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There is a growing interest in recycling agricultural waste 
because more and more people want corrosion protection 
that lasts. This research examines Pisum sativum L. (garden 
pea) peel extract as an eco-friendly corrosion inhibitor for 
API5L X60 steel in 1 M H₂SO₄. Electrochemical methods, 
such as potentiodynamic polarization (PDP) and 
electrochemical impedance spectroscopy (EIS), were used 
to test the extract's antimicrobial activity, inhibition 
efficiency, and corrosion mechanism. We used scanning 
electron microscopy (SEM) to look at the surface 
morphology and Fourier-transform infrared spectroscopy 
(FTIR) to look at the active functional groups of the 
inhibitor. Electrochemical and surface analyses 
demonstrated an inhibition efficiency of up to 78% at a 
concentration of 0.04 g/L, exhibiting mixed-type inhibition 
behavior. Adsorption was consistent with the Langmuir 
isotherm, incorporating both physisorption and chemisorption, and a protective surface layer was noted. The extract also killed a 
wide range of bacteria, which shows that it could be an eco-friendly, dual-function inhibitor made from agricultural waste.  

 
INTRODUCTION 

Steel and its alloys are high ductility, toughness, 

mechanical strength, and malleable industrial 

materials that are used extensively because of their 

low cost and ready supply.1 Nonetheless, its 

weakness to corrosion in harsh conditions, 

including HCl and H2SO4, is one of the significant 
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issues brought up by steel.2 Corrosion normally 

starts when the metals are exposed to gases, liquids, 

or water under the influence of air or oxygen. Once 

the protective barrier is damaged, the corrosion 

process accelerates; chemical and electrochemical 

reactions then alter the metal surface and the 

surrounding environment. Such changes include 

oxide formation, diffusion of metal cations into 

coatings, localized pH variations, and changes in 

electrochemical potential.1 Examples of economic 

losses that are caused by metal degradation include 

the failures of oil pipeline and sewer flooding,1–3 

which is why the development of effective 

prevention techniques is extremely important. 

Recently, there have been consistent changes as 

natural green inhibitors replace traditional ones due 

to their low cost, ecological benefits, non-toxicity, 

and the growing demand for safe and sustainable 

solutions.4–12 A wide range of plant extracts, such as 

castor oil plant, citrus peel, coconut coir dust, aloe 

vera gel, Ginkgo biloba, Saussurea obvallata, 

Chamaerops humilis fruit waste, Trifolium repens, 

gum Arabic, and Arum dioscoridis, have been found 

to have high inhibition efficiencies (up to 70) of 

steel corrosion in both acidic and neutral 

environments.12,15–20 Green corrosion inhibitors 

prevent metals They are effective primarily because 

bioactive molecules have polar functional groups 

that include hydroxyl (–OH), carboxyl (–COOH), 

amino (–NH2), and thiol (–SH), which are known to 

adsorb onto metal surfaces to form chemisorbed or 

physisorbed layers. Also, the aromatic rings and the 

heteroatoms (N, O, S) are able to contribute 

electrons or to create complexes with the metal ions, 

which makes the protective layer more stable. The 

antioxidants such as flavonoids and other 

antioxidants neutralize the free radicals, which 

reduce the electrochemical corrosion, and the 

alkaloids, tannin, and saponins help in the metal 

chelation, antioxidant safeguard, and enhanced 

adsorption. This paper investigates the performance 

of Pisum sativum L. peel waste, a green waste 

imported from Algeria, as a bioactive compound in 

inhibiting API5L X60 steel in H₂SO₄. The inhibitory 

effect was determined by electrochemical methods, 

such as potentiodynamic polarization and 

electrochemical impedance spectroscopy (EIS). The 

surface morphology was examined with the help of 

scanning electron microscopy (SEM), and the 

functional groups involved in the inhibition process 

were identified using Fourier-transform infrared 

spectroscopy (FTIR). 

