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Abstract: The aim of the present study is the isolation and characterization of the lactic acid bacteria
from idly batter, a traditional Indian fermented product. To achieve the aim, 10 idly batter samples
were selected from different regions of Kadapa district. In the primary isolation and screening process,
50 lactic-acid-producing bacteria were isolated, and from them, six strains were selected based on
their lactic acid yielding capacity for further evaluation. The selected cultures were studied for
their phenotypic characters, and all cultures were Gram positive, cocci, and catalase negative. All
the six strains were tested for their growth and lactic acid production at above 35 °C, and finally,
one strain that showed good growth at 50 °C was selected for further characterization. Molecular
characterization by 16S rRNA gene analysis and BLAST analysis revealed 99% similarity with
Pediococcus pentosaceus Nil142. The isolated culture was named as Pediococcus sp. HLV1, and the
sequence was submitted to the NCBI databank as accession number MH921241. The isolated strain is
able to utilize a wide range of carbohydrate substrates including glucose, fructose, sucrose, lactose,
maltose, and xylose. The major fermentation product from glucose is lactic acid. Pediococcus sp. HLV1
showed optimum growth and production of lactic acid with glucose as carbon source (10%) and yeast
extract as nitrogen source (0.3%) at pH 7.0 and 40 °C. As well-known probiotic bacteria, the isolated
Pediococcus spp. also showed antimicrobial activity against both Gram-positive and Gram-negative
bacteria and more specifically inhibited Gram-positive Bacillus. Using the above optimal conditions,
lactic acid from a fresh mango peel extract was studied, and at the end of the fermentation, 5.2% (v/v)
of lactic acid was produced. In conclusion, the isolated LAB Pediococcus sp. strain HLV1 is able to
grow and produce lactic acid at a high temperature (45 °C) and to survive at 50 °C. Mango peel, a
by-product of mango pulp industries, can be utilized as one of the economically cheap feedstocks for
industrial production of lactic acid by the Pediococcus sp. strain HLV1.

Keywords: isolation; characterization; Pediococcus pentosaceus; idly batter; optimization; mango
peel fermentation

1. Introduction

Lactic acid (2-hydroxypropanoic acid, CH3-CH(OH)-COOH) is a versatile natural
organic acid having no color and can be clearly dissolved in water and alcohol. It has wide
applications in the food, agriculture, medical, and pharmaceutical industries. Lactic acid
(LA) is one of the very important and valuable metabolites produced through fermentation
and selected as one of the most promising value-added microbial products. Its world
market is estimated to cross USD 8.77 billion by 2025 with 18.7% annual growth [1].
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In LA production, microorganisms play an important role, and they are present in soil
and natural and fermented food products. Selection of an appropriate lactic acid bacterial
(LAB) strain is very important to produce pure and enantioselective L(+)/D(—) lactic acid.
Microorganisms are able to produce pure L(+) or D(—) lactic acid. To reduce the production
cost through fermentation, microbes must have the ability to rapidly ferment low-cost
crude materials, to require a limited quantity of nutrients, and to produce high yields of
lactic acid under conditions of low pH and high temperature for the production of a low
number of by-products [2,3]. There are a lot of organisms from bacteria, yeast, and fungi
for lactic acid fermentation. Most of the industrial lactic acid is produced by using lactic
acid bacteria [4,5]. Lactic acid bacteria have been isolated from a variety of sources. In
most fermented foods, especially foods of/in India, the fermentation relates to cereals
and legumes by lactic acid bacteria (LAB). Idly batter contains dehulled black gram and
milled/powdered rice, and the preparation method is different in different regions of South
India mainly in the ratio of rice and black gram or in the time of soaking of the components
and the fermentation period of the final batter [6]. In the leavening process of batter
and acid production, heterofermentative Leuconostoc mesenteroides and homofermentative
Streptococcus faecalis and probiotic Lactobacillus plantarum, Lactobacillus lactis, and Pediococcus
pentosaceus are major lactobacillus candidate organisms that are present in idly batter [7].

