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Direct conversion of raw starch to lactic acid by Lactobacillus plantarum
MTCC 1407 in semi- solid fermentation using sweet potato (Ipomoea
batatas L.) flour
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Lactobacillus plantarum MTCC 1407 was used for direct fermentation of raw starch in sweet potato (Ipomoea
batatas L.) flour (SPF) to lactic acid (LA) under semi- solid fermentation using Mann Rogassa Sharpe medium containing
(3%) SPF in lieu of glucose (2%) as carbon source. Response Surface Methodology (RSM) was used to evaluate effect of
incubation period, temperature and pH on LA production, using a full factorial Central Composite Design (CCD). At optimum
parameters (incubation period, 120 h; temperature, 35°C and pH, 6.5), maximum starch conversion by Lb. plantarum MTCC
1407 to LA was 56.4%. The organism produced (L+) LA (23.86 g) from starch (55 g) present in SPF (100 g); LA production
yield (mass LA produced mass starch present in SPF-1 x 100) was 43.4%.
Keywords: Lb. plantarum MTCC 1407, Raw starch, Lactic acid, Response surface methodology, Semi- solid fermentation,
Sweet potato flour

Introduction
Lactic acid (LA) is used as food additive in food
and non-food industries 1-3. It can be obtained on
industrial scale either by microbial fermentations or by
chemical synthesis2,4. In recent years, fermentation
approach has become more successful because of
increasing market demand for naturally produced LA5,6
with an estimated worldwide demand2 of 130, 000-150,
000 t/y. Utilization of cheap agricultural residues in
bioprocess provides an alternative way to replace costly
raw materials (glucose, lactose, etc) and bulk use of such
materials will solve environmental hazards2,4,7. Chemical
synthesis only produces racemic mixture of L (+) and D
(–) enantiomers but fermentation has added advantage
of producing biologically active L (+) or D (–) or DL
form of LA3,8. Use of agricultural starchy wastes involves
a two-step process of saccharification followed by
Lactobacillus fermentation, which is often expensive9.
Amylase- producing Lactobacillus spp. (Lb. amylophilus
and Lb. amylovorus) are often used for direct
fermentation of starchy materials into LA, which can
lead to significant reduction in operating cost2,10.
*Author for correspondence
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Response Surface Methodology (RSM) has been
successfully applied for optimization of media and
culture conditions in many cultivation processes for
production of amino acids, ethanol and enzymes11,12.
Several LA- based fermented food products have been
produced from sweet potato (SP) (Ipomoea batatas L.)
such as lacto- pickle13, lacto- juice14 and curd15, 16 using
Lb. plantarum MTCC 1407 as the starter culture.
Lb. plantarum was chosen as starter culture because it
is homofermentative [produces only (L+) LA but not
ethyl alcohol], and is a probiotic that confers various
health beneficial effects to consumers17, and is frequently
encountered in human gastrointestinal tracts18. Further,
assuming that strain Lb. plantarum MTCC 1407 might
be possessing significant amylase activity by virtue of
which it could convert efficiently SP starch into glucose
and finally to LA in these food and beverage products,
different process parameters were optimized for amylase
production.
SP is world’s seventh most important food crop, of
which over 80% is grown in Asian countries like China
and India 19. Tubers are consumed fresh or utilized
commercially for extraction of starch and flour20. Sweet
potato flour (SPF), a cheap source of carbohydrate and
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other nutrients, can be used as a fermentation substrate
for production of ethanol, organic acids, etc21.
Present study investigates direct conversion of SPF
to LA by Lb. plantarum MTCC 1407 in semi- solid
fermentation and optimization of important
fermentation parameters (incubation period,
temperature and pH) by applying RSM.
Materials and Methods
Culture

Lb. plantarum MTCC 1407 was procured from
Institute of Microbial Technology, Chandigarh, India
and maintained on Mann Rogassa Sharpe (MRS) 22 agar
slants at 4°C.
Effect of Shake and Still Flask Cultures on LA Production

