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Abstract 

 

Tinospora cordifolia and Senna alata are well-known medicinal plants recognized for 
their extensive antibacterial, antifungal, and therapeutic applications. In addition to their 
well-established medicinal values they show great promise as eco-friendly corrosion 
inhibitors. In this study, plant extracts from Tinospora cordifolia and Senna alata were 
used as sustainable inhibitors to prevent the corrosion of mild steel in acidic 
environments. Plant extracts were prepared using the Soxhlet extraction technique with 
water, hexane, and methanol as solvents. Qualitative phytochemical analysis revealed 
the presence of alkaloids, glycosides, coumarins, and terpenoids, which are known for 
their anticorrosive properties. The efficacy of the plant extracts as corrosion inhibitors 
was assessed using the weight loss method in 1 M HCl solution. An anticorrosion study 
indicated that the methanol extract of T. cordifolia attained the highest inhibition 
efficiency of 93.09%. In comparison, the aqueous extract of S. alata exhibited 86.81% 
efficiency at 1000 ppm concentration. The adsorption studies indicated that the 
inhibition process followed the Langmuir adsorption isotherm model. This study 
underscores the potential of adopting natural plant extracts as non-toxic and 
environmentally friendly corrosion inhibitors for practical industrial application. 

Keywords: Phytochemicals, anticorrosion, Tinospora cordifolia, Senna alata, 
Langmuir adsorption 

Introduction 
Metal corrosion is the natural deterioration of metal surfaces, caused by reactions with 
environmental elements (Bhardwaj et al., 2021; Popoola et al., 2014; Umoren et al., 
2019). This process can lead to serious damage to metal components on a significant 
scale within the industrial machinery and construction sectors, thereby reducing their 
performance and lifespan (Hoai et al., 2019). Reactive metals naturally tend to revert to 
their most stable and lowest-energy states through corrosion (Budhathoki et al., 2024), 
making metals and alloys vulnerable to damage that results in financial losses from 
repairs, replacements, product degradation, safety hazards, and environmental pollution. 
As the principal structural material, mild steel is commonly used in several industrial 
sectors, such as heat exchangers, oil and gas pipelines, cooling towers, and mining 
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machinery, owing to its favorable cost and mechanical performance (Kahyarian & 
Nesic, 2020). However, the challenge of preventing corrosion of mild steel in 
aggressive acidic environments remains significant (Maraveas, 2020). A variety of 
scientific research efforts have been dedicated to improving the corrosion resistance of 
metals, with corrosion inhibitors emerging as a superior solution compared to alloying 
elements (Banik et al., 2023), coatings (Kong et al., 2019; Madhan Kumar et al., 2015), 
heat treatments (Dutta et al., 2015), and plastic deformation (Edalati et al., 2022), 
because of their cost-effectiveness, minimal manufacturing disruption, and improved 
control over material loss (Natarajan & Zahir Said Al Shibli, 2021; Raja et al., 2016). 
Numerous established corrosion inhibitors, such as those based on chromate and 
synthetic organic compound pose significant toxicity, mutagenicity, and carcinogenic 
risk to animals and humans.  
 

T. cordifolia and S. alata (L), two widely used non-controversial herbs in Ayurvedic 
medicine, contain biologically significant phytochemicals such as lactones, alkaloids, 
glycosides, steroids, sesquiterpenoids, and diterpenoids, which can also function as 
effective corrosion inhibitors (Bhardwaj et al., 2021; Haldhar et al., 2023; P. Sharma et 
al., 2019). These compounds can adhere to metal surfaces, creating a protective coating 
that acts as a barrier between the metal and the corrosive agents, particularly in acidic 
environments. The protective layer effectively slows down the rate of corrosion, 
increasing the durability of metal equipment, such as mild steel and aluminum. An 
environmentally benign and biodegradable substitute for conventional synthetic 
inhibitors, which frequently cause health and environmental hazards, is the use of plant-
based extracts as corrosion inhibitors. The increasing need for sustainable solutions in 
industrial environments has prompted the investigation of natural inhibitors, which offer 
a promising eco-friendly method for corrosion prevention. 
 

