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This work investigated the inhibition effect of ethanol extract of Ganoderma
tropicum on biocorrosion of carbon steel induced by a consortium of sulphate
reducing bacteria (SRB). The SRB consortium used in this study included three
Desulfovibrio sp. isolated from injection and produced water from Bonga oilfield in
Nigeria. Isolation and gravimetric experiment were carried out in a Coy anaerobic
chamber. Phytochemical screening of G. tropicum ethanol extract (GTEE) showed
presence of alkaloid, glycosides, phenolic compounds, tannins, triterpenoids and
steroids. Antimicrobial assay result revealed that GTEE was effective against SRB
at 0.71 mg/ml. GTEE+D-tyrosine treatment gave up to 5-log reduction in SRB
population. The inhibition efficiency of the extract was 45.03 %l at sub-MIC,
59.12%I at MIC, 63.81 at supra-MIC and 83.93 when potentiated with D-tyrosine
for the 14-days test. The inhibition efficiency for the 28-days test was 43.19 %I at
sub-MIC, 58.17%I at MIC, 62.38 at supra-MIC and 72.09 when potentiated with
D-tyrosine. The application of GREE in controlling SRB growth and activities can
benefit the oil and gas industry as a green biocide and corrosion inhibitor.

Introduction

Microorganisms encounter metals of various
kinds in their environment and can interact
with them by binding them to their cell
surface or by oxidizing them (Ehrlich,
2007). The opportunistic behaviour of
microorganisms makes them able to meet
their energy requirement while growing on
metallic surfaces or in some instance where
secreted metabolites such as organic acids
are involved in the attack of metals, the
energy released by the corrosion process is
dissipated and not utilized by the cells (Gu,
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2012). One consequence of the ability of
microorganism to oxidize metals is
biocorrosion. Biocorrosion of metals and
their alloys can occur whether they are
submerged in water, buried in soil or
exposed to the atmosphere; this is because
the microorganisms that cause
biodeterioration are widely distributed
(Rajasekar et al., 2010).

Biocorosion is one of the consequences of
biofouling of oil and gas installations such
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as pipelines, cooling circuits, production
lines, injections lines and storage tanks. It
brings irreversible deleterious changes in
intrinsic properties of materials and can be
particularly problematic in  submerged
pipelines and storage tanks, with great
potential to cause environmental pollution.
SRB are the most often reported culprits in
biocorrosion. They cause biocorrosion of oil
and gas facilities, notably the mesophilic
SRB by the corrosive action of H,S which
they produce during sulphate respiration
(Videla 2003; Wolicka and Borkowski,
2012; Cortés et al., 2012).

Physical and chemical measures are
generally employed to keep industrial
systems free from fouling agents, so as to
prevent or control biocorrosion. Flushing
(pigging) is perhaps the simplest physical
approach, although of limited efficacy. A
major biocorrosion prevention and control
strategy for pipelines is by applying physical
barriers between the environment and the
pipes, in forms of coatings. Alumina and
alumina nitride ceramics for use as structural
materials in place of the expensive and yet
fouling and biocorrosion susceptible steel
structures have been proposed (Abu and
Owate, 2003). With reference to chemical
prevention and control of biocorrosion, the
strategy is to introduce corrosion inhibitors
and biocides into the oil and gas facility.
Acetylenic alcohols and amines are
commonly used corrosion inhibitor blends.
Other compounds that have been used
include nitrogen hetero-cyclic compounds,
ammonia, morpholine, substituted thioureas
and thiophenols.

The objective of using biocide in corrosion
prevention and control is to prevent the
growth and activities of microorganisms that
influence corrosion. Most of the biocides
available for biocorrosion control are
ineffective against microbial biofims. This is
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mainly because some microorganisms in
biofilms are shielded from the actions of
biocides by the protective extracellular
polymeric substances (EPS) coverings and
extracellular enzymes present in the matrix
(Suci et al., 1994; Anderson and O’Toole,
2008). New strategies in controlling
biocorrosion are centered on keeping the
microorganisms from forming biofilms, or
by dispersing them from biofilms to render
them more susceptible to the biocide.
Ethylenediamine-N,  N'-disuccinic  acid
(EDDS) and D-amino acids have been
advocated for use as biofilm dispersal agents
and biocide enhancers (Xu et al., 2013).

