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Abstract. Essential oils, including those used in aromatherapy, are currently in high demand as
consumers increasingly prefer products made from natural ingredients. Citronella oil, when used
as aromatherapy, is intended to relieve headaches, enhance breathing, and produce a warming
effect upon inhalation. Aromatherapy necklaces provide a convenient and portable method for
delivering the benefits of essential oils. Encapsulation technology addresses the volatility of
essential oils in aromatherapy gels by creating a controlled slow-release mechanism, enabling the
gradual release of essential oils over a specified period. This study aims to evaluate the
characteristics of aromatherapy necklaces and assess the aroma intensity of citronella oil through
sensory analysis. Sensory analysis was conducted using semi-trained and trained panelists. The
aromatherapy necklace comprises a mixture of gels and emulsions containing encapsulated
essential oils, formulated for immediate use. The sensory analysis results indicated that the
addition of 10% essential oils yielded the highest scores for color and texture assessments (4.08
and 3.96, respectively), while the addition of 7.5% essential oils produced the highest score for
aroma assessment (4.16). The aroma intensity decreased from a score of 6.00 on day I to 3.17 on
day 7. The gradual and controlled decline in aroma intensity aligns with the intended purpose of
the essential oil encapsulation process.
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1. Introduction

Global awareness and interest in the use of aromatherapy applications are steadily increasing
[1]. Aromatherapy has experienced high demand in the global market, particularly for its use in
promoting health and traditional relaxation [2-4]. Essential oils, the primary ingredients in
aromatherapy, are extracted from aromatic plants. Cymbopogon nardus, commonly known as
citronella, is a major essential oil-producing plant cultivated across much of Indonesia, including
in West Sumatra. Citronella oil is produced through the distillation of the leaves and stems of the
citronella plant. Citronella oil is a key ingredient in aromatherapy products due to its distinctive
aroma profile, which combines notes of wood, grass, and lemon. When inhaled, this aroma
produces a warming and refreshing effect, alleviates headaches, and promotes smoother breathing
[5].

Citronella oil contains bioactive compounds that are volatile and less stable under
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environmental changes, such as variations in temperature, humidity, and pH. It also possesses
antibacterial, antifungal and antioxidants properties [6—8]. Therefore, technologies such as
encapsulation are required to preserve these bioactive compounds and prevent their rapid
evaporation [9]. Encapsulation forms a protective matrix around the bioactive compounds,
shielding them from the external environment [10] and safeguarding the core material [11]. The
use of encapsulation technology enables the controlled release of essential oil aromas in
aromatherapy products. Aromatherapy can be administered in various ways, one of which is
through inhalation [12]. Each essential oil affects health in distinct ways [13,14].

Aromatherapy products are available in various forms, with aromatherapy gel being an ideal
preparation when essential oils serve as the base ingredient. Gel-based formulations are an
alternative to liquid or solid phase and offer the advantage of easier handling and packaging [15].
Preparations in gel form offer several advantages: 1) they can be directly mixed with essential oils
or emulsions, and 2) their semi-solid texture allows for even distribution in containers of various
shapes. Aromatherapy gel, when packaged in a glass bottle and designed as a necklace, provides
users with easy access to the benefits of aromatherapy, particularly through inhalation.
Aromatherapy necklaces are convenient and can be worn at any time. This study aimed to evaluate
the characteristics of aromatherapy necklaces and assess the intensity of citronella oil aroma at

varying essential oil concentrations using sensory analysis methods.

2. Materials and Methods
2.1 Materials and tools

The materials used in this study included citronella oil sourced from essential oil farmers
near Andalas University, distilled water, powdered carrageenan (Indofood Chem-SGP 168M),
glucomannan (Aroma Kencana), propylene glycol (Sanco) and sodium benzoate (Buana Cham).
The tools used in this study included stirring rods, glassware, analytical balances, hotplates,
thermometers, gas chromatography-mass spectrometry (GC-MS) system (Agilent 5977C) with
FID & Headspace PAL system, small glass bottles, and necklace chains.

