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ARTICLE INFO ABSTRACT

Ficus racemosa leaves are a rich source of triterpenoids with anti-inflammatory, antibacterial, and
antioxidant properties. These compounds have potential applications in pharmaceuticals,
cosmetics, and functional foods. This study aimed to optimize triterpenoid extraction from Ficus
racemosa leaves by evaluating the effects of raw material-to-solvent ratio, temperature, and
extraction time. The presence of secondary metabolites, including phenolics, flavonoids, tannins,
saponins, and terpenoids, was analyzed. Extraction efficiency was optimized based on yield and
compound stability under different conditions. Ficus racemosa leaves contain various bioactive
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Introduction

Ficus racemosa (F. racemosa) leaves are a rich source of natural
compounds, among which the triterpene group has attracted significant
attention due to its diverse biological activities.* Triterpenes are a class
of organic compounds belonging to the terpenoid family, consisting of
30 carbon atoms formed from six isoprene units. These compounds
commonly occur in either aglycone or glycoside (saponin) forms and
play a crucial role in plant defense, as well as in medical applications.?
Numerous studies have demonstrated that triterpenes possess valuable
biological properties, including anti-inflammatory, antimicrobial,
antioxidant, and immunomodulatory effects. In traditional medicine, F.
racemosa leaves have been used to treat various ailments, such as
infections, digestive disorders, and skin conditions, suggesting the
presence of potent bioactive compounds.® Investigating the extraction
of triterpenes from F. racemosa leaves not only helps elucidate their
pharmacological potential, but also contributes to investigate extraction
methods to enhance compound recovery and purity.By investigating the
extraction processes, this study aims to facilitate the application of
triterpenes from F. racemosa leaves in the pharmaceutical, cosmetic,
and functional food industries, unlocking significant potential for
natural product-based formulations. While the broader applications of
F. racemosa are recognized, comprehensive studies specifically
focusing on the triterpene profile and extraction optimization from F.
racemosa leaves within the Vietnamese context remain limited. Further
investigation into local varieties could reveal unique chemotypes and
optimize extraction methods tailored to Vietnamese resources.
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Materials and Methods

Chemicals

The chemicals used in the experiment included ethyl acetate (99.8%
purity, China), perchloric acid (HC1Ox) (70% purity, China), acetic acid
(CHsCOOH) (99.7% purity, China), and other analytical-grade
reagents.

Plant collection and identification

Ficus racemosa leaves were collected in June 2024, from Ho Chi Minh
City, Vietnam (coordinates: 10°51'41.386"N, 106°40'48.760"E). The
plant material was identified at the Faculty of Biology - Biotechnology,
VNU-HCM University of Science, Ho Chi Minh City, Vietham. An
herbarium specimen with voucher number VNMN2024006 (Figure 1)
was deposited in the herbarium unit.

Qualitative analysis of components in Ficusracemosa leaves

Powdered F. racemosa leaves (0.5 g) was weighed and extracted with
ethanol at a 1:30 ratio (w/v) by maceration at room temperature for 8
hours under continuous magnetic stirring at 200 rpm). After extraction,
the first extract (solution 1) was collected by vacuum filtration through
Whatman No. 1 filter paper to separate the liquid from the remaining
solid. The extraction process was repeated twice under the same
conditions, each lasting 8 hours, yielding solutions 2 and 3. Finally, all
three extracts were combined, and used for the qualitative analysis of
bioactive components, as presented in Table 1.

Table 1: Qualitative analysis of phytoconstituents of Ficus

racemosa leaves

) Test . Reference
Phytochemical Observation

procedure

Blue-black or ~ 1°

brownish-

Phenolics and 2 mL extract +

tannins 2 mL H0 + 2-
green colour
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3 drops of
FeCls (5%)
2 mL extract + _ 2
Reddish-
. 3-4 drops of
Alkaloids brown
Wagner’s o
precipitate
reagent
2 mL extract + 2
2mL Yellow
Flavonoids o
Pb(COOH): precipitate
(10%)
2 mL extract + 2
. L Foam
Saponins 10 mL distilled ]
formation

water + heat for
2 minutes
5 mL extract + z
2mL
Terpenoidsand  chloroform +3  Reddish-
steroids mL brown colour
concentrated
H2SOs
2 mL extract + z
Coumarin 3 mL NaOH

(10%)

Yellow color

Investigation of factors affecting triterpenoid content

In this study, the effects of drying temperature (40°C, 50°C, 60°C, and
70°C) and extraction factors, including material-to-solvent ratio (1:50,
1:100, 1:150, 1:200, 1:250), extraction temperature (40, 50, 60, 70, and
80°C), and extraction time (30, 60, 90, 120, and 150 minutes), on
triterpenoid content were investigated. In each experiment, one variable
was altered while the others were kept constant.

