
 

Published by The Center for Science Innovation   9  
 

Chemistry and Materials 
The Center for  

Science Innovation  

Research Article  Chem. Mater. 3 (1) 2024, 9-20 
 

Preparation of Liquid Soap Utilising Used Cooking Oil with Aloe Vera as 
an Antibacterial Agent 

 
Shyla Noureen Zahra1, Revita Nurul Rafah1, Vinka Juniaty Lestari1, Nurhalizah1, Fabian Glorious 
Kenaya1, Abdul Asywalul Fazri1, Tri Handayani Kurniati2, Sukro Muhab1,* 

 

1 Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Negeri Jakarta, Jl. 
Rawamangun Muka, Jakarta 13220, Indonesia 

2 Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Jakarta, Jl. 
Rawamangun Muka, Jakarta 13220, Indonesia 

* Corresponding author: sukro@unj.ac.id 

  
Received 
13 January 2024 

Received in revised form 
5 February 2024 

Accepted 
15 February 2024 

Published online 
29 February 2024 

DOI 
https://doi.org/10.56425/cma.v3i1.71 
 

 
The author(s). Original content from this 
work may be used under the terms of 
the Creative Commons Attribution 4.0 
International License. 
. 

Abstract 
Waste cooking oil has been repurposed in the preparation of liquid hand soap, 
enriched with Aloe vera extract as an antibacterial agent. To ensure the safety and 
efficacy of the product in bacterial inhibition, comprehensive testing of physical 
quality and antibacterial activity has been undertaken on the produced liquid soap. 
The test results affirm that the soap product complies with the Indonesian National 
Standard for free alkali content, acidity level (pH), foam height, foam stability, and 
water content. Notably, the soap exhibits a free alkali content of 0.01873%, a pH of 
10, a foam height of 65 mm, and a foam stability value of 84.61%. The water content 
in the soap is measured at 40%. These results collectively position the soap within 
the criteria for high-quality soap. In the antibacterial effectiveness test against 
Staphylococcus aureus and Escherichia coli bacteria, the addition of Aloe vera has 
markedly expanded the inhibitory zone, demonstrating a significant enhancement 
in antibacterial activity. In light of the above, this study aims to address 
environmental pollution and health risks associated with improper disposal of 
waste cooking oil. Moreover, the addition of antibacterial Aloe vera presents an 
economically valuable solution by repurposing waste cooking oil into a useful 
product. 
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1. Introduction 

The rapid growth population has led to an escalating 

demand for food, notably cooking oil. In Indonesia, the 

annual consumption of cooking oil reaches approximately 

290 million tons [1,2]. The repeated use of cooking oil, 

particularly in high-temperature frying process, can result 

in its degradation. Therefore, it is recommended to dispose 

of used cooking oil as waste after each use [3–5]. The 

extensive use of cooking oil contributes significantly to 

waste generation, with households producing around 305 

thousand tons of waste cooking oil annually [6,7]. As 

population density continues to rise each year, there is a 

heightened risk of environmental pollution, posing 

potential threats to both health and ecosystems. 

Following Regulation No. 167 of 2016 by the Governor 

of the Special Capital Region of Jakarta on the Processing 

of Used Cooking Oil Waste, proper treatment of waste 

from used cooking oil is imperative to mitigate potential 

adverse impacts on public health and the local 

environment [8]. Inadequate management of used cooking 

oil can result in detrimental consequences. Improper 

disposal of oil waste poses a serious threat to soil and 

water quality. The mineral content of clean water in the 

soil can be adversely affected, while aquatic ecosystems 

can suffer irreparable damage [9–12]. Furthermore, if oil 

waste is discharged improperly into water channels, it can 

lead to severe pipe blockages [13–16]. The consumption of 

used cooking oil can cause various health issues, such as 

damage to the small intestine, blood vessel blockages, and 

liver damage [17–20]. The repeated use of cooking oil 

produces unsaturated fatty acids that undergo oxidation, 

forming free radicals capable of harming organs  [21,22]. 

Therefore, an innovative approach is required to leverage 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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used cooking oil, including its utilization as an ingredient in 

handwashing soap. This potential is justifiable given that 

used cooking oil contains fatty acids that can be converted 

into soap through the saponification reaction. 

In recent times, there has been a growing public 

awareness and emphasis on personal hygiene, particularly 

in the context of hand hygiene. This trend is closely linked 

to the impact of the Covid-19 virus pandemic that has 

affected Indonesia. To enhance the effectiveness of liquid 

hand soap, active ingredients capable of swiftly eliminating 

viruses and bacteria are essential. Aloe vera, commonly 

known to the general public, is a plant acknowledged for 

its beneficial functions in health, one of which is inhibiting 

bacterial growth [23–28]. This is attributed to the 

antibacterial compounds present in Aloe vera leaves. 

According to research conducted by Kushwaha et al., 

(2023) and Jha et al., (2018), a phytochemical screening of 

Aloe vera leaf pulp yielded positive results for alkaloids, 

flavonoids, glycosides, tannins, saponins, and 

steroids/triterpenoids [29,30].  

Quality hand soap must undergo a series of tests for 

both its physical properties and antibacterial effectiveness. 

Physical property testing is crucial as soap will directly 

interact with the skin, while antibacterial tests aim to 

assess its effectiveness in killing bacteria. Furthermore, the 

physical property testing of soap must adhere to the 

Indonesian National Standard (Standar Nasional Indonesia 

-SNI) to ensure product safety [31]. Consequently, this 

research aims to evaluate the physical properties and 

antibacterial effectiveness of Aloe vera in liquid soap. The 

physical parameters to be tested, following the SNI 06-

3532-1994 standards, include free alkali content, acidity 

level (pH), foam height and foam stability, and water 

content. Additionally, antibacterial tests will involve 

Staphylococcus aureus and Escherichia coli bacteria, 

chosen for their common presence on the human hand 

surface [32–35].  

2. Materials and Method 

2.1 Materials  

The materials enlisted for this study encompass used 

cooking oil, activated charcoal, Bleaching Earth powder, 

technical-grade potassium hydroxide (KOH), distilled water 

(aquades), texapon (SLES), glycerin, Aloe vera extract, 

benzalkonium chloride, 0.1 N hydrochloric acid (HCl), and 

phenolphthalein indicator (PP). 

2.2 Methods 

This experimental research aims to formulate liquid 

soap containing Aloe vera extract as an antibacterial agent. 

The soap samples were assessed through physical 

parameter tests, including free alkali content, acidity level 

(pH), foam height, foam stability, and water content. 

Additionally, the soap samples were tested for their 

inhibitory effects on the growth of Staphylococcus aureus 

and Escherichia coli bacteria. 

2.2.1 Oil purification 

Initially, 500 mL of used cooking oil is poured into a pan 

and heated over a moderate flame. Once it reaches the 

optimal temperature, 10g of activated charcoal is added to 

the oil, and the mixture is stirred for 15 minutes while 

continuing to heat. Subsequently, the stove is turned off, 

and the mixture is left undisturbed for 5 hours. 