2.2 Encapsulation of Citronella Oil

This method follows the procedure outlined in previous research by Putri et al. [16]. A total
of 2.5 g of gelatin was dissolved in 100 mL of water and homogenized at 600 rpm and 50 ° C for
1 hour to form a gelatin solution. The same procedure was applied to prepare the maltodextrin
solution. Subsequently, 100 mL of gelatin solution was mixed with 2.5 g of citronella oil and
Tween 80 (oil-to-surfactant ratio 1:1.12) and homogenized. The next step was to add 100 mL of
maltodextrin solution and homogenize until the emulsion phase was formed. For the complex
coacervation process, 2 mL of a 10% acetic acid solution was added to the emulsion phase until

the pH value reached 4. The homogenization process was then repeated, and the emulsion was
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stored at approximately 10 °C for 30 minutes.

The emulsion is allowed to stand, then 20 mL of a sodium tripolyphosphate crosslinking
agent solution is added, followed by homogenization. The next step involves adding a 20% NaOH
solution to the emulsion until the pH reaches 9. The emulsion is then homogenized at 500 rpm and
room temperature for 2 hours, and subsequently stored at approximately 10 °C for 16 hours before
use.

2.3 Aromatherapy Gel and Necklace

The initial process involves preparing 50 g of gel with a 3% concentration, using a 60:90
ratio of the main gel-forming ingredients. 39.95 mL of distilled water is heated in a beaker to 75°
C. Next, 0.9 g of powdered carrageenan and 0.6 g of glucomannan are added and stirred rapidly
until dissolved. Then, 0.05 g of sodium benzoate is added and stirred until homogeneous. The next
step is to stir the solution rapidly until the temperature drops to 65° C, then add 5 mL of propylene
glycol and stir quickly again. Afterward, the citronella oil emulsion is added to the gel solution at
varying concentrations and stirred rapidly until homogeneous, forming an aromatherapy gel. The
next step is to place the aromatherapy gel into a 5 mL glass bottle, which will serve as the container
for the aromatherapy necklace. The bottle is then sealed with a plastic or cork lid, leaving space
for airflow. Afterward, the aromatherapy gel is allowed to reach room temperature, and a necklace
chain, approximately 20 cm in length, is attached.

2.4 Sensory Analysis

The sensory analysis method employed in this study is the affection test, which measures
consumers' subjective attitudes toward products based on sensory properties. This method aims to
assess individual responses, including acceptance or preference, towards existing products, new
products, or distinct characteristics of the products being evaluated [17].

The amount of essential oil added to the emulsion included 5 variations: 0%, 2.5%, 5%,
7.5% and 10%. The sensory tests conducted in this study were as follows: (1) An aromatherapy
necklace preference test assessing color, aroma, and texture characteristics, with a rating scale
from 1 to 5, where 1 indicates dislike, 2 indicates neither dislike nor like, 3 indicates slight liking,
4 indicates moderate liking, and 5 indicates strong liking; (2) An aromatherapy necklace
preference test evaluating aroma intensity parameters to measure the controlled release of
citronella oil's volatile compounds over seven days, with observation times on days 1, 3, 5, 7. The
rating scale for aroma intensity ranged from 1 to 5, where 1 indicated an almost imperceptible
odor, 2 indicated a weak odor, 3 indicated a light odor, 4 indicated a strong odor, and 5 indicated
a very strong odor. This study involved 25 semi-trained panelists for the aromatherapy necklace
preference test and three trained panelists for the aroma intensity preference test. The data will be

analyzed using Analysis of Variance (ANOVA), with a significance level set at p < 0.05. If a
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significant difference is found, Duncan's post hoc test will be conducted for further analysis.

3. Results and Discussion

3.1 Sensory Analysis-Preference Test of Aromatherapy Necklace Based on Characteristic

The bioactive compounds in citronella essential oil were analyzed using Gas
Chromatography-Mass Spectrometry (GC-MS). GC-MS provides a precise method for
identifying and quantifying the components of essential oils [18]. The results of the bioactive

compound analysis of citronella essential oil are shown in Fig. 1.
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Fig. 1. Chromatogram of the bioactive compounds of citronella oil.

