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Abstract 

 

This study aimed to isolate and characterize β-sitosterol from the marine hydroid Aglaophenia cupressina 

Lamoureoux and evaluate its antibacterial and antifungal activities against Xanthomonas campestris and Fusarium 

oxysporum. β-Sitosterol was extracted, purified, and identified using spectroscopic techniques, including infrared 

and nuclear magnetic resonance spectroscopy. Antimicrobial activity was assessed through agar diffusion method 

to determine its inhibitory effects on bacterial and fungal growth at varying concentrations. β-sitosterol is a 

crystalline compound, with a melting point of 138-139°C, consistent with the reported range for pure β-sitosterol, 

indicating high purity. Infrared (IR) spectroscopy revealed key functional groups, including a hydroxyl group at 3433 

cm⁻¹, C-O stretching at 1050 cm⁻¹, and aliphatic hydrocarbon chain vibrations at 2956, 2938, and 2869 cm⁻¹. The 

C=C stretching at 1634 cm⁻¹ and C-H bending at 1465 cm⁻¹ confirmed its unsaturated sterol structure. ¹H NMR 

spectroscopy further confirmed the structure with characteristic methyl and olefinic proton signals. The 

antibacterial activity of β-sitosterol against Xanthomonas campestris showed a concentration- and time-dependent 

effect, with the highest efficacy observed at 60 ppm, demonstrating potential as a natural antibacterial agent. 

Additionally, its antifungal activity against Fusarium oxysporum revealed both fungistatic and fungicidal effects, 

with lower concentrations exhibiting fungistatic behavior and higher concentrations displaying fungicidal activity, 

thereby offering versatility for both fungal inhibition and eradication. This dual action, combined with its well-

characterized molecular structure, positions β-sitosterol as a promising candidate for further development as an 

antimicrobial compound. The findings underscore the accuracy of the identification process and highlight β-

sitosterol's potential in pharmaceutical and agricultural applications, particularly in combating bacterial and fungal 

infections. 
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Introduction 
 

Wilt rot disease is a major threat to vegetable 

crops, particularly mustard greens (Brassica juncea 

L.), due to its detrimental impact on yield and quality. 

This disease is caused by both the bacterium 

Xanthomonas campestris and the fungus Fusarium 

oxysporum, which infect plants through different 

mechanisms but ultimately lead to severe plant 

deterioration (Meena et al., 2021). Given the high 

economic losses associated with wilt rot disease, 

understanding its causative agents and developing 

effective control strategies are critical for sustainable 

agricultural production. X. campestris is a Gram-

negative bacterium characterized by its round, yellow, 

mucoid, convex, and shiny colonies (Chen et al., 

2022). The bacterium enters plant tissues through 

water pores (hydathodes, emissaria) located at the 

vascular bundle ends on leaf edges, leading to 

progressive leaf fall, dryness, and eventual wet rot, 

accompanied by an unpleasant odor. Meanwhile, F. 

oxysporum colonizes the plant’s vascular system and 

basal tissues, forming a dense network of white 

mycelial threads that contribute to bark decay (de 

Lamo and Takken, 2020). This fungal pathogen is 

highly persistent in soil, capable of surviving in the 

form of mycelium, microconidia, macroconidia, and 

chlamydospores, even in the absence of a host plant 
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(Hassan, 2020; Ullah et al., 2021; Gwinn et al., 

2022). Infected plants exhibit yellowing of leaf veins, 

followed by progressive wilting and eventual plant 

death (Soleha et al., 2022). Under favorable 

environmental conditions, F. oxysporum can cause 

losses of up to 80%, making its management 

particularly challenging (Sampaio et al., 2020). 

 

To mitigate the adverse effects of wilt rot 

disease, farmers have traditionally relied on synthetic 

pesticides. However, the indiscriminate and 

excessive use of chemical pesticides has led to 

increasing concerns over food safety, environmental 

contamination, and the emergence of resistant 

pathogen strains (Hassaan and El Nemr, 2020; Naidu 

et al., 2021). Studies have shown that prolonged 

application of fungicides in postharvest treatment 

has contributed to pathogen resistance, raising public 

awareness of the risks associated with chemical-

based disease management (Zubrod et al., 2019; 

Steinberg and Gurr, 2020). As a result, there is a 

growing need for safer and more sustainable 

alternatives to control wilt rot disease effectively. One 

promising approach is the use of biological control 

methods, which leverage natural bioactive 

compounds to suppress plant pathogens. 

