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1. Introduction
In the search for antimicrobial agents, researchers have 
increasingly turned their attention to natural sources 
owing to their diverse chemical compositions and 
potential therapeutic properties (Anand et al., 2019). One 
such source is corn silk, a bundle of long, silky, yellowish 
hairs found on top of corn fruits, also known as Zea mays 
hairs (Abirami et al., 2021). Corn silk is a traditional 
medicinal herb used in various countries, including China, 
the United States, France, and Türkiye (Hasanudin et al., 
2012). Utilized in traditional medicine, corn silk is known 
for its healing properties, particularly in the treatment of 
irritation and inflammation affecting the urinary bladder, 
prostate, and urinary system (Velazquez et al., 2005). It has 
been noted in various studies that corn silk has the ability 
to decrease hyperglycemia and inhibit the formation of 
immunoglobulin E by glycoproteins (El-Ghorab et al., 
2007; Abirami et al., 2021; Singh et al., 2022a). Furthermore, 

corn silk has been recognized for its antioxidant (Nawaz 
et al., 2019) and antimicrobial properties (Emmanuel et 
al., 2016; Abinaya, 2021; Mohammadi et al., 2023). Corn 
silk contains a large number of bioactive chemicals, such 
as steroids, volatile oils, and other naturally occurring 
antioxidants like flavonoids and polyphenols (Singh et 
al., 2022b). In recent years, scientists have focused on 
exploring antimicrobial potential through a bioassay-
guided extraction approach.

Bioassay-guided extraction is a powerful strategy 
for to identifying and isolating bioactive compounds 
from complex natural matrices (Najmi et al., 2022). 
This approach involves a series of steps combining 
biological testing and chemical analysis to pinpoint 
active compounds responsible for the bioactivity of 
interest (Xu et al., 2022). Upon identifying the bioactive 
fraction, researchers employed various chromatographic 
techniques, for example liquid chromatography (LC), high 
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performance liquid chromatography (HPLC), and thin-
layer chromatography (TLC), to further purify and isolate 
individual compounds. By progressively isolating and 
retesting the active fractions, researchers can narrow down 
the chemical constituents responsible for the antimicrobial 
activity observed (Afsar et al., 2022).

Corn silk contains more bound phenolic compounds 
than free phenolic compounds (Yang et al., 2019; Khan et 
al., 2023). A significant number of phenolic compounds 
exist in insoluble forms. Insoluble phenolic compounds 
covalently bind to cell wall components in plant cells 
(Zhang et al., 2020). In the present research, the utilization 
of bioassay-guided extraction demonstrated great 
potential for identifying antimicrobial compounds (such 
as stigmasterol (STG) and stigmasteryl-3β-arachidate) 
from bound crude extracts obtained from corn silk. These 
compounds have the ability to combat drug-resistant 
bacteria and various other microbial pathogens, offering 
promising prospects for further study and application.

The high moisture content and nutrient-rich nature of 
harvested fruits make them susceptible to attacks by plant 
pathogenic or opportunistic fungi (Rodrigues and Kakde, 
2019). To mitigate the risk of mycotoxin contamination, it 
is essential to control fungal growth in fresh fruits, crops, 
and vegetables. Chemical fungicides are commonly used 
to inhibit fungal growth both before and after harvesting 
(Davies et al., 2021). Uncontrolled and extensive 
fungicide use in agricultural contexts has been identified 

as a major causative factor in the evolution of pathogen 
populations resistant to these agents. Consequently, 
higher concentrations of these antifungals are required, 
resulting in the elevated presence of toxic residues in 
food items (Poloni et al., 2021). Additionally, certain 
fungicides compounds are nonbiodegradable, resulting 
in their accumulation in the water, soil, and plants. This 
accumulation leads to environmental contamination and, 
when consumed through the food chain, poses potential 
risks to human health (Hashimi et al., 2020). As a result 
of these adverse impacts, there is growing demand for the 
development of new, environmentally friendly alternatives 
that are safe, biodegradable, and economically sustainable.
Therefore, the aim of the present study was to investigate 
the antimicrobial attributes of free and bound crude extract 
through different solvents from corn silk. In preliminary 
screening, it was observed that the ethyl acetate bound 
extract of corn silk exhibited significant antimicrobial 
activity. Hence, the ethyl acetate extract was chosen for 
further antimicrobial activity. Through bioassay-guided 
methods, STG and stigmasteryl-3β-arachidate, with 
significant antimicrobial activity against phytopathogens, 
were isolated and identified through the application of 
nuclear magnetic resonance (NMR) spectroscopy and 
mass chromatography (Figure 1). Furthermore, STG was 
evaluated to control Fusarium verticillioides in cherry 
tomatoes, which could not only reduce losses caused by 
fungi, but also minimize the use of chemical fungicides.