As LA has a high demand in chemical and biomedical manufacturing sectors, it is
very essential to search for economically cheap feedstock for its production [8]. Various
studies were carried out on lactic production from different agroindustrial residues, such
as sugarcane bagasse, date juice, and coffee mucilage [9-11]. India is the largest producer
of mango with 22 million tons per annum production, and most amount is consumed fresh,
another amount is used in the preparation of mango pulp/puree, and rest is used to export
to many countries in the world. In the pulp preparation process, mango peel and kernels are
generated as by-products. During processing, 25% to 40% is generated as waste byproduct,
and usually, it is dumped in open areas by factories, causing environmental pollution.
Mango peel is one of the rich sources of fermentable sugars, and it has proved to be one of
the economically cheap and feasible feedstocks for ethanol and butanol production [12,13].
Reports on the utilization of mango peel for LA are very scarce [14,15]. Hence, the present
study aims for the isolation and characterization of LAB from idly batter.

2. Materials and Methods
2.1. Isolation of Lactic Acid Bacteria

For the isolation of LAB, 1 gm of idly batter was taken and serially diluted using
sterile distilled water. These diluted samples were plated using the spread plate technique
on deMan Rogosa Sharpe (MRS) agar plates and incubated at 37 °C for 24 h. White and
clear elevated colonies were selected, and the CaCO3 method with bromocresol purple
was used to select acid-producing bacteria. Isolates that produce acids form a clear zone
around them, which were further purified through repeated streaking on MRS agar plates.
The purified and acid-producing stains were maintained on MRS agar medium at 4 °C for
short-term storage, and the resuspended culture vials in 20% (v/v) glycerol at —80 °C for
long-term storage.

2.2. Morphological and Physiological Characterization

The colonies were identified based on Gram staining, size, shape, and motility of the
organism by using a microscope (Leica, Mumbai, India). The physiological characteristics
were determined according to different biochemical tests, such as catalase, hydrogen
sulfide (H,S), indole, urease, methyl red, and Voges—Proskauer. For sugar assimilation
tests, specific sugars, such as glucose, sucrose, lactose, mannose, fructose, and maltose,
were added to the carbohydrate media, and the acid production was identified by color
change. Based on phenotypic and biochemical characteristics, preliminary identification
was performed using Bergey’s manual of determinative bacteriology.
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Scanning Electron Microscope (SEM)

For SEM analysis, 1 mL of well-grown (24 h) isolated culture was taken, and the cells
were separated by centrifuge at 10,000 x g rpm for 10 min. Then the obtained cell pellet
was washed twice with phosphate-buffered solution (PBS). To the clear pellet, 1 mL of
glutaraldehyde (2-3%) was added. It was incubated at 4 °C for 4 h and pelleted the cells at
10,000 rpm. The pellet was further washed with 10-100% alcohol in a graded manner, and
the dehydrated cells were sputter-coated with gold at 25 mA for 250 s and observed by a
scanning electron microscope (JSM-6460 LV; JEOL, Tokyo, Japan) at 5.0 kV and at 20 KX
magnification [16].

2.3. Molecular Identification

By using morphological and physiological characteristics, preliminary identification
was performed on the isolates. For the molecular identification and characterization,
fresh cultures were prepared, and DNA was isolated from fully grown culture. For the
bacterial 165 rRNA gene, amplification reaction was carried out using PCR with Taqg DNA
polymerase, 27 forward primer (5" AGA GTT TGA TCC TGG CTC AG 3'), and 1492 reverse
primer (3' GGT TAC CTT GTT ACG ACT T 5'). Initial denaturation was carried out at 95 °C
for 10 min, and then 30 cycles of amplification were followed by secondary denaturation
at 95 °C for 2 min. Primer annealing was performed at 58 °C for 1 min, which was then
allowed for primer extension at 72 °C for 2 min. Amplified DNA was checked by using
1% agarose gel, and concentration was quantified by using a spectrophotometer. The
amplified PCR product was purified with a Qiagen kit (Qiagen Ltd., Crawley, UK). BLAST
and the multiple alignment program Clustal W were used for the data sequence analysis.
MEGAY7 software was used for the construction of a phylogenetic tree and knowing the
percentage of similarity between related microorganisms [16].

