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Abstract

IGNATOVA-IVANOVA, T. and R. IVANOV, 2013. Anticorrosion effect of Biofi lm forming by Lactobacillus strains on metal 
surfaces. Bulg. J. Agric. Sci., Supplement 2, 19: 83–85

It was proved that Lactobacillus strains constituted biofi lms in the presence of different amounts of carbohydrates (15% 
lactose, 4% sucrose and a mixture of 2% sucrose and 4% maltose). The obtained information was used in a study treating 
the anticorrosive properties of microbial biofi lms synthesized by the latter strain. The study of the corrosive stability of steel 
samples was conducted on the gravimetrique method. The rate of corrosion, the degree of protection, and coeffi cient of protec-
tion has been calculated. Microscope pictures of the treated steel samples confi rmed the corrosive activity.  
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Introduction

Corrosion of metals is one of the most serious and chal-
lenging problems faced by industries worldwide. Biofi lms 
composed of a secreted polymeric substance containing mi-
crobial population have shown to inhibit corrosion in metals 
(Finkenstadt et al., 2008; 2011). 

Kinetics of corrosion processes of metals, mineral and 
polymeric materials can be infl uenced by biofi lms. Products 
of their metabolic activities including enzymes, exopoly-
mers, organic and inorganic acids, as well as volatile com-
pounds such as ammonia or hydrogen sulphide can affect 
cathodic and/or anodic reactions, thus altering electrochem-
istry at the biofi lm/metal interface. This phenomenon is of-
ten referred to as “biocorrosion” or “microbially infl uenced 
corrosion”. Microbiologically infl uenced corrosion has been 
documented for metals exposed to sea water, fresh water, 
demineralised water, process chemicals, food stuffs, soils, 
aircraft fuels, human plasma, and sewage (Fang et al., 2002; 
Chongdar et al., 2005).

In this paper, the effect of biofi lm produced by Lacto-
bacillus strains on corrosion of steel, are presented and dis-
cussed.

Materials and Methods

Strains. Lactobacillus delbrueckii K27, L. delbrueckii B8, 
L. delbrueckii O43, L. delbrueckii K3, L. delbrueckii K17, and 
L. delbrueckii K15 was obtained from Collection of Depart-
ment of General and Applied Microbiology, Sofi a University.

Media. The strains cultivated in media of MRS (de 
Mann Rogosa Sharpe) in composition, per liter: Tween 80 
– 1; pepton from casein – 10.0; meat extract – 8.0; yeast 
extract – 4.0; K2HPO4 – 2.0; sodium acetat – 5,0; amonium 
citrate – 2.0; MgSO4.7H2O – 0.2 and MnSO4 – 0.05 g/l. The 
pH of media was adjusted to 6.5 with 1M NaOH. The basic 
media was sterilized by autoclaving at 1210C for 20 min, and 
carbohydrates supplemented were sterilized using 0.22 μm 
fi lters (Manisart®). The basic MRS broth was supplemented 
with 15% lactose (Merck), 4% sucrose (Merck), mixture 2% 
sucrose, and 4% maltose to be tested.

The study of the corrosive stability of steel samples was 
conducted on the gravimetrique method (Raychev et al., 
2002). Before use, steel panels (10, 4, 0.2 mm) were treated 
with 70% C2H5OH, washed with water and dried in an oven, 
cooled in a desiccator, weighed on a balance and kept in a 
desiccator unit used. 
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The steel samples were added in 10% HCl as control 
probe and as inhibitors of the corrosion were added dilutions 
2:100 of the cultural media of the studied strains. The dura-
tion of the procedure was 72 hours at 18ºC. After the treat-
ment the steel samples were washed with water and dried to 
constant weight. 

The structure of the layer over the steel plates was 
analised by microscope analysis with digital camera and bin-
ocular microscope. 

Parametres of corrosion
After retrieval, the corrosion products were removed us-

ing washing with water. They were dried in an oven. After 
the removal of corrosion, the steel plates were cleaned and 
reweighed as above to estimate weight loss.   

The rate of corrosion, the degree of protection, and 
coeffi cient of protection were calculated.

The corrosion rates K (g/m2.h) presented as follows: 

К = ΔG/ S.τ, g/m2.h, 

where:  К is the corrosion rate; 
ΔG – is losed of mass consequence of corrosion, g; 
S – is the area of plates, 
m2; τ – is duration of the corrosion, h.

For track out of inhibitor properties of microbial biofi lm, 
produced by Lactobacillus strains, the degree of protection 
(Z) and coeffi cient of protection (γ) have been calculated us-
ing formulas:

Z = (K0 – K i) / K0 . 100, %,
γ = K0/Ki, 

where:  K0 is the corrosion rate in  control media; 
Ki – is the corrosion rate in test media.