In the next stage, the oil is reheated over a moderate 

flame. Upon reaching the appropriate temperature, 50g of 

bleaching earth is introduced into the oil, and the mixture 

is stirred for 15 minutes while still being heated. 

Afterward, the stove is turned off, and the mixture is left 

undisturbed for 10 hours or until the bleaching earth 

powder separates and settles at the bottom of the 

container. Following this, the mixture suspension 

undergoes filtration to separate the Bleaching Earth 

precipitate into a plastic container. 

2.2.2 Soap production 

A total of 6.5g of KOH solid is weighed and dissolved in 

15 mL of water in a plastic container. The solution is stirred 

until homogeneous, beware of the heat and odor 

generated during the reaction. Subsequently, 25 mL of oil 

is poured into the plastic container and mixed with the 

KOH solution. The stirring process is carried out using a 

mixer until the mixture attains a whitish, paste-like texture, 

with an estimated stirring time of 30 minutes. The mixture 

is left undisturbed for two nights, and after this period, the 

texture solidifies, resembling butter. Next, 20 mL of 

texapon and 25 mL of hot water are added to the mixture. 

The stirring process continues for 30 minutes using a spoon 

or cake mixer for quicker results. It is crucial to pay 

attention while stirring texapon, as successful texapon 

mixing can impact the soap's viscosity and the amount of 

foam produced. The subsequent step involves adding 100 

mL of regular water, 15 mL of glycerin, 2% Aloe vera 

extract, and 7.5 mL of fragrance to the mixture. The stirring 

process is continued until the mixture becomes smooth. 

The mixture is left for a few hours until the soap's original 

color is evident. 
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2.2.3 Physical parameter tests 

Free alkali content test 

A 5 g soap sample is carefully weighed and added to a 

250 mL Erlenmeyer flask. Subsequently, the soap sample is 

dissolved using 96% ethanol, with a solvent volume of 100 

mL. At this stage, a few drops of phenolphthalein indicator 

(PP) are added to the solution. The mixture is heated until 

it reaches a deep purple color. This is followed by titration 

using 0.1 N HCl solution, and the endpoint of the titration 

is observed when the purple color precisely disappears. 

Throughout the titration process, the volume of HCl used 

is recorded, providing information about the amount of 

acid reacting with the soap sample. The titration is 

conducted three times. 

Acidity level (pH) test 

The procedure commences with preparing a soap 

sample of 1g, which is then dissolved in 9 mL of distilled 

water. Subsequently, the pH meter is calibrated using a pH-

4 buffer, and afterward, the pH meter probe is rinsed using 

distilled water. The pH meter electrode is then immersed 

in the soap sample, and the reading on the pH meter is 

noted. Next, the pH meter electrode is cleaned using 

tissue, followed by rinsing with distilled water. Finally, the 

electrode is dried with tissue. 

Foam height and stability test 

A soap sample of 1g is dissolved in 9 mL of distilled 

water. The reaction tube is then sealed with a stopper, and 

subsequently, the sample is shaken for 20 minutes. The 

initial foam height is recorded after the shaking process. 

Furthermore, the sample is left undisturbed for 5 minutes, 

and the final foam height recorded is noted. 

Water content test 

The procedure begins by preparing a soap sample, 

which is then weighed to 5g. The weighed sample is placed 

into a porcelain dish and heated in an oven for 2 hours at 

a temperature of 105 ℃. After the heating process is 

complete, the soap sample is re-weighed after cooling to 

obtain its final weight. 

2.2.4 Antibacterial test 

Nutrient agar (NA) and Nutrient Broth are prepared. 

Bacterial cultures of S. aureus and E. coli are rejuvenated 

by inoculating one bacterial loop aseptically onto NA. The 

bacteria are then incubated for 24 hours at their respective 

optimum temperatures. After the incubation process, the 

rejuvenated bacteria are further suspended in nutrient 

broth until the turbidity level matches the set standard. 

The procedure commences with taking the bacterial 

suspension, which is then poured into a petri dish along 

with the addition of sterile NA. The mixture is 

homogenized evenly and left to solidify. The next step 

involves soaking filter paper discs in the sample solution to 

be tested. The soaked paper discs are then placed on the 

petri dish using forceps. Subsequently, the entire system is 

incubated for 24 hours to allow for bacterial growth and 

interaction with the tested sample. 

3. Results and Discussion 

3.1 Oil purification 

The purification of used cooking oil aims to enhance its 

quality. This process comprises two stages, with the first 

stage involving the use of activated charcoal as an 

adsorbent for peroxides and colorants. Activated charcoal 

possesses pores capable of adsorbing impurities, and the 

adsorption process with activated charcoal takes place for 

5 hours. A study by Samangun et al., (2017) indicates that 

activated charcoal can adsorb 95-97% of total colorants in 

oil, reduce peroxide values, and eliminate undesired odors, 

such as rancid smells [36]. Here, activated charcoal acts as 

an adsorbent, adsorbing colorants and reducing the 

amount of free fatty acids in used cooking oil [37]. The 

mixture of used cooking oil and activated charcoal is stirred 

while heated for 15 minutes, left undisturbed for 5 hours 

after heating, then filtered and collected in a basin. This 

process not only contributes to the visual improvement of 

the oil but also enhances other quality parameters, such as 

a reduction in peroxide values, reflecting oxidative stability 

and resistance to oil damage due to oxidation. Figure 1 

illustrates the purification of used cooking oil with the 

addition of activated charcoal on a heating stove. 

 

Figure 1. Used cooking oil treated with activated charcoal on a 

heating stove. 

The second stage in the purification of used cooking oil 

involves the bleaching process of bleaching earth (BE). This 

material acts as an adsorbent, where its active side, the 

silanol group (Si-OH), can bind peroxide and free fatty acid 
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carbonyl groups [38]. The addition of BE aims to absorb 

impurities present in used cooking oil [39–41]. This allows 

peroxide compounds and free fatty acids that were not 

absorbed in the first stage to be adsorbed on the surface 

of the BE adsorbent. The adsorption process is carried out 

for 10 hours. Figure 2 shows that the purified oil is clearer 

and relatively odorless. This bleaching process essentially 

improves the organoleptic profile of the oil and can have a 

positive impact on the sustainability and consumer 

acceptance of the resulting used cooking oil product. 

  

Figure 2. Bleaching of used cooking oil using activated charcoal 

and bleaching earth (a) before (b) after. 

3.2 Soap production 

The soap production begins by first preparing a 

potassium hydroxide (KOH) solution. This involves 

weighing 6.5g of solid KOH, dissolving it in 15 mL of water, 

and stirring it until homogeneous. The next step is pouring 

25 mL of oil into a container, which is then reacted with the 

previously prepared KOH solution. The mixture is stirred 

using a mixer for 30 minutes until a soap paste is formed. 

The reaction that occurs is known as saponification, where 

the reaction between oil and KOH produces an anionic 

surfactant. This surfactant is responsible for lifting dirt [42]. 

The formed soap paste is left undisturbed for two nights to 

complete saponification.  