Table 1. Bioactive compounds of citronella oil

No Compound Name Amount (%)
1 (1R)-2,6,6-Trimethylbicyclo [3.1.1]hept-2-ene 1.79
2 Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene 291
3 Undecane, 1,2-dibromo-2-methyl- 2.69
4 Naphthalene 21.10
5 6-Octen-1-ol, 3,7-dimethyl-, (R)- 6.09
6 2,6-Octadienal, 3,7-dimethyl-, (E)- 4.61
7 Linalyl acetate 2.61
8 Geraniol 30.22
9 2,6-Octadienal, 3,7-dimethyl-, (E)- 2.30
10 Cinnamaldehyde, (E)- 2.03
11 Geranyl acetate 16.68
12 Cedrene 3.17
13 Dodecanoic acid 3.80

Amount 100

Aromatherapy gel products utilize emulsions encapsulated via a complex coacervation
process, which has been successfully employed in various studies, yielding favorable results in
terms of quantity [19,20]. Sensory analysis, specifically organoleptic testing, is crucial in assessing
consumer acceptance of a product. Sensory analysis of products encompasses aroma, taste, texture,

and color [21]. The aromatherapy characteristics of the necklace products are evaluated based on
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three parameters: color, aroma, and texture. The final aromatherapy necklace product is illustrated

in Fig. 2.

3.1.1 Color

The analysis of variance (ANOVA) results showed that the addition of citronella oil had a
significant effect (P < 0.05) on the color of the aromatherapy gel. The ANOVA results and
Duncan's post hoc test for the color of the aromatherapy gel are presented in Table 2.

Table 2. Panelists assessment of aromatherapy gel color

Sample Color
Citronella EOs 2.5% 352+071a
Citronella EOs 5% 3.80+0.56 ab
Citronella EOs 7.5% 3.84 £ 0.69 ab
Citronella EOs 0% 392+0.70b
Citronella EOs10% 408+091b

Description: Numbers in the same column followed by different lowercase letters are significantly different
according to DNMRT at the 5% level of significance.

The color assessed by the panelists originated from the aromatherapy gel contained in the
aromatherapy necklace bottle. The gel produced was white but not too dense. Based on the results
in Table 1, the panelist's level of preference for color testing are based on the results in Table 1;
the panelists’ preference score for the aromatherapy gel ranged from 3.52 to 4.08. The most
preferred aromatherapy gel color, with a score of 4.08, was observed in the treatment with 10%
citronella oil. The lowest preference score, 3.52, was recorded for the 2.5% citronella oil treatment.
The panelist's preference level for color assessment was influenced by the amount of essential oil
added.

The color of the aromatherapy gel with the lowest concentration of essential oil appeared
whiter. Research on air freshener aromatherapy gels containing citronella oil and calamansi orange
showed that they tend to produce a clear appearance and a whitish color [22]. The aromatherapy
gel with the highest concentration of essential oil has a slightly yellow color, corresponding to the

natural yellowish color of citronella oil [23].
3.1.2 Aroma
The analysis of variance (ANOVA) results showed that addition of citronella oil had a

significant effect (P < 0.05) on the aroma of aromatherapy gel. The ANOVA results and Duncan's

post hoc test for the aroma of aromatherapy gel are presented in Table 3.
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Table 3. Panelists assessment of the aroma of aromatherapy gel

Sample Aroma
Citronella EOs 0% 225+0.65a
Citronella EOs 2.5% 3.44+£0.77b
Citronella EOs 5% 3.68+0.63 bc
Citronella EOs 10% 3.96+£0.84 cd
Citronella EOs 7.5% 4.16+0.75d

Description: Numbers in the same column followed by different lowercase letters are significantly different according to
DNMRT at the 5% level of significance.

Semi-trained panelists conducted the sensory analysis of the essential oil scent. Each
formulation exhibited a different aroma depending on the amount of citronella oil added. The
results showed that the concentration of citronella oil, the stronger the aroma of the essential oil
aromatherapy gel.

Based on the results in Table 3, the panelists' preference test for aroma showed that the most
preferred aromatherapy gel was the one with the addition of 7.5% citronella oil, with a score of
4.16. The lowest panelists' preference score for aroma, 2.25, was recorded for the aromatherapy
gel without the addition of citronella oil (0% citronella oil). The lowest value was observed in the
control treatment, where no citronella oil was added. Consistent with previous research findings,
the addition of citronella and calamansi essential oils to the air freshener aromatherapy gel was
preferred by panelists compared to the control [22].

One reason the citronella aroma from the aromatherapy necklace is not immediately
noticeable is that the encapsulation matrix remains intact. Encapsulation protects the active
compounds of essential oils from completely evaporating [24,25]. It also enables the sustained
release of aroma, thereby prolonging the effect of aromatherapy and increasing its efficiency [26].
A study reported that the microencapsulation of essential oils using liposome technology or
biodegradable polymers can provide a gradual release of up to 48 hours, compared to pure essential
oils, which lasts only a few hours. The distinctive aroma of citronella is attributed to its main
content: Citronellal, Citronellol, and Geraniol [27].