Postharvest pathogen management strategies aim to 

minimize disease incidence, reduce inoculum 

presence, and eradicate infections to extend the shelf 

life of vegetables and fruits (Morales-Cedeño et al., 

2020). In this context, recent research has focused 

on marine-derived bioactive compounds due to their 

rich biodiversity and potential antimicrobial 

properties (Rahim et al., 2021). 

 

Among these bioactive compounds, β-

sitosterol, a naturally occurring phytosterol, has 

gained attention for its potent antimicrobial and 

antifungal properties. Isolated from the marine 

hydroid A. cupressina L., β-sitosterol has been 

reported to exhibit significant inhibitory effects 

against X. campestris and F. oxysporum, two major 

phytopathogens responsible for causing wilt rot 

disease in economically important crops. The 

antimicrobial mechanism of β-sitosterol is linked to its 

ability to disrupt the structural integrity of microbial 

cell membranes, leading to increased permeability, 

leakage of intracellular components, and eventual 

cell lysis. Additionally, β-sitosterol is believed to 

interfere with key metabolic pathways by inhibiting 

ergosterol biosynthesis in fungal pathogens, thereby 

impairing membrane fluidity and function. The 

efficacy of β-sitosterol against these pathogens 

highlights its potential as a biopesticide that could 

mitigate the negative consequences of synthetic 

fungicide overuse, such as pathogen resistance and 

environmental contamination. Given its natural origin 

and broad-spectrum activity, β-sitosterol represents a 

promising candidate for integration into sustainable 

plant disease management programs, aligning with 

the global push toward eco-friendly agricultural 

practices (Moosavi et al., 2020; Luhata et al., 2021; 

Anwar et al., 2022). Further research into the 

formulation, stability, and application methods of β-

sitosterol-based treatments could enhance its 

practical utility in commercial agriculture, offering a 

viable alternative to conventional chemical 

pesticides. 

 

Materials and Methods 
 

Extraction, partition, and isolation of β-sitosterol 

compound 

 

Initially, Hydroid A. cupressina L. was cleaned 

from the substrate and washed with water until clean. 

Maceration was performed three times with methanol 

for 24 h 3 times, followed by filtration and 

evaporation to obtain thick macerate. Furthermore, 

the liquid-liquid partition (1:1) with n-hexane was 

performed where the filtrate layer was evaporated to 

obtain a thick extract and pure compounds. This 

process was continued in the vacuum 

chromatography and press chromatography column. 

Subsequently, analysis was carried out by thin-layer 

chromatography and melting point measurements 

compared to sample of β-sitosterol compounds 

(Johannes et al., 2013). Structural analysis was 

performed using IR and NMR spectrophotometer at 

500.1 MHz (1H) and 125.7 MHz (13C). The structural 

characterization of β-sitosterol was performed using 

infrared (IR) and nuclear magnetic resonance (NMR) 

spectroscopy. IR spectra were recorded using a 

Fourier Transform Infrared Spectrophotometer (FTIR) 

in the range of 4000-400 cm⁻¹ to identify functional 

groups present in the compound. The spectra were 

analyzed based on characteristic absorption peaks 

corresponding to various functional groups. NMR 

analysis was conducted using a high-resolution NMR 

spectrometer at 500.1 MHz for proton (¹H) and 125.7 

MHz for carbon (¹³C) nuclei. ¹H-NMR and ¹³C-

NMR spectra were recorded in deuterated solvents, 

with chemical shifts (δ) reported in parts per million 

(ppm) relative to tetramethylsilane (TMS) as an 

internal standard. The ¹H-NMR spectrum provided 

insights into the hydrogen environments within the 

molecule, including signal multiplicity, coupling 

constants, and chemical shift values. The ¹³C-

NMR spectrum revealed the carbon skeleton, 

enabling the identification of different carbon types 

(e.g., primary, secondary, tertiary, and quaternary 

carbons). Additionally, two-dimensional NMR 

techniques such as heteronuclear single quantum 

coherence (HSQC) and heteronuclear multiple bond 

correlation (HMBC) were employed to elucidate 

connectivity between carbon and hydrogen atoms, 

confirming the structural integrity of β-sitosterol (Uttu 

et al., 2023; Gomathi et al., 2024). 
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Antibacterial activity of β-sitosterol compound 

 

Antibacterial activity was carried out on X. 

campestris InaCC B1449 using the agar diffusion 

method. Muller Hinton Agar (MHA) medium was 

poured into a petri dish aseptically and 10 mL of MHA 

containing the tested bacterial suspension was 

poured into a petri dish. The bacterial suspension was 

adjusted to an OD600 of 0.8–1.0, and 75 µL of this 

suspension was added to the medium before 

solidification. The reservoir was removed to form a 

well for the test solution. β-Sitosterol solution (50 µL) 

at three different concentrations (20, 40, and 60 

ppm) was added to each well, carried out in duplicate, 

and then incubated at 37OC for 24 and 48 h. 

