Original article 233
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Background and objective

Lactic acid bacteria (LAB) are generous producers of many industrially important
products. Of these products, optically pure lactic acid is of great value as it is
essential for production of highly crystalline poly-lactic acid, which is the most
widely used biodegradable synthetic polymer. Hence, this study aimed to screen for
thermotolerant LAB from a new source, which is fresh water samples collected from
the coast of the Nile River, Egypt, and then evaluate their ability to produce optically
pure L-lactic acid.

Materials and methods

LAB strains were isolated at 50°C and evaluated for producing optically pure L-
lactic acid using high-performance liquid chromatography and BF-5. Effects of
medium containing different sugar sources, incubation temperature, and initial pH
of the medium on the purity and productivity of L-lactic acid were also studied.
Results and discussion

All obtained isolates were capable of producing optically pure L-lactic acid on
different sugar sources. Changing the incubation temperature to 30°C positively
affected both productivity and optical purity, which reached 5.0 g/l of 100% optically
pure L-lactic acid. On the contrary, pH of the medium was confirmed to be also one
of the major factors affecting productivity and optical purity of obtained L-lactic acid.
For our isolates, pH 7.0 was the optimum one for the production process. The four
promising producers of 100% optically pure L-lactic acid were molecularly identified
as Lactiplantibacillus sp.

Conclusion

This is the first study describing the evaluation of the ability of fresh water LAB
isolated from the Nile River to produce optically pure L-lactic acid.
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Introduction
Lactic acid bacteria
biotechnological

(LAB)

tool, as

is

they produce

applications is the microbial production of optically
pure lactic acid, which is essential for production of
highly crystalline PLA. PLA is currently one of the
most widely used biodegradable synthetic polymer

an important
many

important products such as lactic acid, which is
involved in food and dairy products industries
(fermentation, preservation, flavoring, as an acidifier,

and pH regulator); skin care and cosmetics
(moisturizer, emulsifier, anti-acne, anti-aging,
humectants, and  skin  lightening  agent);

pharmaceuticals and medical fields (dialysis, drug
delivery controlling system, surgical sutures, and
intravascular  solutions); synthesis of polymers;
biodegradable packaging; poly-lactic acid (PLA);
leather and  wool dyeing [1-3].
Biotechnological ~ applications  of  sustainable
chemistry to obtain ecofriendly, cost-competitive,
and economically important products without using

tanning;

or generating any hazardous substances have become a
mainstream practice in both academic and industrial
fields. One of the promising examples of such

© 2022 Egyptian Pharmaceutical Journal | Published by Wolters Kluwer - Medknow

[4,5]. It has variable industrial applications owing to
its high chemical and heat resistances as well as its
increased physical strength [6-8]. Moreover, PLA
applications extend to medical fields in tissue
engineering and drug delivery [9]. Microbial
production of highly optically pure lactic acid
generates only one of its isomers, whereas a racemic
mixture of lactic acid is obtained when synthetic
methods [10,11]. Of different
microorganisms employed for the production of
optically pure lactic acid, LAB came first in terms of

are  used
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safety, efficiency, and potency. Many literature studies
have described the use of LAB members for such
purpose, with promising high production yields [12-
15]. LAB originating from different sources have been
reported for their ability to produce optically pure lactic
acid. However, reports describing the ability of LAB
isolated from fresh water to produce optically pure lactic
acid are relatively few. Hence, this study aimed to target
fresh water from the River Nile, Cairo, Egypt, asa source
ofaquatic LAB and then evaluate their ability to produce
optically pure lactic acid. Furthermore, culture
conditions in terms of carbon source to be utilized,
temperature, and pH for optimum optically pure lactic
acid production were studied. Moreover, promising
producers were molecularly identified. Targeting
sources that have not been studied before can
contribute in identifying promising potent isolates
capable of producing optically pure lactic acid.