Mushroom extracts are excellent source of
antimicrobial agents (Wasser and Weis,
1999). Bioactive  substances  namely
ganomycins and ganoderic acid have been
identified in Ganoderma sp. (Mothana et al.,
2000; Chin et al., 2011; Chong et al., 2014).
Results have also shown that some edible
mushrooms are employed by traditional
healers in the treatment of many infections
(Etim et al., 2012). However, the use of
mushroom extracts against SRB has not
been reported in available literatures. The
objective of this study was to investigate the
efficacy of ethanol extract of Ganoderma
tropicum as an antimicrobial and
anticorrosion material.

Materials and Methods
Plant collection and extraction

Fruit bodies of G tropicum were obtained
from the Abuja campus of the University of
Port Harcourt and identified at the
Department of Plant Science Herbarium of
the university, where voucher specimen was
deposited. Extraction process was according
to Okoro (2011) with modifications. Fruit
bodies of G. tropicum were washed with
distilled water and sun-dried for 7 days after
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which they were oven-dried for 15 minutes
at 40°C. One hundred grammes (100g) of
the dried fruit bodies were placed in 250 ml
Erlenmeyer flasks containing 150 ml of 95%
ethanol. The content was stirred gently using
stirring rod, corked and kept in the
laboratory for 72 hours. Filtration was done
using Whatman filter paper No.1. The flasks
with their contents were transferred into a
water bath adjusted to 60°C to evaporate all
the solvent and concentrate the extracts.
Extracts were used to prepare the test
solutions by dissolving appropriate masses
of the extract from (0.2mg — 3.0mg) in 1 ml
of distilled water.

Preliminary phytochemical screening

Procedure for phytochemical screening of
extract for presence of alkaloids, flavonoids,
phenolic compounds, tannins, glycosides,
protein, triterpenoids and steroids was
according to Shah et al. (2014).

Fourier Transform Infra Red (FTIR)

Spectroscopy
Fourier ~ Transform  Infrared (FTIR)
Spectroscopy (Perkin Elmer  Spectrum

BX11) analysis was carried out to confirm
presence of functional groups representative
of constituents. Extracts were mixed with
KBr and made into a tablet before fixing to
the FTIR sample plate. Absorption peaks
were measured at 350 to 4000 wave-
numbers cm™. The absorption spectra bands
gave interpretations of the chemical
constituents of the extracts.

Isolation of SRB

Isolation of SRB was done using modified
Postgate B medium containing in 1 litre: 1.0
g, CaSQOy4, 1.0 g NH4CI, 0.5 g KH,PO4, 2.0 ¢
MgSQO,.7H,0, 1.0 g Na,SQO4, 5.0 mL sodium
lactate 60% 1.0 g yeast extract, 0.1 g
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ascorbic acid, 0.1 g sodium thioglycolate,
0.5 g FeS0O,4.7H,0, 1.0g sodium sulphate, 25
g sodium chloride and 15 g agar. The pH
was adjusted by the addition of 5M NaOH to
make the final pH of the medium 7.0. The
ferrous salt was sterilized separately and
added to medium after cooling immediately
before use. Nine millilitres (9 ml) of culture
broth was dispensed into sterile 10 ml screw
capped tubes. One millilitre (1) ml of sample
was directly used as inoculum. Repeated
sub-culturing in solid medium was carried
out to obtain pure culture of isolates. All
tubes were observed for blackening by SRB
due to H,S formation after 7 days of
incubation at 30 °C. Incubation was done in
a Coy anaerobic chamber.

Antimicrobial Assay of Extracts

The procedure followed for antimicrobial
assay was according to Korenblum et al.
(2013) with modification. The minimum
inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC)
of extract were determined to establish if the
extract is bactericidal or bacteriostatic.
Enhancement of antimicrobial activity of
extract was carried out using D-tyrosine
(Sigma-Aldrich).

Gravimetric Experiment

Carbon steel coupons (0.1% C, 0.4% Mn,
0.03 % S, 0.06 % P and balance Fe) of
dimension 4.5 cmx 1.0 cmx 0.23 cm, were
smoothly polished using emery paper,
cleaned briefly in 18% HCI, neutralized in
sodium bicarbonate, washed with distilled
water, rinsed in acetone, air dried and
weighed using a digital weighing balance
Citizen CY-204 with readabilty of 0.0001 g.
Metal coupons were conditioned using MIC
of extracts for 24 h before placement into 10
ml screw cap tubes Korenblum et al. (2013).
Two millilitres (2 ml) of seed culture of
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SRB consortium was transferred into the
tubes and filled to the brim with Postgate B
growth medium under nitrogen purging.
Blank control was untreated coupon in
medium not inoculated with SRB cells. Cell
control was untreated coupon in medium
inoculated with SRB cells. At the end of the
14 and 28 days test period, metal coupons
were cleansed briefly in acid, neutralized
with sodium bicarbonate, rinsed in acetone,
air dried and reweighed. Changes in weight
were recorded. Experiments were performed
in triplicate and the mean values of the
weight loss were reported. Corrosion rate
(CR) was calculated in milli-inch per year
(mpy) using equation 1. The inhibition
efficiency (%l) was be calculated as shown
in equation 2.