Ciprofloxacin (5 µg) and distilled water were used as 

positive and negative controls, respectively. 

Observations were made by measuring the diameter 

of the inhibition of bacterial growth around the wells 

using a caliper. 

 

Antifungal activity of β-sitosterol compound 

 

The antifungal activity was performed on the 

test fungus F. oxysporum InaCC F641 using the agar 

diffusion method. Sabouraud dextrose agar (SDA) 

medium was aseptically poured into a petri dish and 

allowed to solidify as a base layer or "based layer.” A 

total of 1 mL of each test mushroom suspension was 

added to 10 mL of SDA medium, homogenized, and 

poured over the base layer, and semi-solid was left as 

the seed layer. Subsequently, five trays were placed 

with an inner diameter of 6 mm, an outer diameter of 

8 mm, and a height of 10 mm at 2–3 cm from the 

edge of a petri dish and left at room temperature. β-

Sitosterol solution (50 µL) at three different 

concentrations (20, 40, and 60 ppm) was added to 

each well, carried out in duplicate, and incubated at 

37OC for 48 h and 72 h. Ketoconazole at 

a concentration of 2% was applied as a positive 

control and negative control using distilled water. 

Observations were made by measuring the diameter 

of inhibition of fungus growth around the enclosure 

using a caliper. 

 

SEM morphology analysis of β-sitosterol effect 

against cell damage of Xanthomonas campestris 

InaCC B1449 and Fusarium oxysporum InaCC F641 

 

Analysis of damage to cell morphology was 

carried out to determine changes in cell morphology 

and structure caused by β-sitosterol in X. campestris 

InaCC B1449 and F. oxysporum InaCC F641. 

Changes in the cell appearance and wall thickness 

were also observed by SEM. The bacterium and 

fungus cell suspensions treated with β-sitosterol (60 

ppm) were incubated for 24 h in a shaker incubator 

at 150 rpm and 37OC. This was followed by 

centrifugation at 3,500 rpm for 15 min, the pellet was 

fixed with 2.5% glutaraldehyde (0.1 M sodium 

cacodylate buffer pH 7.2) and allowed to stand for 1.5 

h. The sample obtained was washed with cacodilat 

buffer (0.05M, pH 7.2) for 20 min. Cell was fixed with 

1% osmium tetraoxide in 0.05% cacodylate buffer (pH 

7.2) for 1-2 min, washed with ddH2O for 2 min, and 

hydrated with ethanol at various concentrations (25, 

50, 75, and 100%) for 10 min each. The sample was 

passed through a 0.2 µm membrane, glued to 

aluminum stubs, and coated with gold through a 

vacuum process (6-7 Pa) for 20 min. Further 

observation was carried out using a Scanning 

Electron Microscope (SEM, JEOL 5310) at 3000X 

magnification. 

 

Data analysis 

 

The data was tested using one-way Analysis of 

variance (ANOVA), and IBM SPSS 25 with a 5% 

confidence interval. 

 

Result and Discussion 
 

Identification of β-sitosterol compound 

 

β-sitosterol compound was in the form of white 

(clear) crystals with a melting point of 138-139OC. The 

IR spectrum (KBr) showed absorption at 3433 cm-1, 

suggesting the presence of hydroxyl groups 

supported by peak at 1050 cm-1 which represented 

C-O. Absorption at 2956, 2938, and 2869 cm-1 were 

obtained from methyl and methylene, while 1634 cm-

1 came from C=C stretching, showing the presence of 

olefin groups, and C-H bending appeared at 1465 cm-

1. The IR spectrum (KBr) showed absorption at 3433 

cm-1, indicating the presence of hydroxyl groups 

supported by peak at 1050 cm-1 which represented 

C-O. Absorption at 2956, 2938, and 2869 cm-1 was 

from methyl and methylene, while 1634 cm-1 

originated from C=C stretching, showing the presence 

of olefin groups, and C-H bending appeared at 1465 

cm-1. 

