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Abstract- The present work concerns the valorization of ethanolic extract of the aerial part of 
Ammi visnaga, as an antioxidant as well as a corrosion inhibitor for mild steel in 1 M HCl 
medium. The antioxidant activity was evaluated by two techniques; total antioxidant capacity 
and free radical scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH). The phytochemical tests 
were carried out by colorimetric reactions and precipitation which revealed an intense 
presence of tannins and Flavonoids. The total phenol, flavonoid and condensed tannin content 
were conducted according to the Folin Ciacalteu, Quettier-Deleu and Broadhurst methods, 
respectively. The results showed that the ethanolic extract of Ammi visnaga was rich of 
polyphenols. Ethanolic extract had a great radical scavenging activity (IC50=2.82 mg/mL) 
when compared to the standard BHT (IC50=0.27 mg/mL) along with a high total antioxidant 
capacity (82.46 mg BHT/g extract). On the other hand, the anticorrosion behavior of 
ethanolic extract of Ammi visnaga was conducted by electrochemical impedance 
spectroscopy, potentiodynamic polarization and mass-loss measurements. Polarization curves 
indicated that ethanolic extract of Ammi visnaga acts as mixed-type inhibitor. Impedance 
measurements showed that the double-layer capacitance decreased and charge-transfer 
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resistance increased with rise of ethanolic extract of Ammi visnaga concentration and thereby 
increased the inhibition efficiency. The adsorption of the extracted molecules followed the 
Langmuir adsorption isotherm model. It was registered that ethanolic extract of Ammi 
visnaga exhibited both an important antioxidant and anticorrosive properties. 

Keywords- Extract of Ammi visnaga, Total phenol, Flavonoids, Condensed tannin, 
Antioxidant activity, Corrosion inhibition  
 

1. INTRODUCTION  

Acidic solutions are commonly used in various industries including acid pickling, 

industrial cleaning, acid rescaling, oil-well acidification, and petrochemical processes [1]. 

Hydrochloric acid appears especially with large use for pickling and de‐scaling of mild steel 

[2-4], which leads to severe corrosion. In other to investigate this fact, a large number of 

scientific studies has been devoted to corrosion inhibitors of mild steel in acidic environments 

[5-6]. 

The majority of the well-known inhibitors are organic compounds containing 

heteroatoms, such as O, N or S, and multiple bonds, which allow an adsorption onto the 

metallic surface [7] and then block the active surface sites to reduce the corrosion rate [2]. 

However, the stability of the inhibitor film on the metal surface depends on some 

physicochemical characteristics of the molecule, related to its functional groups, aromaticity, 

possible steric effects, electronic density of donors. Besides, it depends on the type of 

corrosive medium, molecular structure, charge of metal surface as well as the nature of 

interaction between the orbital of inhibitors and the d-orbital of iron [8-13]. Although, many 

synthetic compounds show a good anticorrosive effect but most of them remain highly toxic 

to both human beings and to environment [2]. The toxicity of these compounds can be shown 

during the synthesis of these compounds or during their applications. However, plant extracts 

are considered as rich source of bio-compounds, biodegradable in nature. Several natural 

compounds such as, Limbarda crithmoides [14], Chamomile Essential Oil [15], Fennel Seed 

Extract [16], have already been studied and exhibited good performance for corrosion 

inhibition in acidic media. 

Ammi visnaga is an aromatic and medicinal plant belonging to the Apiaceae family. It is 

widely distributed in the Mediterranean, South and North of America, India, Russia, Europe, 

Southwest Asia, Argentina, Chile Mexico, Atlantic and Iraq [17-20]. Several works have 

shown the interest of this plant in the field of herbal medicine and in corrosion inhibition 

[21]. 

The present study focuses the investigation on both antioxidant and anticorrosion 

activities of ethanolic extract Ammi visnaga as a green corrosion inhibitor for mild steel in 

molar hydrochloric acid. Indeed, the antioxidant activity of Ammi visnaga has been studied 

by DPPH. method which relies on the reduction of 2, 2-diphenylpicrylhydrazyl (DPPH) 
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radical as well as the total antioxidant capacity. Whereas, the anticorrosion effect is 

conducted by the confrontation of different techniques; like potentiodynamic polarization, 

electrochemical impedance spectroscopy (EIS), and mass-loss measurement. 