Materials and methods

Isolation of lactic acid bacteria and culture conditions
Six fresh water samples (water and sediments) were
collected in July 2015 from the coast of the River Nile
in Cairo, Egypt, as described by Abdel-Rahman ez a/.
[13]. The pH values of samples were recorded, and
their appropriate dilutions were cultivated on de Man,
Rogosa, and Sharpe (MRS, Oxoid, UK) with 15 g of
agar media supplemented with 0.5% CaCOj; [13,16],
and incubated anaerobically at 50°C for 3-5 days.
Colonies growing on the plates and forming a clear
zone by acid formation were selected, purified, gram
stained, and investigated for their catalase reaction by
placing a drop of 3% hydrogen-peroxide solution on
the cells. Immediate formation of bubbles indicates
presence of catalase in the cells. The safety of isolates
was tested in terms of hemolytic activity by plating
freshly growing bacterial cells onto Columbia agar
supplemented with 5% (v/v) sheep blood. Then, the
plate was aerobically incubated at 37°C for 2448 h.
The hemolytic reaction was recorded by the presence of
a clear zone of hydrolysis around the growing colonies
(B-hemolysis), a partial hydrolysis and greening zone
(a-hemolysis), or no hemolysis [17]. Colonies showing
halo rings around them, gram positive, non-spore
formation, catalase negative activity, and no
hemolytic  activity ~were chosen for further
investigation. Isolates were stored at -80°C on MRS
broth medium with 30% glycerol and propagated in
MRS medium at 30°C for 18 h before use.

Screening for lactic acid-producing lactic acid bacteria
Owing to the fact that cellobiose and xylose are
abundant sugars in the nature, we investigated also

the ability of isolates to use cellobiose and xylose as
economic carbon sources when compared with glucose.
Hence, obtained bacterial isolates were investigated for
their ability to produce optically pure L-lactic acid and
D-lactic acid as described previously [12,18]. In brief,
isolates were inoculated in Erlenmeyer flasks
containing 50 ml of modified MRS broth medium
(mMRS), where different carbon sources were added
separately (D-glucose, mMRSG, 20 g/1; D-cellobiose,
mMRSC, 10 g/1; or D-xylose, mMRSX, 10 g/1), with
medium pH adjusted to 7.0. After inoculation, flasks
were incubated at 50°C under anaerobic conditions for
72 h. Aliquots from each sample were centrifuged at
6000g for 10 min at 4°C. After that, supernatant was
filtered using a membrane filter (Dismic-13HP,
0.45 pm; Advantec, Tokyo, Japan) and finally
injected in  the  high-performance  liquid
chromatography system (US HPLC-1210; Jasco,
Tokyo, Japan) equipped with a SUGAR SH-1011
(Shodex, Tokyo, Japan) to analyze
fermentation products (lactic acid, acetate, ethanol,
and residual sugars). Analyses were performed at
column temperature, 50°C, and using 3 mM HCIO,4
as the mobile phase at a flow rate of 1.0 ml/min and an
injection volume of 20 pl. Concentrations of residual
sugars and fermentation products were calculated using

column

calibration curves obtained using standard solutions.
The optical purity of lactic acid was measured using a
BF-5 biosensor (Oji Scientific Instruments, Hyogo,
Japan) according to the manufacturer’s protocol. The
yield of lactic acid (g lactic acid/g consumed sugar) was
calculated. L-lactic acid optical purity (%) was
measured using the following formula:

L —lacticacid optical purity (%)
L — LA concentration — D — LLA concentration

~L_LACONCENTRATION +D —LA concentration

x100.

Optimization of culturing conditions for optically pure
L-lactic acid production

Culturing conditions in terms of temperature and pH
values were investigated as factors that affect optically
pure L-lactic acid production. Promising isolates were
investigated for production of optically pure L-lactic
acid at 30°C and then at different pH values (3.5, 5.0,
and 7.0).

Physiological characterization of promising optically
pure L-lactic acid producers

Physiological characteristics of the isolates were
determined using the API 50 CHL test kit
(bioMérieux, Marcy I'Etoile, France) as described by
the manufacturer. The obtained pattern was compared



with those of reference strains described by Manero

and Blanch [19].