Pisum sativum L., commonly known as the 

garden pea, is a widely cultivated legume that 

produces a large amount of peel waste during 

processing and possesses antimicrobial properties 

as an extract and bioactive agent. This waste 

contains abundant bioactive compounds, 

particularly phenolics and flavonoids, which 

exhibit antioxidant, anti-inflammatory, and 

antimicrobial activities. Key phytochemicals in 

pea peel include hesperidin, chlorogenic acid, 

salicylic acid, apigenin, quercetin, and 

kaempferol.23–24 Other compounds such as 

ascorbic acid, chlorophyll, and proteins enhance 

the nutritional and functional value of the peel. To 

the best of our knowledge, this work is the first to 

use Pisum sativum L. peel extract as a corrosion 

inhibitor for API5L X60 steel in acidic media, 

promoting sustainable waste utilization while 

providing effective corrosion inhibition. 

MATERIALS AND METHODS 

Extracts preparation 

The extraction of Pisum sativum L. peel waste 

(PSP.w) was carried out according to the procedure 

illustrated in Fig. 1. The peels were first collected, 

carefully washed, and dried for seven days. The 

dried peels were then ground into a fine powder and 

sieved through a 0.5 mm mesh to ensure uniform 

particle size. 

To remove non-polar components, 20 g of the 

powdered sample was degreased by maceration in 

n-hexane. The degreased powder was then placed 

in Erlenmeyer flasks containing an equal volume 

of ethanol. The mixture was stirred at 200 rpm for 

12 hours, after which it was filtered, and the 

solvent was removed using a rotary evaporator 

(Rota Vap) at 55 °C. The resulting filtrate was 

freeze-dried to yield the dried extract (PSP.w). 

These extracts were subsequently evaluated as 

natural green corrosion inhibitors in experimental 

studies. 

The concentration of the Pisum sativum L. peel 

extract used as an inhibitor ranged from 0.002 g/L 

to 0.06 g/L in 100 mL of 1 M H₂SO₄ at room 

temperature. 
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Fig. 1 – Schematic representation of the extraction process of Pisum sativum L. peel waste (PSP.w). 

 

Characterization of extracts 

The characterization of the extracts (green 

inhibitors) was performed using Fourier Transform 

Infrared Spectroscopy (FTIR) with a JASCO FT/IR 

spectrometer to identify the functional groups. 

Measurements were conducted in the scanning 

range of 4000–500 cm⁻¹ using the Attenuated Total 

Reflectance (ATR) technique. 

Preparation of electrodes and electrolytes 

Steel samples were collected during corrosion 

inspections at the HBNS (Hassi Berkine North and 

South – Groupement Berkine) field, located in 

southern Algeria, west of Hassi Messaoud, within 

Sonatrach oil operations. The API5L X60 steel used 

has a low carbon content and minimal amounts of 

sulfur and phosphorus. Its relatively high manganese 

content compensates for the low carbon concentration, 

improving malleability. The detailed chemical 

composition of the steel is provided in Table 1. 

The working electrode had a surface area of 1 cm² 

and was connected via a copper wire insulated with a 

thin polystyrene film. Prior to each experiment, the 

electrode surface was mechanically abraded using a 

series of emery papers with increasing grit sizes (200, 

400, 800, 1000, and 1200). It was then rinsed with 

distilled water, degreased with acetone, and allowed to 

dry at room temperature. 

 
Table 1 

Chemical composition (wt%) of API5L X60 steel. 

Steel grade  Chemical Composition (%) 

API5L X60 
C  Si  Mn  Cr  S  Mo  Ti  Al 

0.06 0.2  1.15  ≤ 0.02  ≤ 0.025  ≤ 0.05  0.03  0.02 

 
All experiments were carried out in a 1 M 

sulfuric acid (H₂SO₄) solution, prepared from a 
commercial H₂SO₄ stock solution (96–98% purity) 
supplied by Honeywell Merck. 

Surface examination study 

The surfaces of API5L X60 steel specimens, after 
exposure to 1 M H₂SO₄ solution in the absence and 
presence of Pisum sativum L. peel waste (PSP.w) at  

the optimum concentration of 0.04 g/L for 36 h, were 

characterized by scanning electron microscopy 

(SEM) using a JEOL JSM-6510LV microscope 

equipped with an INCA Oxford detector. 

Electrochemical measurements 

Electrochemical measurements were performed 

at 300 K using a PGZ301 potentiostat/galvanostat  
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(Radiometer) coupled with VoltaMaster 4 software. 

