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Manilkara zapota, a member of the Sapotaceae family, 

is a well-known and widely distributed plant with various 

applications in traditional medicine. However, the number of 

studies about the bioactivities of the leaf extract from this 

species in Vietnam is limited. This study showed that the 

methanol leaf extract of M. zapota contained relatively high 

contents of antioxidant compounds, including polyphenols and 

flavonoids (197.48 ± 2.08mg GAE/g extract and 39.04 ± 0.36mg 

QE/g extract, respectively). The extract exhibited high 

antioxidant properties, demonstrated by its potent free radical 

scavenging activity (IC50 of DPPH assay: 2.71 ± 0.11 μg/mL) 

and its high total antioxidant capacity (218.91 ± 7.84mg AAE/g 

extract). Additionally, the extract showed a practical anti-

bacterial effect against Bacillus cereus, Staphylococcus aureus, 

and Shigella boydii, with their inhibitory halos ranging from 

8.00 - 11.33mm. The extract also exhibited a significant anti-

inflammatory potential (IC50: 0.107 ± 0.008 mg/mL). 

Furthermore, its anti-cancer activities against two cancer cell 

lines representing soft-tissue sarcoma (RD) and liver (HepG2) 

cancers were also demonstrated (IC50: 260.27 ± 3.17 and 164.41 

± 1.83 μg/mL, respectively). This is the first study to report the 

inhibitory effect on protein denaturation and anticancer ability 

on soft-tissue sarcoma cells of the methanol leaf extract of M. 

zapota. These findings highlight M. zapota as a potential 

candidate for pharmaceutical research and development, 

particularly for its antioxidant, anti-inflammatory, and 

anticancer properties.  

1. Introduction 

The Sapotaceae family, a family of flowering plants belonging to the order Ericales, 

comprises 53 genera and approximately 1,250 species grown in several regions of the world, 

most abundant in the tropical and subtropical climates of Asia and South America (Sayma et al., 

2025). Among its genera, the Manilkara genus is particularly notable for its valuable timber 

species with numerous practical applications. Currently, about 79 species belonging to the 

Manilkara genus are found in diverse habitats worldwide. Moreover, several Manilkara species, 

including Manilkara hexandra, Manilkara obovata, Manilkara pellegriniana, Manilkara kauki, 

Manilkara bidentata, and Manilkara zapota, have garnered scientific attention due to their 
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promising pharmacological properties. Previous studies have documented a wide range of 

biological activities of several Manilkara species, such as antioxidant, anti-inflammatory, 

antimicrobial, hepatoprotective, hypolipidemic, hypoglycemic, and anti-cancer activities 

(Akosung et al., 2021; Hegde & Lakshman, 2023). 

M. zapota, also known as “Hong Xiem” in Vietnamese, is a widely cultivated fruit tree 

in Southeast Asia countries such as Cambodia, Vietnam, Thailand, the Philippines, Malaysia, 

and Indonesia (Do et al., 2006). Morphologically, it is a large tree that can grow to 10 - 15m in 

height. The leaves are oblong, green, and alternately arranged. Its flowers are opaque white or 

green and typically emerge singly from the leaf axils (Yong & Shukkoor, 2020). The fruits are 

oval-shaped with a yellow-brown color and contain hard, black seeds (Anjali et al., 2018; Bano 

& Ahmed, 2017). M. zapota not only offers nutritional value as a fruit but also holds a long-

standing role in traditional medicine. For example, different parts of the plant have historically 

been utilized to address a wide range of gastrointestinal problems, including constipation, 

dysentery, and diarrhea, as well as for their diuretic and antipyretic properties in traditional 

Vietnamese medicine (Do et al., 2006). Beyond its well-established role in traditional medicine, 