Table 4.Panelists' assessment of aromatherapy gel texture

Sample Texture
Citronella EOs 2.5% 328+0.74a
Citronella EOs 7.5% 3.72+£0.54b
Citronella EOs 0% 3.76 £0.66 b
Citronella EOs 5% 380£0.71b
Citronella EOs 10% 3.96 £0.68 b

Description: Numbers in the same column followed by different lowercase letters are significantly different according to
DNMRT at the 5% level of significance.

3.1.3 Texture

The analysis of variance (ANOVA) results showed that the addition of citronella oil at a
concentration of 2.5%, compared to concentrations of 0%, 5%, 7.5%, and 10% had a significant

effect (P <0.05) on the texture of the aromatherapy gel. However, the ANOVA results for
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concentrations of 0%, 5%, 7.5%, and 10% showed that the addition of citronella oil had no
significant effect on the texture (p>0.05). The ANOVA results and Duncan's post hoc test for the
texture of the aromatherapy gel are presented in Table 4.

The aromatherapy gel has a chewy texture, contains no water, and is slightly oily. According
to Aksari [28], a good gel texture is chewy but not easily broken. Based on the results in Table 4,
panelist's preference level test for texture based on the results in Table 4 show the panelist's
preference score for the texture of the aromatherapy gel ranged from 3.28 to 3.96. The best texture,
preferred by the panelists, was observed in the gel with the addition of 10% citronella oil, with a
score of 3.96. The lowest preference for texture was recorded in the 2.5% citronella oil treatment.
The results showed that the texture of the aromatherapy gel did not differ significantly between
treatments, as the composition of the glucomannan and carrageenan was the same in all
formulations. The only variation across treatments was the amount of essential oil, resulting in the
texture that ranged from non-oily to oilier. Studies indicate that as the essential oil concentration
increases, the viscosity level of the gel decreases, which can lead to a more liquid or less consistent
texture [29]. All sensory analysis results for color, aroma, and texture parameters are presented in

Fig. 3.
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Fig. 3. Sensory analysis of aromatherapy necklace characteristics

3.2 Sensory Analysis-Preference Test of Aromatherapy Necklace Based on Aroma Intensity
Aroma intensity in essential oils is defined as the strength and density of the aroma produced.
It can be influenced by several factors, including the concentration and composition of the volatile
compounds that make up the essential oil. As the essential oil concentration increases, the intensity
of the aroma also strengthens [30]. Furthermore, encapsulation technology allows the aroma to
evaporate gradually. The use of crosslinking agents can create a stronger matrix structure, enabling
the slow release of the aroma [31,32]. The durability of the aroma of aromatherapy gel across
different treatments, based on sensory analysis through organoleptic tests, is shown in Fig. 4.
Aroma intensity is closely related to the encapsulation of essential oils. Encapsulated
essential oils control evaporation over time, maintaining their function for a specific duration [33].

Based on sensory analysis by trained panelists, aromatherapy necklaces with the addition of 10%
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essential oil received the highest score of 6 on the first day, with aroma decreasing to a score of
3.17 by the seventh day. Aromatherapy necklaces with 2.5% essential oil received a score of 3.67

on the first day, which slightly decreased to 3.5 on the seventh day.
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Fig. 4. Aroma intensity of aromatherapy necklace
This aroma intensity assessment was measured based on the human sense of smell and
conducted subjectively. The aroma of essential oils significantly influences the product produced
[34]. The data presented show that the decrease in aroma intensity from the first to the seventh day
occurred gradually. However, it is recommended that future research conduct in vitro aroma

intensity tests to obtain more accurate data.

4. Conclusions

The characteristics and intensity of the aromatherapy necklace were measured through
sensory analysis. The aromatherapy necklace produced is well-designed for direct, daily use by
consumers. Sensory analysis results for aromatherapy necklaces with the addition of 10% essential
oils showed the best results for color and texture assessment (score 4.08 and 3.96, respectively),
while the addition of 7.5% essential oils yielded the best result for aroma assessment (score 4.16).
The aroma intensity decreased from a score of 6.00 on day 1 to 3.17 on day 7. This gradual and
controlled decrease in aroma intensity aligns with the intended purpose of the essential oil
encapsulation process. It is recommended that further research measure aroma intensity more

precisely using laboratory equipment and examine the structure of the encapsulation matrix.
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