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ABSTRACT: Lactobacillus is a probiotic bacteria which produces biosurfactants and other antimicrobial
agents. Biosurfactant has the ability to resist corrosion caused by pathogenic microorganisms on metals such as
steel. In this study, Biosurfactant producing Lactobacillus lactis were isolatedmand the isolated biosurfactant
was coated on to the metal surface. The SEM results revealed that the biosurfactant coated shows less corrosion
when compared to the control. The FTIR analysis of the corrosion product of the metal with and without
surfactant indicates higher surface activity. The Rcorr value for the metal coupon with surfactant was measured to
be 0.0389 mmpy, whereas Rcorr value of the metal coupon without surfactant 0.3106 mmpy. Biosurfactant
isolated from Lactobacillus lactis reduced the corrosion formed by Thiobacillus sp.
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I. INTRODUCTION
Corrosion of materials is an electrochemical process which involves oxidation and reduction (Kumar, 2008).
Deterioration of metals from corrosion is protected by inhibitors such as organic, inorganic and mixed inhibitors
(Raval and Mannari, 1994). Physical and chemical parameters affect the inhibitors efficiency. (Abbasov et al.,
2013). Corrosion of iron and steel cause billions of dollars each year. (Noor El-Din, 2009). Inhibitors are used in
low concentrations because for its cost affectivity. Selecting effective and flexible inhibitors is a difficult task.
Material losses are caused due to corrosion (Wei et al., 2003).
The deteriorating of metal in a specific environment is the rate of corrosion. Corrosion rates are calculated by
Mils per year (mpy). The number of millimeters it penetrates. To convert corrosion rate to mils per year and to
metric equivalent millimeter per year (mm/y), you can use the following equation:
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1 mpy (Mils per year) = 0.0254 mm/y = 25.4 microm/ y
To calculate the corrosion rate from metal loss (Sundjono et al., 2018):
mm /y = 87.6 x (W / DAT)
Where:
W = weight loss in milligrams
D = metal density in g /cm3
A = area of sample in cm2
T = time of exposure of the metal sample in hours
Some of corrosion-causing microorganism are Desulfovibrio salixigens, D. vulgaris and D. desulfuricans.
Sulfate-reducers require lower potential for growth and this can achieved by production of small amount of
hydrogen sulfide (Kobrin, 1993). Corrosion inhibition is a complex process and depends on adsorption onto
surface by the surfactant molecule. Surfactants strongly adsorb onto surfaces and are anti-corrosion on surfaces.
(Stein and Gellman, 1992; Free, 2002). The advantages of surfactant inhibitors are that they easily adsorb onto
surfaces and has high inhibition efficiency and low toxicity (Azhar et al., 2001).
Biosurfactant producing lactobacilli are used because of its probiotic effect and also they are generally
recognized as safe microorganism (GRAS) (Sambanthamoorthy et al., 2014). They also have antimicrobial and
antiadhesive properties (Duarte et. al., 2014).
To evaluate anti-corrosion performance of protective coating, Electrochemical Impedance Spectroscopy (EIS) is
the best method with short testing time. It is measured by applying an AC potential to a electrochemical cell and
measuring the current that passes through it (Mansfeld, 1990). Fourier transform Infrared (FTIR) analysis is
performed to characterize the surface of metal plates and identify the functional groups present. The formation
of corrosion can be identified by the presence of iron oxide that is rust and other metal carbonates or chlorides in
the region 800 – 1100 cm-1 (Neufeld and Cole, 1997).
In the present study, biosurfactant producing lactobacillus was isolated and their anti-corrosion ability were
performed on Thiobacillus sp. The isolated surfactant were characterized for various physical and chemical
parameters. The corrosion inhibition effect for the surfactant were analyzed on Thiobacillus sp.
II. MATERIALS & METHODS
Isolation of Lactobacillus sp.
Lactobacillus was cultured on MRS agar which was isolated from homemade curd, incubated at 28
Pure colonies were sub-cultured on fresh MRS agar plates.

overnight.

