
HUIT Journal of Science 24 (5) (2024) 106-113 
 

106 

Centella asiatica (L.) Urb. EXTRACTS: EFFECT  

OF EXTRACTION CONDITIONS ON BIOACTIVITY  

AND PHYTOCHEMICAL COMPOSITION 

Nguyen Thi Truc Lam, Tran Minh Quoc,  

Nguyen Ngoc Hoa, Bui Thi Phuong Quynh*  

Ho Chi Minh City University of Industry and Trade 

*Email: quynhbtp@huit.edu.vn 

Received: 1 July 2024; Accepted: 25 September 2024 

ABSTRACT 

This study aimed to preliminarily analyze the phytochemical composition and evaluate 

factors affecting the bioactivity of Centella asiatica (L.) Urb. extracts. C. asiatica sample was 

collected in a local garden in Tien Giang province under traditional local cultivation 

conditions; the VietGAP C. asiatica sample was also collected for comparison. The results 

showed a strong effect of solvents on the phytochemical content and bioactivity of the 

C. asiatica extract when using the ultrasonic-assisted extraction technique. The ethanol/water 

(3:2 v/v) solvent provided the highest antioxidant extract, while the ethanol solvent supported 

the extraction of antibacterial compounds. The appropriate conditions for antioxidant activity-

guided extraction were determined including ethanol/water (3:2 v/v) solvent, extraction time 

of 45 min, and temperature of 40 oC. Under these conditions, the total saponin content, total 

phenolic content, and total flavonoid content of the extract were 24.15 ± 0.04 mg oleanolic/g, 

22.17 ± 0.63 mg GAE/g, and 21.25 ± 0.46 mg RE/g, respectively. The C. asiatica sample 

under VietGAP had a higher amount of total saponins than the C. asiatica sample collected in 

the local garden, while the latter contained higher amounts of phenolics and flavonoids.   

Keywords: Centella asiatica (L.) Urb., antioxidant activity, antibacterial activity, phytochemical 

content. 

1. INTRODUCTION 

Centella asiatica (L.) Urb. is a popular herbal plant [1] of the family Apiaceae distributed 

in tropical and subtropical regions. C. asiatica has been known for remarkable biological 

activities and holds great potential for applications in personal-care products, medicines, and 

other health-related products. Vietnamese communities widely plant and use this herb as a fresh 

vegetable. In some local areas, it has been applied to improve memory and treat mental fatigue, 

anxiety, eczema, and kin-related diseases [2]. Clinical studies showed that C. asiatica extract 

could be used to stimulate skin regeneration at burns, preventing scar tissue formation by 

inhibiting collagen production at the wound [3]. The C. asiatica extract contained 

isothankuniside and thankuniside glycosides, which had anticoagulant effects on white mice [3]. 

Effects against diseases, such as psoriasis, convulsions, cancer, diabetes, sore throat, asthma, 

colitis, and mouth sores were also reported [4]. The therapeutic effect of C. asiatica is mainly 

attributed to secondary metabolites associated with antioxidant, antibacterial, and anti-

inflammatory activities such as tannins, flavonoids, and alkaloids [1-4]. Triterpenes are the major 

active components found in  C. asiatica. For example, asiatic acid, madecassic acid, asiaticoside, 
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and madecassoside have been supposed to be responsible for anti-ulceration and anti-

inflammatory properties [1]. On the other hand, anti-inflammatory, anti-lipid peroxidative, and 

free radical scavenging activities are contributed by flavonoids and phenolic derivatives, such as 

quercetin, kaempferol, rutin, and chlorogenic acid [1].  