     
Fig 1: Senna alata plant     Fig 2: Tinospora cordifolia plant 

 
T. cordifolia, known as Guduchi in Sanskrit, is a genetically diverse, glabrous, 
herbaceous vine with heart-shaped leaves, elongated, twisting branches, thin twining 
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stems, and pale yellow flowers that are recognized for their importance in traditional 
medicine (Saha & Ghosh, 2012). It belongs to the Menispermaceae family and is 
distributed across India, Sri Lanka, Nepal, Bangladesh, and China, thriving at altitudes 
of up to 300 m (Sharma et al., 2021). This plant grows on other trees, and its stems, 
leaves, and roots are valued in Ayurvedic medicine for their immunomodulatory, anti-
inflammatory, and antioxidant properties. S. alata(L), commonly referred to as Candle 
Bush, is an ornamental and ethnomedicinal shrub or small tree that can reach heights of 
3 - 4 m (Oladeji et al., 2020). It is widely distributed across tropical and humid regions 
and is recognized for its rapid proliferation and thriving even under challenging climatic 
conditions (Pradhan et al., 2023). The plant belongs to the Caesalpinioideae subfamily 
within the Fabaceae family and has large pinnate leaves. S. alata is native to Asia and 
Africa, known by various local names. Different sections of the plant, such as flowers, 
leaves, stems, bark, seeds, and roots, are valued for their diverse biological activities, 
ranging from antifungal to anti-inflammatory properties. Thus, it is a key component of 
traditional medicine (Alshehri et al., 2022). This study investigated the phytochemical 
composition of these two plants and evaluated their potential anticorrosion performance 
to assess their effectiveness in protecting steel equipment from corrosion. 

Materials and Methods 

Sampling and identification of the plant specimens 
Plant specimens were procured from the Biratnagar area, and their identification was 
conducted at the Department of Botany, Mahendra Morang Adarsh Multiple Campus 
Biratnagar. All reagents utilized in this study were of analytical grade (AR), and 
double-distilled water was used for solution preparation, as well as for the cleaning and 
rinsing of glassware. The solvents used for extraction, methanol, and hexane, were 
obtained from Qualigens and procured from local chemical suppliers in Biratnagar. 

Drying 

The stems of the plants were cleaned using tap water and then distilled water to remove 
dirt and impurities and cut into small pieces using scissors and knives. They were left to 
dry in shade on the floor above the chart paper for approximately 25 days. The dried 
stems were crushed and ground into fine powder using an electronic grinder. Afterward, 
the powdered sample was dried in a laboratory oven at 37°C for two days to eliminate 
moisture prior to the extraction process (Lazarjani et al., 2021). 

Extraction 

Plant extracts were obtained using the Soxhlet extraction method with hexane, water, 
and methanol as solvents (Fagbemi et al., 2021). Dried plant powder (30 g) was packed 
in three thimbles prepared using Whatman No. 1 filter paper (Bitwell et al., 2023). All 
thimbles were placed in a Soxhlet extractor, and extraction was performed using 350 ml 
of hexane, methanol, and water. The solutions were heated at approximately 
35°C,40°C, and 80°C using an electric heater for about 16, 20, and 48 h respectively 
(Zhang et al., 2018). A small volume of the extract was separated for phytochemical 
screening, and the remainder was left for drying in the incubator. The dried sample was 
used to assess the anticorrosion activity of the plant sample. 
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Phytochemical Screening 

Qualitative phytochemical profiling was conducted for methanol, hexane, and water 
extracts of plant the samples according to the standard method (Adil et al., 2024; 
Ahou et al., 2014; Basak et al., 2018; Phuyal et al., 2019). Each test was performed 
in triplicate to confirm the phytochemical composition of the plant extracts. 

