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Abstract: The aim In this study, we investigated the inhibiting effect of Dioscorea spp 
leaf extracts on the corrosion of mild steel in selected media using the weight loss method. 
The mild steel samples were pre-weighed and immersed in NaOH, NaCl and H2SO4 
solutions respectively containing the leaf extracts, with the control samples immersed in 
solutions of the media containing no extract. The samples were allowed to stand for 673 
hours, with a set of samples from each environment withdrawn at intervals of 168 hours 
for corrosion deposition. The results obtained from all the media indicate that the corrosion 
rate decreased as concentrations of Dioscorea spp increased. Results also confirmed that 
the functioned as an effective and excellent inhibitor in the alkaline, salt and acidic media. 
Conclusively it was proven that the higher concentration of Dioscorea spp leaf extracts in 
the media had the best inhibition performance on the mild steel in the selected 
environments. The results showed that the Dioscorea spp leaf extract is a good candidate 
in oil and gas industries for the corrosion protection. The microstructure analysis of the 
various test coupons in the tested media should be carried out in order to reveal the 
influence of the addition of the leaf extracts to the stimulated media on the grain structure 
distribution of the mild steel.  
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1. Introduction 
 In recent times, the applications of the new green inhibitors have continued to gain interest in the 
technological world. In the field of material science and corrosion control, scientists are persistent in 
seeking better and more efficient ways of combating the corrosion of metals (Idenyi et al., 2015a, 
Hammouti et al., 1995; Idenyi et al., 2015b ; Idu et al., 2015) 
 The Corrosive effects are of remarkable consequence in the food processing industry as leaves 
contain corrosion-aggressive substances, such as tannins, saponins, and flavonoids, etc (Jamiu et al. 
2013; Bammou et al. 2010; Bammou et al. 2011), thereby causing a significant impact on the 
degradation of constructional materials and the maintenance or replacement of products lost or 
contaminated as a result of corrosion reactions. Corrosion has posed to be more of a nuisance than 
good (Ji et al. 2015, Kowsari et al., 2014). 
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 The practice of inhibition is commonly used to reduce the corrosive attack on metallic materials. 
Inhibitors are generally used for this purpose to control metal dissolution. A number of studies have 
recently appeared in the literature on the corrosion of mild steel in acidic solutions (Al-Amiery et al. 
2023; Loukili et al., 2022; Yousefi et al., 2023). The important materials used in the manufacturing 
sector are mild steel. Mild Steel is widely used in the construction of machine parts that are employed 
in manufacturing, processing, and production industries (Anyanwu et al. 2014; Anupama et al., 2016; 
Benali et al., 2013). The best approach to militate corrosion of these structures is to study the corrosive 
behavior of this metallic material in the environment concerned in order to proffer an appropriate 
method of protection (Haldhar et al. 2021, Sun et al., 2022). Mild steel corrodes when exposed to air 
and the oxide formed on it is readily broken down, in the presence of moisture, especially if it is not 
repaired (Honarvar et al. 2022; Afolabi et al., 2013).  
 Moreover, since the whole idea of metal protection is anchored on economic gain and environmental 
sustainability, the substance to be used as a metal corrosion inhibitor must be cheap, readily available, 
and environmentally friendly. Hence, research activities are geared toward finding a replacement for 
inorganic metal corrosion inhibitors. The leaf is one of the sources of cheap, readily available, and non-
toxic green metal corrosion inhibitors.  Leaf Products are organic in nature, and contain certain 
photochemical substances such as tannins, flavonoids, saponins, organic and amino acids; alkaloids, 
and pigments that could be extracted by simple less expensive procedures. Extracts from different parts 
of leaves have been widely reported as effective and good metal corrosion inhibitors in various 
corrosive media (Marzorati et al. 2019; Ouakki et al. 2022; Berrissoul et al., 2022, Hamed et al., 2021). 
 Various research works have been carried out in recent times on the use of vegetable extracts as 
corrosion inhibitors (Ahanotu et al. 2022, Dehghani et al., 2023). The research interest has been 
necessitated by the fact that the present corrosion inhibitors in the market for the protection of mild 
steel in the alkaline media are hazardous to the environment and thus compromise safety and 
sustainability drives (Ghahrenani et al. 2021). There is, therefore, the need to develop inhibitors that 
are eco-friendly and sustainable. It is, however, noteworthy that the results of these studies show that 
extracts of the leaf are at the top of the list of non-toxic organic that has been used as corrosion 
inhibitors to replace environmentally hazardous synthetic. They are non-toxic, environmentally 
friendly, and readily available. To enhance the efficiency of metal corrosion inhibitors, extensive 
studies have been undertaken to identify the synergistic effect of other additives. (Rathod et al. 2022, 
Yee et al., 2020, Hynes et al., 2021) noted that synergism provides a way of improving the inhibitive 
force of an inhibitor, decreasing the quantity of inhibitor usage, and diversifying the application of the 
inhibitor in an aggressive environment. The present study is concerned with an investigation of the 
inhibiting effect of Dioscorea spp leafy extracts on the corrosion of mild steel in selected media by 
using the weight loss method.  
 

