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Secondary Metabolite Content in Centella asiatica Based on Altitude and Extraction Solvent

ABSTRACT

	Objective: To evaluate the effect of altitude and extraction solvent on secondary metabolites of Centella asiatica, with a focus on total phenols, flavonoids, triterpenoids, and antioxidant activity.
Study design: A factorial experimental design was used to assess two main factors: altitude and solvent type.
Place and Duration of Research: The research was conducted at the Laboratory of Botany and Genetics, Universitas Muhammadiyah Purwokerto, Central Java, Indonesia, in January 2025.
Methodology: Sample Centella asiatica collected from three areas, namely Cilacap (7 masl), Banjarnegara (450 masl), and Bandung (650 masl). The dried and crushed plant materials were extracted using 96% ethanol, 70% ethanol, and methanol. The extracts were analyzed by spectrophotometric methods to determine the total content of phenols, flavonoids, and triterpenoids; antioxidant activity was measured by the DPPH test.
Results: The highest levels of phenols (8.56 × 10⁻³ mg GAE/g) and triterpenoids (2.30 × 10⁻³ mg UAE/g) were found in samples from 650 masl using 70% and 96% ethanol, respectively. The highest flavonoid content (0.36 × 10⁻³ mg QE/g) was recorded in lowland samples extracted with methanol. The best antioxidant activity (lowest IC₅₀ = 2165.15 ppm) was found in the mid-altitude (450 masl) methanol extract. Among solvents, 70% ethanol was optimal for extracting phenols, methanol for flavonoids and antioxidant activity, and 96% ethanol for triterpenoids.

