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ABSTRACT  Article History 

Tacca (Tacca leontopetaloides (L.) Kuntze) is a perennial herb, distributed from West Africa 

through South Asia to Northern Australia. Tacca leaves, which is 35-40% of the plant's weight 

are considered a waste product. In this study, the anti-microbial properties of Tacca leaf 

extract were investigated for their potential use in antimicrobials and fungicides. Tacca leaf 

extract can be obtained using different solvents including water, diethyl ether, ethyl acetate, 

and N-butanol. The anti-bacterial ability of the extract was evaluated by the inhibition zone 

diameter and the minimum inhibitory concentration (MIC) against Pantoea stewartii subsp. 

Steartii (P. steartii; bacteria) and Aspergillus niger (mold) on the mango skin. The results 

showed that the n-butanol extract of Tacca leaves had the best antibacterial activity against P. 

steartii at a concentration of 80%, with an inhibition zone diameter of 0.67cm. The MIC value 

of the Tacca leaf extract with N-butanol as a solvent against A. niger was 60%. 
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INTRODUCTION 
 

 Tacca (Tacca leontopetaloides (L.) Kuntze) is a native 

plant in Malaysia and the Pacific islands, distributed from 

West Africa through South Asia to Northern Australia 

(Drenth, 1972). Tacca plants are found in mountainous 

areas of Vietnam, including Tinh Bien ward in An Giang 

province (Vu et al., 2017). Tacca (called "Huyen" in 

Vietnamese) normally grows in moist, humus-rich places, 

such as under the forest canopy or edge of mountains, and 

is cultivated for its tubers. This plant is a perennial herb 

with no stem and its root has round brown tubers that 

mostly contain starch (Vu et al., 2017). 

 Tacca tubers have been used as a source of starch 

(Omojola, 2013). Alkaloids, flavonoids, saponins, and 

tannins have been found in high concentrations in Tacca 

leaves (Syafi et al., 2023) which can act as antimicrobial 

agents. Borokini (2011) reported that in Ivory Coast, Tacca 

leaf extract has been used as a mouthwash or consumed 

to treat gingivitis and stomach swelling. It is proposed that 

the antibacterial properties of Tacca leaves could be 

exploited to prevent bacterial spoilage of fresh fruit. 

However, there is limited research on using Tacca leaf 

extract as an antimicrobial agent on the surface of fresh 

mangoes. Tacca leaf extract can be obtained using 

different solvents and may can result in varying 

antibacterial abilities/potentials of the Tacca leaf extract 

(Syafi et al., 2023). Anthracnose infection occurs pre-

harvest in the fruit, leaves, and stems of numerous fruit 

crops (Asrey and Das, 2021). This fungus produces 

enzymes (polygalacturonase and pectatelyase) that break 

down plant cell walls, resulting in substantial economic 

losses (Siddiqui and Ali, 2014). Disease symptoms on fruit 

are characterized by small, sunken, water-soaked, circular 

or angular lesions with a translucent, light brown margin. 

As the infection progresses within these sunken, circular 

lesions, orange to pink, circular spore masses develop and 

often appear in concentric rings (Siddiqui and Ali, 2014). 

 This research aimed to evaluate the potential of Tacca 

leaf extract as a natural antibacterial agent for preserving 

fresh mangoes. The study had focus on analysing the 

influence of leaf maturity on the concentration of 

bioactive compounds (flavonoids, tannins, alkaloids, 

saponins) in Tacca leaves; Identifying the optimal solvent 

and extraction conditions to maximize the yield of bioactive 

compounds from Tacca leaves; Isolating and identifying the  
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microorganisms responsible for spoilage on fresh mango 

skins; and evaluating the antibacterial activity of Tacca leaf 

extracts against the identified spoilage microorganisms. 

 

MATERIALS & METHODS 

 

Materials 

 Fresh Tacca leaves were harvested from Tịinh Bien 

district of An Giang province. Hoa Loc mangoes were 

purchased from local fruit market of An Giang province. 