Molecular identification of promising optically pure
L-lactic acid producers and construction of
phylogenetic tree

Partial 16 S rRNA gene region of promising isolates
corresponding to positions 8-1510 of Escherichia coli
16 S rRNA gene was analyzed using the universal
primers 8UA (5'-AGAGTTTGATCCTGGCT
CAG-3’) and 1510r (5'-GGTTACCTTGTTAC
GACTT-3) [20]. Total genomic DNA was
extracted from cells treated with lysozyme
(Seikagaku, Tokyo, Japan) using the Mag Extractor
Kit (Toyobo, Osaka, Japan) according to the
manufacturer’s protocol. Obtained genomic DNA
was used as a PCR template. PCR was performed
using Taq DNA polymerase (Promega, Madison,
Wisconsin, USA) under the following conditions:
denaturation at 94°C for 30 s, annealing at 50°C for
30 s, and extension at 72°C for 90 s. The amplified
products were purified using the QIAquick PCR
purification kit (Qiagen, Hilden, Germany). DNA
sequencing  was by FASMAC
(Kanagawa, Japan). Similarity search was performed
in the GenBank database using the BLAST algorithm.
On the contrary, molecular phylogenetic tree was
constructed on the basis of the obtained 16 S rRNA
genes with strains from the genus Lactiplantibacillus as
recorded by Zheng ez al. [21]. Phylogenetic analysis
was conducted by MEGA 6.0 software [22], using the

maximum likelihood method.

carried out

Results

Isolation and physiological characterization of
bacterial isolates

The pH values were recorded for the six fresh water
samples as shown in Table 1. Purification of colonies
obtained from plating these six samples resulted in
obtaining 27 bacterial isolates. Of them, only nine
bacterial isolates showed clear zones on MRS agar
medium supplemented with CaCOj; and were
assumed to be acid producers. As shown in Table 1,

Table 1 pH values and the isolates’ numbers of fresh water
samples collected from the River Nile coast, Cairo, Egypt

Fresh pH  Number Number of Isolates
water of isolates with numbers to be
samples isolates clear zones investigated

1 7.30 6 3 2,3,6

2 7.49 1 0 -

3 7.35 5 1 8

4 7.63 4 0 -

5 7.92 2 0 -

6 7.16 9 5 9,10, 11, 17, 19
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five isolates were obtained from sample no. 6, whereas
three isolates were obtained from sample 1, and an
isolate was obtained from sample 3. Remaining
samples produced no isolates, showing clear zones
around colonies, hence were not selected for further
investigation. All of the nine isolates with clear zones
showed no catalase activity, were positively Gram
stained, and hemolytic  activity.
Therefore, these nine isolates were presumptively
identified as LAB and were selected for further
investigations.

showed no

Investigation of the ability of bacterial isolates to
produce L-lactic acid

Using different carbon sources

The nine isolates obtained (isolates nos. 2, 3, 6, 8, 9, 10,
11, 17, and 19) were investigated for their ability to
produce lactic acid after cultivation on different carbon
sources. Moreover, other produced byproducts (acetic
acid, ethanol, and residual sugars) were measured. As
shown in Table 2, all obtained isolates were capable of
producing acids with variable degrees. Isolates 11
(11G) and 19 (19G) cultivated on glucose (20 g/1)
were the highest producers of L-lactic acid by
producing 7.12 g/ followed by isolates 2 (2G), 10
(10G), and 17 (17G) cultivated on glucose that
achieved 6.34, 6.48, and 6.02 g/l, respectively. On
the contrary, isolate 19 (19X) cultivated on xylose
(10 g/1), isolate 11 (11X) cultivated on xylose, isolate
11 (11C) cultivated on cellobiose (10 g/1), and isolate 2
(2X) cultivated on xylose were the highest producers of
optically pure L-lactic, recording 93.1, 91.7, 89.7, and
86.8%, respectively. It should be noted that acetic acid
was produced by six isolates on cultivation on xylose
(3X, 8X, 9X, 10X, 11X, and 17X).