 

2. MATERIALS AND METHODS 

2.1. Vegetal material and extraction 

Plant material was collected at the fruiting time during July 2016 in Taounate region of 

Morocco. The botanical identification of the species was carried out in the laboratory of 

Biotechnology and Preservation of Natural Resources (BPNR), Sidi Mohamed Ben Abdellah 

University, Fez, Morocco. The extraction method was performed with Soxhlet, the extracts 

were filtered and concentrated under reduced pressure. 

 

2.2. Material and aggressive solution 

The chemical composition of mild steel is as follows: 0.11% C, 0.24% Si, 0.47% Mn, 

0.12% Cr, 0.02% Mo, 0.1% Ni, 0.03% Al, 0.14% Cu, 0.06% W, 98.7% Fe, <0.001% Co, 

<0.003% V. Before each measurement, the mild steel was mechanically polished with SiC 

paper (400, 600, 1000 and 1200), degreased with acetone, rinsed with distilled water and then 

blown dry. The aggressive solution of 1 M HCl was prepared by dilution of 37% HCl, 

whereas appropriate inhibitor concentrations were prepared by the addition of 1 M HCl 

solution. 

 

2.3. Qualitative phytochemical analysis 

The qualitative phytochemistry of the dry extract was achieved by colorimetric reactions 

and precipitation by specific chemical reagents according to the protocols given in the 

literature [22-24]. These tests revealed the presence of a number of chemical groups of the 

ethanolic extracts. 

 

2.4. Determination of total phenolic content  

The total phenols of the extract were estimated using the Folin-Ciocalteu method [25]. 

This method allowed knowing the total polyphenolic content of a given sample. The plant 

extract (100 μL), suitably diluted, was introduced into a test tube initially containing 6 mL of 

distilled water, then 500 μL of the Folin reagent was added and the mixture was stirred. After 

5 min, a solution of 20% Na2CO3 (1.5 mL) was added while stirring. The solution was 

adjusted to 10 mL with distilled water. After 2 h of incubation, at room temperature, the 

absorbance was measured with a white made from distilled water using a spectrophotometer 
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UV-Visible kind Selecta at 760 nm. A calibration curve at different concentrations of gallic 

acid was plotted. The total phenol content in the extract was expressed in milligram 

equivalent of gallic acid per gram of extract (mg EGA/g extract). 

 

2.5. Determination of total flavonoids content  

The total Flavonoids content of ethanolic extract of Ammi visnaga was determined by the 

Quettier-Deleu method [26]. This method consists in mixing 1 mL of the solution of the 

extract with an equal volume of a solution of AlCl3, 6H2O (2%).After 10 min, the absorbance 

of the mixture is measured at 430 nm. The quantification of flavonoids was determined based 

on a linear calibration curve performed by quercetin at different concentrations and under the 

same conditions for the undertaken samples. The results were expressed in milligrams 

equivalent of quercetin per gram of extract (mg EQ/g extract). 

 

2.6. Determination of condensed tannin  

The condensed tannin or proanthocyanidin was determined by the method [27] with slight 

modification using gallic acid as a reference. This method is based on the ability of vanillin to 

react with condensed tannins units in the presence of hydrochloric acid to produce a 

measured color complex. A volume of 400 μL of extract was added to 3 mL of a solution of 

vanillin (4% in methanol) and 1.5 mL of concentrated hydrochloric acid. After 15 min of 

incubation, at room temperature, the absorbance is measured at 500 nm. A calibration curve 

was carried out in parallel under the same operating conditions using gallic acid at 

concentrations of 0.1 to 1 mg/mL. The condensed tannins content was expressed in milligram 

equivalent of gallic acid per gram of extract (mg EGA/g extract). All tests were reproduced at 

least three times. 

