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Abstract 
This study aimed to compare the concentration effect of skin extract in watermelon on the inhibition of corrosion rates

of iron nails in the corrosive medium of NaCl solution and seawater. The study began with the first maceration of the skin
in watermelon and then followed by evaporation to produce extracts specific gravity 0,097 gram/mL as inhibitors with
variations in concentrations of 1,2,4,8 and 16%. Determining the corrosion rate used was the weight loss method from the
7-day immersion process. The results showed that the most excellent corrosion inhibition efficiency occurred at a concentration
of 8% for immersion with 3% NaCl corrosive medium and 4% concentration for immersion in seawater with the efficiency
of 11.56% and 22.15%, respectively. Based on the study results, it was found that each addition of extract in watermelon
can affect the effectiveness of inhibition. 
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Introduction 
The development of technology, economic 

growth, and increasing activity have made some 
community activities inseparable from using various 
metals, such as iron, steel, aluminum, silver, and 
others. It uses these metals in multiple industries, 
both principal and additional components. Still, the 
obstacle is the occurrence of corrosion or rusting of 
the metal. Corrosion is one of the factors that cause 
the usability of the metal itself to decrease (Irianty 
& Khairat, 2013). 

Seawater conditions are one of the 
environments that can accelerate the corrosion of a 
metal. Because seawater is one of the environments 
with a high level of corrosivity, it is necessary to 
apply corrosion rate control in the seawater 
environment. NaCl salt solution is a salt that can be 
used as a corrosive test environment in laboratory 
experiments to simulate seawater conditions. The 
concentration of NaCl solution in seawater also 
ranges from 3-3.5%, but the content of other ions 
such as Ca2+ and Mg2+ in natural seawater can form 
a layer of CaCO3 and Mg(OH)2 on the metal 
surface. So that in some experiments, a 3-3.5% 
NaCl solution was used as artificial seawater 
(Gunaatmaja, 2011). 

Corrosion is a problem that is always faced 
because corrosion of a metal cannot be avoided or 
stopped. Still, its rate can be controlled or slowed 
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down to reduce losses and prevent negative impacts, 
such as coating the metal surface, cathodic 
protection, adding inhibitors, corrosion, and others. 
Based on these various methods, the use of 
inhibitors is one of the effective ways to prevent 
corrosion because the cost is relatively cheap, and 
the process is simple. Both synthetic and natural, 
Corrosion inhibitors are divided into two major 
parts, namely inorganic inhibitors and organic 
inhibitors (Ilim et al., 2007). 

Corrosion can occur through redox reactions, 
where iron is oxidized while oxygen is reduced. Rust 
is generally in oxides or carbonates; rust on iron is a 
reddish-brown substance with Fe2O3.xH2O. Iron 
oxide (rust) can peel off so that the newly exposed 
surface gradually corrodes (Ahammed, 1998). In 
general, the corrosion mechanism in a solution 
begins with the metal being oxidized and releasing 
electrons to form positively charged metal ions. The 
solution will act as a cathode, with a common 
reaction being the release of H2 and the reduction of 
O2 due to the reduced H+ and H2O ions. This 
reaction occurs on the metal surface, which will 
cause peeling due to the dissolving of the metal into 
the solution repeatedly (Nurdin & Syahri, 1999). 

A corrosion inhibitor is defined as a substance 
that reduces the rate of environmental corrosion of 
metals when added in small amounts to the 
environment. Generally, corrosion inhibitors come 
from organic and inorganic compounds containing 
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groups that have lone pairs of electrons, such as 
nitrite, chromate, phosphate, urea, phenylalanine, 
and amine compounds that are hazardous and not 
environmentally friendly. Corrosion inhibitors 
from organic and inorganic compounds can be 
replaced with inhibitors from natural extracts that 
are environmentally friendly (Irianty & Khairat, 
2013). 

Corrosion inhibitors generally come from 
organic and inorganic compounds. Inorganic 
compounds, nitrite, chromate, phosphate, and urea, 
are used. These compounds are dangerous, 
expensive, not environmentally friendly because 
their toxic properties can cause temporary or 
permanent damage to organ systems of living 
things, such as disorders of the kidneys, liver, and 
enzyme systems. Organic compounds used as 
inhibitors can work as cathodic, anodic, or together 
through the surface adsorption process by forming a 
film layer. This inhibitor builds a hydrophobic film 
that protects the metal surface, thus preventing 
metal destruction in the electrolyte solution (Dariva 
& Galio, 2014). Inhibitors from natural extracts are 
a safe and appropriate solution because they are easy 
to obtain, biodegradable, low cost, and 
environmentally friendly. Extracts of natural 
ingredients, especially compounds containing N, O, 
P, S atoms, and atoms that have lone pairs of 
electrons so that they can form complex compounds 
with metals (Hosary et al., 1972). Elements that 
contain lone pairs of electrons can later function as 
ligands that include tough compounds with metals. 
The inhibitor is adsorbed on the metal surface and 
forms a thin film with a thickness of several 
inhibitor molecules. This layer is invisible to the 
naked eye but can inhibit environmental attacks on 
metals. The effectiveness of natural extracts as 
corrosion inhibitors cannot be separated from the 
nitrogen content contained in their chemical 
compounds (Prihandani et al., 2016). 