Effect of changing incubation temperature on production
of L-lactic acid

Isolates were investigated for L-lactic acid production
after changing incubation temperature to 30°C. As
shown in Table 3, changing incubation temperature
had a positive effect on both L-lactic acid production
and its optical purity. Many isolates were capable of
producing L-lactic acid with optical purity, which
reached 100% (10C30, 11C30, 17C30, 17x30, and
19x30). However, among these isolates, isolate 11
cultivated on cellobiose (11C30) achieved the
highest production of 100% optically pure L-lactic
acid by producing 5.0 g/l, followed by isolate 10
cultivated on cellobiose (10C30, 3.6 g/1), and then
isolate 17 cultivated on cellobiose (17C30, 3.4 g/1)
and isolate 19 cultivated on xylose (19x30, 3.2 g/1).
Hence, isolates 10C30, 11C30, 17C30, and 19x30

were chosen for further investigation.
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Table 2 Ability of fresh water lactic acid bacteria isolates to produce L-lactic acid using D-glucose, 20 g/l; D-cellobiose, 10 g/l; or

D-xylose, 10 g/l at 50°C

Isolates designation Lactic acid (g/l) Acetic acid (g/l) Consumed sugar (g/l) YLA/TS (9/9) L-lactic acid (g/l) OP (%)
2G 9.48 - 14.85 0.63 6.34 33.7
2C 5.21 - 7.88 0.66 4.48 71.9
2X 1.67 - 4.09 0.4 1.56 86.8
3G 11.03 - 14.32 0.77 5.62 1.9
3C 3.05 - 6.31 0.48 2.78 82.2
3X 2.27 0.10 4.16 0.54 1.76 55.0
6G 9.9 - 14.53 0.68 4.66 -5.8
6C 4.36 - 8.69 0.50 2.30 5.5
6X 1.59 - 4.09 0.38 1.34 68.5
8G 10.61 - 14.63 0.72 4.30 -18.9
8C 3.25 - 6.65 0.48 2.70 66.1
8X 2.48 0.10 4.44 0.55 1.48 19.3
9G 11.31 - 14.61 0.77 5.34 -55
9C 4.16 - 7.39 0.56 3.76 80.7
9X 217 0.45 5.62 0.38 1.86 71.4
10G 10.21 - 13.73 0.74 6.48 26.9
10C 3.64 - 6.95 0.52 3.08 69.2
10X 2.87 0.20 4.69 0.61 2.22 54.7
11G 10.56 - 14.70 0.71 7.12 34.8
11C 4.09 - 6.77 0.60 3.88 89.7
11X 2.67 0.54 5.95 0.44 2.56 91.7
17G 9.49 - 14.16 0.67 6.02 26.8
17C 5.43 - 7.95 0.68 4.68 72.3
17X 2.67 0.30 4.96 0.53 2.36 76.7
19G 10.39 - 14.42 0.72 7.12 37.0
19C 5.20 - 8.54 0.60 4.30 65.3
19X 1.47 - 4.07 0.36 1.42 93.1

X, C, and G, xylose, cellobiose, and glucose added as carbon source to the medium, respectively.

YLA/TS, yield of lactic acid to total consumed sugar.

OP, optical purity of L-lactic acid. Cultivation was carried out at 50°C, pH 7.0 for 24 h.
Experiments were carried out in triplicates, and the average data are presented.

Effect of changing medium pH on L-lactic acid
production

Isolates that were capable of producing high optically
pure L-lactic acid on the cheap carbon sources (xylose
and cellobiose) were selected to investigate the effect of
changing initial pH on their ability to produce optically
pure L-lactic acid. Therefore, isolates 10C30, 11C30,
17C30, and 19x30 were evaluated for this purpose. As
shown in Table 4, pH values have a significant
influence on L-lactic acid production as well as its
optical purity %. Cultivation of the four selected
isolates at 30°C, pH, 3.5, for 24 h revealed that
cultivation at pH 3.5 had a negative effect on
optically pure L-lactic acid production by all isolates.
Similarly, the optical purity of L-lactic acid produced
by all isolates was undesirably affected. Highest
recorded optical purity at this pH was 73.8% and
was achieved by isolate 19 cultivated on xylose
(19x30). All isolates remained unable to produce
100% optically pure L-lactic acid at pH 5.0 except
for isolate 11C30, which produced it in considerable
concentration (3.78 g/l) in comparison with other

tested isolates. On the contrary, pH 7.0 was the
optimum pH for production of optically pure L-
lactic acid, as all isolates retained their ability to
produce it. Isolate 11 cultivated on cellobiose