Isolation of Iron Oxidizing Bacteria
Rust sample was collected and was inoculated in Lyngby’s broth and incubated at 37
for 48 hours. After 48
hours 1 ml of Lyngby’s broth was added to 20 ml of Iron oxidizing bacteria isolation broth, and incubated at 37
for 24 hours. After which the cultures were streaked on iron oxidizing bacteria agar media (Atlas, 2010).
Biosurfactant Production
For the production of bio-surfactants, the isolated lactobacillus culture was incubated in large quantity in MRS
broth at 28 for 24 hours. Then the solution was extracted and purified as per standard procedure and purified
(Adamu et al., 2015).
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Screening of Biosurfactant
Oil spread technique
For the identification of bio surfactant by oil spread technique, distilled water and oil was added individually
onto a petri-plate. Then a tiny amount of the supernatant was added to it. The diameter of a clear zone was
measured. (Anayata Sharma et al., 2014).
Emulsification index test
A mixture of the supernatant sample and oil (petrol) was taken in test tube and vortexed and incubated at RT for
24 hours. The emulsification index (E24) was calculated (Anayata Sharma et al., 2014).

Drop collapse test
The flattening and spreading of the bio surfactant and water on a film was observed and the difference were
recorded. (Tahmourespour et al., 2011).
Biochemical characterization
The isolated colonies were identified based on morphology and various standard biochemical characteristics
(Holt et al., 1994).
DNA isolation for molecular identification
DNA was isolated as per standard procedure and stored in TE buffer (Goodfellow et al., 1991)
Sequencing
PCR reaction was performed as prescribed by the manufactures protocol (QIAGEN) in Bio-Rad iQ 5 RTPCR.
Bacteria were identified by comparing the sequences using NCBI BLAST program (Embley, 1991).
Enumeration of H2S Producing organisms by MPN Test
Most Probable Number (MPN) was performed estimate the concentration of viable microorganisms in a sample
using Lyngby’s broth. It was performed for sample as per standard procedure. (Manja et al.,2001).
Corrosion Inhibition using Surfactant
For this study the isolated colony from the rusted iron plate is inoculated into the 500 ml Lyngby’s broth and
incubated at 37
for 48 hours. Metal coupons of uniform size were immersed on to sterile media inoculated
with Thiobacillus after taking their dry weight. The broth was incubated for 30 days at 37. Another coupon was
taken and dried weight was checked and the coupon was coated with Surfactant mixed with thinner enamel and
dried for 24 hours, and placed in Lyngby’s broth and kept for incubation for 30 days at 37 . After 30 days the
coupons were taken, dried and the weight was checked (Rafiquee et al., 2008).
Corrosion Studies
Weight Loss Method
Weight loss measurements were used for studying the corrosion of mild steel in Lyngby’s broth inoculated with
Iron Oxidizing bacteria. The samples were completely suspended in the broth and the weight loss measurement
was recorded every three days using digital weighing balance and exposure for 15 days. (Chen et al., 2005).
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The dried weight of the coupons is calculated by the formula:
Initial weight of the metal

(X)

Final weight of the metal

(Y)

So weight loss for 30 days

X-Y = (A)

Therefore the weight loss determination for 1 year

Impedance Test
Electrochemical Impedance Spectroscopy (EIS) measurements were carried out in duplicate using a frequency
range of 100 kHz to 0.001 Hz with an AC wave of ±10 mV after 30 minutes of stabilization in the open-circuit
potential. The experiments were performed in the same electrolytic media earlier used for the E ocp measurements
and polarization tests. (Zhang et al., 1993). The EIS data were also analyzed to verify the influence of Surfactant
on the corrosion of carbon steel, and the results are shown in plots for 12 days of exposure. Impedance (Z) of a
material can be obtained from the following circuit.
+

-

+

-

Metal Coupon
is
+

-

Vs

Here, current flow through the material at different frequencies is measured. Then the impedance is calculated
using the formula

Scanning Electron Microscope (SEM) analysis
The metal coupons coated with surfactant and without surfactant were subjected to SEM analysis to check the
material corrosion on the surface of metal coupons. The SEM analysis was carried out in TESCAN VEGA
model.
Fourier transform infrared spectroscopy (FTIR) analysis
The samples were analyzed by FTIR spectrum for identification of functional groups in the samples. The FTIR
spectra was recorded at transmission mode scan. (Clark and Hester, 1996).
III. RESULTS & DISCUSSION
Isolation and characterization of Lactobacillus sp.
Lactobacillus was isolated from homemade curd sample on MRS agar media. The culture was subjected to
differential staining procedure and Gram’s staining was done. The isolate was gram positive, rod shaped,
smooth, round, translucent, creamy off white colonies. The strain obtained was identified to generic level based
on biochemical characteristics (Table 1 and 2). The culture were sequenced and the sequences were deposited in
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GenBank. The organism was identified as Lactobacillus lactis (Table 3). Beasley et al., 2004 also reported the
same.

