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1. Introduction
Cancer is one of the leading causes of mortality worldwide. In 

2020, approximately 9.96 million people died from cancer, a figure 
projected to rise to 16.3 million by 2040 [1, 2]. Current cancer 
treatments, primarily chemotherapy and radiation, often have 
severe side effects [3]. Chemotherapy is frequently supplemented 
with anticancer drugs derived from the secondary metabolites of 
specific plants [4]. The utilisation of plants and animals in cancer 
treatment is a longstanding tradition, which continues to gain 
popularity despite advancements in modern medicine. According 
to the World Health Organisation (WHO), 80% of the global 
population uses herbal products for health maintenance, disease 
prevention, and the treatment of chronic, degenerative, and 
cancerous conditions [1, 2, 5].

In Indonesia, the national socioeconomic survey of 2017 
reported a growing interest in traditional medicine, with 32% 
of Indonesians using it to treat ailments. Furthermore, 22.3% 
opt for plant-based treatments involving fruits, tubers, and 
roots. This trend, coupled with the increasing demand for raw 
medicinal materials in the pharmaceutical industry, underscores 

the importance of researching bioactive substances with medicinal 
potential. Indonesia’s abundant and diverse biological resources 
remain underutilised, as 90-95% of the required medicinal raw 
materials are still imported [6].

Several studies have highlighted the potential benefits of 
mangrove plants, including their role in promoting Indonesia’s 
economic transformation through blue economy development 
[7-14]. Calophyllum inophyllum, a mangrove species, has long 
been used in traditional medicine due to its bioactive compounds 
found in its leaves, seeds, and stems. The relevance of C. 
inophyllum in healthcare is particularly crucial, given the high cost 
of cancer treatments.

In traditional medicine, C. inophyllum has been used for 
various purposes. The water from soaking its leaves can treat 
inflamed eyes [7], and the oil from its seeds is used to heal skin 
ailments and stimulate hair growth. In Chinese medicine, the plant 
is employed to alleviate sore eyes, rheumatism, inflammation, and 
wounds [15].

Saponins, bioactive compounds in C. inophyllum, are known 
for their anti-hypercholesterolaemic, anti-inflammatory, cardiac 
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depressant, antitumour, antiviral and anticancer properties [16]. 
Saponin extraction from Acanthaster planci using maceration 
has been reported [16]. Maceration is a simple, straightforward 
process that does not require specialised equipment, but it is 
time-consuming and yields low extraction efficiency. Conversely, 
microwave-assisted extraction (MAE) has been employed to extract 
saponins from Phyllanthus amarus [17], Swietenia mahogany 
Jacq [18] and Furcraea leaves [19]. MAE is more effective and 
efficient than conventional methods due to the combined effects of 
dipole rotation and ion conduction, resulting in shorter extraction 
times, higher yields, and lower energy consumption. However, 
MAE typically operates at higher temperatures.

Ultrasound-assisted extraction (UAE), a method that uses 
ultrasonic waves to enhance extraction efficiency at lower 
temperatures, has also been employed to extract saponins from 
Sapindus rarak [20]. UAE (operating at a high-frequency signal of 
20 kHz) significantly reduces extraction duration while increasing 
yield [21, 22].

Despite these advances, optimal conditions for extracting 
saponins from C. inophyllum leaves using UAE have yet to be 
reported. Therefore, the present study aimed to evaluate the effect 
of extraction time and solvent type on the purity and yield of 
saponins from C. inophyllum leaves using UAE. Additionally, the 
antioxidant activity and the impact of the extract on the viability of 
bladder cancer cells were investigated.

2. Materials and methods
2.1. Materials 

C. inophyllum leaves were purchased from Koperasi Jarak 
Lestari in Cilacap, Central Java. Bladder cancer cell lines 
(University of Michigan-Urothelial Carcinoma-3 (UMUC-3) and 
Black Foot Disease Transitional Carcinoma 905 (BFTC-905)) were 
obtained from the Biomedical Science Department at National 
Chung Cheng University (Chiayi, Taiwan, China). Chemicals, 
including methanol, denatured ethanol, food-grade ethanol, 
propanol, butanol, distilled water (aquadest), and hydrochloric 
acid (HCl), were sourced from commercial suppliers.