 

Figure 3. The liquid hand soap is made from used cooking oil with 

Aloe vera as an antibacterial agent. 

In the subsequent steps, 100 mL of texapon and 50 mL 

of water are added to the soap paste—texapon functions 

to create foam and remove fat and dirt [43]. Then, 100 mL 

of room temperature water, 15 mL of glycerin, 2% Aloe 

vera leaf extract, and 7.5 mL of fragrance are added to the 

mixture of soap paste and texapon. The mixture is stirred 

until smooth, resulting in liquid hand soap as shown in Fig. 

3.  

3.3 Physical parameter tests 

Free alkali content test 

The free alkali content test is conducted to determine 

the quantity of alkali not bound by fatty acids. The testing 

procedure involves titrating the liquid soap with HCl to 

ascertain the amount of alkali that did not get involved in 

saponification. The soap sample is preheated to facilitate 

the determination of the titration endpoint, assisted by the 

addition of some drops of PP indicator to the sample. The 

endpoint of the titration is marked by the color change of 

the sample from pink to colorless. The average volume of 

HCl required to reach the endpoint of titration is 0.167 mL. 

Subsequently, the percentage of alkali content in the 

sample is calculated using Equation 1 below. 

𝐴𝑙𝑘𝑎𝑙𝑖 𝑐𝑜𝑛𝑡𝑒𝑛(%) =
𝑉×𝑁×0.0561

𝑊
× 100%        (1) 

Information: 

V = volume of HCl in titration (mL) 

N = normality of HCl (N) 

W = weight of the sample (grams) 

Based on the equation, the free alkali content in the 

sample is determined to be 0.01873%. This content meets 

the standard requirements. According to SNI 06-4085-

1996, the maximum allowable free alkali content in liquid 

soap is 0.1% [44,45]. 

Table 1. Comparison of the analysis of free alkali content with SNI 

06-4085-1996. 

Preparation 

Free alkali content 

Information 
SNI 

Test 
results 

Soap 
sample 

with Aloe 
vera 

Maximum 
0.1% 

0.01873% Qualify 

Acidity level (pH) test 

The soap's acidity level, or pH test, is conducted using 

a calibrated digital pH meter with a pH-4 buffer solution for 

calibration. Calibrating the instrument aims to ensure 

accurate data and minimize measurement errors. 
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According to Dimpudus et al. (2017), the skin has resilience 

and can quickly adapt to products with a pH range of 8.0-

10.8. Therefore, the pH test is performed to determine the 

soap's pH, ensuring that the soap is safe for use and direct 

contact with the skin [44]. 

Based on the test result, the soap's pH is determined to 

be 10.0. This outcome indicates that the soap sample 

meets the criteria for good soap, as per SNI 06-4085-1996, 

where the permissible pH range for soap is 8-11. 

Table 2. Comparison of the analysis of acidity level (pH) with SNI 

06-4085-1996. 

Preparation 

Degree of acidity (pH) 

Information 
SNI 

Test 
results 

Soap 
sample 

with Aloe 
vera 

Range 
8.0-11.0 

10.0 Qualify 

Foam height and stability test 

The foam height and foam stability tests are conducted 

to assess the foaming ability of Aloe vera liquid soap. The 

foam height produced by the sample after stirring for 30 

seconds is measured at 65 mm. Subsequently, the test 

sample is left undisturbed for 5 minutes to observe foam 

stability. Stability is achieved if the amount of foam after 5 

minutes is 60-70% of the initial volume. The final foam 

height obtained is 55 mm. The calculation of foam stability 

can be performed using Equation 2 below. 

𝐹𝑜𝑎𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 =
𝑓𝑖𝑛𝑎𝑙 𝑓𝑜𝑎𝑚 ℎ𝑒𝑖𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑓𝑜𝑎𝑚 ℎ𝑒𝑖𝑔ℎ𝑡
× 100%       (2) 

According to SNI 06-4085-1996, the requirement for 

foam height of liquid soap is in the range of 13-220 mm 

[46]. The obtained foam stability value is 84.61%. Thus, the 

liquid soap sample meets the standard. The foam stability, 

with 84.61% of the foam remaining after being left 

undisturbed for 5 minutes, also fulfills the criteria for foam 

stability. 

Table 3. Comparison of foam height analysis with SNI 06-4085-

1996. 

Preparation 

Foam height 

Information 
SNI 

Test results 

Before After 

Soap 
sample 

with Aloe 
vera 

13-
220mm 

65mm 55mm Qualify 

 

Table 4. Comparison of foam stability analysis with SNI 06-4085-

1996. 

Preparation 

Foam stability 

Information 
SNI 

Test 
results 

Soap 
samples 

with Aloe 
vera 

60-70% 84.61% Qualify 

Water content test 

The purpose of this water content test is to determine 

the amount of water content present in the Aloe vera 

liquid soap. The initial weight of the sample used in this 

test is 5.00 grams, and the final weight after being oven-

dried is 3.00 grams. Based on the obtained results, the 

water content can be calculated using Equation 3 below. 

𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
× 100%    (3) 

The water content standard set by SNI 06-4085-1996 is 

a maximum of 60% [18]. The water content obtained for 

the Aloe vera liquid soap preparation is 40%. This result 

indicates that the liquid soap preparation meets the 

standard. 

Table 5. Comparison of water content analysis with SNI 06-4085-

1996. 

Preparation 

Water content 

Information 
SNI 

Test 
results 

Soap 
sample 

with Aloe 
vera 

60% 40% Qualify 

3.4 Antibacterial test 

After the physical parameter test, which indicates that 

the liquid soap made from used cooking oil with the 

addition of Aloe vera as an antibacterial agent meets the 

SNI 06-4085-1996 standard, the inhibition zone test was 

conducted using the diffusion method to determine the 

effectiveness of Aloe vera antibacterial agent in the soap. 

This method was chosen for its simplicity and high 

precision. Additionally, this method is commonly used in 

testing the sensitivity of antibiotics, and observing 

bacterial responses to antibiotics, or antibacterial 

substances with the formation of inhibition zones (clear 

areas) around the wells [47,48]. The results of the 

antibacterial test on soap with Aloe vera were obtained 

through observations over 1 day with a 24-hour incubation 
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period and three repetitions for each liquid soap 

preparation, as shown in Table 6. 

Table 6. Inhibition zone of antibacterial test of soap with Aloe 

vera against Staphylococcus aureus and Escherichia coli bacteria. 

Active 
Ingredi

ent 

Inhibition Zone (mm) 

E. coli (Gram -) Av
g 

S. aureus 
(Gram+) 

Av
g 

1 2 3 1 2 3 

Aloe 
vera 

7.6
8 

8.2
2 

8.4
0 

8,1
0 

9.8
5 

9.3
0 

10.
62 

9.9
2 

Avg: average 

The paper disc (Figure 4a) serves as the site for injecting 

soap samples, and then bacteria are cultured around it. 