Characterization of biosurfactants
The biosurfactant produced (Figure 1) were characterized for its stability. Oil spreading technique showed the
displacement of the oil, and the diameter of the clear zone formed was measured as 2 cm. The oil displacement
test is an indirect measurement of surface activity of bio surfactants: a larger clear area is correlated with higher
surface activity. The emulsification index (E24) obtained was 62.5%. (Figure 2). The emulsification index value
is more than 50% whis is also suggested by Willumsen et al., 1996. The emulsification index of the
biosurfactant produced by Lactobacillus sp. is 62.5%. The biosurfactant indicated its effect on reduction in
surface tension from droplet size being 1 mm more than of water.
The characterization of biosurfactant through FTIR shows that the biosurfactant shas higher surface activity due
to the presence of C-C and C=C groups in the region 1800-1200 cm-1. Therefore could easily attach to metal
surfaces. Thus a good bacterium with antimicrobial product is effective against a corrosion bacteria.
Isolation and characterization of Iron Oxidizing Bacteria
The test organism for the corrosion studies- IOB was isolated from rust using Lynby’s broth and incubated at 37
ºC for 48 hours. After 48 hours the appearance of black color confirms H2S production in the media by the
isolate (Figure 3). The Iron oxidizing bacteria was isolated and confirmed using Iron oxidizing bacteria isolation
media. After 24 hours of incubation, the tubes showed turbidity, indicating the presence of Iron oxidizing
bacteria (Figure 4). The isolated iron oxidizing bacteria was identified based on its morphological and
biochemical characteristics (Table 4). After gram staining, the smear was observed under microscope at 100 X
magnification and pink colored rod shaped bacteria were observed indicating gram negative bacteria. The
morphological characteristics were observed. Biochemical characteristics such as Catalase, Oxidase showed
positive test, Carbohydrate utilization test for glucose shoed acid production, for lactose and sucrose showed no
acid production, Nitrate reduction test, H2S production showed positive test (Table 5). Molecular identification
of the isolate was done by 16Sr RNA sequencing and the sequences were subjected to BLAST analysis. Based
on the sequence homology the organism was identified as Thiobacillus sp. The sequence was submitted to
GenBank (Table 6). The total number of organisms in the sample was enumerated by using MPN test. By
combining the positive tubes for H2S production, the number of organisms was found to be 11 per 100 ml of the
media, with a maximum MPN index of 29 and a minimum index of 4 for broth without surfactant. Similarly, the
number of organisms was found to be 2 per 100 ml of the media, with a maximum MPN index of 4 and a
minimum index of 0 for broth with surfactant.
Due to the acidophilic and neutrophilic spices there is production of sulfuric acis on concrete surfaces (Okabe et
al., 2006). In this study also Thiobacillus sp., an IOB and SOB was isolated from iron oxide deposits of the rust
samples.
Scanning Electron Microscopy (SEM)
Based on the results of SEM analysis, under microbial action corrosion is aggravated which is the root cause of
the observed corrosion damage (Figure 5). On the control mild steel (without surfactant) there was less
protective layer and more corrosion. On the surfactant coated sample it had thicker layer and less corrosion,
which shows that it is protected from corrosion. This can be seen in weight loss experiment as well. The SEM
image depicts the corrosive action of the isolates. Presence of pits, hairline cracks and profound destruction of
the metal surface were observed. Destruction of the metal surface is because of the acid production and the
deposition of the iron oxides on the surface. Tribollet et al., (2013) stated that the corrosion is trans-granular
since he observed corrosion on boundaries at initial stages. When the passive layer breaks down he observed
holes to form. So the surfactants protect the surface from corrosion and also slow down the process. Organic
acids produces by Thiobacillus sp., is not strong enough to dissolve this metal surfaces.
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Corrosion Studies
The weight loss study was carried out using steel coupons in Lynby’s broth (Figure 6). The Corrosion rate was
found by measuring the weight loss in grams and converted to mmpy. The Rcorr value for the metal coupon with
surfactant was measured to be 0.0389 mmpy, whereas Rcorr value of the metal coupon without surfactant 0.3106
mmpy (Table 7). The corrosion rate was found to be lesser in the system with surfactant. Thus it is proved that
the surfactant of Lactobacillus lactis inhibit the formation of Biofilm by Thiobacillus sp.
The bode plots for sterile and experimental system for metal is shown in figure. It can be seen that the Rct value
