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Abstract 

The frequent disposal of used cooking oil into waterways, along with the 
proliferation of water hyacinth plants that become invasive in water bodies, 
contributes to environmental pollution and compromises ecosystem health. One of 
the effective solutions against various diseases is thorough handwashing with 
antibacterial soap to eliminate germs and dirt. Therefore, this study aims to 
investigate the impact of water hyacinth leaf extract addition on the antibacterial 
activity of cooking oil-based liquid soap. The research employs an experimental 
approach. Results from pH testing indicate that all liquid soap formulations 
produced meet the criteria for high-quality liquid soap. Among the variations 
tested, the formula containing 5% water hyacinth extract exhibited the best foam 
stability. Regarding antibacterial efficiency, the results suggest that all three 
samples exhibited weak inhibition of bacterial growth. However, the formula with 
10% water hyacinth concentration showed the highest average inhibition zone of 
3.46 mm.  
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1. Introduction 

Palm oil is the most widely consumed vegetable oil 

globally, accounting for 35% of the global vegetable oil 

supply [1,2]. According to United States Department of 

Agriculture (USDA), palm oil consumption in 2021-2022 is 

73.87 million metric tons. It is estimated that 85% of global 

palm oil produced is used for food consumption [3]. Fried 

food has become a popular dish in all walks of life, as it has 

a savoury and crunchy taste, at an affordable price. 

Generally, fried foods are sold by street vendors on the 

side of the road or in markets that are the centre of the 

crowd. 

In fried foods, achieving perfect crispiness often 

requires deep frying. However, this technique increases 

the levels of unsaturated fatty acids in the cooking oil, 

leading to its deterioration [4]. Repeated use of cooking oil 

results in hydrolysis and oxidation processes, which further 

degrade its quality. Signs of deteriorated cooking oil 

include a less appetizing aroma and darkening colour [5]. 

Consuming used cooking oil can lead to health issues and 

potentially cause various diseases. This poses both health 

and environmental concerns, as used cooking oil, known 

commonly as waste cooking oil, can have detrimental 

effects on the environment. 

Oil is one of the groups that belong to the lipid group. 

One property that is typical and characterizes the lipide 

group is its solubility in organic solvents such as ether, 

benzene, chloroform or vice versa its insolubility 

in water solvents [6]. Dyes in oil consist of two classes, 

such as natural dyes and colours from the degradation of 

natural dyes. These dyes consist of α and β carotene, 

xanthophyll, chlorophyll and anthocyanin. These dyes 

cause the oil to have a yellow, brownish-yellow 

and reddish colour [7]. 

The rampant disposal of used cooking oil into 

waterways without prior treatment can pollute the 

environment. Used cooking oil is a very dangerous waste 

for health, because it contains carcinogenic compounds, 

which can cause various diseases, such as kidney, cancer, 
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heart disease, and so on [8]. It was observed that the 

reused cooking oil and fumes present in the atmosphere of 

the kitchen increased the incidence of aberrant cells, 

including breakage, fragmentation, exchange, and damage 

to the chromosomes and micronuclei, in a dose-dependent 

manner [9]. Used cooking oil is considered waste and is 

often disposed of directly into waterways or the ground. 

This practice results in the emission of a rancid odour, the 

pollution of coastlines, the clogging of water treatment 

plants, and the clogging of household kitchen pipes [10]. 

Although used cooking oil is one of the wastes that is very 

harmful to the environment and health, it can be 

processed into soap products [11]. 

On the other hand, there are many infectious diseases 

if you do not wash your hands properly, such as diarrhea, 

cholera, dysentery, typhus, helminthiasis, skin diseases, 

acute respiratory infections [12]. This action is very 

important because of the function of human hands which 

tend to meet their own bodies or other people, either 

directly or indirectly. The danger will be present if contact 

is made with dirty hands, because it can cause the spread 

of disease by transferring viruses, bacteria and parasites 

from one individual to another without realising it. 

Soap is one of the media to clean our hand from germs, 

dirt, and other things that can bring dirt [13]. Soap comes 

from a mixture of basic compounds with fatty acids that 

are used as body cleaning agents. Soaps are sodium (Na) 

or potassium (K) salts of long-chain fatty acids linked by 

carboxylic acid functional groups. Soap can be both solid 

and liquid depending on the ingredients used for 

preparation. For example, solid soaps usually consist of 

sodium salts of fatty acids and liquid soaps consist of 

potassium salts of fatty acids. Soap is a compound of 

sodium or potassium with fatty acids from vegetable oils 

or animal fats in solid form, soft or liquid, and foaming. 

