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ABSTRACT

Production of lactic acid using a novel strain of
lactic acid bacteria isolated from infants stoolswa
investigated in the present study. Out of ten issla

a total of five bacterial isolates were found as
positive in lactic acid production. The tested

1. INTRODUCTION

Lactic Acid Bacteria (LAB) are a group of
diverse Gram-positive bacteria commonly used in
the food industry and used in making starter caltur
for dairy products. Bacterial fermentation has the
advantage that by choosing a strain of lactic acid

bacterial isolate W7 was observed as the potent bacteria (LAB) producing only one of the isomers,

strain in lactic acid production that exhibited ad
zone of 8 mm. The bacterial isolate W7 was
identified phenotypically and genotypically as
Enterococcus faecalis and was deposited in
GenBank with accession number KY07297he
effect of different process parameters such aminit
pH of the medium, incubation temperature,
inoculum size and incubation time was also
monitored to enhance lactic acid production and
resulted in optimum lactic acid value of 0.72
mg/mL. The salted whey was the most applicable
fermentation medium for production of lactic acid
by Enterococcus faecalis KY072975 and recorded
2.07 £ 0.1 mg/mL.

Keywords: Optimization; Lactic acid; Fermen-
tation; Skimmed milk; WheyEnter ococcus.

an optically pure product can be obtained, whereas
synthetic production always results in a racemic
mixture of lactic acid. Lactic acid is an organacda
with a wide range of applications in the food,
pharmaceutical and cosmetics industries [1, 2].
Lactic acid fermentation has gained increased
attention in the recent years, mainly due to its
importance as building block in the manufacture of
biodegradable plastics [3-5]. In addition, it has
recently been studied with great interest as a
biodegradable polylactic acid (PLA) that can be
used to improve physical properties in the
production of food packaging, plastic utensils,
garbage bags and agricultural plastic sheeting,
thereby replacing products made from petroleum
[6-7]. Recently, lactic acid is widely used as a
food additive in food industry, where it servesain
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wide range of functions, such as flavouring, pH
regulation, improved microbial quality and mine-

ral fortification. Moreover, lactic acid is used

commercially in the processed meat and poultry
industries, to provide products with an increased

shelf life, enhanced flavour and better control of
food-borne pathogens. Due to the mild acidic taste
of lactic acid, it is also used as an acidulargdlads

Optimization of lactic acid production by Enterococcus faecalis KY072975

tolerant to saline fermentation medium.
2. MATERIALS AND METHODS
2.1. Source of microorganisms

A total of 10 isolates of lactic acid bacteria
previously recovered from infants stool on MRS

and dressings, baked goods, pickled vegetables, andagar medium were used in the present investigation.

beverages etc. [1, 8].

Lactic acid can be produced either through
microbial fermentation or chemical synthesis. Of
the total lactic acid produced worldwide every
year, about 90% are made by lactic acid microbial
fermentation and the rest is produced synthetically
by the hydrolysis of lactonitrile [9, 10]. Although
most investigations of lactic acid production were
carried out with lactic acid bacteria (LAB), some
filamentous fungi may be used such Risizopus
which utilizes glucose aerobically to produce lacti
acid [11]. However, the yield and productivities of
fungal and yeast strains are very low compared with
lactic acid bacteria. The production of opticallyre
lactic acid is essential for the polymer synthesis
which lactic acid is used [12, 13]. In addition,
optically pure L(+) lactic acid is polymerized to a
high crystal polymer suitable for fiber and oriahte
film production and is expected to be useful in the
production of liquid crystal as well [14]. Moreovyer
L (+) lactic acid is used by human metabolism due

Ten infants stool samples were collected from
different baby centers and analyzed by the dilution
pour plate method. For this purpose, 10 grams of
each sample were weighed aseptically and
homogenized in 90 ml of sterile saline solution.
Then, sequential decimal dilutions of the
homogenate were obtained. One ml aliquot of the
10% 10°, 10° and 10 dilutions was transferred to
plates and the melted MRS agar medium was
poured. MRS plates were incubated for 3 days at
30°C in anaerobic conditions. The separated
colonies were picked, subcultured, maintained
on MRS slants and stored at 4°C for further
experiments.

