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The aim of the present work was to formulate a Lactobacillus salivarius L29 industrial fermentation 
medium. High cell numbers and good levels of lactic acid by a L. salivarius L29 were obtained after 
shake flask fermentation using molasses as the sole carbon source and corn steep liquor (CSL 
(industrial grade); an organic source of N) as the principal nitrogen source. The optimum 
concentrations of molasses and CSL facilitating good cell growth and high-level lactic acid production 
were found to be 6 and 6% (both v/v), respectively. The maximum cell yield was 2.02 × 10

9 
CFU/mL, thus 

about 15% lower than that obtained when MRS broth was employed for 5-L fermenters culture. Lactic 
acid production upon growth in industrial broth was 105 g/L; the total sugar content of the medium was 
118 g/L (sucrose: glucose: fructose 68:14:18; w/w/w). Upon growth in De Man, Rogosa and Sharpe 
(MRS) broth (the total sugar content of which was 127 g/L, all of which was glucose), the lactic acid 
yield was 120 g/L. The optimized industrial growth medium was significantly more economical than 
were conventional broths. 
 
Key words: Lactobacillus salivarius L29, molasses, corn steep liquor, culture medium optimization, lactic acid. 

 
 
INTRODUCTION 
 
Probiotics are defined as viable microorganisms that 
when consumed in adequate amounts, confer health 
benefits by improving the properties of indigenous 
microflora (Guillot, 1998). Antimicrobial polypeptides 
synthesized by bacteria can be admixed with live 
probiotic bacteria, thus increasing antimicrobial activity 
against pathogens (Dover et al., 2007). Probiotics have 
been used as an alternative to antibiotics in animals and 
humans. The bacteria most commonly associated with 

probiotic activity are lactobacilli and bifidobacteria 
(Gionchetti et al., 2003). The development of live 
microbial feed supplements currently attracts much 
research attention. Any probiotic benefiting human or 
animal health must fulfill several criteria (Gaurav et al., 
2012). First, the probiotic must be amenable to large 
scale production. Second, the probiotic must be stable in 
food, in adverse environmental conditions associated with 
mixing, and in the gastrointestinal tract of the host.  
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Lactobacillus strains are the most widely used probiotic 
bacteria. Lactobacilli produce lactic acid as the sole or 
principal end-product of carbohydrate metabolism. 
However, Lactobacillus strains are nutritionally fastidious 
(Holt et al., 1994) and culture can be difficult, because 
such microbes have limited biosynthetic capacities and it 
is necessary that expensive nutrients (carbohydrates, 
amino acids, peptides, nucleic acid derivatives, and 
vitamins) be added to culture media. De Man, Rogosa 
and Sharpe (MRS) broth is the medium most commonly 
employed for the growth of lactobacilli. 

However, the medium is complex and is too costly for 
industrial use. Therefore, it is important to reduce the cost 
of growth medium; low-cost (but effective) medium 
components must be identified. Molasses is the most 
important world-wide raw material for lactic acid 
production (Rashid and Altaf 2008; Ortiz et al., 2012). It 
provides a cheap source of fermentable sugars and 
contains some fermentive nutrients as well (Aslam, 
1999). Corn steep liquor (CSL), a major by-product of the 
corn wet-milling industry, is also an inexpensive source of 
nutrients available on a large scale (Parekh et al., 1999; 
Altaf et al., 2007; Salgado et al., 2009).  

L. salivarius L29, isolated from pig feces, is a probiotic 
bacterium that resides in the gastrointestinal tracts of 
animals (Yun et al., 2009). Earlier studies showed that 
this microorganism exhibited some valuable 
characteristics (Yun et al., 2009). It inhibited the growth of 
various pathogens including Enterococcus faecalis, E. 
faecium, Escherichia coli, Staphylococcus aureus, and 
S.agalactiae. The low pH created upon lactobacterial 
growth, and secretion by lactobacilli of a bacteriocin 
termed salivaricin (Ocana et al., 1999; Vera Pingitore et 
al., 2007; Juarez 2003; O’ Shea et al., 2012) was 
considered to explain the observed beneficial effects. 
Thus, L. salivarius L29 is potentially a health-promoting 
probiotic. 