Soap is produced by the process of saponification, which is 

the hydrolysis of fats into fatty acids and glycerol under 

alkaline conditions. glycerol under alkaline conditions. 

Commonly used alkaline conditioners are Sodium 

Hydroxide (NaOH) and Potassium Hydroxide (KOH) [14]. 

Fatty acids are the main components that make up fats and 

oils. Used cooking oil that has been processed beforehand 

will be the type of oil used in this study, with the addition 

of antimicrobial substances from water hyacinth plants. 

Thus, making soap from used cooking oil can be one of the 

community's alternatives in reducing household waste, 

while preventing infectious diseases through hand washing 

from soap that can be produced at home. 

In previous studies, sodium hydroxide soap was made 

with 40% NaOH concentration and 450ºC saponification 

process temperature from used cooking oil. For the 

purification process, neutralization is carried out by adding 

15% NaOH and the bleaching process using activated 

charcoal from coconut shell charcoal as much as 7.5% of 

the weight of the cooking oil used and it is found that the 

concentration of NaOH and the temperature of the soap 

making process have an important influence on the quality 

of the soap produced, namely if the concentration of NaOH 

used more than 40%, the soap produced is a hard soap that 

can cause irritation to the skin. It should be noted that if 

the sodium hydroxide concentration employed is below 

40%, the resultant soap is of a quality that renders it 

challenging to lather and difficult to form a solid bar [15]. 

The next research examines the manufacture of liquid 

soap from waste cooking oil using KOH concentration 

consisting of 3 levels, namely 25%, 30%, and 35%. The 

characteristics of liquid soap observed were viscosity, free 

alkali content, as well as pH and foam height. The results 

show that the most optimal KOH concentration is 25% with 

a pH value of 10.3 and a free alkali value of 0.0847%. Based 

on these results, the results of the soap characteristics 

obtained are close to the maximum limit of soap quality 

provisions [16]. 

Water hyacinth plants are aquatic weeds that are often 

found in various fresh waters such as in rivers. Water 

hyacinth growth is very fast, because one water hyacinth 

plant can reproduce up to 1000 times in one month. Water 

hyacinth obstructs water flow, inhibits aquatic ecosystems, 

and becomes a habitat for disease-carrying animals, such 

as the liver fluke-carrying molluscs Bithynia and mosquito 

larvae [11]. The water hyacinth plant belongs to the 

Pontederiaceae family which has various secondary 

metabolite compounds, such as alkaloids, tannins, 

flavonoids, and phenols. These compounds have potential 

as anti-functional, antibacterial, antioxidant, anticancer, 

and antiaging [17] Water hyacinth plants are also one of 

the plants that produce cyclic acid compounds (shikimic 

acid) which play an important role in the creation of 

aromatic compound components (tyrosine, tryptophan, 

and phenylalanine) in plant or microorganism [18]. Then, 

the tannin content in plant extracts shows antimicrobial 

activity through protein binding which results in inhibition 

of pathogenic microbial protein cell synthesis [19]. Since 

the water hyacinth population is large, utilizing it for other 

purposes is an environmentally friendly option to reduce 

the number of water hyacinths. Water hyacinth stems 
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contain high cellulose content [20]. It consists of 25% 

cellulose, 10% lignin and 33% hemicellulose. The 

antimicrobial activity in water hyacinth plants can be used 

to improve into used cooking oil-based antibacterial soap. 

[21]. 

2. Materials and Method 

2.1 Materials 

Used cooking oil, water hyacinth leaves, aquades (H2O), 

sodium hydroxide (NaOH), nutrient agar, and activated 

carbon, ethanol, texaphone, potassium hydroxide (KOH). 

