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Abstract:The optimization of parametric conditions,
viz. molasses concentration, pH, temperature and
incubation period have been studied for bioproduction
of lactic acid by Lactobacillus casei NCIM-2617. It
has been found that lactic acid fermentation by
Lactobacillus casei NCIM-2617 proceeds best when
amolasses solution of 15% (W/V) is allowed to ferment
for 6 days of incubation period at 36°C temperature by
maintaining the pH values of fermenting medium at 6.0
along with other bioingredients supplements required
by the Lactobacillus casei NCIM-2617.

(Key words : Lactic acid fermentation, molasses,
Lactobacillus casei NCIM-2617)

Introduction

Parametric determination for microbial search
for production of lactic acid by Lactobacillus
casei NCIM-2617 is virtually as important to the
success of a  lactic acid fermentation as is the
selection of an organism to carry out the
fermentation'*. Medium supplies nutrients for
growth, energy, building of cell substances and
biosynthesis of fermentation bioprocess
products. A poor selection of medium
components can effect cellular growth and little if
any yield of fermentation products.>® The
optimization of parameters like concentration of
selected raw material, hydrogen ion concentration,
temperature and incubation period of the
fermentation medium can partially or fully
influence the types and ratios of products from
among those for which a microorganism has
biosynthetic capability®'?. Thus, parametric
determination of lactic acid fermentation by
Lactobacillus casei NCIM-2617 is very critical.
The optimizaton of culture for various lactic acid

fermentations have been studied by different
workers'*"7, Liu and Chen'® reported significant
yield of lactic acid from 11-23% sucrose at 32-
33°C temperature and 6.1 pH. Tiwari and Pandey"
reported maximum production of lactic acid by L.
bugaricus when 20% solution of molasses was
allowed to ferment for 6 days at 47°C and 5.8 - 6.0
pH. Singh el al.*® found that L. delbrueckii
attains its best activity of producing lactic acid
when 5% solution of sugar at 6.2 pH is allowed to
ferment at 46°C for 6 days.

Singh et al.*'**" and some others?®*
studied lactic acid fermentation by different strains
oflactic acid bacteria and found their best activity
when sugar substrate concentration was taken in
between 10-15%; pH 5.8-6.2, temperature 42-48°C
and incubation period 4-6 days.

In the present communication the
authoress has confined her study to optimize the
parameters for maximum production of lactic acid
by fermentation using the bacterial strain of
Lactobacillus casei NCIM-2617.

Experimental
Medium:

The composition of the production
medium for each fermentor flask containing 100
mL production medium is as below :
Molasses : 15% (w/v) , Malt Extract :0.75%, Yeast
Extract:0.75%, Peptone: 0.75% (NH,),HPO ,:0.75%,
CaCO;: 5%, pH: 6.0, Distilled water, To make up
100 ml.
Formulation of culture :

Formation of enriched culture medium
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for production of lactic acid by Lactbacillus casei
NCIM-2617 the following bio-ingredients has
been employed :

Glucose :0.30%, Lactose : 0.30%
Sodium-Acetate : 200.00 mgs

Liver-Extract 200.00 mgs, Peptone* : 200.00 mgs
Salt Solution A : 0.30 ml, Salt solution B :.30ml
pH:6.0-6.2

Sterilization : 151bs for 25-30 minutes

Sub-culture : Once a month

Distilled water : To make up 100 ml

Requisite amount of distilled water was added to
make the total volume 100 ml.

Preparation of Salt Solution A
It was prepared by mixing the following with water:
KH,PO, :25.00¢
KHPO, :25.00¢
Requisite amount of distilled water was added to
make the volume 250ml.

Table-1
Effect of different carbohydrates on production
of lactic acid by Lactobacillus casei NCIM-2617

S. Carbohydrates | Yield of Sugar left
No. | substrates lactic acid* |Unfermented
used ing/100ml | g/100 ml.
1 Arabinose 1.429 -
2 Rhamnose 1.115 -
3 Xylose 0.995 -
4 Glucose 1.320 -
5 Fructose 6.993 -
6 Galactose 5.945 -
7 Sorbose 0.896 -
8 Lactose 5.610 -
9 Sucrose 8.663 -
10 Maltose 2519 -
11 Starch 0.613 -
12 Inuline 0.814 -
13 Dextrine 0.994 -
14 Raffinose 3418 -
15 Mannitol 1916 -
16 Molasses 6.238 0.760
20% (w/v)
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Preparation of Salt solution B:
It was prepared by mixing the following with water:

MgSO,.7H,0 10.00g

NaCl 500.00 mgs
MnSO,.5H,0 500.00 mgs
FeSO,.7H,0 500.00 mgs

The combination of above amount were
dissolved in requisite amount of distilled water to
make up the volume up to 250 ml.