The effectiveness of the antibacterial soap is observed 

from the formation of inhibition zones (clear areas) 

measured around the wells. The data analysis process for 

the inhibition zones test of Aloe vera liquid soap requires 

control sample data to determine the differences. 

Therefore, an inhibition zone test was conducted on the 

soap sample without an antibacterial agent (controls) with 

the same test system configuration as the soap sample 

with the addition of Aloe vera. The results of the analysis 

reported in Table 7 show that the addition of Aloe vera in 

liquid hand soap results in an increase in the average 

inhibition zone to 8.10 mm from the control sample, which 

has an average inhibition zone of 7.05 mm for E. coli 

bacteria. Meanwhile, in the testing against S. aureus 

bacteria, the average inhibition zone for the control 

sample is 9.28 mm, and the average inhibition zone for the 

sample with Aloe vera becomes 9.92 mm.  

Table 7. Inhibition zone of antibacterial test of soap without 

antibacterial substance (control) against Staphylococcus aureus 

and Escherichia coli bacteria. 

Active 
Ingredi

ent 

Inhibition Zone (mm) 

E. coli (Gram -) Av
g 

S. aureus 
(Gram+) 

Av
g 

1 2 3 1 2 3 

No 
anti- 

bacteri
a 

6.8
8 

7.4
5 

6.8
3 

7.0
5 

10.
23 

8.6
6 

8.9
5 

9.2
8 

Avg: average 

As a comparison, another antibacterial agent was used, 

namely benzalkonium chloride, which is a synthetic 

antibacterial, with the same test system configuration as 

the liquid soap sample with the addition of Aloe vera. In 

the displayed test results in Table 8, with the addition of 

benzalkonium chloride against E. coli bacteria, the average 

inhibition zone obtained was 7.45 mm, and against S. 

aureus bacteria, it was 7.41 mm. 

Table 8. Inhibition zone of antibacterial test of soap with 

benzalkonium chloride against Staphylococcus aureus and 

Escherichia coli bacteria. 

Active 
Ingredie

nts 

Inhibition Zone (mm) 

E. coli (Gram -) Av
g 

S. aureus 
(Gram+) 

Av
g 

1 2 3 1 2 3 
Benzal- 
conium 
chloride 

7.0
0 

7.8
8 

7.4
7 

7.4
5 

8.0
3 

6.9
1 

7.3
0 

7.4
1 

Avg: average 

Antibacterial testing indicates a significant increase in 

antibacterial activity with the addition of Aloe vera, 

consistent with research conducted by Ariyani et al. (2018) 

on the antibacterial activity of Escherichia coli in Aloe vera 

gel preparations and a study by Apriani & Fathir (2021) on 

the inhibitory effect of Aloe vera latex on the growth of 

Staphylococcus aureus bacteria [49,50]. The antibacterial 

activity is marked by the presence of a clear zone around 

the disc. Antibacterial compounds will diffuse from the 

paper disc towards the media that has been inoculated 

with the test bacteria, resulting in inhibitory activity in the 

form of an inhibition zone, as shown in Figure 4 [51–55]. 

The size of the formed zone varies depending on the type 

and concentration of the antibacterial substance on the 

disc. The larger the formed zone, the greater the diameter 

of inhibition, indicating stronger antibacterial properties 

[56]. According to the David-Stout method in Table 9, the 

activity of Aloe vera as an antibacterial agent in liquid soap 

falls into the moderate category [57]. 

The difference in the inhibitory zones of Aloe vera 

activity on the growth of E. coli and S. aureus is attributed 

to their distinct types representing gram-negative and 

gram-positive bacteria, respectively. This difference is due 

to the number of layers in the bacterial cell wall. Gram-

positive bacterial cell walls have a simple structure with a 

single layer and low lipid content, making it easier for 

active compounds to penetrate the cell. In contrast, gram-

negative bacterial cell walls have a complex structure with 

three layers, involving an outer membrane, lipoprotein, 

and peptidoglycan, acting as a barrier against antibacterial 

bioactive substances [58]. Therefore, this research 

indicates that S. aureus bacteria have a larger inhibition 

zone compared to E. coli bacteria. 
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Table 9. Bacterial growth inhibition response category. 

Inhibition zone diameter (mm) Inhibition Response 

≥ 20 Very strong 

11-19 Strong 

5-10 Moderate 

< 5 Weak 

Aloe vera extract can exhibit antibacterial effects on 

the growth of E. coli and S. aureus bacteria due to the 

influence of secondary metabolite compounds present in 

the extract. Compounds that provide antibacterial activity 

include alkaloids, flavonoids, tannins, saponins, and 

triterpenoids [29,30].  

Alkaloid compounds disrupt the components of the 

peptidoglycan in bacterial cells, preventing the formation 

of the cell wall layer, and ultimately leading to bacterial cell 

death [59]. This mechanism is an effective way to 

compromise the integrity of bacterial cells, inhibiting their 

growth. Flavonoids are phenolic compounds that have 

been evaluated for their antibacterial property due to their 

tendency to retard the growth of pathogenic 

microorganisms by degrading membrane phospholipids, 

which leads to cytoplasmic membrane breakdown [60]. 

Flavonoids interact with proteins to provide benefits, but 

the crucial thing is that they need to keep their amphiphilic 

properties to penetrate bacteria and fight against them 

[61]. The lipophilicity level of a flavonoid influences its 

ability to damage the bacterial cell wall; the more lipophilic 

the flavonoid, the stronger its ability [62]. Tannins are a 

type of polyphenolic compounds that possess antibacterial 

properties. They can inhibit bacterial biofilm formation or 

inactivate enzymes, which can prevent the formation of 

bacterial cells [63,64]. The wide variety of phenolic 

compounds with different structures makes them a 

valuable source of potential drugs that can inhibit bacterial 

strains' growth. Moreover, the presence of functional 

groups in tannins makes them suitable to act at various 

levels on bacteria cells, leading to damage to cell 

membranes, enzyme inhibition, and DNA intercalation 

[65]. Saponins are amphiphilic compounds and their 

antibacterial activity is closely related to their surface 

activity [66]. According to recent studies, saponins possess 

detergent-like properties that can affect the bacterial cell 

wall by increasing the permeability of the bacterial cell 

membrane [67,68]. It has been speculated that the 

mechanism of action of saponins is related to the bacterial 

cell membrane system. The mechanism involves reducing 

surface tension, thereby increasing cell permeability or 

leakage, leading to the release of intracellular compounds 

[69].  

 

 

 

Figure 4. Inhibition zones of antibacterial test (a) soap sample 

without antibacterial agent (control) against E. coli (b) soap 

sample without antibacterial agent (control) against S. aureus. (c) 

soap sample with Aloe vera against E. coli (d) soap sample with 

Aloe vera against S. aureus. (e) soap sample with benzalkonium 

chloride against E. coli (f) soap sample with benzalkonium 

chloride against S. aureus. 