The experiments were carried out in a cylindrical, 

double-walled glass cell with a capacity of 110 mL, 

using a three-electrode configuration. The counter 

electrode was a platinum sheet (1 cm²), and a 

saturated Ag/AgCl/KCl electrode was used as the 

reference. All potentials are reported versus this 

reference electrode. 

The working electrode (API5L X60 steel) was 

first immersed in the stagnant solution for 60 min to 

reach a steady-state open-circuit potential (OCP). 

After stabilization, potentiodynamic polarization 

(PDP) curves were recorded at a scan rate of 

0.5 mV/s over a potential range of –0.7 V to –0.2 V 

vs Ag/AgCl. Corrosion current densities (Icorr) were 

determined from the Tafel plots by linear 

extrapolation of the anodic and cathodic branches, 

and corrosion potentials (Ecorr) were obtained. 

The inhibition efficiency (IE, %) and surface 

coverage (θ) were calculated using the following 

equations.28–30 

 𝐼𝐸(%)𝑃 = (
𝐼𝑐𝑜𝑟𝑟−𝐼𝑐𝑜𝑟𝑟(𝑖𝑛ℎ)

𝐼𝑐𝑜𝑟𝑟
) × 100  (1) 

𝜃 =  
𝐼𝑐𝑜𝑟𝑟−𝐼𝑐𝑜𝑟𝑟(𝑖𝑛ℎ)

𝐼𝑐𝑜𝑟𝑟
   (2) 

 where Icorr and Icorr(inh) are uninhibited and inhibited 

current densities, respectively. 

Electrochemical impedance spectroscopy (EIS) 

measurements were conducted at OCP after 1 h 

immersion of the steel in the acidic solution. A 

sinusoidal voltage with an amplitude of 10 mV was 

applied over a frequency range of 100 kHz to 

10 mHz (10 points per decade). Nyquist plots were 

generated, and the charge-transfer resistance (Rct) 

values were used to calculate the inhibition 

efficiency (IE, %) as follows:31 

𝐼𝐸(%)(EIS)   ( 
𝑅𝑐𝑡−𝑅𝑐𝑡0

𝑅𝑐𝑡
) × 100   (3) 

where Rct0 and Rct are the charge-transfer resistance 

values without and with (PSP.w) natural, green 

inhibitors, respectively. 

Antimicrobial Activity Assay 

The antimicrobial activity of the Pisum sativum 

L. peel ethanolic extract (PSP.w) was evaluated 

using the agar disc diffusion method. Mueller-

Hinton agar was used for bacterial strains, while 

Sabouraud dextrose agar was employed for the 

yeast strain, according to standard protocols.32 

The assay was performed against six bacterial 

strains: Bacillus subtilis ATCC 06024, Bacillus 

cereus ATCC 10876, Klebsiella pneumoniae ATCC 

700603, Pseudomonas aeruginosa ATCC 27853, 

Escherichia coli ATCC 25922, and Salmonella 

typhi ATCC 94028, as well as one yeast strain, 

Candida albicans ATCC 08024. 

Microbial suspensions were prepared in sterile 

saline solution and adjusted to a turbidity equivalent 

to 0.5 McFarland standard. Sterile filter paper discs 

were impregnated with 20 µL of the extract 

dissolved in dimethyl sulfoxide (DMSO) to obtain 

final concentrations of 100, 50, 25, and 

12.5 mg/mL. Discs containing DMSO alone were 

used as negative controls. 

The impregnated discs were placed on the 

surface of the inoculated agar plates, which were 

then incubated under appropriate conditions. After 

incubation, the diameters of the inhibition zones 

were measured in millimeters. The antimicrobial 

activity was interpreted based on the inhibition zone 

diameter criteria described by Ponce et al.33 

RESULTS AND DISCUSSION 

FTIR characterization of (PSP.W) extract 

The infrared spectrum of Pisum sativum L. peel 

waste (PSP.w) extract is shown in Fig. 2. 

