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Abstract: Nyamplung (Calophyllum inophyllum L.) is a plant commonly 
found in coastal areas and lowlands. In Aceh, it is locally known as boeh 
beunot, a coastal species that grows easily and has various local names in 
different regions. This plant belongs to the Clusiaceae Lindl. Family and can 
be propagated both vegetatively (cuttings) and generatively (seeds). 
Nyamplung begins to bear fruit at the age of 5–20 years and can produce 
throughout the year, with peak harvest occurring in May–June. Fruit 
production can reach up to 20 tons/ha/year or approximately 250 
kg/tree/year. In this study, nyamplung seeds originating from Aceh 
Province were utilized as a source of bioactive compounds for the 
formulation of transparent solid soap with antioxidant properties. The 
research stages included sample preparation (drying, peeling, and size 
reduction into powder), followed by extraction using the maceration 
method. Extraction optimization was carried out using the Response Surface 
Methodology (RSM) approach with Box-Behnken Design (BBD), involving 
three main factors (sample amount, extraction time, and solvent volume) at 
three levels (low, medium, and high). The obtained nyamplung seed extract 
was characterized through phytochemical analysis, GC-MS testing, and 
antioxidant activity assays. Optimization results indicated the best 
conditions were achieved with 200 g of sample, 1,000 mL of solvent, and 36 
hours of extraction, yielding antioxidant activity with an IC₅₀ value of 18.5 
ppm. Phytochemical tests identified the presence of phenolics, flavonoids, 
terpenoids, steroids, and saponins. The extract with the highest antioxidant 
activity was subsequently formulated into antioxidant transparent solid 
soap. Characterization of the transparent soap formulated with nyamplung 
seed oil showed a pH of 10.53, which remains within the safe range for 
alkali-based soaps. The measured moisture content was 15.05%, indicating 
good physical stability and a low risk of microbial growth. Furthermore, 
skin irritation tests revealed no signs of redness, itching, or allergic reactions, 
confirming that the soap is safe for human skin. 
 
Keywords: Antioxidant; Extraction; Nyamplung oil; Nyamplung seeds; 
Solid soap 

  

Introduction  
 

Nyamplung (Calophyllum inophyllum L.) is 
distributed across various coastal areas and lowland 
regions adjacent to the shoreline. This tree species began 

to be cultivated in Indonesia around 1950, primarily as a 
coastal protector against abrasion, a barrier against sea 
to land winds, tidal wave protection, riverbank and 
coastal slope reinforcement, and a safeguard for 
brackish water quality. Currently, its habitat extends 
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from coastal forests, riverbanks, swamps, to 
mountainous forests. Globally, nyamplung has a wide 
distribution, including Madagascar, East Africa, South 
and Southeast Asia, the Pacific Islands, the West Indies, 
and South America. In Indonesia, it is found across 
Sumatra, West Java, Central Java, East Java, Bali, Alor, 
Sulawesi, Kalimantan, Timor, and Ternate. However, it 
has not yet been extensively cultivated and remains 
primarily grown as a forest tree under stands and along 
coastal areas (Handayani et al., 2020; Raharivelomanana 
et al., 2018). 

The vegetable oil derived from nyamplung seeds 
contains major fatty acids, namely: oleic acid (30–50%), 
linoleic acid (25–40%), palmitic acid (15–17%), stearic 
acid (8–16%), palmitoleic acid (0.5–1%), arachidonic acid 

(0.5–1%), and gadoleic acid (0.5–1%) (Thy et al., 2020). 
This oil is characterized by its brownish-green color, 
thick consistency, a strong caramel-like odor, and a very 
high content of unsaturated fatty acids (Hasibuan & 
Sahirman, 2013). 

Almost all parts of Calophyllum inophyllum L. are 
widely used in traditional medicine, particularly the oil 
extracted from its seeds, which has been applied to treat 

various skin ailments. This is also supported by Saechan 
et al. (2021), who reported that nyamplung seed oil has 
strong potential for cosmetic applications due to its 
excellent characteristics as a promising antioxidant 
agent for skin health. 

Specifically, nyamplung seed oil from the coastal 
areas of Aceh has been utilized as a base material for 
polyurethane membrane production. The oil yield from 
Aceh nyamplung seeds ranges between 55.5%–66.6%, 
with an iodine value of 83.53 mg I₂/g and a hydroxyl 
value of 64.29 mg KOH/g. The major fatty acid 
components of the oil include palmitic acid (17.94%), 
linoleic acid (23.12%), oleic acid (42.54%), and stearic 
acid (15.33%) (Marlina et al., 2017). Furthermore, several 
studies on nyamplung oil have been conducted, such as 
its formulation in sunscreen gel (Fadhlullah et al., 2015) 
and its antioxidant role in cosmetic products containing 
Calophyllum inophyllum oil (Saechan et al., 2021; 
Itoigawa et al., 2001). 

