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ABSTRACT 

Malaria is still a health problem in Indonesia, including in Gorontalo Province with 1,581 

cases recorded. Prevention efforts are carried out through the development of  natural repellent 

that is safe and environmentally friendly using lavender. This study aims to determine the 

evaluation and formulation activity of lavender aromatherapy wax (Lavandula angustifolia) with 

the purification base of used cooking oil as a repellent against Anopheles vagus mosquitoes. The 

method in this study uses an experimental method with four formulas, namely F0 (0%), F1 

(15%), F2 (20%), and F3 (25%) lavender essential oil. Evaluation included organoleptic tests, 

burn time, melting point, hedonic tests, and repellent activity  against Anopheles vagus 

mosquitoes. The data were statistically analyzed using  the One Way ANOVA test. The results 

showed that the entire aromatherapy candle formula is solid, evenly purple, smoothly textured, 

with an optimal burn time and a melting point of 50–58°C. The hedonic test showed that F1 and 

F2 were the most preferred by the panelists, while F3 was too stinging and F0 was less attractive. 

All formulas with lavender extract have Repellent activity  against the Anopheles vagus 

mosquito. Statistical tests revealed significant differences in the burn time and melting point 

between the formulations, as indicated by a one-way ANOVA significance value of 0.025 

(p<0.05). Consequently, it is concluded that used cooking oil-based lavender aromatherapy 

candles serve as an effective repellent, with the highest aroma acceptance found at 

concentrations of 15% to 25%. 

Kata kunci: Aromatherapy Candles, Lavender, Used Cooking Oil, Repellent, Anopheles Vagus 

 

INTRODUCTION 

 Malaria is one of the infectious 

diseases that is still a public health problem 

in Indonesia, including in Gorontalo 

Province, with 1,581 cases recorded in 2024 

[1]. This disease can lead to severe 

complications such as anemia, kidney failure, 

and even death. One of the efforts to prevent 

its transmission is the use of mosquito 

repellent (Repellent) to avoid the bite of the 

Anopheles mosquito as a vector  of the 

disease. 

  

Commonly used synthetic repellents, such 

as N,N-diethyl-3-methylbenzamide (DEET), 

have been shown to be effective but have the 

potential to cause side effects such as skin 

irritation and nervous system disorders if 

used long-term [2]. Therefore, it is necessary 

to develop a repellent made from natural 

materials that is safer and more 

environmentally friendly. One of the natural 

ingredients that has great potential as a 
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repellent is lavender essential oil (Lavandula 

angustifolia), which contains the active 

compounds linalool and linalyl acetate. This 

compound is known to be able to disrupt the 

olfactory system of mosquitoes and provide a 

soothing aroma [3]. 

 The application of lavender essential 

oil in the form of aromatherapy wax provides 

the advantage of being able to spread the 

scent slowly and evenly without direct 

contact with the skin. Aromatherapy candles 

are also more practical and do not cause an 

irritating effect. When the candle burns, the 

heat causes the essential oils to evaporate so 

that volatile compounds such as linalool 

disperse into the air and disrupt the 

orientation of the mosquito towards the 

human host [4]. 

 As the basic ingredient for making 

candles, the use of natural oils that are cheap 

and easy to obtain is a promising alternative. 

Used cooking oil, which is household waste 

from repeated frying products, can be reused 

after going through the purification process. 

Purification using bagasse has been proven 

to be effective in reducing the level of free 

fatty acids and improving the color and 

clarity of the oil [5]. The use of used cooking 

oil as a candle base is not only 

environmentally friendly, but also supports 

the principle of circular economy because it 

converts waste into products with useful 

value. 

 Based on this description, this study 

aims to formulate aromatherapy candles 

made from lavender essential oil (Lavandula 

angustifolia) with the purification basis of 

used cooking oil as a repellent against 

Anopheles vagus mosquitoes, as well as 

evaluate the physical characteristics of the 

wax and the mosquito repellent activity 

produced. 

RESEARCH METHODS 

This study uses a type of quantitative 

research with a descriptive approach and true 

experimental design. This research was 

conducted from June to July 2025 with the 

research location being conducted at the 

Natural Materials Laboratory, Gorontalo 

State University. Sampel yang akan 

digunakan dalam penelitian ini adalah 

minyak esensial lavender. 

1. Tools and Materials 

The tools used in this study are stirring 

rods, porcelain cups, measuring cups 

(Pirex), beacker glass (Pirex), digital 

scales (Sojikyoo), thermometers, 

stopwatches, Hote plates, glass cups, 

knives, sifters and mosquito test cages. 

