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Inhibitory Effects Of Nicotine On Corrosion Caused By
Desulphovibrio Sp. Isolated IFrom Water Pipes in Minna,
Nigeria
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Abstract The mhibitory effects of nicotine on corrosion caused by Desulphovibrio sp. isolated from water pipes in Minna,
Nigeria was carried oul. Nicotine was extracted from cigarette and tobacco leaf using soxhlet extractor. Pure culture of the test
organism was inoculated into Postgate medium containing water pipes, with nicotine concentrations of 10mg/ml, S0mg/ml,
200mg/ml, 300mg/ml. 400mg/ml and 500mg/ml. A control was sct up (without nicotine) and the culture was incubated
anaerobically for 30days. The rate of corrosion was determined by weight loss method. For nicotine extracted from cigarette, the
average % weight loss al concentrations of 10mg/ml, 50mg/ml, 200mg/ml, 300mg/ml. 400mg/ml. S00mg/ml and control (Omg/ml
nicotine) were 3.10%, 1.7%, 1.74%, 1.08%. 1.44%. 0.31% and 6.57% respectively while for nicotine extracted from tobaceo leal,
the average % weight loss at concentrations of 10mg/ml, 50mg/ml. 200mg/ml, 300mg/ml, 400mg/ml, S00me/ml and control
(Omg/ml nicotine) were 3.44%. 3.11%, 1.54%, 0.73%, 0.85%, 0.13% and 5.57% respectively. At 30mg/ml, 200mg/ml,
300mg/ml, 400myg/ml, 500mg/ml concentration, there were significant differences (P<0.05) between the % weight loss of the
various concentration of nicotine extracted from cigaretle and tobacco leal between the 4™ and 30° day incubation pericd but
there was no significant difference (P>0.05) at the second day incubation and at 0 and 10mg/ml concentration. The results of this
study showed that higher concentrations of nicotine had varying inhibitory effect on the test organisms.
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Akpabio et at., 2011). Microorganisms present in biotilms

1. Introduction can cause and fluence corrosion because of their ability o
5 )

wtilize these metals as a source of carbon and energy

— is @ nawrally occurring phenomenon e : .

Corrosion is @ natrilly oceurring ) required for their growth and metabolism using praducts of
. as the deterioration ol a metal or its T o
commonly defined as the deterioration of a met their mewabolic activities such as enzymes, exopolymers,
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organic and inorgonic acids, a8 well as ammonia and
hydrogen sulphide, this leads to deterforation and failure of
2011). The

corrosion or microblologically

resulting  metal

pipes  (Oyewole el al.,
deterioration is known as bio-

infuenced corrosion (MIC) (Beech and Caylarde, 2008;

Oyewole, 2011).
Bacteria are

surfaces  in

Therelore, the

considered the primary colonizers ol

inanimate both natural  ond man-nude
environments. mujority  of microbial

influenced corrosi
and mixed cultured bacterial biolilms on

on investigations tend o address the

impact of purc

corrosion behaviour ol iron, copper, aluminum and their

alloys (Beech and Sunner, 2004). Bacteria [requently

implicated in corrosion of metallic piping are anaerobes that
including sulphate reducing

gencrale hydrogen sulphide,
SPa

bacteria (SRB) c.p

Desulphotomaculum sp. and Desulphoromonas sp. The
symbiotic

Desulphovibrio

microorganisms  typically co-exisl in a
relationship causing damage (0 stecl pipes (Muyzer and
Stams. 2008; Beech and Gaylarde, 2008; Kakooei ef al.,
2012). Unfortunatcly, for MIC is alten
overlooked. Bio-corrosion causes water pipelines (o have a
low mechanical strength in place thereby resulting in the

perforation of the pipes as a resull of pit formation. If this
y resull into an

inspections

occurs in sewage drainage system, it ma

influx of sewage water into the municipal water supp
ewole

lies

thereby causing enormous health risks to human (Oy

etal., 2011).
Owing to the negative impacts of corrosion both

on metals, pipclines and concreles and economical loses

associated with this menace, there is an urgent nced (o
ne various materials that have the ability to corrade.
leaf and plant extracls arc

exami
According to Rosa (2011),
potential sources of novel corrosion inhibitors of metals.
Fraunhofer (1996) examined anticorrosion effects of

nicotine and Sangeetha et al. (2011) ulso reported the use of

some planl extracts to inhibit corrosion of metals using

electrochemical approach.
Nicotine is an alkoloid (a substance with a basic

charge) contained in the leaves of several species of plants.
The primary commercial source of nicotine is by extraction
from the dricd leaves of tobacco plant (Nicotiana tabacum).
The chemical formula for nicotine is CjoH 14N, with 2
molecular mass of 162.23. In proper nomenclature, nicotine
is  3-(1-Methyl-2-pyrrolidinyl)  pyridine (Pugh, 2002;
Howard, 2012).Currently, nicotine is a permitled pesticide