M. zapota has emerged as a promising candidate in modern medicine due to its diverse 

pharmacological activities supported by several extensive studies. For example, the extracts 

from M. zapota exhibited a potent antimicrobial activity against several bacterial strains, 

including Gram-negative and Gram-positive strains (Kaneria et al., 2009; Nair & Chanda, 2008), 

as well as against pathogenic nematodes and fungi (Mulvaney et al., 2021). Additionally, the 

acetone and methanol extracts from M. zapota seeds possessed a promising anti-bacterial 

activity against some pathogens, such as Shigella flexneri and Vibrio cholerae, with the 

inhibitory zones ranging from 09 to 17mm (Kothari & Seshadri, 2010). This evidence highlights 

its potential in managing infectious diseases. In addition, both the ethyl acetate and ethanol 

extracts from M. zapota leaves showed promising free radical scavenging activities with IC50 

values ranging from 8.28 to 32.16 µg/mL (Ganguly & Rahman, 2014). In the previous study, 

Kiranmayi and Sureshma (2022) also reported the notable antioxidant properties of the ethanol 

extract from M. zapota leaves via its total antioxidant capacity and scavenging potentials against 

some free radicals such as OH-, hydrogen peroxide, and nitric oxide. The anti-inflammatory 

effect of the methanol bark extract of M. zapota via carrageenan and histamine-induced models 

has been documented (Hossain et al., 2012). According to Tan and Norhaizan (2019), the water 

extract from M. zapota leaves cultivated in Malaysia could induce apoptosis and caspase 

pathways, which in turn inhibit the colorectal cancer cell line (HT-29). Moreover, the hydro-

ethanol fruit extract of M. zapota collected in India had a significant cytotoxicity against skin 

cancer cells (A431) (Rani et al., 2023). However, the number of studies investigating 

bioactivities of M. zapota leaves cultivated in Vietnam, especially in anti-cancer and anti-

inflammatory effects, is limited. Recognizing the promising potential of M. zapota leaves 

cultivated in Vietnam in modern pharmacology, this study was performed to expand the existing 

scientific data about its bioactivities, such as anti-cancer, anti-inflammatory, antioxidant, and 

anti-bacterial effects, thereby contributing to the advancement of natural product-based 

pharmaceutical development, particularly in Vietnamese remedies.  

2. Materials & methods 

2.1. Plant material and extract preparation 

In November 2024, fresh leaf samples of M. zapota were harvested in Thuan Dien 

commune, Giong Trom district, Ben Tre province, Viet Nam (10°11’29.8”N 106°24’39.0”E), 

with an elevation of 5.2m. The samples were identified by the Sanger sequencing method (DNA 

Sequencing company, Vietnam) with ITS universal primers (ITS-F: 5’-

ACGAATTCATGGTCCGGTGAAGTGTTCG-3’; ITS-R: 5’-TAGAATTCCCCGGTTCGC 
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TCGCCGTTAC-3’). The voucher specimens were stored at the herbarium of the Faculty of 

Pharmacy, Ton Duc Thang University (voucher number: MZ 16112024-TDT). After harvesting, 

the fresh leaves were washed, poor quality parts were removed, dried, and ground into medicinal 

powders (9.7% moisture). A total of 200g of dried leaf powders was soaked with 2L of methanol 

for 05 days at room temperature (the ratio between powder: solvent was 1:10, w/v). The filtrate 

was collected via filtering through Whatman filter paper. This process was repeated 03 times, 

and the filtrates were combined. The excessive solvent was removed under a reduced pressure 

of 150mbar at 45°C to finally obtain the final extract (55.13g of extract), the methanol extract 

of M. zapota leaves (MMZ), to be used for further qualitative, quantitative, and biological 

studies (Figure 1). The extraction yield was 27.57%.  

Figure 1 

Preparation of the M. Zapota Extract 

 

 Note. A. The fresh leaves of M. zapota; B. The leaf powder of M. zapota, C. The crude methanol extract 

of M. zapota leaves. The researcher’s data analysis 

2.2. Plant identification using DNA sequencing  

The genomic DNA was extracted from M. zapota leaf samples using the CTAB method 

(Doyle & Doyle, 1987). The ITS gene region was amplified using the PCR method (Wen & 

Zimmer, 1996). The PCR reaction was heated as follows: 95oC for 5min, (95oC for 30s, 50oC 

for 30s, and 72oC for 45s) x 35 cycles, and 72oC for 5min. Then, the amplified DNA product 

was sequenced using the Sanger method (Sanger et al., 1977). Finally, the obtained DNA 

sequence was aligned with reference genes from the NCBI database using the Nucleotide 

BLAST function for species identification. The sample identification process was performed by 

DNA Sequencing Ltd. (Can Tho City, Vietnam).  