Figure 1. Bioassay-guided method for extraction and fractionation of the crude corn silk extract.
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2. Materials and methods
2.1. Materials and reagents
Corn silk was purchased from the Xuanwu District’s 
WeiGang Farmers Market (Nanjing, China). Chemicals 
(analytical grade), including HCl, NaOH, chloroform, 
ethyl alcohol, methanol, n-butanol, ethyl acetate, 
cyclohexane, acetone, DPPH, ABTS, and ascorbic acid, 
were purchased from Sinopharm Chemical Reagent Co., 
Ltd. (Wuxi, China).
2.2. Preparation of corn silk extraction
Distilled water was utilized to wash the corn silk, which was 
then left to dry naturally at room temperature for 3 days. 
The dried material was subsequently ground uniformly 
using an electric grinder. The powdered dried material was 
passed through a sieve with a mesh size of 60. Six solvents, 
i.e. methanol, ethanol, ethyl acetate, water, n-hexane, and 
n-butanol, were utilized to extract the free compounds’ 
crude extract from 5 g of corn silk. To extract the bound 
compound crude extract, the leftover residue was digested 
with 2 mol/L NaOH for 150 min at room temperature 
using an electric plate with a magnetic stirrer and then 
neutralized with HCl. Six solvents, i.e. methanol, ethanol, 
ethyl acetate, water, n-hexane, and n-butanol, were utilized 
as extraction reagents. All extracts were screened for 
antimicrobial activity against a panel of microorganisms, 
and the extracts exhibiting significant activity were selected 
for further phytochemical separation, aiming to isolate 
bioactive compounds via bioassay-guided fractionation.
2.3. Isolation and purification of bioactive compound
Large-scale (900 g) digestion of corn silk was performed 
with 2 M NaOH for 1 day at room temperature after 
extracting the free crude extract for the purpose of 
isolating the active compound. The bound crude extract 
was extracted by ethyl acetate, dried, and separated into 
75 fractions by flash chromatography on vacuum silica gel, 
using stepwise gradient elution with petroleum ether and 
acetone (0:100 to 100:0). The fractions were analyzed by 
thin-layer chromatography (TLC) plates coated with silica 
gel GF254 (10–40 μM), using chloroform and methanol, 
and the fractions were mixed. The active fractions were 
obtained using a bioassay-guided method for further 
purification and isolation. Furthermore, these fractions 
were subjected to bioactivity evaluation at 1 mg/mL 
against six pathogenic microbes: namely Staphylococcus 
aureus (ATCC 25923), Escherichia coli (ATCC 25922), 
Mycobacterium smegmatis (CMCC 93321), Candida 
albicans (CMCC 98001), Fusarium verticillioides, and 
Botrytis cinerea. The combined fraction was separated 
by column chromatography with chloroform and 
methanol (100:0 to 0:100, v/v) as the eluents to obtain the 
subfractions. Identical fractions based on the TLC results 
were combined and concentrated under reduced pressure 
and tested for antimicrobial activity. The highly active 