Watermelon is a plant that grows in soil rich 
in organic matter content, fertile, loose, and has 
good aeration and drainage. This plant is an annual 
plant whose life is vines and has various species such 
as red watermelon, yellow watermelon, seed 
watermelon, and non-seeded watermelon. 
Watermelon (Citrullus lanatus) is a plant 
originating from Africa. It is one of Indonesia's most 
famous horticultural plants because of its sweet 
taste, high water content, and crunchy texture 
(Widyastuti et al., 1993). 

Watermelon has a unique appeal; watermelon 
flesh is low in calories and contains 93.4% water, 
0.5% protein, 5.3% carbohydrates, 0.1% fat, 0.2% 
fiber, and vitamins (A, B, and C) with a vitamin C 
content of 6 mg per 100 grams of material. It also 
contains the amino acid citrulline (C6H13N3O3), 
acetic amino acid, malic acid, phosphoric acid, 
arginine betaine, lycopene, carotene, bromine, 
sodium, potassium, sylvite, lysine, fructose, 
dextrose, and sucrose. In the flesh and skin of 
watermelon found substance L-citrulline. L-

citrulline is more commonly found in the skin in 
watermelon, which is about 60% (Wu et al., 2007). 

L-citrulline is an organic compound 
containing amide, carboxyl, and amine groups in 
non-essential amino acids. This compound is the 
leading natural ingredient in all parts of the 
watermelon (Citrullus Lantanus). Research on the 
corrosion inhibition properties of L-citrulline 
compounds has been carried out; it is known that L-
citrulline can act as a corrosion inhibitor in mild 
steel. L-citrulline can inhibit the corrosion rate, 
increasing the efficiency of inhibition along with the 
increase in the concentration of L-citrulline 
(Odewunmi et al., 2015). 

This paper aims to describe the ability of 
watermelon rind extract to affect the corrosion rate 
of iron nails and the effect of the concentration of 
watermelon rind extract as a corrosion inhibitor. 
Methods 

The tools used are measuring flask, blender, 
40 mesh sieve, desiccator, measuring cup, watch 
glass, dropper, beaker, oven, analytical balance, 
spatula, evaporator, shaker, tube clamp, and stirring 
rod. The materials used are watermelon rind, 4-inch 
iron nails, filter paper, sandpaper, 3% NaCl, 0.1 M 
NaHCO3, 96% ethanol, rust cleaning fluid, 1% 
FeCl3, distilled water, seawater, and aluminum foil. 

Sampling method 
The sample of iron nails used by purposive 

sampling technique or researchers determines the 
characteristics of the sample to be used, namely with 
a size of 10.16 cm as many as 12 pieces. For 
inhibitors, watermelon rind extract is used, 
containing L-citrulline, reducing the corrosion rate. 
The rind in the watermelon used in this study was 
obtained from a fruit seller in the impressed market 
of West Palu, Central Sulawesi. The watermelon is 
cut into two parts and then separated from the skin 
and flesh, then split the inner skin of the 
watermelon and the outer skin of the watermelon so 
that the white skin of the watermelon is obtained 
(Zakaria et al., 2016). 

Preparation of peel powder in watermelon 
The procedure for preparing the peel powder 

in watermelon follows the research procedure of 
Tandjaja (2013). Watermelon is taken from the 
inner skin and cut into smaller pieces. They are then 
dried in the oven for 6 hours at a temperature of 50 
°C. After that, the rind in the dried watermelon was 
blended to obtain a coarse powder of the skin in the 
watermelon and sieved with a size of 4 mesh to get 
the rind powder in the watermelon. 

Twelve iron nails with an average dimension 
of 10 cm and a diameter of 0.5 mm were weighed, 
each 5 for treatment with the addition of various 
inhibitors and 1 without the addition of inhibitors 
for both 3% NaCl immersion and seawater. The 
nail’s surface was smoothed with sandpaper and 
then soaked with 0.1 M sodium hydrogen 
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carbonate. Next, the nail was dried in an oven at 100 
°C for 20 minutes. Then cooled in a desiccator for 
10 minutes and weighed (W0) (Arenas et al., 2002). 