Inoculum was prepared in 250 ml Erlenmeyer flasks
containing 100 ml of modified MRS liquid medium
(peptone, 10.0; beef-extract, 10.0; yeast extract, 5.0;
glucose, 20.0; Na2HPO4, 2.0; sodium acetate, 5.0;
triammonium citrate, 2.0; MgSO4, 0.2; MnSO4, 0.2; and
CaCO3, 4.0 g l-1; Tween 80, 0.1 ml and pH 6.8) by
transferring a loop full of organism (Lb. plantarum)
from a stock culture and incubated at 35°C and
120 rpm for 48 h in an orbital incubator- cum -shaker
(Remi, India, Pvt. Ltd., Bombay, India). Inoculum
contained 1 × 107 CFU ml-1.
For LA production, modified MRS semi-solid
medium containing SPF (3%) in lieu of glucose (2%)
as carbon source was used. SPF (starch, 55; total sugar,
12.5; crude fibre, 10.5, moisture, 11.5; total nitrogen,
2.3 and ash, 3.1 % dry wt basis) was obtained by
crushing dried SP (var. ST- 10) chips in a laboratory
mill (Pelican Equipments, Chennai, India) and was
stored in an air- tight container. Erlenmeyer flasks (250
ml) containing 100 ml of sterile (autoclaved at 120°C
for 15 min) MRS semi-solid medium with SPF (3%)
was divided into two sets and both sets were inoculated
with 2% freshly prepared inoculum. One set of flasks
(n=3) was kept in still condition and the other set (n=3)
was agitated at 120 rpm in an incubator - cum - shaker.
Both sets were kept at 35°C for 120 h. After incubation,
culture broth from individual flasks was taken out and
centrifuged at 8000 g in a refrigerated centrifuge (Model
C -24, Remi Pvt. Ltd., Bombay, India) for 20 min. The
clear cell free supernatants were used for LA estimation.
Effect of Different Concentrations of SPF on LA Production

Effect of different concentrations of SPF on LA
production by Lb. plantarum was investigated by

varying SPF concentrations (1 - 11%) in MRS semi-solid
medium and samples (n=3) were incubated for 120 h at
35°C under still conditions. After incubation, cell free
supernatants were used for LA estimation.
Effect of CaCO3 Concentration, Inoculum volume and Surfactant
on LA Production

Optimum concentration of CaCO3 for LA production
was evaluated by varying CaCO 3 concentration
[0.1 - 0.5 % (w/v)] in MRS semi-solid medium. Different
surfactants (0.1 %) like Tween 40, 60, 80 and sodium
dodecyl sulphate (SDS) were used to standardize
fermentation conditions for maximum LA production.
Five levels of inoculum size [1-5% (v/v)] were optimized
for LA production with 3% SPF in MRS semi-solid
medium and all samples were incubated at 35°C for
120 h under still conditions. After 120 h of incubation
period, cell free supernatants were used for LA
estimation.
Optimization of Incubation period, Temperature and pH by
Applying RSM

A central composite design (CCD) was used to pick
factors that influence LA production significantly.
Experimental design, which consisted of three variables
at five levels, required 20 formula combinations. All
variables were taken at a central coded value considered
as zero. Minimum and maximum ranges of variables were
used and full experimental plan was listed in coded form.
The results quoted were mean of LA production and were
taken as independent variables or response (Table 1).
Statistical Analysis and Modeling

The data obtained from RSM of LA production was
subjected to analysis of variance (ANOVA) for significant
sequential models in developing regression equation. The
results obtained from RSM were used to fit a second order
polynomial equation as
Y = β0 + β1 A + β2 B + β3 C + β1 β1 A2 + β2 β2 B2 + β3
β3 C2 +β1 β2 AB + β1 β3 AC + β2 β3 AC
…(1)
Where Y is response variable, β0 is intercept, β1, β2
and β3 are linear coefficients, β1,1, β2,2 and β3,3 are squared
coefficients, β1,2, β1,3 and β2,3 are interaction coefficient
and A, B, C, A2, B2, C2, AB, AC and BC are level of
independent variables. Statistical significant was
determined by ‘F’ test and multiple coefficient of
determination R squared (R 2) value. Design expert
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Table 1— Range of values for RSM
Independent variables