The bioactivity of C. asiatica extract should vary depending on the plant origin, 

geographical location, and extraction procedure. Except for genetic and environmental factors, 

building an appropriate extraction procedure with the right choice of extraction method and 

extraction conditions (solvent type, concentration, time, etc.) is crucially important in deciding 

the activities of received extracts. Many attempts have been made to achieve the desired 

quality of C. asiatica extract. Various extraction techniques have been investigated including 

maceration, distillation, Soxhlet, ultrasound, and microwave application. Duval et al. [5] 

performed the extraction with 30 wt.% of an alcoholic solvent to obtain a mixture of 

madecassoside and terminoloside from C. asiatica. In another work, Loiseau et al. [6] established 

an extraction process to obtain the extract with more than 75 wt.% of the madecassoside, 

asiaticoside, and terminoloside mixture. To receive the required activities and prevent the loss 

of the target compounds, the effect of extraction conditions is always a topic of interest, 

particularly for C. asiatica plants cultivated in different conditions and geographical areas.  

This study focused on analyzing phytochemical composition and evaluating the 

bioactivity of C. asiatica extracts from Tien Giang province. The extraction was conducted 

under ultrasonic. The effect of extraction conditions on antioxidant activity and phytochemical 

content was investigated. The antioxidant activity was determined through DPPH radical 

scavenging assay and the antibacterial activity was tested by using the agar well diffusion 

method. The phytochemical content and bioactivity of the VietGAP C. asiatica sample were 

also examined for comparison.  

2. MATERIALS AND METHODS 

2.1. Chemicals and materials 

C. asiatica samples were collected in the C. asiatica garden in the June-July period in Tan 

Hiep ward, Chau Thanh district, Tien Giang province, Vietnam. The voucher specimens (Figure 

1) were taxonomically identified at the Southern Institute of Ecology, Vietnam. The VietGAP 

C. asiatica sample was collected in the same region for comparison study. Ethanol (>99.5%), 

methanol (>99.5%), sodium hydroxide (>96.0%), sodium nitrite (>99.0%), phosphoric acid 

(≥85.0%), acetic acid (>99.5%), sodium carbonate anhydrous, aluminum chloride (>97.0%) and 

Folinol-Ciocalteu were purchased from Xilong Ltd. (China). Gallic acid, vitamin C, oleanolic 

acid, and rutin were supplied by Merck (Germany). 1,1-Diphenyl-2-picrylhydrazyl (>97.0%) 

was purchased from TCI (Japan).  

 

Figure 1. C. asiatica specimens collected in the garden for identification 

2.2. Extraction of C. asiatica (L.) Urb. 

C. asiatica was washed with water to remove impurities and dried at 50 oC for 48 h. After 

drying, the plant sample was tested for moisture, ground, and sieved through a 0.5 mm mesh, 

and stored in PE bags at -40 oC. The moisture content of the garden-collected C. asiatica was 
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determined to be 3.23 ± 0.39% and not significantly different from that of the VietGAP sample 

(4.03 ± 0.11%), these values are within the range (<13%) permitted by the Vietnamese 

pharmacopeia. In the extraction process, the plant powder (0.5 g) was dispersed in an 

extraction solvent at a solid/liquid ratio of 1/40 (w/v) under ultrasonic (Elmasonic S120H, 

Elma Schmidbauer GmbH, Germany) at a frequency of 37 kHz. Then, the mixture was filtered 

and centrifuged at 5,000 rpm for 20 min (Hermle Z 206 A, Germany), then the clear solution 

was collected for bioactivity tests. Double distilled water, methanol (MeOH), and ethanol 

(EtOH) were tested as extraction solvents. The effects of extraction time (30−60 min) and 

extraction temperature (30−50 oC) were investigated. 

2.3. Determination of antioxidant activity 

The antioxidant activity was assessed using the DPPH assay [10]. One milliliter of the 

extract was added to 1.5 mL of EtOH solution containing 50 μg/mL DPPH• free radicals. The 

mixture was shaken vigorously and incubated in the dark for 30 min. The absorbance was 

measured at 517 nm. The results were expressed as % DPPH free radical inhibition as:  

H% =
ODcontrol  −  ODsample

ODcontrol
 x 100 

In which, ODcontrol is the absorbance of the mixture of pure solvent and DPPH•, ODsample 

is the absorbance of the mixture of extract sample and DPPH•. The IC50 value was determined 

from the curve of lnC versus DPPH• free radical scavenging efficiency. IC50 is the sample 

concentration value at which 50% of free radicals are inhibited. 