 

The 1H NMR spectrum showed the presence of 

2 methyl groups with singlet multiplicity at δH 0.67 

(3H,s) and 1.00 ppm (3H,s). There were 4 methyl 

groups with signals at δH 0.80 (3H, d, J= 6 .7) 0.82 

(3H, d, J= 6.7), 0.83 (3H, t, J= 6.7), and 0.91 ppm 

(3H, t, J= 6.1). COZY spectrum analysis showed a 1H-

1H environmental correlation between the proton 

signal at H 1.15 ppm (H-1) and H 1.84 ppm (H-2) with 

H 3.51 ppm (H-3), H 3.51 ppm (H-3) with H 14.2 ppm 

(H-4), and a proton signal on H 5.34 ppm (H-6) with 

(H-7). A significant correlation was observed between 

proton signal on H 1.98 ppm (H-7) and H 1.49 ppm 

(H-8), H 1.49 ppm (H-8) and H 0.91 ppm (H-9), H 1.48 

(H-11) and H 2.00 ppm (H-12), as well as H 1.49 ppm 

(H-8) and H 0.98 (H-14). Furthermore, proton signal 

on H 1.58 ppm (H-15) correlated with H 1.82 ppm (H-
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16), H 1.82 ppm (H-16) with H 1.07 ppm (H-17), H 

1.07 ppm (H-17) with H 1.34 ppm (H-20). COZY 

spectrum analysis also showed a 1H -1H 

environmental correlation between the proton signal 

at H 1.34 ppm (H-20), H 1.98 ppm (H-22), and 1.14 

ppm (H-23), H 1.14 ppm (H-23) and H 0.89 ppm (H-

24), H 0.89 ppm (H-24) and H 1.23 ppm (H-28), as 

well as H 1.23 (H-28) and H 0.83 ppm (H-29). Proton 

signal at H 0.89 ppm (H-24) and H 1.65 ppm (H-25) 

also correlated with H 0.80 ppm (H-27), H 1.65 ppm 

(H-25), and H 0.82 ppm (H-26). Based on the 

spectroscopic data, it was concluded that the 

compound was β-sitosterol (Figure 1 (b)), with the 

chemical formula (C29H50O) presented in Table 1. 

 

The study identified β-sitosterol as a white 

(clear) crystalline compound with a melting point of 

138-139OC, which is within the reported range for  

pure β-sitosterol. This melting point consistency 

suggests high purity and minimal impurities in the 

isolated compound. To confirm its molecular 

structure, infrared (IR) spectroscopy was employed, 

revealing key absorption peaks that correspond to 

specific functional groups. The broad absorption 

band at 3433 cm⁻¹ was indicative of the hydroxyl (-

OH) group, which is a distinguishing feature of sterols. 

This hydroxyl presence was further supported by a 

peak at 1050 cm⁻¹, representing the C-O stretching 

vibration, confirming the existence of an alcohol 

functional group in the molecular structure. 

Additionally, multiple absorption bands at 2956, 

2938, and 2869 cm⁻¹ were assigned to the 

stretching vibrations of methyl (-CH₃) and methylene 

(-CH₂) groups, which are characteristic of the long 

aliphatic hydrocarbon chains present in β-sitosterol. 

Further structural confirmation was provided by the 

 
 

Table 1. The result of 1H-NMR and 13C-NMR of β-Sitosterol compound. 

 

No 1H-NMR δH: ppm (multiplisitas, Ј dlm HZ) ẟC (ppm) HMBC 

1 

 

1,15 (2H,dt, J=11,0 ; 3, 65 Hz) 

1,08 (1H,m) 
37,3 5, 10, 9 

2 

 

1,84 (1H,m) 

1,54 (1H,m) 
31,7 3, 4 

3 3,51 (1H,m) 140,8 - 

4 

 

2,28 (1H,m) 

2,22 (1H,m) 
42,4 3, 5 

5 3,51 (1H,m) 71,9 - 

6 5,34 (3H,d, J= 4,90 Hz) 121,8 7 

7 

 

1,98 (1H,m) 