(11C30) remained the highest producer of 100%
optically pure lactic acid (5.0 g/1).

Molecular identification of bacterial isolates

Primary identification of isolates using API 50 CHL
suggested that all of them belonged to the genus
Lactiplantibacillus. Additionally, analyzing the partial
16 S rRNA gene regions of the promising four isolates
(10, 11, 17, and 19) obtained from fresh water sample
no. 6 revealed that all isolates had high similarity to
Lactiplantibacillus ~ sp.  KLDS ~ 1.0702  and

Lactiplantibacillus  sp. KLDS 1.0704 sequences,
recording 98.41, 97.21, 97.79, and 97.01%,
respectively. Sequences of these isolates were

deposited in the international gene bank under the
names and the accession numbers, Lactiplantibacillus
sp. WA10 (OL986008), Lactiplantibacillus sp. WA11
(OL986012), Lactiplantibacillus sp- WA17
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Table 3 Ability of fresh water lactic acid bacteria isolates to produce L-lactic acid using D-glucose, 20 g/l; D-cellobiose, 10 g/l; or

D-xylose, 10 g/l at 30°C

Isolates designation Lactic acid (g/l) Acetic acid (g/l) Consumed sugar (g/l) YLA/TS (g/9) L-lactic acid (g/l) OP (%)
2G30 10.49 . 15.45 0.67 5.88 12
2C30 5.28 - 8.64 0.61 4.44 68
2x30 3.12 0.58 7.14 0.43 2.76 77
3G30 10.75 - 14.12 0.76 6.64 235
3C30 4.98 1.88 6.45 0.77 3.50 40.5
3x30 11.24 - 13.71 0.81 5.66 0.71
6G30 8.80 . 14.84 0.59 4.74 7.7
6C30 3.92 - 6.88 0.56 3.28 67
6x30 2.49 - 5.44 0.45 2.48 991
8G30 11.39 - 13.20 0.60 6.32 10.9
8C30 6.46 1.49 8.81 0.73 3.80 17.6
8x30 9.57 - 17.26 0.55 6.56 37
9G30 11.31 - 14.61 0.77 5.16 -8.7
9C30 5.39 - 9.33 0.57 5.38 99.6
9x30 2.55 0.30 5.85 0.43 2.42 89.8
10G30 6.57 - 20.00 0.32 4.80 46
10C30 3.60 - 8.71 0.41 3.60 100
10x30 2.53 0.30 4.96 0.51 2.48 96
11G30 9.35 - 15.38 0.60 5.38 15
11C30 5.00 - 8.92 0.56 5.00 100
11x30 3.02 0.63 7.14 0.42 3.00 98.6
17G30 6.02 - 11.00 0.54 3.18 5.6
17C30 3.40 - 8.47 0.40 3.40 100
17x30 1.80 - 4.71 0.38 1.80 100
19G30 8.42 - 14.65 0.57 714 69
19C30 3.54 - 6.59 0.53 3.12 76
19x30 3.20 0.20 4.40 0.72 3.20 100
X, C, and G, xylose, cellobiose, and glucose, respectively.
YLA/TS, the yield of lactic acid to total consumed sugar.
OP, optical purity of L-lactic acid. Cultivation was carried out at 30°C, pH 7.0 for 24 h.
Experiments were carried out in triplicates, and the average data are presented.
Table 4 Effect of different medium pH on production of L-lactic acid by selected isolates at 30°C

pH 3.5 pH 5.0 pH 7.0
Isolate Lactic  Consumed L-lactc  OP Lactic Consumed L-lactc  OP Lactic Consumed L-lactic  OP
designation  acid sugar (g/l) acid (g/) % acid sugar (g/l) acid (g/l) % acid sugar (g/l) acid (g/) %