Anticorrosion activity 

Gravimetric analysis (weight loss) was adopted to assess the effectiveness of plant 
extract in preventing corrosion of mild steel (MS) in the HCl solution. A stock solution 
with a concentration of 1000 ppm was prepared by dissolving the plant extract in 1 M 
HCl, and this solution was further diluted to 800, 600, 400, and 200 ppm. The MS 
specimens (2 x 2 cm) were cut from a metal sheet and smoothed to a shiny finish using 
emery paper with different grits. They were subsequently rinsed with distilled water and 
acetone, air dried, and stored in a desiccator (Fouda et al., 2024). Their dimensions and 
weights were determined before they were immersed in a crucible containing 25 ml of 
test solution at room temperature. Weight loss was calculated by subtracting the original 
weight MS coupons from their weight after 24 h of immersion. The test was conducted 
in triplicate, and the average weight loss was applied to compute the rate of corrosion 

(C.R.), inhibition efficiency ( ), and surface coverage  using the equations below 
(Chung et al., 2020). The anticorrosion parameters were calculated using the following 
formula: 

    (1) 

Where "Δw" represents weight loss measured in grams after the immersion time (t) in 
hours, 'd' and ‘A’ represent the density (gm/cm3) and area (cm2) of MS respectively. 

 

   (2) 

   (3) 

Where, W1 and W2 represent the weight loss values of MS with or without the inhibitor, 
respectively. 

 

Results and discussion 

Percentage Yield: 

The percentage yield indicates the percentage of extract derived from a given weight of 
plant powder sample. Comparing the amount of extract obtained to the amount of 
powdered plant sample taken, the percentage yield of T. cordifolia was 26.6%, 20.0%, 
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and 17.0%, while S. alata yielded 25.4%, 20.0%, and 16.8% in water, methanol, and 
hexane, respectively, as shown in Table 1. These results suggest that water is a 
promising solvent for the extraction of secondary metabolites from plant samples. 

 

Table 1: Percentage yield of both T. cordifolia and S. alata plants by Soxhlet process 
 
Quantity in solvent  

Weight of extract (g)                 % yield 
T. cordifolia S. alata T. cordifolia S. alata 

30 grams in 350 ml water 8.0 g 7.62 g 26.6 % 25.4 % 
30 grams in 350 ml 
methanol 

6.0 g 6.0 g 20.0 % 20.0 % 

30 gram in 350 ml hexane 5.1 g 5.04 g 17.0 % 16.8 % 

 

Phytochemical Screening: 

All 15 phytochemical tests were applied to detect the presence of phytochemical 
constituents in three different extracts of T. cordifolia and S. alata. Table 2 shows the 
phytochemical analysis for both plant extracts. 
 
Table2: Qualitative Phytochemical screening of T. cordifolia and S. alata 

(+) sign denotes the presence of a constituent in the corresponding screening test, while the (-) sign 
indicates its absence. 

S.N. Phytochemical Test Tinospora cordifolia Senna alata 
Aqueous Methanol Hexane Aqueous Methanol Hexane 

1.  Test for alkaloids    
a) Wagner's test + + + + + + 
b) Mayer's test + + + + + + 

2.  
Test for coumarins 

+ + + - + - 

3.  
Test for saponin 

+ - - + - - 

4.  
Test for tannin 

- - - - - - 

5.  
Test for flavonoids 

- - - - + + 

6.  
Test for cardiac 
glycoside 

+ + + + - + 

7.  
Test for reducing sugar 

   + + + 

a) Fehling's test + + + + + + 
b) Molisch's test + + + - + - 

8.  
Test for Glucoside 

+ - + - - + 

9.  
Test for glycoside 

+ + + - + - 

10.  
Test for anthraquinone 

- + - + + - 

11.  
Test for emodins 

- - - - - - 

12.  
Test for phlobatannins 

- - - + + + 

13.  
Test for terpenoids 

+ + + + - - 

14.  
Test for protein 

+ + + - + + 

15.  
Test for steroid 

+ + + - + - 
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Phytochemical profiling of the plant extracts revealed the presence of several phytochemical 
constituents, including alkaloids, coumarins, cardiac glycosides, reducing sugars, glycosides, 
terpenoids, and steroids, in T. cordifolia. Glucosides were detected in the methanol and 
hexane extracts, whereas saponins were exclusively found in the methanol extract. In the case 
of S. alata, alkaloids, reducing sugars, and phlobatannins were present in all the three 
extracts. Flavonoids and proteins were found in the hexane and methanol extracts, whereas 
glycosides and steroids were present only in the methanol extract. Saponins were detected 
only in the aqueous extract of S. alata. The presence of various components has been shown 
to increase the corrosion resistance of mild steel in acidic media (Thomas K et al., 2021). 
 