For this reason, industry interest in production of L. 
salivarius L29 and products thereof has grown. The 
objective of the present work was to develop a low-cost 
culture medium that nonetheless facilitated efficient 
production of both L. salivarius L29 biomass, and lactic 
acid.  

 
 
MATERIALS AND METHODS  

 
Bacterial strain and preparation of inocula 

 
A strain of L. salivarius L29 isolated from a pig farm in Korea (Yun 
et al., 2009) was used in the present study. A stock culture of L. 
salivarius L29 was maintained at -80°C in MRS broth containing 
40% (v/v) glycerol. Each inoculum was prepared as follows. A 1 mL 
amount of frozen stock was inoculated into 50 mL MRS broth and 
grown at 37°C for 16 h. Aliquots (2.5 mL) of such cultures were 
transferred to 50 mL amounts of broth in 250 mL Erlenmeyer flasks 
and incubated at 37°C for 16 h on a rotary shaker operating at 150 
rpm. The broth composition varied with the experimental design. 

 
 
 
 
Culture media and growth conditions   
 

Molasses-plus-CSL-based media supplemented with yeast extract 
(3.1 g/L), MnSO4 (0.04 g/L), sodium citrate (0.01 g/L), K2HPO4 (4 
g/L), and Tween-80 (0.2 g/L), containing different amounts with 
specified increments in concentration of both molasses and CSL, 
were prepared. Medium (50 mL aliquots) in 250 mL Erlenmeyer 
flasks was autoclaved at 121°C for 15 min and next inoculated to 
5% (v/v) using a 16 h seed culture, prepared as described above. 
Incubation at 37°C followed. Sixteen hours later, the viable cell 
count and the lactate level of each culture were measured. Viability 
was determined by counting of colony-forming units (CFUs).  
 
 

Optimization of industrial medium  
 
The levels of molasses (the carbon source) and CSL (an organic 
nitrogen source) in the fermentation medium varied in the following 
manner. Initially, the molasses levels ranged from 2 to 10% (v/v) 
increments in the medium described above. Upon optimization of 
the molasses level, the CSL level varied between 2 to 10% (v/v) 
increments, again in the medium described above, but now 
containing the optimum concentration of molasses. The 
experiments were repeated in the reverse order (that is, vary CSL 
levels first; optimize; and next test molasses levels).  
 
 

Bioreactor fermentation 
 

Scale-up employed 5-L fermenters (Fermentec Inc. Co. Daejeon, 
Korea) containing 3-L working volumes of optimized medium. The 
control medium was MRS medium. In parallel, the experimental 
medium was: 6% (v/v) molasses, 6% (v/v) CSL, yeast extract (3.1 
g/L), MnSO4 (0.04 g/L), sodium citrate (0.01 g/L), K2HPO4 (4 g/L), 
and Tween-80 (0.2 g/L). Fermentation media were inoculated with 
flask cultures to 5% (v/v). Fermentation was conducted at 37±1°C 
with agitation of 150 rpm/min. The pH was maintained at pH 5.5 by 
automatic addition of 10 M NaOH. The total fermentation time was 
approximately 24 h. All experiments were performed at least in 
triplicate. Culture broth samples were taken periodically and 
analyzed in terms of lactate and sugar content, pH, and viable cell 
numbers.  
 
 

Analytical methods 
 

Cell growth was measured spectrophotometrically employing a UV-
visible spectrometer (Beckman-Coulter Inc. Co. Fullerton, USA) 
operating at 600 nm. Sugar and lactic  acid  concentrations  were   
determined   via   high- performance liquid chromatography (HPLC). 
An Agilent Technologies 1200 series column equipped with an RI 
detector was used (Agilent Technologies Inc. Co. Santa Clara, 
USA). The ion exclusion column (Aminex HPX-87H, Biorad, 
Hercules, CA, USA) was operated at a temperature of 40°C; the 
mobile phase was 0.06 N H2SO4; and the flow rate was 0.6 mL/min. 
The sample injection volume was 20 µL.  