2.2. Preparation of bacterial inocula

A loopful of refreshed bacterial culture was
inoculated and grown in 50 mL bottles contained
20 mL of MRS broth medium and incubated for
24 h at 37°C under anaerobic conditions (GasPak

to the presence of L-lactate dehydrogenase and isSystem - Oxoid, Basingstoke Hampshire, England).

preferred in foods as preservative as well as
emulsifier [12, 15]. For the industrial productioh
L-lactic acid, it is necessary to provide cheagboar
sources that can be easily metabolized by lactt ac
bacteria. A number of industrial by-products or

The MRS medium [20] contained (g/l distilled
water): glucose 10, peptone 10, beef extract 10,
yeast extract 5, ¥IPO, 2, sodium acetate 5,
tri-ammonium citrate 2, MgS£¥H,O 0.2, MnSQ
4H,0 0.2 and Tween 80 (1 ml).

wastes have been evaluated as substrates for lactic

acid production with the aim of decreasing the cost

2.3. Detection of lactic acid production on agar

of the process, such as sugarcane [16], molassesmedium

[17] and whey [18] as carbon sources, and to obtain

the optimal conditions of fermentation with higher
yields and production rates [19]. In the recentryea

Production of lactic acid by the tested isolates
was determined on MRS-agar plates supplemented

there have been various attempts by researchers toby 1% CaCQ [21]. The plates were inoculated with

produce lactic acid efficiently from inexpensivevra

10 pl starter culture by spotting technique and

materials by novel lactic acid bacterial isolatetea incubated under anaerobic conditions (GasPak
to tolerate high salinity of the substrate and high System - Oxoid, Basingstoke Hampshire, England)
temperatures. Therefore, the present investigation at 37°C for 5 days. Lactic acid production was
was aimed to evaluate and optimize lactic acid detected by formation of a clear zone around
production by a novel strain of lactic acid baaeri each culture. The diameter of each clear zone
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was measured in millimeters and recorded.

2.4. Characterization and identification of

selected bacterial isolate W7
2.4.1. Morphological characterization

The morphological growth characters of the

Optimization of lactic acid production by Enterococcus faecalis KY072975

30 s, and extension at 72 °C for 30 s. A final
extension was conducted at 72°C for 5 min. PCR
products were analyzed by electrophoresis on 1.5 %
agarose gel in 1X TAE buffer and the gels were
visualized and pictured under UV light. PCR
products were purified from gel with the QIAquick
gel extraction kit (Qiagen, Hilden, Germany).

selected isolate W7 were conducted on MRS agar 2.4.3.3. DNA Sequencing

medium and the colony color, shape and texture

Sequence similarity was estimated by

were recorded. The cell shape and arrangement weresearching the homology in the Genbank DNA

determined by microscopic examination after Gram
staining technique in accordance with Collins and
Lyne [22].

2.4.2. Physiological and biochemical characteri-
zation

The physiological and biochemical
characteristics were estimated according to the
standard methods. Catalase production [23],
carbohydrate utilization [24], growth at 6.5 % NaCl
growth at different temperatures (15 and 45 °C),
production of CQfrom glucose and production of
NHs; from arginine were tested on the selected
bacterial isolate W7.

2.4.3. Genotypic characterization

2.4.3.1. DNA extraction

DNA extraction was done using Genomic
DNA preparation kit (Jena Bioscience) according to
Kozaki et al[25].

2.4.3.2. PCR amplification

The 16S ribosomal genes were amplified
using standard PCR protocol and 16S primers:
16S F: 53GAGTTTGATCCTGGCTTAG-3 and
16S R: B3GGTTACCTTGTTACGACTT-3. The
PCR amplification was performed using Qiagen
Proof-Start Tag Polymerase Kit (Qiagen, Hilden,
Germany). The following substrates were combined
in a total volume of 25 ul including about 20 ng of
template DNA, 12.5 pyl PCR Master Mix, 20 pmol
(2ul) each of forward and reverse primers and the
total reaction volume was completed by 8.5 ul of
deionized water. The reaction conditions were: an
initial denaturation at 94 °C for 5min, 37 cycles o
denaturation at 94 °C for 30 s, annealing at 51iC f

database using BLAST (https://blast.ncbi.nim.
nih.gov/Blast.cgi). Multiple sequence alignment
and molecular phylogeny was evaluated using
CLUSTALW program (http:// clustalw.ddbj. nig. ac.
Jp/top- ehtml). The phylogenetic tree was displayed
using the tree view program.