Conclusion: Altitude and solvent type influence the secondary metabolite content of Centella asiatica, including phenols, flavonoids, triterpenoids, and antioxidant activity. Higher altitudes (650 masl) yielded the most phenols and triterpenoids, while the most flavonoids were found at lower altitudes (7 masl). The best solvents were 70% ethanol for phenols, methanol for flavonoids, and 96% ethanol for triterpenoids. The strongest antioxidant activity came from methanol extraction at 450 masl. These results highlight the role of environment and extraction methods in enhancing medicinal plant quality.
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1. INTRODUCTION
Centella asiatica (L.) Urban, also referred to as "gotu kola" is a perennial plant utilized in traditional medicine to enhance resilience against central nervous system (CNS) illnesses. Centella asiatica is a tropical medicinal herb belonging to the Apiaceae family, indigenous to Southeast Asian nations (Alam et al., 2025). Additionally, it has been utilized in Southeast Asian nations and traditional Chinese medicine for the prevention and/or treatment of many medical disorders, including hysteria, rheumatism, syphilis, diarrhea, headache, asthma, and epilepsy (Mishra et al., 2022). 
The phytochemistry of Centella asiatica accelerated following the identification of asiaticoside in the early 1940s. Despite the extensive literature on this valuable herb, its chemistry has not been well examined. Furthermore, numerous duplication names, synonyms, and conflicting conclusions were identified in the literature on Centella asiatica. The conventional applications of Centella asiatica in food, agriculture, pharmaceuticals, and cosmetics are progressively growing, leading to heightened biomass demands (Kunjumon et al., 2022). 
Centella asiatica comprises several elements, including vitamins, minerals, triterpenoids, flavonoids, and phenols (Sabaragamua, 2020). Bylka et al. (2014) conducted a study that identified 31 research on the facilitation of healing wounds, psoriasis, and scleroderma lesions using extracts of Centella asiatica and its constituent components, including asiaticoside, madecassoside, asiatic acid, and madecassic acid. The studies comprise 19 in vitro, 10 in vivo, and two clinical investigations, each employing varied methodology and significance.
This plant is recognized as a substantial source of antioxidants owing to its abundant variety of flavonoids, including naringin, rutin, kaempferol, apigenin, and quercetin. The therapeutic potential of Centella asiatica and its biologically active phytochemicals, including flavonoids, phenolics, and triterpenoids, has been documented to have neuroprotective, cardioprotective, anti-inflammatory, and antioxidant effects. The bioactive components in this plant are regarded as effective in alleviating numerous metabolic disorders because to its anti-inflammatory properties, antioxidant effects, and ability to change mitochondrial protein abnormalities (Sun et al., 2020). 
The concentrations of triterpenoids and phenol derivatives have been shown to vary across Centella asiatica samples from different geographical areas and growing conditions. Harvest time is a major factor in cultivating medicinal plants, although environmental, genetic, and physiological factors influence the overall phytochemical profile of the plant. Clear seasonal oscillations in Centella asiatica plants in Australia showed levels of triterpenoids, chlorogenic acid, and kaempferol that were consistent with seasonal fluctuations in triterpenoid content in Madagascar (Rahajanirina et al., 2015). Drying and light conditions also affect triterpenoid levels. Plants grown in full sunlight have higher concentrations of triterpenoids, flavonoids, and chlorogenic acids, as well as stronger antioxidant activity, compared to plants grown in partial shade (Srithongkul et al., 2011; Maulidiani et al., 2012).
These findings reveal how the chemical composition of Centella asiatica is influenced by combined genetic, geographic, and agronomic factors. While this is particularly well established for triterpenoids, it is clear that these factors also influence other possible bioactive compounds such as flavonoids and chlorogenic acid derivatives. Publications that openly disclose the source of the plant material will help to accurately assess the chemical profile of Centella asiatica used in scientific research (Gray et al., 2018). Seasonal fluctuations, depending on the area, may affect the accumulation of phytochemical elements in Centella asiatica differently. A study in Thailand conducted by Puttarak and Panichayupakaranant (2012) showed that the effect of collection time on triterpenoid accumulation differed according to geographical location.
Research from Australia and Malaysia shows that temperature and amount of sunlight are important elements in the accumulation of triterpenoids and phenolic compounds, although research from Indonesia shows that altitude has no clear impact on the amount of asiaticoside in Centella asiatica (Vinoliona et al., 2012). Studies on four triterpenoids, three flavonoids, and chlorogenic acid overall showed a good correlation between day length and these compounds. Furthermore, relative H-NMR analysis has revealed that full sun exposure was associated with more asiaticoside, madecassoside, flavonoids, and chlorogenic acid than partial shade conditions (Alqahtani et al., 2015; Maulidani et al., 2012).
However, it has not been studied how altitude affects the quantity of flavonoids, phenols, antioxidants, and triterpenoids from Centella asiatica. As various studies have shown, altitude affects the synthesis of secondary metabolites of Centella asiatica because the altitude affects the average temperature and amount of sunlight in an area (Alqahtani et al., 2015; Maulidiani et al., 2012). Thus, it is possible that the synthesis of secondary metabolites of Centella asiatica increases with decreasing altitude. Furthermore, there is a significant knowledge gap on how altitude affects the phytochemical profile and growth of Centella asiatica worldwide.
Extraction is known as a vital first step for conducting bioactivity and other chemical analysis. Main purpose of extraction procedure is to gather maximum content of biologically active metabolites in resultant extract possessing highest antioxidative properties (Awad et. al., 2020). Extraction is influenced by various process parameters such as the type of extraction method and solvent, which could significantly affect the quality and quantity of important bioactive compounds present in the extract (Zengin et al., 2019). Several extraction methods have been reported to extract bioactive compounds from medicinal plants, namely maceration, hot reflux extraction, and ultrasonic-assisted extraction (Oniszczuk and Podgórski, 2015). Conventional extraction methods such as maceration and hot reflux are the most commonly used. However, these methods have various limitations because they require large amounts of solvents and longer extraction times (Tsaltaki et al., 2019). On the other hand, better modern techniques such as ultrasonic-assisted extraction and microwave-assisted extraction are preferred over conventional methods due to their higher reproducibility, shorter processing time, and better extract yields (Zengin et al., 2019).
The choice of solvent is an important parameter because the polarity of the solvent affects the extraction of certain groups of bioactive components (Musa et al., 2011). It is natural that the antioxidant capacity is related to the bioactive components in plant extracts. Therefore, to evaluate the antioxidant capacity of plant extract tests such as DPPH, the ABTS uptake test is widely used (Zengin et al., 2019). Value polarity relatively for solvent used​ in study This is around 0.656 for 96% ethanol, 0.710 for 70% ethanol, and 0.762 for methanol (Reichardt & Welton, 2011). Although there are several publications related to the use of various extraction methods to extract triterpenoids and phenolic compounds from Centella asiatica, none of these publications have screened out efficient extraction techniques using a range of extraction methods and extraction solvents (Abas et al., 2013).
This study will investigate the optimal altitude to maximize the yield of triterpenoids, flavonoids, phenols, and antioxidants in Centella asiatica grown in Indonesia, especially in Java Island, thus filling this information gap. This factor is also combined with an investigation of the best extraction solvent to obtain the content of triterpenoids, flavonoids, phenols, and antioxidants in Centella asiatica at the highest altitude. By selecting the ideal altitude and the appropriate extraction solvent, we could enhance the synthesis of bioactive compounds and increase the therapeutic potential of this great herb.