  
 
RESULTS AND DISCUSSION 
 
Flask fermentation 
 
MRS broth is commonly used for small-scale cultivation 
of L.salivarius L29. However, if industrial-scale growth of 
L. salivarius L29 in bioreactors is contemplated, it is 
necessary to develop a new low-cost medium. We sought 



 

 
 
 
 
Table 1. Optimization of molasses concentration for the growth of 
L. salivarius L29. 
 

Molasses 
concentration (%) 

Maximum number of viable cells 
(CFU/mL) 

2.0 1.25 ± 0.00 ×10
6
 

4.0 1.95 ± 0.01 × 10
6
 

6.0 3.70 ± 0.05 × 10
6
 

8.0 4.20 ± 0.01 × 10
6
 

10.0 4.00 ± 0.01 × 10
6
 

 

Shake-flask cultivation, 37°C, 150 rpm, 5% (v/v) inoculums, 16 h. 
Each number represents the mean ± SD of three replicates.  

 
 
 

Table 2. Optimization of CSL concentration for the growth of L. 
salivarius L29 in medium containing 8.0% (v/v) molasses. 
 

CSL  

concentration (%) 

Maximum number of viable cells 
(CFU/mL) 

2.0 0.57 ± 0.01 × 10
9
 

4.0 0.81 ± 0.02 × 10
9
 

6.0 1.26 ± 0.01 × 10
9
 

8.0 1.09 ± 0.00 × 10
9
 

10.0 0.75 ± 0.00 × 10
9
 

 
 
 
to optimize bacterial yield and lactic acid production and 
reduce production cost, by evaluating the utility of various 
media upon shake flask culture (250 mL flasks). We 
tested inexpensive growth media containing molasses 
and CSL. Refined sugars (glucose or sucrose) are 
commonly used as a carbon source for the growth of 
probiotics, but these are economically not feasible due to 
high cost of pure sugars whereas the product (lactic acid) 
is relatively cheap (Oh et al., 2005). Molasses, a food 
industrial waste, high in moisture and rich in carbon 
source  have   been   considered   as   attractive   nutrient 
source for industrial lactic acid production. The large 
amount of inorganic salts in molasses, exerting high 
osmotic pressure and the toxicity to cells are important 
factor during fermentation (Maiorella et al., 1984).  

First, we explored the effects of various concentrations 
of molasses (2 to 10%, v/v) on the maximum yield of 
viable L. salivarius L29 cells. Cell levels were highest 
(4.20 × 10

6
 CFU/mL) when 8% (v/v) molasses was 

employed (Table 1). The low number of viable cells 
yielded upon culture in medium containing 2% molasses 
was presumably attributable to a paucity of nutrients. 
Higher levels of molasses (ca. 10%, v/v) appeared to 
inhibit cell growth, possibly because of the presence of 
high levels of salt (Mendes et al., 2011). Yeast extract is 
commonly used as a nitrogen source for the growth of 
probiotics, but CSL, an agricultural waste product, may 
be more cost-effective when industrial fermentation is 
contemplated. Although CSL is a good source of nutrients  
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and elements, certain required growth components are 
lacking, and yeast extract (3.1 g/L), MnSO4 (0.04 g/L), 
sodium citrate (0.01 g/L), K2HPO4 (4 g/L), and Tween-80 
(0.2 g/L) must be added as supplements. We also 
measured the numbers of viable cells in cultures grown 
with different concentrations of CSL in the presence of 
8% (v/v) molasses. The highest numbers of viable cells 
(ca. 1.26 x 10

9
 CFU/mL) were obtained in cultures grown 

with 6% (v/v) CSL (Table 2). Viable cell numbers did not 
rise when the CSL level was further increased. Higher 
CSL levels may be inhibitory because of distortion of the 
C: N ratio and impurities remaining in CSL during lactic 
acid fermentation (Underwood et al., 2004).  