 

2.7. ANTIOXIDANT ACTIVITY EVALUATION  

2.7.1. DPPH• method 

The antioxidant activity of the extract was determinate by measuring the ability of the 

antioxidant to trap the 2,2-diphenyl-1-picrylhydrazil radical (DPPH•), according to the 

method described by [28]. The ability to scavenge DPPH•, radical was measured in these 

experiments by the discoloration of the solution, indeed, 2 mL of the various concentrations 

of the extracts (0.125-0.5 mg/mL) was mixed to 0.5 mL of a methanolic solution 1 mM 

DPPH•. After the incubation period of 30 min in dark conditions at 25 °C, the absorbance 

was measured with a white made from methanol using a Selecta UV-Vis spectrophotometer 

at 517 nm. The standards used are: ascorbic acid and butylated hydroxytoluene (BHT) 
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(0.125-1 mg/mL). Trials were performed to verify reproducibility. The results were expressed 

as percent inhibition calculated according to Equation (1): 

DPPH	scavenging	effect	 % 100                                                                      (1) 

where A0 is the absorbance of the control, and A1 is the absorbance of the sample. 

The antiradical activity was expressed as IC50, which is the concentration required to 

cause 50% of inhibition. The IC50 value was determined by plotting the inhibition 

percentages according to the different concentrations of the extract. 

 

2.7.2. The total antioxidant capacity  

The total antioxidant capacity of the extracts was evaluated by Phosphomolybdenum 

method [29]. This technique is based on the reduction of molybdenum Mo (VI) present as 

molybdate ions MoO4
2- to Mo (V) MoO2+ by the extract and subsequent formation of a green 

phosphate/ Mo (V) complex at acid pH. In fact, a volume of 0.3 mL of the extract was mixed 

with 3 mL of the reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM 

of ammonium molybate). The tubes were incubated at 95 °C for 90 min. After cooling, the 

absorbance of the solutions was measured at 695 nm against the blank which contains 3 mL 

of the reagent solution and 0.3 mL of methanol and which was incubated under the same 

conditions as the sample. Total antioxidant capacity was expressed by (mg BHT/g extract) 

and (mg ascorbic acid/g extract). The experiments were repeated three times. 

 

2.8. ANTI-CORROSION ACTIVITY EVALUATION 

2.8.1. Mass-loss measurements (ML) by gravimetric method 

Gravimetric measurements were carried out on rectangular steel samples (1.22 cm×2. 85 

cm×0.3 cm) in 1 M HCl solution at different concentrations of ethanolic extract of Ammi 

visnaga. The concentration of the inhibitor ranged from 0.05 to 0.3 gL-1. The immersion time 

for the mass-loss was 6 h. The results of the mass- loss experiments were the mean of three 

runs, each one with a fresh specimen and 50 mL of fresh acid solution. The inhibition 

efficiency ɳ ML% was calculated using Equation (2): 

ɳ % 100                                                                                                        (2) 

Where Wb and Wa are the mass-loss of the of mild steel in the presence and absence of 

ethanolic extract of Ammi visnaga, respectively. 
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2.8.2. Potentiodynamic Polarization (PP) measurements 

Electrochemical measurements were carried out in a conventional three electrode 

cylindrical glass cell containing 50 mL of electrolyte at 25±1 °C. The working electrode was 

used as a rectangular specimen of mild steel with one face of the electrode with a surface area 

exposed to the aggressive solution of 1 cm2. Ag/AgCl was used as reference electrode and a 

rectangular platinum foil was used as a counter electrode. Polarization studies were 

conducted using a potentiostat/galvanostat and controlled with analysis software 

(Voltamaster 4). The working electrode was immersed during half an hour until a steady state 

open circuit potential (Eocp) was obtained. Thereafter, the potentiodynamic polarization 

curves were recorded by scanning the electrode potential automatically from -900 mV to 100 

mV with a scanning rate of 1 mV s-1. The inhibition efficiency ɳ PP % was calculated using 

Equation (3): 

ɳ % 100                                                                                                       (3) 

Where icorr and iinh are the corrosion current density of mild steel in the absence and 

presence of ethanolic extract of Ammi visnaga, respectively. 

 

2.8.3. Electrochemical impedance spectroscopy (EIS) measurements 

The EIS experiments were conducted using the same potentiostat/galvanostat and 

controlled by the analysis software (Voltamaster 4) system. EC-lab software was used to 

evaluate the charge transfer (Rct) and double layer capacitance (Cdl) values. All experiments 

were performed in a frequency ranging from 100 kHz to 100 mHz and peak-to-peak at low 

amplitude of 10 mV. The impedance diagrams were plotted in both Nyquist and Bode 

representations. The inhibition efficiency ɳEIS% was calculated using Equation (4): 

ɳ % 100                                                                                                    

(4) 

Where Rct
0 and Rct

inh are the charge transfer resistance of mild steel in the absence and 

presence of ethanolic extract of Ammi visnaga, respectively. 