2.3. Phytochemical screening 

The phytochemicals were screened via standard procedures. Briefly, phenolic compound 

was determined by FeCl3 1%, alkaloid was determined by Bouchardat, Dragendorff, and Valse 

Mayer reagents, flavonoid was determined by cyanidin reaction, tannin was determined by 

gelatin salt solution, and saponin was determined based on the foaming test (Nguyen & Bui, 

2023; Pandey & Tripathi, 2014). 

2.4. Determination of total polyphenol content and total flavonoid content 

The total polyphenol content of the extract was quantified according to Do et al.’s (2014) 

approach based on the Folin-Ciocalteu method. The results were calculated based on the 
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standard curve of gallic acid, and the data from triplicate assays were expressed as milligrams 

of gallic acid equivalents per gram of extract (mg GAE/g extract). The total flavonoid content 

of the extract was quantified according to Chang et al. (2002) based on the colorimetric method 

with aluminum chloride. The results from triplicate assays were calculated based on the standard 

curve of quercetin and expressed as milligrams of quercetin equivalents per gram of extract (mg 

QE/g extract). 

2.5. Antioxidant activity 

The Total Antioxidant Capacity (TAC) of M. zapota extract was evaluated by the 

phosphomolybdenum method according to the procedure of Tran et al. (2025), with some minor 

modifications. A volume of the reagent mixture (containing 0.6M H2SO4, 4mM ammonium 

molybdate, and 28mM sodium phosphate) was combined with the diluted M. zapota extract 

(ratio 9:1, v/v). The mixture was incubated for 90min at 95°C and then centrifuged at 5,000rpm 

for 5min. From the results of the absorption spectrophotometric measurement at 695nm, a 

standard curve was constructed for the positive control, ascorbic acid. The result of the sample 

was expressed as milligrams of ascorbic acid equivalents per gram of extract (mg AAE/g 

extract). The DPPH free radical scavenging activity was investigated as described by Nguyen 

and Tran (2018) with some minor modifications. A mixture of 1.5mL DPPH (0.025mM) and 

0.5mL of the sample was thoroughly mixed. It was subsequently incubated in the dark for 30 

minutes, and the absorbance was measured at 517nm. The same procedure was performed with 

the positive control (ascorbic acid) and the negative control (DMSO). The free radical 

scavenging rate was calculated according to the formula: 

% 𝐼 =
(𝐴𝑐 − 𝐴𝑡)

𝐴𝑐
× 100 (1) 

In which the Ac is the absorbance of the sample without extract, and At is the absorbance 

of the sample containing extract or ascorbic acid. 

2.6. Antibacterial activity 

A total of 03 Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa, and 

Shigella boydii) and 03 Gram-positive bacteria (Staphylococcus aureus, Enterococcus faecium, 

and Bacillus cereus) were used for antibacterial tests and stored at the Laboratory of Biology 

and Pharmacology, Faculty of Pharmacy, Ton Duc Thang University, Ho Chi Minh City, 

Vietnam. All bacterial strains were stored in glycerol stock at -80°C. Bacteria were streaked and 

grown on TSA overnight; a single colony was then reactivated overnight in TSB. 

Bacterial suspension was grown in TSB for 04 - 06 hours (inoculation ratio 1:100, v/v), 

and the turbidity of bacterial culture was adjusted according to the 0.5 McFarland turbidity 

standard. The bacterial culture was spread on the surface of TSA agar. The diluted extract 

(50μL) at concentrations of 100 mg/ml, 50 mg/mL, 25 mg/mL, and the negative control (DMSO) 

were added to the wells. The positive control was the antibiotic Gentamicin 3 mg/mL added to 

the well with a volume of 20μL. The agar plates were incubated for 24 hours at 37°C, and the 

results were read (Pham et al., 2024). The antibacterial ability was assessed through the 

inhibition zone. 