R= KW/DAT (1)

Where K = rate constant 22,300; W =
weight loss in grammes; D = density in gcm’
A = exposed area in in.? and T = time of
exposure in days

(%) =100 [1 = (W2/W1)]  (2)

Where W; is the corrosion rate in the

absence of the inhibitor, W, is the corrosion
rate in the presence of the inhibitor.

Results and Discussion
SRB isolates

The isolates were identified as Desulfovibrio
sp. on the basis of their cell morphology,
motility, Gram reaction and presence of
spores. The isolates were motile, vibro-
shaped, Gram-negative, non-spore forming
mesosophiles. Desulfovibrio sp. is among
the easily cultivatable mesophilic SRB
isolated from oilfields (Youssef et al.,
1999).
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Phytochemical screening

Phytochemical analysis of G. tropicum
ethanol extract (GTEE) indicated the
presence of alkaloid, glycosides,

triterpenoids, tannins and phenolics as
constituents (Tables 1). The FTIR results
indicated the presence —OH (alcohols and
phenols); C-O (alcohols, esters and
carboxylic acids); C=0 (esters, amines and
carboxylic acids); C-H (alkanes) and C=C
(alkenes and  aromatic  compounds)
functional groups (Figure 1). Triterpenoids
are reported as common secondary
metabolites found in Ganoderma sp. with
diverse range of biological activities
(Zjawiony, 2004; Xia et al., 2014).

Antimicrobial assay

GTEE showed inhibitory effects against
SRB at 0.71 mg/ml MIC. GTEE treatment
alone gave up to 3-log reduction in SRB
population (Table 2). The antimicrobial
activities of a phenolic compound of G.
tropicum against Staphylococcus aureus has
been reported (Hu et al., 2013). To enhance
the antimicrobial activity of the extract, D-
tyrosine was added. Extract potentiated with
D-tyrosine gave a 5-log reduction in SRB
population.  D-tyrosine has  minimal
antimicrobial potency. D-tyrosine is a non-
essential  amino acid  with  phenol
functionality. It is a hydrophobic amino acid
which can alter the activity of protein such
as those found in the outer membrane of
microorganisms. It is among the D-amino
acids reported to have the ability to trigger
the dispersal of established bacterial
biofilms (Kolodkin-Gal et al., 2013). D-
tyrosine has been reported to increase the
antimicrobial activity of the widely used
biocide THPS (Xu et al., 2012).

Corrosion Rate and Corrosion Inhibition
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Corrosion rates and inhibition efficiencies
results with and without GREE treatment are
shown in Table 3 and 4. The mean corrosion
rate for untreated coupons without SRB cells
for the 14 days test was 0.134 mpy, while
that of untreated coupons with SRB cells
was 0.362 mpy. The mean corrosion rate for
untreated coupons without SRB cells for day
28 test was 0.175 mpy, while that of
untreated coupons with SRB cells was 0.404
mpy. Corrosion rates at day 28 in the

presence of extract were higher than at day
14 although the difference was not
significant (p<0.05). Results of the effect of
temperature on corrosion rate are shown in
Figure 2 and 3. Corrosion inhibition
efficiency increased with increase in
concentration from sub-MIC to supra-MIC.
Extract+D-tyrosine blend gave the highest
inhibition efficiency of 83.93 (day 14) and
72.09 (day 28).