2.4. Optimization of Fermentation Factors

MRS medium was used for preliminary optimization studies of LA fermentation.
The parameters tested were carbon sources (glucose, lactose, fructose, sucrose, xylose,
and soy flour), nitrogen sources (peptone, yeast extract, beef extract, yeast extract + beef
extract, yeast extract + peptone, and beef extract + peptone), pH (5.0, 6.0, 7.0, 8.0, and 9.0),
and temperature (20, 25, 30, 35, 40, 45, and 50 °C), respectively, to create the optimized
conditions for good yield of LA by one factor using one-time method. Growth, change in
pH, and the lactic acid yield were evaluated during all the experiments.

2.5. Antimicrobial Activity

To evaluate the antimicrobial potential of the isolated culture, a cell-free supernatant
was prepared by centrifuging the culture broth at 10,000 g rpm for 5 min. Different doses
(10, 20, 50, and 100 pL) of the cell-free supernatant were tested for antimicrobial activity
against both Gram-negative (E. coli) and Gram-positive (B. subtilis) bacteria through the
well-plate method. Bacterial culture suspension grown overnight was evenly spread on
preprepared agar Petri plates. Then wells were prepared using a 6 mm agar medium borer
and placed above the prepared cell-free suspension of the selected culture. The plates were
incubated for 16 h at 37 °C and measured the inhibition zone diameter in millimeters using
a Vernier caliper [17].

2.6. Lactic Acid Production from Mango Peel

Mango peel was collected from Varsha Fruit Pulp Industries Ltd., Koduru, Kadapa,
India. It was macerated using a mixer (Panasonic mixer, Model: 340) and treated with 1%
(v/v) pectinase, Trizyme 50 (Triton Chemicals, Mysore, India). Liquid containing sugars
was extracted with the help of a cheesecloth by squeezing after the enzymatic digestion.
The extract was subjected to analysis of reducing sugar and juice yield. The pH of the
extract used as a culture medium for lactic acid production was adjusted to 7.0, and it was
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supplemented with peptone (0.3%) to assess the effect of the nutrients on the fermentation
process using an unsupplemented medium as the control [12].

2.7. Analysis

Reducing sugars present in fresh mango peel and pectinase extract were quantified by
DNS (3,5-dinitrosalicylic acid) method [18]. The cell concentration was measured by using
a UV-VIS spectrophotometer (1800; Shimadzu, Kyoto, Japan) at 600 nm. The cell count was
calculated using an Improved Neubauer counting chamber for bacteria. pH change was
tested by using a pH meter. High-performance liquid chromatography (HPLC) was used for
the estimation of the amount of LA present in fermented samples. For estimation, samples
were collected at 24, 48, and 72 h after inoculation and diluted to 1:10 with distilled water.
The diluted samples were centrifuged and filtered through a 0.45x ¢ um PTFE membrane.
The analysis was performed with a reverse-phase C18 column using an injection volume
of 20 pL and detection at 210 nm using the chromatographic system (LC10A; Shimadzu,
Japan) coupled with a UV detector. The mobile phase employed was 0.008 M sulfuric acid
at a flow rate of 1 mL/min in an isocratic mode of elution. Each sample was injected two
times, and quantification was performed using sodium lactate standards (Sigma-Aldrich,
St. Louis, MO, USA).

2.8. Statistical Analysis

All experiments and analyses were conducted in triplicate. The results were expressed
as mean £ SD (standard deviation). All statistical analyses were carried out using statistical
differences among different factors, which were determined using ANOVA.

3. Results and Discussion

Lactic acid bacteria were isolated from the overnight fermented idly batter samples.
A total of 50 isolates of lactic acid bacteria were selected through preliminary screening.
From those, 6 isolates that have more clear zones with bromocresol purple and CaCO3
were selected for further screening and characterization. All 6 isolated cultures were Gram-
positive, cocci, arranged in tetrads and pairs, and catalase-negative. Table 1 and Figure 1
show the results of the morphological and physiological characteristics of the isolated
strains. Most of the previous investigators used fermented batters, fruits, vegetables, and
milk products for the isolation of lactic-acid-producing microorganisms [19-21]. Mostly
lactic acid bacteria are nonmotile, cocci, or rod in shape and homo- or heterofermentative
and catalase-negative [22].

3

Mag= 20.00 K X
.