Previous studies have consistently demonstrated 
that nyamplung seeds possess potential as a natural 
antioxidant source that can be further developed as raw 
material for pharmaceuticals and cosmetics (Fitriyana et 
al., 2023; Brand-Wiliams et al., 1995), including 
formulations in antioxidant lotion production (Fitriyana 
& Aisyah, 2024). 

 

Method  
 

Nyamplung seeds (Calophyllum inophyllum L.) were 
collected from Leungah Village, Seulimum Subdistrict, 
Aceh Besar District. The initial stage involved 

determination testing of the nyamplung plant from 
which the fruits were harvested, in order to identify the 
species along with its complete taxonomic classification 
before proceeding to further processes. The maceration 
method was employed to extract the seeds, which were 
then used as a formulation for antioxidant solid soap 
production. n-Hexane was used as the solvent, with 
optimization carried out through the Response Surface 
Methodology (RSM) approach. Flowchart of methodology 

is presented in figure 1. 
 

 
Figure 1. Flowchart of methodology 

 
Three experimental factors were examined: raw 

material amount (100 g, 150 g, and 200 g), solvent 
volume (500 mL, 750 mL, and 1,000 mL), and extraction 
time (24 h, 36 h, and 48 h). The Response Surface 

Methodology (RSM) design is presented in Table 1. 
 
Table 1. Combination Design and Antioxidant Activity 
from the Maceration Process Using Response Surface 
Methodology (RSM) with Box-Behnken Design 

Run 
Factor 1 Factor 2 Factor 3 

A:Simplicia (g) 
B:Solvent (mL) 

n-Heksan 
C:Extraction 

Time 

1 100 500 36 
2 150 750 36 
3 100 1000 36 
4 150 750 36 
5 100 750 24 
6 150 1000 24 
7 150 750 36 
8 200 1000 36 
9 200 750 48 
10 150 500 48 
11 100 750 48 
12 150 750 36 
13 150 750 36 
14 150 500 24 
15 200 500 36 
16 150 1000 48 
17 200 750 24 
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Result and Discussion 

 
This study focused on the characterization of 

nyamplung seeds (Calophyllum inophyllum L.) 
originating from Leungah Village, Seulimum 
Subdistrict, Aceh Besar District, Aceh Province, with the 
objective of exploring their potential as a source of 

vegetable oil suitable for transparent antioxidant solid 
soap formulation. The sampling location is shown in 
Figure 2, which illustrates the geographic conditions of 
the area. The quality of nyamplung oil is influenced by 
several factors, including the growth environment (soil 
type, water availability, and sunlight intensity), fruit 
maturity at harvest, seed processing methods (drying 
and storage), as well as the extraction method employed. 

 

 
Figure 2. Nyamplung seed sampling location. Nyamplung seed sampling location in Desa lengah, Seulimum, Aceh Besar 

 
Preliminary Data Analysis 

The determination test of the nyamplung plant 
from Leungah Village, Seulimum Subdistrict, Aceh 
Besar District, Aceh Province, identified the plant’s 
taxonomy as follows: Kingdom Plantae, Subkingdom 
Tracheobionta, Superdivision Spermatophyta, Division 
Magnoliophyta, Subclass Dilleniidae, Order Theales, 
Family Clusiaceae Lindl., Genus Calophyllum, Species 
Calophyllum inophyllum L. 

Nyamplung seeds possess various biological 
activities that support their utilization as raw materials 
for cosmetics and pharmaceuticals (Pribowo et al., 2021). 
Seeds growing in coastal areas of Aceh demonstrate 
excellent characteristics in terms of morphology, oil 
content, and bioactive composition. Morphologically, 
nyamplung seeds are round to oval with a diameter of 
2–4 cm, a hard dark brown shell when mature, and a 
kernel with a yellowish-white oily texture (Taebenu et 
al., 2023; Arlia et al., 2025; Anindya et al., 2023). Oil yield 
from Aceh nyamplung seeds is relatively high, ranging 
from 40–74% of kernel dry weight, indicating significant 
potential as raw material for bioenergy and cosmetics 
(Fitriyana et al., 2023). 