2.2 Procedure 

The method design used in this research is true 

experimental design. To obtain the extract, water hyacinth 

leaves were first cleaned, then dried and pulverized into 

powder. The results obtained were then weighed as much 

as 200 grams for maceration using 96% ethanol as much as 

1 L for 3 × 24 hours. 

In the first step of the liquid soap production process, 

100 mL of refined used cooking oil is placed in an 

Erlenmeyer flask and heated to 70℃. Then a solution of 30 

mL KOH, 30 mL Texapon and 40 mL 96% ethanol was added 

and stirred for 60 minutes until homogeneous. After 

becoming solid and pasty, the soap paste was dissolved 

with 100 mL of distilled water and stirred again until it 

became a liquid soap solution. The liquid soap solution was 

then  cooled and water hyacinth leaf extract was added 

with a concentration variation of 5%, 7% and 10%. 

3. Results and Discussion 

3.1 Soap Production 

Three liquid soap formulations, each totalling 200 ml, 

were prepared. The ingredients in these formulations 

included used cooking oil that had undergone purification, 

neutralization, and bleaching, along with the addition of 

water hyacinth (Eichhornia crassipes) leaf extract as an 

antibacterial agent. 

The liquid soap solution that has not been augmented 

with water hyacinth leaf extract exhibits a milky white and 

thick consistency. In contrast, the liquid soap that has been 

combined with water hyacinth leaf extract undergoes a 

colour change from white to light brown to dark brown. 

The higher the concentration, the more intense the colour 

of the soap obtained, and the texture is slightly thicker 

than before the addition of water hyacinth leaf extract. The 

liquid soap produced in this study is of a liquid consistency, 

with a typical odor of water hyacinth leaves. The brown 

coloration of the liquid soap indicates the presence of 

water hyacinth leaf extract, which differs from the white 

liquid soap base prior to the addition of the extract.  

  

Figure 1. The liquid soap is made from used cooking oil (a) before 

the addition of water hyacinth leaf extract, (b) after the addition 

of water hyacinth leaf extract with various concentrations. 

3.2 Chemical and physical parameter test 
 

3.2.1 pH test 

The pH test is one of the quality requirements of liquid 

soap. This is because liquid soap is in direct contact with 

the skin and can cause problems if its pH does not match 

the pH of the skin. According to SNI 2588:2017, the pH of 

liquid soap is allowed between 4-11. In testing the pH 

value, it is repeated 3 times to determine the accurate pH 

value. 

After performing a pH test with a repetition of 3 times 

for each liquid soap sample using a universal pH indicator 

paper, the results show that the liquid soap base has a pH 

of 10, 5% concentration liquid soap has a pH of 9, 7% 

concentration has a pH of 9, 10% concentration has a pH 

of 8. The results show that all liquid soap formulas 

produced meet the criteria for good liquid soap. 
 

3.2.2 Foam height and stability measurement test 

The foam height test was carried out to see the foam 

power produced by liquid soap made in accordance with 

the soap foam height standard set by the Indonesian 

National Standard (SNI) which is 13-220 mm. The results of 

the foam height test can be seen in the following table. 
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Table 1. The result of foam height measurement test. 

Formulas 

Foam Height Measurement (mm) 

Repetition 
Average 

1 2 3 

0% 26  25 23 24,6 

5% 20 24 21 21,6 

7% 22 19 19 20 

10% 19 19 17 18,3 
 

Based on SNI, the required foam height of liquid soap is 

13-220 mm. From the observations, it was found that the 

average foam height of the liquid soap base was 24.6 mm, 

the 5% concentration liquid soap had an average foam 

height of 21.6 mm, the 7% concentration had an average 

foam height of 20 mm, and the 10% concentration had an 

average foam height of 18.3 mm. From these results it can 

be seen that the largest foam height value is achieved by 

the liquid soap without the addition of water hyacinth leaf 

extract and based on observations, the higher the 

concentration of extract added to the liquid soap formula, 

the less foam is produced with the smallest foam height 

value at the highest extract concentration, namely 10% 

concentration. This is in agreement with the results of 

research by Schramm (2005), which states that foam 

stability is influenced by the concentration and viscosity of 

the formulation. From the results obtained, all 

concentration variations meet the soap standards 

according to SNI.  

In soap products, foam content is one of the 

attractions. Foam stability is expressed as the resistance of 

a bubble to maintain the size or break the film layer of the 

bubble. Based on good foam stability standards, which 

range from 60-90%. 

Table 2. Foam stability measurement test. 