2.2. Saponin extraction by ultrasound-assisted extraction 

The C. inophyllum leaves were dried in an oven at 60°C for 
one hour, ground into a powder using a mortar, and sieved through 
an 80-mesh sieve. Four grams of the powdered leaves were mixed 
with 100 ml of the chosen solvent in a beaker. The solvents tested 
were methanol, denatured ethanol, food-grade ethanol, propanol, 
and butanol, each with a water content of 20%. The sample was 
placed in the ultrasonic chamber, with power set to 550 W and 
temperature to 40°C, for varying extraction times (10, 20, 30, 
and 40 minutes). After extraction, the mixture was filtered using 
Whatman filter paper, and the filtrate was dried in an oven at 
60°C. The dried extract was then weighed to determine the yield. 
The calculation was performed using the method described by N. 
Aryanti, et al. (2020) [20], as follows: 

%Yield = 
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Subsequently, the medium was replaced with fresh medium, and 
10 µl of CCK-8 solution was added to each well. After incubating 
for three hours, absorbance was measured at 450 nm using an 
ELISA microplate reader. The effect of cisplatin (a standard 
chemotherapeutic agent) on cell viability was also evaluated 
using the same procedure, with cisplatin concentrations in DMSO 
ranging from 0.117 to 15 µg/ml.

2.7. Statistical analysis

The results were analysed statistically to ensure reliability. 
Mean differences were evaluated using analysis of variance 
(ANOVA), with significance accepted at p<0.05 [24]. 

3. Results and discussion
Mangrove ecosystems face significant challenges due to land 

conversion, largely stemming from a lack of public understanding 
of their benefits. Many people mistakenly believe that mangroves 
offer no tangible advantages. This situation is exacerbated 
by pollution, such as plastic waste, household refuse, and oil 
spills. Natural disasters also hinder efforts to expand mangrove 
vegetation, while illegal logging poses a further threat to mangrove 
survival. The Ministry of Environment and Forestry has undertaken 
various initiatives to manage mangrove forests and coastal areas, 
including Mangrove Forest and Land Rehabilitation (FLR) and 
collaborations with the private sector. The realised mangrove FLR 
in 2010 - 2014, 2015, 2016, and 2017 covered 31,675, 430, 497, 
and 500 hectares, respectively [25]. The involvement of multiple 
stakeholders has significantly increased these efforts. However, 
the application of appropriate technology is also essential for 
improving the success of mangrove rehabilitation. Isolating, 
identifying, and utilising valuable mangrove products, such as C. 
inophyllum, represent another approach to supporting mangrove 
conservation and development. 

In this study, C. inophyllum leaves were dried and processed 
into a powder, which was then used for experimentation. A factorial 

design incorporating two-level and single-factor experiments was 
employed. Five solvents-methanol, denatured ethanol, food-grade 
ethanol, propanol, and butanol - were used to extract saponin 
compounds, with extraction times of 10, 20, 30, and 40 minutes. 
After extraction using UAE, the resulting mixtures were filtered 
and dried in an oven. Extraction yield and saponin purity were 
measured, as shown in Fig. 1.

After obtaining the C. inophyllum leaf extract, a qualitative foam 
test was conducted to confirm the presence of saponins. A stable 
foam persisting for 30 minutes indicated the presence of saponins, 
consistent with previous findings that saponins, as surfactants, 
efficiently produce foam when shaken [20]. Saponin content was 
further analysed using UV-Vis spectrophotometry, with wavelengths 
ranging from 200 to 700 nm. The saponin compounds from C. 
inophyllum leaves displayed a peak absorbance of 236 nm, which 
differs from the 220 nm wavelength reported for the Calbiochem 
saponin standard by S.E. Rikomah (2017) [26]. This discrepancy 
may result from variations in solution concentration, thickness, 
instrument calibration, and solvent polarity. Solvent polarity, in 
particular, influences the location of the maximum absorption.

