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ABSTRACT

Papaya fruit production in Bali has decreased over the last three years (2020-2022). One of the contributing factors is 
infection by Colletotrichum spp., which causes anthracnose. Anthracnose is an airborne disease that infects various plant 
commodities including papaya. The use of chemical fungicides to control anthracnose can have negative impacts if used 
long-term. Trembesi [Samanea saman (Jacq.) Merr.] extract has previously been reported to possess antifungal, antiseptic, 
antibacterial, and antidiabetic properties. This study aimed to determine the effectiveness and category of inhibitory activity, 
Minimum Inhibitory Concentration (MIC), Lethal Concentration 50% (LC₅₀), and the phytochemical content of trembesi 
leaves. Methanol extract of trembesi leaves effectively inhibited the growth of Colletotrichum magnum at a concentration 
of 5%. The experiment used 11 treatments with 4 replications, including control (0% v/v) and extract concentrations of 
1% to 10% (v/v), along with a positive control. The corresponding inhibition zone diameters were: 0.00 mm, 12.00 mm, 
11.87 mm, 13.62 mm, 16.00 mm, 19.62 mm, 15.75 mm, 16.87 mm, 17.87 mm, 17.87 mm, 18.25 mm, and 20.87 mm, 
respectively. The minimum concentration of extract showing inhibitory activity (MIC) was 0.3%, while the LC₅₀ value was 
0.32%. Phytochemical screening revealed the presence of phenolics, tannins, alkaloids, steroids, terpenoids, flavonoids, and 
saponins in the trembesi leaf extract. 
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INTRODUCTION 

Papaya (Carica papaya) is an agricultural 
commodity that is rich in nutrients and relatively 
affordable, making it commonly consumed by the 
Indonesian population, including in Bali. However, 
papaya production in Bali has declined over the past 
three years, from 16,789 tonnes in 2020 to 12,554 
tonnes in 2021, and then to 11,326 tonnes in 2022 
(Central Bureau of Statistics, 2023).  One of the factors 
contributing to the decline in both the quality and 
quantity of papaya fruit is infection by Colletotrichum 
spp., the causative agent of anthracnose (Rangkuti et 
al., 2017). 

Anthracnose is an airborne disease caused by 
Colletotrichum spp., which infects a wide range of 
agricultural crops (Firmansyah et al., 2016). During  

the rainy season, this disease is reported to cause 
global mango yields losses of up to 60%–100% 
(Budirokhman, 2014; Uddin et al., 2018). In Indonesia, 
anthracnose also severely affects chili crops, leading to 
crop failures of up to 90% (Wakhidah et al., 2021). In 
Central Java, anthracnose attacks on papaya fruit have 
caused losses of up to 70% (Ministry of Agriculture, 
2011). 

Anthracnose is typically controlled using 
chemical fungicides, which can have negative 
environmental and health impacts if used continuously 
(Suleiman, 2010). Therefore, alternative control  
methods are needed, including the use of fungicides 
derived from natural, environmentally friendly sources 
(Aziziy et al., 2020). 

Trembesi (Samanea saman) is a plant with 
potential as a source of botanical fungicides (Sinarsih 
et al., 2016). Several studies have shown that trembesi 
extract possesses antiseptic, antifungal, antibacterial, 
and antidiabetic properties (Sari et al., 2015; Tungadi 
& Abdulkadir, 2015). Pinem et al. (2023) demonstrated 
that methanol extracts of trembesi leaves can inhibit 
the growth of Colletotrichum sp. However, no studies 
have evaluated the effectiveness of trembesi leaf 
extract against Colletotrichum magnum or determined 
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its Lethal Concentration 50% (LC₅₀), which is essential 
for dosage recommendations. 

In preliminary, several garden plants were 
screened for antifungal activity against papaya 
anthracnose, leading to the discovery that trembesi 
can inhibit C. magnum in vitro. Further phytochemical 
analysis revealed that trembesi contains phenols, 
tannins, flavonoids, steroids/terpenoids, alkaloids, and 
saponins, compounds known to inhibit fungal growth 
by disrupting the cell wall and plasma membrane 
(Seleem et al., 2016).

Therefore, this study aims to evaluate the 
antifungal activity of trembesi leaf extract against C. 
magnum and to determine its LC₅₀ value, providing 
baseline data for its potential development as a 
botanical fungicide.