Formulas 

Foam Stability (%) 

Repetition 
Average 

1 2 3 

0% 86,6 80,6 79,3 82,16 

5% 76,9 80 77,7 78,2 

7% 73,3 67,8 65,5 68,8 

10% 70,3 67,8 65,3 67,8 

The observation results show that the foam stability of 

liquid soap samples for all concentration variations meets 

the standards of good foam stability, that is, the foam 

content has good stability, which ranges from 60-90%. The 

average foam stability of liquid soap without the addition 

of extract or soap base is 82.16%, at 5% water hyacinth 

concentration the average foam stability is 78.2%, at 7% 

water hyacinth concentration the average foam stability is 

68.8%, and at 5% water hyacinth concentration the 

average foam stability is 67.8%. This proves that the 

addition of water hyacinth extract to the soap formula 

affects the stability of the foam formed, i.e. the higher the 

concentration of the extract added, the lower the foam 

stability value. The percentage of foam stability is directly 

proportional to the height of the foam. The best foam 

stability value among the variations of water hyacinth 

extract addition is at 5% concentration. 

3.4 Organoleptic test 

This organoleptic test was conducted to determine the 

level of acceptance and consumer interest in edible oil-

based soap products and water hyacinth leaf extracts 

produced from the 5%, 7% and 10% concentration 

formula. The determination scale in this organoleptic test 

consists of 5 scales, namely very dislike, dislike, enough, 

like, very like. The panelists used in this organoleptic test 

were untrained panelists with a quantity of 30 people. The 

general liking of the panelists for this liquid soap can be 

seen in the following graph. 

 

Figure 4. Organoleptic test on aroma. 

Based on the graph of preference test for aroma above, 

it can be concluded that the three formulas have equal 

votes on scale 1 (strongly dislike). In scale 2 (dislike), the 

10% Concentration Formula obtained the most votes with 

a total of 12 votes. Meanwhile, for scale 4 (like) the most 

votes were obtained by the 5% Concentration Formula. 

This shows that the most preferred soap from the aroma 

indicator is the 5% Concentration Formula, while the least 

preferred is the 10% Concentration Formula. 

0

4

8

12

strongly
dislike

dislike enough like strongly
like

Formula 5% Formula 7% Formula 10%
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Figure 5. Organoleptic test on colour. 

Based on the color preference test graph above, it can 

be seen that the 10% concentration formula has the most 

votes on scale 1 (strongly dislike) with a total of 5 votes, 

while the 5% concentration formula has 2 votes and the 7% 

concentration formula has 3 votes. Then, the 5% 

concentration formula has the most votes for the 

preferred soap with a total of scale 3, scale 4, and scale 5 

which exceeds the other formulas, with a total of 21 votes. 

Therefore, the soap that is highly preferred in terms of 

color is the 5% concentration formula, while the least 

preferred soap is the 10% concentration formula. 

 

Figure 6. Organoleptic test on texture. 

Based on the graph of the organoleptic test for texture 

above, it can be concluded that scale 2 (dislike) is mostly 

obtained by the 5% concentration formula with a total of 6 

votes. This shows that the 5% concentration formula tends 

to be disliked in terms of texture than other concentration 

formulas. Meanwhile, the 10% concentration formula has 

the most votes on a scale of 4 (like) and 5 (strongly like) 

with a total of 11 votes and 2 votes. This shows that the 

soap that is very liked from the texture is the 10% 

concentration formula. 

 

Figure 7. Organoleptic test on amount of foam. 

Based on the organoleptic test graph of the amount of 

foam above, it can be seen that the 10% concentration 

formula has the most votes in scale 1 (strongly dislike), 

which is 8 votes. Meanwhile, the 7% concentration formula 

obtained the most votes on a scale of 4 (like) and 5 

(strongly like) with a total of 12 votes and 5 votes. This 

shows that the most preferred soap in terms of a lot of 

foam is the 7% concentration formula, while the least 

preferred soap is obtained from the 10% concentration 

formula. 

3.5 Antibacterial test 

The antibacterial activity of water hyacinth leaf extract 

added to the used cooking oil-based liquid soap formula 

was evaluated using the agar diffusion method with wells. 

In this antibacterial test, four samples were used: one 

sample of liquid soap formula without the addition of 

extracts, which served as the negative control, and three 

other samples of liquid soap formula with the addition of 

water hyacinth leaf extract at three different 

concentration variations, namely 5%, 7%, and 10%. The 

antibacterial activity of the prepared soap formula was 

determined by measuring the inhibition zone around the 

wells after incubation for 24 hours. 

