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Abstract 
Sourdough fermentation by selected starter cultures was intensive studied as a result of 

consumer’s requirement for bread free of chemical preservatives. Three strains of Lactobacillus 

plantarum (coded C71, C78 and C81) were tested separately and in mixed culture (3:1:2 ratio), by 

cultivation in De Man, Rogosa and Sharpe medium (MRS) and Sourdough Bacteria medium (SDB), in 

order to obtain antifungal compounds with antimicrobial activity on some fungal strains with incidence 

in bread spoilage. Lb. plantarum strains were tested for inhibitory activity on some mold strains used as 

indicator microorganisms, Fusarium graminearum (Fg 96), F. culmorum (Fc 46), F. verticillioides (Fv) 

and Aspergillus flavus (Af 1038L) and it presented the highest activity against Fg 96 growth. The best 

results were obtained with mixed inoculum of Lb. plantarum. The inhibitory activity of Lb. plantarum 

strains tested on used indicator fungi was compared to that obtained when using calcium propionate as 

reference preservative in baking industry. Calcium propionate CaP (0.1%, 0.2% and 0.3%) was tested 

against the same fungi and did not show fungal inhibition even when used at legal limit (0.3 %).  
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Introduction  
 

The use of sourdough has been intensively studied lately due to consumer demand for 

food obtained with limited chemical preservatives addition. Several starter cultures were 

developed to increase shelf life and improve sensory characteristics of bread. Sourdough is a 

complex food ecosystem in which lactobacilli are highly adapted to environmental conditions 

(temperature, pH, acidity, maltose as the most abundant fermentable carbohydrate and 

fructose as a potential electron acceptor), producing antimicrobials (A. VERA & al. [1]). 

Mycotoxigenic fungi are responsible for important problems in human health, 

agriculture and economics due of their high capacity of synthesizing toxic metabolites called 

mycotoxins. Food safety regulations pressed on the control of the toxigenic fungi occurrence 

and several physical and chemical methods have been reported. Biopreservation became of 

great interest lately (J. MAGNUSSON & al. [2]) and many researches focused on lactic acid 

bacteria (LAB) because they are commonly used for fermented food production and have 

beneficial health effects in humans (D.K.D. DALIÉ & al. [3]). 

Production of antimicrobial compounds depends on the composition of culture 

medium. In ‘’in vitro’’ studies, Lb. plantarum is grown in MRS broth, but for industrial-scale 

application the costs are prohibitive. In addition, MRS broth contains unapproved constituents 

in food production, such as components of bovine origin (A. LAITILA & al. [4]). Organic 

acids (lactic acid, acetic acid, phenyllactic acid, benzoic acid, propionic acid and volatile fatty 
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acids) produced by LAB are powerful antimicrobial compounds, especially when acting in 

synergy with other metabolites (A.C. OUWEHAND [5], M.L. NIKU-PAAVOLA & al. [6] and 

A. CORSETTI & al. [7]). Sodium acetate from MRS broth may contribute to antimicrobial 

activity (J. STILES & al. [8]), while lactic acid produced by LAB shows synergic effect with 

sodium acetate in MRS composition (D.P. LOWE and E.K. ARENDT [9]).  

MRS medium is used for growth and enumeration of lactobacilli in food and for 

subculturing slow-growing lactobacilli (Lb. brevis and Lb. fermentum). Different peptones, 

glucose, magnesium and manganese salts provide the nutrients necessary for lactobacilli 

growth.  

SDB (Sourdough bacteria) medium is specific for growing and maintaining of Lb. 

sanfranciscensis. SDB composition consists in high concentration maltose, Tween 80, freshly 

prepared yeast extract (FYE). On SDB agar, lactobacilli grow vigorously as smooth, round 

and translucent colonies, with 1 mm maximum diameter. The optimum temperature for 

bacteria growth is around 31
0
C.  

The aim of the study was to test cell growth and fermentation parameters of three 

strains of Lactobacillus plantarum (coded C71, C78, and C81) in two culture media (MRS 

and SDB; broth/agar). The inhibitory activity of lactic and acetic acid produced by Lb. 

plantarum was tested on several fungi (F. graminearum 96, F. culmorum 46, F. 

verticillioides, A. flavus 1038L) used as indicator microorganisms and compared to that 

obtained when using calcium propionate as reference preservative in baking industry.  
 

Materials and methods  

1. Microorganisms and culture conditions 

Lb. plantarum (C71, C78, and C81) strains were provided from the culture collection 

of University of Bucharest, Faculty of Biology (Center for Research in Microbiology, 

Genetics and Biotechnology). They were isolated from rye sourdough without sugars or salt 

addition, fermented at 32
0
C and daily refreshment for 7 days.  