1,94 (1H, m) 
32,0 8, 24 

8 1,49 (1H,m) 32,0 8, 14 

9 0,91 (1H,m) 50,2 10 

10 - 36,2 - 

11 1,48 (2H, m) 21,2 8, 9, 12 

12 

 
2,00 (1H,m) 39,8 - 

13 - 42,4 - 

14 098 (1H,m) 56,8 8, 13 

15 

 
1,58 (1H,m) 24,4 8, 14 

16 1,82 (1H,m) 28,4 - 

17 1,07 (1H,m) 56,1 13, 16 

18 0,67 (3H, s) 121,1 12, 13, 14, 17 

19 1,00 (3H, s) 19,1 5, 9, 10 

20 1,34 (1H,m) 36,6 - 

21 0,91 (3H, d, J= 6,1Hz) 18,9 17, 20, 22 

22 

 
1,98 (1H,m) 34,0 27, 20, 23 

23 1,14(2H, m) 26,1 - 

24 0,89 45,9 - 

25 

 
1,65 (1H,m) 29,2 24 

26 0,82 (3H,d, J= 6,7Hz) 19,9 24, 25 

27 0,80 (3H, d, J= 6,7Hz) 19,5 24, 25 

28 1,23 (2H,m) 23,1 23, 24, 29 

29 0,83 (3H,t,J= 6,7 Hz) 12,0 - 
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(a) (b) 

 

Figure 1. (a) The IR spectrum for β-sitosterol compound; (b) Chemical structure of β-sitosterol (Johannes, 2008). 

 

 

absorption peak at 1634 cm⁻¹, which was attributed 

to C=C stretching, indicating the presence of an 

olefinic (alkene) functional group within the sterol 

skeleton. This feature is consistent with the 

unsaturated sterol structure of β-sitosterol. 

Additionally, the peak at 1465 cm⁻¹ was identified as 

C-H bending, which is commonly associated with 

aliphatic hydrocarbon frameworks. These spectral 

characteristics, in combination with the observed 

physical properties, provide strong evidence that the 

isolated compound is β-sitosterol. This confirmation 

is significant, as β-sitosterol is a well-known 

phytosterol with various pharmacological 

applications, including cholesterol-lowering effects, 

anti-inflammatory properties, and potential 

anticancer activity. The study’s findings reinforce the 

accuracy of the identification process and validate 

the compound’s structural integrity through multiple 

analytical techniques (Erdagi et al., 2022; Miya et al., 

2023; Oladipupo et al., 2023; El-Ayouty et al., 2024). 

 

The identification of β-sitosterol is based on 

the principles of IR and ¹H NMR spectroscopy, both of 

which provide valuable structural information by 

analyzing molecular vibrations and proton 

environments. Infrared (IR) spectroscopy involves the 

absorption of infrared radiation by molecular bonds, 

causing them to vibrate at specific frequencies. 

The broad absorption at 3433 cm⁻¹ indicates the 

presence of a hydroxyl group (-OH), typical of alcohols, 

due to O-H stretching, which is often broadened by 

hydrogen bonding. The peak at 1050 

cm⁻¹ corresponds to C-O stretching, confirming the 

alcohol functionality. The peaks at 2956, 2938, and 

2869 cm⁻¹ are attributed to C-H stretching in methyl 

(-CH₃) and methylene (-CH₂) groups, which are part of 

the sterol’s hydrocarbon backbone. The absorption 

at 1634 cm⁻¹is due to C=C stretching, confirming the 

presence of an unsaturated bond in the sterol ring 

system. Additionally, C-H bending at 1465 

cm⁻¹ suggests the presence of aliphatic groups, 

which are common in sterols. ¹H NMR 

spectroscopy provides detailed information about 

proton environments based on their chemical shifts 

(δH), which reflect the electronic environment around 

the protons. The singlet peaks at δH 0.67 and 1.00 

ppm are indicative of non-coupled methyl groups. 

Additional methyl signals at δH 0.80, 0.82, 0.83, and 

0.91 ppm show coupling patterns typical of sterol 

structures, with J-couplings suggesting the presence 

of adjacent hydrogens. The olefinic proton at δH 5.34 

ppm confirms the C=C bond, characteristic of 

sterols. ¹H-¹H COSY correlations further support the 

connectivity between protons in the sterol ring and 

the aliphatic side chain, with couplings such as H-1 

(1.15 ppm) with H-2 (1.84 ppm) and H-6 (5.34 ppm) 

with H-7 (1.98 ppm) confirming the sterol structure. 

These combined spectral features conclusively 

identify β-sitosterol as a hydroxylated sterol with a 

double bond and a long hydrocarbon chain (Miya et 

al., 2023; El-Ayouty et al., 2024; Shekwa, 2022; 

Alharbi et al., 2024). 