After harvesting, the produce was individually wrapped in 

paper to minimize moisture loss and immediately 

transported to the laboratory for processing. 

 

Methods 

Flavonoid Concentration: The flavonoid was determined 

using aluminium chloride colorimetric method with minor 

modification. Pipette 1mL of the extract filled into a test 

tube, then 3mL of ethanol, 0.2mL of 10% aluminum 

chloride solution, 0.2mL of 1 M sodium acetate solution, 

and 5.8mL of distilled water were added. Incubate the 

mixture at room temperature for 30min was done, and the 

absorbance of the reaction mixture at 415nm was 

measured. Then, a quercetin standard curve by making 

quercetin solutions at concentrations of 0, 16, 32, 64 to 

128 and 320mg/L in ethanol was prepared. This method is 

described by El-Sayed et al. (2017). 

 

Tannin Concentration: 0.5mL of the extract and 0.5mL of 

distilled water transferred into a test tube. Subsequently, 

0.5mL of Folin-Denis reagent and 2mL of 20% Na2CO3 

solution were add. Then mixed well and heated in a boiling 

water bath for 60s, and allowed to cool (room temperature). 

 The absorbance at a wavelength of 700nm was 

measured. Tannin content is calculated based on a tannic 

acid standard curve. Construct a tannic acid standard curve 

was at concentrations ranging from 0, 16, 32, 64 to 

128mg/L (Laitonjam et al., 2013). 

 

Saponin Concentration: 100mL of the extraction solution 

into a beaker containing 20mL of 40% MgCO3 solution 

was transferred. The resulting mixture is then filtered 

through Whatman No. 1 filter paper used to obtain a clear 

and colourless solution. 1mL of the filtrate taken and 

transferred it into a 50mL volumetric flask. 2mL of 5% iron 

(III) chloride (FeCl3) solution added and make up to the 

mark with distilled water. Kept to stand for 30min for color 

development. The absorbance was read against a blank at 

380nm. The saponin concentration is calculated based on 

the following equations: 

- The concentration of standard saponin (mgSE/L) y = 

(200*OD)/0.389. 

- The saponin content Saponin (mgSE/g material) = 

((OD*200)/0.389)/V/W 

 Where, OD is the absorbance of the sample at 380nm; 

V is the volume of the extraction solution (L) and W is the 

weight of the sample (g) (Adewole et al., 2013) 

 

Colorimeter: The color of the product was determined 

using a Minolta Spectro Colorimeter. Measurements were 

taken at three different locations on each sample. Color 

values were expressed in terms of L, a, and b values. 

L value indicates lightness: L = 0 (black); L = 100 (white). 

 Positive a value indicates red color, while negative a 

value indicates green color. 

 Positive b value indicates yellow color, while negative 

b value indicates blue color. 

 

Microbial Isolation and Identification 

Bacterial Isolation on the Mango Skin: Mango which its 

skin exhibiting circular, brown or dark brown spots was 

selected as samples (Siddiqui and Ali, 2014). The spoiled 

surface point was located and submerged in 1mL of sterile 

distilled water for 30min. The sample solution was spread 

on nutrient agar (NA) medium, incubated at 28°C, and 

monitored for 2 to 5 days. The emerged colony 

morphology, size, and color were recorded, and cell 

morphology and Gram staining properties were assessed 

(Abussaud et al., 2013). Bacterial strains then were 

identified by PCR and 16S rRNA gene sequencing with 

primer pair 27F:5'AGAGTTTGATCMTGGCTCAG-3' and 

1492R:5'-ACGGYTACCTTGTTACGACTT-3' (Weisburg et al., 

1991). Bacterial identification was performed according to 

Sanger and Coulson (1975) method. PCR products will be 

sent for sequencing at Loci Institute for Molecular Biology 

Research, HCM city. 