fraction was subjected to chromatography on a Sephadex 
LH-20 gel column using a chloroform and methanol 
elution system (1:1, v/v), which resulted in the isolation 
of compounds 1 and 2. The purity of the compounds was 
confirmed through analytical HPLC. 
2.4. Microorganisms
The antimicrobial activity was tested on the free crude 
extract and bound crude extracts of the 20 strains. The 
selected pathogens were Staphylococcus aureus (ATCC 
25923), Mycobacterium smegmatis (CMCC 93321), 
Escherichia coli (ATCC 25922), Candida albicans (CMCC 
98001), Fusarium verticillioides, and Botrytis cinerea. 
2.5. Antibacterial activity
Agar well diffusion was utilized to evaluate the 
antimicrobial activity of both the free crude extract and 
bound crude extracts (Asghar et al., 2020). The bacterial 
strains were cultured in LB broth and incubated at 37 °C for 
24 h to assess their antibacterial activity. Corn silk extracts 
were dissolved in methanol at a concentration of 1 mg/
mL. Sterile solution of LB agar was prepared and spread 
onto the plates. The plates were then swabbed with the test 
organisms. Using a sterile cork borer, four wells of 6 mm 
were punched into solidified media. Each well was filled 
with 25 μL of 1 mg/mL corn silk extract. Subsequently, 
different corn silk extracts were added to each well. 
Methanol was employed as a control. The plates were then 
incubated at 37 °C overnight and examined for the presence 
of inhibition zones. The diameters of the inhibition zones 
(mm ± standard deviation) were measured to evaluate the 
efficacy of activity. Two repetitions of the procedure were 
conducted and the average values for antagonistic activity 
were documented.
2.6. Antifungal activity
The microorganisms used in the study were obtained from 
the microbiology stock culture kept at the Key Laboratory 
of Food Processing and Quality Control at Nanjing 
Agricultural University in Nanjing, China. The fungal 
strains were cultivated in PDA medium at 25 °C for 7 days. 
The spore suspension method with modifications was 
employed to measure antifungal activity (Mota et al., 2012). 
Scraping was performed to collect spores from each fungal 
plate, which were then transferred to a 5-mL tube filled 
with sterile water. The tube was vigorously vortexed for 5 
min and subsequently filtered through sterile cotton. This 
process allowed us to obtain a fungal suspension adjusted 
to a concentration of 1.0 × 106 CFU/mL. To evaluate the 
efficacy of the compound, a mycelial plug with a diameter 
of 6 mm was accurately placed at the center of the plates, 
previously inoculated with the fungus. Following an 
incubation period of 4 days at 28 °C, the experiments were 
performed in three repetitions. To determine the control 
efficacy, the measurements of the inhibition zones were 
recorded in millimeters. A secondary test to evaluate 
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antifungal activity was carried out using crude extracts, 
following the method described by Li et al. (2021) against 
the fungi. The mycelial growth inhibition rate (%) was 
estimated using the following formula:
Inhibition rate (%) = (d1- d2)/ x 100,
where d1 and d2 are the mean colony diameters of the 
control and treatment samples, respectively.
2.7. Determination of MIC, MBC, and MFC
A twofold broth microdilution technique was employed to 
determine the minimum inhibitory concentration (MIC), 
minimum fungicidal concentration (MFC), and minimum 
bactericidal concentration (MBC) of the extracts, active 
fractions, and compounds. The methodology was based on 
the guidelines established by the Clinical and Laboratory 
Standards Institute (2010) with changes made for this 
study. In summary, a 100-μL volume of each extract was 
added to each well of a 96-well plate. The plate contained 
either 100 μL of sterile PDB medium and a fungal spore 
suspension at 106 spores/mL or 100 μL of sterile LB medium 
and a bacterial suspension at 108 CFU/mL. Consequently, 
the plant extracts exhibited concentration ranges of 5–900 
μg/mL, while the isolated compounds and standard drugs 
displayed concentrations ranging from 0.5 to 70 μg/mL. 
The microplates were subjected to incubation for 24 h 
at 37 °C for bacteria and for 24 h at 30 °C for fungi. To 
determine the MIC, MBC, and MFC, a 10-μL volume from 
every well of the microplate was transferred onto suitable 
media (LA for bacteria; PDA for fungi) in a 16-cm petri 
dish. The dishes were then incubated at 37 °C for bacteria 
and at 30 °C for fungi for 24 h. After the incubation period, 
the MIC, MFC, and MBC values were assessed. Triplicate 
tests were conducted for each concentration of the extract.
2.8. Stability test
Comprehensive evaluation of the antifungal properties of 
STG involved subjecting it to a wide range of temperatures, 
varying intensities of ultraviolet (UV) light, and diverse pH 
conditions. The aim of this rigorous testing was to explore 
the effects of these factors on the ability of STG to inhibit 
fungal growth as described by Wang et al. (2020). Samples 
with identical concentrations of STG were exposed to 
various conditions including temperatures ranging from 
4 to 121 °C for 25 min, UV light intensity of 100 μW/cm 
for between 10 and 60 min, and pH levels ranging from 1 
to 11. To ensure accuracy, each treatment was performed 
three times and the inhibition rate (%) was determined 
using the formula
Inhibition rate (%) =(d1- d2)/ d1 x 100, 
where d1 and d2 are the mean colony diameters of the 
control sample and the treatment samples, respectively.
2.9. In vivo evaluation of STG on cherry tomatoes’ fruit 
decay
The procurement of ripe and fresh tomatoes without 
any defects was carried out at a local market in Nanjing 

City, China. Double disinfection of the tomato fruit was 
performed using a combination of 75% v/v ethanol and 
2% hydrogen peroxide. The fruit was then rinsed twice 
with water and left to air dry. Two concentrations of STG 
were selected: 1.5 mg/mL and 2.5 mg/mL. Using a sterile 
scalpel, a wound measuring 3 mm in diameter and 3 mm 
in depth was created on the cherry tomato fruit. After 
injection with 10 μL of STG, the wounds were allowed to 
air dry before being treated with 10 μL of suspension (2.0 
× 106 CFU mL–1) of Fusarium verticillioides. Subsequently, 
the samples were incubated for 9 days at 25 °C under 85%–
90% humidity conditions. Three tomatoes were utilized in 
each treatment group and the experiment was conducted 
in triplicate. The lesion area (mm2) was measured to 
evaluate the disease severity of the fruit during storage. 
The following formula was used to determine the control 
efficacy:
% Control efficacy = Ʃ (L1 - L2) / L1 x 100,
where L1 represents the mean lesion area observed in the 
control group and L2 represents the mean lesion area in 
the treatment group.
2.10. DPPH and ABTS antioxidant activity
The antioxidant activity of compounds 1 and 2 was 
calculated by measuring the decline in absorbance at 517 
nm of the ethanolic DPPH solution in the presence of 
STG. A DPPH radical scavenging assay was performed as 
explained by Rivero-Pérez et al. (2007). 
The experiment was performed three times. The 
antioxidant activity was expressed as 
DPPH Inhibition %= ,