for the control system is 2.3 K ohm/cm2. In the presence of bacteria, the resistance is in the range between 6.6
and 7.9 Ohm/cm2. The EIS data (Table 8 & 9) were analyzed for 12 days (Figure 7) and shows that the in the
presence of surfactant the polarization resistance of carbon increased independent of the exposure time. The
variation in the impedence is due to the corrosive properties of Thiobacillus sp., on metal surface. The presence
of surfactant on the metal surface clearly shows similarity with the control system. It is evident that the
inhibition of the corroding bacteria in adhering on to the metal surface.
The FTIR pattern of the corrosion product of the metal with and without surfactant reveals the bands at 1642
cm-1 is due to C=C, 1408 cm-1 is CH2 and 1546 cm-1 is for C=O (Figure 8). These indicated the presence of
surfactant coated onto the surface and these bands were missing on non coated surface. There are shifts in the
frequency due to stain in the carbonyl ring (Silverstein et al., 1978). Here in this study the band on 1642 cm −1
indicates the presence of aromatic nuclei in the presence of surfactant. Whereas the band 1708 cm −1 confirms
the presence of carboxylic acid residues without the presence of surfactant. It is evident that the acid production
is dominated by the Thiobacillus sp., in the absence of Lactobacillus.
At low concentration inhibition was achieved for piperidin-4-one but higher was required for cyclohexanone
(Sankarapapavinasam et al., 1991). Currently the supernatant surfactant isolated from Lactobacillus sp., (Raw
and crude extract) showed much inhibition in the formation of Thiobacillus layer on the metal surface. This
result confirms that the surfactant did not permit Thiobacillus sp., to form a film over the metal surface which is
the cause of change in the electrochemical properties of the systems (Nguyen et al., 2008). With more exposure
time the corrosion product becomes compact (Duan et al., 2008). The variation in the impedence is due to the
corrosive properties of Thiobacillus sp., on metal surface. The presence of surfactant on the metal surface
clearly shows similarity with the control system. It is evident that the inhibition of the corroding bacteria in
adhering on to the metal surface. The surface characterization and localized damage can be studied from
impedance. The corrosion resistance increased by coating of surfactant on to the metal surface. The surface
resistance of stainless steel without surfactant is comparatively low this is evident by the impedence values. The
metal containing surfactant coating showed the best corrosion protection performance compared to the other
systems. In weight loss method, for metal coated with surfactant showed 0.0389 grams and without surfactant
showed a weight of 0.3106 grams. This implies that the metal coated with surfactant did not allow the corrosion
causing bacteria to cause corrosion on to the metal surface, resulting that the surfactant has the ability to inhibit
the action of corrosion. The impedance test done for the metal coupons showed that the metal coupon coated
with surfactant showed less corrosion when compared with that of the metal without surfactant. With these tests,
it was confirmed that the biosurfactant has the ability to inhibit the corrosion on metal surfaces.
Malik et al., (2011), summarized that due the high affinity of surfactant molecules to adsorb onto interfaces to
form micelles they are best eco-friendly anti-corrosion substances to protect the materials from corrosion. They
can be used in industry to protect metals from corrosion and prevent economic loss. Thus, it can be proved that
the surfactants derived from Lactobacillus lactis in the current study is a potent inhibitor of corrosion causing
bacteria (Thiobacillus sp.). Thus, metal surfaces can resist corrosion in the presence of surfactant derived from
Lactobacillus lactis.
IV. CONCLUSION
In the present study, Biosurfactant produced by Lactobacillus lactis was isolated from homemade curd samples.
This probiotic organism has the ability to produce surfactant which is a lipopeptide. This biosurfactant is proved
to have inhibitory activity on other microbial flora. The surfactant extracted was confirmed and applied over
metal surfaces using thinner, this perhaps inhibit the binding of other microorganisms when the metal surface is
exposed to environment. Thus it is proved that the surfactant extracted acts as an effective biocide of corrosion.
This is demonstrated with exposure of metal surface to iron oxidizing bacteria such as Thiobacillus by various
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tests such as drop collapse test, emulsification index and oil displacement method. Thiobacillus It is evident that
the surfactant acts as a protective layer and inhibits the adherence of corroding bacteria on to the metal surface.
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Tables & Figures
Table 1. Morphological characteristics of Lactobacillus lactis
S. No