(9/) (9/) (9/)

10C30 1.79 5.09 1.47 64.2 3.93 10.00 3.56 81.1 3.6 8.71 3.6 100
11C30 2.32 6.66 1.86 60.3 3.78 7.94 3.78 100 5.0 8.92 5.0 100
17C30 4.33 16.89 2.40 10.8 11.01 15.82 6.96 26.4 3.4 8.47 3.4 100
19%x30 1.91 6.16 1.66 73.8 2.36 6.51 2.26 915 3.2 4.40 3.2 100

X and C, xylose and cellobiose, respectively.

OP, optical purity of L-lactic acid. Cultivation was carried out at 30°C, pH 3.5, 5.0, and 7.0 for 24 h.
Experiments were carried out in triplicates, and the average data are presented.

(OL986020), and Lactiplantibacillus sp. WAI19
(OL986021). On the contrary, phylogenetic analysis
was conducted by MEGAG6 software using the
maximum likelihood method (Fig. 1).

Discussion
LAB are famous producers of different industrially
important products [23]. Of these products, lactic

acid is attracting extra attention owing to its

applications in different fields. However, applications
of lactic acid in biodegradable polymers have grown
significantly, owing to the increased awareness among
consumers of the effects of wusing harmful
nondegradable  plastic, besides the

consumption of sustainable products, as well as use

increased

of biodegradable plastic packaging in food-related
applications. Owing to its involvement in many
industries, the global lactic acid market size reached

1.1 billion USD in 2020 and is estimated to reach 2.1
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Figure 1
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74 HF679037.1 Lactobacillus mudanjiangensis partial 16S rRNA gene type strain 11050T

NR 125561.1 Lactobacillus mudanjiangensis strain 11050 16S ribosomal RNA partial sequence
KR706503.1 Lactiplantibacillus herbarum strain TCF032-E4 16S ribosomal RNA gene partial sequence

44 AJ965482.1 Lactobacillus arizonensis partial 16S rRNA gene strain NRRL B-14768

AJ306297.1 Lactobacillus paraplantarum 16S rRNA gene strain DSM 10667T

D79211.1 Lactobacillus pentosus gene for 16S rRNA partial sequence

NR 042254.1 Lactobacillus plantarum subsp. argentoratensis strain DKO 22 16S ribosomal RNA partial sequence
@ 0L986012.1 Lactiplantibacillus sp. strain WA11 16S ribosomal RNA gene partial sequence
AM905388.1 Lactobacillus fabifermentans partial 16S rRNA gene type strain LMG 24284T

NR 042676.1 Lactobacillus fabifermentans strain LMG 24284 16S ribosomal RNA partial sequence

NR 113339.1 Lactobacillus fabifermentans strain DSM 21115 16S ribosomal RNA partial sequence

52

71

51

—
0.002

NR 109000.1 Lactobacillus xiangfangensis strain 3.1.1 16S ribosomal RNA partial sequence
170423.1 Lactobacillus garii strain FH1369 16S ribosomal RNA partial sequence
o7 95 AB907190.1 Lactobacillus plajomi gene for 16S ribosomal RNA partial sequence
NR 136785.1 Lactobacillus plajomi strain NB53 16S ribosomal RNA partial sequence
87 AB907192.1 Lactobacillus modestisalitolerans gene for 16S ribosomal RNA partial sequence
99 ! NR 136786.1 Lactobacillus modestisalitolerans strain NB446 16S ribosomal RNA partial sequence

@ 0L.986008.1 Lactiplantibacillus sp. strain WA10 16S ribosomal RNA gene partial sequence
49(3‘—_,7 @ 0L986020.1 Lactiplantibacillus sp. strain WA17 16S ribosomal RNA gene partial sequence
@ 0L.986021.1 Lactiplantibacillus sp. strain WA19 16S ribosomal RNA gene partial sequence