FTIR analysis revealed characteristic absorption 

bands corresponding to various bioactive functional 

groups. A broad band at 3400–3200 cm⁻¹ indicated 

O-H stretching from phenolic compounds, alcohols, 

and carboxylic acids, as well as potential N–H 

stretching from amino acids and proteins. The band 

around 2900 cm⁻¹ suggested C–H stretching of 

aliphatic hydrocarbons. A prominent peak at 

1700 cm⁻¹ confirmed C=O stretching from esters, 

ketones, and aldehydes, while bands in the 1600–

1500 cm⁻¹ range indicated aromatic C=C stretching 

(polyphenols) or N–H bending vibrations. The 

1400–1200 cm⁻¹ region exhibited C–H bending and 

C–O stretching (esters and phenolic acids), and the 

peak at 1050 cm⁻¹ corresponded to C–O–C/C–O 

stretching, typical of glycosidic linkages in 

carbohydrates. The presence of these diverse 

functional groups highlights the ability of PSP.w to 

donate electrons and form protective adsorbed 

layers on metal surfaces, explaining its potential as 

a corrosion inhibitor. 
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Fig. 2 – FTIR spectrum of PSP.w extract showing main functional groups. 

 
POTENTIODYNAMIC POLARIZATION 

MEASUREMENTS 

Potentiodynamic polarization measurements 
were conducted to evaluate the inhibitory 
performance of different concentrations of PSP.w 
extract in 1 M H₂SO₄ at room temperature. The 
results for API5L X60 steel, comparing the 
absence and presence of varying extract 
concentrations, are presented in Fig. 3, and  
the electrochemical parameters derived from the  

polarization curves are summarized in Table 2. 

Corrosion parameters were determined by 

extrapolating the Tafel slopes to the 

corresponding corrosion potentials. In the 

absence of the extract, the corrosion potential was 

measured at –0.500 V vs Ag/AgCl. The addition 

of PSP.w extract, shifted positively the potential 

to –0.439 V vs Ag/AgCl, indicating that the 

extract influences both anodic and cathodic 

reactions. 

 

 
Fig. 3 – Tafel plots of API5L X60 steel in 1 M H₂SO₄ with and without PSP.w extract. 
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The increase in polarization resistance (Rp) and 

the reduction in corrosion current density (Icorr), as 

detailed in Table 2, suggest that PSP.w molecules 

adsorb onto the steel surface, particularly at active 

corrosion sites, forming a protective layer. This 

adsorption enhances the steel’s resistance to acid 

attack, demonstrating the inhibitor’s effectiveness 

even at relatively low concentrations. 

Moreover, the reduction in the slopes of the 

anodic (βa) and cathodic (βc) Tafel lines confirms 

that PSP.w functions as a mixed-type inhibitor, 

controlling both anodic metal dissolution and 

cathodic hydrogen evolution processes [12]. 

The decrease in inhibition efficiency beyond 

0.04 g·L⁻¹ suggests that this value corresponds to 

the optimal inhibitor concentration. The subsequent 

reduction in inhibition efficiency may be attributed 

to the saturation of the metal surface by inhibitor 

molecules, leading to desorption, competitive 

adsorption, or the formation of less protective 

multilayer structures that hinder effective surface 

coverage. 

 
Table 2 

Tafel parameters for API5L X60 steel in 1 M H₂SO₄ with and without PSP.w extract 

C (g/L) Ecorr (V/Ag-AgCl) Icorr (mA/cm2) Rp (Ω.cm2) βa(mv/dec) –βc(mv/dec) IEp% 

Blank –0.465 0.843 26.28 58.7 121.0 /  

0.002 –0.468 0.669 33.21 43.3 115.0 20.62 

0.01 –0.459 0.280 77.89 56.0 111.1 66.79 

0.02 –0.448 0.206 89.42 63.1 125.7 75.53 

0.04 –0.439 0.177 95.55 77.0 116.5 78.92 

0.06 –0.479 0.444 50.35 58.7 103.1 47.29 

 

ELECTROCHEMICAL IMPEDANCES 

SPECTROSCOPY (EIS) MEASUREMENTS 

The electrochemical impedance spectra of API5L 

X60 steel immersed in 1 M H₂SO₄, in the absence and 

presence of different concentrations of PSP.w extract, 

are shown in Fig. 4. These spectra provide a visual 

representation of the corrosion inhibition performance, 

highlighting changes in the electrochemical behavior of 

the steel upon addition of the extract. 