To better understand the effects of 8% (v/v) molasses 
and 6% (v/v) CSL on growth and lactic acid production by 
L. salivarius L29, CSL was added at 6% (v/v) to cultures 
growing in the presence of molasses at 2 to 10% (v/v); 
growth proceeded for 16 h. The optimum concentration of 
molasses was 6% (v/v); viable cell numbers and lactic 
acid yield were 2.0 × 10

9
CFU/ mL and 20 g/L, 

respectively (Table 3). These findings indicate that when 
molasses is used as sole (main) carbon source, L. 
salivarius L29 may require relatively high levels of the 
molasses, possibly because of a shortage of other 
nutrients. However, CSL is also a carbon source; hence, 
the optimal concentration of molasses upon the addition 
of CSL appeared to be 6% (v/v). The adverse effects of 
high molasses concentrations (over 6% [v/v]) may be 
attributable to osmotic effects and the toxicity. Beyond a 
critical substrate concentration, a reduction in water 
activity combined with plasmolysis can lower the 
fermentation rate. To reconfirm the optimal concentrations 
identified, we measured the effects of different 
concentrations of CSL on growth and lactic acid 
production by L. salivarius L29 in the media containing 
6% (v/v) molasses. In all instances, both cell growth and 
lactic acid yield were maximal at 6% (v/v) CSL (Table 4). 
Thus, we found that optimal conditions for the industrial 
growth of L. salivarius, in a  medium  containing  
inexpensive nutrients, are 6% (v/v) molasses and 6% 
(v/v) CSL.  
 
 
Cultivation of L. salivarius L29 in an optimal medium 
in 5-L fermenters 

 
To explore the ability of L. salivarius L29 to utilize sugars 
contained in molasses, batch fermentation was 
performed in 5-L fermenters, accompanied by pH control. 
Cell growth was dependent on the culture medium 
employed (data not shown). The cell number attained 
9.57[OD600nm] in MRS broth; the figure upon growth in 
industrial broth was 7.71[OD600nm]. In both broths, L. 
salivarius L29 grew exponentially for the first 10 h and 
then entered a typical stationary phase. Growth between 
10 and 24 h was probably limited by the presence of 
inhibitory compounds including organic acids,  aldehydes,  
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Table 3. Optimization of molasses concentration for the growth of L. salivarius L 29 in medium containing 6% (v/v) CSL. 
 

Molasses concentration (%) Maximum number of viable cells (CFU/mL) Lactic acid yield (g/L) 

2.0 1.02 ± 0.00 × 10
9
 16.1 ± 0.08 

4.0 1.29 ± 0.04 × 10
9
 18.6 ± 0.04 

6.0 2.00 ± 0.02 × 10
9
 20.0 ± 0.06 

8.0 1.20 ± 0.04 × 10
9
 17.83 ± 0.15 

10.0 1.12 ± 0.04 × 10
9
 16.88 ± 0.03 

 
 
 

Table 4. Optimization of CSL level for the growth of L. salivarius L29 in medium containing 6% (v/v) molasses. 
 

CSL concentration (%) Maximum number of viable cells (CFU/mL) Lactic acid yield (g/L) 

2.0 1.20 ± 0.02 × 10
9
 15.52 ± 0.14 

4.0 1.26 ± 0.04 × 10
9
 16.93 ± 0.17 

6.0 1.97 ± 0.01 × 10
9
 19.76 ± 0.19 

8.0 1.29 ± 0.04 × 10
9
 17.19 ± 0.08 

10.0 1.29 ± 0.03 × 10
9
 17.19 ± 0.07 

 
 
 
phenols, and heavy metals (Roukas, 1998). We also 
measured medium pH values during growth (the initial pH 
was 6.0). Similar decreases in pH, from pH 6.0 to 5.5, 
were seen in the earlier stages of growth in either broth. 
This may be attributable to formation of organic acids via 
both deamination of medium amino acids and production 
of organic acids during growth. Later, the pH was held 
relatively constant at 5.5 via pH control.  