2

for orgnnic farming (Pottarff, 2010). 1t ean also be uszcr(;”.;s
chemical  (Rodgman '
an anti-corrosion
al. 20001 his

¢ inhibitory

anti-herbivore and i‘crlctl:.‘
Howart, 2012) as well as agenl (Strecter.
2000: 20000, sangectha e
research therelore, is | al investigaling th
picoline  on influenced hy

isolated from waler pipes in M

Schwirlz,
gimec

elfects  of corrosion
innd,
Desulphovibrio sp.

Niger State using microbiological approach.

2. Materials and Methods

Sumples collection

Tobucco plant was collected from plantation of the

University of Technology. Minna., Nigeria and

purchased from Minna markets. The samples
nto the Microbiology [epartment laboratory
Minna, Nigeria.

Fiederal
cigarelle was
were brought i
of the Federal University of Technology,

Preparation of media

Postgale medium was used for the isolation of the test
organism. [t was compounded [rom its various ingredients
(0.5g Kil1PO,, 2g NaCl, lg NaSQO.. 0.Jg CaCl;, 3.32
Sodium lactate,0.0002 FeS0,.711;0, 1g yeast extract, Ilitre

distilled water) and sterilised at 121"C for 15-20 minutes.

Isolation of Desulphovibrio sp.
vibrio sp. was isolated from corroded water

Samples of the corroded pipes was
o a slerile McCartney bottles and
y department laboratory of
Nigeria. Five-

Desulpho
pipes in Minna, Nigeria.
aseplically collected int
brought inta the microbiolog,

Federal University ol Technology, Minna,
ut and was plaed on

fold serial dilution was carried ©
cubated anaerobically

freshly prepared Postgalc agar and in
at 37°C for 3-Sdays. One millilitre (1ml) of the pure isolate
was subcultured into 9ml of Poslgate broth and incubated
anacrobically at 37°C for 3-5days (Chcesbrough, 2003;

Cowan and Steel, 1974).

Extraction of nicotine

Aqueous solution was used for the extraction of the
nicotine from the lobacco plant leal and cigaretle. Two
hundred gram (200g) of cach pulverised samples was
suspended in 1000ml of aqucous solution and extracted
using Soxhlet extractor for 120hours. The extracts were

decunted, filtered and evaporated in vacuole at 45°C.
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Determination of corroston elfects of nicotine on the test
organism

Nine millilitre (9ml) of Postpate broth was dispensed
into 7 tbes and various concentrations of nicotine viz:
10mg/ml,  SOmg/ml, 20()n1glml, 300mp/ml, - A00mg/ml,
S00mg/ml way introduced into ench wibe, o control was also
setup, without nicotine (Omg/ml). Ten gram (10g) of clean
water pipe was introduced into cach tube containing various
concentrations of the nicotine and the comtrol. The medium
was sterilised using autoclave at 121'C for 15-20 minutes .
One millilitre (Iml) of the pure isolate was inoculated into
cach tube and the experiment was set up for 30days, Rate of

corrosion was determined using weight loss method.
Statistical analysis of data

Results obtained from this rescarch was subjected to
statistical analysis using ANOVA and MINITAB 14 at
95% confidence limit.

3. Results

Fig. 1 shows the effects of nicotine extracted [rom
cigaretle on corrosion caused by Desulphovibrio sp. within
30days incubation period. At nicotine concentration of
500mg/ml, 400mg/ml, 300mg/ml, 200mg/ml, S0mg/ml,
10mg/ml, the average weight loss were 0.39%., 1.64%,
1.10%, 1.78%, 1.75%, 3.23% respectively. However, the
percentage weight loss of the control (concentration of
Omg/ml), ranged from 0-7.51% with an average of 6.16%
after 30days incubation period.