Anticorrosion study 

The weight loss analysis of the MS specimens was carried out to increase 
the concentration of the T. cordifolia extract (TCE). The corrosion parameters of both T. 
cordifolia extracts are listed in Table 3. The corrosion rate of the MS coupons 
decreased with increasing inhibitor concentration, resulting in higher inhibition 
efficiency (IE) of the TCE. As the concentration of the extract increased, the fraction of 
the surface covered by adsorbed molecules also increased. A graphical representation of 
the rate of corrosion and inhibition effectiveness with respect to the concentration is 
shown in Fig. 3 and 4. At maximum concentration, methanol extracts of T. cordifolia 
showed better inhibition efficiency (93.09 %) than the aqueous extracts (90.79 %). This 
highest attended IE is in accordance with the IE of 94.73 % in 1 M HCl at 5% TCE 
concentration, reported by Thomas K et al. (Thomas K et al., 2021). 

 

 

 

 

 

 

Table 3: Corrosion parameters of methanol and aqueous extract of T. cordifolia immersed for 24 h 

Test 

sample 

Concentration 
(ppm) 

Corrosion rate 
(mm/yr) 

Surface  

coverage (θ) 

Inhibition  

efficiency ( ) (%) 

Methanol 

extract 

1000 0.33 0.93 93.09 

800 0.44 0.90 90.79 

600 0.66 0.86 86.18 

400 1.11 0.76 76.97 

200 1.33 0.72 72.37 

Control 0 4.836 - - 

Aqueous 1000 0.44 0.90 90.79 
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extract 800 0.55 0.88 88.48 

600 0.67 0.86 86.18 

400 0.78 0.83 83.88 

200 1.11 0.76 76.97 

Control 0 4.836 - - 
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Fig 3: Rate of corrosion of MS in different concentrations of T. cordifolia extracts immersed for 24 h. 
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Fig 4: Inhibition efficiency of T. cordifolia extracts at different concentrations immersed for 24 h. 

 
The corrosion rates of MS evaluated with and without the presence of S. alata extract (SAE) 
and the inhibition efficiencies at different concentrations of SAE are presented in Table 4. 
Similar results were observed with the SAE, showing that the rate of corrosion of MS 
decreased, while the inhibition efficiency increased as the concentration of SAE increased. 
The aqueous S. alata extract achieved the highest IE of 85.81 % compared to the methanol 
extract at maximum concentration. The graphical representation of corrosion rate and IE with 
varying concentrations of SAE is shown in Fig. 5 and Fig. 6. These results indicate that both 
plant extracts reduced corrosion due to acidic exposure in mild steel compared to the control 
solution. The anticorrosion activity varied significantly among the different extracts owing to 
differences in their phytochemical compositions. The enhanced performance of the methanol 
extract may be attributed to its ability to dissolve specific bioactive compounds, which adhere 
more effectively to the steel surface. Similarly, the effectiveness of the S. alata extracts 
varied; the aqueous extract was the most effective, likely because it contains many polar 
phytochemicals that bond well to the steel surface. These findings are consistent with the 
Langmuir adsorption isotherm, which suggests that the manner in which these compounds 
interact with the surface affects their adsorption efficiency. 
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Table 4: Corrosion parameters of methanol and aqueous extract of S. alata immersed for 24 h 

Test 

sample 

Concentration 

(ppm) 

Corrosion 

rate (mm/yr) 

Surface 

coverage (θ) 

Inhibition 

efficiency ( )(%) 

Methanol 

extract 

1000 0.957 0.80 80.20 

800 1.068 0.77 77.89 

600 1.447 0.69 70.07 

400 2.783 0.41 42.44 

200 3.340 0.3 30.93 

Control 0 4.836 - - 

Aqueous 

extract 

1000 0.638 0.864 86.81 

800 1.364 0.720 71.80 

600 2.189 0.472 54.74 

400 2.761 0.410 42.91 

 200 3.030 0.356 37.35 

Control 0 4.836 - - 
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Fig 5: Rate of corrosion of MS in different concentrations of S. alata extracts immersed for 24 h. 
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Fig 6: Inhibition efficiency of S. alata extracts at different concentrations immersed for 24 h. 