 

Fungal Isolation on the Mango Skin: Mango skin 

exhibiting circular, brown or dark brown spots was 

selected as samples (Siddiqui and Ali, 2014). The spoiled 

surface point was located and submerged in 1mL of sterile 

distilled water for 30min. The sample solution was spread 

on Potato Dextrose Agar (PDA) medium, incubated at 

28°C, and monitored for 2 to 5 days for the emergence of 

fungal colonies. Suspected colonies of Colletotrichum 

gloeosporioides (white) and A. niger (black or dark coffee 

brown) were noted. Spores were then picked and point-

inoculated onto PDA medium, followed by incubation at 

28±1°C for 2-5 days. 

 After isolation, morphological characteristics were 

observed and described, including colony morphology, 

size, color, as well as microscopic features such as hyphal 

structure, asexual reproductive structures, and the shape of 

spore-bearing structures. Mango fruits with signs of 

anthracnose, such as small, light brown spots or large, dark 

brown spots (Jeevanantham et al., 2024), these signs were 

used for the isolation of Colletotrichum spp.  

 Fungi were isolated according to the modified and 

supplemented procedure of Araújo et al. (2001). Mango 

fruits were surface sterilized with 70° alcohol. Cut diseased 

samples (choose the location, including both diseased and 

healthy tissues) to a size of 5x5mm, put them in 2% Javel, 

leave for 2–3min, wash the samples with sterile distilled 

water 3 times (1 minute each time), and place the samples 

on sterile paper to dry. Then, place the sample on PDA 

agar (Potato Dextrose Agar, potato extract (200g/L water), 

20g/L glucose, and 20g agar/L, pH 7.0), and store the 

sample at 25-30°C. Colletotrichum spp. were preliminarily 

identified based on the morphological characteristics of 

mycelium and spores according to Sutton (1980). 

 Mango fruit was cut into small pieces (10g sample) 

placed in 250mL Erlenmeyer flasks, diluted to 100mL with 
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double distilled water, and then serially diluted tenfold. 

The medium used for fungal isolation was Czapek-Dox 

agar (Iqbal and Utara, 2015). After 96 h of incubation, the 

plates were visually inspected for Aspergillus-like mycelia, 

then aseptically harvested and transferred to Czapek-Dox 

Agar plates. The plates were then inoculated for up to 96 h 

before further examination for culture consistency and 

contamination. After isolation, fungal samples were 

examined by naked eye and microscopic observation for 

uniformity of color and surface of fungal colonies and 

shape of mycelium (Klich, 2002). The plates were incubated 

at 28 °C for 7 days, and conidia production was 

determined microscopically with cotton blue staining with 

lactophenol (Živković et al., 2018). 

 The isolated fungal strains were identified by 

molecular biology techniques (PCR) and gene sequencing 

with primer pairs ITS1: 5′-TCCGTAGGTGAACCTGCGG-3′ 

and ITS4: 5′-TCCTCCGCTTATTGATATGC-3′ (White et al., 

1990). PCR products were sent for sequencing at the Loci 

Institute for Molecular Biology Research, Ho Chi Minh City. 

 Antibacterial activity was determined using the agar 

well diffusion method (Pham and Pham, 2013). The 

diameter of the inhibition zone was calculated using the 

following formula:  

DIZ (cm) = D – d. Where: 

DIZ: Diameter of the inhibition zone (cm) 

D: Diameter of the bacterial growth inhibition zone, 

including the diameter of the well (cm) 

d: Diameter of the paper disc (d = 0.6cm) 

 The antifungal activity of the extract was determined 

using the agar disc diffusion method (Klich, 2002; Adjou et 

al., 2012; Le et al., 2020). The percentage of mycelial 

growth inhibition by the essential oil was calculated using 

the following formula:  

Mycelial growth inhibition (%) = [(dc - dt) / dc] x 100 

Where: 

dc: diameter of the control colony 

dt: diameter of the colony in the sample containing the 

extract. 

 

Statistical Analysis 

 The experiments were conducted in a completely 

randomized design with the specified factors and three 

replications. Optimal parameters from the previous 

experiment were used as the basis for subsequent 

experiments. The collected analytical and evaluation data 

were processed using Microsoft Excel and statistically 

analysed using Statgraphics Centurion XV software. 