where As is the absorbance of the DPPH radical solution 
blended with the compound/vitamin C, and A0 is the 
absorbance of the DPPH radical solution mixed with 
ethanol.
The ABTS assay of both compounds was estimated 
according to Mechqoq et al. (2022) with some variations. In 
the dark, different concentrations of purified compounds 
or reference substances (ascorbic acid) were added to 3 
mL of ABTS radical solution. The decrease in absorbance 
at 734 nm was measured. The standard curve was linear 
between 0 and 500 μM of ascorbic acid/mL. Each test was 
conducted in triplicate. The formula utilized to determine 
DPPH inhibition was also employed to compute ABTS 
percentage inhibition.

3. Results
3.1. Antimicrobial activity assay in vitro
3.1.1. Zones of inhibition exhibited by the free and bound 
crude extracts and active fraction 
Multiple microbial strains were screened to assess the 
antimicrobial activities of corn silk free and bound crude 
extracts obtained from various solvents. After screening, 
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three bacterial strains and three fungal strains were selected 
for further analysis. The degree of growth inhibition 
exerted by the crude extracts on the microorganisms tested 
is visually represented in Figure 2, which summarizes 
the results in terms of the inhibition zones. The bound 
crude extract exhibited significant activity against all 
microorganisms, showing promising results comparable 
to those of free crude extracts. Among the different solvent 
extracts studied, ethyl acetate, methanol, and ethanol 
showed the highest degree of inhibition, followed by water, 
n-hexane, and n-butanol extracts. The ethyl acetate extract 
showed the highest level of antibacterial and antifungal 
activities among all the microorganisms tested. The bound 
crude extract exhibited the largest zone of inhibition 
against M. smegmatis (Figure 2a), C. albicans (Figure 2b), 
and F. verticillioides (Figure 2c) (15.3 mm, 13.6 mm, and 
13.3 mm respectively), followed by B. cinerea (Figure 2d), 
E. coli (Figure 2e), and S. aureus (Figure 2f). In contrast, 
free crude extracts demonstrated a moderate level of 
antimicrobial activity against most of the microorganisms 
tested.

Among the nine fractions analyzed from the ethyl 
acetate bound crude extract of corn silk, fraction 4 
demonstrated the most substantial inhibition zones 
(ranging from 17.5 to 20 mm) against both bacteria and 
fungi, as presented in Table 1. Furthermore, compounds 
1 and 2 extracted from active fraction 4 showed good 
activity against both bacteria and fungi. 
3.1.2. Minimum inhibitory concentrations
The MIC, MBC, and MFC values for the ethyl acetate free 
and bound crude extract, active fraction, and isolated 

compounds from the corn silk against bacterial and fungal 
strains are presented in Table 2. The study demonstrated 
that MIC values below 1000 μg/mL exhibited notable 
antimicrobial activity (York et al., 2012; Madikizela et 
al., 2014). The free and bound crude extracts, as well as 
the active fraction, demonstrated a broad spectrum of 
antibacterial activity against a diverse array of strains. MIC 
values, ranging from 200 to 800 µg/mL, provided evidence 
of varying degrees of antimicrobial effectiveness. Among 
the fractions tested, the ethyl acetate fraction displayed 
the most potent antibacterial activity against the microbes 
examined in the study. The MIC values for this fraction 
ranged from 200 to 300 μg/mL. The isolated compounds 
exhibited potent antibacterial activity, as evidenced 
by MIC values ranging from 12 to 25 μg/mL against all 
bacterial strains tested. Specifically, the STG compound 
demonstrated exceptional antibacterial potency among 
the three bacterial strains examined, as indicated by its 
highly inhibitory effect with an MIC value of 12 μg/mL 
against M. smegmatis.

The corn silk free and bound crude extracts, as well as 
the fractions, demonstrated varying levels of antifungal 
activity, with MIC values ranging from 250 to 800 μg/
mL. Among the fungal strains tested, the partition 
fractions showed enhanced inhibitory activity against 
C. albicans compared with the crude extract, with MIC 
values ranging from 200 to 300 μg/mL. The ethyl acetate 
fraction displayed remarkable fungicidal activity against 
C. albicans, as evidenced by the most noteworthy MIC 
and MFC values of 200 μg/mL. The isolated compound 
STG exhibited significant fungistatic and fungicidal 