 
Adsorption isotherm study 

The influence of the inhibitor on the rate of corrosion is associated with the adsorption 
of its molecules on the metal substrate. The mechanism of adsorption involves blocking 
the release of hydrogen ions (H+) and the dissolution of metal ions by the plant extract. 
Additionally, plant extract contain polar groups such as organic nitrogen (N), sulphur 
(S), and hydroxyl (OH) groups, which can bond with the metal surface (Iloamaeke et 

al., 2015). This bonding helps to prevent further corrosion. A graph plotted between  

and the different concentration of plant extract (C) was best fitted to the Langmuir 
adsorption isotherm to illustrate the behavior of inhibitor adherence on MS. The 
Langmuir isotherm is represented by equation (Tran et al., 2021). 

  

Where C is the inhibitor concentration in g/L and is an adsorption equilibrium 
constant. 

The obtained plots in Fig. 7 and Fig. 8 are linear, and the intercept of the plot permits 

the calculation of the Kads. The values of  obtained from the intercept of the linear 
plot were applied to evaluate the free energy of adsorption (ΔG0) (Bidi et al., 2020; 
Umoren et al., 2016). 
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Where R represents the universal gas constant, T denotes absolute temperature 
respectively, and 1000 is the concentration of water molecules in g/L. 
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Fig 7: Langmuir adsorption isotherm plot with different concentrations of methanol and aqueous extract 
of T. Cordifolia 
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Fig 8: Langmuir adsorption isotherm plot with different concentrations of Methanol and aqueous extract 

of S. alata 

The ΔG° values were found to be -17.167 kJ/mol and -16.96 kJ/mol for methanol and 
aqueous extracts of T. cordifolia respectively. Similarly, the ΔG° for methanol and 
aqueous extracts of S. alata was calculated to be -16.85kJ/mol and -17.024 kJ/mol 
respectively. All negative free energy values suggest that adsorption on the steel 
surfaces is both spontaneous and sustained. Here, the values of ΔG° indicate the 
adsorption of methanol and aqueous extracts of both plant inhibitors on MS in 1M HCl 
through a physisorption process (Darweesh et al., 2022). 

Conclusion 

In this study, the phytochemical constituents and anticorrosion activity of T. cordifolia 
and S. alata plant extracts were investigated using methanol, hexane, and aqueous 
solvents. Phytochemical analysis of the plant extracts indicated the presence of 
alkaloids, cardiac glycosides, steroids, reducing sugars, and several other bioactive 
compounds, with variation depending on the solvent used. The ability of the plant 
extracts to inhibit corrosion was tested on MS specimens in 1 M HCl solution using the 
gravimetric method. These findings demonstrated that the plant extracts, especially T. 
cordifolia, showed significant anticorrosion activity. Among the tested extracts, the 
methanolic extract of T. cordifolia exhibited the highest IE of 93.09%, whereas the 
aqueous extract showed an IE of 90.79 % at 1000 ppm. Similarly, S. alata extracts 
showed promising results, with the highest IE (86.81%) achieved by the aqueous extract 
at 1000 ppm. The Langmuir adsorption isotherm confirmed that the adsorption of the 
plant extracts onto the mild steel surface followed typical physical adsorption 
behaviour. Overall, this study highlighted the potential of these plant extracts as 
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environmentally friendly and efficient corrosion inhibitors for MS under acidic 
conditions. The variation in IE among extracts and concentrations underscores the 
importance of further research to optimize the use of these natural inhibitors in 
industrial applications. 

References 

Adil, M., Filimban, F. Z., Ambrin, Quddoos, A., Sher, A. A., & Naseer, M. (2024). 
Phytochemical screening, HPLC analysis, antimicrobial and antioxidant effect of 
Euphorbia parviflora L. (Euphorbiaceae Juss.). Scientific Reports, 14(1), 5627. 
https://doi.org/10.1038/s41598-024-55905-w 

Ahou, I., Olivier, K., Chatigre, K., & Bretin, M. (2014). Phytochemical screening of the 
antimicrobial fraction of Solanum indicum L . berries extract and evaluation of its 
effect against the survival of bacteria pathogens of plants. 2(January), 21–30. 