 

RESULTS & DISCUSSION 

 

Tacca Leaves Components 

 The colour values of Tacca leaves at different stages of 

development, from young to mature, are represented by 

L*, a*, and b* indices and presented in Table 1. 

The results indicate a statistically significant difference 

in leaf color across growth stages for all three L*, a*, and b* 

values. Specifically, mature leaves exhibited the highest 

lightness (44.80±2.83), while senescent leaves displayed 

the lowest (37.79±3.02), as reflected in the L* values. 

Similarly, the a* values of mature leaves were the lowest (-

15.56±2.17), indicating the most intense green color, 

whereas the b* values of senescent leaves were the 

highest, corresponding to the most intense yellow color. 

This change is attributed to the growth process, during 

which chlorophyll in senescent leaves is degraded, 

resulting in a lower color intensity compared to the other 

two leaf samples. 

 
Table 1: Colorimetric of tacca leaves at different matured stage 

Leave Color 

L* a* b* 

Young leaves 41.23±3.19ab -10.18±2.13a 20.91±2.82ab 

Matured leaves 44.80±2.83a -15.56±2.17b 17.31±2.23c 

Old leaves 37.79±3.02bc -11.18±1.71ab 25.54±2.84a 

P 0.0777 0.0370 0.0250 

Values (mean+SD) with different letters in a column indicate significant 

(P≤0.05). 

  

 The results indicated that the moisture content of 

tacca leaves varied between 79.75% and 86.07% across 

different growth stages. Specifically, young leaves 

exhibited the highest moisture content, while mature 

leaves displayed the lowest. This observation can be 

attributed to the decrease in moisture content as tacca 

leaves progress through their growth stages, with moisture 

loss occurring after the leaves have fully developed. This 

result is similar to the study of Nguyen et al., (2022) on 

Sauropus and rogynous leaves with moisture content 

ranging from 69.9-89.9%. 

 In addition to color values and moisture content, 

bioactive compounds are also crucial due to the numerous 

benefits associated with the bioactive compounds present 

in tacca leaves. However, because tacca leaves are often 

considered a byproduct, there is limited research available 

on them. Statistical analysis results indicate that tacca 

leaves at different growth stages significantly influence the 

bioactive compound content (flavonoids, tannins, alkaloids, 

and saponins). The results of the bioactive compound 

analysis are presented in Table 2. 

 
Table 2: Bioactive compounds of tacca leaves at different matured stages 

Samples  Bioactive compounds 

Flavonoid 

(mgQE/100g) 

Tannin 

(mgTAE/100g) 

Alkaloid 

(mgCE/100g) 

Saponin 

(mgSE/100g) 

Young leaves 2.85±0.06b 2.05±0.04c 0.11±0.07c 12.07±0.04c 

Matured leaves 3.51±0.05a 2.45±0.02a 0.12±0.05b 12.56±0.05a 

Old leaves 2.82±0.08c 2.26±0.04b 0.13±0.09a 12.51±0.01b 

P 0.0000 0.0000 0.0000 0.0000 

Values (mean+SD) with different letters in a column indicate significant 

(P≤0.05). 
 

 Statistical analysis revealed that the developmental 

stages of Tacca leaves significantly influenced the levels of 

bioactive compounds, including flavonoids, tannins, 

alkaloids, and saponins, at a 5% significance level. 

Specifically, the content of flavonoids, tannins, and 

saponins tended to increase from young leaves to mature 

leaves but showed a decreasing trend from mature leaves 

to old leaves, ranging from 3.51 to 2.82 (mgQE/100g), 2.45 

to 2.26 (mgTAE/100g), and 12.56 to 12.51 (mgSE/100g), 

respectively. In contrast, the alkaloid content exhibited a 

gradual increasing trend from young leaves to mature 

leaves and then to old leaves, ranging from 0.11 to 0.13 

(mgCE/100g). This observation might be attributed to the 

presence of different types of alkaloids at various 
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developmental stages of Tacca leaves. Ndouyang and 

Abdelsalam (2024) discovered that alkaloids and phenolic 

are present in large amount in the tacca leaves. However, 

almost all leaf alkaloids differed across different growth 

stages. Therefore, the moisture content and color values of 

tacca leaves vary depending on the leaf's developmental 

stage. Based on the obtained results, mature leaves, which 

exhibited high levels of flavonoids (3.51±0.05), tannins 

(2.45±0.02), and saponins (12.56±0.05), were selected for 

further investigation. 