Morphological characteristics

Observations

1.

Surface

Smooth, creamy

2.

Opacity

Translucent

3.

Colour

Off white

4.

Motility

Motile

5.

Gram staining

Positive

6.

Cell shape

Rods

Table 2. Biochemical characteristics of Lactobacillus lactis
S. No

Biochemical Tests performed

Observations

1.
2.
3.
4.
5.
6.
7.

Indole
Methyl red
Vogues Proskauer
Citrate
Catalase
Oxidase
Starch hydrolysis

Negative
Positive
Negative
Negative
Negative
Negative
Positive
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8.

Casein hydrolysis
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Positive

Table 3. Molecular Identification of the Lactobacillus lactis

S.No.

BLAST results

Gen Bank accession number

1.

Lactobacillus lactis

BankIt2080338

Table 4. Biochemical Characteristics of the Thiobacillus sp.
S. No

Biochemical Tests

Results

1.
2.
3.
4.
5.

Gram Staining
Motility test
Oxidase test
Catalase test
Carbohydrate utilization test:

Gram negative rods
Motile with polar flagella
Positive
Positive

Glucose

Acid production (+)

Lactose

No acid production(-)

Sucrose
Nitrate Reduction test
H2S production

No acid production(-)
Positive
Positive

6.
7.

Table 5. Molecular Identification of the Thiobacillus sp.
S. no.

BLAST results

1.

Thiobacillus sp.

Gen Bank accession number
EF363525

Table 6. Enumeration by MPN test (H2S Production)
Combination of positive
3-1-0

MPN index/100 ml
11

95% confidence level
Above-4

2-0-0

2

Below-29
Above-4
Below-0

Table 7. Weight loss study of the metal
S. No.

1.
2.

Metal
Coupons
Without
Surfactant
With
surfactant

Weight Loss
Initial
Weight(g)
16.985

Final
Weight(g)
16.602

Weight Loss
For
15
Days(g)
0.383

Weight Loss
For 1year(g)

Rcorr

4.659

(mmpy)
0.3106

18.182

18.134

0.048

0.584

0.0389
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Table 8. Electrochemical Impedance Measurement

Frequency
0
0
100
1
101
10
102
100
103
1000
104
10000
105
100000

Vs
1v
1v
1v
1v
1v
1v
1v

Control
I
1.0
1.1
5.19
5.93
4.83
3.81
1.35

Z= ⁄

Without Surfactant
I
Z= ⁄

With Surfactant
I
Z= ⁄

1000
909
192
168
207
262
740

0.3
0.4
5
5.9
4.8
3.82
1.1

1
1.4
5.3
5.9
4.75
3.9
1.3

3333
2500
200
169
208
261
909

1000
714
188
169
210
256
769

Table 9. Comparison of Impedance and Frequency
Metal
Surfactant

Control
Frequency (V)
Impedance (Z1) (Ohm)

0
1
10
100
1000
10000
100000

1000
909
192
168
207
262
740

Without

Metal Coated
Surfactant

Impedance (Z2)

Impedance(Z3)

(Ohm)

(Ohm)

3333
2500
200
169
208
261
909

1000
714
188
169
210
256
769

With

Fig. 1. Biosurfactant production

Fig. 2. Test tube showing emulsification index of biosurfactant

Fig. 3. Isolation of Thiobacillus sp., in Lynby’s Broth
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Fig. 4. Growth of Thiobacillus sp., in Iron Oxidising Bacteria Media

Fig. 5. SEM images of metal coupons a) coated with biosurfactant, b) without biosurfactant

Fig. 6. Corrosion study -Weight Loss method
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Impedance (ohm)

Fig. 7. EIS plot
4000
Control

3000
2000

Metal Without Surfactant

1000
0
0

2

4

6

8

10

Metal Coated With
Surfactant

Frequency (MHz)
Fig. 8. FTIR pattern of Corrosion product a) without surfactant, b) with surfactant
a
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