Pure Lb. plantarum cultures were maintained at 4
0
C in MRS broth and, for each 

experiment strains were reactivated in MRS broth (1%) by incubation at 32
0
C for 24 hours.  

The used culture media for Lb. plantarum were commercial MRS broth and agar 

(Biokar Diagnostics, France) and SDB broth and agar (prepared according to R.M. ALTAS 

[10]) (Table 1). 
Table 1. Composition of MRS and SDB media 

Ingredients, g/L MRS SDB 

Broth Agar Broth Agar 
Polipeptone 10.0 10.0 - - 

Meat extract 10.0 10.0 - - 

Maltose - - 20.0 20.0 

Pancreatic digest of casein - - 6.0 12.0 

Yeast extract 5.0 5.0 3.0 3.0 

Fresh yeast extract solution (FYES), ml - - 15.0 15.0 

Glucose 20.0 20.0 - - 

Tween 80 1.08 1.08 0.3 0.3 

Dipotassium phosphate 2.0 2.0 - - 

Sodium acetate 5.0 5.0 - - 

Ammonium citrate 2.0 2.0 - - 

Magnesium sulphate 0.2 0.2 - - 

Manganese sulphate 0.05 0.05 - - 

Bacteriological agar - 15.0 - 15.0 

pH at 25° C 6.4 ± 0.2 5.7 ± 0.1 5.6 ± 0.2 5.6 ± 0.2 
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Preparation of spore suspension of fungi. Fusarium graminearum 96 (Fg 96), 

Fusarium culmorum 46 (Fc 46), Fusarium verticillioides (Fv) (provided by the National 

Agricultural R&D Institute Fundulea) and Aspergillus flavus 1038L (Af 1038L) (provided 

from the Microbiology Laboratory of Dunarea de Jos, University of Galati) were grown on 

malt extract agar (MEA) at 25°C for 7 days, then the spores were harvested by scraping and 

suspended in sterile distilled water and kept at 4
0
C. 

 

2. Reagents 

 

Preparation of calcium propionate (CaP) solution. CaP solutions (concentration of 0.1 

%, 0.2 % and 0.3 %) were prepared in sterile distilled water and sterilized by Millipore Millex 

GP filters (0.22 μm pore diameter, sterilized by γ-irradiation). 

 

3. Methods 

 

3.1. Cell viability of Lb. plantarum in two culture media (MRS and SDB; 

broth/agar) 

Cultures (in growth phase in MRS broth) were inoculated in MRS broth; for 

inoculation in SDB broth, components of MRS broth were removed by centrifugation at 9500 

rpm, at 4
0
C, for 10 min, washed and resuspended in 10 ml sterile distilled water. MRS and 

SDB broths (100 ml) were incubated with agitation at 180 rpm, at 32
0
C, for 20 hours.  

Cultures were analyzed for cell growth and fermentation capacity (pH, total titratable 

acidity TTA, lactic acid and acetic acid production) after fermentation in the two culture 

media. TTA was assessed by titration of 10 ml broth with 0.1N NaOH solution up to pH 8.5. 

Cell growth determination was assessed by serial dilution from broth inoculated on 

MRS and SDB agar and incubated at 32
0
C, for 72 hours. After counting the colonies, the 

plates were maintained at the same temperature up to seven days for morphology evaluation.  

 

3.2. Organic acids produced by Lb. plantarum in two culture media (MRS and 

SDB; broth/agar) 

 Determination of carboxylic acids was performed by high performance liquid 

chromatography in reverse phase (HPLC-RP) with UV detection. Separation was achieved 

using a WATERS ALLIANCE system with Supelcogel H, 9 µm, 4.6 mm x 250 mm analytical 

column. The mobile phase consisted in 0.1% phosphoric acid. Samples were centrifuged at 

4,000 rpm for 10 minutes; 1 ml supernatant was ten times diluted with elution solvent. Before 

injection, samples were filtered using 0.22 µm PTFE filters. Processed samples were placed in 

the autosampler and analyzed for 30 minutes with another 5 minutes equilibration time 

between injections. Data acquisition and processing were realized with EMPOWER software. 

Lactic and acetic acids detection was performed at 210 nm. Retention time was about 15.5 

minutes for lactic acid and 18.2 minutes acetic acid. Calibration curve was achieved using a 

2.5 µg/ml standard solution of lactic and acetic acid, in five concentration levels with three 

injections for each level. 

 

3.3. Inhibitory effect of Lactobacillus plantarum and calcium propionate on fungi 

Preparation of Lb. plantarum inoculum. Lb. plantarum C71, C78 and C81 strains were 

inoculated in SDB broth (1%), incubated at 32
0
C for 24 hours. Each pure strain was tested for 

its antifungal activity as well as a mixture culture in 3:1:2 ratio. 