4. Conclusion 

The antibacterial test conducted with E. coli and S. 

aureus bacteria revealed optimal inhibition zones in the 

Aloe vera soap samples. The Aloe vera-infused soap 

samples have successfully met the SNI standards in various 

testing parameters, including free alkali content, acidity 

level (pH), foam height and stability, and water content—

the soap’s free alkali content measures at 0.01873%, with 

a pH value of 10. Notably, the soap exhibits a foam height 

of 65 mm and a foam stability of 84.61%. Additionally, the 

water content in the soap is determined to be 40%. These 

results collectively confirm that the soap fulfills the 

necessary criteria to be considered a good quality soap. 

 

a b 

d 

f e 

c 

Inhibition Zone Paper disk 



Chemistry and Materials     Muhab et al. / Chem. Mater. 3 (1) 2024, 9-20 

 

16                 Published by The Center for Science Innovation 

  

Acknowledgment 

This study was funded by Lembaga Penelitian dan 

Pengabdian kepada Masyarakat Universitas Negeri Jakarta 

(LPPM UNJ) under PKM-KKN scheme 2023 with contract 

No. 3/PPM-KKN/LPPM/III/2023. 

References 

[1] D.S. Sopianti, H. Herlina, H.T. Saputra, Determination 
of Free Fatty Acid Content in Cooking Oil, Jurnal 
Katalisator. 2 (2017) 100–105. https://doi.org 
/https://doi.org/10.22216/jk.v2i2.2408. 

[2] C.S.K. Lin, L.A. Pfaltzgraff, L. Herrero-Davila, E.B. 
Mubofu, S. Abderrahim, J.H. Clark, A.A. Koutinas, N. 
Kopsahelis, K. Stamatelatou, F. Dickson, S. 
Thankappan, Z. Mohamed, R. Brocklesby, R. Luque, 
Food waste as a valuable resource for the production 
of chemicals, materials and fuels. Current situation 
and global perspective, Energy Environ Sci. 6 (2013) 
426–464. https://doi.org/10.1039/C2EE23440H. 

[3] M. Del Carmen Flores-Álvarez, E.F. Molina-
Hernández, J.C. Hernández-Raya, M.E. Sosa-Morales, 
The Effect of Food Type (Fish Nuggets or French Fries) 
on Oil Blend Degradation during Repeated Frying, J 
Food Sci. 77 (2012) C1136–C1143. 
https://doi.org/10.1111/J.1750-3841.2012.02930.X. 

[4] A.Y. Khaled, S.A. Aziz, F.Z. Rokhani, Capacitive sensor 
probe to assess frying oil degradation, Information 
Processing in Agriculture. 2 (2015) 142–148. 
https://doi.org/10.1016/J.INPA.2015.07.002. 

[5] R. Perumalla Venkata, R. Subramanyam, Evaluation of 
the deleterious health effects of consumption of 
repeatedly heated vegetable oil, Toxicol Rep. 3 (2016) 
636–643. https://doi.org/10.1016/J.TOXREP. 
2016.08.003. 

[6] N.A. Agustina, F. Piska, Physical Characteristics of 
Organic Soap Based on Used Cooking Oil and Betel 
Nut Extract (Areca catechu L) with Lerak Fruit 
Biosurfactant (Sapindus rarak DC), Agroprimatech. 7 
(2023) 1–11. https://doi.org/https://doi.org/10. 
34012/agroprimatech.v7i1.4416. 

[7] B.H.H. Goh, C.T. Chong, Y. Ge, H.C. Ong, J.H. Ng, B. 
Tian, V. Ashokkumar, S. Lim, T. Seljak, V. Józsa, 
Progress in utilization of waste cooking oil for 
sustainable biodiesel and biojet fuel production, 
Energy Convers Manag. 223 (2020) 113296. 
https://doi.org/10.1016/J.ENCONMAN.2020.113296 

[8] S. Fairus, N. Asiah, R. Maryam Astuti, R. Dwi Yulianti, 
R. Dwi Saputra, T. Nurfadila, Planning of Used Cooking 
Oil Collection System in RT 05 RW 09, Jaticempaka 
Village, Bekasi, Indonesian Journal for Social 

Responsibility (IJSR). 5 (2023) 93–104. 
https://doi.org/https://doi.org/10.36782/ijsr.v5i02.235. 

[9] D. Singh-Ackbarali, R. Maharaj, N. Mohamed, V. 
Ramjattan-Harry, Potential of used frying oil in paving 
material: solution to the environmental pollution 
problem, Environmental Science and Pollution 
Research. 24 (2017) 12220–12226. 
https://doi.org/10.1007/S11356-017-8793 
Z/FIGURES/4. 

[10] G.R. De Souza, A.G.C. Ribeiro, S.L.F. Sales, Waste 
Cooking Oil Management at Three Gastronomic 
Establishments in Lavras, Minas Gerais, Brazil: 
Problems, Prospects and Solutions, Journal of Solid 
Waste Technology and Management. 45 (2019) 403–
409. https://doi.org/10.5276/JSWTM/2019.403. 

[11] M.E. Ortner, W. Müller, I. Schneider, A. Bockreis, 
Environmental assessment of three different 
utilization paths of waste cooking oil from 
households, Resour Conserv Recycl. 106 (2016) 59–
67.https://doi.org/10.1016/J.RESCONREC.2015.11.0
07. 

[12] F. Damayanti, T. Supriyatin, The Utilisation of Used 
Cooking Oil Waste as an Effort to Increase 
Environmental Awareness in the Community, 
Dinamisia: Jurnal Pengabdian Kepada Masyarakat. 5 
(2021) 161–168.https://doi.org/https://doi.org/10. 
31849/dinamisia.v5i1.4434. 

[13] D. Ginting, S.P. Wirman, Y. Fitri, N. Fitrya, S.F. 
Retnawaty, N. Febriani, Community Service Program: 
Production of Bar Soap from Used Cooking Oil Waste 
for Housewives in Muara Fajar Subdistrict, Pekanbaru 
City, Jurnal Pengabdian Untuk Mu NegeRI. 4 (2020) 
74–77.https://doi.org/https://doi.org/10.37859/. 
jpumri.v4i1.1857. 

[14] I.A.F. Husain, M.F. Alkhatib, M.S. Jami, M.E.S. 
Mirghani, Z. Bin Zainudin, A. Hoda, Problems, Control, 
and Treatment of Fat, Oil, and Grease (FOG): A 
Review, J Oleo Sci. 63 (2014) 747–752. 
https://doi.org/10.5650/JOS.ESS13182. 

[15] X. Yan, Y. Guan, Z. Fang, Physical and chemical 
characteristics of fat, oil and grease deposits in 
Chinese kitchen drainage systems, 
Https://Doi.Org/10.1177/0734242X221123973. 41 
(2022) 635–643. https://doi.org/10.1177/0734  
242X221123973. 

[16] M. Omidvar, M.R. Malayeri, F. Farshchi Tabrizi, M.M. 
Doroodmand, Investigation of used cooking oil on the 
formation of FOG deposits in sewer line clogging, 
Environmental Science and Pollution Research. 30 
(2023) 18325–18339.  