Alshehri, M. M., Quispe, C., Herrera-Bravo, J., Sharifi-Rad, J., Tutuncu, S., Aydar, E. 
F., Topkaya, C., Mertdinc, Z., Ozcelik, B., Aital, M., Kumar, N. V. A., Lapava, N., 
Rajkovic, J., Ertani, A., Nicola, S., Semwal, P., Painuli, S., González-Contreras, 
C., Martorell, M., … Cho, W. C. (2022). A review of recent studies on the 
antioxidant and anti-Infectious properties of Senna plants. In Oxidative Medicine 
and Cellular Longevity (Vol. 2022). https://doi.org/10.1155/2022/6025900 

Banik, D., Manna, S. K., Maiti, A., & Mahapatra, A. K. (2023). Recent advancements 
in colorimetric and fluorescent pH chemosensors: from design principles to 
applications. Critical Reviews in Analytical Chemistry, 53(6), 1313–1373. 
https://doi.org/10.1080/10408347.2021.2023002 

Basak, D. P., Adhikary, T., Das, P., & Biswas, S. (2018). Phytochemical analysis and 
comparative study of antibacterial effect of turmeric extracts using different 
solvent. IOP Conference Series: Materials Science and Engineering, 410(1). 
https://doi.org/10.1088/1757-899X/410/1/012018 

Bhardwaj, N., Sharma, P., & Kumar, V. (2021). Phytochemicals as steel corrosion 
inhibitor: an insight into mechanism. Corrosion Reviews, 39(1), 27–41. 
https://doi.org/10.1515/corrrev-2020-0046 

Bidi, M. A., Azadi, M., & Rassouli, M. (2020). A new green inhibitor for lowering the 
corrosion rate of carbon steel in 1 M HCl solution: Hyalomma tick extract. 
Materials Today Communications, 24, 100996. 
https://doi.org/10.1016/J.MTCOMM.2020.100996 

Bitwell, C., Indra, S. Sen, Luke, C., & Kakoma, M. K. (2023). A review of modern and 
conventional extraction techniques and their applications for extracting 
phytochemicals from plants. Scientific African, 19, e01585. 
https://doi.org/10.1016/j.sciaf.2023.e01585 

Budhathoki, S., Chaudhary, N., Guragain, B., Baral, D., Adhikari, J., & Chaudhary, N. 
K. (2024). Green synthesis of silver nanoparticles from Brassaiopsis hainla extract 
for the evaluation of antibacterial and anticorrosion properties. Heliyon, 10(15), 



Phytochemical Composition …   
                                                                  38 

 
e35642. https://doi.org/10.1016/j.heliyon.2024.e35642 

Chung, I. M., Kim, S. H., & Prabakaran, M. (2020). Evaluation of Phytochemical, 
Polyphenol Composition and Anti-corrosion Capacity of Cucumis anguria L. Leaf 
Extract on Metal Surface in Sulfuric Acid Medium. Protection of Metals and 
Physical Chemistry of Surfaces, 56(1), 214–224. 
https://doi.org/10.1134/S2070205120010050 

Darweesh, M. A., Elgendy, M. Y., Ayad, M. I., Ahmed, A. M. M., Elsayed, N. M. K., 
& Hammad, W. A. (2022). Adsorption isotherm, kinetic, and optimization studies 
for copper (II) removal from aqueous solutions by banana leaves and derived 
activated carbon. South African Journal of Chemical Engineering, 40, 10–20. 
https://doi.org/10.1016/j.sajce.2022.01.002 

Dutta, A., Saha, S. K., Banerjee, P., & Sukul, D. (2015). Correlating electronic structure 
with corrosion inhibition potentiality of some bis-benzimidazole derivatives for 
mild steel in hydrochloric acid: Combined experimental and theoretical studies. 
Corrosion Science, 98, 541–550. https://doi.org/10.1016/j.corsci.2015.05.065 