The materials used in this study are used 

used cooking oil, stearic acid, lavender 

essential oil, citric acid, candle dye, 

gauze wire, and bagasse. 

2. Formula 

The basic formulation chosen for the 

manufacture of aromatherapy candles in 

this study with the following 

combinations: 

Table 1 Modification of Aromatherapy 

Candle Formulation  

 
 Sumber: [6] dan [7] 
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RESEARCH RESULTS 

1. Physical Evaluation of Aromatherapy 

Candles  

a. Organoleptis 

Organoleptic testing is used to 

examine the physical shape of a product 

that includes the color, shape, smell, and 

texture of the product directly with the 

eyes. The results of the organoleptic test 

of the 4 formulas can be seen in Table 2 

below. 

Table 2 Results of Organoleptic Evaluation 

Test 

 
(Source: Processed data, 2025) 

b. Baking Time 

 The burning time test aims to 

determine the time of durability of the 

candle needed until the fire is 

extinguished. The results of the burn 

time test of the 4 formulas can be seen in 

Table 3 below. 

Table 3 Results of Candle Burning Time 

Evaluation Test 

 
(Source: Processed data, 2025) 

 

 

c. Melting Point 

  The melting point test aims to find 

out at what temperature the wax can melt 

by using the melting point. The melting 

point test results of the 4 formulas can be 

seen in Table 4 below. 

Table 4 Melting Point Evaluation Test 

Results 

 
(Source: Processed data, 2025) 

2. Hedonic Test 

 The purpose of the level test was to 

find out the level of preference of the 

panelists for the shape, color, and aroma 

of the lavender aromatherapy candle 

before the burning process by giving a 

questionnaire to 20 panelists. 

Figure 1 Diagram of Hedonic Test Results of 

Form Preference Level 
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(Source: Processed data, 2025) 

 

 

 

 

 

 

 

 

Figure 2 Diagram of Hedonic Test Results of 

Color Preference Level 

 
(Source: Processed data, 2025) 

Figure 3 Diagram of Hedonic Test Results of 

Aroma Preference Level 

 
(Source: Processed data, 2025) 

3. Repellent Activity  

 The purpose of the Repellent 

activity test  is to find out how much 

protection the aromatherapy candle 

preparation has against the Anopheles 

vagus mosquito. The results of the activity 

test of the 4 formulas can be seen in Table 

5 below. 

Table 5 Results of Repellent Activity 

Evaluation Test  

 
(Source: Processed data, 2025) 

 

DISCUSSION OF RESEARCH RESULTS 

The aromatherapy candle formulation 

is made by combining processed used 

cooking oil and stearic acid as the main base 

ingredients. This combination was chosen 

because stearic acid plays a role in increasing 

the stiffness and durability of the wax, while 

purified used cooking oil can provide a more 

durable and environmentally friendly 

combustion result. This study aims to 

evaluate and test the effectiveness of lavender 

aromatherapy wax (Lavandula angustifolia) 

which uses used cooking oil as a base 

material, as an ingredient to repel Anopheles 

vagus mosquitoes. 

The formula used consists of 4 types, 

namely F0 (without lavender essential oil), 

F1 (15%), F2 (20%), and F3 (25%). The 

aromatherapy candle is made with a weight 

of 40 grams and is added citric acid 1%, 

candle dye 1%, and candle base ingredients 

derived from processed used cooking oil and 

steric acid with a ratio of 3:5 using the 

melting method. The characteristic test of 

aromatherapy wax was carried out with 

several physical properties tests, namely 

organoleptic tests, melting point tests, 

burning time tests, and hedonic tests 

involving 20 panelists. The purpose of this 
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physical properties test is to ensure that the 

wax produced meets the standards of physical 

parameters such as color, shape, aroma, 

melting point, and good baking time in 

accordance with SNI 0386-1989-A/SII 0348-

1980. 

Meanwhile,  the aromatherapy wax 

repellent test  uses the protective power 

method with 4 test cages measuring 40 x 40 

cm, each containing 20 mosquitoes. The test 

aims to see how effective aromatherapy 

candles are in protecting against mosquito 

bites. The use of used cooking oil as a base 

material makes wax a good alternative 

because it is beneficial for the environment 

and the economy. To purify used cooking oil, 

absorbents from bagasse are used. This 

adsorbent works by absorbing impurities, free 

fatty acids, and water which causes the oil to 

become clearer and improves the quality of 

the oil so that it can be reused [5]. 