Incubation period, h
Temperature, °C
pH

Levels
-α

-1

0

+1

39.27
1.36
4.8

72
15
5.5

120
35
6.5

168
55
7.5

+α
200.73
68.64
8.9

RSM- response surface methodology

(Ver, 7.1, STATEASE INC; Minneapolis, MN, USA) was
used in this investigation.
Effects of pH (5.5-7.5), temperature (15-55°C) and
incubation period (72-168 h) on LA production by Lb.
plantarum in MRS semi-solid medium consisting of 3%
SPF were investigated. pH was measured with a
Systronics– make pH meter (Model 351, Pvt. Ltd,
Ahmadabad, India) using glass electrode. pH (5.5-6.0)
was maintained with acetate buffer (0.2 M) and pH
(6.5-7.5) with phosphate buffer (0.1 M).
Biochemical Analysis

Starch, total sugar, crude fibre, moisture, total
nitrogen, ash and LA contents were estimated23. Starch,
total sugar and LA were estimated by using a UV – VIS
spectrophotometer (Cecil Instruments, UK) and
expressed as g LA 100g-1 SPF. Moisture was determined
by vacuum oven, total nitrogen and ash were determined
by the Kjeldahl and muffle furnace methods,
respectively. Crude fibre was determined by enzymatic–
gravimetric method using fibre tech instrument (Pelican
Equipments, Chennai, India).
Results and Discussion
Effect of Shake and Still Flask Cultures on LA Production

Using shake and still flask cultures, LA production
by Lb. plantarum was higher in case of still flask
(23.84 g LA 100g-1 SPF) in comparison to shake flask
cultures (19.65 g LA 100g-1 SPF) at the end of 120 h
incubation period. So, further experiments were
conducted only with still flask cultures.
Effect of Different Concentrations of SPF on LA Production

LA production increased from 19.8g 100g-1 SPF to
23.98g 100g-1 SPF as concentration of SPF in MRS semisolid medium was increased from 1 to 3%, respectively;
after which, there was gradual decrease (4.8-17.8%) in

LA production. LA production at 11% SPF was lowest
(10.0g 100g-1 SPF). This might be due to increasing
viscosity of culture medium beyond 3% SPF level, which
led to decreased water activity as the process might have
shifted from semi-solid to solid state. Generally bacteria
grow at higher water activity5,24. Naveena et al4 reported
a similar decrease in LA production with 10% wheat
bran using a strain of Lb amylophilus GV6 as an
inoculant.
Effect of CaCO 3 Concentration, Inoculum volume and
Surfactant on LA Production

LA production was highest (23.85 g 100g-1 SPF) at
0.4% concentration of CaCO3. Further, there was 13.5%
decrease in LA production at 0.5% CaCO3 concentration.
A decrease in the production of LA or utilization of starch
above m/v (mass per volume) ratio of 0.4% CaCO3,
might be due to inhibition of enzyme activity and
ultimately growth of microorganism responsible for
biosynthesis of LA25.
Out of five levels of inoculum volume, 2% was
found to be best for LA production (23.86 g 100g-1 SPF)
and inoculum levels higher than 2% had adverse effect
(11.1-13.9 % decrease on LA production). In case of
semi-solid fermentation, inoculum level varies according
to the initial sugar or starch content used in liquid
mediumt:4. In general practice, a low level sugar medium
needs 2-3% inoculum volume and high sugar level needs
5-10% inoculum volume10.
Among surfactants tested, Lb. plantarum produced
highest amount of LA (23.87 g 100g-1 SPF) with 0.1%
Tween 80 in comparison to other surfactants (Tween
40, 60 and SDS). Chen & Yanagida26 reported that broth
containing surfactants such as Tween 20 and 80,
Lb animalis exhibited high growth and production of
bacteriocins-like inhibitory substance but imparted low
production without surfactants.
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Table 2 — Experimental design and result of CCD of RSM
Std

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

A: Incubation

LA production (g LA 100 g-1 SPF)

B: Temperature C: pH

Period, h

°C

-1
-1
-1
-1
-1
-1
-1
1
-α
+α
0
0
0
0
0
0
0
0
0
0

-1
-1
-1
-1
-1
-1
1
1
0
0
-α
+α
0
0
0
0
0
0
0
0

-1
-1
-1
-1
1
1
1
1
0
0
0
0
-α
+α
0
0
0
0
0
0

Predicted

Experimental

14.45
17.31
17.61
20.41
15.22
18.11
18.45
21.49
20.87
21.24
22.42
20.98
19.89
21.75
22.57
22.57
22.57
22.57
22.57
22.57