 
Antimicrobial activity of β-sitosterol compound 

against Xanthomonas campestris InaCC B1449 

 

The results of antibacterial activity of β-

sitosterol against X. campestris InaCC B1449 are 

shown in Table 2. Antibacterial activity showed the 

largest average of inhibition zone diameter with 24 h 

incubation at a concentration of 60 ppm (21.55 mm), 

which increased to 22.30 mm at 48 h.  
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Table 2. Antimicrobial activity of β-sitosterol compound isolated from Hydroid A. cupressina L. against Xanthomonas campestris 

InaCC B1449. 

 

Concentration 

Average of Inhibition Zone Diameter (mm) 

Xanthomonas campestris 

24 h 48 h 

β-sitosterol 20 ppm 12.40b 15.50b 

β-sitosterol 40 ppm 19.30c 20.40d 

β-sitosterol 60 ppm 21.55e 22.30e 

Ciprofloxacin (positive control) 20.30d 20.00c 

Distilled water (negative control) 00,00a 00,00a 

 

 
Table 3. The result of antifungal activity of β-sitosterol compound isolated from Hydroid A. cupressina L. against Fusarium 

oxysporum InaCC F641. 

 

Concentration 

Average of Inhibition Zone Diameter (mm) 

Fusarium oxysporum 

48 h 72 h 

β-sitosterol 20 ppm 11.20b 10.50b 

β-sitosterol 40 ppm 18.30c 19.15c 

β-sitosterol 60 ppm 20.43e 21.56d 

Ketoconazole (positive control) 20.30d 21.50d 

Distilled water (negative control) 00.00a 00.00a 

 

 

Meanwhile, inhibition zone diameter formed at 24 h 

of incubation was 19.30 mm which increased to 

20.40 mm at 40 ppm after 48 h. At a concentration 

of 20 ppm with an incubation period of 24 h, it was 

12.40 mm and increased to 15.50 mm after 48 h. 

The positive control (ciprofloxacin) produced a higher 

inhibition zone diameter than the 20 and 40 ppm β-

sitosterol concentrations but lower than the 60 ppm 

treatment. However, distilled water used as a 

negative control did not produce an inhibition zone 

diameter. 

 

The antibacterial activity of β-sitosterol against 

X. campestris InaCC B1449 revealed a concentration-

dependent and time-dependent pattern, with the 

highest efficacy observed at the 60 ppm 

concentration. After 24 h of incubation, the inhibition 

zone diameter at this concentration was 21.55 mm, 

and it increased slightly to 22.30 mm after 48 h, 

indicating that the antibacterial effect of β-

sitosterol becomes more pronounced with extended 

exposure. This suggests that the compound exerts a 

cumulative antimicrobial effect, where prolonged 

incubation allows for more interaction between β-

sitosterol and the bacterial cells, thereby enhancing 

its ability to inhibit bacterial growth. At 40 ppm, the 

inhibition zone was 19.30 mm after 24 h and 20.40 

mm after 48 h, demonstrating a moderate 

antibacterial activity. The increase in inhibition zone 

size over time, although less pronounced than the 60 

ppm treatment, still suggests that β-sitosterol has a 

dose-dependent effect. At 20 ppm, the inhibition 

zone at 24 h was smaller, measuring 12.40 mm, but 

it increased to 15.50 mm at 48 h, indicating that 

even at lower concentrations, β-sitosterol has the 

ability to inhibit bacterial growth, though its 

effectiveness is less compared to the higher 

concentrations. When compared to the positive 

control (ciprofloxacin), which is a synthetic 

antibiotic, β-sitosterol at 60 ppm showed a larger 

inhibition zone than the 20 ppm and 40 

ppm concentrations, but it was smaller than the 

inhibition zone produced by ciprofloxacin. This 

indicates that β-sitosterol possesses strong 

antibacterial properties, although its activity is not as 

potent as the antibiotic. The negative control (distilled 

water) did not produce any inhibition zone, confirming 

that the observed antibacterial effects were due to 

the presence of β-sitosterol and not an experimental 

artifact. The results suggest that β-sitosterol can act 

as a natural antibacterial agent, with its effectiveness 

increasing at higher concentrations and longer 

exposure times, making it a promising candidate for 

further development as an antimicrobial compound 

(Anwar et al., 2022; Ibrahim and Abdul-Hafeez, 2023; 

Rossi et al., 2023; Reveglia et al., 2024). 