The volume of the culture medium was
taken in a dry and clean flask and was plugged
with non-absorbent cotton wool plugs. About 12
clean and dry culture tubes were similarly plugged
with non-absorbent cotton. These culture tubes
and culture medium were sterilized in an autoclave
at 1.71 Kg/ Cm? steam pressure for 25-30 minutes.
For solid growth medium 2.0 % agar-agar was
added in this solution before sterilization. After
cooling, 5.0 ml of the culture medium from the
conical flask was transferred to each culture tube.
The culture tubes were then allowed to stand in
slant position overnight.Sterilization : The
growth and production media were sterilized in
an autoclave maintained at 15 lbs steam pressure
for 30 min.

Strain : Lactobacillus casei NCIM-2617 was used
in the present study.

Assay methods: Evaluation of lactic acid formed
was made colorimetrically*.

Age of the inoculum: 50 hours old.

Quantum of the inoculum: 0.05 ml bacterial
suspension of Lactobacillus casei NCIM-2617
Molasses concentration : 2%, 4%, 6%, 8%, 10%,
15%, 20%, 25%, 30% and 35%

pH: 4.6,4.8,5.0,5.2,5.0,5.6,5.8,6.0,6.1,6.2
Temperature (in’C) : 20, 25,28, 32, 36, 40,45, 50,
51and 53

Incubation period: 1,2,3,6,9,10, 12,14, 16 and 18
days

Study of the effect of different carbohydrates :
16-sets of conical flasks (each set of three

flasks) were prepared with the only difference that

in place of molasses different carbohydrates in
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Table -2
Effect of concentration of molasses substrate, pH, temperature and incubation period on
microbial search for production of lactic acid by Lactobacillus casei NCIM-2617

% of Temp | Incubatio
Corresponding yield of lactic acid* in
Molasse | pH .in n Period
0 g/100ml
s (&®) in days
2 4.6 20 1 0.930 2.115 2.115 0.510
4 4.8 25 2 2.013 2.815 3.116 1.113
6 5.0 28 3 2.875 3.112 5.450 3.740
6.662%*
8 5.2 32 6** 3.116 3.865 6.002 .
6.510%*
10 54 | 36%* 9 4310 4.256 . 5.230
6.323%%*
15%* 5.6 40 10 . 4.863 5.345 4810
20 5.8 45 12 6.110 5.986 4415 3.980
6.0* 6.198%* [ 3.296 3.310
25 50 14 5.259
* *
30 6.1 51 16 4.113 5.256 2.369 2.815
35 6.2 52 18 3.269 4.113 1.115 2.114

* Each value represents mean of three trials. ** Optimum values of molasses solution, pH, temperature
and incubation period *** Optimum yield of lactic acid

question were taken in flasks of the 1st to 15th set
to provide 10.00 g of carbon substrate source to
each of the 15 sets of the flasks. Then the total
volume in the conical flasks were made up to 100
ml by adding requisite amount of distilled water.

The flasks were then plugged with non-
absorbent cotton wool plugs and steam sterilized,
cooled and then inoculated with 0.05 ml of
Lactobacillus casei NCIM-2617 and incubated at
36°C. The contents of the flasks were analysed
colorimetrically for lactic acid produced after 6
days of incubation period.

Study of the effect of substrate concentrations:
10-sets, each of 3-conical flasks were

prepared. The concentrations of sugar (molasses)

in flasks of 1st to 10th sets was 2%, 4%, 6%, 8%,

10%, 15%, 20%, 25%, 30% and 35% respectively.
The above flasks were then steam sterilized, cooled
and incubated at 36°C for 6 days. The contents of
the flasks were analysed colorimetrically for lactic
acid produced and molasses left unfermented.