Muhab et al. / Chem. Mater. 3 (1.) 2024, 9-20      Chemistry and Materials 

 

Published by The Center for Science Innovation   17  
  

https://doi.org/10.1007/S11356-022-23480-
0/METRICS. 

[17] K. Ganesan, K. Sukalingam, B. Xu, Impact of 
consumption of repeatedly heated cooking oils on 
the incidence of various cancers- A critical review, Crit 
Rev Food Sci Nutr. 59 (2019) 488–505. 
https://doi.org/10.1080/10408398.2017.1379470. 

[18] K. Ganesan, K. Sukalingam, B. Xu, Impact of 
consumption and cooking manners of vegetable oils 
on cardiovascular diseases- A critical review, Trends 
Food Sci Technol. 71 (2018) 132–154. 
https://doi.org/10.1016/J.TIFS.2017.11.003. 

[19] M.A. Rayhan, M.K. Islam, M.A. Khatun, D. Islam, M.N. 
Rahman, Remedial role of exercise training to deep-
fried oil-induced metabolic and histological changes 
in Wistar rats, J Food Biochem. 44 (2020) e13458. 
https://doi.org/10.1111/JFBC.13458. 

[20] S. Zhu, Y. Zhu, H. Li, Q. Wang, K. Wang, K. Baska, D. 
Zhang, Long-term consumption of recycled cooking 
oil induces cell death and tissue damage, The FASEB 
Journal. 35 (2021) e21203.  
https://doi.org/10.1096/FJ.202000825R. 

[21] M. Megawati, M. Muhartono, Consumption of Used 
Cooking Oil and Its Impact on Health, Medical Journal 
of Lampung University. 8 (2019) 259–264. 
https://juke.kedokteran.unila.ac.id/index.php/major
ity/article/view/2481 (accessed January 8, 2024). 

[22] R.R. Mariana, E. Susanti, L. Hidayati, R.A. Wahab, 
Analysis of peroxide value, free fatty acid, and water 
content changes in used cooking oil from street 
vendors in Malang, AIP Conf Proc. 2231 (2020). 
https://doi.org/10.1063/5.0002656/805876. 

[23] A. Rahman, S. Utama, The Government’s Policy on 
Controlling COVID-19 in West Nusa Tenggara 
Province, Jurnal Ilmu Pemerintahan Suara 
Khatulistiwa. 5 (2020) 48–71.  
https://doi.org/https://doi.org/10.33701/jipsk.v5i2.
1398. 

[24] M.M.J. Arsene, P.I. Viktorovna, G. V. Sergei, F. Hajjar, 
Y.N. Vyacheslavovna, Z.A. Vladimirovna, V.E. 
Aleksandrovna, S.A. Nikolayevich, N. Sachivkina, 
Phytochemical Analysis, Antibacterial and Antibiofilm 
Activities of Aloe vera Aqueous Extract against 
Selected Resistant Gram-Negative Bacteria Involved 
in Urinary Tract Infections, Fermentation 2022, Vol. 8, 
Page 626. 8 (2022) 626.  
https://doi.org/10.3390/FERMENTATION8110626. 

[25] T. Minwuyelet, M. Sewalem, M. Gashe, Review on 
Therapeutic Uses of Aloe Vera, Global Journal of 

Pharmacology. 11 (2017) 14–20. 
https://doi.org/10.5829/idosi.gjp.2017.14.20. 

[26] B. Pradhan, Plant Archives PHYTOCHEMISTRY, 
PHARMACOLOGY AND TOXICITY OF Aloe vera : A 
VERSATILE PLANT WITH EXTENSIVE THERAPEUTIC 
POTENTIAL, Bhumika Pradhan Plant Archives. 23 
(2023) 327–333. https://doi.org/10.51470  
/PLANTARCHIVES.2023.v23.no2.056. 

[27] S. Arbab, H. Ullah, W. Weiwei, X. Wei, S.U. Ahmad, L. 
Wu, J. Zhang, Comparative study of antimicrobial 
action of aloe vera and antibiotics against different 
bacterial isolates from skin infection, Vet Med Sci. 7 
(2021) 2061–2067.  
https://doi.org/10.1002/VMS3.488. 

[28] S. Jain, N. Rathod, R. Nagi, J. Sur, A. Laheji, N. Gupta, 
P. Agrawal, S. Prasad, Antibacterial Effect of Aloe Vera 
Gel against Oral Pathogens: An In-vitro Study, J Clin 
Diagn Res. 10 (2016) ZC41. 
https://doi.org/10.7860/JCDR/2016/21450.8890. 

[29] P. Kushwaha, K. Verma, M. Srivastava, D. Pandey, L.K. 
Dwivedi, The phytochemical profiling of Aloe vera 
through GC-MS and compounds activity validation at 
NCBI for industrial value addition of the plant, Article 
in South Asian Journal of Experimental Biology. 13 
(2023). https://doi.org/10.38150/sajeb.13(1).p20-32. 

[30] A. Jha, D. Prakash, D. Bisht, A Phytochemical 
Screening of the Ethanolic Extract of Aloe Vera Gel, 
International Journal of Science and Research. 8 
(2018). https://doi.org/10.21275/ART20202157. 

[31] I.N.K. Dewi, A. Rahmadani, S. Lestari, N.A. Putri, M. 
Fatah, S.I. Nurjamah, Formulation and Evaluation of 
Liquid Soap with Essential Oil from Olive (Olea 
europaea var. europaea), Indonesian Journal of 
Health Science. 3 (2023) 229–236. 
https://doi.org/https://doi.org/10.54957/ijhs.v3i2a.
456. 

[32] I.A. L, M.D. Prenggono, L.Y. Budiarti, Identification of 
Contaminant Bacterial Types on the Hands of Nurses 
in the Internal Medicine Ward at RSUD Ulin 
Banjarmasin during June-August 2014, Berkala 
Kedokteran. 11 (2015) 11–18. 
https://doi.org/http://dx.doi.org/10.20527/jbk.v11i1
.180. 

[33] S.S.D. Mohammed, A.D.V. Ayansina, S.R. 
Mohammed, O.A. Oyewole, A.M. Shaba, Evaluation 
of food contact surfaces in selected restaurants of 
Kaduna State University for the presence of 
Escherichia coli and Staphylococcus aureus, Science 
World Journal. 13 (2018) 45–49.  
https://www.ajol.info/index.php/swj/article/view/1
83588 (accessed February 3, 2024). 



Chemistry and Materials     Muhab et al. / Chem. Mater. 3 (1) 2024, 9-20 

 

18                 Published by The Center for Science Innovation 

  

[34] K. Dorotíková, J. Kameník, K. Bogdanovičová, S. 
Křepelová, J. Strejček, D. Haruštiaková, Microbial 
contamination and occurrence of Bacillus cereus 
sensu lato, Staphylococcus aureus, and Escherichia 
coli on food handlers’ hands in mass catering: 
Comparison of the glove juice and swab methods, 
Food Control. 133 (2022) 108567. 
https://doi.org/10.1016/J.FOODCONT.2021.108567. 