2.5. Monitoring lactic acid production

After bacterial culture was inoculated and
grown in 50 mL bottles contained 20 mL of MRS
broth medium and incubated for 24 h ar@7n
carbon dioxide incubator, 1-2 drops of phenol
phethalin solution were added as indicator onto the
2 mL of aliquots. Samples were titrated using
standardized 0.1N NaOH solutions. When the first
trace of pink color observed, titration was
terminated. Consumption of the 0.1N NaOH was
recorded. Each ml of 0.1N NaOH equals to 9.008
mg of lactic acid. Finally, the results were exgesh
in mg/mL.

2.6. Production of lactic acid in different raw
materials

20 mL of different fermentation media
including skimmed milk (nonfat dry milk made
from pasteurized milk in U. S. A by dairy America
company), salted whey (6.5 % salt) collected from
Dairy processed center in faculty of agricultute a
Suez Canal University and whey were prepared and
sterilized in autoclave. After sterilization eaabttie
was inoculated with 1% culture bacteria then
incubated at 37°C for 24 h under static conditions.

2.7. Optimization of process parameters

Effect of different process parameters such as
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pH (3, 4.5, 5, 55, 6, 6.5, 7 and 8), inoculum the taxonomic characteristics described above, the
size (0.5, 1, 1.5 2, 3, 4 and 5%), incubation isolate W7 was assigned to the gekuoterococcus.
temperature (15, 20, 30, 37 and 45°C), and

incubation period (0, 3, 6, 9, 24, 40, 44 and 48 h)

on lactic acid production by the tested bacterial Table 1. Lactic acid production detected by halo zones
isolate was studied by varying the respective (mm = SE) on MRS - agar plate supplemented with
parameters to enhance lactic acid production from CaCQ.

MRS broth medium. Isolate number Halo zone (mm + SE)
H3 7+0.1

3. RESULTS AND DISCUSSION W2 7204

3.1. Screening of lactic acid production on agar wa 14+02

medium W6 6+0.2
w7 8+04

A total of ten isolates were screened on MRS Y1, W1, Yf-b, _
- agar plate supplemented with Ca{0 study the Yf-g & Mix Negative

ability of bacteria to produce lactic acid. Theulés
was obtained as halo zone (index which consider

primer survey for lactic acid production) arouné th  Table 2. Morphological and biochemical characterization
inoculum. These halo zones forming colonies of the selected bacterial isolate W7.

guaranteed to be LAB due to their lactic acid Test Observation

producing properties. The most active bacterial creamy, circle, entire
Colony morphology ' ' '

culture W7 showed clear zone of 8 mm was selected convex

for further experiments. Other bacterial cultures Gram stain +

(H3, W2, W4 and W6) gives index ranging from
6-7.4 mm while the others tested five isolates
showed no clear zone (Table 1). The results were

Cells shape cocci

Catalase production -

similar to the study conducted by Yi-sheng et al. Growth at 6.5 % NaCl +
[21], where a total of 88 acid-producing bacterial Growth at 15 °C +
strains were isolated from the samples collected in Growth at 45 °C +
mulberry farms of Taiwan. Production of CQ

from glucose
3.2. Phenotypic characterization NHs from arginine

Fermentation of:

The results of physiological and biochemical

characterization of the isolate W7 were shown in Xylose "
Table 2. The obtained result revealed that the Galactose +
bacterial isolate W7 is Gram positive bacterium Arabinose +
but was negative for catalase reaction. This isolat Maltose +
was able to tolerate salinity and grow at 6.5 % :
L Mannitol +
NaCl. Also, the bacterial isolate W7 was able to
grow at different low temperature levels (15-43. Sucrose -
The results also indicated that the isolate wadlena Lactose +
to produce C@ from glucose and NH from Gycerol -
arginine. The tested isolate has the ability tol@kp Mannose +
glucose, mannose, galactose, xylose, maltose,
Glucose +

mannitol, lactose and arabinose but unable to use
sucrose and glycerol as a carbon source. Based on

European Journal of Biological Research 2017; 7 (1): 22-30
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3.3. Phyllogenetic identification

The selected bacterial isolate W7 was
identified using phylogenetic analysis of 16S rRNA
gene sequences. The partial 16S rRNA gene
sequences of
previously published bacterial 16S rRNA gene
sequences available in National Center for
Biotechnology Information (NCBI) using Basic
Local Alignment Search Tool (BLAST). Sequence
analysis results revealed that the isolate W7
isolate have a sequence with 99% similarity to
Enterococcus faecalis. A phylogenetic tree was
constructed from a multiple sequences alignment
of 16S rRNA gene sequences (Figure 1). The
nucleotide sequences of the isolate W7 was
deposited in the Gen-Bank nucleotide sequence
database under new accession number KY072975.