Table.1 Phytochemical screening of ethanol extract of Ganoderma tropicum

Phytochemical Test

Observation

Alkaloid

Glycosides

Proteins

Flavonoids

Triterpenoids and Steroids

Phenolics and Tannins

Mayer’s test -

Wagner’s test
Dragendorff’s

test

Legal’s test
Keller-Killiani
test

Million’s

Biuret

Shinoda test
Alkaline reagent
test

Libermann-
Burchard’ test
Salkowski test
Ferric  chloride
test

Lead acetate test

+

+

+

Table.2 SRB population with and without treatment

MPN Values
959% confidence limit
Treatment Value Low High
Control 8.7 x 10’ 4.47 x 10’ 1.71 x 10°
100 ppm D-tyrosine 6.25 x 10° 2.92 x 10° 1.34 x 10°
0.71 (mgm/l) GTEE 2.05 x 10° 1.14 x 10° 3.72 x 10°
0.71 (mg/ml) GTEE + 7.5 3.6 15.9

50 ppm D-tyrosine
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Table.3 Corrosion rates of carbon steel and inhibition efficiencies of GTEE (14-days test)

Treatment Corrosion rate Inhibition efficiency
(mpy) (%l)

Blank control 0.134 -

Cell control 0.362 -

Sub-MIC 0.199 45.03

MIC 0.148 59.12

Supra-MIC 0.131 63.81

50 ppm D-tyrosine 0.201 44.48

MIC + 50 ppm D-tyrosine 0.058 83.98

Blank control = untreated coupon — SRB; cell control = untreated coupon + SRB

Table.4 Corrosion rates of carbon steel and inhibition efficiencies of GTEE (28-days test)

Treatment Corrosion rate Inhibition efficiency
(mpy) (%ol)

Blank control 0.175 -

Cell control 0.404 -

Sub-MIC 0.227 43.19

MIC 0.169 58.17

Supra-MIC 0.152 62.38

50 ppm D-tyrosine 0.219 45.79

MIC + 50 ppm D-tyrosine 0.113 72.09

Blank control = untreated coupon — SRB; cell control = untreated coupon + SRB

Fig.1 FTIR spectrum for GTEE

4000.0 3000 2000 1500 1000 500 3500
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Fig.2 Corrosion rate with varying temperature in the presence and
absence of GTEE (14-days test)
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Fig.3 Corrosion rate with varying temperature in the presence and
absence of GTEE (28-days test)
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We attributed the corrosion inhibitory plant extracts do bind to metal surfaces to
behavior of our extracts to their form an unstable protective conditioning

antimicrobial properties as well as to the
adsorption of their molecules on the metal
surface. Several studies have shown that
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layer (Eddy and Ebenso, 2010; Nwaedozie
et al., 2015).
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The inhibition efficiencies of the extracts
were seen to reduce with exposure time and
at higher temperatures. The efficiency of
Eucalyptus camaldulenis  extract was
reported to decrease with exposure time
while the corrosion rate increases with
temperature  (Abdulkhaleq, 2013). D-
tyrosine has good inhibition efficiency
against corrosion of carbon steel (Gowri et
al., 2012). A synergistic effect was observed
in our study as indicated by higher inhibition
efficiency, when D-tyrosine combined with
the extract.

Corrosion rates have been generally reported
to increase with increase in temperature for
chemical corrosion. Our investigation did
not however show increase in corrosion rate
with increase in temperatures with the
exception of the extract + D-tyrosine blend.
A likely reason for the observed difference
is that temperature limits the activities of
microorganisms. Temperatures above 40°C
do not support growth and metabolism
mesophilic of microorganisms such as our
SRB isolates. Corrosion in the blank control
where SRB cells were absent was attributed
to chemical factors. Because extract
potentiated with D-tyrosine gave
insignificant cell counts, corrosion in the
presence of extract + D-tyrosine was also
attributed to chemical corrosion. Corrosion
rates at temperatures above 40°C were close
in value to the blank control. The microbial
corrosion factor for day 14 test was
determined to be 0.37 while that for day 28
was 0.43. The minimum thickness ratio p
was > 0.75. Hence the corrosion monitored
was minor (Appuhamy et al., 2011).

In conclusion, not all biocides have
antimicrobial and anticorrosion properties.
Phytochemicals generally show good
anticorrosion inhibition efficiency because
they can bind to metal surfaces to form an
unstable protective conditioning layer.
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However their anticorrosion behavior in
sour environment is generally poor. This is
because souring most times is of biological
origin, such that a mere coating of the
surface of the metal by adsorption of
extracts does not necessarily stop the
corrosion process if the substance does not
have a metabolic inhibition effect on the
biological agents. Finding Phytochemicals
with both antimicrobial and anticorrosion
abilities like GTEE reported in this study is
remarkable. It is note worthy that this
extracts can be potentiated using an equally
green chemical in the form of the amino acid
D-tyrosine.
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