2.7. Anti-inflammatory activity 

The anti-inflammatory activity of the extract was determined through the ability to 

inhibit the denaturation of Bovine Serum Protein (BSA) as described by Tran et al. (2024) with 
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some modifications. A mixture of 0.9mL of 0.5% BSA with 0.1mL of the extract was mixed 

and incubated in a heat block at 70°C for 10min. The mixture was stabilized at room temperature, 

and the absorbance was measured at 660nm. Diclofenac sodium was used as the positive control, 

and the negative control was established as the sample without extracts or diclofenac. 

2.8. Anticancer activity 

The cancer cell lines employed in this assay included human soft-tissue sarcoma cells 

(rhabdomyosarcoma cells-RD) and human hepatoma cells (HepG2) obtained from the collection 

of UMP Science and Technology Center, University of Medicine and Pharmacy at Ho Chi Minh 

City, Vietnam. The cells were cultured in the appropriate media (DMEM supplemented with 

10% fetal bovine serum, 2mM L-glutamine, and 1% streptomycin-penicillin) at a humidified 

incubator with control temperature (37°C) and CO2 (5%). The anticancer assay based on the 

MTT method was described by Lam et al. (2023) with some modifications. The cells were 

seeded in a 96-well plate format overnight and then incubated with the diluted extracts or 

reference medicine (doxorubicin) at 37°C, 5% CO2 for 48h. DMSO was used as a negative 

control in the assay. After treatment, the media were removed. Next, the MTT reagent and fresh 

media (without fetal bovine serum) were added to each well and incubated for 4h. Then, the 

medium was removed, the formazan was dissolved with an appropriate volume of DMSO, and 

the absorbance was measured at 570nm.  

2.9. Statistical analysis 

All experiments were conducted in triplicate under identical conditions. The results were 

presented as mean ± standard deviation (Mean ± SD). GraphPad Prism 10.5.0 and Statgraphics 

software were used for statistical analysis. Differences were considered statistically significant 

at a 95% confidence level (𝑝 < 0.05). 

3. Result and discussion 

3.1. Plant identification using DNA sequencing 

The analyzed product had a size of 815bps with a highly similar sequence to the 

reference sequence, Manilkara zapota voucher J. Clayton 12 (S) 18S ribosomal RNA gene, 

partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal 

transcribed spacer 2, complete sequence; and 26S ribosomal RNA gene, partial sequence 

(Sequence ID: KF686242.1), with 99.71% similarity, 85% query coverage, 1,275 total score and 

1,275 max score. This result identified the remedy sample collected in Thuan Dien commune, 

Giong Trom District, Ben Tre Province, Vietnam as Manilkara zapota.    

Figure 2 

The Top Sequences Producing Significant Alignment with the Sample 

 

Note. The researcher’s data analysis using the n-BLAST function 
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3.2. Phytochemical screening 

Preliminary phytochemical investigation of M. zapota leaf extract revealed the presence 

of polyphenols, alkaloids, flavonoids, tannins, and saponins, and the results are shown in Table 1. 

These findings were closely in line with those reported by Ngongang et al. (2020), who found 

flavonoids, phenols, and tannins in the methanol extract of M. zapota leaves derived from 

Cameroon. Similarly, Ramos et al. (2022) also confirmed the presence of some bioactive 

compounds such as phenols, tannins, flavonoids, and alkaloids in the methanol leaf extract of the 

same species collected in the Philippines. Moreover, four chemical classes, including alkaloids, 

flavonoids, saponins, and tannins, were detected in the ethanol extract of M. zapota leaves, which 

supported our experimental results (Islam et al., 2013). The presence of these natural compounds 

in the leaf extract (MMZ) provides the basis for biological activities such as antibacterial, 

antioxidant, anti-inflammatory, and anticancer effects (Bolat et al., 2024; Liga et al., 2023). 