Figure 1. Scanning electron microscopic images of Pediococcus sp. HLV1 at 20 KX magnification.
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Table 1. Morphological, physiological, biochemical characteristics and sugar fermentation of isolated
lactic acid bacteria.

Tests

Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6

Cell morphology
Gram test
Motility
Catalase

Cocci Cocci Cocci Cocci Cocci Cocci
+ + + + + +

Biochemical characteristics

Gelatin
Indole
Methyl red
Vogues—Proskauer
Citrate
H;S production
Glycerol

Fermentation of carbohydrates

Glucose
Sucrose
Fructose
Mannose
Xylose
Arabinose
Maltose

Galactose
Sorbitol
CMC

Biochemical properties and sugar utilization tests of the isolates were conducted,
and respective results are shown in Table 1. Based on biochemical and sugar utilization,
six isolates were primarily identified as the Pediococcus group. As regards the sugar
fermentation, all six isolated strains shown are able to ferment glucose, sucrose, galactose,
mannose, xylose, fructose, and maltose but not able to ferment arabinose, glycerol, sorbitol,
and CMC (carboxymethylcellulose). Color change after 48 h of incubation confirmed acid
production of LAB isolates. Fermenting ability of maltose sugar is the specific quality
of the Pediococcus genus [23]. The strain (isolate 1) that showed the highest growth and
production at higher temperatures and antimicrobial activity was further selected for
molecular identification.

3.1. Molecular Identification

The selected culture was subjected to 165 rRNA gene sequencing analysis. The DNA
of the isolated strain was subjected to PCR amplification of the 16S rRNA gene, and a 649 bp
nucleotide sequence was obtained. The obtained sequences were analyzed by comparison
with the GenBank database [24]. The isolated culture showed 99% similarity with strain
Pediococcus pentosaceus Nil142 (accession no. AB598962.1) in BLAST analysis (Figure 2).
The isolated culture was named Pediococcus sp. HLV1, and the sequence was submitted to
the NCBI databank, and the accession number is MH921241.1.

3.2. Optimization Studies

In optimization studies, we tested the isolated LAB to evaluate the type of carbon and
nitrogen sources, pH, and temperatures as well as fermentation conditions that affect and
support optimal /maximum growth and LA yield.
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7 Pediococcus pentosaceus  HILV1
0 { FM179610.1 (P.pentosaceus strain RTall)
AB598962.1 (P-pentosaceus strain Nil142)
0 { AB481102.1 (P.pentosaceus strain KT3CE27)

KP119818.1 (P.pentosaceus strain 11)

KJ810576.1 (P.pentosaceus strain KID7)

1
{ JIN128740.1  (P.pentosaceus strain OB4)

—— KU315087.1 (P.pentosaceus strain FC6)
7 AB598956.1  (P.pentosaceus strain Nil034)

I HG326247 1 (P.pentosaceus strain 4)
] I FM179609.1  (P.pentosaceus strain RTa4)

Figure 2. Phylogenetic tree derived from maximum likelihood method by MEGA?7.
3.2.1. Carbon Source

The type of carbon source is very crucial in the LA fermentation process. This affects
the yield and rate of fermentation and the total economics of the process because it shares
50-60% in fermentation medium cost. Here we tested different carbon sources for lactic acid
production. As shown in Figure 3A, the highest LA production was obtained with glucose
(5.06%), followed by lactose (4.74%), fructose (4.61%), and sucrose (4.10%). The isolated
culture was able to utilize xylose to produce LA and obtained comparable concentrations
of lactic acid, 3.45 %. The lowest lactic acid production was observed in the medium with
soy flour, 2.21%. In the case of glucose, the LA yield was approximately 65% based on
the amount of glucose consumed. From this, it can be concluded that glucose and lactose
were the preferable sugars for the maximum yield (5.06% and 4.74%) of LA by the isolated
Pediococcus sp. HLV1.