Inhibitory activity of Lb. plantarum and CaP on growth of toxigenic fungi. 100 μl fungal 

spore suspension (concentration of 10
5
 spores/ml) were dispersed on surface of MEA (malt 
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extract agar). Sterile filter discs (Whatman no.1, Ø 0.6 cm) were placed on agar surface after 

drying and pipetted with 10 μl pure/mixed Lb. plantarum or 10 μl CaP solution (concentration 

of 0.1 %, 0.2 % and 0.3 %). Plates were incubated at 25
0
C for 72 hours, than analyzed for 

antifungal activity.   

Inhibition levels of toxigenic fungi were assessed as follows: “-” no inhibition around                

the filter disc; “+” inhibition with weak, almost undetectable zone; “++” inhibition with 

detectable zone (diameters of 1 - 2 cm); “+++” strong inhibition with clear but irregular zone 

(diameters of 2 - 4 cm); “++++” strong inhibition with large but irregular zone (diameters of 4 

- 6.5 cm). 

 

Results and discussion 
  

1. Influence of culture medium on the fermentation parameters of Lactobacillus 

plantarum 

 After inoculation in MRS broth, respectively SDB broth, followed by incubation at 

32
0
C for 7 days, morphology (M) of Lb. plantarum colonies on MRS agar medium showed: 

M1 - round, flat, white, colonies with 3-7 mm diameter; M2 - lenticular colonies with 1-2 mm 

diameter; M3 - stellate colonies, with 1-3 mm diameter. Lb. plantarum colonies cultivated on 

SDB agar medium showed M4 - round, white colonies with 1-2 mm diameter. 

In MRS broth/agar cultivation, pure strains of Lb. plantarum had a more vigorous 

growth (number and size of colonies) than in SDB broth/agar. In MRS culture media, pure 

strain C71 had the best growth (9.12 log CFU/ml; 14.9 ml 0.1N NaOH solution TTA; 4.05 

pH), that was correlated with the parameters determined in the experiments for isolation of 

Lb. plantarum from rye sourdoughs (acidity and inhibitory activity on indicator strains Fg 96, 

Fc 46). Strain C71 showed production of a 5:1 ratio of lactic acid: acetic acid. Relative to C71 

strain, mixed inoculum in MRS stimulated the lactic acid production with 37.8% and 

increased TTA with 9%, without stimulation of Lb. plantarum multiplication  (Fig. 1). 

In cultivations from SDB broth on MRS agar or SDB agar, Lb. plantarum strains                               

showed a similar growth (reproducibility of the two media), but lower than in MRS 

broth/MRS agar cultivation. In case of SDB broth/SDB agar cultivation, strain C71 showed 

higher lactic acid production. C78 strain showed the lowest values for fermentation and 

growth parameters, both in MRS and SDB culture medium. Lb. plantarum mixed inoculum 

(3:1:2) showed the largest multiplication rate by cultivation in SDB broth, showing a 

synergistic  stimulation effect between Lb. plantarum C71, C78, C81 strains (Fig. 1).  

Regarding fermentation ability of pure or mixed inoculum (3:1:2), SDB broth 

determined about four times lower values for TTA and with about 0.5 pH units lower 

comparing with MRS broth (Fig. 1). The difference in pH values was not influenced by 

culturing on a specific medium because the initial pH values were 5.6 for SDB broth and 6.4 

for MRS broth. 

Features of mixed inoculum Lb. plantarum in SDB broth relative to MRS broth, were: 

more vigorous growth of approx. 2 log CFU/ml, approx. 0.5 units lower pH (correlated with 

the initial medium pH value), almost eight times smaller amount of lactic acid (Fig. 1). These 

values confirm once more that medium composition modulates the antifungal metabolites 

production.   The results obtained for pure cultures by cultivation MRS broth are similar to 

those obtained in the initial experiments when Lb. plantarum was used to obtain rye 

sourdough. 

The synthesis of lactic and acetic acids by Lb. plantarum C71, C78, and C81 strains 

was different in the two culture media, maintaining their ration in both liquid media (MRS 
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and SDB). Strain C71 produced more lactic acid in SDB broth and more acetic acid in MRS 

broth. Mixed inoculum favoured increasing the proportion of acetic acid in SDB broth.  

Mixed inoculum of Lb. plantarum in SDB broth, analyzed for the production of 

organic acids revealed eight times lower values for lactic acid. The difference may be 

explained by the richer composition of MRS broth comparing to SDB broth (Table 1). The 

higher amount of acetic acid found in MRS broth was influenced by the presence of sodium 

acetate in the composition of the culture medium. 