Enterococcus faecium W7

Enterococcus faecium KP764067.1

Enterococcus lactis HF562969.1

Lactobacillus reuteri KX583577.1

Enterococcus faecalis LT222049.1

Figure 1. The neighbor-joining tree based on 16SrRNA
gene sequences showing the positiongEmtirococcus
faecalisW7 and related strains in GenBank.

3.4. Effect of pH

The effect of pH on lactic acid production
was evaluated by using skimmed mik as

Optimization of lactic acid production by Enterococcus faecalis KY072975

lower pH. A pH 6.5 was reported optimum for
lactic acid production by Lactobacillus casei
NBIMCC 1013 [26]. However, pH 5.5 has been
used for lactic acid production using helveticus
[27]. Lactococci have been found to withstand

tested isolate was matched with extracellular pH values down to 5.7 [28] or 5.0][29

Under these conditions, both the intracellular
accumulation of the lactate anion [30] and the
uncoupling of ATP synthesis [28] have been
claimed to inhibit growth. From the above obser-
vations, a pH 6.5 was considered optimal for
maximum lactic acid production. In the subsequent
experiments, the pH of the fermentation medium
was adjusted to 6.5.

0.7 4

0.6 4

05 A

04 4

[

0.3 4

Lactic acid (mg/mL)

02 4

0.1 4

75 g 85

Figure 2. Effect of pH on lactic acid production by
Enterococcus faecalisW?7.

3.5. Effect of temperature

To study the effect of temperature on lactic
acid production, skimmed milk mediunafter
inoculation was incubated at a temperature range
of 15-45°C. The lactic acid production increase
gradually with increasing temperature to reach
optimum lactic acid value (0.575 mg/mL) at 37°C
then decreased at 45°C (Figure 3). The optimal
temperature for growth of lactic acid bacteria
varies between the genera from 20 to 45°C [31,
32]. In fermentations usingd.. delbrueckii, and
L. bulgaricus a temperature of 45°C, or higher may
be maintained [33].. helveticus, andL. acidophilus
can be used in a temperature range of 37-45°C.

fermentation medium having a pH range of 3.0-6.8 Krischke et al. [34] and Panesar et al. [26] used
(Figure 2). The maximum production of lactic acid 37°C temperature for lactic acid production using
was detected at pH 6.5, (0.58 mg/ml). While, the L. casel. However, a temperature of 28°C has also
lactic acid production decreased at both higher and been reported optimal foL. casei in a separate

European Journal of Biological Research 2017; 7 (1): 22-30
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study [35]. The temperature is also one of the
important factors, which influences the activity of
metabolic cell enzymes. Enzymes are most active at
optimum temperature and enzymatic reaction
proceeds at maximum rate. Wouters et al. [36]
noted reduced glycolytic activity leading to redu-
ced production of lactic acid ih. lactis at low
temperature. The ability to grow at high tempemtur
is a desirable trait as it could translate to insesl
rate of growth and lactic acid production. At the
same time, a high fermentation temperature reduces
contamination by other microorganisms. So it was
concluded that the optimum temperature for lactic
acid production was 37°C and consequently a
temperature of 37°C was selected for further
experimentation.

0.7

0.6

05

04

03

Lactic acid (mg/ml)

0.2

0.1

T T T T T T T d
10 15 20 25 30 35 40 45 50

Temperature (°C)

Figure 3. Effect of temperature on lactic acid production
by Enterococcus faecalisW7.

3.6. Effect of inoculum size

Different inoculum levels (0.5-5%, v/v) were
added to the fermentation medium (Figure 4). The
lactic acid production increased gradually with
increasing inoculum size to reach maximum value
(0.72 mg/mL) at 5% inoculum size. This indicates
that the lactic acid production increase with
increasing density of starter culture. The lowitact
acid production at 1% (v/v) inoculum level could
be attributed to the low density of starter culture
The use of 2% (v/v) inoculum for the lactic acid
production has been reported in earlier studies [37
38]. 3%, v/v inoculum has also been used for lactic
acid production [39]. Guha et al. [40] observed
maximum lactic acid production of 2.52 gm/L with
4% (v/v) inoculum of bacterial culture. Panesar et

Optimization of lactic acid production by Enterococcus faecalis KY072975

al. [26] observed maximum lactic acid production
of 33.72 gm/L when the fermentation medium
was inoculated with 2-4% (v/v) inoculum of the
tested bacterial culture.