2. Materials and methods

2.1 Place and Duration of Study
This research was conducted for 3 weeks in January 2025. This research was conducted at the Botany and Genetics Laboratory, Universitas Muhammadiyah Purwokerto, Central Java, Indonesia.
2.2 Materials and Equipment
The equipment used includes analytical scales, beakers, hotplates, stirrers, magnetic stirrers, ovens, test tubes, test tube racks, vortexes, microplate readers (EPOCH), syringe filter, mortar and pestle, 150-micron sieve, and UV-Vis spectrophotometer. The materials used consisted of Centella asiatica samples collected from three areas with different altitudes: West Bandung Regency (650 masl), Banjarnegara Regency (450 masl), and Cilacap Regency (7 masl). Additional reagents include Folin-Ciocalteu reagent, absolute ethanol, Na₂CO₃, distilled water, quercetin, absolute methanol, AlCl₃, 5% acetic acid, vanillin, glacial acetic acid, ursolic acid, DPPH solution, gallic acid, perchloric acid, 70% ethanol, 96% ethanol, and technical methanol.
2.3 Research Design
This study is a field experiment consisting of two factors. The first factor is the altitude of the growing place of Centella asiatica (A), which includes A1, 7 masl (Cilacap); A2, 450 masl (Banjarnegara); and A3, 650 masl (Bandung). The second factor is extraction solvent (S), which includes 96% ethanol (S1), 70% ethanol (S2), and methanol (S3). The combination of treatments was repeated three times. The variables observed included the total phenol content equivalent to gallic acid (mg/g dry plant), the total flavonoid content equivalent to quercetin (mg/g dry plant), the total triterpenoid content equivalent to ursolic acid (mg/g dry plant), and antioxidant activity stated as IC₅₀ value (ppm).
2.4 Preparation of Extract Materials
Centella asiatica samples were taken from three locations according to treatment. The samples also has been examined by authorities to determine its eligibility, as it must be all green in colour without any yellowing or browning, and it's all still fresh to maintain its secondary metabolism chemicals. Samples of as much as 1 kg were taken from each area. The samples were dried in the sun for three days and then dried in an oven at a temperature of 55°C for 24 hours. The dried samples were crushed using a mortar and pestle and sieved through a 150-micron sieve. Each sample (2 g) was macerated in 10 mL of solvent for 24 hours sequentially using solvents with increasing polarity: 96% ethanol (lowest polarity) < 70% ethanol < methanol (highest polarity). The maceration process aims to separate compounds in the sample based on polarity. The extract obtained from each solvent was filtered using a syringe filter and evaporated in an oven at a temperature of 40°C for 72 hours to obtain a dry extract. The dry extract was then diluted with absolute ethanol to prepare a concentrated extract of 10,000 ppm for further analysis (Shofiyani et al., 2023).
2.5 Preparation of Reagents and Solutions
Preparation of reagents and solutions for various tests was carried out as follows. For the total phenol test, Folin – Ciocalteu reagent (1:1) was prepared by mixing 4 mL of Folin – Ciocalteu reagent with 4 mL of absolute ethanol, and 8% sodium carbonate solution was prepared by dissolving 3.2 g of Na₂CO₃ in distilled water to a volume of 40 mL (Shofiyani et al., 2023). In the flavonoid test, a quercetin stock solution was prepared by dissolving 5.0 mg of quercetin in 1.0 mL of absolute methanol, while a 2% AlCl₃ solution was prepared by dissolving 3 g of AlCl₃ in 150 mL of 5% acetic acid. For the triterpenoid test, a glacial vanillin-acetic acid solution was prepared by dissolving 1 g of vanillin in 20 mL of glacial acetic acid and then stored in the refrigerator until used; a stock solution of ursolic acid was prepared by dissolving 10 mg of ursolic acid in absolute methanol to a volume of 50 mL to produce a concentration of 0.2 mg/mL (Numonov et al., 2020). In the DPPH antioxidant activity test, a 0.2 mM DPPH solution was prepared by dissolving 2 mg DPPH in 25 mL absolute ethanol, according to the method of Ushie et al. (2019). These reagents and solutions were used in testing the secondary metabolite content of Centella asiatica extract.