 

 

Fig. 4 – Nyquist plots for API5L X60 steel in 1 M H₂SO₄ with and without PSP.w extract. 
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The corresponding electrochemical impedance 

parameters, obtained from fitting the spectra, are 

summarized in Table 3. Key resistances 

characterizing the system include the solution 

resistance (Rₛ) at the working electrode interface, 

the charge-transfer resistance (Rct), and the 

surface film resistance (Rf), which together 

determine the total polarization resistance (Rp = 

Rct + Rf).42–45 

With increasing concentrations of PSP.w 

extract, the charge-transfer resistance (Rct) and 

total polarization resistance (Rp) increased 

significantly, reaching maximum values at 

0.04 g/L, which corresponds to the optimal 

inhibition efficiency of 79.57%. This 

enhancement is attributed to the formation of a 

dense and protective adsorbed layer on the steel 

surface, reducing metal dissolution. 

The constant phase elements (CPEs) associated 

with the electrical double layer also increased with 

inhibitor concentration, reflecting changes in 

surface heterogeneity and improved adsorption of 

PSP.w molecules. The electrical equivalent circuit 

used to fit the experimental data is depicted in  

Fig. 5. It consists of the solution resistance (Rₛ) in 

series with the parallel combination of polarization 

resistance (Rp) and a CPE, which replaces the ideal 

double-layer capacitance (Cdl) to account for non-

ideal capacitive behavior. This model provides a 

reliable representation of the corrosion inhibition 

mechanism and accurately describes the 

electrochemical response of the system. 

 

 

 
Fig. 5 – Equivalent electrical circuit modeling the metal/solution interface. 

 

 

Table 3 

Electrochemical impedance parameters for API5L X60 steel in 1 M H₂SO₄ with and without PSP.w extract 

C (g/L) Rs (Ω·cm2) Rp (Ω·cm2) Cdl (mF·cm–2) n χ2 IEEIS% 

Blank 3.10 42.86 1.151 0.89 0.121  / 

0.002 2.40 68.05 0.597 0.88 0.681 37.02 

0.01 3.39 118.04 0.476 0.89 0.178 63.69 

0.02 2.97 138.92 0.368 0.88 0.611 69.15 

0.04 2.27 209.79 0.227 0.82 0.779 79.57 

0.06 3.62 92.62 0.492 0.83 0.904 53.72 

 
SEM MORPHOLOGY SURFACE  

The SEM images of API5L X60 steel surfaces are 

shown in Figs. 6, 6a shows the surface of the steel 

specimen before immersion in 1 M H₂SO₄ for  

36 hours, revealing a smooth and undamaged surface. 

In contrast, Fig. 6b illustrates the steel surface after 

immersion in the acid solution without any inhibitor, 

showing severe damage, corrosion pits, and roughness 

due to the aggressive action of H₂SO₄. 

Figures 6c and 6d depict the surface 

morphology of steel treated with 0.04 g/L Pisum 

sativum L. peel waste (PSP.w) extract. These 

images reveal a smoother surface with a significant 

reduction in corrosion pits and active sites, 

indicating the formation of a protective adsorption 

layer of PSP.w molecules. This protective film 

effectively mitigates metal degradation and 

confirms the inhibitor’s ability to reduce acid-

induced corrosion.  
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Fig. 6 – SEM micrographs of API5L X60 steel after 36 h immersion in 1 M H₂SO₄: a) before immersion; b) without inhibitor (blank); 

c) with 0.04 g/L PSP.w extract. 

 

ADSORPTION ISOTHERMS 

Adsorption isotherms are used to analyze how 

inhibitor molecules interact with metal surfaces by 

describing the adsorption process, i.e., how organic 

molecules replace pre-adsorbed water on the metal. 