 

The Effects of Solvents and Extraction Ratio on the 

Compositions of the Tacca Leaf Extract 

 The analysis of results (Table 3) indicated that the n-

butanol extract of Tacca leaves exhibited the highest 

content of bioactive compounds (flavonoids and alkaloids) 

compared to the other extracts. Additionally, the water 

extract of tacca leaves yielded higher levels of bioactive 

compounds (saponins and tannins) than the other solvents 

at a 1/50 ratio. Specifically, with diethyl ether as the 

solvent, the flavonoid and alkaloid contents reached 

8.57mgQE/100g and 0.5mgCE/100g, respectively. 

However, when the solvent was changed to n-butanol, the 

highest values of 12.58mgQE/100g and 0.8mgCE/100g 

were achieved. 

 
Table 3: Flavonoid content (mgQE/100g) in different solvents 

Solvents Ratio leaves /solvent (w/w) Average P 

1/20 1/30 1/40 1/50 

Diethyl ether 2.50±0.15 7.48±0.08 8.48±0.02 15.81±0.01 8.57b 0.0000 

Ethyl acetate 3.09±0.08 4.25±0.12 4.68±0.23 4.17±0.32 4.05c 

N – butanol 1.35±0.06 5.57±0.09 6.63±0.07 36.77±0.04 12.58a 

Water 1.29±0.01 2.18±0.10 2.77±0.04 2.48±0.01 2.18d 

Average 2.05d 4.87c 5.64b 14.81a - 

P 0.0000 

Mean±SD values (n=3) are presented; Treatments with different letters 

following them within the same column or row indicate significant 

differences according to the LSD test at a significance level of P≤0.05. 

 

 Research by Nguyen et al. (2023) demonstrated that 

the flavonoid and phenolic content in betel leaf extracts 

decreased with the use of ethanol, hexane, and ethyl 

acetate solvents, in that order. In contrast, the tannin 

(Table 4) and saponin (Table 5) contents increased with the 

change in solvent. Specifically, with diethyl ether as the 

solvent, the tannin and saponin content reached 

0.93mgTAE/100g and 31.30mgSE/100g, respectively. When 

the solvent was changed to water, the tannin and saponin 

content reached their highest values of 1.11mgTAE/100g 

and 36.02mgSE/100g, respectively. For saponins, n-butanol 

has the ability to dissolve many components in the raw 

material; however, its ability to dissolve saponins is less 

than that of water, as water is the best extraction solvent. 

This result is consistent with the report by Nguyen et al. 

(2020), which suggests that due to the high polarity of 

saponin molecules, they dissolve well in strong polar 

solvents. As for tannins, the use of water as the extraction 

solvent may limit the contact of tannins with oxygen, 

thereby preventing their degradation. 

The choice of solvent and the material-to-solvent ratio are 

crucial factors that not only affect the extraction efficiency 

but also influence subsequent research. During the 

extraction process, the raw material dissolves into the 

solvent, leading to the dissolution of bioactive compounds 

as well. The dissolution of bioactive compounds into the 

solvent is a physical process. Increasing the amount of 

solvent provides more opportunities for bioactive 

compounds to come into contact with the solvent, 

resulting in higher permeability (Wong et al., 2024). When 

the material-to-solvent ratio increases, the concentration 

difference between the solvent and the solutes becomes 

larger. Therefore, more bioactive compounds can dissolve 

if a larger amount of solvent is used (Cacace and Mazza, 

2003). Another research by Syafi et al. (2023) used 95% 

ethanol solution to soak the tacca leaves harvested in the 

North Maluku region (Indonesia) for 72 hours, then 

extracted the leaves at 70 o C, the results showed a number 

of alkaloid compounds around 2,496.35mg/kg and 

saponins (4,203.32mg/kg), followed by flavonoids (7.20), 

tannins (12.74) and phenol (4.08). These bioactive 

compounds had quite high results, but the soaking time of 

72 hours was quite long, and not convenient for the 

production process. 