[35] A. Bolatchiev, Antibacterial activity of human 
defensins against Staphylococcus aureus and 
Escherichia coli, PeerJ. 8 (2020) e10455. 
https://doi.org/10.7717/PEERJ.10455/SUPP-1. 

[36] D. Nasrun, T. Samangun, Ir.T. Iskandar, Z. Ma’sum, 
Purification of Used Cooking Oil Using Activated 
Charcoal from Rice Husk, eUREKA: Jurnal Penelitian 
Teknik Sipil Dan Teknik Kimia. 1 (2017) 1–7. 
https://publikasi.unitri.ac.id/index.php/teknik/articl
e/view/898 (accessed January 8, 2024). 

[37] A. Prihanto, B. Irawan, Utilisation of Used Cooking Oil 
for Soap Production, Metana. 14 (2018) 55–59. 
https://doi.org/https://doi.org/10.14710/metana.v1
4i2.11341. 

[38] L.H. Rahayu, S. Purnavita, The Influence of 
Temperature and Adsorption Time on the 
Physicochemical Properties of Purified Used Cooking 
Oil Using Aren Starch Residue and Bentonite as 
Adsorbents, Momentum. 10 (2014) 35–41. 
https://doi.org/https://dx.doi.org/10.36499/jim.v10i
2.1058. 

[39] R.I.M. Almoselhy, M.M. Eid, S.M.M. Abd-Elmageed, 
R.A. Youness, Using Nanotechnology in Bleaching 
Vegetable Oils, Egypt J Chem. 63 (2020) 2699–2706. 
https://doi.org/10.21608/EJCHEM.2020.23625.2407. 

[40] L.A. Rincón, J.C. Ramírez, A. Orjuela, Assessment of 
degumming and bleaching processes for used 
cooking oils upgrading into oleochemical feedstocks, 
J Environ Chem Eng. 9 (2021) 104610. 
https://doi.org/10.1016/J.JECE.2020.104610. 

[41] S.M. Abdelbasir, A.I. Shehab, M.A.A. Khalek, Spent 
bleaching earth; recycling and utilization techniques: 
A review, Resources, Conservation & Recycling 
Advances. 17 (2023) 200124.  
https://doi.org/10.1016/J.RCRADV.2022.200124. 

[42] M. Yuliyanti, V.M.S. Husada, H.A.A. Fahrudi, W.A.E. 
Setyowati, Optimization of Quality and Detergency 
Power of Liquid Detergent Formulation with 
Mahogany Seed Extract (Swietenia mahagoni), Jurnal 
Kimia Dan Pendidikan Kimia. 4 (2019) 65–76. 
https://doi.org/https://doi.org/10.20961/jkpk.v4i2.3
2750. 

[43] S. Sriwulan, S.D. Anggraini, N. Nurfitria, K. 
Febriyantiningrum, Characteristics and Effectiveness 
of Handmade Liquid Hand Soap Formula in Reducing 
Bacterial Count, Bioscientist: Jurnal Ilmiah Biologi. 11 
(2023) 716–726. https://doi.org/10.33394/  
bioscientist.v11i1.7711. 

[44] S.A. Dimpudus, P.V.Y. Yamlean, A. Yudistira, 
Formulation of Antiseptic Liquid Soap with Ethanol 
Extract from Balsam Flower (Impatiens balsamina L.) 
and Its Effectiveness Test against Staphylococcus 
aureus Bacteria In Vitro, Pharmacon: Jurnal Ilmiah 
Farmasi. 6 (2017) 208–215.  
https://doi.org/10.35799/pha.6.2017.16885. 

[45] P.K. Dipaningrum, A.M. Ulfa, S.M. Khoirunnisa, 
Determination of Free Alkali Content in Creamy Hand 
Soap Sold at Mini Markets through Acidimetry, Jurnal 
Analisis Farmasi. 6 (2021) 130–135. 
https://doi.org/https://doi.org/10.33024/jaf.v6i2.59
56. 

[46] J.C. Kasenda, P.V.Y. Yamlean, W.A. Lolo, Formulation 
and Testing of Antibacterial Activity of Liquid Soap 
with Ethanol Extract and Leaves of Cat’s Tail 
(Acalypha hispida Burm.F) Against the Growth of 
Staphylococcus aureus, Pharmacon: Jurnal Ilmiah 
Farmasi. 5 (2016) 40–47.  
https://doi.org/https://doi.org/10.35799/pha.5.201
6.12936. 

[47] Z.H. Cui, H.L. He, S. Bin Wu, C.L. Dong, S.Y. Lu, T.J. 
Shan, L.X. Fang, X.P. Liao, Y.H. Liu, J. Sun, Rapid 
Screening of Essential Oils as Substances Which 
Enhance Antibiotic Activity Using a Modified Well 
Diffusion Method, Antibiotics 2021, Vol. 10, Page 463. 
10 (2021) 463.  
https://doi.org/10.3390/ANTIBIOTICS10040463. 

[48] Z.A. Khan, M.F. Siddiqui, S. Park, Current and 
Emerging Methods of Antibiotic Susceptibility 
Testing, Diagnostics 2019, Vol. 9, Page 49. 9 (2019) 
49. https://doi.org/10.3390/DIAGNOSTICS9020049. 

[49] S.B. Ariyani, Y.K. Pertiwi, A. Asmawit, The Influence of 
Preservative Addition and Antibacterial Activity 
Testing Against Escherichia coli in Aloe Vera Gel 
Formulation, Jurnal Teknologi Proses Dan Inovasi 
Industri. 3 (2018) 1–5.  
https://doi.org/http://dx.doi.org/10.36048/jtpii.v3i1
.3801. 

[50] A. Apriani, A. Fathir, Antibacterial Activity of Aloe 
Vera Gel against the Growth of Staphylococcus 
aureus, Jurnal Sehat Indonesia. 3 (2021) 40–48. 
https://doi.org/10.36418/jsi.v3i2.28. 

[51] A.A. El-Sayed, A.M. Khalil, M. El-Shahat, N.Y. 
Khaireldin, S.T. Rabie, Antimicrobial activity of PVC-



Muhab et al. / Chem. Mater. 3 (1.) 2024, 9-20      Chemistry and Materials 

 

Published by The Center for Science Innovation   19  
  

pyrazolone-silver nanocomposites, Journal of 
Macromolecular Science, Part A. 53 (2016) 346–353. 
https://doi.org/10.1080/10601325.2016.1166000. 

[52] N. Dharmayanti, A. Anti, R.R. Siregar, Y.H. Sipahutar, 
A. Permadi, A.N. Siregar, R.B. Salampessy, Sujuliyani, 
S.Z. Nurbani, H.B. Purnamasari, Antibacterial 
potential of symbiont bacteria of brown 
algae  (Turbinaria conoides) obtained from 
Indonesian waters, Biodiversitas. 22 (2021) 373–377. 
https://doi.org/10.13057/BIODIV/D220145. 