2. Methodology 
2.1 Materials 

The materials that were used for this study include the following:  mild steel rods, hacksaw, lathe 
machine, electronic weighing balance METTLE TOLEDO model ME204E, beakers (100cm3, 
measuring cylinder (1000cm3), volumetric flask (250cm3), masking tape, sand paper, nylon thread, 
hand towel, razor blade, retorts stand, paper sieve, funnel, distilled water, Dioscorea spp leaf extracts. 
The chemicals that were used were Acetone, tetraoxosulphate (vi) acid (H2SO4), sodium hydroxide 
(NaOH) and sodium chloride (NaCl). 
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2.2 Material preparation of mild steel and leaf extracts 
 Mild steel rod was used for this study. The composition of the mild steel rods was analyzed using 
Optical Emission Spectrometer and the mild steel rods were sourced from metal stockists. The 
chemicals and reagents that were used in this study were of analytical grade. Cylindrical mild steel 
samples of diameter 8mm and height of 16mm was machined using lathe machine and hacksaw. Each 
coupon was degreased by washing in ethanol, dried in acetone and kept in a desiccator and then weight 
of each coupon was weighed before insert into beaker to obtain the weight difference. 

 
Photo 1: Dioscorea spp leaf 

The leaves were collected from Edda-Echara town in Ebonyi State and were identified by laboratory 
technologist in the Department of Applied Biology, Ebonyi State University, Abakaliki, Nigeria. 20g 
of leaf extracts of Dioscorea spp was obtained using standard laboratory procedures. Volumetric 
concentrations of the leaves extracts were expressed in milliliter (ml). Concentrations of Dioscorea spp 
leaf extracts that was used for the study were 5 cm3, 10 cm3 and 15 cm3 while the concentrations of the 
acid, alkali and salt were 0.5 M and 1.0 M respectively. A total of twenty (20) beakers were rinsed with 
distilled water and dried in air before the experimental were set up, so as to avoid additional water. The 
coupons were immersed in the different media by means of a nylon thread that were hang on a retort 
stand and tied to the coupons. Samples of the mild steel were inserted into the beakers and allowed to 
stand for 28 days (672 hours) with a set withdrawn after every 7 days (168 hours). None of the coupons 
were allowed to touch one another in order to avoid crevice and galvanic corrosion.	

2.3 Corrosion characterisation 
The sample coupons of mild steel were first weighed using a digital weighing balance, METTLER 
TOLEDO model ME204E with a least count of 0.0001g, labeled and immersed in the test solutions of 
acid, alkali and salt with inhibitor. The weight loss of each of the sample coupons were determined and 
recorded. The determination of weight loss and recording was repeated consistently every 68 hours (7 
days) for a period of 672 hours (28 days). Prior to measurement, each coupon was washed in absolute 
ethanol, rinsed in distilled water, dried in acetone and then weighed (Callister, 2007). The same 
experiment was repeated in the absence and presence of inhibitor. From the weight loss measurements, 
the corrosion rate of leaf extracts was calculated using the Eqn. 1. 

   𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛	𝑅𝑎𝑡𝑒 = !∆#
$%&

                                                     Eqn.1 
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where CR is corrosion rate, millimeter per year (mm/yr), K is rate constant equal to 87.6 × 104, ∆𝑊 is 
weight loss in mg,  is density of material in gcm-3 =7.86gcm-3, T is exposure time in hours, A is 
exposed area of coupon in cm2. 

3. Results and Discussion 
3.1 Corrosion rate analysis 

Figures 1-6 give the graphical variation of corrosion rate with exposure time as obtained from 
weight loss measurements. The results obtained for the variation of corrosion rates with exposure time 
for the mild steel specimens immersed in 0.5 M NaOH with varied concentrations of added Dioscorea 
spp leaf extract is presented Figure 1. The result obtained show a great value of corrosion rate for the 
test media without Dioscorea spp leaf extract. The addition of Dioscorea spp extract to the test media 
resulted in reduction of corrosion rate.  

Figure 1. The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for Dioscorea spp leaf extract in 0.5 M 
NaOH media. 

Figure 2.  The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for Dioscorea spp leaf extract in 1.0 
M NaOH media. 
 

Figure 3. The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for Dioscorea spp leaf extract in 0.5 M 
NaCl media 

Figure 4. The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for Dioscorea spp leaf extract in 1.0 
M NaCl media 
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Figure 5. The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for Dioscorea spp  leaf  extract in  
0.5 M H2SO4 media 

Figure 6. The graph of corrosion rate (mm/yr) against 
exposure time (hrs) for  Dioscorea spp  leaf extract in  
1.0 M H2SO4 media 
 

The difference in corrosion rate for the test media with and without Dioscorea spp extract was 
much for the 168-hour interval, but from 336 to 672 hours there was a decrease in corrosion rate for 
the media without Dioscorea spp extract (control experiment). The Dioscorea spp extract shows a good 
inhibition behavior on the corrosion rate of mild steel in 0.5 M NaOH media. This is an agreement with 
the findings in the literature (Kowsari et al. 2014, Anyanwu et al., 2014, Rathod et al., 2022). 
    Figure 2 shows the variation of corrosion rate with exposure time for mild steel immersed in 
1.0 M NaOH and addition of different concentrations of Dioscorea spp leaf extract. Corrosion rates 
were very slow with the three different Dioscorea spp extract concentrations. The control experiment 
gave higher corrosion rate values throughout the experimental period. These results confirm that plant 
extract of the Dioscorea spp possesses corrosion inhibiting property. It is not certain, however, whether 
the optimum concentration needed for more effective corrosion inhibition have been reached with any 
of the three concentrations used.  

The results obtained for the variation of corrosion rate 0.5 M NaOH is presented Figure 3. 
From the graph, the control experiment has the highest magnitude of corrosion rate because Dioscorea 
spp extract was not added. The addition of Dioscorea spp extracts to the test medium reduced corrosion 
significantly throughout the experimental period. The results obtained for the 5, 10 and 15 cm3 

respectively Dioscorea spp extract addition to the test medium all similar trend in corrosion rate, 
indicating that little extract concentration have inhibition effect. The results confirmed the very good 
effect of the Dioscorea spp extract on the corrosion inhibition of mild steel in 0.5 M NaOH.  Figure 4 
shows the graph of variation of corrosion rate. The Dioscorea spp extracts addition to the test medium 
reduced corrosion rate significantly throughout the experimental period compared to the control 
experiment. The results obtained for the 5, 10 and 15 cm3 respectively Dioscorea spp extract addition 
to the test medium have close corrosion rate value. The results confirmed the effectiveness of the 
Dioscorea spp extract on the corrosion rate of mild steel in 1.0 M NaOH media. The extract 
concentration of 15 cm3 addition appeared to be the best, having a corrosion rate value of 0.00005, 
0.00002, 0.00001 and .00001 mm/yr respectively for 168 to 672 hours, respectively, followed by 10 
and 5 ml, respectively concentration  of Dioscorea spp (Oukkai et al. 2022).  