Figure 2. Antimicrobial activity detected by using different solvent extracts of corn silk (mean ± SE) against (a) M. 
smegmatis, (b) C. albicans, (c) F. verticillioides, (d) B. cinerea, (e) E. coli, and (f) S. aureus.
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effects against C. albicans, with an MIC value of 12 μg/
mL. Additionally, STG displayed notable antibacterial and 
antifungal potential, making it the most active compound 
overall.
3.1.3. Identification of isolated active compounds from 
the EA fraction
The 1H NMR and 13C NMR peaks of compounds 1 and 2 
are given in Figure 3. Compound 1 (STG) C29H48O, white 
crystals; EI-MS: m/z 413 [M+H]+. 1H NMR (400 MHz, 
chloroform-d) δ 5.35 (dt, J = 5.4, 1.9 Hz, 1H), 5.16 (dd, J = 
15.2, 8.5 Hz, 1H), 5.02 (dd, J = 15.1, 8.7 Hz, 1H), 3.58 (m, 
1H), (Figure 3a) 13C NMR (101 MHz, CDCl3) δ 140.77, 
138.31, 129.30, 121.71, 77.32, 77.00, 76.69, 71.82, 56.88, 
55.98, 51.25, 50.18, 42.33, 42.23, 40.48, 39.70, 38.16, 37.27, 
36.53, 31.91, 31.88, 31.68, 31.24, 29.70, 29.66, 29.36, 28.91, 
25.40, 24.37, 22.69, 21.21, 21.08, 19.40, 18.98, 14.10, 12.24, 
12.05, –0.02 (Figure 3b).

Compound 2 (stigmasteryl-3β-arachidate) was isolated 
as yellow crystals. It was determined to have the chemical 
formula C49H87O2, based on 1H and 13C NMR spectroscopy, 
and ESI-MS analysis was performed, which detected an [M 
+ H]+ ion with an m/z value of 707. 1H NMR (600 MHz, 
chloroform-d): δ 5.33 (m, 1H, H-6), 5.13 (dd, 1H, J = 9.0, 
9.0 Hz, H-22), 5.01 (dd, 1H, J = 9.0, 8.4 Hz, H-23), 3.51 (m, 
1H, W1/2 = 15.6 Hz, H-3a), 2.32 (t, 2H, J = 7.2 Hz, H2-2), 
1.02 (s, 3H, Me-19), 0.92 (d, 3H, J = 6.3 Hz, Me-21), 0.87 
(d, 3H, J = 6.2 Hz, Me-26), 0.85 (d, 3H, J = 6.2 Hz, Me-27), 
0.83 (t, 3H, J = 6.5 Hz, Me-20), 0.79 (t, 3H, 6.1 Hz, Me-
29), 0.67 (s, 3H, Me-18), 2.80–1.04 (m, 59 H, 26 × CH2, 7 
× CH) (Figure 3c). 13C NMR (151 MHz, CDCl3) δ 178.01, 
140.77, 138.34, 129.29, 121.75, 71.83, 56.78, 55.97, 51.25, 
50.14, 45.85, 43.13, 42.22, 40.50, 39.78, 39.69, 39.08, 37.26, 
36.51, 36.16, 33.75, 31.89, 31.47, 29.66, 29.60, 29.45, 29.37, 
29.32, 29.25, 29.16, 29.08, 29.05, 28.93, 28.67, 28.26, 26.08, 

Table 1. The antimicrobial activity of corn silk fractions, obtained through ethyl acetate-bound crude extract, expressed in 
millimeters of mean values.

Pathogenic microbes Fractions

F1 F2 F3 F4 F5 F6 F7 F8 F9

Staphylococcus 
aureus 0.00 0.00 0.80 18.5 15.6 10.5 14.7 9.0 13.8

Escherichia coli 0.00 0.00 0.85 18.0 14.8 9.0 9.0 0.00 10.5

Botrytis cinerea 0.00 0.00 0.75 17.5 13.3 0.00 13.5 13.7 0.00

Fusarium 
verticillioides 0.00 0.00 0.93 19.8 10.1 14.5 0.00 9.5 12

Candida albicans 0.00 0.00 0.86 20.0 9.0 0.00 12.5 8.5 0.00

Mycobacterium 
smegmatis 0.00 0.00 0.95 19.5 12.4 14.5 15.9 10.5 0.00

Table 2. Evaluation of antimicrobial concentrations (μg/mL) of CS extracts, active fraction, stigmasteryl-3β-arachidate, and stigmasterol.

Test organism
S. aureus E. coli M. smegmatis F. verticillioides C. albicans B. cinerea

MIC    MBC MIC   MBC MIC     MBC MIC      MFC MIC   MFC MIC   MFC

Free crude 
extract 800      850 700    800 650      700 800       900 600    650 700     750

Bound crude 
extract 600      650 500    550 300       350 700       750 250    300 500     500

Active fraction 300      300 250    300 250       300 300       500 200     250 250     300
Stigmasteryl-
3β-arachidate 25        30 20      25.5 25         30.5 40         50 20       25.5 ≥50   ≥50

Stigmasterol 20        20 15      20 12.5       15.5 25.5       30 12         14 ≥50   ≥50
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Figure 3. (a) 1H NMR (b) 13C NMR peaks of compound 1 (STG), (c) 1H NMR (d) 13C NMR peaks of compound 2 
(stigmasteryl-3β-arachidate).