Study of the effect of hydrogen ion
concentration :

10 - sets, each consisting of 3-flasks were
prepared and requisite amount of phosphate-
buffer solution were added to first 5 sets, to adjust
thepH at4.6,4.8,5.0,5.2 and 5.4. Inthe remaining
5 sets, the pH values 5.6, 5.8, 6.0,6.1 and 6.2 were
maintained respectively. the flasks were then steam
sterilized, cooled and inoculated with 0.05 ml of
Lactobacillus casei NCIM-2617 and incubated at
36°C for 6 days. The contents of the flasks were
analysed colorimetrically for lactic acid produced.
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Study of the temperature :

10 sets, each consisting of 3 flasks, were
prepared . These flasks were steam sterilized, cooled
and inoculated with 0.05 ml of Lactobacillus casei
NCIM-2617 . 1stto 10th sets of conical flasks were
incubated at 20°C, 25°C, 28°C, 32°C, 36°C, 40°C,
45°C, 50°C, 51°C, and 52°C respectively for 6 days.
The contents of the conical flasks were analysed
colorimentrically for lactic acid formed .

Study of the effect of Incubation period of
fermentation medium :

10 sets,each of 3 conical flasks were
prepared. The flasks were sterilized, cooled, and
inoculated with 0.05 ml of Lactobacillus casei
NCIM-2617 and were incubated at 36°C in an
incubator. The contents of the flasks were
analysed colorimentrically after 1,2, 3,6,9, 10,12,
14, 16 and18 days of incubation period for lactic
acid produced.

Results and Discussion

The data recorded in the table-1 shows
the study of effect of different carbohydrate
material on production of lactic acid by
Lactobacillus casei NCIM-2617 . A series of
fermentation experiments were performed in 100
ml Erlenmeyer conical flask to examine the effect
of different carbon sources viz. Arabinose,
Rhamnose, Xylose, Glucose, Fructose, Galactose,
Sorbose, Lactose, Sucrose, Maltose, Starch,
Inuline, Dextrine, Raffinose and Mannitol were
studied. Each substrate was taken in flask at a
concentration (10g/100ml) in the fermentation
medium. This was autoclaved at 121°C for 15 min.
Each flask was inoculated with the prepared
inoculum. These flasks were incubated for
maximum 6 days of incubation time under shake
flask conditions at 36°C. Some bacteria have the
ability to ferment carbohydrates, particularly
sugars. Among them, each bacteria can ferment
only some of the sugars, while it cannot ferment
the others. Thus, the sugars, which a bacteria can
ferment and the sugars, which it cannot is the
characteristic of the bacteria. The carbohydrate
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fermentation test is performed to test, separately,
the ability of bacteria to ferment the sugars like
glucose, sucrose, lactose, maltose and xylose as
well as their alcoholic derivatives like aesculin,
salicin, adonitol, dulcitol and sorbitol.

The data recorded in the table-1 shows
the study of effect of different carbohydrate
material on production of lactic acid . From the
results it is clear that sugar substrate becomes
very smooth and easy as the molecular size and
structure configuration of the substrate molecules
becomes simple. The monosaccharides, especially
glucose and fructose sugars both have been found
much fermentable amongst monosaccharides due
to the presence of active carbonyl group being
common in glucose and fructose (aldehydic and
ketonic groups) are easily phosphorelated due to
energy conversation of living cells which is
fundamental properties of microbes. Galactose is
close to glucose and differs in one hydrogen and
one hydroxyl group at position C—4. The degree
of fermentability of galactose is very mucn near to
glucose and fructose. The fermentation value of
arabinose, rhamnose, and Sorbose sugars were
almost in traces. Living cells produce useful
currency of energy-ATP, which is regarded as the
cells's energy currency. Microbes have the
property of maintaining a stock of ATP, which is
possible due to consumption of sugars like glucose
and fructose.