3.1. Effect of solvent type on extraction yield and saponin 
content

Extraction is a process by which one or more substances 
are separated from a solid or liquid using a solvent. The solvent 
is either immiscible or only partially miscible with the solid or 
liquid, allowing the active agents to migrate from the solid/liquid 
mixture (raffinate) to the solvent (extract). In this study, dried C. 
inophyllum leaf powder was used with five different solvents: 
methanol, denatured ethanol, food-grade ethanol, propanol, and 
butanol. Choosing a safe, cost-effective solvent that maximises 
both saponin content and extraction yield is crucial. The choice of 
solvent was based on its Log P value relative to the Log P value of 
saponins, as shown in Table 1. 

Table 1. Log P values for saponin and various solvents.

Parameters Log P

Saponin (estimation) [27] 0.31

Water [28] -1.38

Methanol 80% [28] -0.77

Ethanol 80% [28] -0.31

Propanol 80% [28] 0.25

Butanol 80% [28] 0.8

In physical chemistry, the partition coefficient (P) or 
distribution coefficient (D) can represent the ratio of compound 
concentrations between two immiscible phases at equilibrium. 
This coefficient measures differences in solubility across 
two phases. Log P is commonly used to represent the ratio 
of the concentrations of nonionised compound species. In 
contrast, the distribution coefficient refers to the ratio of the 
concentrations of all compound species (ionised and non-
ionised). Log P for the partition coefficient assesses how 
hydrophobic or hydrophilic a compound is. The smaller the 

Fig. 1. Effect of solvent type and extraction time on (A) 
extraction yield and (B) saponin content.
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Log P value, the more polar (hydrophilic) the compound. 
Conversely, a higher Log P value indicates a more non-polar 
(hydrophobic) compound that tends to dissolve in organic solvents.

The effect of solvent type and extraction time on the extraction 
yield and saponin content from C. inophyllum leaves using UAE 
is shown in Fig. 1. While propanol and butanol have polarities 
closest to the Log P of saponins, the saponin content extracted 
with these solvents was lower than that obtained with denatured 
and food-grade ethanol. This may be due to propanol’s lower water 
solubility, which could limit its extraction efficiency. Methanol also 
produced suboptimal results, likely due to its low Log P value and 
incompatibility with water for extracting bioactive compounds. 

Food-grade ethanol produced the highest saponin content 
(22.05%) and extraction yield (14.65%), significantly 
outperforming methanol, denatured ethanol, propanol, and 
butanol (p<0.05). Ethanol was chosen for its favourable solubility 
properties, as saponins dissolve readily in both water and ethanol 
[29]. The performance of food-grade ethanol was also superior 
to denatured ethanol. Food-grade ethanol, also known as ethyl 
alcohol, is derived from fermenting sugar with yeast and is used in 
alcoholic beverages. It is considered safe for human consumption 
due to its purity and lack of additives, unlike denatured ethanol, 
which contains substances like methanol and isopropanol. Food-
grade ethanol is safe for human consumption. This is because of 
its purity and lack of additives. Moreover, denatured alcohol is not 
to be used for food, drug, or medical purposes, but, it is perfectly 
suitable for industrial use, general cleaning, and even as a solvent 
ingredient in various non-food products. The presence of additives 
(such as methanol and isopropanol) in denatured ethanol results 
in a lower extraction of saponins than that in food-grade ethanol. 
These additives lower the saponin extraction efficiency.

3.2. Effect of extraction time on extraction yield and saponin content

Ultrasound-assisted extraction is increasingly preferred over 
conventional methods due to its ability to shorten extraction time and 
process heat-sensitive bioactive compounds at lower temperatures. 
The mechanical effect of ultrasound enhances solvent penetration 
into cellular material, increasing mass transfer, disrupting the cell 
wall, and facilitating the release of internal compounds. As a result, 
UAE is more effective than conventional methods because it reduces 
extraction time and requires less solvent.

In this study, food-grade ethanol produced the highest yield. 
An extraction time of 10 minutes was found to be optimal, as 
longer extraction times damaged the powdered sample, leading 
to an increased amount of residue (Fig. 1). This is consistent with 
the theory that prolonged UAE generates more cavitation bubbles, 
damaging the cell walls and allowing solvent penetration. However, 
excessive extraction time can lead to stronger interactions between 
cavitation bubbles, potentially damaging bioactive compounds [30].