2.6 Testing of Secondary Metabolite Content
2.6.1 Phenol Test
The total phenol content in the extract was determined using the Folin-Ciocalteu reagent method, a 0.2 mL test sample was mixed with 0.6 mL of water and 0.2 mL of Folin-Ciocalteu reagent (1:1). After 5 minutes, 1 mL of saturated sodium carbonate solution (8% w/v in water) was added, then diluted with distilled water to a final volume of 3 mL. The mixture was incubated in the dark for 30 minutes. After centrifugation, the absorbance of the blue color was measured at a wavelength of 765 nm using a UV-Vis spectrophotometer. The phenol content was calculated as gallic acid equivalents (GAE) per gram of dry plant material based on the gallic acid standard curve. All measurements were carried out in triplicate (Shofiyani et al., 2023).
2.6.2 Flavonoid Test
Total flavonoid content was determined using the aluminum chloride colorimetric method, with quercetin as a standard. A stock solution of quercetin was prepared by dissolving 5.0 mg of quercetin in 1.0 mL of methanol, then serial dilution was carried out to obtain a standard solution with a concentration of 5–20 ppm. A total of 0.6 mL of sample or standard solution was mixed with 0.6 mL of 2% aluminum chloride solution. The mixture was incubated at room temperature for 60 minutes, then the absorbance was measured at a wavelength of 420 nm against the blank. The total flavonoid content was calculated based on the calibration curve and expressed as mg quercetin equivalents (QE) per gram of dry plant material. All analyses were carried out in triplicate (Shofiyani et al., 2023).
2.6.3. Triterpenoid Test
Ursolic acid (10 mg) was dissolved in 50 mL of ethanol to prepare a stock solution with a concentration of 0.2 mg/mL. Working standard solutions were prepared by pipetting 0.1; 0.2; 0.4; and 0.6 mL of the stock solution into stoppered test tubes, respectively. The solvents were then evaporated in an oven at 40°C. After that, 0.4 mL of freshly prepared 5% vanillin-glacial acetic acid solution and 1.6 mL of perchloric acid were added to each tube. The Centella asiatica extract was treated with the same procedure. The solution was shaken until homogeneous, then heated in a water bath at 60°C for 15 minutes. After cooling to room temperature, 8 mL of glacial acetic acid was added to each tube. The absorbance was measured at a wavelength of 547 nm against the blank using a UV-Vis spectrophotometer. Total triterpenoid content was expressed as mg of ursolic acid per gram of dry Centella asiatica. All determinations were performed in triplicate (Numonov et al., 2020).
2.6.4 DPPH Test
Antioxidant activity of Centella asiatica extract determined using the method of Shofiyani et al. (2023). A total of 0.1 mL of the extract was added into the well of the microplate, followed by 0.1 mL of 0.2 mM DPPH solution. The mixture was stirred and incubated in the dark at room temperature for 30 min. Absorbance was measured at 517 nm using a spectrophotometer. Controls were prepared by measuring the absorbance of DPPH at the same wavelength. All determinations were carried out in triplicate.
2.7 Statistical Analysis
Quantitative data from spectrophotometer tests were analyzed using SPSS statistical software. Normality and homogeneity tests were performed first. used to test the null hypothesis that the means of all groups are the same. If the ANOVA results show a significant difference, Duncan's Multiple Range Test (DMRT) is performed to determine which is significantly different. If the data does not meet the assumptions of normality or homogeneity, the nonparametric Kruskal-Wallis test is used to test differences between independent groups. If significant differences were found, the Dunn Post Hoc test was performed. A significant level of 5% was used for all analyses.
3. Results and Discussion
3.1 Results
Analysis of Centella asiatica extract, prepared using solvent extraction at three different altitudes (7, 450, and 650 masl), revealed real variation​ in secondary metabolite content and antioxidant activity (Table 1).
 