Table 2. Combination Design and Antioxidant Activity 
from the Maceration Process Using Response Surface 
Methodology with Box-Behnken Design 

Run 

Factor 1 Factor 2 Factor 3 Response 1 

A:Simplicia 
B:Solvent n-

Heksan 
C:Time 

Antioxidant 
(IC50) 

1 100 500 36 42.1 
2 150 750 36 29.5 
3 100 1000 36 21.2 
4 150 750 36 28.8 
5 100 750 24 34.7 
6 150 1000 24 30.5 
7 150 750 36 27.9 
8 200 1000 36 18.5 
9 200 750 48 26.3 
10 150 500 48 39.2 
11 100 750 48 27.1 
12 150 750 36 29.1 
13 150 750 36 28.5 
14 150 500 24 44.8 
15 200 500 36 41.5 
16 150 1000 48 25.7 
17 200 750 24 33.9 
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Interaction between the amount of simplicia (A) and the solvent concentration (B) 

  
Interaction between the amount of simplicia (A) and the extraction time (C) 

  
Interaction between the solvent concentration (B) and the extraction time (C) 

Figure 3. (a), (b), (c),  3D response surface plot of solvent concentration and extraction time on antioxidant activity 
 

The chemical composition of Aceh nyamplung oil 
is dominated by unsaturated fatty acids, namely oleic 
acid (±30–50%) and linoleic acid (±15–25%), along with 
saturated fatty acids such as palmitic acid (±10–20%) and 
stearic acid (±10–15%). Additionally, the oil is rich in 

bioactive compounds including flavonoids, phenolics, 
coumarins (notably calophyllolide), vitamin E 
(tocopherols), and β-carotene, which contribute to 
antioxidant, antimicrobial, and wound-healing activities 
(Marlina et al., 2017; Farida et al., 2016). Physically, 
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nyamplung oil from Aceh appears yellowish-green to 
brown, with a distinct pungent aroma and a thick 
viscosity similar to castor oil. Its relatively high acid 
value requires purification for food applications, though 
this is not a limitation for cosmetic and pharmaceutical 
uses (Fitriyana & Aisyah, 2024; Islam et al., 2019; Santi et 
al., 2024). These characteristics position Aceh 
nyamplung seeds as a high-value local resource for 
health, beauty, and renewable energy products. 

The analysis results revealed that the primary 
factors affecting the antioxidant activity of nyamplung 
seed oil were the type/concentration of n-hexane 
solvent (B) and extraction time (C). The combination 
design and antioxidant activity of the maceration 
process using Response Surface Methodology (RSM) 

with Box-Behnken Design can be seen in Table 2. 
Solvent type and extraction duration significantly 

influenced the levels of bioactive compounds, especially 
phenolics and flavonoids, which act as antioxidants 
(Putri et al., 2024; Siyvaruli et al., 2021). Meanwhile, the 
amount of simplicia (A) did not directly influence the 
results, but instead showed a quadratic effect—meaning 
that too little or excessive material could reduce 

extraction efficiency (Singam et al., 2022; Fajriansyah & 
Sartika et al., 2022). 

As shown in the 3D response surface plot (Figure 
2), the combination of higher n-hexane concentration 
and longer extraction time yielded optimal antioxidant 
activity. Interactions between factors (AB, AC, BC) were 
not significant, indicating that each factor operated 
mostly independently. This finding is consistent with 
Fitriyana et al. (2024), who reported that solvent and 
extraction duration were more dominant than inter-
factor interactions.  
 
Phytochemical Content 

Characterization of nyamplung seed oil began with 
phytochemical screening, as presented in Table 3. 
Phytochemical analysis is essential to detect the active 
compounds contained in natural materials. Based on the 
tests conducted using the maceration extraction method 
with n-hexane solvent, the extract was found to contain 
secondary metabolite groups such as phenolics, 
flavonoids, terpenoids, steroids, and saponins. The use 
of n-hexane as the extraction solvent proved highly 
effective because of its non-polar nature, which matches 
the characteristics of major lipid compounds such as 
triglycerides, tocopherols, sterols, and lipophilic 
pigments. This polarity compatibility enables n-hexane 
to selectively dissolve neutral lipid fractions, resulting in 
a higher oil yield compared to polar solvents (Saini et al., 
2021; Raharivelomanana et al., 2018). In addition, n-
hexane has low viscosity and a relatively low boiling 
point (~69 °C), which facilitates penetration into the cell 
matrix, accelerates diffusion of oil compounds, and 

simplifies solvent recovery through evaporation 
(Emilda, 2019). These characteristics make n-hexane the 
primary solvent in large-scale vegetable oil industries 
due to its high extraction efficiency and relatively low 
operational costs (Aparamarta et al., 2022). 
 