After conducting antibacterial tests on the used 

cooking oil-based liquid soap formula with various 

concentrations of water hyacinth leaf extract, the test 

carried out three times over 24 hours, the results showed 

the diameter of the inhibition zone of bacterial growth 

formed around the well. These results, which respond to 

antibacterial test from different concentrations of water 

hyacinth leaf extract, are summarized in the following 

table. 
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Table 3. Antibacterial test on liquid soap formula with various 

water hyacinth leaf extract. 

Formula 

Inhibition zone (mm) 

Repetition 
Average Interpretation 

I II III 

0% - - - - No inhibition 

5% 3  2,8  3  2,93  Weak  

7% 3,3  3,4  3,2  3,3  Weak 

10% 3,5  3,4  3,5  3,46  Weak 

According to Davis & Stout [18], the response to 
inhibition of bacterial growth can be classified based on 
several interpretations, namely, if the inhibition zone <5 
mm is said to be weak, 5-10 mm is said to be moderate, 11-
20 mm is said to be strong, and >20 mm is said to be very 
strong. Based on the observation and measurement of the 
inhibition zone formed around the well after 24 hours of 
incubation, the interpretation of the results shows that the 
three soap formulas with water hyacinth leaf extract 
added have weak antibacterial activity. While the soap 
formula without the addition of water hyacinth leaf extract 
did not show any inhibition zone around the wells.  

It can be concluded that the addition of water hyacinth 
leaf extract to liquid soap formulas made from used 
cooking oil can provide antibacterial properties and 
increases its effectiveness in inhibiting bacterial growth 
compared to soap without the addition of water hyacinth 
leaf extract. The antibacterial activity may be influenced by 
the presence of chemical compounds contained in the 
extract. Research by Rufchaei et al. [19] indicates that 
water hyacinth leaves contain phenolic compounds, 
including alkaloids, tannins, and flavonoids, which act as 
antibacterial agents. The alkaloids present in water 
hyacinth leaf extract exhibit antibacterial biological 
activity, disrupting the components that comprise 
bacterial cells, preventing the formation of cell walls, and 
facilitating their lysis [20]. Flavonoids, which are 
antibacterial compounds, have a mechanism of action that 
interferes with the synthesis of bacterial membranes. They 
can disrupt bacterial reproductive pathways and damage 
bacterial membrane walls, ultimately leading to bacterial 
death [21]. Tannins are known to have antibacterial 
activity related to their ability to form hydrogen bonds, 
which result in denaturation of proteins in membranes, so 
that cells experience damage, which prevents the bacteria 
from fulfilling their nutritional needs and reduces their 
energy [22]. 

In this study, the antibacterial activity of three soap 
formulations with varying concentrations of water 
hyacinth extract was evaluated. The results demonstrated 
that the soap formulation with a 10% concentration of 
water hyacinth extract exhibited the greatest antibacterial 

activity, as indicated by the average inhibition zone 
formed. These findings suggest that the antibacterial 
efficacy of the soap formulations increased with increasing 
extract concentration. This observation is consistent with 
the results of a study by Afidat et al. [23], which 
demonstrated that the antibacterial activity of water 
hyacinth leaf extract against the bacteria A. 
actinomycetemcomitans increased with higher 
concentrations. 

4 Conclusion 

Based on the results of the research conducted, it can 

be concluded that incorporating water hyacinth leaf 

extract into the cooking oil-based liquid soap formula 

significantly impacts both its physical and antibacterial 

properties. The pH test results indicate that all liquid soap 

formulations meet the criteria for high-quality liquid soap: 

the soap without extract has a pH of 10, while those with 

5%, 7%, and 10% concentrations exhibit pH levels of 9, 9, 

and 8 respectively. Among the variations tested, the 

formula containing 5% water hyacinth extract 

demonstrated the best foam stability. Organoleptic 

testing, conducted through questionnaires distributed to 

30 panelists, revealed that the 5% concentration received 

the highest ratings for aroma, colour, texture, and foam 

characteristics. In terms of antibacterial efficacy, although 

all three samples exhibited weak inhibition of bacterial 

growth, the formula with 10% water hyacinth extract 

showed the highest average inhibition zone of 3.46 mm. 
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