During the extraction process, the sample temperature increased 
due to cavitation and ultrasound waves. The UAE alarm sounded 
when the sample temperature exceeded 40°C and overheated. The 
UAE was then stopped until the temperature reached 27°C (about 
15 min). The extraction process was continued until completion. 
The extraction process must be stopped prior to overheating as 
compound loss through oxidation can occur at temperatures above 
50°C in bioactive compounds. Saponins are particularly sensitive 
to high temperatures, at which point they undergo structural 
changes, reducing extraction efficiency. Both excessively low 
temperatures and overly brief extraction times result in suboptimal 
extraction of bioactive components.

The normal probability plot (Fig. 2) was used to assess 
whether the data obtained were normally distributed. The data 
are considered reasonably well-distributed, as the plot follows 
a straight line with a p-value above 0.05 [24]. The results of the 
analysis of variance (ANOVA) for extraction yield and saponin 
content are presented in Tables 2 and 3, respectively. Both the 
solvent type and extraction time significantly influenced the 
extraction yield and saponin content (p˂0.05).  

Table 2. Analysis of variance for the extraction yield.

Source of 
variations

Degree of 
freedom

Sum of 
squares Mean square F-value P-value

Model 7 98.264 14.038 59.92 0.000

Linear 7 98.264 14.038 59.92 0.000

Solvent type 4 92.759 23.189 98.98 0.000

Extraction time 3 5.505 1.835 7.83 0.004

Error 12 2.812 0.234

Total 19

Fig. 2. Normal probability plot of (A) extraction yield and (B) saponin content.
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Table 3. Analysis of variance for saponin content.

Source of 
variations

Degree of 
freedom

Sum of 
squares Mean square F-value P-value

Model 7 464.030 66.290 43.36 0.000

Linear 7 464.030 66.290 43.36 0.000

Solvent type 4 278.590 69.648 45.56 0.000

Extraction time 3 185.440 61.813 40.43 0.000

Error 12 18.340 1.529

Total 19

Our results suggest that the following operating conditions 
were optimal: an extraction time of 30 minutes, food-grade 
ethanol as the solvent, an extraction temperature of 40°C, a 
power of 550 W, and a solvent-to-sample mass ratio of 25:1. 
Starting with C. inophyllum leaves containing 0.2% saponins, 
it was possible to obtain a fraction enriched with saponins 
(22.05% purity and 11.74% yield).  

3.3. Antioxidant activity

Antioxidants are relatively stable molecules capable of 
neutralising free radicals, which are a known contributing 
factor to cancer development [31]. Antioxidant activity is a 
key parameter for assessing a substance’s ability to neutralise 
free radicals. One of the most widely used methods for 
measuring antioxidant activity is the DPPH (1,1-diphenyl-
2-picrylhydrazyl) free radical scavenging assay. In this 
study, the antioxidant activity of C. inophyllum leaf extract 
was determined by preparing various extract concentrations 
(10-50 ppm) in methanol. The extract solution was then 
mixed with DPPH, and the absorbance was measured using a 
spectrophotometer at a wavelength of 517 nm.

Initially, the DPPH solution appears deep purple due 
to the delocalisation of odd electrons in the nitrogen atom. 
Upon accepting hydrogen atoms from antioxidants, the colour 
intensity decreases. According to the mechanism of action, 
antioxidants that donate hydrogen atoms are classified as 
primary antioxidants, as they provide hydrogen atoms to radical 
compounds (R*, ROO*) or stabilise these radicals. Their 
derivatives, such as antioxidant radicals (A*), are more stable 
than the initial radical compounds due to resonance within 
their aromatic structures [32]. Potent antioxidants change the 
DPPH solution from purple to yellow or transparent, depending 
on the number of free radicals neutralised [33]. The colour 
transformation caused by the reaction between C. inophyllum 
extract (10-50 ppm) and DPPH is shown in Fig. 3. Absorbance 
and antioxidant activity values are provided in Table 4. 

Table 4. Absorbance and antioxidant activity of each 
sample.