MATERIALS AND METHODS

Simplicia Preparation. Trembesi leaf simplicia 
was obtained from the Amlapura Heroes Monument 
area, Karangasem Regency (coordinate: 8.44636°S, 
115.61167°E), Bali Province. Meanwhile, the 
C. magnum isolate used was obtained from the 
collection of the Biochemistry Laboratory, Biology 
Study Program, Faculty of Mathematics and Natural 
Sciences, Udayana University (Sudirga et al., 2022).

Extraction of Trembesi Leaves. A total of 2 kg of 
trembesi leaves were thoroughly washed with running 
water and air-dried for approximately 72 h until 
reaching a constant weight. The dried leaves were then 
ground using a blender. About 200 g of the resulting 
powder was macerated with 95% methanol at a 1:10 
(w/v) ratio for 3 × 24 h. The extract was filtered using 
Whatman No.2 filter paper and evaporated using a 
Buchi rotary evaporator at 40 ºC.

Rejuvenation of C. magnum. The C. Magnum fungus 
(accession number PCS730304J) was rejuvenated 
by adding 10 mL of sterile distilled water to the 
fungal culture on slant medium. The mycelium was 
scraped using an inoculation loop and vortexed 
until homogeneous. A total of 200 µL of the fungal 
suspension was cultured on 10 mL of Potato Dextrose 
Agar (PDA) medium and incubated at 28 ºC for 5–7 
days. Once a pure culture was obtained, the isolate was 
transferred to slant PDA tubes for further use.

Minimum Inhibiting Concentration (MIC) Test. The 
MIC was determined using the diffusion well method. 
A total of 200 µL of C. magnum suspension was placed 

into a 90 mm Petri dish containing 10 mL of PDA and 
mixed evenly. After solidification, wells were created 
using a 5 mm diameter cork borer (Usbeck, Germany). 
Then, 20 µL of each extract concentration was placed 
into each well, and the plates were incubated for 3 × 24 
hours at room temperature (27 ºC ± 2). The inhibition 
zone diameter was calculated using the formula:
 

ID = Inhibitory diameter,
D1 = Vertical diameter,
D2 = Horizontal diameter.

Inhibitory Activity Test of Trembesi Extract Against 
C. magnum. This test also used the diffusion well 
method with ten different extract concentration: 1%, 
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, and 10% (v/v), 
along with positive and negative controls. The positive 
control used was a synthetic fungicide commonly 
used in the field, namely Benstar 50 WP. The negative 
control used methanol as the solvent.

Lethal Concentration 50% (LC50) Test. The LC50 test 
was conducted using the colony method (Darmadi et 
al., 2017). The concentration tested were 0.1%, 0.2%, 
0.3%, 0.4%, 0.5%, and 0.6%. Colony growth was 
observed daily until the negative control fully covered 
the Petri dish. Colony diameters were measured with 
a caliper, and the percentage of growth inhibition was 
calculated using the formula (Rai, 2006): 

GI = Growth inhibition (%),
D1 = Diameter of control colonies,
D2 = Diameter of treated colonies.

A regression curve was then generated, plotting extract 
concentration (x) against inhibition percentage (y), to 
obtain a linear regression equation. The LC50 value (x) 
was derived by substituting 50% for y in the regression 
equation. The negative control in this test consisted of 
PDA media treated with methanol only. 

Phytochemical Screening of Trembesi Leaf Extract. 
Phytochemical tests were conducted to identify 
compound classes in the active extract fraction, using 
specific reagents (Harborne, 1998). The tests were 
carried out on the extract with the highest antifungal 
activity. The reagents used were:

ID
D D
2
1 2

=
+

GI 100%
D D
D1
1 2 #=
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Alkaloid Test (Wagner’s reagent): 2.7 g of iodine and 2 
g of potassium iodide (KI) were dissolved in 25 mL of 
distilled water, then diluted to 100 mL in a volumetric 
flask. A few drops of Wagner’s reagent were added to a 
small amount of extract. A brown precipitate indicates 
a positive result.

Terpenoid and Steroid Test (Libermann-Burchard 
reagent): 5 mL of anhydrous acetic acid was mixed 
with concentrated sulfuric acid while cooling, then 
added to 50% ethanol under cold conditions. A color 
change to green/blue indicates steroids; red to purple 
indicates triterpenoids.

Flavonoid Test (10% NaOH): 10 g of NaOH was 
dissolved in distilled water and diluted to 100 mL. A 
few drops of 10% NaOH were added to the extract. 
A specific color change indicates the presence of 
flavonoids.