Table 1  

Phytochemical Screening of the Extract 

 Polyphenol Alkaloid Flavonoid Tannin Saponin 

MMZ + + +++ ++ +++ 

Note. (+, ++, +++): positive with increasing levels. The researcher’s data analysis 

3.3. Total polyphenol content, total flavonoid content, antioxidant activity  

The results of quantification of total polyphenols and total flavonoids of the extract were 

197.48 ± 2.08mg GAE/g extract and 39.04 ± 0.36mg QE/g extract, respectively (Table 2). This 

result is quite similar to the previous study of Kaneria et al. (2009), in which total phenol content 

and flavonoid content of the leaf methanol extract were 194.06 ± 1.21mg GAE/g and 35.55 ± 

0.21mg QE/g, respectively. In the previous study, Suhaenah et al. (2024) reported that the 

ethanol extract from M. zapota leaves possessed lower polyphenol and flavonoid contents 

(150.28mg GAE/g extract and 36.577mg QE/g extract, respectively). Compared with the study 

of Chanda and Nagani (2010), the aqueous leaf extract had a total polyphenol content of 102.22 

± 3.13mg GAE/g extract and a total flavonoid content of 19.14 ± 0.17mg QE/g extract. 

According to Miao et al. (2022), flavonoids tend to be dissolved more efficiently in organic 

solvents, including chloroform, ethanol, and methanol, compared to water. Consequently, the 

flavonoid content in MMZ extract was greater than that of the aqueous extract reported by 

Chanda and Nagani (2010). The findings of this experiment further support methanol as a more 

effective solvent in the recovery of biologically active substances.  

The antioxidant capacity of the leaf extract of M. zapota showed a significant efficacy 

based on the ability to neutralize DPPH free radicals, as shown in Table 2, this extract showed 

an IC50 of 2.71 ± 0.11 (μg/mL) compared to the reference substance with an IC50 of 1.27 ± 0.13 

(μg/mL) which means the antioxidant capacity of the extract was only about 02 times less than 

ascorbic acid. Furthermore, the total antioxidant capacity of the extract was 218.91 ± 7.84 (mg 

AAE/g) (Table 2). Previously, the methanol extract of M. zapota leaves also showed an excellent 

ability to neutralize DPPH free radicals when the IC50 of the extract was also less than 02 times 

that of ascorbic acid (Kaneria et al., 2009). Previous reports suggested that the antioxidant 

activity of plant products was mainly related to the free radical scavenging ability of phenolic 

compounds (Dzib et al., 2016). Therefore, there is a close relationship between the polyphenol 

and flavonoid content and the antioxidant capacity of the extract. The leaves of M. zapota are a 

good source of natural antioxidants. 
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Table 2 

Total Polyphenol Content, Total Flavonoid Content, Antioxidant Activity of the Extract 

 MMZ Ascorbic acid 

IC50 values of DPPH assay (μg/mL) 2.71 ± 0.11*** 1.27 ± 0.13 

TAC (mg AAE/g) 218.91 ± 7.84 - 

Total polyphenol content (mg GAE/g) 197.48 ± 2.08 - 

Total flavonoid content (mg QE/g) 39.04 ± 0.36 - 

Note. (***): indicates a statistically significant difference between the control group and the test group (𝑝 < 0.001). 

The researcher’s data analysis 

3.4. Antibacterial activity  

The antibacterial activity of the extract was assessed against 6 different bacterial strains, 

and the obtained results are summarized in Table 3. The extract (MMZ) exhibited weak to 

moderate antibacterial abilities (8.00 - 11.33mm) depending on the concentration tested against 

03 bacterial strains (S. boydii, S. aureus, B. cereus). The findings indicated that Gram-positive 

bacteria were more susceptible than Gram-negative bacteria, likely due to the outer membranes 

present in Gram-negative bacteria, which can act as a barrier to biologically active substances. 

In comparison to the study of Islam et al. (2013), the ethanol leaf extract showed antibacterial 

activity against B. cereus, S. boydii, E. coli, and P. aeruginosa, but exhibited no effect on S. 

aureus. Variations in antibacterial efficacy may be attributed to differences in extraction 

solvents or the geographical origin of the plant materials.  