 
Table 4: Tannin (mgTAE/100g) in different solvents 

Solvents Ratio leaves /solvent (w/w) Average P 

1/20 1/30 1/40 1/50 

Diethyl ether 0.52±0.04 0.72±0.01 0.90±0.01 1.57±0.09 0.93c 0.0000 

Ethyl acetate 0.12±0.03 0.47±0.13 0.91±0.03 1.19±0.18 0.67d 

N – butanol 0.36±0.03 0.61±0.04 0.86±0.13 2.00±0.17 0.96b 

Water 0.72±0.02 1.64±0.13 1.35±0.14 0.71±0.22 1.11a 

Average 0.43d 0.86c 1.01b 1.37a - 

P 0.0000 

Mean±SD values (n=3) are presented; Treatments with different letters 

following them within the same column or row indicate significant 

differences according to the LSD test at a significance level of P≤0.05. 

 
Table 5: Saponin content (mgSE/100g) in different solvents 

Solvents Ratio leaves /solvent (w/w) Average P 

1/20 1/30 1/40 1/50 

Diethyl ether 46.38±0.19 37.45±0.09 22.06±0.05 19.30±0.03 31.30d 0.0000 

Ethyl acetate 50.15±0.02 31.97±0.07 24.46±0.06 21±0.03 31.89c 

N – butanol 44.38±0.10 40.71±0.02 30.47±0.04 24.2±0.01 34.94b 

Water 56.85±0.02 36.05±0.07 28.61±0.01 22.58±0.07 36.02a 

Average 49.44a 36.54b 26.40c 21.77d  

P 0.0000 

Mean±SD values (n=3) are presented; Treatments with different letters 

following them within the same column or row indicate significant 

differences according to the LSD test at a significance level of P≤0.05. 

 

 In conclusion, the extraction of tacca leaves with 

different solvents affects the bioactive compound content. 

The results show that the n-butanol extract of tacca leaves 

has high levels of flavonoids (12.58) and alkaloids (0.8), 

while the water extract has high levels of saponins (36.02) 

and tannins (1.11). Therefore, these two extracts were 

selected for further research. 

 

Bacterial Isolation on the Mango Skin Dark Spots 

 Bacterial colonies present on the blackened spot of 

mango skin have the following characteristics: a size of 

3mm, yellow coloration, smooth margins, circular shape, 

create mucoid substance. The bacterial cells were rod-

shaped, with dimensions of 0.3-0.7x0.8-2.1µm (Fig. 1). They 

were catalase-positive (effervescence observed compared 

to the bacteria-free control), Gram-negative, and non-

motile. The results of bacterial identification revealed that 

the identified bacterium exhibited a 99.86% sequence 

similarity to Pantoea stewartia bacterial (Fig. 2), this agree 

with the research of Ha et al. (2024) on Thai’s jackfruit. 
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Catalase-positive (The identified bacterial on the left and control sample on the right) 

 

 

 

 

Fig. 1: Identified bacterial 

characteristic (Pantoea stewartia); The 

identification results confirmed that 

the identified bacteria on the dark 

spots of mango skin is Pantoea 

stewartii. This bacterium is commonly 

associated with jackfruit bronzing 

disease and bacterial leaf blight in 

corn. Pantoea steartii subsp. steartii is 

a Gram-negative, non-motile, non-

spore-forming bacterium belonging 

to the family Erwiniaceae (Kini et al., 

2021). 

  

 

Fig. 2: Bacterial sequences result 

(tested by Loci Institute for Molecular 

Biology Research, HCM city). 