 

3. RESULTS AND DISCUSSION  

3.1. The antioxidant potential of ethanolic extract of Ammi visnaga 

3.1.1. Phytochemical screening 

The phytochemical analysis is exemplified in Table 1. It can be concluded from Table 1, 

that the phytochemical tests carried out on ethanolic extract of Ammi visnaga show the 
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presence of flavonoids, condensed tannin, steroids, terpenoids, and coumarins. These results 

are in agreement with other researches [30,31]. 

Furthermore, the phytochemical study conducted by Soro et al. [32], on aqueous extract, 

of the fresh umbels of Ammi visnaga revealed also the presence of therapeutic molecules such 

as terpenoids, sterols, condensed tannin, flavonoids and the absence of gallic tannin and 

saponins. 

 

Table 1. Phytochemical screening of the ethanolic extract of Ammi visnaga 

 

Chemical constituent Revelation*  

Polyphenols 
Tannins 

Total tannin + 

Gallic tannin - 

Condensed tannin +++ 

Flavonoids +++ 

Alkaloids - 

Steroids + 

Mucilage - 

Saponins - 

Steroidal heteroside - 

Terpenoids + 

Coumarins + 
*+++: Very abundant, +: Presence, -: Absence  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Gallic acid calibration curve for the determination of phenols 
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3.1.2. Determination of total phenols, flavonoids and condensed tannin 

The calibration curves of gallic acid and quercetin to evaluate the total phenols, 

flavonoids and condensed tannin are given in Fig. 1, 2, 3, respectively. 

 
Fig. 2. Quercetin calibration curve for the determination of flavonoids 

 
Fig. 3. Gallic acid calibration curve for the determination of condensed tannins 

 

The results of total phenols, flavonoids and condensed tannins content are summarized in 

Table 2 and all the values are expressed as mean ± Standard deviation of triplicate samples. 

In this study, the ethanolic extract has higher total phenols, in particular, the value of 

condensed tannins is higher than that of flavonoids. These results are in agreement with those 

obtained by other researchers [33-35]. 
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Table 2. Total phenol, total flavonoids and condensed tannin contents obtained from 

ethanolic extract of Ammi visnaga 

 

Extraction yield 

(%) 

Total phenol  

content  

(mg EGA/g extract) 

Total flavonoids 

content 

(mg EQ/g extract) 

Condensed tannins 

content 

(mg EGA/g extract) 

23.35 76.75 ± 2.31 11.75± 0.02 41.03± 0.10 

 

3.1.3. Evaluation of the antioxidant character of ethanolic extract of Ammi visnaga by DPPH. 

radical 

Recent studies have shown that there is no single method to evaluate the antioxidant 

activity quantitatively and accurately [36]. Thus, some researchers have recommended, at 

least, two methods to analyze the antioxidant activity, because each one is distinguished by 

its mechanism of action [37]. In this study, two methods are performed to evaluate the 

antioxidant activity of ethanolic extract of Ammi visnaga: DPPH. and total antioxidant 

capacity using BHT and ascorbic acid as references. 

The results of inhibition by DPPH are presented in Table 3: 

 

Table 3. IC50 values of ethanolic extract of Ammi visnaga, BHT and ascorbic acid 

 

Extract IC50 (mg/mL) 

Ethanolic extract of Ammi visnaga 2.82 

BHT 0.27 

Ascorbic acid 0.19 

 

3.1.4. Evaluation of the total antioxidant capacity by Phosphomolybdenum method 

The results of the total antioxidant activity are reported in Table 4 where data are 

expressed as means ± standard deviation of triplicate samples. The antioxidant activity of 

ethanolic extract of Ammi visnaga, evaluated by DPPH. and total antioxidant capacity 

methods, show values significantly high. In fact, the antioxidant capacity may be associated 

with a high phenol content considered as secondary metabolites of plant origin [38]. 