3.1.1 Contents Total Phenol
Total content phenol, stated as equivalent to gallic acid (mg/g plant dry), varies according to altitude and also solvent used. At 7 masl, the value of phenol ranges from 4.08 × 10⁻³ ± 4.87 × 10⁻³ (96% ethanol) to 7.39 × 10⁻³ ± 2.09 × 10⁻³ (70% ethanol), with a comparable value​ of 6.18 × 10⁻³ ± 2.09 × 10⁻³ observed For extract methanol. Similar trends are seen at 450 masl, where 70% ethanol produces the highest mark (7.83 × 10⁻³ ± 2.83 × 10⁻³) compared with 6.22 × 10⁻³ ± 3.70 × 10 -3 For 96% ethanol and 2.84 × 10⁻³ ± 3.63 × 10-3 For methanol. At the highest altitude, 650 meters above sea level, the maximum phenol content was recorded at 70% ethanol (8.56 × 10⁻³ ± 1.28 × 10⁻³), followed by 96% ethanol (6.49 × 10⁻³ ± 2.79 × 10⁻³) and methanol (4.66 × 10⁻³ ± 0.70 × 10⁻³). These results show that, in a way Overall, ethanol is 70% the most effective solvent For extracting phenol compounds — especially at higher altitudes​ (see Table 1).
 
3.1.2 Total Flavonoid Content
Flavonoid content, measured as quercetin equivalents (mg /g dry plant), also varied with extraction conditions. At 7 masl, the methanol extract showed the highest flavonoid content (0.36 × 10⁻³ ± 0.03 × 10⁻³), while the 96% ethanol extract gave similar values (0.32 × 10⁻³ ± 0.01 × 10⁻³); the 70% ethanol extract produced much lower content (0.09 × 10⁻³ ± 0.00 × 10⁻³). At 450 masl, the same pattern was observed with values of 0.20 × 10⁻³ ± 0.01 × 10⁻³ (96% ethanol), 0.10 × 10⁻³ ± 0.00 × 10⁻³ (70% ethanol), and 0.18 × 10⁻³ ± 0.06 × 10⁻³ (methanol). At an altitude of 650 masl, 96% ethanol extract again produced relatively higher flavonoid content (0.30 × 10⁻³ ± 0.01 × 10⁻³) compared to 0.15 × 10⁻³ ± 0.11 × 10⁻³ for methanol and the lowest value with 70% ethanol (0.08 × 10⁻³ ± 0.01 × 10⁻³). Overall, the results indicate that although the flavonoid content is generally low, extraction using 96% ethanol tends to be more effective, especially at higher altitudes (Table 1).
 