Strains Lactobacillus sp, were cultivated in a media con-
taining 4% sucrose, in a media containing 15% lactose, and 
in a mixture of 2% sucrose and 4% maltose for 12 h. After 
the cultivation the cultural media were used for protection of 
the steel plates. The steel plates were placed in the cultural 
media containing cells. The received results from investiga-
tion are presented in Table 1.

Results and Discussion

From the presented data in Table 1 the protective effect 
in all studied cases was proved. The coeffi cient of the protec-
tion of corrosion varied between 29.59 and 3.25. From the 
obtained results is clear that the protection of corrosion was 
higher in the case when 15% lactose for strain L. delbrueckii 
K27 and a mixture of 2% sucrose and 4% maltose for strain 

L. delbrueckii K15 were used. It could be underlined that 
15% of carbohydrates in the media stimulated the process of 
protection of corrosion. In our previous studies (Ignatova-
Ivanova et al., 2009; 2012) was shown that in the presense of 
high concentration of lactose (5 to 15%) and a mixture of 2% 
sucrose and 4% maltose the strain Lactobacillus delbruek-
cii B5 syntesized exopolysaccharides which have inhibitory 
properties.

The structure of the layer over the steel plates was anal-
ysed by microscope analysis with digital camera and binocu-
lar microscope and it was conformed before and after wash-
ing. The results from this procedure are shown in Figure 1.

After rinsing of the blade, visually it was possible to see 
that the blade became grey (iron color) with black zones (ox-
idation) (Figure 1, b, e). With digital camera it was possible 
to see in the dark zone craters with brown color  correspond-
ing certainly to iron oxidation. On another part of the blade 
it is possible also to see slit (oxidation or imperfection of 
the blade). Non oxydized part corresponded to pink color 
(Figure 1, a, d, f, g).

From these results it was evident  that 15% lactose and  

Table 1
The indices, characterizing protection properties 
№ of 
sample

Media Kx10–4, 
g/m2h

Z, 
g.kg–1

γ Observe

1* sucrose 3.58 – – control
2 L.d.K27 1.1 69.27 3.25
3 L.d.B8 1.26 64.8 2.84
4 L.d.O43 1.02 71.51 3.51
5* L.d.K3 0.64 82.12 5.6
6 L.d.K17 1.08 69.83 3.31
7 L.d.K15 1.07 70.11 3.35
8* lactose 2.08 – – control
9* L.d.K27 0.07 96.62 29.59
10* L.d.B8 0.27 87.14 7.77
11 L.d.O43 0.27 87.04 7.72
12 L.d.K3 0.5 76.01 4.17
13 L.d.K17 0.29 86.02 7.15
14* L.d.K15 0.37 82.38 5.67
15** mized 2.08 – – control
16* L.d.K27 0.26 90.58 10.62
17 L.d.B8 0.33 88.04 8.36
18* L.d.O43 0.18 93.48 15.33
19 L.d.K3 0.37 86.6 7.46
20 L.d.K17 0.29 89.49 9.52
21* L.d.K1 0.25 90.94 11.04

*The steel plates were photographed after washing
** mixture 20 g.kg–1 sucrose and 40 g.kg–1 maltose; Results are 
mean ± SEM of three separate trails



85Anticorrosion Effect of Biofi lm Forming by Lactobacillus Strains on Metal Surfaces

a mixture of 2% sucrose and 4% maltose stimulated the for-
mation of microbial biofi lm inhibiting the corrosion of steel.
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Fig. 1. Microfotos (X 50) of steel plates 
after corrosion in:

а) – plates in 4% sucrose, washed 12 h of cultivation in 
L. delbrueckii K3; b) – plates in 4% sucrose washed, 0 
h of cultivation in L. delbrueckii K3; c) – plates in 15% 

lactose washed, 12 h of cultivation in L. delbrueckii 
K27; d) – plates in 15% lactose washed, 12h of cultiva-
tion in L. delbrueckii B8; e) plates in 15% lactose, 0 h of 
cultivation in L. delbrueckii B8; f) plates in 15% lactose 

washed, 12 h of cultivation in L. delbrueckii K17; g) 
plates in mixed 2% sucrose and 4% maltoze washed, 12 
h of cultivation in L. delbrueckii K15; h) plates in mixed 
2% sucrose and 4% maltoze washed, 12 h of cultivation 
in L. delbrueckii K27; i) plates in mixed 2% sucrose and 
4% maltoze washed, 12 h of cultivation in L. delbrueckii 
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