Structurally, phenols comprise an aromatic ring bearing one or more hydroxyl substituent 

[35]. The antioxidant activity of this type of molecule is due to its ability to scavenge free 

radicals, donate hydrogen atoms or electrons or chelate metal cations [39]. The obtained 

results showed that ethanolic extract of Ammi visnaga has a high activity to eliminate free 

radicals which can be imputed to the high quantity of phenolic compounds [40]. 



Anal. Bioanal. Electrochem., Vol. 10, No. 7, 2018, 912-929                                                 921 
 

Table 4. Total antioxidant capacity of ethanolic extract 

 

Indeed, in terms of some works the antioxidant activity of different extracts of Ammi 

visnaga is characterized by a strong capacity to trap free radicals. The value of IC50 changes 

from one extract to another due to the extraction solvent [41], the treated part of the plant 

material as well as the extraction method and the reference used. 

 

3.2. The anticorrosion potential of ethanolic extract of Ammi visnaga 

3.2.1. Mass-loss measurements by gravimetric method 

The corrosion rate and inhibition efficiency for mild steel in 1 M HCl solution in the 

absence and presence of ethanolic extract of Ammi visnaga are given in Table 5. 

 

Table 5. Corrosion rates obtained from gravimetric technique for mild steel in 1 M HCl at 

different concentrations of ethanolic extract of Ammi visnaga at 298 K 

 

 

 

 

 

 

 

 

 

 

It is indicated that inhibition efficiency of mild steel rise with the increase of ethanolic 

extract of Ammi visnaga concentration up to 84.82% at 0.3 g L-1. So, the presence of 

ethanolic extract of Ammi visnaga leads to a decrease of the corrosion rate. This behavior can 

be attributed to the increase of the covered area by adsorbed molecules on to the surface steel, 

which reduces the direct contact between the steel and the corrosive environment. 

Simultaneously, it can be also concluded that a relatively high surface coverage could be 

obtained even at low concentration of 0.05 g L-1. Indeed, the ethanolic extract of Ammi 

visnaga extracted bay Soxhlet is characterized by the intense presence of polyphenols, mainly 

 Total antioxidant capacity 

(mg BHT/g extract) 

Total antioxidant capacity 

(mg ascorbic acid/g extract) 

Ethanolic extract of 

Ammi visnaga 

82.46 ± 5.27 115.39 ± 6.33 

Cinh 

g L-1
 

Wcorr 

mg.cm-2.h-1 

ɳML % 

1 M HCl 0.5305 – 

0.05 0.1535 71 .06 

0.10 0.1422 73 .19 

0.20 0.1255 76. 34 

0.30 0.0850 84. 82 
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condensed tannins and flavonoids. All flavonoids are derived from the benzo-ᵧ-pyrone 

sequence [42] and condensed tannin comprise a group of polyhydroxy-flavan-3-ol oligomers 

and polymers bonded by carbon-carbon bonds between subunits of flavanol [43]. 

Accordingly, flavonoids and condensed tannins are characterized by the presence of 

adsorption centers (oxygen) in their molecular structures facilitating the transfer of electrons 

from functional groups to steel surface. This allows a better adsorption capacity of the 

molecules at the steel interface and therefore important inhibition efficiencies. 

 

3.2.2. Potentiodynamic Polarization (PP) measurements 

Fig. 4 represents the anodic and cathodic polarization curves (Tafel plots) of mild steel in 

1 M HCl solution at different concentrations of ethanolic extract of Ammi visnaga. Figure 6 

shows an enablement of the potential which shifts from cathodic potential to anodic direction 

with rise of inhibitor concentration. On the other hand, the addition of ethanolic extract of 

Ammi visnaga reduces the anodic dissolution of the steel and also delays the evolution of the 

cathodic hydrogen reaction [44]. These results indicate that this inhibitor exhibits both 

cathodic and anodic inhibition effects. Hence, ethanolic extract of Ammi visnaga can be 

considered as a mixed type inhibitor. 

 
Fig. 4. Polarization curves for mild steel in 1 M HCl at various concentrations of ethanolic 

extract of Ammi visnaga 

 

The kinetic parameters including the corrosion current density (icorr), corrosion potential 

(Ecorr), cathodic Tafel slope (βc) along with inhibition efficiency (ɳ PP %) are given in Table 6. 