Tannin Test: 1 mL of trembesi methanol extract was 
placed in a test tube, and 2–3 drops of 1% FeCl3 
was added. A change from light green to green-black 
indicates tannins.

Phenol Test (1% FeCl₃): A small amount of extract 
was mixed with 1% FeCl₃. The formation of a 
blackish-green color indicates the presence of phenolic 
compounds.

Saponin Test (Foam Test): The extract was mixed 
with hot water and shaken vigorously. The formation 
of stable foam indicates the presence of saponins.

Data Analysis. Qualitative data were presented through 
images and descriptions, while quantitative data were 
analyzed using analysis of variance (ANOVA). If 
significant difference were found, Duncan’s multiple 
range test (DMRT) at the 5% significance level was 
used as a post hoc test.  LC50 test data were analyzed 
using linear regression with Microsoft Excel 2010. 

RESULTS AND DISCUSSION

Reisolation and Reidentification of C. magnum 
Isolates. Reisolation of C. magnum on PDA medium 
after 7 days of incubation produced a fungus with the 
following macroscopic characteristics: the top view of 
the colony appeared grayish white with a green center, 
while the underside was blackish orange. Microscopic 
observations showed cylindrical conidia with rounded 
ends, and branched, septate hyphae (Figures 1 and 2).

The reisolated C. magnum colony measured 35 
mm in diameter and exhibited typical morphological 
characteristics. Microscopic observations confirmed 
cylindrical conidia with rounded ends and branched, 
septate hyphae. These features are consistent with the 
typical morphology of C. magnum, which produces 
transparent conidia arranged in acervuli, cylindrical 
in shape with rounded tips (Dickman, 1993). The 
mycelium consisted of hyphae with multiple septa, 
spreading with a size of approximately ± 150 μm, and 
appearing light to dark brown (Barnett & Hunter, 2003; 
Watanabe, 2002; Dickman, 1993).

Inhibitory Activity of Trembesi Leaf Extract against 
C. magnum. Crude extract of trembesi leaves was 

Figure 1. Macroscopic morphology of C. magnum. A. Top view of the colony; B. Bottom view of the colony.

Figure 2. Microscopic morphology of C. magnum at 400× magnification. A. Conidia; B. Hyphae.
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prepared by dissolving 1 g of thick, evaporated extract 
in approximately 1000 µL of methanol, yielding a 
concentration of nearly 50%. This test resulted in an 
inhibition zone diameter of 19.4 mm (Figure 3). 

According to Davis & Stout (1971), this 
inhibition zone size indicates strong antifungal 
activity. This finding aligns with previous research by 
Pinem et al. (2023), who reported an inhibition zone 
of 19 mm for Colletotrichum sp. using trembesi leaf 
extract. The antifungal activity of trembesi leaves is 
attributed to their bioactive compound content (Pinem 
et al., 2023; Salni et al., 2013). Similarly, Darmadi et 
al. (2022) reported that cinnamon leaf extract showed a 

very strong inhibitory effect against C. acutatum, with 
an inhibition zone diameter of 35 mm. C. acutatum is 
known as a causal agent of anthracnose in chili plants.

Minimum Inhibiting Concentration (MIC) Test. 
The MIC value of trembesi leaf methanol extract 
was determined to be 0.3%, with an inhibition zone 
diameter of 9.37 ± 1.31 mm (Table 1 and Figure 4). 
This value reflects the lowest concentration capable of 
inhibiting C. magnum growth.

Previous research reported an MIC of 0.1% for 
trembesi leaf extract against Colletotrichum sp.  (Pinem 
et al., 2023). Darmadi et al. (2021) reported the MIC 

Figure 3. Test of crude extract of trembesi leaves against C. magnum fungus. A. Diffusion well; B. C. magnum; 
C. Zone of inhibition.

Treatment Average inhibition zone diameter (mm)
0.1% 0.00 ± 0.00
0.2% 0.00 ± 0.00
0.3% 9.37 ± 1.31
0.4% 10.12 ± 0.62
0.5% 11.00 ± 0.40
0.6% 11.75 ± 0.64
0.7% 11.75 ± 1.19
0.8% 12.12 ± 0.47
0.9% 12.50 ± 0.70