Concentration (ppm) Absorbance Antioxidant activity (%)

10 0.521 42.30

20 0.442 44.43

30 0.341 62.24

40 0.243 73.09

50 0.071 92.14

As the extract concentration increased, the solution became 
progressively more transparent (Fig. 3). Table 4 demonstrates 
that higher extract concentrations result in stronger suppression 
of free radical activity. The highest antioxidant activity 
(92.14%) was observed at a concentration of 50 ppm, meaning 
that 92.14% of DPPH radicals were neutralised.

Table 5. Antioxidant activity of gallic and ascorbic acids.

Concentration (ppm) Antioxidant activity 
of gallic acid (%)

Antioxidant activity 
of ascorbic acid (%)

0.5 32.29 21.97

1 36.46 25.57

5 69.44 35.20

10 95.78 47.58

15 96.59 63.93

20 96.99 73.34

25 97.05 91.41

Gallic acid and ascorbic acid, two notable natural 
antioxidants belonging to the polyphenol group of secondary 
metabolites [34], were used as reference standards in this study. 
The antioxidant activity results for both compounds are shown 
in Table 5. Higher concentrations of gallic and ascorbic acids 
resulted in increased antioxidant activity. The IC50 values (half-
maximal inhibitory concentration) for the extract, ascorbic 
acid, and gallic acid were calculated by plotting concentration 
against antioxidant activity, as shown in Fig. 4.
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Fig. 3. Colour transformation due to C. inophyllum leaf extract 
(10-50 ppm) and 1,1-diphenyl-2-picrylhydrazyl reaction.



PHYSICAL SCIENCES | CHEMISTRY; LIFE SCIENCES | PHARMACOLOGY, BIOTECHNOLOGY

25JUNE 2025 • VOLUME 67 NUMBER 2

Fig. 4. Effect of concentration on antioxidant activity.

The IC50 value represents the concentration required to 
inhibit 50% of free radical DPPH. This value was obtained 
by plotting concentration (x-axis) against antioxidant activity 
(y-axis) and calculating the corresponding linear equation. The 
IC50 value for C. inophyllum leaf extract was approximately 
two-fold and nine-fold higher than that of ascorbic acid and 
gallic acid, respectively (Table 6). A higher IC50 value indicates 
lower effectiveness in inhibiting free radicals. These findings 
were compared with a previous study conducted by A.P. Faisal, 
et al. (2022) [35], who used C. inophyllum leaves extracted via 
maceration (a conventional method).

Table 6. IC50 values of various extracts.

Samples IC50 (ppm)

This experiment 19.99

Gallic acid 2.28

Ascorbic acid 10.47

C. inophyllum leaves extract obtained by maceration [35] 66.47

Ciriguela extract obtained from the UAE [36] 190

Moreover, the IC50 value obtained in this study was three-
fold lower than that of C. inophyllum leaf extract obtained 
via maceration. This difference is attributed to the ability of 
ultrasound waves to facilitate solvent penetration into the cell 
walls of C. inophyllum. As a result, bioactive compounds, 
including saponins, are extracted more efficiently and in a shorter 
time than through the maceration method. Additionally, the IC50 
value of C. inophyllum leaf extract in this study was 10-fold 
lower than that obtained from ciriguela using the same method 
[36]. The IC50 value of C. inophyllum leaf extract classifies it as 
a potent antioxidant since it is less than 50 ppm (Table 7). Thus, 
the extract has potential as an antioxidant agent.

Table 7. Classification of antioxidant activity based on IC50 
value.

IC50 (ppm) Classification [37]

<50 Very strong

50-100 Strong

100-150 Fairly strong

150-200 Weak

3.4. Cell viability assay

The effect of C. inophyllum extract on bladder cancer cell 
viability was assessed using the CCK-8 assay with UMUC-
3 and BFTC-905 cell lines. This in vitro method was chosen 
due to its ease of handling, unlimited replication capability, 
and the ability to replace contaminated cells with frozen stock 
[38]. Living cells contain NAD+ and NADP+, which are 
reduced to NADH and NADPH by dehydrogenase enzymes. 
NAD+/NADH regulates cellular energy metabolism, while 
NADP+/NADPH maintains redox balance and participates 
in the biosynthesis of fatty acids and nucleic acids [39]. The 
electrons carried by NADH and NADPH are transferred to 
1-methoxy PMS, which subsequently transfers them to the 
tetrazolium salt WST-8, resulting in the formation of yellow/
orange formazan. The intensity of the colour is directly 
proportional to the number of viable cells.