It is shown that the corrosion current density (icorr) drops dramatically when inhibition 

efficiency (ɳPP %) rice to attain 85.23% with rise of ethanolic extract of Ammi visnaga 
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concentration until the same optimum of 0.3g L-1 as obtained with Potentiodynamic 

Polarization measurements. 

 

Table 6. Polarization parameters and corresponding inhibition efficiencies for mild steel in  

1 M HCl at different concentrations of ethanolic extract of Ammi visnaga at 298 K 

 

Cinh 

g L-1 

Ecorr 

mVAg/AgCl 

icorr 

µA cm-2 

| βc| 

mV dec-1 

ɳ PP % 

1 M HCl -416.50 337.06 142.1 - 

0.05 -407.50 95.49 163.1 71.66 

0.10 -406.47 89.65 186.3 73.40 

0.20 -403.07 75.15 175.9 77.70 

0.30 -398.62 49.78 172.1 85.23 

 

The increasing inhibition efficiency with increasing inhibitor concentration indicates that 

ethanolic extract of Ammi visnaga acts probably by merely blocking the active sites of the 

metal surface, so retarding the corrosion reaction. On the other hand, the changed Tafel 

slopes (βc) in the presence of ethanolic extract of Ammi visnaga suggests that the mechanism 

of the hydrogen discharge change in the presence of inhibitive at each concentration. 

 

3.2.3. Electrochemical impedance spectroscopy (EIS) measurements 

A better comprehension of the mechanism taking place at the mild steel interface is often 

attained through impedance measurements. EIS is performed under potentiostatic conditions at 

corrE and 298 K in the blank and inhibited solution containing different concentrations of 

ethanolic extract of Ammi visnaga. The corrosion behavior of mild steel in 1 M HCl solution in 

the presence of ethanolic extract of Ammi visnaga is investigated by EIS at 25±1 °C. Fig. 5 

and 6 show the results of electrochemical impedance spectroscopy (EIS) measurements 

experiments in the Nyquist and Bode representations. It is clear from Figure 5 that the 

Nyquist plots are characterized by one depressed capacitive loop, as often obtained in acidic 

media [45,46], which reflects the presence of a single time constant over the entire frequency 

range explored. Which indicate that the corrosion process is mainly charge transfer controlled 

[47]. The deviation of Nyquist plots from an ideal semi-circle is generally attributed to 

different physical processes such as the non-homogeneity of the electrode surface or its 

roughness during the corrosion process [48, 49]. Thus, the Nyquist diagrams are analyzed in 

terms of an equivalent circuit composed the constant phase element (CPE), charge transfer 

resistance (Rct) and a solution resistance (Rs) (as shown in Fig. 7). The impedance parameters 

including charge transfer Rct, double layer capacitance Cdl and inhibition efficiency ɳEIS% are 
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summarized in Table.7. It is clear that the Rct values increase while CPE values decrease with 

increasing ethanolic extract of Ammi visnaga concentration in 1 M HCl solution, which led to 

an increase in ɳEIS% until it, reaches 90.45% at 0.3 gL-1. In turns the Rct is related to the 

blocking of the active sites on the metal surface, the Cdl is directly related to the thickness of 

the adsorbed film and/or the replacement of water molecules by the inhibitor molecules. This 

situation suggests that more inhibitor molecules are adsorbed on the metal surface and 

provide better surface coverage which reduces the capacitance. 

 
Fig. 5. Nyquist diagrams for mild steel in 1 M HCl at different concentrations of ethanolic 

extract of Ammi visnaga at 298 K 

 

As it can be seen from the Bode plots (Fig. 6), only one time constant appears, which 

indicates that the corrosion of mild steel in 1 M HCl solution is mainly controlled by a charge 

transfer process. The increase in the peak heights in the phase-angle plots indicates a more 

capacitive response of the interface due to the presence of inhibitor molecules at the interface. 