25.41, 24.72, 24.31, 22.70, 21.22, 21.09, 19.40, 19.04, 18.98, 
18.90, 18.78, 14.12, 11.99, 11.87 (Figure 3d). The structures 
of both isolated compounds are given in Figure 4.
3.1.4. In vitro antimicrobial activity of STG
The antimicrobial activity of STG was highly promising 
against the microorganisms tested as shown in Figure 
5. The results revealed that even at microgram levels of 
concentration, STG displayed excellent antimicrobial 
activity against both bacteria and fungi, demonstrating a 
clear dose-dependent response as shown in Table 3. The 
comprehensive results obtained from our study clearly 
indicate that STG exhibits a smaller zone of inhibition 
against both S. aureus (Figure 5a) and C. albicans (Figure 
5b) when compared to the inhibition observed against 
M. smegmatis (Figure 5c) and E. coli (Figure 5d). STG 
exhibited remarkable effectiveness with the highest zones 
of inhibition observed against M. smegmatis and E. coli. 
Specifically, at a concentration of 1 mg/mL, the zones of 
inhibition measured 34.3 mm and 32.0 mm, respectively, 
indicating strong antimicrobial activity against these 
bacterial strains.

3.1.5. Stability of STG
The antifungal activity of STG against F. verticillioides 
was examined under different temperature, pH, UV, 
and concentrations (Figure 6). Interestingly, the 
results indicated that temperatures up to 65 °C did 
not significantly impact the antifungal activity of STG. 
However, a noticeable decrease in antifungal activity was 
observed when the temperature was raised to 75 °C or 
higher, although no significant difference was detected 
among the higher temperature ranges (Figure 6a). To 
summarize, the outcomes presented in Figure 6b indicate 
that STG maintains its antifungal activity regardless of 
pH variations within the range of 1 to 11. These findings 
highlighted the stability and efficacy of STG as an 
antifungal agent. The correlation between the duration of 
UV exposure and the gradual decrease in the inhibitory 
action of STG is represented in Figure 6c. The inhibitory 
effects of different concentrations of STG on the mycelial 
growth of F. verticillioides were examined and are depicted 
in Figure 6d. STG showed a strong inhibitory effect on F. 
verticillioides mycelial growth on PDA plates. Low levels of 
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Figure 4. Structures of compounds isolated from corn silk.

Table 3. Antimicrobial activity of stigmasterol from corn silk against bacterial pathogens.
Concentration mg/mL S. aureus E. coli M. smegmatis C. albicans
0.2 10.5 ± 0.2 11.4 ± 0.1 11.4 ± 0.2 11.5 ± 0.3
0.4 15.8 ± 0.3 17.7 ± 0.2 18.3 ± 0.2 17.5 ± 0.2
0.6 20.9 ± 0.3 23.5 ± 0.3 24.4 ± 0.1 22.6 ± 0.2
0.8 25.1 ± 0.4 28.6 ± 0.1 30.6 ± 0.1 25.8 ± 0.1
1.0 27.8 ± 0.4 32.0 ± 0.1 34.3 ± 0.2 28.5 ± 0.1

Figure 5. Zone of inhibition exhibited by STG at different concentrations (mg/
mL) against (a) S. aureus, (b) C. albicans, (c) M. smegmatis, and (d) E. coli.
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STG inhibited the growth of F. verticillioides mycelia, and 
the inhibition rate was 38% when the PDA plate contained 
0.5 mg/mL STG. The inhibition rate increased with 
increasing STG concentration. When the STG content 
reached 2.5 mg/mL, the inhibition rate was 62.3%.
3.2. In vivo STG protective efficacy against Fusarium 
verticillioides on cherry tomatoes
The inhibitory effects of STG on the decay of cherry 
tomato fruits caused by F. verticillioides were investigated 
(Figure 7) by artificially inoculating a spore suspension 
of the fungus with varying concentrations of STG. It was 
observed that the control group had the highest level of 
fruit decay after 3 days of infection (Figure 7a). After 9 
days of infection, clear indications of decay were observed 
on cherry tomatoes in all treatment groups. These signs 
were marked by the occurrence of white fungal lesions 
accompanied by indentations and the presence of fungal 
sporulation around the wound. At 9 days postinfection, 
all treatment groups exhibited a significant reduction 
in tomato fruit decay compared to the control group. 
However, 2.5 mg/mL STG only caused minor lesions at the 
point of application. The lesion areas of the control, 1.5 mg/
mL STG, and 2.5 mg/mL STG groups were 37 mm2, 14.8 
mm2, and 8.4 mm2, respectively (Figure 7b). The control 
efficacy rose with an increase in the concentration of the 
STG. The 2.5 mg/mL STG treatment group showed the 
maximum control efficacy of 80.31% on day 9, as shown in 
Figure 7c. These results demonstrate that STG significantly 
inhibited F. verticillioides and decreased tomato fruit decay.