Fig. 2 shows the effects of nicotine extracted from
tobacco leal on corrosion caused by Desulphovibrio sp. Al
500mg/ml, the average weight loss was 0.15% after 30days

incubation period. The percentage weight loss at 400mg/ml

concentration. ranged from 0-1.37% with an average of
0.88%. At 300mg/ml, the percentage weight loss ranged
from 0-1.07%. Al concentration ol 200mg/ml and 50mg/ml,
the percentage weight loss were 1.60% and 3.22%
respectively while the percentage weight loss for the control
(at concentration of Omg/ml), was 6.17%.

3

Table | shows the result of nicotine extracted from
cigarette and tohaceo leal on Destlphavibrie sp. At 0
mg/mland  10mg/ml concentration,  there  were. no
significant dilferences (7>0.03) between percentage weight
loss of nicotine from cigarette and tobacco. However, there
were significant differences (P<0,03) between the two
extracts at SOmg/inl, 200mg/ml, 300mg/ml. 400mg/ml and
500mg/ml, From ‘Table 2 and Table 3, there was an inverse
relationship hetween (he  weight loss/day for  nicotine
extracted from cigaretie and tobaceo leaf. Hence the higher
the concentration, the lower the weight loss/day for nicotine
extracted from cigarette and tobacco leaf,

4, Discussion

This research  focused on  investigating  the
inhibitory effects of nicotine on corrosion activities caused
by Desulphovibrio sp. Desulphovibrio sp. is a leading
sulphate reducing bacterium involved in microbiologically
influenced corrosion, Its mechanism of corrosion is by
reducing oxidized sulphur (o reduced sulphur compound.
The sulphide thus formed, reacts with iron (Fe) in pipes o
form FeS- a corrosion product (Beech and Sunner, 2004,
Beech and Gaylarde, 2008, Oyelcke et al.. 2003, Oyewole,
2011, Oyewolce er al., 2011, Kakooei er al.. 2012). Various
concentrations of nicotine examined (10mg/ml, 50mg/ml,
200mg/ml, 300mg/ml, 400mg/ml and 300mg/ml) have
varying inhibitory effects on corrosion activities by
Desulphovibrio sp. compared with the control (Fig. 1 and
Fig. 2). The nicotinc may form a barrier layer on the water
pipes preventing the utilization of the pipes and subsequent
formation of the corrosion products. The higher the
concentration ol the nicotine, the more the inhibitory effects
was observed (Fig 1 and Fig 2). This was more evident in
Table 2 and Table 3, which shows that the decrease in
weight loss/day is caused by an increased concentration of
nicotine (negative correlation). At higher concentration
values examined (200mg/ml and S00mg/ml), a significantly
higher inhibitory elfccts of nicotine extracted from cigarette
on the (est organisms was observed when compared to the
nicotine from tobacco leal but at 0, 10 and 50 mg/ml

concentrations the reverse was observed.
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Fig. 1. Effects of nicotine extracted [rom cigarrele on corrosion caused by Desulphovibrio sp.
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Fig. 2. Effects of nicotine extracted (rom tobacco plant leal on corrosion caused by Desulphorvibrio sp.
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Table 1, Corrosion inhibitory efieets of nicotine extracted from cigatee and tobaceo Leal on Desulphovibrio sp.

TConeentmtion |0 W se T e T T Ao A0 ”500 ‘—_I
Mg/ml
No. of days__ ) IRS——
2 C 0.00 000 0.00 - I AL E—
T 0.00 0.00 000 T oo
4 _C 173" 0.51° 0.00 - B S A—
T 173 055" 0S8 | LA
6 _C |5 | o w003 0,00 000°
T A L A N Mr
8§ C 6.26" 12,53 L.AY° vIAY i L -
T 6.30" 219" ON 1,207 000
10 C 6.94" I AR XRA erF A9 0.00%
T 6.94° 273" 1.73° 1,207 0.00
12 C 6.94° 303" 187 TRT 0.00"
T 6.94° 273" 173" 1,20 0.00°
4 C 6.94° *3,03" 1.87° 98" 1 0.00%
T 6.94" 383" a0 E 0.00°
o ¢ |69 3.03° L7 N
L 6.94" |t W65 | 0.0
18 C 6.95" BRI 234 v N
T 097 | Way T ey s U
0 C 695" 3.54" 23 BT 0.39%
T 694" 4,37 *4,65" 240° 0.00¢
22 C 7.51° 4.01" 2.34" 2487 *0.78'
T 751" *4,92" *4,65" 240" 0.44°
24 C 7.51° 5.05 2.34" 248 *0.78'
T _ 7.51° *5.46" *4,65° 2.40" 0.44"
2% C i 751° 5.05" 2.347 248 “0.78"
T 7.51° *5.46" *4.65° 240" 0.44'
22 C 751" 5.05" 234" 2487 #0.78"
T 751° *5.46" *4.65¢ 2407 0.44" _
30 C 751" 5.05" 2.34° 248 *0.78"
T 751" 626" 4,65 240" 0.44'