0.8 ~

| W

05 £

0.7

0.6

0.4 1

0.3 4

0.2 1

Lactic acid (mg/mL)

0.1 4

0

0.5 1 15 2 25 3 35 4 4.5 5 55

Inoculum size(%)

Figure 4. Effect of inoculum size on lactic acid
production byEnterococcus faecalis W7.

3.7. Effect of incubation time

To find out the optimal incubation time for
the maximal lactic acid production, the skimmed
milk medium inoculated with bacterial culture was
incubated for 48 h under the above optimized
conditions. The samples were drawn at specified
time intervals and the results obtained are present
in (Figure 5). As evident from the results, an
increase in lactic acid production was found up to
24 h and thereafter no improvement was observed.
A maximum lactic acid production of (0.582 mg/mL
was recorded at 24 h of incubation. This could be
attributed to the growth of the culture reached to
the stationary phase and as a consequence of
metabolism, microorganisms continuously change
the characteristics of the medium and the
environment. The incubation period of 48 h has
been generally used for lactic acid production gisin
different lactobacilli cultures [37, 39, 41]. Paaest
al. [26] observed maximum lactic acid production of
33.73 gm/L after 36 h of incubation. Guha et ab][4
observed maximum lactic acid production of 2.58
gm/L was observed after 48 h of incubation. The
reduction in fermentation period is additionally
advantageous to improve the economics of the
process. The short incubation time is additionally
advantageous to improve the economics of the
process. Therefore, an incubation time of 24 h was
considered optimal for maximum lactic acid
production.

European Journal of Biological Research 2017; 7 (1): 22-30
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0.7 1

06 1

05
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03
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Lactic acid {mg/mL)
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o 5 10 15 22 25 30 35 40 45 50 55
Time (h)

Figure 5. Effect of incubation time on lactic acid

production byEnterococcus faecalis W7.

3.8. Lactic acid production in different

fermentation media

The amount of lactic acid production was
evaluated using skimmed milk, whey, salted whey
and MRS media under the above optimized
conditions. The results indicated that the higher
amount of lactic acid in salted whey than MRS
(Figure 6). However, the lactic acid produced in
skimmed milk and whey was slightly the same and
relatively low. The results showed that higher giel
of lactic acid by cultural bacteria grown in salted
whey will be valuable for future application in
industry for producing large amount of lactic acid
using cultural bacteria and low cost fermentation
media. This test gave an indication of the
osmotolerance level of a LAB strain. Bacterial gell
cultivated in high salt whey would experience alos
of turgor pressure, which would then affect the
physiology, enzyme activity, water activity and
metabolism of the cells [42]. Some cells overcome
this effect by regulating the osmotic pressure
between the inside and outside of the cell [28].
There are reports describing strains of lactococci
[43] and lactobacilli [44, 45] showing decreased
growth rate with increasing osmolarity of the
medium. The bacterial isolate W7 could be similarly
protected to be able to grow at higher NaCl
concentration during industrial fermentation, as
lactic acid is being produced by the cells, alkali
would be pumped into the broth to prevent
excessive reduction in pH. Thus, the free acid doul
be converted to its salt form which would in turn
increase the osmotic pressure on
Therefore, a LAB strain with high osmotolerance
would be desirable as an industrial strain.

N
n

N
(&

.
n
L

-

-
L

Lactic acid (mg/mL)

e
«n

Skimmed milk MRS Whey Salted Whey

the cells.

Fermentation medium

Figure 6. Effect of different fermentation media on lactic
acid production b¥enterococcus faecalisW7.

4. CONCLUSION

Lactic acid is one of the different organic
acids produced by bacteria and has numerous uses
in food biotechnology especially in dairy products.
So, the present study was aimed to isolate a novel
strain of lactic acid bacteria applicable for lacti
acid production from different inexpensive
substrates. The isolated bacteriumterococcus
faecalis W7 was the most active isolate for lactic
acid production and deposited in GenBank by
accession number KY072975.
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