Edalati, K., Bachmaier, A., Beloshenko, V. A., Beygelzimer, Y., Blank, V. D., Botta, 
W. J., Bryła, K., Čížek, J., Divinski, S., Enikeev, N. A., Estrin, Y., Faraji, G., 
Figueiredo, R. B., Fuji, M., Furuta, T., Grosdidier, T., Gubicza, J., Hohenwarter, 
A., Horita, Z., … Zhu, X. (2022). Nanomaterials by severe plastic deformation: 
review of historical developments and recent advances. Materials Research 
Letters, 10(4), 163–256. https://doi.org/10.1080/21663831.2022.2029779 

Fagbemi, K. O., Aina, D. A., & Olajuyigbe, O. O. (2021). Soxhlet Extraction versus 
Hydrodistillation Using the Clevenger Apparatus: A Comparative Study on the 
Extraction of a Volatile Compound from Tamarindus indica Seeds. Scientific 
World Journal, 2021(1), 5961586. https://doi.org/10.1155/2021/5961586 

Fouda, A. E. A. S., Molouk, A. F., Atia, M. F., El-Hossiany, A., & Almahdy, M. S. 
(2024). Verbena officinalis (VO) leaf extract as an anti-corrosion inhibitor for 
carbon steel in acidic environment. Scientific Reports, 14(1), 16112. 
https://doi.org/10.1038/s41598-024-65266-z 

Haldhar, R., Kim, S. C., Berisha, A., Mehmeti, V., & Guo, L. (2023). Corrosion 
inhibition abilities of phytochemicals: a combined computational studies. Journal 
of Adhesion Science and Technology, 37(5), 842–857. 
https://doi.org/10.1080/01694243.2022.2047379 

Hoai, N. T., Van Hien, P., Vu, N. S. H., Son, D. L., Van Man, T., Tri, M. D., & Nam, 
N. D. (2019). An improved corrosion resistance of steel in hydrochloric acid 
solution using Hibiscus sabdariffa leaf extract. Chemical Papers, 73(4), 909–925. 
https://doi.org/10.1007/s11696-018-0649-6 

Iloamaeke, I. M., Egwuatu, C. I., Umeobika, U. C., Edike, H., & Ohaekenyem, E. C. 
(2015). Corrosion inhibition and adsorption studies of ethanol extract of Senna 
alata for mild steel in 2.0M H2SO4 solution. International Journal of Materials 



BUTWAL CAMPUS JOURNAL, VOL. 7, NO. 2, December 2024                                                                      39 

 
Chemistry and Physics, 1(October), 295–299. 

Kahyarian, A., & Nesic, S. (2020). On the mechanism of carbon dioxide corrosion of 
mild steel: Experimental investigation and mathematical modeling at elevated 
pressures and non-ideal solutions. Corrosion Science, 173, 108719. 
https://doi.org/10.1016/j.corsci.2020.108719 

Kong, P., Feng, H., Chen, N., Lu, Y., Li, S., & Wang, P. (2019). Polyaniline/chitosan as 
a corrosion inhibitor for mild steel in acidic medium. RSC Advances, 9(16), 9211–
9217. https://doi.org/10.1039/c9ra00029a 

Lazarjani, M. P., Young, O., Kebede, L., & Seyfoddin, A. (2021). Processing and 
extraction methods of medicinal cannabis: a narrative review. Journal of Cannabis 
Research, 3(1), 32. https://doi.org/10.1186/s42238-021-00087-9 

Madhan Kumar, A., Mizanur Rahman, M., & Gasem, Z. M. (2015). A promising 
nanocomposite from CNTs and nano-ceria: Nanostructured fillers in polyurethane 
coatings for surface protection. RSC Advances, 5(78), 63537–63544. 
https://doi.org/10.1039/c5ra09224h 

Maraveas, C. (2020). Durability issues and corrosion of structural materials and systems 
in farm environment. Applied Sciences (Switzerland), 10(3), 990. 
https://doi.org/10.3390/app10030990 

Natarajan, R., & Zahir Said Al Shibli, F. S. (2021). Synthesis of biomass derived 
product from Ziziphus spina-christi and application for surface protection of metal 
under acidic environment- Performance evaluation and thermodynamic studies. 
Chemosphere, 284, 131375. https://doi.org/10.1016/j.chemosphere.2021.131375 

