all the
strains were found to be moderate bio�lm producers. Correlation between autoaggregation,
coaggregation and bio�lm formation properties of the strains were in agreement with the observations by
(Vlková et al. 2008)..

Highercoaggregation and bio�lm formation of T1 and B. clausii strains were a positive cue for
application of these strains in bio�lms to reduce the coliform count in sewage which impacted as a multi
composite application of our strains. This would be more exploitable since few investigations have been
made using probiotic consortiums for sewage coliform reduction. Production of β-galactosidase an,
industrially important enzyme is a characteristic of lactobacillus strains. Addition of lactobacilli
producing β-galactosidase as probiotic in milk and cheese help alleviate lactose intolerance symptoms
(De Cesare et al. 2017). The absence of gelatinase, metalloproteinases (MMPs) secreted by pathogenic
bacteria, provided evidence to the non-virulent nature of the strains under investigation which increases
their modulation to be employed in waste water treatment as they are not imparting virulence genes to
sewage (Sharma, Sharma and Sharma 2017). Further con�rmations should be done to rule out the
absence of the virulence factors as per (Popovic et al. 2018). RS based partially puri�ed bacteriocins
showed potent antagonistic activity against the target pathogens while, T1 the observations were not
much fruitful. This could be explained by the poor antagonistic potential of gram positive bacteriocins in
inhibiting few strains of gram-negative genera as explained elsewhere (Hegarty et al. 2016). They may
also be of a molecular weight less than 3.5 kDa which would be lost during puri�cation. Further
investigations need to carried out in detecting the exact nature of these peptides.

To conclude, our studies are among the �rst to establish an L. fermentum strain from fermented rice
water as potential probiotic with food and sanitation applications, in particular as a novel approach of
treating gut enteric pathogens from both wastewater and food/drinks (gut to gutter approach). We could
also isolate a potential L. fermentum from lemon pickle which would propagate similiar observations.
The need of the hour is to have an better understanding of the complex interaction of the gut microbiome
with the putative probiotic strains in space and time. This is particularly relevant to the tropical countries
like India, where number of food derived established probiotics is comparatively limited, even though the
need to counter enteric infection because of poor sanitation and higher infection rate in tropical climate is
very high compared to temperate climate.
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Figure 1

Phylogenetic analysis of 16S rDNA partial genome sequences of the RS (a) and T1(b). The analysis was
conducted with MEGA5 using neighbor-joining method. The optimal tree with the sum of branch length =
0.15357618 is shown. The tree is drawn to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. This analysis involved 95 nucleotide
sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option).
There were a total of 1549 positions in the �nal dataset. Evolutionary analyses were conducted in MEGA
X and top 10 hits are shown.
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Figure 2

Probiotic properties of RS (L. fermentum (MN410703) and T1 (L. fermentum MN410702) Viable counts
of RS and T1 exposed to lower pH ranges after 3 h of exposure was measured (P ≤0.01) (a-b).Viable
counts of the strains after exposure to bile salts at 0.2 and 0.5% was determined (P ≤0.01). (c).
Absorbance values of RS and T1 after exposure to simulated gastric juice (SGJ) at pH 2, 3 and 7 was
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determined (d-e).Values were expressed as mean ± SD of three individual experiments (Two-way RM
ANOVA).

Figure 3

Elucidation of cell surface properties. Percentage of hydrophobicity exhibited by probiotic strains towards
hexadecane and xylene was determined by MATH assay (a). Auto aggregation percentages of RS and T1
until 24 h was compared with B. clausii and E. coli ET (P ≤0.001) (b). Coaggregation percentages of RS
and T1 strains with the pathogens, Salmonella enterica, E. coli MDR and K. pnuemoniae after 24 h of
incubation (P ≤0.0001) (c-d). Statistical analysis of data obtained was performed by conducting Two-
way RM ANOVA.
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Figure 4

Bacterial attachment to immobilized extracellular matrix proteins (ECM); Gelatin (a) (P ≤0.0001) and
Heparin (b). Binding e�ciency was compared with Bacillus clausii and E. coli ET. Statistical analysis of
data obtained was performed by conducting Two-way RM ANOVA.
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Figure 5

Fluorescent and Crystal violet stained images of RS and T1 in gelatin and heparin matrix. Crystal violet
(CV) stained and acridine orange stained images of B. clausii (a-b), E. coli ET (c-d) T1 (e-f), and RS (g-h)
binding to gelatin. CV stained and acridine orange stained images of B. clausii (i-j), E. coli ET (k-l), T1 (m-
n) and RS (o-p) binding to heparin. Microbial adherence after 5 h of binding to the matrix was recorded
and compared with B. clausii and E. coli ET.
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Figure 6

Quantitative analysis of bio�lm formation was performed in comparison with B. clausii (a).Bio�lm
formation ability of RS and T1 and crystal violet stained and acridine orange stained images of RS (b-c),
and T1 (d-e). Qualitative determination of β-galactosidase activity of RS and T1 impregnating ONPG
discs (f).Values were expressed as mean ± SD of three individual experiments (Two-way RM ANOVA).
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Figure 7

Reduction of E. coli (coliform) counts in sewage. Bio�lter impregnated with T1 and B. clausii was found
to reduce coliforms by 1 log (90%) when immobilized in bio�lter (P ≤0.01) in comparison with bio�lter
without microbial consortium. Values were expressed as mean ± SD of three individual experiments
(Two-way RM ANOVA).
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Figure 8

Percentage inhibition rates of pathogens treated with Bacteriocin like inhibitory substance (BLIS) from RS
(P ≤0.0001). Controls employed was untreated bacterial culture. Values were expressed as mean ± SD of
three individual experiments (Two-way RM ANOVA).