Positive control 17.62 ± 1.54
Negative control 0.00 ± 0.00

Table 1. MIC test results of trembesi leaf extract against the fungus C. magnum

Figure 4. MIC test results of trembesi leaf extract against the fungus C. magnum. A. C. magnum; B. Diffusion 
well; C. Zone of inhibition. 
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of cinnamon leaf acetone extract to be 0.5% against 
Colletotrichum spp. on chili plants in Bali. The size 
of the inhibition zone is influenced by several factors, 
including extract concentration, secondary metabolite 

content, diffusion time and distance, and incubation 
temperature (Alfiah et al., 2015). Pelczar & Chan 
(2005) stated that higher concentrations of extract 
contain more dissolved bioactive compounds, thereby 

Treatment Average of inhibition zone diameter (mm)
Negative control 00.00 ± 0.00 a*

1% 12.00 ± 0.40 b*
2% 11.87 ± 0.62 b
3% 13.62 ± 0.62 c*
4% 16.00 ± 0.91 d*
 5% 19.62 ± 1.10 eg*
6% 15.75 ± 2.53 d
7% 16.87 ± 0.62 df
8% 17.87 ± 0.25 f*
9% 17.87 ± 0.94 f
10% 18.25 ± 1.19 ef

Positive control 20.87 ± 0.85 g*

Table 2. Effective concentration of trembesi leaf extract and the average diameter of their inhibition zones against 
the growth of C. magnum

Different letters indicate significant differences based on Duncan’s multiple range test (DMRT) at the 5%. Asterisks 
() indicate significantly different from the negative control (p < 0.05).*

Figure 5. Results of the effective concentration test for inhibiting the growth of the fungus C. magnum. A. 
Inhibitory power of trembesi leaf extract at concentrations of 1%, 2%, 3%, 4%, and 5% against C. 
magnum fungus; B. Inhibitory power of trembesi leaf extract at a concentration of 0% or negative 
control (K-) and positive control (K+), against the fungus C. magnum.

 

a 

b 
c 

A B

Figure 6. Comparison of inhibition zone diameters of trembesi leaf extract. A. Inhibitory power of trembesi leaf 
extract at concentrations of 1%, 2%, 3%, 4%, 5% against C. magnum fungus; B. Inhibitory power of 
trembesi leaf extract at concentrations of 6%, 7%, 8%, 9%, and 10% against C. magnum fungus; C. The 
inhibitory power of crude extract of trembesi leaves or the assumption of 100%, at a concentration of 0% 
or negative control (K-) and positive control (K+), against the fungus C. magnum.

A B C
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increasing their inhibitory effect on microbial growth.

Determination of the Effective Concentration of 
Trembesi Leaf Extract Against C. magnum. trembesi 
leaf extract at concentrations of 1%, 2%, 3%, 4%, 
5% and the positive control significantly inhibited C. 
magnum growth compared to the negative control. 
The 1% concentration produced an inhibition zone of 
12 mm, while the 5% concentration gave the highest 
inhibitory power at 19.62 mm. Beyond this point, 
inhibitory activity declined as concentration increased 
(Table 2, Figure 5 and 6).

Table 3 shows that inhibition generally 
increased with concentration up to 5%, then decreased. 
According to Bibiana (1994), an effective antimicrobial  
concentration is one that shows inhibitory power at a 
low dose and killing power at higher doses. Duncan’s 
test indicated that 5% trembesi leaf extract showed 
significantly higher inhibition than the negative control 
and concentrations of 1%, 2%, 3%, 4%, 6%, 7%, 
8%, and 9%, but was not significantly different from 
the 10% concentration or the positive control. This 
suggests that 5% is the optimal effective concentration. 

Tiana et al. (2016) also noted that maximum 
effectiveness does not always correspond to the highest 
concentration. Increasing extract concentration may 
alter the medium’s pH, influencing the diffusion and 
bioactivity of compounds (Athaillah & Sugesti, 2020). 
Apart from that, if the concentration of the extract 
being tested exceeds a certain limit, there will be a 
decrease in the inhibition zone (Henaulu & Kaihena, 
2020). High concentrations may result in decreased 
inhibition due to poor diffusion caused by increased 
molecular density (Allo, 2016). Conversely, lower 
concentrations allow better diffusion into the medium 
(Tiana et al., 2016).

LC50 Test of Trembesi Leaf Extract Against C. 
magnum. Colony diameter was measured on the 20th 
day of incubation. The  LC50 value was found to be 
0.32%. A higher concentration of trembesi extract 
corresponded to greater inhibition of fungal colony 
growth, based on the regression equation y = 153.18x 
+ 0.375 with R2 = 0.9398 (Figure 7).

This regression curve shows that the methanol 
extract of Trembesi leaves had an LC₅₀ value of 0.32%. 