3.3. Antioxidant activities of the isolated compounds
In the present study, we examined the influence of the 
isolated compounds STG and stigmasteryl-3β-arachidate 
obtained from corn silk on the ability to scavenge 
2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid 
(ABTS) assay radicals and DPPH. The determination of the 
antiradical power of the compounds involved calculations 
based on a calibration curve with an R value of 0.9872. The 
corresponding results are illustrated in Figure 8.

Both compounds exhibited dose-dependent 
enhancement in their ABTS (Figure 8a) and DPPH 
(Figure 8b) radical scavenging activity. The isolated 
compounds, known for their functional properties, 
demonstrated remarkable DPPH scavenging capability. 
At a concentration of 150 μM, the STG and stigmasteryl-
3β-arachidate displayed their highest antioxidant activity, 
exhibiting scavenging activity of 70.98% and 68.5%, 
respectively. In comparison, the standard ascorbic acid 
demonstrated activity of 88.7%. The reported values 
represent the mean of three replicate experiments, and the 
data are expressed as the mean ± SD. The ABTS assay is 
a widely utilized in vitro test for assessing the scavenging 
capacity of radicals. Nonetheless, in order to execute this 
method, it is essential to generate ABTS radicals, which 
can be readily achieved by conducting a reaction between 
ABTS salt and potassium persulfate. The ABTS radicals 
exhibit reactivity towards a wide range of antioxidant 
compounds. Among the compounds isolated, STG and 
stigmasteryl-3β-arachidate exhibited antioxidant activity 
at a concentration of 180 μM, with scavenging activities 
of 65.87% and 64.6%, respectively. In comparison, the 
standard ascorbic acid demonstrated activity of 85.02%.

Figure 6. The antifungal activity of STG, and stability evaluation. Stability of STG under several conditions: (a) temperature, 
(b) pH, (c) UV radiation, and (d) mycelial growth inhibition of Fusarium verticillioides with varying concentrations of 
STG.
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Figure 7. (a) Effect of different concentrations of STG and control (untreated) on postharvest tomatoes fruit disease 
induced by F. verticillioides infection, (b) lesion area of cherry tomato decay after treatment with different concentrations, 
(c) control efficacy of cherry tomato decay after treatment with different concentrations. 

Figure 8. (a) ABTS and (b) DPPH radical scavenging activity of control (ascorbic acid), STG, and stigmasteryl-3β-
arachidate.
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4. Discussion
Microbial resistance to antibiotics has been established 
to occur as a result of the excessive and inappropriate use 
of commercial antimicrobial drugs. This circumstance 
encouraged researchers to investigate new antimicrobial 
sources, particularly those with novel modes of action. 
An appealing approach is to screen plant-based drugs 
with a history of traditional use, which offers benefits 
such as lower costs, fewer side effects, and widespread 
availability (Ahmed, 2017). Corn silk is a Chinese herbal 
medication that has been used for centuries (Jia et al., 
2021). It has generally been used to treat edema (Jeong 
et al., 2017), gout, cystitis, nephritis (Sepehri et al., 
2011), and kidney stones (Saad et al., 2021). Moreover, 
it displays pharmacological activities such as antitumor 
(Tian et al., 2013), hypoglycemic (Singh et al., 2022b), 
antioxidant (Wang and Zhao, 2019), and antimicrobial 
properties (Emmanuel et al., 2016). The objective of the 
present study was to assess the antimicrobial efficacy of 
corn silk extracts, specifically the free and bound crude 
extracts obtained through different solvent extractions. 
Furthermore, we explored the antimicrobial activity of the 
subfractions derived from the bound crude extract. The 
free crude extracts displayed moderate inhibitory activity 
against the microorganisms examined. Interestingly, the 
bound crude extract exhibited a greater antimicrobial 
activity against the test panel compared to the free 
extract. Notably, the ethyl acetate extract emerged as the 
most potent among the corn silk extracts, displaying the 
highest zone of inhibition when compared to the methanol 
and ethanol extracts. Abinaya (2021) described similar 
findings in their investigation on the leaf part of Crescentia 
alata Kunth, demonstrating similar effects against several 
microorganisms. Morshed and Islam (2015) found that 
corn silk extract exhibited sensitive responses in ethanol 
and methanol extracts to 11 bacteria out of the 12 tested. 
According to Nessa et al. (2012), petroleum ether and 
methanol extract of corn silk and flavonoids were active 
against 11 out of 12 bacteria. Similarly, Abirami et al. 
(2021) found that the ethanol corn silk extract exhibited 
the highest antibacterial activity at 900 μg and antifungal 
effectiveness was seen against Aspergillus brasiliensis and 
Aspergillus niger at a level of 2 mg/20 mL. 