Plant-based inhibitors, such as Pisum sativum L. 

peel extract (PSP.w), form protective layers on steel 

surfaces, blocking active corrosion sites. The 

adsorption behavior depends on the inhibitor 

concentration.37,38 

To investigate the interaction between PSP.w 

and API5L X60 steel in 1 M H₂SO₄ at 25 °C, several 

adsorption isotherm models (Langmuir, Freundlich, 

and Temkin) were tested. Among these, the 

Langmuir isotherm provided the best fit, as 

indicated by the highest correlation coefficient  

(R² = 0.989), and can be expressed by the following 

equation:39 

𝐶

𝜃
= ( 

1

𝐾𝑎𝑑𝑠
) + 𝐶   (4) 

where 𝐾ads is the adsorption equilibrium constant, 𝐶 

is the inhibitor concentration, and 𝜃 is the surface 

coverage. Surface coverage values derived from 

polarization measurements were used to plot the 

Langmuir isotherm (Fig. 7), confirming its 

applicability to PSP.w adsorption on steel.18 
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Fig. 7 – Langmuir adsorption isotherm of PSP.w extract on API5L X60 steel in 1 M H₂SO₄, showing the fit of experimental data. 
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The Gibbs free energy of adsorption (Δ𝐺ads
∘ ) was 

calculated to evaluate the spontaneity and nature of the 

adsorption process using the following equation:39 

∆ 𝐺𝑎𝑑𝑠
°   =  −RT ln ( 𝐾𝑎𝑑𝑠 ×  1000)  (5) 

where R is the universal gas constant, T is the 

temperature in Kelvin, and 1000 g/L represents the 

concentration of water in the acidic medium. 

For PSP.w, the calculated Δ𝐺ads
∘ value was –

30.214 kJ/mol, which falls within the range of –20 

to –40 kJ/mol, indicating that the adsorption 

mechanism involves both physisorption and 

chemisorption.41 

ANTIMICROBIAL ACTIVITY 

The antimicrobial activity of the Pisum sativum 

L. peel ethanolic extract is presented in Table 4 and 

Fig. 8. Antimicrobial activity was mainly observed 

at the highest tested concentration (100 mg/mL), 

while little or no inhibition was detected at lower 

concentrations for most of the tested 

microorganisms. 

The strongest antibacterial activity was 

recorded against Bacillus cereus and Salmonella 

typhi, both showing inhibition zones of 20 mm. 

Moderate inhibition was observed for Bacillus 

subtilis (16 mm), Klebsiella pneumoniae (15 mm), 

and Escherichia coli (11 mm). In contrast, 

Pseudomonas aeruginosa showed the lowest 

susceptibility, with an inhibition zone of 8 mm. 

Residual antibacterial activity was observed for 

Bacillus subtilis at 50 mg/mL (11 mm), whereas no 

inhibition was detected for most strains at 

25 mg/mL and 12.5 mg/mL. 

Overall, Gram-positive bacteria appeared 

slightly more susceptible than Gram-negative 

bacteria, which may be related to structural 

differences in their cell walls. The yeast Candida 

albicans exhibited weak antifungal sensitivity (11 

mm) at 100 mg/mL. 

 
Table 4 

Inhibition zone diameters (mm) produced by the ethanolic extract of Pisum sativum L. peel (PSP.w) against bacterial  

and fungal strains at different concentrations (mg/mL) 

Microbial strains 100 mg/mL 50 mg/mL 25 mg/mL 12,5 mg/mL 

Bacillus subtilis ATCC 06024 16 mm 11 mm 0.9 mm 0 mm 

Bacillus cereus ATCC 10876 20 mm 0 mm 0 mm 0 mm 

Klebsiella pneumoniae ATCC 700603 15 mm 0 mm 0 mm 0 mm 

Pseudomonas aeruginosa ATCC 27853 08 mm 0 mm 0 mm 0 mm 

Escherichia coli ATCC 25922 11 mm 0 mm 0 mm 0 mm 

Salmonella typhi ATCC 94028 20 mm 0 mm 0 mm 0 mm 

Candida albicans ATCC 08024 11 mm 0 mm 0 mm 0 mm 

 

 

Fig. 8 – Effect of Pisum sativum L. peel ethanolic extract (PSP.w) on the tested microbial strains at different concentrations: 1 = 100 

mg/mL, 2 = 50 mg/mL, 3 = 25 mg/mL, 4 = 12.5 mg/mL; C = control. 