3.1.3 Total Triterpenoid Content
Triterpenoid content, expressed in ursolic acid equivalents (mg /g dry plant), showed a clear influence of altitude and solvent polarity. At 7 masl, the methanol extract had the highest triterpenoid content (1.00 × 10⁻³ ± 0.06 × 10⁻³) compared to 0.97 × 10⁻³ ± 0.05 × 10⁻³ (96% ethanol) and 0.56 × 10⁻³ ± 0.07 × 10⁻³ (70% ethanol). At 450 masl, 70% ethanol extract (0.64 × 10⁻³ ± 0.18 × 10⁻³) and methanol extract (0.89 × 10⁻³ ± 0.09 × 10⁻³) had comparable levels, while 96% ethanol extract was slightly lower (0.54 × 10⁻³ ± 0.12 × 10⁻³). Specifically, at an altitude of 650 masl, the highest triterpenoid content was obtained with 96% ethanol (2.30 × 10⁻³ ± 0.13 × 10⁻³), with methanol (1.60 × 10⁻³ ± 0.06 × 10⁻³) and 70% ethanol (1.01 × 10⁻³ ± 0.11 × 10⁻³) yielding lower values. These data indicate that extraction with 96% ethanol at a higher altitude (650 masl) significantly increased triterpenoid recovery (Table 1).
 
3.1.4 Activities Antioxidants
Activity antioxidants, determined by the DPPH test and expressed as IC value₅₀ (ppm), indicate substantial variability among​ treatments. At 7 meters above sea level, the 96% ethanol extract recorded an IC₅₀ of 24501.62 ± 14680.83 ppm, while the 70% ethanol and methanol extracts, in a way not unexpected, showed IC₅₀ values that were negative (respectively –4678.33 ± 18822.29 and –9526.20 ± 42350.18 ppm), which could indicate a test anomaly or calibration problem. At 450 masl, the IC₅₀ value is far lower, with methanol extract showing the highest antioxidant activity (2165.15 ± 470.53 ppm), followed by 70% ethanol (2525.71 ± 464.88 ppm) and 96% ethanol (4165.10 ± 17518.55 ppm). At 650 masl, real improvement in IC₅₀ is observed For 96% ethanol extract (96489.80 ± 90749.20 ppm), while 70% ethanol and methanol extracts produce marks between 5462.78 ± 448.43 and 33208.73 ± 21370.90 ppm, respectively. By and overall, the results This shows that capacity antioxidants are highly dependent on altitude and solvent extraction, with samples from an altitude of 450 meters above sea level showing the most profitable IC₅₀ value (i.e., lower) in extraction methanol (Table 1).
 
Table 1. 	Variation of phenol, flavonoid, triterpenoid and antioxidant content in Centella asiatica

	Altitude (masl)
	Solvent
	Phenol1 (10-3)
	Flavonoids2 (10-3)
	Triterpenoid3 (10-3)
	Antioxidants 4

	
	Ethanol 96%
	4.08 ± 4.87a
	0.32 ± 0.00bc
	0.97 ± 0.05abcd
	24501.62 ± 14680.83a

	7
	Ethanol 70%
	7.39 ± 2.09a
	0.09 ± 0.00a
	0.56 ± 0.07ab
	-4678.33 ± 18822.29a

	
	Methanol
	6.18 ± 2.09a
	0.36 ± 0.03bc
	1.00 ± 0.06bcd
	-9526.20 ± 42350.18a

	
	Ethanol 96%
	6.22 ± 3.70a
	0.20 ± 0.01abc
	0.54 ± 0.12a
	4165.10 ± 17518.55a

	450
	Ethanol 70%
	7.83 ± 2.83a
	0.10 ± 0.00ab
	0.64 ± 0.18ab
	2525.71 ± 464.88a

	
	Methanol
	2.84 ± 3.63a
	0.18 ± 0.06abc
	0.89 ± 0.09abc
	2165.15 ± 470.53a

	
	Ethanol 96%
	6.49 ± 2.79a
	0.30 ± 0.01bc
	2.30 ± 0.13d
	96489.80 ± 90749.20a

	650
	Ethanol 70%
	8.56 ± 1.28a
	0.08 ± 0.01a
	1.01 ± 0.11abcd
	5462.78 ± 448.43a

	
	Methanol
	4.66 ± 0.70a
	0.15 ± 0.11ab
	1.60 ± 0.06cd
	33208.73 ± 21370.90a



1 gallic acid equivalent (mg /g dry plant)
2 quercetin equivalents (mg /g dry plant)
3 ursolic acid equivalents (mg /g dry plant)
4 IC 50 (ppm)