The effectiveness of bagasse in this 

process stems from its primary components—

cellulose, hemicellulose, and lignin—which 

act as natural adsorbents. The hydroxyl 

groups (-OH) within the cellulose and 

hemicellulose structures bind to free fatty 

acids (FFA) via hydrogen bonding, 

effectively reducing acidity levels in the used 

cooking oil. Simultaneously, lignin functions 

as a robust adsorbent for volatile oxidation 

products and pigments responsible for 

discoloration. Crucially, the adsorption 

mechanism must objectively eliminate the 

"rancid" odor inherent in used cooking oil 

before the lavender essential oil is introduced. 

Experimental observations indicate that the 

physical and chemical adsorption by bagasse 

significantly reduces the concentration of 

secondary oxidation products, such as 

aldehydes and ketones, which are the primary 

sources of unpleasant odors. Ensuring the 

removal of these background odors is vital, as 

any residual rancidity would chemically 

interfere with and diminish the therapeutic 

efficacy of the lavender aromatherapy. This 

pre-treatment renders bagasse an effective, 

eco-friendly alternative for purifying used oil 

into a neutral base material suitable for high-

quality wax production [8]. 

In the process of processing used 

cooking oil, 500 ml of used cooking oil and 

50 grams of bagasse are used with a heating 

temperature of 100°C using a hotplate for 80 

minutes, resulting in a clear product that does 

not emit a strong odor, making it suitable for 

use as a wax base [9] The mixture of used 

cooking oil with stearic acid in a ratio of 3:5 

plays a role in forming a solid wax structure 

and is able to support the addition of active 

substances [6]. 

The results of the organoleptic test 

show that all wax formulas made meet 

quality standards according to SNI 0386-

1989-A/SII 0348-0980. The candle has a 

solid shape that does not break, an even 

purple color, a soft texture, and the wick is 

located in the center. This is influenced by 

the ingredients used in the manufacture of 

aromatherapy candles. Organoleptic tests are 

performed to visually see the physical 

appearance of the product, such as color, 

shape, aroma, and texture. The distinctive 

scent of lavender essential oil is only felt in 

formulas F1 to F3, while formula F0 has no 

scent. The higher the concentration of 

lavender essential oil, the stronger the scent 

produced, especially in the F3 formula which 
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has the most pronounced scent. This suggests 

that lavender essential oil can mix well in 

aromatherapy candles. These results are in 

line with previous research [10] which states 

that the essential oils in aromatherapy candles 

play a role in improving sensory quality, 

especially in terms of scent. The distinctive 

scent of lavender is caused by the volatile 

compounds linalol and linalyl acetate when 

the candle is burned [11]. The results of the 

organoleptic test can be seen in Table 2 

The burn time test aims to find out 

how long the candle can burn until it runs 

out. The test results showed that formulas 

with a low concentration of essential oils (F1) 

had a longer flame than formulas with a 

higher concentration of essential oils. The 

average F1 ignition time is 3 hours and 59 

minutes, almost the same as F0 which is 3 

hours and 52 minutes. Meanwhile, F2 only 

burned for 1 hour and 43 minutes and F3 

decreased drastically to 50 minutes 29 

seconds. These results are in accordance with 

research conducted by [12], which states that 

the higher the concentration of lavender 

essential oil, the faster the wax burns out. 

This happens because essential oils have 

volatile properties, thus accelerating the 

process of burning aromatherapy candles. 

Research [6] also report the same thing, 

namely the addition of aromatic ingredients 

in high concentrations can shorten the 

duration of the candle flame due to its 

volatility properties. In addition to the 

essential oil properties that affect the burning 

time of the candle, the size and location of 

the wax wick also affect the duration of the 

burning. The larger the size of the wick or the 

further to the edge of the wick, the candle 

will run out faster, as noted in the study [13]. 

Meanwhile [14] It also states that the 

longer the burning time shows the longer the 

candle burns, and the longer the burning time, 

the better the quality of the candle. Thus, F0 

and F1 can be categorized as having the most 

optimal combustion power. The results of the 

combustion time test can be seen in Table 3 

Based on the results of the burning 

time test in Table 3 of Formulas F0, F1, F2, 

and F3, statistical analysis was carried out to 

ensure that there was a significant difference 

between the average physical evaluation  of 

the preparation of lavender aromatherapy 

wax (Lavandula angustifolia) and the 

purification base of used cooking oil as a 

Repellent. Prior to  the One Way ANOVA test, 

Shapiro-Wilk data normality tests were 

performed, the results showed a significance 

value of F0 0.907 (p>0.05), F1 0.912 

(p>0.05), F2 0.498 (p>0.05), and F3 0.910 

(p>0.05), indicating normal distributed data. 