 

Antifungal activity of β-sitosterol compound against 

Fusarium oxysporum InaCC F641 

 

As presented in Table 3, β-sitosterol compound 

showed antifungal activity against F. oxysporum 

InaCC F641. The best inhibition zone diameter of 

20.43 mm and 21.56 mm was obtained at a 

concentration of 60 ppm during 48 and 72 h of 

incubation, respectively. A concentration of 40 ppm 

showed inhibition zone diameter of 18.30 mm at 48 

h of incubation and increased by 19.15 mm at 72 h. 

Meanwhile, the concentration of 20 ppm showed a 

decrease in the size of the inhibition zone diameter 
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from 11.20 mm at 48 h to 10.50 mm at 72 h of 

incubation. Concentrations of 60 and 40 ppm showed 

fungicidal activity against F. oxysporum InaCC F641. 

As a positive control, Ketoconazole showed 20.30 

mm and 21.50 mm at 48 h and 72 h, respectively. 

However, the distilled water which served as negative 

control did not form an inhibition zone. The activity of 

β-sitosterol at 20 ppm against the fungus F. 

oxysporum InaCC F641 was fungistatic mechanism, 

characterized by a reduction in inhibition zone 

diameter after 72 h of incubation. The fungus cell wall 

was composed of chitin compounds, which only 

reacted with the structure outside the ring (CH2-OH). 

Since there was no damage to the backbone 

structure of chitin, this compound did not kill the 

growth of fungus cells but only acted as an inhibitor 

(Merzendorfer and Cohen 2019). This was shown by 

β-sitosterol at concentrations of 40 ppm and 60 ppm, 

which are fungicidal because there was an increase 

in inhibition zone after 48 h and 72 h of incubation. 

 

The antifungal activity of β-sitosterol against F. 

oxysporum InaCCF641 demonstrates both fungistatic 

and fungicidal effects, depending on the 

concentration and duration of exposure. At 

a concentration of 20 ppm, β-sitosterol displayed a 

reduction in the inhibition zone diameter from 11.20 

mm after 48 h to 10.50 mm after 72 h. This 

reduction suggests that at this lower concentration, β-

sitosterol acts in a fungistatic manner, meaning it 

inhibits the growth of the fungus but does not kill the 

cells. The inhibition is reversible, as evidenced by the 

decrease in the inhibition zone over time, which is 

characteristic of a fungistatic compound. 

The fungistatic effect is likely due to β-sitosterol's 

interaction with the fungal cell wall, which is primarily 

composed of chitin. Chitin is a long-chain polymer 

of N-acetylglucosamine that provides structural 

support to the fungal cell. By inhibiting the synthesis 

or modification of chitin, β-sitosterol prevents the 

fungus from growing or proliferating, but it does not 

destroy the cell’s structural integrity. This behavior 

aligns with findings from Merzendorfer and Cohen 

(2019), which highlighted that some compounds, 

including sterols like β-sitosterol, can inhibit fungal 

growth without causing damage to the fungal cell's 

backbone structure. The fungistatic activity of β-

sitosterol at lower concentrations makes it a viable 

option for inhibiting fungal growth in environments 

where the goal is to stop further fungal proliferation 

rather than completely eradicate the organism. On 

the other hand, at higher concentrations (40 ppm and 

60 ppm), β-sitosterol exhibited fungicidal activity, as 

demonstrated by the increasing inhibition zone 

diameters from 48 h to 72 h. At 40 ppm, the 

inhibition zone increased from 18.30 mm at 48 

h to 19.15 mm at 72 h, and at 60 ppm, the inhibition 

zone grew from 20.43 mm at 48 h to 21.56 

mm at 72 h, indicating a stronger, more lethal effect 

on the fungus over time. This increase in inhibition 

zone size over the incubation period is a 

characteristic feature of fungicidal activity, where the 

compound not only inhibits fungal growth but also 

actively kills the fungal cells. The increase in the 

inhibition zone diameter suggests that β-sitosterol at 

these higher concentrations has a profound effect on 

the fungal cell's integrity, potentially causing 

irreversible damage. The fungicidal mechanism of β-

sitosterol is likely due to its ability to disrupt 

the fungal cell membrane, which consists of lipid 

bilayers and sterols. By interacting with these 

membrane components, β-sitosterol may alter the 

membrane's fluidity, leading to permeabilization. This 

disruption allows the leakage of vital cellular 

components, causing cell death. Additionally, β-

sitosterol could induce oxidative stress, a known 

mechanism through which certain compounds 

damage cellular structures by generating reactive 

oxygen species (ROS). These ROS can damage lipids, 

proteins, and nucleic acids, leading to the complete 

breakdown of the fungal cell. The fungicidal 

properties of β-sitosterol at higher concentrations 

make it a potent antifungal agent capable of not only 

inhibiting fungal growth but also eradicating fungal 

cells, making it suitable for applications where fungal 

eradication is required. The dual nature of β-

sitosterol, acting as both fungistatic and fungicidal 

depending on concentration, positions it as a 

versatile compound for future use in antifungal 

treatments, especially when tailored to specific needs 

in different environments (Udasi et al., 2023; Toka et 

al., 2023; Naqvi et al., 2023; Muwanya et al., 2024). 