 

Antibacterial Activity of Tacca Leaf Extract against 

Pantoea stewartii Bacteria 

 The antibacterial activity of the tacca leaf extract 

against Pantoea stewartii was assessed through the 

formation of a clear zone around the wells containing 

different concentrations of the extract on LB agar plates 

inoculated with the pathogenic Pantoea stewartii. The 

formation of the clear zone was observed within 12-48 

hours after inoculation. The Pantoea stewartii strain grew 

without inhibition and did not form a zone of inhibition 

around the well containing the negative control, 5% 

DMSO. In contrast, the antibiotic Imipenem at 10mg/mL 

exhibited the highest growth inhibition against the 

bacteria, with a zone of inhibition diameter of 2cm. 

 Tacca leaf extracts prepared with diethyl ether and 

water did not form any zones of inhibition, indicating that 

these extracts did not affect the growth of Pantoea 

stewartii. Extracts prepared with ethyl acetate and N-

butanol demonstrated antibacterial activity against 

Pantoea stewartii, with statistically significant differences 

compared to the other two extracts. The N-butanol extract 

exhibited the highest antibacterial activity (zone of 

inhibition: 0.67cm (Fig. 3)), followed by the ethyl acetate 

extract (zone of inhibition: 0.05cm), and all differences 

were statistically significant at the 5% level. Statistical 

analysis revealed that increasing the extract concentration 

led to a larger zone of inhibition against Pantoea stewartii, 

and these differences were statistically significant (P<0.05). 

 According to Faikoh et al. (2014) protocol, the 

antibacterial activity of an extract can be classified into 

four levels: D≥15mm: strong antagonism, 15mm>D≥ 

7.5mm: moderate antagonism, D<7.5mm: weak 

antagonism, D=0mm: no antagonism. Where D represents 

the diameter of the zone of inhibition formed around the 

paper discs (excluding the diameter of the paper disc 

itself). The results obtained indicate that the tacca leaf 

extract exhibits moderate antibacterial activity against 

Pantoea stewartii. 

 The determination of the minimum inhibitory 

concentration (MIC) of the tacca leaf extract against 

Pantoea stewartii revealed that the N-butanol extract 

had the best antibacterial activity at a concentration of 

80%. At this concentration, bacterial growth was 

completely inhibited. 
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Fig. 3: The antibacterial activity of tacca leaf extract with N-butanol (top), water (middle) solvents and control samples (bottom) to Pantoea stewartii at 

different treatment concentrations. 

 

Natural compounds such as alkaloids and flavonoids 

possess various biological activities, particularly 

antibacterial properties (Kumar et al., 2011; Courts and 

Williamson, 2015; Mishra, 2024). Although the antibacterial 

activity of the tacca leaf extract is significantly lower than 

that of the commercially available antibiotic Imipenem, the 

presence of bioactive compounds (flavonoids, tannins, 

alkaloids, and saponins) in the extract suggests its 

potential use as a safe, natural antibiotic. 

 The antimicrobial activity of essential oils is due to 

their effects on the structure and function of cells. In fact, 

the antimicrobial activity of essential oils includes the 

degradation of cell walls, phospholipid bilayers (Gill and 

Holley, 2006), and the destruction of membranes and 

membrane components, which are important components 

in cells. Alkaloids have many different physical and 

biological properties and can be found in many 

pharmacological methods (Yu, 2022) which are the basis 

for promoting the production of many antibiotics with 

potent activity (Othman, 2019). Besides, many flavonoids 

have antibacterial activity against many pathogens, which 

can be effectively applied against pathogens (Pandey and 

Kumar, 2013). 

 

Fungal Isolation on the Mango Skin Dark Spots 

 The mango skin sample with disease symptoms was 

analyse to isolate fungal specie. The morphology of 

identified mold was obtained: moderate growth rate, 5-

day-old colonies with a diameter of 3.8-4.5cm, powdery 

and granular in appearance, concentric rings, convex 

colony center, obverse side black with a brownish tint, 

opaque white margin, white mycelia, black spores, white 

mycelial fringe at the margin (Fig. 4). Reproductive 

structures: numerous conidial heads arising from the 

substrate, spherical, radiate, black in color, with spherical 

vesicles and phialides biseriate. Conidia globose, black, 

with a roughened surface, measuring approximately 2.5-

4.5µm. These findings are consistent with the preliminary 

description of Aspergillus Niger by Raper and Fennell 

(1965) and Buah et al. (2024). The identification results (Fig. 