Table 3. Phytochemical Screening of Nyamplung Seed 
Extract 
Metabolite compounds Maceration  

Fenolik + 
Tannin - 
Flavonoid + 
Terpenoid + 
Steroid + 
Saponin + 
Alkaloid   
Dragendorff - 
Mayer - 
Wagner - 

 

Although effective, n-hexane is known to be toxic 
due to its metabolite 2.5-hexanedione. Therefore, 
controlling solvent residues through distillation and 
ensuring product safety verification is necessary, 
especially when applied in food or cosmetic products 
(Broto et al., 2021; Ong et al., 2019). Despite this, n-
hexane remains considered the standard solvent widely 
used for oil extraction (Susanty & Bachmid, 2016). The 
screening also revealed the absence of alkaloids, a result 
consistent with previous studies that reported similar 
findings (Fitriyana, Supardan, et al., 2023). 
 
GC-MS (Gas Chromatography–Mass Spectrometry) Analysis 

The GC-MS analysis of Calophyllum inophyllum 
(nyamplung) seed oil revealed the presence of numerous 
bioactive compounds, with each extract containing 
approximately 30–40 different compounds (Cassien et 
al., 2021). The major identified compounds included 
palmitic acid (hexadecanoic acid, methyl ester), oleic 
acid (9-octadecenoic acid, methyl ester), stearic acid 
(octadecanoic acid, methyl ester), arachidonic acid 
(eicosanoic acid, methyl ester), and hexanoic acid 
(docosanoic acid, methyl ester). The number and types 
of compounds obtained strongly depended on the 
solvent and extraction method used. Generally, solvents 
with different polarities extract distinct compound 
groups. Non-polar solvents such as n-hexane are more 
selective for lipophilic compounds, including fatty acids, 
tocopherols, triterpenoids, and steroids, which play key 
roles in antioxidant and antimicrobial activities (Gupta 
& Gupta, 2020). These compounds are recognized as 
antioxidants, antimicrobials, and natural emollients, 
supporting the use of nyamplung oil in cosmetics and 
pharmaceuticals (Gonfa et al., 2023; Supriadi et al., 2022). 

Additionally, nyamplung oil contains 
polyunsaturated fatty acids (PUFAs) such as 
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docosapentaenoic acid (DPA) and docosahexaenoic acid 
(DHA) esters, which enhance antioxidant activity and 
provide protective effects against cellular damage 
caused by free radicals (Purwaningsih, 2024; Fatima & 
Shahid, 2018; Bergonio & Perez, 2016). These PUFAs are 
also known for their anti-inflammatory and anti-aging 
properties, making them highly suitable for transparent 
soap and skincare applications. 

The GC-MS analysis further identified phytosterols 
such as campesterol and sterol/alcohol derivatives such 
as ethyl iso-allocholate. Phytosterols are known to 
enhance cell membrane stability, act as antioxidants, and 
improve the skin barrier function (Saini et al., 2021). This 
strengthens the added value of nyamplung seed oil as a 
raw material in personal care products. 

Other detected compounds included adlupulone, 
which exhibits antimicrobial activity, and chalcone-
derived flavonoids such as 2′-(trimethylsilyloxy)-3.4′.5-
tetramethoxy chalcone, recognized for their high 
antioxidant activity (Chandimali et al., 2025). The 
presence of these compounds supports the claim that 
nyamplung seed oil is not only a source of fatty acids but 
also a reservoir of bioactive compounds with 

pharmacological potential. 
In conclusion, GC-MS analysis confirmed that 

Calophyllum inophyllum seed oil contains various 
active compounds, particularly fatty acid esters, PUFAs, 
sterols, and chalcone-derived flavonoids, which 
synergistically contribute to its antioxidant, 
antimicrobial, moisturizing, and skin-healing 
properties. Therefore, nyamplung seed oil holds great 
potential as a base ingredient for transparent solid soap 
that functions not only as a cleanser but also as a skin 
health enhancer. 
 