The corrosion rate of the mild steel in the absence of the Dioscorea spp leaf extract and the 
presence of the Dioscorea spp leaves extract were determined at various concentrations of leaf extract 
in 0.5 M H2SO4 media is shown in Figure 5. From the plot, it can be seen that the normal corrosion 
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profile for passivating metals were noticed. This involves a sharp rise in corrosion rate followed by a 
gentle decrease as duration time increased. The rate of decrease of corrosion rate was very high in the 
first seven days of the experiments and then slowed down subsequently. This is as a result of the 
formation of thin film oxide on the surface of the coupon that acted as barrier between the coupon 
surface and the media itself. The figure also confirmed that the loss in the corrosion rate of the coupons 
decreases as the concentration of Dioscorea spp extract increases, indicating good corrosion inhibition 
performance of leaves extract in the acidic environment. This is in agreement with the findings in the 
current research (Ahanotu et al. 2022).  

Figure 6 is a graph of corrosion rate versus exposure time in the different concentrations of 
Dioscorea spp extract in 1.0 M H2SO4 solution medium just discussed. As expected, the graphs display 
higher corrosion rates for the coupons subjected in control experiment (without Dioscorea spp extract). 
As with the Dioscorea spp extract media, the trend of a very high initial corrosion rate which drops 
very rapidly in the first seven days and then decreased less rapidly afterwards, may be noticed. These 
graphs also show that in general, the coupons subjected in these media experienced higher corrosion 
rates as compared to 0.5 M H2SO4 media. This result is consistent with the findings of (Idenyi et al. 
2015, Helen et al., 2014).  

Literature pointed out that Dioscorea species contain a large number of bioactive compounds, 
such as phenols, flavonoids, saponins, anthocyanins, carotenoids, allantoins, and water-soluble 
polysaccharides (Lebot et al. 2023, Wang et al., 2023). Recently, it has confirmed that Dioscorea has 
a variety of pharmacological activities, such as improving the cardiovascular system, and regulating 
immune function, as well as anti-tumor, anti-bacterial, anti-inflammatory, and anti-diabetic activities 
(Adomeniene et al. 2022; Ou-yang et al., 2018; Kundu et al., 2021). Phytochemicals derived from 
Dioscorea, such as polysaccharides, diosgenin, polyphenols, and allantoin – shown below - have been 
widely used for the treatment of inflammatory and metabolic disorders (Chaniad et al. 2020, Tao et al., 
2018).   
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The examination of various molecular structure of these compounds demonstrated the highest 
inhibitory effect of natural extract because of the presence of heteroatoms (O, N...) as well as aromatic 
rings and triple / double bonds. Survey of literature shows that the researchers’ unanimated on the 
synergistic intramolecular effect of the components at different concentrations to create a barrier at the 
metal surface by competitive or complementary adsorption (Dahmani et al. 2010; Ben Hmamou et al., 
2012; Alimohammadi et al., 2023). 

Conclusion 

In this study, weight loss analysis of leaf extract was used to study the ability of Dioscorea spp leaf 
extract to retard the corrosion of mild steel in different concentrations of acidic, alkaline and salt 
environments. The Following conclusions are drawn:  

i. The results indicated that the corrosion rates of mild steel increased with increasing concentration 
of leaves extract; at the highest inhibitor concentration of 15 ml, the inhibition efficiency is 
increased markedly and reached ≥ 92 %. 

ii. Dioscorea spp extracts act as good inhibitor for corrosion of mild steel in both acidic and alkaline 
environments. 

iii. The corrosion rates of mild steel strongly depend on the concentration of Dioscorea spp leaf 
extract. 

iv. that the Dioscorea spp leaf extracts act as good green corrosion inhibitor and can be used to 
retards the corrosion rate of mild steel if the appropriate concentration is used. 

v. we hope that this leaf extract will be able to replace, the toxic commercial products that are still 
used by many industries and in the near future. 
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