[53] O.A. Olateju, C.P. Babalola, O.O. Olubiyi, O.A. Kotila, 
D.A. Kwasi, A.O. Oaikhena, I.N. Okeke, Quinoline 
Antimalarials Increase the Antibacterial Activity of 
Ampicillin, Front Microbiol. 12 (2021) 556550. 
https://doi.org/10.3389/FMICB.2021.556550/BIBTEX. 

[54] A. Salerno, S. Diéguez, L. Diaz-Gomez, T.J. Schmidt, K. 
Simbeck, G.G. Scherer -, N. Basid Adiwibawa Prasetya, 
P. Ria Sarjono, Synthesis of copolymer eugenol 
crosslinked with divinyl benzene and preliminary 
study on its antibacterial activity, IOP Conf Ser Mater 
Sci Eng. 509 (2019) 012102. 
https://doi.org/10.1088/1757-899X/509/1/012102. 

[55] M. Balouiri, M. Sadiki, S.K. Ibnsouda, Methods for in 
vitro evaluating antimicrobial activity: A review, J 
Pharm Anal. 6 (2016) 71–79. 
https://doi.org/10.1016/J.JPHA.2015.11.005. 

[56] A. Hamzah, In Vitro Analysis of Antibacterial Activity 
of Sisik Naga Leaves (Drymoglossum pilosellaoides) 
against Vibrio harveyi and Vibrio parahaemolyticus 
Bacteria, Journal of Aquaculture and Fish Health. 8 
(2019) 86–91. https://doi.org/10.20473  
/jafh.v8i2.11984. 

[57] W.W. Davis, T.R. Stout, Disc Plate Method of 
Microbiological Antibiotic Assay, Appl Environ 
Microbiol. 22 (1971) 659–665. 
https://doi.org/https://doi.org/10.1128/am.22.4.65
9-665.1971. 

[58] E. Jawetz, G.F. Brooks, K.C. Carroll, J.S. Butel, S.A. 
Morse, T.A. Mietzner, Jawetz, Melnick, & Adelberg’s 
medical microbiology, 27th ed, McGraw-Hill 
Education, New York, 2016. 
https://cir.nii.ac.jp/crid/1130000796643964544.bib?
lang=en (accessed January 9, 2024). 

[59] L. Safitri, T.E. Susilorini, P. Surjowardojo, The 
Evaluation of Antibacterial Activity (Streptococcus 
agalactiae) by Using Mahkota Dewa Extract (Phaleria 
macrocarpa L.) with Different Solvent, Jurnal Ilmu 
Dan Teknologi Hasil Ternak. 12 (2017) 8–15. 
https://doi.org/https://doi.org/10.21776/ub.jitek.20
17.012.01.2. 

[60] F. Nourbakhsh, M. Lotfalizadeh, M. Badpeyma, A. 
Shakeri, V. Soheili, From plants to antimicrobials: 
Natural products against bacterial membranes, 
Phytotherapy Research. 36 (2022) 33–52. 
https://doi.org/10.1002/PTR.7275. 

[61] G. Donadio, F. Mensitieri, V. Santoro, V. Parisi, M.L. 
Bellone, N. De Tommasi, V. Izzo, F.D. Piaz, 
Interactions with microbial proteins driving the 
antibacterial activity of flavonoids, Pharmaceutics. 13 
(2021) 660. https://doi.org/10.3390/ 
PHARMACEUTICS13050660/S1. 

[62] N.F. Shamsudin, Q.U. Ahmed, S. Mahmood, S.A.A. 
Shah, A. Khatib, S. Mukhtar, M.A. Alsharif, H. Parveen, 
Z.A. Zakaria, Antibacterial Effects of Flavonoids and 
Their Structure-Activity Relationship Study: A 
Comparative Interpretation, Molecules 2022, Vol. 27, 
Page 1149. 27 (2022) 1149.  
https://doi.org/10.3390/MOLECULES27041149. 

[63] A.S. Adji, N. Atika, Y.B. Kusbijantoro, A. Billah, A. Putri, 
F. Handajani, A review of Leaves and Seeds Moringa 
oleifera Extract: The potential Moringa oleifera as 
Antibacterial, Anti-Inflammatory, Antidiarrhoeal, And 
Antiulcer Approaches To Bacterial Gastroenteritis, 
Open Access Maced J Med Sci. 10 (2022) 305–313. 
https://doi.org/10.3889/OAMJMS.2022.8894. 

[64] S.S. Nassarawa, G.A. Nayik, S.D. Gupta, F.O. Areche, 
Y.D. Jagdale, M.J. Ansari, H.A. Hemeg, A. AL-Farga, 
S.S. Alotaibi, Chemical aspects of polyphenol-protein 
interactions and their antibacterial activity, Crit Rev 
Food Sci Nutr. 63 (2023) 9482–9505. 
https://doi.org/10.1080/10408398.2022.2067830. 

[65] A. Lobiuc, N.E. Pavăl, I.I. Mangalagiu, R. Gheorghiță, 
G.C. Teliban, D. Amăriucăi-Mantu, V. Stoleru, Future 
Antimicrobials: Natural and Functionalized Phenolics, 
Molecules 2023, Vol. 28, Page 1114. 28 (2023) 1114. 
https://doi.org/10.3390/MOLECULES28031114. 

[66] I.I. Tatli Cankaya, E.I. Somuncuoglu, Potential and 
Prophylactic Use of Plants Containing Saponin-Type 
Compounds as Antibiofilm Agents against Respiratory 
Tract Infections, Evidence-Based Complementary and 
Alternative Medicine. 2021 (2021).  
https://doi.org/10.1155/2021/6814215. 

[67] S. Dong, X. Yang, L. Zhao, F. Zhang, Z. Hou, P. Xue, 
Antibacterial activity and mechanism of action 
saponins from Chenopodium quinoa Willd. husks 
against foodborne pathogenic bacteria, Ind Crops 
Prod. 149 (2020) 112350.  
https://doi.org/10.1016/J.INDCROP.2020.112350. 

[68] A. Kacar, S. Avunduk, B. Omuzbuken, E. Aykin, 
Biocidal Activities of A Triterpenoid Saponin and 
Flavonoid Extracts from The Erice Manipuliflora 



Chemistry and Materials     Muhab et al. / Chem. Mater. 3 (1) 2024, 9-20 

 

20                 Published by The Center for Science Innovation 

  

Salisb. Against Microfouling Bacteria, International 
Journal of Agriculture, Forestry and Life Science. 2 
(2018) 40–46. 

[69] W.M. Hikal, A.A. Mahmoud, H.A.H.S.-A. Ahl, A. 
Bratovcic, K.G. Tkachenko, M. Kačániová, R.M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Rodriguez, W.M. Hikal, A.A. Mahmoud, H.A.H.S.-A. 
Ahl, A. Bratovcic, K.G. Tkachenko, M. Kačániová, R.M. 
Rodriguez, Pineapple (Ananas comosus L. Merr.), 
Waste Streams, Characterisation and Valorisation: An 
Overview, Open J Ecol. 11 (2021) 610–634. 
https://doi.org/10.4236/OJE.2021.119039. 

 

 

 

  