Table 3 

Results of Antibacterial Activity Survey of the Extract (Mm) 

Bacterial 

strains 

MMZ 

(100 mg/mL) 

MMZ 

(50 mg/mL) 

MMZ 

(25 mg/mL) 

Gentamicin 

(3 mg/mL) 

E. coli - - - 19.50 ± 0.50 

P. aeruginosa - - - 21.33 ± 0.58 

S. boydii 10.17 ± 0.29Aa - - 19.67 ± 0.58B 

S. aureus 11.17 ± 0.29Bb 8.00 ± 0.50Aa - 20.83 ± 0.29C 

E. faecium - - - 15.83 ± 0.29 

B. cereus 11.33 ± 0.29Cb 9.17 ± 0.29Bb 8.33 ± 0.29A 21.33 ± 0.58D 

Note. (-): indicates the absence of antimicrobial activity in the extract. In the same column, the superscript lowercase 

letters “a, b” indicate significant differences among the bacterial strains. In the same row, the superscript capital 

letters “A, B, C, D” indicate significant differences between the positive control and the diluted extracts 

(𝑝 < 0.05). The researcher’s data analysis 

3.5. Anti-inflammatory activity 

The inhibitory effect of the extract on protein denaturation increased from 8.658 ± 

0.383% at the concentration of 0.03125 mg/mL to 33.678 ± 0.344% at the concentration of 

0.0625 mg/mL. When the concentration of the extract was increased to 0.125 mg/mL, the 



 Nguyen Le Thanh Tuyen et al. HCMCOUJS-Engineering and Technology, 16(1), 48-60 55 

inhibitory effect reached 54.408 ± 0.698% (Table 4). There was a direct correlation between the 

dose of treatment (MMZ) and the inhibitory effect. Furthermore, the MMZ extract exhibited a 

superior ability to inhibit protein denaturation compared to other plant extracts, such as 

Anacardium occidentale, Curcuma zedoaria, and Physalis angulate. For example, the ethanol 

extract of A. occidentale seeds at a concentration of 0.2 mg/mL achieved an inhibitory effect of 

45.09 ± 2.55% against protein denaturation (Rajeswaramma & Jayasree, 2018), and C. zedoaria 

ethanol extract at a concentration of 0.2 mg/mL showed an inhibitory effect of 36.78 ± 5.16% 

(Ullah et al., 2014). In addition, the methanol, ethanol, and water extracts of P. angulata leaves 

at a concentration of 0.125 mg/mL achieved inhibitory effects of 32.6%, 41.6%, and 35.9%, 

respectively (Shravan et al., 2011). The IC50 value of the extract was 0.107 ± 0.008 (mg/mL), 

which was only about 2.89 times higher than the IC50 value of diclofenac sodium (0.037 ± 0.001 

mg/mL) (Table 4). This is the first study on the anti-inflammatory effect of M. zapota leaf extract 

by the BSA denaturation inhibition method in vitro, showing a potential anti-inflammatory 

effect. This suggests that M. zapota leaves may be a suitable candidate for anti-inflammatory 

drug development. 

Table 4 

BSA Denaturation Inhibitory Ability of M. Zapota Extract 

Extract Diclofenac natri 

Concentration 

(mg/mL) 

Inhibition  

(%) 

Concentration 

(mg/mL) 

Inhibition  

(%) 

0.125 54.408 ± 0.698 0.1 86.418 ± 0.546 

0.0625 33.678 ± 0.344 0.05 61.835 ± 1.396 

0.03125 8.658 ± 0.383 0.0125 13.701 ± 1.013 

IC50 (mg/mL) 0.107 ± 0.008** IC50 (mg/mL) 0.037 ± 0.001 

Note. (**): indicates a statistically significant difference between the control group and the test group (𝑝 < 0.01). 