The homogeneity test of the Levene Test 

produced a significance value of 0.367 

(p>0.05), meaning that the data were 

homogeneous. Normal and homogeneous 

data were then tested by One Way ANOVA, 

the result was a significance value of 0.025 

(p<0.05), meaning that there was a significant 

difference between the formulas F0, F1, F2, 

and F3. This shows that the variation in the 

concentration of lavender essential oil does 

not have a significant effect on the burning 

time of lavender aromatherapy candles. 

The melting point test is performed to 

find the specific temperature at which the 

wax can melt, using the melting point 

method. The test results showed that all 
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formulas were still within the limits of the 

SNI 0386-1989-A/SII 0348-1980 standard, 

which is between 50°C to 58°C.  F0 formula 

has the highest melting point, which is 

56.3°C, while formulas that use essential oils 

have a lower melting point. The formula F1 

reaches 52.9°C, F2 is 51.4°C, and F3 is 

53.0°C.  This suggests that the addition of 

lavender essential oil makes the melting point 

of the wax drop. This phenomenon is due to 

the presence of volatile compounds such as 

linalool and linalyl acetate that fuse in the 

structure of the wax, thereby weakening the 

bonds between molecules and making it 

easier for the wax to melt at lower 

temperatures [15]. These results are also 

supported by research [4] which states that 

waxes with essential oils added tend to have a 

lower melting point than waxes with no 

volatile ingredients added. 

The melting point also affects the 

candle burn time. The relationship between 

the melting point and the burning time of 

aromatherapy candles is the opposite. 

Candles that have a high melting point 

require more heat to melt, while candles with 

a low melting point melt more easily. In this 

study, formulas that had a higher essential oil 

content had a lower melting point, so the burn 

time was also shorter. This shows the 

relationship between the physical properties 

of the wax and the time of burning [16]. 

However, in F3 (25%) the melting point is 

slightly higher than in F1 (15%), i.e. F3 has a 

melting point of 53.0°C.  Supposedly, the 

melting point of F3 is lower because the 

essential oil content is more. However, the 

difference is very small and still within the 

limits of measurement variation, so 

statistically it cannot be considered different. 

The biggest difference is only in F0, while 

F1, F2, and F3 still have not much different 

values. A small difference in F3 can be 

affected by several factors, such as the size 

and position of the sample inside the capillary 

pipette. Too many or too dense samples in the 

capillaries can cause uneven heating, 

resulting in a higher visible melting point. 

Meanwhile, too few samples make the 

melting point look lower [17]. The results of 

the melting point test can be seen in Table 4 

Statistical analysis was performed to 

determine whether there was a significant 

difference in the average physical evaluation 

of lavender aromatherapy wax preparations 

(Lavandula angustifolia) that used used 

cooking oil purification base as a Repellent. 

The melting point test results of the formulas 

F0, F1, F2, and F3 are shown in table 4.4. 

Prior to the One Way ANOVA test, the data 

normality test was carried out using the 

Shapiro-Wilk method. The significance 

values of F0 of 0.414 (p>0.05), F1 0.510 

(p>0.05), F2 0.908 (p>0.05), and F3 0.144 

(p>0.05) indicate that the data have a normal 

distribution. Furthermore, the homogeneity 

test was carried out using the Levene method, 

and the significance value of 0.402 (p>0.05) 

showed that the data was homogeneous. After 

that, it was followed by the One Way ANOVA 

test, and a significance value of 0.013 

(p>0.05) was obtained, which showed that 

there was no significant difference between 

the formulas F0, F1, F2, and F3. This 

suggests that variations in the concentration 

of lavender essential oil do not significantly 

affect the melting point of lavender 

aromatherapy candles.  
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The hedonic test was carried out to 

find out the extent to which respondents liked 

the shape, color, and aroma of the candle. 

This test involved 20 panelists who had no 

special experience. They were asked to rate 

each of these aspects using a questionnaire 

with a 5-point scale, namely: Very Not Like 

(1), Dislike (2), Somewhat Like (3), Like (4), 

and Very Like (5). Once all the answers are 

collected, the number of people who voted 

for each category is counted. 