Compound name Visual changes Results
Fenol yellow   blackish purple Positive
Tanin A blackish green color forms Positive

Flavonoid yellow   red Positive
Steroid/Terpenoid A greenish color forms Positive for Steroids

A reddish color form Positive for Terpenoids
Alkaloid A white precipitate is formed Positive

A brown precipitate forms Positive
Saponin Forms stable foam Positive

Table 3. Results of phytochemical screening of the methanol extract of trembesi leaves

Figure 7. Regression curve of the LC50 concentration of trembesi leaf extract on the percentage of growth inhibition 
of the fungus C. magnum.
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No inhibition was observed in the negative control 
(methanol only), indicating that the antifungal activity 
was due to the active compounds in the extract.

Phytochemical Screening. The methanol extract of 
trembesi leaves inhibited the growth of Colletotrichum 
magnum due to the presence of multiple bioactive 
phytochemicals. Phytochemical screening confirmed 
the presence of phenols, tannins, flavonoids, steroids, 
terpenoids, alkaloids, and saponins (Table 3). The 
diversity of these compounds is significant because 
each group contributes to antifungal activity through 
distinct biochemical mechanisms, making trembesi 
extract a complex and potentially potent botanical 
fungicide.

Tannins, steroids, terpenoids, and saponins 
disrupt cell membranes due to their lipophilic 
properties, leading to leakage of intracellular materials 
(Utami et al., 2022; Lutfiyanti et al., 2012). Tannins 
specifically interfere with iron chelation, oxidative 
phosphorylation, and enzymatic activity (Das 
& Goswami, 2019). Saponins destabilize fungal 
lipid membranes, while flavonoids inhibit conidial 
germination and fungal cell wall synthesis (Ningsih et 
al., 2023; Purbasari et al., 2023; Chatri et al., 2022), 
causing membrane depolarization, K⁺ leakage, and 
eventual cell death (Al Aboody & Mickymaray, 2020). 
Alkaloids interfere with DNA and RNA synthesis, 
inhibit protein and phospholipid formation, disrupt 
respiration, and ultimately cause irreversible cell 
damage (Komala et al., 2020; Utami et al., 2022; 
Sulistyawati et al., 2019).

The present findings are novel because previous 
studies on trembesi largely focused on its inhibitory 
effects against general Colletotrichum spp. (Pinem 
et al., 2023) or other pathogens such as Fusarium 
solani in dragon fruit (Rita et al., 2013). In contrast, 
this study provides the first report of trembesi leaf 
extract effectively inhibiting C. magnum, the causal 
agent of papaya anthracnose, while also confirming 
its phytochemical composition and discussing the 
mechanistic basis of its antifungal activity. Notably, 
at a concentration of 50%, trembesi extract produced 
an inhibition zone of 19.4 mm, which falls into the 
strong inhibition category. Increasing concentrations 
further enhanced inhibitory activity, suggesting dose-
dependent antifungal potential.

Research on botanical fungicides such as 
trembesi is highly relevant for sustainable agriculture, 
as plant-derived antifungals are biodegradable, 
environmentally safe, and non-toxic to non-target 
organisms (Mir et al., 2023). However, challenges 

remain in field application, including the need for 
large quantities of extract, slower action compared 
with synthetic fungicides, and limited stability due to 
rapid degradation. To address these limitations, future 
studies should focus on (i) fractionating and identifying 
the specific active compounds, (ii) testing different 
solvents or synergistic combinations with other plant 
extracts to improve efficacy, and (iii) developing 
formulations that stabilize active compounds for field 
use.

Overall, this study advances the understanding 
of trembesi as a promising source of antifungal 
metabolites with strong potential to be developed 
into botanical fungicides for papaya anthracnose 
management. By providing mechanistic insights 
and highlighting practical challenges, our work lays 
the foundation for translating laboratory results into 
field-ready applications that align with the goals of 
sustainable and environmentally friendly agriculture.

CONCLUSION

A 5% concentration of trembesi leaf extract 
is effective in inhibiting the growth of C. magnum, 
producing an inhibition zone with a diameter of 19.62 
mm. The minimum inhibitory concentration (MIC) of 
the methanol extract of trembesi leaves is 0.3%, with 
an inhibition zone of 9.37 mm. The LC₅₀ value of the 
methanol extract is 0.32%. The methanol extract of 
trembesi leaves contains phenols, tannins, steroids, 
terpenoids, alkaloids, flavonoids, and saponins.
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