3.2 Discussion
3.2.1. Influence Altitude Place

3.2.1.1 Phenol Content
Phenol content from 650 meters above sea level is 11.7% higher than at 7 meters above sea level, and phenol content from 650 meters above sea level is 16.6% higher than at 450 meters above sea level. This is happening because at a higher altitude, high-intensity ultraviolet (UV) rays are stronger. Under abiotic stress conditions, such as high-intensity ultraviolet (UV) rays, plants produce more polyphenols, which aid them in adapting to their environment. The phenylpropanoid biosynthetic pathway is activated under various environmental stress conditions, such as drought, heavy metal toxicity, salinity, and high/low temperatures, resulting in the deposition of compounds. These compounds can neutralize reactive oxygen species (ROS) produced in excessive amounts in crops under stressful conditions and adversely affect plants. These compounds play various roles in plant growth, development, and response to environmental stress (Rao & Zheng, 2024). While results of phenol from 450 meters above sea level are lower than those from 7 meters above sea level because taking samples from 450 meters above sea level originates from a slope area so that sunlight is more seldom on the sample, resulting in exposure to ultraviolet (UV) rays will lower and temperature will be more stable, which results in the phenol content from Centella asiatica being lower.
3.2.1.2 Flavonoid Content
Flavonoid levels from 7 meters above sea level are 44.4% higher than at 650 meters above sea level, and flavonoid content from 7 meters above sea level is 62.5% higher than at 450 meters above sea level. This is happening because on the plains, the temperatures tend to be higher at lower altitudes. This could influence plant metabolism. The increase on temperature could increase stress on plants, which encourages the production of secondary compounds, including flavonoids, which function to oppose oxidative damage and increase resilience to hot conditions. So, the higher the temperature likely it is to trigger the plant to produce more flavonoids as part of its defense mechanism (Shomali et al., 2022). While results of phenol from 450 meters above sea level are lower than those from 650 meters above sea level because the sample taken from 450 meters above sea level originates from a slope area so that sunlight is more seldom on the sample, resulting in a lower and more stable temperature, resulting in the content of flavonoids from Centella asiatica being lower.
3.2.1.3 Triterpenoid Content
Triterpenoid levels from 650 masl are 94% higher than 7 masl, and triterpenoid content from 650 masl 136.2% higher than 450 meters above sea level. This is happening because at a higher altitude, high-intensity ultraviolet (UV) radiation tends to be stronger. Plants produce triterpenoids, which are included in secondary compounds, as a response to stressful environments, including exposure to excessive UV rays. Triterpenoids have characteristic protectors, such as protecting plants from the consequences of UV radiation, oxidation, and other stresses. Therefore, in a higher plant altitude with more UV exposure, the plant tends to produce more triterpenoids to protect itself (Buraphaka et al., 2024). Plants that grow at higher altitudes usually face lower temperatures. Low temperature could cause stress on plants, which encourages them to produce secondary compounds, including triterpenoids, as a defense response. Triterpenoids could help plants endure cold stress with increased resilience to mobile damage and reduced deep-water freezing cells (Singh et al., 2023). In high altitude areas, humidity is often lower, which causes plants to experience a lack of water or stress from dehydration. Triterpenoids have a role in helping plants endure water stress with increased resilience to evaporation or loss of water. Compounding could also help strengthen mobile structures and improve the ability to plant to overcome water shortages (Singh et al., 2023).
3.2.1.4 Antioxidant Activity
Antioxidant activity at 450 meters above sea level is 23% better compared to 7 masl, and antioxidant activity at 450 meters above sea level is 1630% better compared to 650 masl. This is happening because although the level of phenols, flavonoids, and triterpenoids from 450 masl shows more low results, the antioxidant activity results from this altitude are better. Because phenol compounds, flavonoids, and triterpenoids only partly come from the antioxidant activity of Centella asiatica. There are other compounds included in antioxidants compound, namely vitamin C. In general, Centella asiatica at an altitude of 450 meters above sea level gets a better environment. Where when condition life plant is good, production of vitamin C (ascorbic acid) will increase. According to review from Smirnoff & Wheeler (2024), plants synthesize vitamin C through a number of track biosynthesis, with The Smirnoff-Wheeler line being the most prominent. This line involves converting glucose to L-ascorbic acid through substances such as L-galactose and l-galactone-1,4-lactone. Conditions for an optimal environment, such as sufficient light, temperature, and nutrition, support​ function tracking. This is in a way efficient, leading to increased vitamin C synthesis.
 