Preparation of inhibitor solution (extraction) 
This extraction procedure follows the 

research procedure (Purnomo & Sumarji, 2015). 
The peel powder in the watermelon was weighed as 
equates 100 grams and then put into a beaker; 500 
mL absolute ethanol was added. Then the mixture 
was macerated and left in a beaker for 72 hours; the 
maceration results were filtered using filter paper. 
Then the filtrate was put into a round bottom flask, 
then evaporated at a temperature of 50-60 °C for 1 
hour. The concentrated extract obtained was made 
in 5 different concentrations of 1%, 2%, 4%, 8%, 
and 16%. 

Qualitative analysis 
This qualitative analysis procedure follows 

the procedure of a study on the efficiency of 
corrosion inhibition in steel using mangosteen peel 
(Nasution et al., 2012). 10 grams of skin extract in 
watermelon is put into a beaker, then 10 mL of 
distilled water is added and heated until boiling. 
After that, it was filtered, and the filtrate was taken, 
then 10 drops of 1% FeCl3 were added to the 
filtrate. FeCl3 is used to determine whether the 
sample contains antioxidants indicated by a dark 
green color after being added with FeCl3; a dark 
green color gives a positive result (Harborne, 1996). 

Immersion of nails in corrosion medium 
The immersion of nail samples was carried 

out in 2 ways: immersion without adding inhibitor 
and immersion with inhibitor solution with varying 
concentrations of 1%, 2%, 4%, 8%, and 16%. As 
for the test environment or corrosive medium uses 
sodium chloride (NaCl) with a concentration of 3% 
(artificial seawater) and natural seawater to compare 
the corrosion rate. The 3% NaCl corrosive medium 
was prepared using the dilution method, namely 3 
grams of solid NaCl added 100 mL of distilled 
water. Natural seawater is taken from the sea around 
the Talise Beach Pavilion, Palu, Central Sulawesi. 
Immersion of nails in this corrosive medium 
followed the research procedure (Sari et al., 2013). 

Determination of corrosion rate 
The tests were carried out using the weight-

loss method, which refers to the ASTM GI standard 
with the calculation of the corrosion rate using the 
following equation (Poursaee, 2011) 

 𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 = 3.45 𝑥 10଺. 𝑊𝐴. 𝑇. 𝐷  

 
Where Corrosion rate in Mpy; W is the mass 

lost (grams); D is the density of the specimen 
(gram/mL); the surface area of the specimen (cm2), 
and T is the immersion time (hours). 

Determination of inhibition efficiency 
The determination of the inhibition 

efficiency in this study was calculated by the formula 
of the Tafel extrapolation method as follows 
(Abdurahman, 2010). 

Inhibition efficiency a b

a

Cr - Cr= 100%
Cr

x  

Craa is the corrosion rate without rind extract 
in watermelon, and Crb is the corrosion rate with 
rind extract in watermelon. 

Results and Discussion 

Citrulline qualitative analysis 
The qualitative analysis carried out in this 

study aimed to determine the presence of the 
chemical compound citrulline in the peel extract in 
watermelon, which can slow down the corrosion 
rate of metals. Phytochemical analysis was carried 
out in this study, namely adding extract with 1% 
FeCl3 reagent indicated by the color change. A 
phytochemical test using FeCl3 is used to determine 
whether the sample contains antioxidants 
characterized by a dark green color. After adding 
FeCl3, the dark green color gives a positive result. 

Nail corrosion rate 
The corrosion rate is the metal released per 

unit on a specific surface. The unit of corrosion rate 
is generally expressed in mils per year (mpy). In 
testing the corrosion rate of iron nails in 3% NaCl 
solution medium and seawater with an immersion 
time of 168 hours, it was seen that there was a 
difference between the added iron nail sample and 
without the addition of inhibitor solution of peel 
extract in watermelon both in 3% NaCl medium 
and in medium seawater. 

Based on the research results, the addition of 
watermelon rind (Albedo) can affect the rate of 
corrosion reaction in iron raw both in NaCl 
medium and in seawater medium. It is due to the 
presence of Citrulline compounds present in the 
extract. Citrulline compounds in the extract can 
form complex compounds with Fe(II) on metal 
surfaces (Favre & Landolt, 1993). So that there is a 
decrease in the corrosion rate in the 3% NaCl 
medium from the addition of inhibitors with a 
concentration of 1% and 8%. The Fe(II) complex 
compound will be attacked by corrosive ions on the 
metal surface so that the corrosion reaction rate will 
decrease. However, there was an increase in the 
corrosion rate with an inhibitor with a 
concentration of 16%. However, it was different in 
seawater medium, where there was a decrease in the 
corrosion rate with the addition of inhibitors at 1% 
and 4% concentrations. It again increased at 2%, 
8%, and 16% concentrations. The Fe-citrulline 
extract layer cannot cover the entire nail's surface, so 
the parts not covered with Fe can be ionized and 
corroded. In addition, there are impurities in the 
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Figure 1. Graph of effect without addition of inhibitor (Paku1) and addition of inhibitor 
(Paku 2-6) of watermelon rind extract on iron spikes in 3% NaCl medium 