Key: C: Nicotine extracted from Cigarette, T: Nicoline extracted from tobacco leal

*Within the same day, on the same column value at significantly higher thun the other (p<0.05)

Value on the same row with difTerent superscript are significantly different (p=0.05) while those with the same superscript are not significantly different

(p>0.05)

Table 2. Relationship between concentration of nicoline extracled [rom cigarette and the days of incubation

Wi Conc

loss. no | mg/ml

of

Days

2 0

4 ~0.770*

6 20.715% | 0.977*

8 0.740* | 0.978* | 0.966*

10 0.732* ] 0.964* | 0992* | 0.995*

12 0.732* | 0964* ] 0.992* [ 0.995* | 1.000*

14 0.880* ] 0924 ] 0929* | 0936* [0933* [ 0933*

16 0.894* | 0.913* | 0904* ] 0.913* | 0.905* [ 0905* | 0.995*

18 -0.906* | 0.925% | 0907* [ 0917* [ 0907* [0907* | 0.993* [ 0.998*

20 0.926* | 0.917¢ ] 0893* [ 0.909* | 0.903* [ 0903* | 0.982* [ 0984* | 0.991*

22 -0.919* 10922« ] 0901* [ 0912 Jo0911* [o0911* [ 0979* [ 097+ [ 0982¢ | 0.990*

24 -0916* | 0.908* | 0.895* [ 0.901* | 0.902* [ 0902* [ 0972* 0967 [ 0971* | 0.982* | 0.996*

26 -0.916* | 0.908* | 0.895* | 0.901* ] 0.902* | 0.902* [ 0.972* | 0967* | 0971* | 0.982* | 0.996* 1.000*

28 -0.923% | 0.873* | 0.873* | 0.865* | 0.870* | 0.877* | O.877* ] 0.953* | 0945* | 0.949* | 0.965% | 0.983* | 0.995%
30 -0.923% | 0.8/3* | 0.873* | 0865* | 0.870* | 0.877* | 0.877* [ 0.953* [ 0945* | 0.949* [ 0.965* | 0.983* | 0.995* | 0.995*

*Correlation is significant at 0.01 level (P<0.05)
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Tuble 3. Relationthip hetween concentration of nicotine extracts from (obucea leal and the days of incubation

Wi Conc T T R e == T T

loss/No | mp/ml

of

Days U I

2 0 -l
1 0,590 T - ! e

6 0706 | 0.982* _

§ 0.742*__| 0970*__| 0.996*

10 0.775% | 096a% | 0993* | 0997* |

12 0.733* ] 0953* | 0.989* | 0.989* [ 0,085

14 0733 | 0953 | 0.989% [ 0.989* 098y | oesst | | -

16 07127 | 0968 | 0995 | 0.993% | 0.989% | 0.008* | 0.098* R A

N 078 [ 096 | 099 | 0991 [ 0ovar | oeuar | owdt [owods |\ T L

20 0708 | 09245 | 0967 | 0959% | 09567 | 0980 | 0ose’ | ogsze | owsor [ |

22 0706 | 0999% | 0.980% | 0968% | 0.966% | 0.9R5* | 09857 | 09857 | 0.U8GT | D.995*

2 0746 | 0928 | 0958 | 0.045% | 0.049% | 0.950% | 0.959% | 0.958* | 09705 _| 0.972* | 0.982*

26 0746 | 0925° | 0.958 | 0.945% | 0.999% | 0.959% | 0.959" | 0.9587 | 0970% | 0972% | 0.982* | 1.000*

28 0746° | 0925 | 0958% | 0.945* | 0.949% | 0.959% | 0.959% | 0958* | 0970+ | 0972 [ 0.982* | 1.000* | L.OOO"

30 0746 ] 0928* | 0.958% | 09a5% | 0.0a9% | 0.050% | 09507 | 0.958% | 09707 | 072% _| 0982* | 1.000% | 1.000* ] 10007

5. Conclusion

This research suggests that a high concentration of

nicotine (>500mg/ml) has inhibitory effects on the

corrosion due to the activities of Desulphovibrio sp.
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