2.4. Determination of total saponin content (TSC), total flavonoid content (TFC), and 

total phenolic content (TPC) 

TSC was determined using the spectrophotometric method following the procedure 

described by Miao et al. [7] with a slight modification. A small amount of the extract was 

evaporated, then 0.2 mL of 5% (w/w) vanillin reagent and 0.8 mL of perchloric acid (72%) 

were added and incubated at 70 °C for 20 min. Then, the mixture was cooled rapidly with ice 

for 2 min and mixed with the acetic acid. The light absorption of the solution was measured at 

560 nm on a UV-Vis spectrometer (JENWAY's 6705 UV/Vis series UV-Vis, England). TSC 

was calculated by using an oleanolic acid standard curve (5−30 μg/mL), expressed as 

milligram oleanolic acid per gram dry sample weight (mg oleanolic/g)  

TFC was determined by the aluminum chloride method following the report by 

Siddhuraju et al. [8] with a slight modification. A volume of 0.5 mL extract was placed in a 

10 mL volumetric flask containing 4 mL distilled water. Next, 0.3 mL of NaNO2 5% (w/w) 

was added, followed by adding 0.3 mL of AlCl3 10% (w/w) after 5 min and NaOH 1M after 6 

min. The mixture was incubated in darkness for 10 min and the absorption was measured at 

510 nm. TFC was expressed as milligram rutin per gram dry weight (mg RE/g) based on the 

rutin standard curve (50−1,000 μg/g). 

TPC was determined by the Folin-Ciocalteu method [9] with a minor modification. The 

extract (0.5 mL) was placed in a 10 mL beaker, added with 2.5 mL of 10% Folin (w/w), and 

incubated in the dark for 3 min followed by adding 2 mL Na2CO3. The mixture was incubated 

in the dark for 30 min and the absorption was measured at 756 nm.  A standard curve of gallic 

acid was constructed in the range of 5−60 μg/g. TPC was expressed in milligrams of gallic 

acid per gram dry weight (mg GAE/g). All the experiments were done in triplicates, the data 

are shown as mean values ± SD. 
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2.5. Antibacterial activity 

The antibacterial inhibition capacity of C. asiatica extract was tested against 

Staphylococcus aureus (Gram-positive bacteria) and Escherichia coli (Gram-negative 

bacteria). The agar well diffusion method as reported by Idris et al. [11] was applied with a 

minor modification. The bacterial strains were grown in MHB medium (autoclaved at 121 oC, 

1 atm for 15 min), incubated for 24 h in a shaking cabinet at 200 rpm at 37 oC, and reached a 

cell count density of about 1 x 108 CFU/mL (0.5 McFarland standard). The bacterial 

concentration was adjusted by adding more medium or increasing the incubation time to obtain 

the OD value at 625 nm of about 0.2 ± 0.02. 

To prepare samples for the antibacterial test, methanolic and ethanolic extracts were 

prepared under ultrasonic (45 min, 40 °C). The extracts were filtered and centrifuged at 

5,000 rpm for 20 min. The clear solution was then collected and evaporated at 50 oC to obtain a 

viscous paste. The concentrated extract was diluted with a suitable solvent for the tests. The 

antibiotic chloramphenicol dissolved in 99.5% ethanol at a concentration of 5 ppm was used as 

a positive control. The bacterial suspension of each strain (0.1 mL) was spread onto the surface 

of MHA agar with a spreader. A sterile cotton swab was used to spread the bacteria over the agar 

surface 3 times with each turn of the plate 60 o to ensure even distribution. Three wells of 6 mm 

sizes were created and injected each with 40 uL of the negative control (solvent), the positive 

control (antibiotic-chloramphenicol 5 ppm), and the extract sample, respectively. Then they were 

incubated at 37 oC for 24 h and the data were collected after the incubation period. The 

experiments were carried out in triplicates and the data are presented as means ± SD.  