188 Imen Boughaita et al.  

 

These findings are in agreement with previous 
studies reporting the antimicrobial potential of P. 
sativum extracts. Hasan et al.44 reported variable 
antibacterial activity of methanolic seed extracts, 
with inhibition zones of 11.5 mm for Pseudomonas 
spp., 15 mm for Citrobacter spp., and up to 24 mm 
for Enterobacter spp. Similarly, other studies have 
shown that the antimicrobial efficacy of pea pod 
extracts strongly depends on the extraction solvent, 
with ethyl acetate extracts exhibiting the highest 
activity and minimum inhibitory concentrations 
ranging from 350 to 850 µg/mL against several 
bacterial and fungal strains.45 

The limited antifungal activity observed for this 
yeast is consistent with previous reports on Pisum 
sativum defensins, which exhibit selective 
interactions with fungal membrane components 
rather than broad-spectrum antifungal effects.46  

The higher susceptibility of Gram-positive 

bacteria compared to Gram-negative strains may be 

attributed to differences in cell wall structure, as the 

outer membrane of Gram-negative bacteria can 

limit the diffusion of bioactive compounds.47 The 

pronounced resistance of Pseudomonas aeruginosa 

is consistent with its known intrinsic resistance 

mechanisms, including low membrane permeability 

and active efflux systems.48 

Although the ethanolic Pisum sativum L. peel 

extract exhibited limited direct antimicrobial 

activity at the tested concentrations, this effect may 

still be relevant in reducing microbial biofilm 

formation, which is a key factor in 

microbiologically influenced corrosion (MIC).49 

Plant extracts often show modest inhibition of 

planktonic growth (high MICs), yet can 

substantially affect biofilm formation and virulence 

at sub- or near-MIC levels by targeting bacterial 

signaling, adhesion, or extracellular polymeric 

substance (EPS) production rather than causing 

direct microbial killing.49 Biofilm inhibition without 

strong growth inhibition has been demonstrated for 

citrus peel extracts and other plant products through 

reduced EPS production, altered motility, or 

disruption of quorum sensing.50 

Pisum sativum peel extracts are rich in 
polyphenols and flavonoids and have been reported 
to exhibit measurable antibacterial activity against 
both Gram-positive and Gram-negative bacteria, 
including Pseudomonas aeruginosa, with MICs in 
the mid-hundreds of µg/mL.45 Ethanolic extracts of 
P. sativum can inhibit P. aeruginosa swarming, a 
biofilm-related behavior, at concentrations above 
the MIC for growth, supporting a possible biofilm- 
or virulence-modulating effect.51  

Because MIC in pipelines is initiated and driven 
by biofilms at the steel–electrolyte interface,52,53 
even partial suppression of biofilm biomass, EPS 
production, or microbial motility may reduce pit 
density and slow localized corrosion, as observed 
for sulfate-reducing and mixed-consortia biofilms 
on carbon steels.52,54 This supports the rationale that 
a high-dose, weak antimicrobial such as Pisum 
sativum L. peel extract could potentially contribute 
to biofilm-oriented corrosion mitigation strategies, 
complementing conventional corrosion inhibitors or 
biocides.55,56 

CONCLUSION 

The present study demonstrates that Pisum 
sativum L. peel dry extract is an effective green 
corrosion inhibitor for API5L X60 steel in 1 M 
H₂SO₄. FTIR analysis confirmed the presence of 
bioactive phytochemicals, such as aromatic and 
phenolic groups, responsible for the adsorption onto 
the steel surface. Electrochemical measurements 
(PDP and EIS) and SEM observations indicated that 
the extract forms a stable protective layer, reducing 
corrosion rates by up to 79.57% at the optimal 
concentration of 0.04 g/L. The adsorption process 
follows the Langmuir isotherm, involving both 
physisorption and chemisorption, and the extract 
acts as a mixed-type inhibitor, affecting both anodic 
and cathodic reactions. 

In addition to its anticorrosive properties, the 
extract exhibits broad-spectrum antimicrobial 
activity, highlighting its potential to limit biofilm 
formation and microbiologically influenced 
corrosion in industrial applications, such as oil and 
gas pipelines. This work illustrates the feasibility of 
valorizing agricultural waste as a dual-function 
green inhibitor, combining environmental 
sustainability with effective corrosion protection.  
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