5) indicated that identified fungus exhibited 100% 

sequence similarity to Aspergillus Niger. 

 

Antifungal Activity of Tacca Leaf Extract against 

Aspergillus Niger 

 The findings on the antifungal activity against 

Aspergillus niger indicate: Aqueous extracts of tacca leaves 

and all extracts at a 0% concentration did not produce any 

zones of inhibition, suggesting no antifungal activity 

against Aspergillus niger. Extracts using Ethyl acetate and 

Diethyl ether as solvents showed antifungal activity against 

Aspergillus niger at a 100% concentration, with an 

inhibition zone of 0.23cm. Extracts at concentrations of 0-

20-40-60-80% with ethyl acetate and Diethyl ether did not 

exhibit antifungal activity. Extracts using N-butanol as a 

solvent demonstrated strong inhibition zones, with 0.8cm 

at a 40% concentration and 0.3cm at a 20% concentration 

(Fig. 6). The antifungal activity increased with increasing 

extract concentration. At concentrations of 60, 80, and 

100%, Aspergillus niger mycelial growth was completely 

inhibited, suggesting that the minimum inhibitory 

concentration (MIC) of the tacca leaf extract with N-

butanol as a solvent is 60%. Present data agreed with early 

reports about antimicrobial activity of alkaloids of plant 

origin (El Kamari et al., 2024; Schneider et al., 2024; Hendel 

et al., 2024). They can inhibit the growth of fungi, bacteria 

and viruses through various mechanisms (Mabhiza et al., 

2016). 
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Fig. 4: Identified fungal 

characteristic (Aspergillus 

niger); The identification 

results confirmed that 

identified fungus is Aspergillus 

Niger. Aspergillus Niger is 

commonly associated with 

spoilage in fruits and food 

products. Mold and fungi 

cause decay in agricultural 

products, especially fruits with 

typical examples including 

Aspergillus spp., Penicillium 

spp., and Monilinia spp (Peng 

et al., 2025; Luciano-Rosario et 

al., 2025; Li et al., 2025). 

 

 
 

Fig. 5: Fungal sequences result (tested by Loci Institute for Molecular Biology Research, HCM city). 
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of tacca leaf extract with N-
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solvents to Aspergillus Niger at 

different treatment 

concentration. 
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Conclusion 

 Based on the results obtained throughout this 

research, it can be concluded that: Mature leaves exhibit 

higher levels of these compounds compared to the other 

two leaf samples: flavonoids at 3.514mgQE/100g; tannins 

at 2.54mgTAE/100g; alkaloids at 0.121mgCE/100g, and 

saponins at 12.56mgSE/100g. Extracts from tacca leaves 

contain bioactive compounds (flavonoids, tannins, 

alkaloids, and saponins). The results indicated that n-

butanol extracts possess higher levels of flavonoids and 

alkaloids compared to other solvents, with a 1/50 ratio 

demonstrating superior extraction efficiency. Additionally, 

water extracts contain higher levels of tannins and 

saponins, when compared to other solvents. The 

determination of the minimum inhibitory concentration 

(MIC) of tacca leaf extracts against the bacterium Pantoea 

stewartii revealed that the n-butanol extract exhibited the 

best antibacterial activity at an 80% concentration, with an 

inhibition zone diameter of 0.67cm at a 60% concentration. 

The n-butanol extract demonstrated strong antifungal 

activity against Aspergillus niger and with inhibition zones 

of 0.57cm at 40% concentration. At concentrations of 60, 

80, and 100%, Aspergillus niger growth was completely 

inhibited. These results suggest that the MIC value of the 

n-butanol extract of hoary tacca leaves against the two 

tested fungal strains is 60%. 
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