3.2.2. Influence Solvent Extractor

3.2.2.1 Phenol Content
Phenol content from 70% ethanol is 41.6% higher than from 96% ethanol, and phenol content from 70% ethanol is 73.9% higher compared to methanol. This is happening because the optimal polarity of 70% ethanol (polarity index 0.710) is between the polarity of 96% ethanol (0.656) and methanol (0.762) (Reichardt & Welton, 2011). This intermediate polarity allows the solvent to dissolve polar to semi-polar phenolic compounds more efficiently. The water content in 70% ethanol also contributes to breaking down plant cell walls and releasing bound phenolic compounds that could not be extracted by pure solvents (Nurhasanah et al., 2024). In addition, Nurhasanah et al. (2014) found that ethanol-water was more effective in extracting phenol from Bauhinia purpurea compared to other solvents. Thus, 70% ethanol is the most efficient solvent for the extraction of phenolic compounds.
3.2.2.2 Flavonoid Content
Flavonoid content from ethanol 96% is 17.4% higher compared to methanol, flavonoid content from ethanol 96% is 200% higher than ethanol 70%. This is happening because flavonoid aglycones such as kaempferol and quercetin, which tend to be lipophilic, are more soluble in semi-polar solvents such as 96% ethanol. Ethanol 70%, with high water content, is less efficient in dissolving flavonoid aglycones, while methanol is more suitable for extracting more polar flavonoid glycosides (De luna et al., 2020; Zengin et al., 2019).
3.2.2.3 Triterpenoid Content
Triterpenoid content from ethanol 96% is 9.4% higher compared to methanol, and triterpenoid content from ethanol 96% is 41.7% higher compared to ethanol 70%. This is happening because chemical properties of triterpenoids such as asiatic acid and madecassic acid, which are non-polar to semi-polar. Ethanol 96%, as a solvent with low polarity, is more suitable for extracting the lipophilic compounds. Ethanol 70%, due to its water content, has limited ability in dissolving triterpenoids, while methanol with high polarity is also not suitable for non-polar compounds (De luna et al., 2020). Abas et al. (2013) also stated that high-concentration ethanol is the best solvent for triterpenoids from Centella asiatica.
3.2.2.4 Antioxidant Activity
Activity antioxidant ethanol 70% better 681% compared to methanol, activity antioxidant ethanol 70% better 3682.2% compared to ethanol 96%. This is happening because 70% ethanol in extract various bioactive antioxidant compounds in a synergistic way, especially phenolic compounds, vitamin C, and polar flavonoids. Ethanol 70% produces a profile-balanced extract​ in content antioxidants compared backwards with methanol, which may be extracting compounds that are bullies or prooxidants, and limited 96% ethanol in dissolving polar compounds (Ushie et al., 2019). Research by Zengin et al. (2019) also confirmed that the efficiency of antioxidant activity is highly dependent onty of the polarity of the solvent to the targeted active compound.​

4. Conclusion
Research shows that altitude, place, and type of solvent extraction in a way really influence the content of secondary metabolites (phenols, flavonoids, and triterpenoids) and antioxidant activity from Centella asiatica. Plants that grow at an altitude of 650 meters above sea level (Bandung) produce the highest phenols and triterpenoids, while the highest flavonoid content is found on the low plains (Cilacap, 7 masl). Best activity of antioxidant (lc₅₀ lowest) precisely found at a medium altitude (Banjarnegara, 450 masl). In terms of solvent, 70% ethanol proved to be the most effective in extracting phenol compounds, methanol is best for flavonoids and activity antioxidants, while 96% ethanol in extracting triterpenoids. Thus, the combination between altitude growth and solvent extraction is very important for profiling phytochemicals from Centella asiatica, and it is necessary for consideration in efforts to standardize material standards for herbal medicine.
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