3. RESULTS AND DISCUSSION 

3.1. Effect of extraction conditions on antioxidant activity of C. asiatica extract 

The DPPH free radical assay is ordinarily used to evaluate the antioxidant activity 

through an IC50 value (a sample concentration required to inhibit 50% of DPPH radicals). The 

more active antioxidants in the extract, the lower the IC50 value. The effect of extracting 

solvent composition on the antioxidant of C. asiatica extract was first investigated. Six 

composition recipes were tested, including water, methanol, ethanol, ethanol/water (4:1 v/v), 

ethanol/water (3:2 v/v) ethanol/water (2:3 v/v). We found that only the extract prepared in 

ethanol/water (3:2 v/v) gave an IC50 below 1,000 μg/mL, thus this mixture was used for the 

following tests. With the ethanol/water (3:2 v/v) extraction solvent, the ultrasonic extraction 

time was examined at 30, 45, and 60 min. The IC50, and thus the antioxidant activity of the 

extracts, changed considerably according to the extraction time as seen in Figure 2A. When 

the extraction time increased from 30 min to 45 min, the IC50 decreased from 1,155.47 μg/mL 

to 910.63 μg/mL and raised slightly to 1,149.31 μg/mL with 60 min. These results indicated 

that 45 min and 40 oC are suitable for the antioxidant activity-targeted extraction of C. asiatica 

when using ethanol/water (3:2 v/v) as the extracting solvent. With a shorter or longer 

extraction time, the extract had a lower DPPH radical scavenging activity.  

Temperature is an important factor governing the solid-liquid mass transfer rate. The 

increase in temperature may decrease the viscosity of solvents and reduce the cell barrier due 

to the weakening of cell walls and cell membranes; thus, making a solvent easily penetrate, 

diffuse inwards, and contact with active substances. However, a temperature higher than a 

certain threshold can result in the deterioration of active components. This study shows that 

40 oC is the most appropriate in the examined range (30−50 oC). The antioxidant activity 

decreased gradually as the order: 40 oC > 30 oC > 50 oC (Figure 2B). According to the results, 

the appropriate extraction conditions for this kind of C. asiatica are proposed: ethanol/water 

(3:2 v/v), an extraction time of 45 min, and an extraction temperature of 40 oC.  



Nguyen Thi Truc Lam, Tran Minh Quoc, Nguyen Ngoc Hoa, Bui Thi Phuong Quynh 
 

110 

  

Figure 2. Effect of extraction time (A) and temperature (B) on IC50 values of the C. asiatica 

extract using ethanol/water (3:2 v/v) as the solvent. Each value is presented as mean ± SD. 

With the as-determined conditions, the VietGAP C. asiatica sample was extracted and 

tested for antioxidant activity. The IC50 of the VietGAP C. asiatica extract was 2,545.55 ± 

100.56 μg/mL, indicating that the antioxidant activity of the extract of C. asiatica from the local 

garden was significantly higher than that of the VietGAP C. asiatica sample used in this study, 

and also higher than that of the extract of C. asiatica studied by Quyen N.T.C. et al. [12]. 

However, the extraction of C. asiatica collected from Can Tho province [13] using 96% 

ethanol under reflux conditions had a higher antioxidant activity (Table 1). 

Table 1. Comparison of antioxidant activity and active compounds of C. asiatica extracts 

Sample Sampling area 
IC50 

(μg/mL) 

TSC (mg 

oleanolic/g) 

TFC 

(mg RE/g) 

TPC 

(mg GAE/g) 
Conditions Reference 

C. asiatica Tien Giang 1,057.10 24.15 ± 0.04 21.25 ± 0.46 22.17 ± 0.63 EtOH/water (60:40, v/v), 

ultrasonic, 45 min, 40 oC 

This study 

VietGAP 

C. asiatica 

Tien Giang 2,545.55 26.89 ± 0.18 13.02 ± 0.38 14.77 ± 0.55 EtOH/water (60:40, v/v), 

ultrasonic, 45 min, 40 oC 

This study 

C. asiatica Ho Chi Minh 

City 

1,744.77 - - 2.14 ± 0.29 EtOH, 1 h at 70 oC [12] 

C. asiatica Can Tho 754.61 - - - 96% EtOH, reflux extraction. [13] 

*The data obtained from this study are presented as means ± SD values. 