 
 

Figure 1. Influence of culture media on fermentation parameters of pure cultures (C71, C78 and C81 strains) and 

mixed (3:1:2 ratio) inoculum of Lb. plantarum. 

 

2. Inhibitory effect of Lb. plantarum and calcium propionate on spoilage fungi growth 

 In MRS broth, Lb. plantarum C71, C78 and C81 strains showed inhibitory activity 

against used indicator fungi, F. graminearum 96, F. culmorum 46, F. verticillioides and A. 

flavus 1038L; the most effective was Lb. plantarum C71 strain. F. graminearum 96, F. 

culmorum 46, A. flavus 1038L were most sensitive to the inhibitory activity of Lb. plantarum 

mixed inoculum (3:1:2). In SDB broth, Lb. plantarum C78 strain inhibited F. graminearum 

96 growth more than Lb. plantarum C71 and C81 strains. 

 Lb. plantarum (strains C71, C78 and C81) mixed inoculum (3:1:2) showed the most 

evident inhibitory activity against  tested fungi (++++), for both MRS and SDB broths (Table 

2). In SDB broth, the strong inhibitory activity of mixed inoculum was correlated with the 

highest cell growth of Lb. plantarum (11.3 log CFU/ml). Though the values of lactic and acetic 

acids and TTA in SDB broth were almost four times lower than those recorded for MRS broth, 

the inhibitory activity on toxigenic fungi was about the same in both media. This situation can 
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be explained by the existence of other compounds with antifungal activity (other organic acids, 

fatty acids, bacteriocine, cyclic dipeptides) which might be synthesized in SDB broth. Similar 

situation have been reported by U. SCHILLINGER and J.V. VILLARREAL [11]. 

Calcium propionate did not inhibit the growth of the tested toxigenic strains in none of 

tested concentrations (Table 2). These results are similar to those reported by P. 

LAVERMICOCCA & al. [12], namely that calcium propionate even when used at legal limit 

(0.3 %) was not inhibitory against several species of fungi that alter bread. However calcium 

propionate still has inhibitory activity against other microorganism and may lead to a larger 

antifungal spectrum if it is used with wheat sourdough. L.A.M. RYAN & al. [13] evaluated 

the synergistic effect of sourdough fermented by  Lb. plantarum and CaP for bread 

preservation.     
 

Table 2. The inhibitory effect of Lb. plantarum strains and calcium propionate against food spoilage fungi 

 

 

 

 

Toxigenic fungi 

Antifungal activity 

 

Lb. plantarum strains cultivated in:  

Calcium 

propionate 

(CaP) 

SDB broth MRS broth 0.1 

% 

0.2 

% 

0.3 

% 
C71 C78 C81 Mixed 

culture 

(3:1:2) 

C71 C78 C81 Mixed 

culture 

(3:1:2) 

 F.  graminearum  96 ++ +++ + ++++ +++ + ++ ++++ - - - 

 F. culmorum  46 + + + + + + + ++ - - - 

 F. verticillioides + + + + + + + + - - - 

 A. flavus 1038L + + + + ++ + + ++ - - - 

NOTE: Inhibition levels of growth of indicator fungi:  

“-” no inhibition around the filter disc;  

“+” inhibition with  weak, almost undetectable zone;  

“++” inhibition with detectable zone (diameters of 1 - 2 cm);  

“+++” strong inhibition with clear but irregular zone (diameters of 2 - 4 cm);  

“++++” strong inhibition with large but irregular zone (diameters of 4 - 6.5 cm). 

 

Conclusions 
 

Lactobacillus plantarum mixed inoculum of C71, C78 and C81 strains (3:1:2 ratio) 

presented good values of fermentation parameters (cell number, pH, TTA and organic acids) 

in SDB broth, suggesting that MRS broth usage may be avoided because of its unapproved 

ingredients for food industry. F. graminearum 96 strain was the most sensible to inhibitory 

activity of pure strains and mixed inoculum of Lb. plantarum.  

The experiments have shown that SDB broth fermented by Lb. plantarum (3:1:2 ratio) 

can be used directly to develop a wheat sourdough with inhibitory activity against bread 

spoilage fungi. In order to ensure shelf life and for safety reasons in bakery, calcium 

propionate must be used simultaneously with wheat sourdough, imparting a broader 

antifungal spectrum due to synergistic effect. Fermentation of the sourdough by Lb. 

plantarum mixed inoculum may be optimized by exogenous parameters (dough consistency, 

carbohydrates and salt addition).  

Sourdough development based on selected starter culture is extensively searched as a 

result of consumer demand for bread without/with low chemical preservatives in order to 
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increase shelf life and improved sensory profile of bread. This study indicates that Lb. 

plantarum with selected characteristics could be used for management of problems caused by 

spoilage fungi during wheat dough fermentation. 
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