Moreover, the increase of absolute impedance at low frequencies confirms the higher 

protection with increasing the concentration of ethanolic extract of Ammi visnaga, which is 

related to the adsorption of ethanolic extract of Ammi visnaga molecules on the steel surface 

in 1 M HCl. In fact, the Bode diagrams, reported in Figure 6, indicate the existence of three 

main regions. The first one, at low frequencies (from 1.38 Hz to10 Hz); i.e., the frequency 

f→0, the second region, at high frequencies (from 10 kHz to 100 kHz); i.e. f→∞, the 

measured impedances Z are practically not influenced by the frequency accompanied with a 

decrease of the phase angle (φ→0). Thus, these two regions show typical ohmic behavior 

where the measured impedances correspond to an ohmic resistance. However, the region 

ranged from 10 Hz to 1 kHz shows a linear dependence of log|Z|–log f. 
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Fig. 6. Bode diagrams for mild steel in 1 M HCl solution at different concentrations of 

ethanolic extract of Ammi visnaga at 298 K 

 

 
Fig. 7. Equivalent circuit model used to fit the electrochemical impedance spectroscopy 

experiment data where Rs, Rct and CPE represent the solution resistance, the charge transfer 

resistance and the constant phase element respectively 

 

Table 7. Electrochemical impedance data for mild steel in 1 M HCl solution in the absence 

and presence of different concentrations of ethanolic extract of Ammi visnaga at 298 K 

 

Cinh 

g L-1 

Rct 

Ω cm2 

Rs 

Ω cm2 

Q 

μFcm−2 

n 

 

Cdl 

μF cm-2 

ɳEIS% 

1 M HCl 59.47±0.78 2.19±0.019 149.9±0.71 0.7672 149.90 - 

0.05 264.10±0.41 2.21±0.061 99.38±0.92 0.7765 224.20 77.48 

0.10 319.80±1.25 2.17±0.017 78.51±0.82 0.7859 172.80 81.40 

0.20 

0.30 

413.90±4.70 

623.30±6.80 

2.47±0.029 50.93±0.53 0.8038 

0.7835 

108.60 

85.14 

85.63 

90.45  2.63±0.042 43.53±0.23 

 

The electrochemical impedance measurements in the presence of ethanolic extract of 

Ammi visnaga indicate the formation of a protective film at the metal interface. This film 
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formed by the presence of polyphenols (especially condensed tannins˃ Flavonoids), could 

cover the steel surface and trap the antioxidant molecules chelating Fe2+ cations. The results 

show that ethanolic extract of Ammi visnaga is dominated by polyphenols especially 

condensed tannins and flavonoids. Which have been studied as responsible the inhibition of 

corrosion for the plant Rosmarinu sofficinalis [50] and Rhizophora apiculata [51], 

respectively. 

 

3.3. Adsorption isotherm 

The adsorption isotherm experiments are performed to have more insights into the 

mechanism of corrosion inhibition, since they describe the molecular interaction of inhibitor 

molecules with the active sites on the mild steel surface. The inhibitive action of ethanolic 

extract of Ammi visnaga toward the acid corrosion of steel could be attributed to the 

adsorption of its components onto the steel surface. The relation between (Cinh/ ) versus Cinh, 

is represented in Fig. 8. A straight line is obtained with almost until slope indicating that the 

adsorption process follows Langmuir adsorption isotherm with a determination coefficient R2 

up to 0.999. This isotherm postulates that there is no interaction between the adsorbed 

molecules [21]. 

 
Fig. 8. Langmuir adsorption isotherm of ethanolic extract of Ammi visnaga on the mild steel 

surface 

 

4. CONCLUSION  

It can be concluded that the phytochemical tests of the ethanolic extract of Ammi visnaga 

reveal the presence of flavonoids, coumarins, steroids, terpenoids and condensed tannins. 

Quantitative analysis shows that this extract is rich in polyphenols particularly condensed 

tannins and flavonoids, which are responsible for the antioxidant activity. 
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Besides, the ethanolic extract of Ammi visnaga ensures the inhibition of mild steel 

corrosion in 1 M HCl medium by formation of a protective film. The polarization study 

shows that the ethanolic extract of Ammi visnaga acts as a mixed type inhibitor, while the 

electrochemical impedance spectroscopy results show that as the inhibitor concentration is 

increased, the charge transfers resistance rise and the double layer capacity decreases. The 

inhibition efficiency follows the same trend from the three understand gravimetric, 

potentiodynamic polarization (Tafel) and electrochemical impedance spectroscopy methods. 

The adsorption of ethanolic extract of Ammi visnaga obeys to Langmuir isotherm model. 
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