In this study, the efficacy of C. inophyllum leaf extract in 
reducing bladder cancer cell viability was compared with that 
of cisplatin, a platinum-based chemotherapy drug commonly 
used to inhibit bladder cancer cells [40]. The viability of 
bladder cancer cells is shown in Figs. 5 and 6.

The viability of UMUC-3 and BFTC-905 cells gradually 
decreased with increasing concentrations of the leaf extract 
(Fig. 5). At the highest extract concentration (100 µg/ml), 
UMUC-3 and BFTC-905 cell viability were 70.50±1.94 
and 69.74±5.83%, respectively. By contrast, at the highest 
cisplatin concentration (15 µg/ml), UMUC-3 and BFTC-
905 cell viability dropped to 20.96±1.97 and 11.54±2.23%, 
respectively (Fig. 6). In comparison, previous research on 
the herbal extract Guizhi Fuling Wan (GFW), a traditional 
Chinese medicine, demonstrated a 50% reduction in BFTC-
905 cell viability at a concentration of 0.3564 mg/ml (356.4 
µg/ml) after 24 hours [41]. Furthermore, Rhodiola rosea 
extract halved UMUC-3 cell viability at a concentration of 100 
µg/ml [42].	
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Fig. 5. Effect of C. inophyllum leaf extract on bladder 
cancer cell lines: (A) UMUC-3; (B) BFTC-905. 



PHYSICAL SCIENCES | CHEMISTRY; LIFE SCIENCES | PHARMACOLOGY, BIOTECHNOLOGY

26 JUNE 2025 • VOLUME 67 NUMBER 2

 

 

 

Fig. 6. Effect of cisplatin on bladder cancer cell lines: (A) UMUC-3, (B) 
BFTC-905.  
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DPPH by half, was measured at 19.99 ppm. Additionally, at a concentration 
of 100 µg/ml, the extract decreased the viability of bladder cancer cells 
(UMUC-3 and BFTC-905) by 29.50±1.94 and 30.26±5.83%, respectively. 
Based on the findings, C. inophyllum leaf extract has potential as an 
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Fig. 6. Effect of cisplatin on bladder cancer cell lines: (A) 
UMUC-3; (B) BFTC-905. 

The antioxidant activity of C. inophyllum leaf extract was 
inversely related to its effect on reducing bladder cancer cell 
viability. According to I. Grigalius, et al. (2017) [43], the 
correlation between these two properties is typically low. 
For instance, the compound 3,3,6-trihydroxyflavon exhibits 
negligible antioxidant activity but is highly effective at reducing 
lung cancer cell viability (A549). Additionally, a water extract 
from the roots of Saururus chinensis, despite having a high IC50 
value (>100 µg/ml), shows promising activity against the breast 
cancer cell line MCF7 (Michigan Cancer Foundation-7) [44]. 
Therefore, C. inophyllum leaf extract, as obtained in this study, 
may function more effectively as an antioxidant rather than a 
bladder cancer-inhibiting agent. Further research is needed to 
elucidate the mechanisms involved in reducing bladder cancer 
cell viability.

4. Conclusions
The optimal C. inophyllum leaf extract, enriched with 

saponins (22.05% purity and 11.74% yield), was obtained 
through ultrasound-assisted extraction at 40°C, 550 W, with 
a mass solvent-to-sample ratio of 25:1 (w/w) for 30 minutes, 
using food-grade ethanol as the solvent. The antioxidant 
activity of the extract, which reduced the concentration of 
the free radical DPPH by half, was measured at 19.99 ppm. 
Additionally, at a concentration of 100 µg/ml, the extract 
decreased the viability of bladder cancer cells (UMUC-3 and 
BFTC-905) by 29.50±1.94 and 30.26±5.83%, respectively. 
Based on the findings, C. inophyllum leaf extract has potential 
as an antioxidant agent rather than a bladder cancer-inhibiting 
agent. Further research is required to better understand the 
mechanisms of bladder cancer cell viability reduction and to 
improve the saponin purity of the extract.
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