3.2. Determination of TSC, TFC, and TPC in the C. asiatica extracts 

Figure 3 illustrates the effect of extraction conditions on the extracted contents of active 

groups: saponins, flavonoids, and phenolics. A mixture of ethanol/water (3:2 v/v) provided the 

highest TSC (32.53 ± 2.93 mg/g). The temperature at 40 oC and extraction time at 45 min 

provided the highest saponin content. The highest TPC (26.47 ± 1.85 mg/g) was obtained in 

ethanol/water (3:2 v/v) at 60 min and 40 oC, while the highest TFC (34.27 ± 0.71 mg/g) was 

obtained in methanol solvent at 40 oC and 45 min. It is worth mentioning that TSC changed 

synchronously with the antioxidant activity but until now there has been unclear evidence 

linking antioxidant activity and saponins. Meanwhile, both TPC and TFC have been widely 

reported to be responsible for antioxidant activity.  

Under the same extraction conditions, the TFC and TPC of the VietGAP sample were about 

13.02 ± 0.38 mg/g and 14.77 ± 0.55 mg/g, respectively, and lower than those found for the 

sample from the garden. However, the TSC of the VietGAP sample was higher (26.89 ± 0.18 

vs. 24.15 ± 0.04 mg/g). As mentioned above, the antioxidant activity of the VietGAP sample 

was much lower when compared to the one cultivated under normal local conditions. This result 

strongly suggests the considerable influence of TFC and TPC but not TSC in the antioxidant 

activity of the C. asiatica extracts. 

0

200

400

600

800

1000

1200

1400

30 45 60

IC
5
0
 (

µ
g
/m

L
)

Time (min)

(A)

0

200

400

600

800

1000

1200

1400

30 40 50

IC
5
0
 (

µ
g
/m

L
)

Temperature (°C)

(B)



Centella asiatica (L.) Urb. extracts: effect of extraction conditions on bioactivity ... 
 

111 

 

 
 

Figure 3. Effect of extraction conditions on the content of active compounds: solvent type 

(40 oC, 45 min) (A); extraction time (ethanol/water (3:2 v/v), 40 oC) (B); extraction 

temperature (ethanol/water (3:2 v/v), 45 min) (C). Each value is expressed as mean ± SD. 

3.3. Antibacterial activity 

Antibacterial tests were performed against Staphylococcus aureus (Gram-positive 

bacteria) and Escherichia coli (Gram-negative bacteria). To prepare samples for antibacterial 

tests, water-free solvent systems were applied to achieve highly concentrated extracts to obtain 

sufficient antibacterial activity. The results showed that concentrated ethanol extract (CEE) 

exhibited a stronger antibacterial activity than concentrated methanol extract (CME). The 

inhibition diameters of CEE against Escherichia coli and Staphylococcus aureus were around 

9.0 mm and 7.4 mm, respectively (Table 2).  

Table 2. Antibacterial activity of C. asiatica extracts against Staphylococcus aureus and Escherichia coli 

Extracting solvent 
Diameter* (mm) 

Reference 
Staphylococcus aureus Escherichia coli 

Methanol ─ 7.27 ± 0.25 This study 

Ethanol 7.43 ± 0.35 9.03 ± 0.15 This study 

Ethyl acetate 10.07 ± 0.11 8.53 ± 0.15 Sellathoroe et al. [14] 

             (─) No growth inhibition zone; *Values are presented as means ± SD. 
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The inhibitory effect of CME was found on Escherichia coli but not Staphylococcus 

aureus. This result of the CEE is quite comparable to that reported previously by Sellathoroe et 

al. [14], in which the concentrated ethyl acetate extract (70 oC, 5 h) exhibited antibacterial 

activity against Staphylococcus aureus and Escherichia coli. According to the previous report 
of Idris and Nadzir [1], components such as asiaticoside and asiatic acids in C. asiatica are more 

likely responsible for the inhibitory effect against Staphylococcus aureus and Escherichia coli. 