 

SEM morphology analysis of β-sitosterol effect 

against cell damage of Xanthomonas campestris 

InaCC B1449 and Fusarium oxysporum InaCC F641 

 

The antibacterial and antifungal activity tests 

were 60 ppm β-sitosterol was used to observe the 

effect of these compounds on X. campestris InaCC 

B1449 and F. oxysporum InaCC F641 using SEM. The 

results showed that the cell wall of the X. campestri 

InaCC B1449 was broken, as presented in Figure 2. 

Additionally, the cell wall of the fungus F. oxysporum 

InaCC F641 was damaged, leading to an irregular 

shape, as shown in Figure 3. 

 

B-sitosterol damages fungal and bacterial cells 

by disrupting membrane integrity, as shown in SEM 

images. In fungal cells, key indicators of damage 

include cell wall disruption, visible as cracks or 

surface irregularities, suggesting interference with 

chitin and glucan. SEM images also reveal cell 

shrinkage and deformation, where cells appear 

collapsed due to loss of turgor pressure, indicating 

increased membrane permeability. Pore formation  
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Figure 2. The result of SEM analysis of β-sitosterol effect against X. campestri InaCC B1449 (3000X magnification). 

 

 

 

 

Figure 3. SEM analysis of β-sitosterol effect against F. oxysporum InaCC F641 (3000X magnification). 

 

 

and cytoplasmic leakage are evident, as ruptured 

membranes release intracellular contents, leading to 

fungal lysis. In severe cases, aggregation of cellular 

debris is observed, marking complete structural 

breakdown. Similarly, bacterial cells exhibit irregular 

shape and surface roughness, with SEM images 

showing wrinkled textures, indicating compromised 

peptidoglycan layers. Another major sign 

is membrane blebbing and protrusions, where 

bulging structures emerge, reflecting stress-induced 

membrane instability. Some bacterial cells 

undergo fragmentation and lysis, as seen in ruptured 

membranes and dispersed cytoplasmic material, 

suggesting disrupted membrane potential and cell 

death. Additionally, bacterial cell aggregation is 

visible, likely due to altered membrane charge 

interactions. SEM images can highlight these damage 

markers with arrows, providing clear visual evidence 

of B-sitosterol’s antimicrobial mechanism. Overall, B-

sitosterol disrupts cell walls and membranes, leading 

to increased permeability, structural instability, and 

cell death. These findings support its potential as a 

natural antimicrobial agent, emphasizing the 

importance of SEM analysis in understanding its 
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effects on microbial cells (Saqib et al., 2022; 

Choudhary et al., 2022; Djearamane et al., 2022; Li 

et al., 2023). 

 

Conclusion 
 

This study identified β-sitosterol as a 

crystalline compound with significant antibacterial 

and antifungal activities. The IR and ¹H NMR spectra 

confirmed the presence of key functional groups such 

as hydroxyl, methyl, and olefinic bonds, characteristic 

of sterols. Antibacterial testing against X. campestris 

InaCC B1449 revealed a dose-dependent and time-

dependent effect, with the largest inhibition zone of 

21.55 mm at 60 ppm after 24 h, increasing to 22.30 

mm after 48 h. At 40 ppm, the inhibition zone grew 

from 19.30 mm to 20.40 mm, and at 20 ppm, the 

inhibition zone expanded from 12.40 mm to 15.50 

mm. In comparison, ciprofloxacin showed a larger 

inhibition zone than β-sitosterol at lower 

concentrations. Antifungal testing against F. 

oxysporum InaCC F641 showed fungistatic effects at 

20 ppm and fungicidal effects at 40 ppm and 60 

ppm, with the inhibition zone growing from 20.43 mm 

at 48 h to 21.56 mm at 72 h. These results 

demonstrate the potential of β-sitosterol as an 

effective antimicrobial agent. 
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