15.54
17.66
17.71
19.83
16.10
18.30
18.40
20.50
12.80
19.30
12.30
19.90
20.72
22.55
23.85
22.40
22.14
21.83
22.45
22.84

LA, lactic acid; RSM- response surface methodology; CCD, central composite design; SPF, sweet potato flour
Table 3 — ANOVA for LA production in submerged fermentation with 3% SPF
Source

Sum of
squares

Degree of
freedom

Mean square

p-value

Model
Pure error
Total

2.70
0.027
2.87

9
5
19

0.30
0.005

0.0001

R2
Adjusted R2
Predicted R2
Adequate Precision
Lack of Fit F- value

=
=
=
=
= 5.07

0.9425
0.8908
0.6218
11.786

LA- lactic acid; SPF- sweet potato flour; ANOVA- analysis of variance
Optimization of Incubation period, Temperature and pH by
Applying RSM

equation (Table 3).

Effect of three independent variables (incubation
period, temperature and pH) for LA production by
Lb. plantarum MTCC 1407 with 3% SPF are presented
along with predicted and observed responses (Table 2).
Regression model for LA production was highly
significant (P<0.01) with a satisfactory value of
determination co-efficient (R2 = 0.9425) indicating
that 94.25% of the variability in the response
could be explained by second order polynomial

Y = 4.75+0.17 x A +0.19 x B + 0.046 x C – 0.26 x
A2 – 0.26 x B2 – 0.022 x C2 – 5.34 x AB –1.90 x AC
+ 1.24 x BC.
where Y is enzyme production, A is incubation period
(h), B is temperature (°C) and C is pH. An adequate
precision of 11.786 for LA production was recorded.
Predicted R2 (0.6218) is in agreement with adjusted
R2 (0.8908). Hence, ANOVA result showed that this
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Fig. 1— Statistical optimization of enzyme production using RSM: A) temperature and incubation
period; B) pH and incubation period; and C) pH and temperature
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model is appropriate and a good agreement between
experimental and predicted value for LA production was
observed.
The model F- value of 18.21 and values of Prob > F
(< 0.05) indicated that model terms are significant. For
LA production, A, B, A2 and B2 are significant model
terms. “Lack of fit F-Value” at 5.07 implied that “lack
of fit” is significant.
Maximum LA production (23.8 g LA 100 g-1 SPF)
was observed when incubation period and temperature
were increased upto 120 h and 35°C, respectively and
thereafter, it declined (Fig. 1A). The response between
incubation period and pH (keeping temperature at
0 level) indicated that a pH of 6.5 was optimum with
120 h incubation period for LA production (Fig. 1B). An
interaction between temperature and pH suggested a
little difference with the earlier response (Fig. 1C). Thus,
optimum level of incubation period (120 h), pH (6.5) and
temperature (35°C) were chosen to achieve maximum
yield of LA (23.86 g LA 100 g-1 SPF). The decrease in
LA production beyond and above optimum conditions
might be due to inhibition of growth and enzyme activities
of Lb. plantarum MTCC 1407 that were responsible
for biosynthesis of LA. The results in present work
further proved its use in the optimization.

underutilized and abundantly available in countries like
China and India19 and will reduce substrate cost of several
folds to make whole LA production process more
economical. Though LA yield (43%) using SPF may be
lower than that obtained from pure glucose or lactose
(70-80%) 25,30 but considering the very low cost of
substrate (US$ 0.1-0.15/kg SPF), the process appears to
be economically sound.
Conclusions
SPF, a low cost and easily available material, could
provide an economic advantage as a solid substrate as
well as carbon source for production of LA by
Lb. plantarum. Experimental results showed optimum
incubation period, temperature and pH at 120 h, 35°C
and 6.5, respectively. Maximum starch conversion by
Lb. plantarum MTCC 1407 to LA was 56.4%. Organism
produced 23.86 g of (L+) LA from 55g of starch present
in 100 g of SPF.
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