4.  CONCLUSIONS 

This study provided valuable supportive data to demonstrate the effect of extraction 

conditions and the importance of cultivation conditions on the composition and bioactivity of 

Centella asiatica (L.) Urb. extract. In the ultrasonic-assisted extraction of Centella asiatica, the 

appropriate conditions were determined including ethanol/water (3:2 v/v) solvent for antioxidant 

activity, methanol solvent for antibacterial activity, temperature of 40 oC, and extraction time of 

40 min. The inhibition effect of the concentrated ethanolic extract was found against 

Staphylococcus aureus and Escherichia coli. The phytochemical content of the extracts was also 

varied depending on the extraction conditions. The highest contents of saponins and polyphenols 

were obtained in the ethanol/water (3:2 v/v) solvent, while the highest content of flavonoids was 

achieved in methanol extraction. In the same region, Centella asiatica samples collected from 

the local garden and VietGAP exhibited remarkable differences in phytochemical content and 

antioxidant activity. Therefore, further studies on the effects of cultivation and extraction 

conditions on antibacterial and pharmaceutical activities are suggested.    
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TÓM TẮT 

CHIẾT XUẤT RAU MÁ (Centella asiatica (L.) Urb.): ẢNH HƯỞNG CỦA ĐIỀU KIỆN 

CHIẾT ĐẾN HOẠT TÍNH SINH HỌC VÀ THÀNH PHẦN HÓA THỰC VẬT  

Nguyễn Thị Trúc Lam, Trần Minh Quốc,  

Nguyễn Ngọc Hòa, Bùi Thị Phương Quỳnh* 

Trường Đại học Công Thương Thành phố Hồ Chí Minh 

*Email: quynhbtp@huit.edu.vn 

Mục tiêu của nghiên cứu là phân tích sơ bộ thành phần hóa thực vật và đánh giá các yếu 

tố ảnh hưởng đến hoạt tính sinh học của dịch chiết cây rau má (Centella asiatica (L.) Urb.). 

Các mẫu rau má được thu thập tại tỉnh Tiền Giang, mẫu được thu thập từ 2 nguồn là mẫu từ 

vườn rau ở địa phương và mẫu VietGAP ở cùng khu vực. Kết quả nghiên cứu thể hiện sự ảnh 

hưởng lớn của dung môi chiết đến hàm lượng các nhóm chất hoạt tính và hoạt tính sinh học 

của dịch chiết thu được bằng kỹ thuật chiết có hỗ trợ bằng siêu âm. Hệ dung môi chiết 

ethanol/nước (3:2 v/v) cho dịch chiết với hoạt tính kháng oxy hóa cao nhất, trong khi đó dung 

môi ethanol cho dịch chiết có tính kháng khuẩn. Các điều kiện chiết phù hợp, định hướng thu 

dịch chiết có khả năng kháng oxy hóa, được xác định bao gồm ethanol: nước (3:2 v/v), thời 

gian chiết 45 phút và nhiệt độ 40 oC. Trong điều kiện này, tổng hàm lượng saponin, tổng hàm 

lượng phenolic và tổng hàm lượng flavonoid của dịch chiết thu được lần lượt là 24,15 ± 0,04 

mg oleanolic/g, 22,17 ± 0,63 mg GAE/g, và 21,25 ± 0,46 mg RE/g. Bên cạnh đó dịch chiết từ 

mẫu C. asiatica VietGAP có hàm lượng saponin cao hơn, trong khi mẫu C. asiatica từ vườn 

rau của địa phương cho hàm lượng phenolic và flavonoid cao hơn.  

Từ khóa: Cây rau má, Centella asiatica, hoạt tính kháng khuẩn, hoạt tính kháng oxy hóa, thành 

phần hóa thực vật. 
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