Figure 2. Graph of effect without addition of inhibitor (Paku1) and addition of inhibitor 
(Paku 2-6) of watermelon rind extract on iron spikes in seawater medium 

Figure 3. Graph of inhibition efficiency of peel extract in watermelon in 3% NaCl medium
 

citrulline extract compound attached to the steel 
surface which also affects the speed of corrosion 
(Wahyuni, & Syamsudin, 2014). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inhibition efficiency 
The administration of extract inhibitors in 

watermelon on the samples of iron nails used can 
slow down the corrosion rate of the iron nails either 
by immersion in a 3% NaCl medium or a seawater 

medium. The inhibitory efficiency of the extract 
used depends on the concentration of the inhibitor. 
Inhibition efficiency tends to increase for each 
addition of inhibitor concentration. It can be seen 
in Figures 3 and 4.
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Figure 4. Graph of inhibition efficiency of peel extract in 
watermelon in seawater medium. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The inhibition efficiency of rind extract in the 
resulting watermelon varies depending on the 
concentration of the inhibitor and the corrosive 
medium. Based on Figure 4, it can be seen that with 
increasing inhibitor concentration, the inhibition 
efficiency also increases. Inhibition efficiency in 3% 
NaCl corrosive media can reach 11.56% at 8% 
inhibitor concentration, inhibition efficiency in 
seawater corrosive medium reaches 22.15% 
inhibitor concentration 4%. The highest inhibitory 
efficiency produced was at 8% inhibitor 
concentration for 3% NaCl corrosive medium and 
4% inhibitor concentration in seawater medium. 
This was due to the Fe complex compound being 
formed entirely and covering the entire steel surface. 
However, at 2% and 16% inhibitor concentrations, 
the inhibition efficiency decreased. This is because, 
at this concentration, the inhibitor can no longer 
function properly to coat the iron surface so that 
corrosive ions will attack the nail (Wahyuni & 
Syamsudin, 2014). 

A chemical inhibitor is a chemical substance 
that can inhibit or slow down a chemical reaction. 
Working specifically, the corrosion inhibitor is a 
chemical substance that, when added to a particular 
environment, will reduce the corrosion rate of metal 
due to the surrounding environment. Organic 
inhibitors are derived from organic materials with 
compounds capable of forming complexes. The 
inhibitor used in this study was the peel extract in 
watermelon, which was analyzed to contain 
citrulline compounds (Dalimunthe, 2004). 

Different corrosive mediums produce 
different corrosion rates. When viewed from the 
results of the study, iron nails soaked in 3% NaCl 
had a higher corrosion rate of 886.1859 Mpy 
compared to iron nails soaked in natural seawater, 
which was 786.0650 Mpy. that is equal to 15.34% 
at a concentration of 3% inhibitor with 3% NaCl 
corrosive media. Meanwhile, a study conducted by 
(Setia, 2015) using mango leaves as an organic 
inhibitor resulted in the highest inhibition 
efficiency of 16.725% at an inhibitor concentration 
of 300 ppm. 

Artificial seawater has a more significant 
opportunity for corrosion processes in a metal 
material than natural seawater. This is because there 
are still Mg2+ and Ca2+ ions in natural seawater. The 
presence of ions can reduce the corrosion rate 
because of their ability to form layers of CaCO3 and 
Mg(OH)2 on the material's surface, resulting from 
the cathodic reaction of oxygen on the metal surface 
(Schumacher, 1999). NaCl solution is an example 
of artificial seawater that is most often used in 
research because, in NaCl solution, ions (Na+ and 
Cl-) will be formed which causes this solution to be 
able to produce a conductivity value to connect the 
anode and cathode and can also accelerate the 
corrosion rate that occurs with electrochemical 
reactions (Arenas et al., 2002). 

Conclusions 
The addition of rind extract in watermelon 

can reduce the value of the corrosion rate on iron 
nails both in a 3% NaCl corrosive medium and in 
seawater. The highest inhibition efficiency 
produced 3% NaCl medium lies in the inhibitor 
with a concentration of 8%, and with seawater, the 
medium lies in the inhibitor with a concentration of 
4%. The inhibition efficiency values were 11.56% 
and 22.15%, respectively. 
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