Oladeji, O. S., Adelowo, F. E., Oluyori, A. P., & Bankole, D. T. (2020). Ethnobotanical 
Description and Biological Activities of Senna alata. Evidence-Based 
Complementary and Alternative Medicine, 2020(1), 2580259. 
https://doi.org/10.1155/2020/2580259 

Phuyal, A., Ojha, P. K., Guragain, B., & Chaudhary, N. K. (2019). Phytochemical 
screening, metal concentration determination, antioxidant activity, and 
antibacterial evaluation of Drymaria diandra plant. Beni-Suef University Journal of 
Basic and Applied Sciences, 8(16). https://doi.org/https://doi.org/10.1186/s43088-
019-0020-1 

Popoola, A., Olorunniwo, O., & Ige, O. (2014). Corrosion resistance through the 
application of anti-corrosion coatings. In Developments in Corrosion Protection. 
InTech. https://doi.org/10.5772/57420 

Pradhan, J., Sarma, A., Kalita, S., Talukdar, R., & Tayung, K. (2023). Plant growth-
promoting effect of seed-borne endophytic fungi isolated from Senna alata (L.) 
Roxb. Proceedings of the National Academy of Sciences India Section B - 
Biological Sciences, 93(4). https://doi.org/10.1007/s40011-023-01483-2 

Raja, P. B., Ismail, M., Ghoreishiamiri, S., Mirza, J., Ismail, M. C., Kakooei, S., & 
Rahim, A. A. (2016). Reviews on corrosion inhibitors: a short view. Chemical 



Phytochemical Composition …   
                                                                  40 

 
Engineering Communications, 203(9), 1145–1156. 
https://doi.org/10.1080/00986445.2016.1172485 

Saha, S., & Ghosh, S. (2012). Tinospora cordifolia: One plant, many roles. Ancient 
Science of Life, 31(4), 151. https://doi.org/10.4103/0257-7941.107344 

Sharma, H., Rao, P. S., & Singh, A. K. (2021). Fifty years of research on Tinospora 
cordifolia: From botanical plant to functional ingredient in foods. Trends in Food 
Science and Technology, 118, 189–206. https://doi.org/10.1016/j.tifs.2021.10.003 

Sharma, P., Dwivedee, B. P., Bisht, D., Dash, A. K., & Kumar, D. (2019). The chemical 
constituents and diverse pharmacological importance of Tinospora cordifolia. 
Heliyon, 5(9). https://doi.org/10.1016/j.heliyon.2019.e02437 

Thomas K, V., Thomas K, J., Rapheal P, V., Sabu, A. S., Ragi, K., & Johnson, R. 
(2021). Tinospora cordifolia extract as an environmentally benign green corrosion 
inhibitor in acid media: electrochemical, surface morphological, quantum 
chemical, and statistical investigations. Materials Today Sustainability, 13, 
100076. https://doi.org/10.1016/j.mtsust.2021.100076 

Tran, H. N., Lima, E. C., Juang, R. S., Bollinger, J. C., & Chao, H. P. (2021). 
Thermodynamic parameters of liquid–phase adsorption process calculated from 
different equilibrium constants related to adsorption isotherms: A comparison 
study. Journal of Environmental Chemical Engineering, 9(6), 106674. 
https://doi.org/10.1016/j.jece.2021.106674 

Umoren, S. A., Eduok, U. M., Solomon, M. M., & Udoh, A. P. (2016). Corrosion 
inhibition by leaves and stem extracts of Sida acuta for mild steel in 1 M H2SO4 
solutions investigated by chemical and spectroscopic techniques. Arabian Journal 
of Chemistry, 9, S209–S224. https://doi.org/10.1016/j.arabjc.2011.03.008 

Umoren, S. A., Solomon, M. M., Obot, I. B., & Suleiman, R. K. (2019). A critical 
review on the recent studies on plant biomaterials as corrosion inhibitors for 
industrial metals. Journal of Industrial and Engineering Chemistry, 76, 91–115. 
https://doi.org/10.1016/j.jiec.2019.03.057 

Zhang, Q. W., Lin, L. G., & Ye, W. C. (2018). Techniques for extraction and isolation 
of natural products : a comprehensive review. Chinese Medicine, 13(20). 
https://doi.org/10.1186/s13020-018-0177-x 

 
 