ﬁ HM443954.1 Lactiplantibacillus xiangfangensis strain 3.1.1 16S ribosomal RNA gene partial sequence
NR

Molecular phylogenetic tree on the basis of 16 S rRNA gene for Lactiplantibacillus strains WA10, WA11, WA17, and WA19 (marked with red
closed circles) with strains in the genus Lactiplantibacillus as recorded by Zheng et al. [21]. Phylogenetic analysis was conducted by MEGA6
software [22] using the maximum likelihood method. Accession number was indicated in parentheses adjacent to each strain. The tree was
drawn to scale with branch lengths measured in the number of substitutions per site. Bootstrap values above or equal to 50% based on 500

resampled data sets were indicated at nodes.

billion USD by 2025. On the contrary, global PLA
market size reached 786 million USD in 2020 and is
expected to reach 1756 USD million by 2025 [24].
Additionally, it was observed that the early COVID-19
effect have also increased the use of packaged products
owing to the elevated restrictions on public activities,
and the bulk purchase of different packaged products.
In 2010, the manufacturing cost of lactic acid
production at an industrial scale has been estimated
to be around 0.55%/kg [25]. Lactic acid is generally
produced by either microbial fermentation or chemical
synthesis, which results in two optical isomers of lactic
acid, that is, L(+)-lactic acid and D(-)-lactic acid, or a
racemic mixture of both DL-lactic acid [26]. It should
be noted that high optically pure lactic acid has much
more value than the racemic form and has wider
applications. Generally, chemical synthesis results in
obtaining racemic DL-lactic acid, which cannot be
used for PLA production, as it requires either pure
L(+)- or D(-)-lactic acid for polymerization to a high
crystalline PLA [27]. On the contrary, microbial
fermentation can produce optically pure lactic acid,
and the obtained product depends on many factors
such as the bacterial producing strain, composition of
the medium, and culturing conditions. Hence, we

screened in this study for LAB capable of producing

optically pure L-lactic acid and tried to study the effect
of carbon source, temperature, and pH value on the
productivity and optical purity of the obtained lactic
acid.

The Egyptian River Nile was chosen as a source for
bacterial isolation, which resulted in obtaining 27
bacterial isolates. Of them, only nine strains were
presumptively identified as LAB. Fresh water is
rarely targeted as a source of LAB isolation, as
majority of literature studies have screened for LAB
from fresh water creatures, not from water and
sediment samples, as we have done in the current
work. Moreover, isolation was conducted at 50°C to
obtain heat-tolerant isolates, as an extra trait to
facilitate their application in industrial fields. Many
studies have nominated Egyptian sources as a
repository for promising microorganisms [28-31].

Investigating the ability of the nine isolates to produce
lactic acid at 50°C as an incubation temperature was
conducted using different sugars such as glucose
besides cellobiose and xylose which are abundant
sugars in the nature and considered as economic
carbon sources when compared with glucose. The
nine isolates showed variable ability to produce L-