The nutritional requirements of lactic acid bacteria are 
complex (Dalié et al., 2010), and only some available 
peptides are metabolized. To improve cell growth and 
lactic acid production, basic culture media, usually high in 
protein, are commonly supplemented with yeast extract, 
CSL, molasses, minerals and inorganic supplements 
(Amrane and Prigent, 1998; Amrane, 2000; Ha et al., 
2003; Liu et al., 2004; Panesar et al., 2007). The sugar 
utilization and lactic acid production profiles are shown in 
Figure 1. Sugars in both MRS and industrial broth were 
directly fermented to lactic acid by L. salivarius L29. 
However, a lag in lactic acid production was evident 
between 12 to 24 h of fermentation. This may be 
attributable to temporary inactivation of L. salivarius L29 
because the undissociated form of lactic acid can inhibit 
cell membrane functions (Ariyapitipun et al., 1999), thus 
compromising both nutrient transport and growth. The 
levels of lactic acid produced from MRS broth (127 g total 
sugar/L) were 120 g/L whereas that produced when the 
industrial medium (118 g total sugar/L) was employed 
was 105 g/L. 

The industrial broth contained 80 g sucrose/L, 21.8 g 
glucose/L, and 16.3 g fructose/L. L. salivarius L29 can 
use both the di- and mono-saccharides of molasses as 
carbon sources for lactic acid fermentation. L. salivarius 
L29 is homofermentative and efficiently produces lactic 

acid from sucrose. Table 5 summarizes our data on 
fermentation by L. salivarius L29 of MRS and industrial 
broth. The maximum viable cell counts obtained were 
2.38 × 10

9
 and 2.02 × 10

9
/mL in MRS and industrial 

broth, respectively. The lactic acid yield was considerably 
higher (by 94%) when MRS broth was employed. This is 
attributable to the high nutritive value of MRS broth, 
which contains glucose, proteins, amino acids, and 
vitamins. The lower lactic acid yield observed when 
industrial broth was used may be attributable to the 
presence of inhibitory compounds such as inorganic 
salts. The lactic acid production rate was as 5 g/L/h

 
when 

MRS broth was used, and 4.38 g/L/h
 
when the industrial 

inhibitory compounds. Further, when molasses and CSL 
are used together in fermentation medium, serious 
problems in product purification may become evident 
(Timbuntam et al., 2006). These problems can be 
medium was employed. The lower production evident in 
industrial medium may again reflect the presence of 
overcome by the use of ultra filtration and electrodialysis.  

In conclusion, we assessed the ability of L. salivarius 
L29 (in terms of both bacterial growth and lactic acid 
production) to grow in an inexpensive industrial broth 
containing molasses as the carbon source and CSL as 
the principal nitrogen source; minor nutrients were also 
added. The optimal medium composition featured 6% 
(v/v) molasses and 6% (v/v) CSL. Yeast extract (3.1 g/L), 
MnSO4 (0.04 g/L), sodium citrate (0.01 g/L), K2HPO4 (4 
g/L), and Tween-80 (0.2 g/L) were also required. We 
have thus shown that high numbers of viable cells and 
good levels of lactic acid may be achieved via 
fermentation in an industrial broth. This medium is 
simpler and less expensive than MRS medium. We have 
thus  laid  the  foundation  for  the  development  of   cost-  
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Figure 1. Glucose and total sugar consumption levels, and lactic acid yield, by L. salivarius L29 grown in batch fermentations 
using MRS and industrial broth. Each point represents the mean value of data obtained in three independent experiments.  

 
 
 

Table 5. Summary of fermentation parameters derived from experiments using MRS and industrial 
medium for the growth of L. salivarius L29. 
 

Parameter MRS broth Industrial broth 

Maximum CFU (× 10
9
) 2.38 ± 0.01 2.02 ± 0.02 

   

Initial sugar level (g/L) 152 130 

Sucrose  0 88 

Glucose  152 18 

Fructose  0 24 

   

Residual sugar level (g/L) 25 12 

Sucrose 0 6.1 

Glucose 25 2.9 

Fructose 0 2.9 

   

Sugar consumption (g/L) 127 118 

Total lactic acid yield (g/L) 120 105 

% Yield p/s  94 89 

Productivity after 24 h (g/L/h) 5 4.38 
 

The fermentation time was 24 h. 
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effective lactic acid fermentation. 
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