The researcher’s data analysis 

3.6. Anticancer activity 

Anticancer activity of the extract against RD and HepG2 cell lines with IC50 values of 

260.27 ± 3.17 (μg/mL) and 164.41 ± 1.83 (μg/mL), respectively (Table 5). All samples showed 

an increase in inhibitory activity corresponding to the rise in concentration. The MMZ exhibited 

a more potent anticancer effect on the HepG2 cell line compared to RD, a trend also observed 

in the control. In many previous studies, by the MTT method, the anticancer activity of M. 

zapota has been shown on cancer cell lines such as A431, A549, HCT 116, HeLa, HT-29, 

BT474, Chago-K1, HepG2, KATO-III, SW620, etc. (Chunhakant & Chaicharoenpong, 2019; 

Rani et al., 2023; Shaniba et al., 2019; Tan & Norhaizan, 2019). To date, this is the first study 

to demonstrate the anticancer effect of M. zapota leaves on human soft-tissue cancer, 

rhabdomyosarcoma cells (RD). These supplements to the anti-cancer effect of M. zapota suggest 

further investigation to develop anti-cancer medicine from this material.  
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Table 5  

Anticancer Activity Results of M. Zapota Extract 

Cancer cell lines 

MMZ Doxorubicin 

Concentration 

(μg/mL) 

Inhibition  

(%) 

Concentration 

(μg/mL) 

Inhibition  

(%) 

RD 

500 78.32 ± 0.18 5.435 76.24 ± 0.45 

250 49.05 ± 0.33 2.718 64.49 ± 0.24 

125 32.32 ± 0.39 1.359 59.81 ± 0.39 

62.5 22.81 ± 0.18 0.544 18.51 ± 0.10 

31.25 13.19 ± 0.43 0.272 15.81 ± 0.12 

  0.136 5.17 ± 0.31 

IC50 (μg/mL)  260.27 ± 3.17****   1.42 ± 0.19  

HepG2 

500 61.34 ± 0.96 2.718 63.41 ± 0.36 

250 57.99 ± 0.72 1.359 52.55 ± 0.67 

125 43.52 ± 0.39 0.544 41.37 ± 0.52 

62.5 28.84 ± 0.41 0.272 30.88 ± 0.81 

31.25 18.50 ± 0.94 0.136 17.97 ± 0.06 

  0.054 12.96 ± 1.25 

IC50 (μg/mL)  164.41 ± 1.83****   1.09 ± 0.07  

Note. (****): indicates a statistically significant difference between the control group and the test group  

(𝑝 < 0.0001). The researcher’s data analysis 

4. Conclusions 

This study provided scientific information on Manilkara zapota leaves harvested in Ben 

Tre province, Viet Nam, encompassing qualitative, quantitative, and biological activities. Some 

natural compounds found in the methanol extract of the leaves were polyphenols, alkaloids, 

tannins, and saponins. This extract also showed relatively high total polyphenol and total flavonoid 

contents (197.48 ± 2.08mg GAE/g extract and 39.04 ± 0.36mg QE/g extract, respectively). The 

results showed that the extract had significant DPPH free radical scavenging activity (IC50 = 2.71 

± 0.11 μg/mL), compared with ascorbic acid standard (IC50 = 1.27 ± 0.13 μg/mL) and a relatively 

high total antioxidant capacity (218.91 ± 7.84mg AAE/g extract). The extract could inhibit the 

growth of 3 bacterial strains: B. cereus, S. aureus, and S. boydii with antibacterial zone diameters 

of 8.00 - 11.33mm. For the first time, the methanol extract from M. zapota leaves has shown a 

potent inhibitory effect on albumin denaturation (IC50 = 0.107 ± 0.008 mg/mL), compared with 

the positive control diclofenac sodium (IC50 = 0.037 ± 0.001 mg/mL). Although the cytotoxicity 

of the extract on RD and HepG2 cancer cells was weak (IC50 = 260.27 ± 3.17 μg/mL and  

IC50 = 164.41 ± 1.83 μg/mL, respectively), this study is the first publication to document the 

anticancer ability of the methanol extract from M. zapota leaves on the RD cell line. The results 

of the study show that M. zapota leaves are a potential medicinal source with many notable 

biological activities, such as antioxidant, anti-inflammatory, and anticancer activities. The results 

of the study serve as the premise for developing drugs and functional foods from M. zapota leaves 

to combat diseases related to cancer, inflammation, and oxidative stress, while also contributing 

to environmental protection through the utilization of this agricultural by-product. 
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