The data is processed by converting 

the number of panelists to a percentage of the 

total respondents, so that it is easier to 

understand (the questionnaire sheet can be 

seen in Appendix 10). The results of the 

hedonic test showed that the panelists 

preferred the shape and color of all wax 

formulas. F1 and F2 formulas received the 

highest responses (Likes) and (Very Likes). 

In terms of scent, Formula F1 and F2 were 

preferred over F3, as respondents considered 

the scents in F3 to be too strong or pungent. 

F0 gets the lowest scent score because it does 

not contain lavender essential oil. This shows 

that a moderate concentration of essential oils 

(around 15-20%) is more optimal in creating 

a comfortable and desirable scent. This is 

also in accordance with the research 

conducted [7] which mentions that a 

moderate concentration of lavender essential 

oil is preferred because it has a relaxing 

effect, while high concentrations can cause 

discomfort due to too strong an aroma. 

The addition of lavender essential oil 

with different concentration levels has a big 

impact on the ability of aromatherapy candles 

to repel mosquitoes. This test aims to 

measure how effective the wax is in 

providing protection against the Anopheles 

vagus mosquito. The test was carried out by 

lighting aromatherapy candles in a cage 

containing 20 mosquitoes. For 15 minutes, 

the number of dead mosquitoes was recorded. 

In the group that did not use essential oils 

(F0), the number of dead mosquitoes was 

used as a reference. The results were 

analyzed using the protection power formula. 

Tests show that all formulas containing 

lavender essential oils (F1, F2, and F3) have 

increased repellency as the oil concentration 

increases. This result is in accordance with 

the principle that the power of the Repellent 

tends to increase if the concentration of the 

active ingredient is higher [17]. The 

mechanism of repellency against mosquitoes 

is caused by linalool compounds that work by 

interfering with mosquitoes' olfactory 

receptors, so that mosquitoes have difficulty 

detecting human body odor [3]. The F3 

formula, which is with a concentration of 

25%, gives the highest repellent effect, with 

the highest protection power seeing 

mosquitoes die when burning candles, which 

is (33.3%), compared to F2 (23.3%), and F1 

(8.3%). F0 does not show any Repellent effect  

at all because it does not contain essential 

oils. The effect  of this repellent comes from 

the linalool compound contained in lavender 

essential oil, which interferes with the 

working system of mosquitoes. This is in 

accordance with the research conducted by 

[18] Where the volatile compounds contained 

in lavender essential oil, commonly known as 

linalol compounds, in addition to its aroma 

that mosquitoes do not like, can also irritate 

mosquitoes.  
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Overall, the results of this study show 

that the best formula is not only the one that 

has the highest repellent, but also the formula 

that is able to balance physical quality, aroma 

comfort, and repellent activity. Based on 

these parameters, F1 Formula with a 

concentration of 15% lavender essential oil 

can be considered the most optimal. This 

formula has a melting point (52.9°C), a fairly 

long burning time (3 hours 59 minutes), is 

preferred by the panelists in terms of aroma, 

and has  a significant Repellent activity  

(8.3%). Thus, F1 is considered superior to 

other formulas because it is able to combine 

good sensory qualities. 

The results showed that although the 

F1 formulation (15%) produced the best 

overall characteristics, there were still some 

physical aspects that could be improved 

through the reformulation process. 

Reformulation can be done by adjusting the 

ratio between the refinedized used cooking 

oil and stearic acid so that the color of the 

wax is more uniform and its stability 

increases. In addition, the addition of natural 

color-stabilizing ingredients or increased 

homogenization processes during mixing can 

also minimize color differences in each 

replication. This reformulation effort is 

expected to be able to produce aromatherapy 

candles with better physical quality, more 

consistent burning time, and a stable aroma 

during combustion. 

 

CONCLUSION 

Based on the results of the research that 

has been conducted, it can be concluded that: 

1. Lavender aromatherapy candle 

(Lavandula angustifolia) with a used 

cooking oil purification base has activity 

as a repellent against Anopheles vagus 

mosquitoes.  

2. The best formula was obtained at a 

concentration of 15% lavender essential 

oil (F1) with good physical 

characteristics, a panelist-preferred scent, 

the most optimal burning time, and 

effective protective power. Thus, the 

combination of refined-derived used 

cooking oil and stearic acid can be 

recommended as an alternative base for 

environmentally friendly in the 

manufacture of natural aromatherapy 

candles. 
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