Sucrose is the main component of
sugarcane juice and each molecule of sucrose
consists of one glucose molecule attached to one
molecule of fructose. The first step of microbes
activity is to break a part the glucose and fructose
units which enter the energy metabolisation
machinery to provide energy. If microbes grows in
oxygenated medium, the sugar will be broken down
step-by-step, into smaller and smaller molecules
and at the end simple invert sugars are liberated.
In the present investigation amongst
disaccharides sucrose has been observed only
useful and most suitable substrate for its maximum
conversion into the lactic acid.
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Lactose did not give significant yield of
lactic acid during production of lactic acid.
Mannitol has also been found much less
fermentable to produce lactic acid. In case of
polysaccharides, starch, inulin and dextrin were
found very much unsuitable and undesirable for
production of lactic acid by Lactobacillus casei
NCIM-2617

The microorganisms associated with
fermentation utilise various metabolic processes,
depending on the substrate. Thus, it may be
concluded that glucose amongst the substrate
monosaccharides and sucrose amongst
disaccharide are of having high fermentability
values and are most useful for production of lactic
acid by Lactobacillus casei NCIM-2617 .

The molasses can also be utilized in lactic
acid. production. Molasses are the by — products
of sugarcane processing and consists of 52% total
sugars calculate as sucrose (30 percent
sucrose,and 22% invert sugars and is also known
as black-strap molasses.When this molasses is
used as a fermentation medium component, it is
considered to contain approximately 50%
fermentable sugars. Since molasses is rich in sugar
contents and economical, it has been selected as
a carbohydrate source during the course of present
investigation, i.e., production of lactic acid by
Lactbacillus casei NCIM-2617.

The data recorded in table-2 shows the
effect of different concentration of sugary raw
material, i.e., molasses substrate. The best result
has been noted when 15% molasses substrate
solution has been allowed for production of lactic
acid by Lactbacillus casei NCIM-2617. It has
been found that lower concentration of molasses
did not give any significant yield of lactic acid
while higher molasses solution has been found fo
interfere with the bacterial enzyme activity and
thereby retards the production of lactic acid by
Lactbacillus casei NCIM-2617.

The data recorded in table-2 shows the
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influence of different pH on fermetative
production of lactic acid by Lactbacillus casei
NCIM-2617.

The effect of pH on lactic acid production
by Lactbacillus casei NCIM-2617 was studied.
The pH range was investigated between the range
0f4.6 to 6.2 for the optimum lactic acid production.
The pH was adjusted by buffer solution. It has
been found that production of lactic acid increases
with the increase of pH towards acidic side of
neutrality. The production of lactic acid by
Lactbacillus casei NCIM-2617 is inhibited in the
strong acidic medium solution. It has been found
that on advancing the pH values from 4.6 to 6.0
lactic acid production also advances, i.e.,2.115 g/
100 ml to 6.198 g/100 ml and further increase of pH
from 6.1 and onwards the production of lactic acid
by Lactbacillus casei NCIM-2617 decreases. It
was thus concluded that production of lactic
acid does not proceed smoothly in strong acidic
as well as neutral pH medium. The optimum pH of
the fermentation was thus found 7o be 6.0 which
was most suitable for production of lactic acid by
Lactbacillus casei NCIM-2617. and thus all the
experiment conducted by the authoress for
production of lactic acid by Lactbacillus casei
NCIM-2617 has been maintained at optimum pH
value of 6.0.

The effect of temperature on lactic acid
production by Lactobacillus casei NCIM-2617
has been investigated at the temperature range of
20°C to 52°C. The results are summarised in table -
2 which shows the influence of different
temperature on production of lactic acid by
Lactobacillus casei NCIM-2617. It has been found
that production of lactic acid by Lactbacillus
casei NCIM-2617 increases with increase of
temperature from 20°C to 36°C. At lower
temperatures, i.e., at 20°C, 25°C, and 28°C the
yield of lactic acid was found to be much lower.
While the yield of lactic acid gradually falls with
the rise of temperature i.e., 40°C and onwards. The
36°C temperature has been found most significant,
suitable, and effective for maximum production of
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lactic acid by Lactobacillus casei NCIM-2617 from
molasses and therefore, this temperature, i.e., 36°C
was selected and maintained throughout the
experiments.

The data recorded in the table-2 reveals
the influence of different incubation period on
production of lactic acid by Lactobacillus casei
NCIM-2617. In lactic acid fermentation, an
appropriate incubation period is important
parameter. The results summarised in table -5
shows appreciable lactic acid production was
increasing upto 6 days. It has been found that
biotransformation of molasses to lactic acid
increases with the increase in incubation period
from 1 days to 6 days and then normally falls. It
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