lactic acid. Majority of isolates cultivated on glucose as
carbon source were capable of producing L-lactic acid,
whereas isolates 2, 11, and 19 showed the highest
ability to produce L-lactic acid on xylose and
cellobiose (Table 2). Xylose is ranked second in the
list of the most abundant sugars in the nature. It exists
in hemicellulose of woods and also in agricultural
wastes [14]. This made it an economic substrate that
is also not used as food supply as mentioned before. On
the contrary, cellobiose is the main product resulting
from enzymatic hydrolysis of the abundant cellulose.
B-glucosidases are the enzymes working on cellobiose
and convert it into two glucose molecules. Generally,
ability of LAB to consume sugars other than glucose is
highly favorable. However, its presence results in a
phenomenon called carbon catabolite repression where
the microorganism prefers consuming glucose (as a
rapidly metabolized carbon source) over nonpreferred
carbon sources such as xylose, which inhibits expression
of some genes and enzymes related to the catabolism of
those nonpreferred carbon sources [32,33]. It should be
noted that some isolates were also capable of producing
highly pure D-lactic acid (Table 1). So far, few reports
have described the ability of wild-type stains such as
Lactobacillus delbrueckii and Lactobacillus coryniformis
subsp. torquens [34,35] to produce D-lactic acid. On
the contrary, several studies have reported production
of D-lactic acid by metabolically engineered
Lactobacillus  plantarum [36-38]. The influence of
incubation temperature on productivity and optical
purities of L-lactic acid was studied by cultivating
the nine isolates on the three different sugar sources
but at 30°C as an incubation temperature. It was
noticed that the optical purity of produced lactic
acid was enhanced after incubation at 30°C, as four
isolates (10, 11, 17, and 19) were able to produce 100%
optical pure L-lactic acid when cultivated on cellobiose
or xylose (Table 3). Moreover, isolate 11 cultivated on
cellobiose showed the highest productivity (5.0 g/l)
among the tested isolates. Hence, isolates 10C30,
11C30, 17C30, and 19x30 were chosen for
investigating the effect of initial pH values of the
medium on their L-lactic acid production and

optical purity.

pH 3.5 had a negative effect on both productivity and
optical purity of produced L-lactic acid. On the
contrary, pH 7.0 was the optimum pH for
production of optically pure L-lactic acid, as all
isolates were capable of producing 100% optically
pure L-lactic acid, and isolate 11 cultivated on
cellobiose (11C30) was also the highest producer of
100% optically  pure (5.0 g/).

Homofermentative LAB are favored in large-scale

lactic acid
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applications as they possess aldolase enzymes capable
of producing lactic acid as their primary end product.
This is not the case for heterofermentative LAB that
produce lactic acid besides other byproducts [10]. Our
four isolates can be considered as homofermentative
LAB, especially when cultivated on glucose and
cellobiose. This was not the case when using xylose
as a sugar source, except for isolate 17, which produced
lactic acid as its primary end product even during
cultivation on xylose. Molecular identification of the
four isolates revealed that all belong to the genus
Lactiplantibacillus.

The genus Lactiplantibacillus (previously known as
Lactobacillus) is reported to be a producer of both L-
lactic acid and D-lactic acid because it has
stereospecific NAD-dependent lactate
dehydrogenases [39]. Moreover, it was reported that
D-lactic acid production is connected to the
biosynthesis of cell wall through incorporation of it
as the last residue of the muramyl-pentadepsipeptide
peptidoglycan  precursor [40]. Hence, different
approaches have been applied to improve L-lactic
acid production from Lactobacillus species such as
metabolic engineering, genome shuffling, using
mixed microbial cultures, or optimizing physiological
and fermentation conditions [41-44]. Many studies
have described the effect of controlling physiological
factors and culturing conditions on improving L-lactic
acid and eliminating D-lactic acid produced by
different  Lactobacillus  species. Using  glucose
controller to regulate glucose concentration in
culture broth as well as in fed-batch culture has
improved productivity to 170 g/l L-lactic acid by
Lactobacillus rhamnosus LA-04-1 [45]. Modifying the
nitrogen source used during the fermentation process
has improved L-lactic acid by L. plantarum As.1.3 [45].
Tian ez al. [46] have reported the positive influence of
adding vitamin C on L-lactic acid production and cell
growth in Lactobacillus thermophilus A69. The results
obtained in the current study confirmed the influence
of some culturing conditions on production of 100%
optically pure L-lactic acid from the four different
Lactiplantibacillus strains isolated from the River

Nile in Egypt.

Conclusion

Nine thermal tolerant bacterial strains were isolated
from fresh water samples collected from the coast of the
Nile River in Egypt. Physiological studies revealed that
these isolates are promising producers of 100%
optically pure L-lactic acid. This the first report
describing isolation of thermal tolerant, 100%
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optically pure L-lactic acid producers from fresh water

samples in general and from the River Nile in

particular. Further studies are required to optimize

cultivation and production conditions to increase
production yield of 100% optically pure L-lactic acid

from these promising isolates.
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