Investigation of drying temperature

The effect of drying temperature was examined at 40°C, 50°C, 60°C,
and 70°C, with the moisture content maintained at 6-7% as per Sarkar
etal. (2023).*

Investigation of material-to-solvent ratio

The effect of the material-to-solvent ratio was evaluated at 1:100, 1:150,
1:200, and 1:250, with the extraction temperature set at 70°C and the
extraction time fixed at 120 minutes.®

Investigation of extraction temperature

The selected temperature ranges for the extraction experiment were 40,
50, 60, 70, and 80°C, using the optimal material-to-solvent ratio
determined above. The extraction time was fixed at 120 minutes.

Investigation of extraction time

The extraction time was varied within the range of 30, 60, 90, 120, and
150 minutes, with increments of 30 minutes. The material-to-solvent
ratio and extraction temperature were set based on the optimal
conditions determined above.

Determination of triterpenoid content

A calibration curve was constructed using oleanolic acid as the
standard. The triterpenoid content was determined by UV-Vis
spectrophotometry (Genesys 20, Thermo Scientific, USA), following
the method described by Yang et al. (2020) with modifications.®
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A 1 mL sample (prepared by dissolving 0.5 g of the extract in 15 mL of
ethanol) was placed in a test tube, followed by the addition of 0.2 mL
of 5% acetic acid and 1.2 mL of perchloric acid (HC1O4). The mixture
was stirred and incubated at 70°C for 15 minutes, then rapidly cooled
for 2 minutes. The solution was diluted to 5 mL with ethyl acetate and
measured at a wavelength of 550 nm. The total triterpenoid content was
calculated using the following formula:
Vim 100

TTC(mgOAE/gDW)ZCXXWXmXK

Where; Cx: Measured concentration of oleanolic acid (ppm); Vdm:
Sample dilution volume (mL); a: Sample weight (g); W: Moisture
content (%); K: Dilution factor; 103 Conversion factor

Figure 1: Ficus racemosa leaves

Statistical analysis

All experiments were performed in triplicate, and the results are
expressed as the mean + standard deviation (SD). A one-way analysis
of variance (ANOVA), followed by Tukey’s honest significant
difference (HSD) was used to determine statistically significant
differences between the means (P < 0.05). Data analysis was carried out
using Statgraphics Centurion XX software (Statgraphics Technologies,
Inc., USA).

Results and Discussion

Phytoconstituents of Ficus racemosa leaves

The qualitative analysis results as presented in Table 2 indicate that
Ficus racemosa leaves contain various secondary metabolites at
different concentrations. Phenolics, tannins, and saponins were detected
in the highest amounts (+++), suggesting strong antioxidant potential as
well as significant antibacterial, and immune-supporting properties.”
Flavonoids, terpenoids, and steroids were present at moderate levels
(++), contributing to anti-inflammatory, cytoprotective, and biological
regulatory effects.® In contrast, coumarins and alkaloids were found in
lower concentrations (+), indicating a more limited role in the medicinal
properties of F. racemosa leaves.
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These findings help explain the widespread traditional medicinal use of
F. racemosa leaves, particularly in treating infections, aiding digestion,
and promoting overall health. The results align with the study by
Hidayanti et al. (2023),° which identified the presence of steroids,
flavonoids, saponins, and tannins in F. racemosa leaves in Indonesia
and highlighted their antioxidant potential.

Table 2: Phytochemical constituents of Ficus racemosa leaves

Phytochemical Result
Phenolics +
Tannins +
Flavonoids +
Coumarin +
Alkaloids +
Terpenoids +
Steroids +
Saponins +

Key: (+) Detected, (-) Not detected

Drying temperature

The results presented as presented in Figure 2 indicate that the total
triterpenoid content (TTC, mg/g DW) gradually decreases as drying
temperature increases, with values of 0.1314 (40°C), 0.1242 (50°C),
0.1083 (60°C), and 0.074 (70°C), respectively. At 40°C and 50°C, the
triterpenoid content did not differ significantly, suggesting that these
compounds are relatively well preserved at lower temperature
conditions. However, at 60°C and especially at 70°C, a substantial
decline in TTC indicates that higher temperatures may accelerate
triterpenoid degradation.
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Figure 2: Effect of temperature on total triterpenoid content
Different letters in the same column indicate significant
differences between samples (p < 0.05).

The present findings revealed a significant reduction in TTC as drying
temperature increases, which aligns with the conclusion that high
temperatures can substantially reduce total triterpenoid saponin content
due to increased oxidation, chemical bond disruption, and structural
degradation of bioactive compounds.'® This trend can be attributed to
the impact of elevated temperatures on the decomposition or
volatilization of phenolic compounds, flavonoids, and other
antioxidants present in the sample.’* The selection of drying
temperature should balance TTC preservation and process efficiency.
Drying at 40°C retains the highest TTC content but prolongs the drying
time, and increases costs. In contrast, 50°C maintains a TTC level
comparable to 40°C while reducing drying time and improving
efficiency. However, temperatures of 60°C and 70°C significantly
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decrease TTC content and may also affect other bioactive compounds.
Therefore, 50°C is considered the most suitable drying temperature,
ensuring a balance between bioactive compound preservation and
drying efficiency.