3.2.2. Nitrogen Source

Lactic acid bacteria require assimilable nitrogen and vitamin supplementation for
good growth and lactic acid production, and the cost of such nitrogen sources (yeast extract
and peptone) is very high [25]. In this study, experiments were carried out with different
nitrogen sources (peptone, yeast extract, beef extract, yeast extract + beef extract, yeast
extract + peptone, and beef extract + peptone) to get the knowledge on required nitrogen
source for growth and LA production. As shown in Figure 3B, the highest LA production
was obtained in medium with 0.3% peptone (5.11%), followed by yeast extract (4.62%) and
beef extract (4.50%). The combination experiments of nitrogen sources produced less lactic
acid than the single-nitrogen sources. In previous studies, Nancib et al. [10,26] found that
yeast extract is the best supplement in their investigations and suggested that this could be
due to the presence of B complex vitamins [27]. On the contrary, the isolated Pediococcus sp.
HLV1 preferably utilizes peptone when compared with yeast extract.

3.23.pH

The initial pH of the medium is one of the important factors in the screening and
selection process of LAB. It is a very critical parameter, and optimum pH is very essential for
better cell growth and LA yield [28]. To investigate the optimum pH for growth and lactic
acid production for the isolated culture fermentation, the pH of the media was adjusted to
different pH’s (5.0, 6.0, 7.0, 8.0, and 9.0). The maximum lactic acid production (4.3%) was
obtained for the medium with an initial pH of 7.0 (Figure 3C). The final pH of the medium
was decreased to 3.8 from the initial pH of 7.0. From these results, Pediococcus sp. HLV1
seemed to be a useful LA producer due to its optimum pH at 7.0 as other LAB, but it has
the ability to grow and produce comparable amounts of lactic acid at an acidic pH of 5.0.
This ability of the isolated strain Pediococcus sp. HLV1 is beneficial to avoid the risk of both
contamination and neutralization [29-31].
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Lactic acid (%),
pH,
oD

E
z
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(A)

E= Lactic acid
E=EA pH
59 Growth

(V)]
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Figure 3. Production with different carbon sources by Pediococcus pentosaceus HLV1 (A), production
with different nitrogen sources by Pediococcus pentosaceus HLV1 (B), production with different pH'’s
by Pediococcus pentosaceus HLV1 (C), and production with different temperatures by Pediococcus
pentosaceus HLV1 (D).

3.2.4. Temperature

In lactic acid fermentation, operating temperature is very crucial because it affects not
only the growth of microorganisms but also the yield of the product. It is very essential to
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know the favorable temperature because the different LAB strain has its optimal tempera-
ture. To find the optimum temperature for better cell growth and lactic acid production by
Pediococcus sp. HLV1, fermentation was carried out at temperatures of 18, 25, 30, 37, and
40 °C. The lactic acid production was increased gradually from 20 to 40 °C (Figure 3D). The
highest production was found at 40 °C (5.23%). Isolated culture showed the best growth at
40 °C. Interestingly, a slight decrease in the amount of lactic acid and growth was observed
at 45 °C. Growth and lactic acid production were sharply decreased and recorded the
lowest lactic acid yield at 50 °C (1.20%). These results were comparable with those of Alam
et al. [32]. However, the isolated strain survived up to 50 °C, and no acid production was
detected (data not presented).

3.3. Antibacterial Activity

P. pentosaceus is a well-known probiotic organism and shows antipathogen activity
towards several harmful bacteria, which is one of the important prerequired characteris-
tics of probiotic organisms. For example, the antimicrobial activity of P. pentosaceus was
reported against E. coli [33], L. monocytogenes [34], Staphylococcus aureus and Pseudomonas
aeruginosa [35], and Salmonella typhimurium [36]. The isolated culture was preliminar-
ily tested for is antibacterial activity against Gram-positive (Bacillus) and Gram-negative
(E. coli) bacteria. It exhibited good performance against both tested bacteria, E. coli (14 mm)
and Bacillus (21 mm) (Figure 4A,B). From Figure 4, it is very clear that the inhibition was
dose dependent, and the maximum inhibition was shown at 50 uL of cell-free suspension.
The culture showed a higher inhibition zone for Gram-positive bacteria, B. subtilis, than
the Gram-negative bacteria, E. coli. Generally, many antimicrobials work better towards
thin peptidoglycan consisting of Gram-negative bacteria than thick peptidoglycan consist-
ing of Gram-positive bacteria. Very few compounds specifically work on Gram-positive
bacteria [17]. Apart from medicines, bacteriocin-like inhibitory substances, such as P. pen-
tosaceus-specific exopolysaccharides, were also identified as special function metabolites
in P. pentosaceus. Yu et al. [37] determined the production of 3-phenyl acetic acid with
broad-spectrum antibacterial (against food-borne pathogens) properties with P. pentosaceus
SK25, which is isolated from Chinese traditional fermented food.