Process of Making Antioxidant Transparent Solid Soap 

Raw materials, additives, and equipment were 
prepared before proceeding with the soap-making 
process. Nyamplung oil (60 mL) was heated in a water 
bath placed in a beaker glass. Stearic acid (21 g) was then 
added and stirred until homogeneous, followed by the 
addition of 30% NaOH solution (60.9 mL), stirred for 2–
4 minutes until soap was formed. Stirring was continued 
until the mixture was homogeneous. Next, other 
ingredients were added: ethanol 96% (45 mL), glycerin 
(3.9 mL), a sucrose + aquadest solution (45 mL), 
Cocamide DEA (9 g), and NaCl (0.6 g), and stirred until 
fully mixed. For natural colorant extracts, the soap 
mixture was cooled to approximately 50 °C before 
incorporation. The mixture was stirred again until the 
extract was evenly dispersed, then poured into prepared 
molds. The soap was left to cure for two weeks to 
eliminate residual NaOH before being tested for 
parameters such as moisture content, pH, and 
antioxidant activity. 

Quality of Antioxidant Transparent Solid Soap from 
Nyamplung Oil 

The quality test results of transparent solid soap 
made from Calophyllum inophyllum seed oil showed a 
pH of 10.53 and a moisture content of 15.05%. The 
typical pH of solid soap ranges between 9–11 (Supriadi 
et al., 2022), thus a pH of 10.53 is still acceptable for solid 
bathing soap. While such alkalinity is effective for 
removing dirt and oil from the skin surface, it may cause 
dryness. However, the presence of bioactive compounds 
in nyamplung oil—such as oleic acid, palmitic acid, and 
phytosterols—functions as natural emollients, helping 
to maintain skin moisture despite the soap’s alkaline 
nature. 

The measured moisture content was 15.05%, 
slightly above the maximum limit of 15% set by the 
Indonesian National Standard (SNI 06-3532-1994) (BSN, 
1994). High moisture content can cause soap to dissolve 
faster during use and affect shelf life (Cepeda et al., 2019; 
Dewi et al., 2024). Nevertheless, the value of 15.05% is 
still very close to the standard threshold, meaning the 
soap remains compliant and suitable for use. In addition 
to pH and moisture content analysis, a skin irritation test 
was conducted to ensure the safety of the antioxidant 
transparent solid soap made from nyamplung seed oil. 
The results of the irritation test are presented in Table 4. 
 
Table 4. Skin Irritation Test Results 
Subject Observat

ion Time 
Erythem

a (0–4) 
Edema 

(0–4) 
Total score 

S1 1  selai 0 0 0 
S1 24  selai 0 0 0 
S1 48  selai 0 0 0 
S2  1  selai 0 0 0 
S2 24  selai 1 0 1 
S2 48  selai 0 0 0 
S3 1  selai 0 0 0 
S3 24  selai 0 0 0 
S3 48  selai 0 0 0 

 
Based on Table 4, no erythema or edema was 

observed in all test subjects (score ≤1), indicating that the 
transparent solid soap is safe and does not cause skin 
irritation. 

Overall, transparent solid soap made with 
nyamplung oil—pH 10.53 and moisture content 
15.05%—meets the quality requirements of SNI solid 
bathing soap. Its advantages lie in the bioactive 
compounds of nyamplung oil, which provide 
antioxidant, antimicrobial, and emollient activities. 
Observations also revealed that all test subjects scored 
≤1 across all observation periods, indicating that the 
antioxidant transparent solid soap did not cause skin 
irritation. No redness, swelling, or itching was observed, 
confirming that the soap functions not only as a cleanser 
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but also as a skincare product with added health benefits 
(Chandimali et al., 2025). 
 

Conclusion 
 

Based on the findings, the extraction process of 
nyamplung seed oil (Calophyllum inophyllum L.) using 
the Response Surface Methodology (RSM) produced the 
highest yield under the conditions of 200 g sample 
weight, 1,000 mL of n-hexane solvent, and 36 hours of 
extraction. This indicates that extraction duration 
significantly affects the optimization of bioactive 
compound dissolution. Phytochemical analysis 
identified the presence of secondary metabolites, 
including flavonoids, phenolics, and saponins, which 
play an important role as natural antioxidants. The 
formulated transparent solid soap demonstrated 
physical, chemical, and organoleptic properties that 
comply with soap quality standards, including 
transparency, pH, hardness, moisture content, as well as 
acceptable aroma, color, and texture. The presence of 
bioactive compounds from nyamplung seed oil was 
proven to provide significant antioxidant activity, 
thereby enhancing the functional value of the product. 
Therefore, nyamplung seed oil holds great potential as a 
natural antioxidant source in transparent solid soap 
formulations. Optimization of extraction and 
formulation processes through RSM creates 
opportunities to develop soap products that are stable, 
effective, environmentally friendly, and possess added 
value in the advancement of natural cosmetics. 
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