Material-to-solvent ratio

The material-to-solvent ratio is a critical factor influencing triterpenoid
extraction efficiency (TTC). The results indicated that varying this ratio
significantly impacted the obtained TTC content (Figure 3). As the ratio
increased from 1:100 to 1:150, TTC content increased from 0.224 mg/g
to a peak of 0.247 mg/g. However, further increasing the solvent ratio
to 1:200 and 1:250 led to a sharp decline in TTC content, dropping to
0.174 mg/g and 0.170 mg/g, respectively.

Solvent-to-material ratio significantly affects the extracted compound
content. As this ratio increases, the concentration difference between
the inside and outside of the material also increases, facilitating mass
transfer and allowing the solvent to easily extract compounds from the
material.®> A low solvent-to-material ratio limits the solubility of
triterpenoids, leading to low extraction efficiency. Conversely, when
the amount of solvent is high, the diffusion of triterpenoids into the
solvent occurs more intensively until saturation is reached.’ However,
at a solvent-to-material ratio up to 1:200, the obtained triterpenoid
content decreased, possibly due to the presence of other dissolved
compounds, as saturation of the solvent with other dissolved
compounds as been shown to decrease phenolic compounds content.
Therefore, a ratio of 1:150 was determined to be suitable for further
experiments.
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Figure 3: Effect of extraction material-to-solvent ratio on
triterpenoid content. Different letters in the same column
indicate significant differences between samples (p < 0.05).

Extraction temperature

Temperature is a key factor that plays a crucial role in the extraction
process of triterpenoids, directly influencing yield. Figure 4 illustrates
the variation in TTC content with temperature. Specifically, at 40°C,
the TTC content was 0.242 mg/g, which slightly increased to 0.254
mg/g at 50°C. However, when the temperature was further increased to
60-80°C, the TTC content significantly decreased, reaching its lowest
level of 0.166 mg/g at 80°C.

An increase in temperature enhances the solubility of triterpenoids,
promotes diffusion and mass transfer, and reduces the viscosity of the
solvent, thereby improving extraction efficiency.'* However, when the
temperature exceeds 60°C, significant thermal degradation occurs,
leading to a decrease in triterpenoid content. Therefore, 50°C was
identified as the optimal temperature, ensuring the highest TTC
concentration while preventing compound degradation.®® This trend is
consistent with the study by Muzafri and Karno (2022),® which
reported that the extraction of Panax notoginseng also yielded the
highest triterpenoid content at 50°C. Thus, 50°C is considered the
optimal extraction tempurature for triterpenoid extraction, balancing
efficiency and compound stability.*6
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Figure 4: Effect of extraction tempurature on triterpenoid
content. Different letters in the same column indicate
significant differences between samples (p < 0.05).

Extraction time

As illustrated in Figure 5, extraction time was shown to have varying
effects on triterpenoid content. Extraction time plays a crucial role in
solvent diffusion into the material and the release of triterpenoids. The
results show that TTC content gradually increased from 30 to 60
minutes, reaching its peak (0.458 mg/g) at 60 minutes. However, when
the extraction time was extended further, TTC content gradually
decreased due to compound degradation under thermal effects.'’

The extraction process is influenced by the contact between the solvent
and the material, as well as the interaction time between the solid and
liquid phases. Extraction efficiency depends on solvent-material contact
time and solid-liquid interaction duration.'® When the extraction time is
only 30 minutes, the solvent does not fully penetrate the material,
leading to a lower yield of triterpenoids. However, excessive extraction
time may cause compound degradation due to heat or oxidation. If the
extraction time is excessively prolonged, the compounds may degrade
due to thermal effects or oxidation. Therefore, 60 minutes was
identified as the optimal extraction time, ensuring the highest extraction
efficiency while maintaining triterpenoid stability.
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Figure 5: Effect of extraction time on triterpenoid content.
Different letters in the same column indicate significant
differences between samples (p < 0.05).
Conclusion

This study determined the optimal conditions for the efficient extraction
of triterpenoids from Ficus racemosa leaves, with a drying temperature
of 50°C, a material-to-solvent ratio of 1:150, an extraction temperature
of 50°C, and an extraction time of 60 minutes. Qualitative analysis
confirmed that Ficus racemosa leaves contain important secondary
metabolites, such as phenolics, flavonoids, tannins, saponins, and
terpenoids, contributing to their biological activities. These findings
highlight the potential applications of triterpenoids from Ficus
racemosa leaves in pharmaceuticals, cosmetics, and functional foods.
Identifying suitable extraction conditions enhances recovery efficiency,
reduces costs, and improves feasibility for large-scale production.
Future studies should focus on compound isolation, biological activity
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evaluation, and in vitro and in vivo experiments to validate the efficacy
of these bioactive compounds.
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