(A) (B)

Figure 4. Antibacterial activity of culture-free supernatant E. coli and Bacillus subtilis (A,B) of Pedio-
coccus pentosaceus HLV1.
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3.4. Lactic Acid Production from Mango Industrial Waste

Lactic acid production from fresh mango peel was carried out with a newly isolated
LAB strain. The fresh mango peel contained 25% total solids and 7.2% reducing sugars.
Pectinase enzyme treatment significantly increased the yield of the extract from mango
peel, and 550 and 850 mL of extract were obtained from untreated and enzyme-treated
1 kg mango peel, respectively. At the end of fermentation, 5.2% (v/v) LA was produced
in the mango peel extract medium supplemented with 0.2% peptone and 3.2% in the
un-supplemented medium (Figure 5A). This shows that the isolated strain requires an
additional nitrogen source for the effective utilization and production of LA from mango
peel. The nutrient supplementation would provide required nutrients to overcome nutrient
deficiencies and support to produce more fermentation metabolites by keeping the mi-
croorganism in the log phase for longer periods. The clear idea on the influence of nutrient
supplementation required more experiments with different nutrients at different amounts
and using different feeding methods. In a nutrient unsupplemented medium, the fermen-
tation and utilization of carbohydrates are slow because of insufficient growth nutrients
in the peel medium. Jawad et al. [14] investigated the production of LA from mango peel
and reported a very low yield, 17.4 g/L, through spontaneous anaerobic fermentation with
the indigenous microbial consortium and with direct fermentation of blended mango peel.
Changes in pH and growth of microorganisms were depicted in Figure 5B. Decrease in pH
was rapid in the case of supplemented medium (3.2), and the pH was recorded to be 5.2 in
the case of control medium. Similarly, the growth of the culture was increased rapidly and
reached to 0.8 OD in peptone-supplemented medium. The data clearly support how high
LA was produced in peptone-added medium when compared with control. In addition to
the optimization of the fermentation factors pH, temperature, and fermentation time, the
medium composition is one factor that plays a crucial role in the production of LA [38].

6
—e— With peptone
e & —=—  Without peptone
& 4
=
& 34
<
=
g 27
Y
]_
0 T T T T T T T
12 24 36 48 60 72 920
Fermentation time (h)
(A)
9 1.2 —— pH
8 ~
L 10 —=— Growth
7
61 0.8 C—?
s Z
Z 7] 0.6 =
= 4] B %
3 0.4 =
2-
0.2
1+
0 0.0

T T T J L J T T T

0 12 24 36 48 60 72 84 96 108
Fermentation time (h)
(B)

Figure 5. (A) Lactic acid production from mango peel by Pediococcus sp. HLV1; (B) pH and growth
kinetics in lactic acid production from mango peel (peptone added) by Pediococcus sp. HLV1.
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4. Conclusions

Lactic-acid-producing bacteria were successfully isolated from fermented idly batter,
and based on 165 rRNA gene sequencing, the isolate showed 99% homology with Pediococ-
cus pentosaceus Ni1142 and was named Pediococcus sp. HLV1. The isolated strain showed
better growth and LA production with 10% glucose as carbon source and 0.3% peptone as
nitrogen source under initial medium at pH 7.0 and 40 °C, resulting in a production of 5.5%
(w/v) LA. The isolated strain was effectively inhibited by both Gram-positive and Gram-
negative bacteria in a preliminary evaluation. Mango peel extract was effectively utilized
and produced 5.2% (w/v) of LA by the supplementation of peptone. Peptone supplementa-
tion enhanced cell growth and subsequently helped in higher LA production. In conclusion,
the isolated LAB, Pediococcus sp. HLV1, thermophilic in nature, was able to grow and
produce LA at a high temperature (45 °C) and had survivability at 50 °C. The present study
also revealed that the isolated strain is able to utilize mango peel as agro-industrial biomass
and could be useful for lactic acid production using various renewable substrates.
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