In the current study, the ethyl acetate bound crude 
extract was further fractionated with petroleum ether 
and acetone (100:0–0:100). In addition, fraction F4 
exhibited the greatest activity against the microorganisms 
evaluated. Moreover, STG derived from active fraction F4 
demonstrated varying levels of antimicrobial effectiveness 
against the microbes tested. To date, no standard criteria 
have been established to compare the MIC values of 

natural products for assessing their in vitro antimicrobial 
activity. In contrast, for medicinal plants a detailed 
classification scale has been proposed, which may be useful 
in demonstrating our samples’ antimicrobial activity (Van 
and Holl, 2017). An MIC value of ≤160 μg/mL is regarded 
as potentially valuable for medicinal plant extracts, and 
a value <100 μg/mL indicates noteworthy or promising 
activity (Tang et al., 2003). The low MIC and MBC/MFC 
values of the STG (12–50 µg/mL, Table 2) showed that it 
has substantial antimicrobial activity against susceptible 
organisms. As compared to the extract, the isolated 
compound displayed a significantly lower MIC value and 
exhibited an improved inhibitory effect. In this way, STG 
can be isolated and purified from corn silk extract, which 
allows for an accurate evaluation of its activity, indicating 
that STG may be responsible for the antimicrobial effects 
observed. It is consistent with previous studies that 
STG exhibits broad-spectrum antimicrobial activity, for 
example, the in vitro antibacterial effectiveness of STG 
extracted from Caylusea abyssinica roots (Edilu et al., 
2015). Moreover, the tested compound demonstrated 
effectiveness against S. aureus, Pseudomonas aeruginosa, E. 
coli, and Salmonella typhimurium, exhibiting an inhibition 
zone ranging from 11 mm to 18 mm. Likewise, Yinusa et 
al. (2014) reported that STG at 50 µg/mL demonstrated 
an inhibition zone of 20 mm to 24 mm against a variety 
of organisms, including E. coli (21 mm), S. aureus (21 
mm), B. subtilis (24 mm), Proteus vulgaris (21 mm), S. 
typhimurium (21 mm), S. pyogenes (22 mm), S. dysenteriae 
(21 mm), C. virusei (20 mm), C. albicans (21 mm), and 
C. tropicalis (20 mm). In another study, Abinaya (2021) 
found that STG, a compound isolated from the leaf part 
of Crescentia alata Kunth, displayed the most potent 
antimicrobial effect against all tested microbial strains, 
with MIC values varying between 1.95 and 125 μg/mL. 
Kanokmedhakul et al. (2005) reported that steroids can act 
as inhibitors of bacterial transpeptidation by targeting the 
protein ‘sortase’ present on the surfaces of bacterial cells. 
Furthermore, the disruption of membranes is one of the 
mechanisms of sterol action in microbes (Tamokou et al., 
2011).

Tomato (Solanum lycopersicum), belonging to the 
family Solanaceae, is widely recognized as one of the 
most significant and widely consumed vegetables globally 
(Aldubai et al., 2022). Multiple species of Fusarium 
contribute to significant crop losses in tomato production 
worldwide (Wang et al., 2011). Inhabiting the soil, the 
pathogen invades plants by infecting their roots and 
crown. Tomato wilt is commonly associated with various 
Fusarium species, such as F. verticillioides, F. oxysporum, 
and F. equiseti (Rozlianah and Sariah, 2010). At any stage 
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of growth, tomatoes can be infected by Fusarium species 
through both the roots and crown region. In the case of 
Fusarium oxysporum, for instance, the pathogen targets the 
vascular bundles, resulting in an early wilting syndrome as 
a response to stress (Adisa et al., 2018). In another study, 
Adss et al. (2017) found that H2O2 and salicylic acid were 
used as elicitors to induce the synthesis of defense-related 
proteins, resulting in less tomato rot caused by Alternaria 
solani. As evidenced by the decreased percentage of 
infected fruit and lesion diameter, STG displayed a longer-
lasting effect. Possibly, STG prevented sporulation on the 
fruit’s surface by inhibiting the pathogen’s growth.

Phytosterols have gained considerable attention 
because of their thermal stability. The antifungal activity of 
STG was not affected significantly at different temperature 
or pH values. In addition, the inhibitory effect of STG 
decreased as UV exposure increased. These results were 
consistent with those of previous research. STG in soybean 
oil demonstrated outstanding thermal stability at 180 
°C. This showed that STG has antioxidant activity and 
its addition to soybean oil could make it appropriate for 
home cooking or frying (Chang et al., 2020). STG provided 
significant protection when yeast cells were exposed to 
slow freezing. Additionally, it increases the survival rate of 
cultures stored at subzero temperatures (Tantratian et al., 
2019).

Numerous studies have indicated that the effects 
of various commonly used antibiotics on bacterial cell 
wall synthesis result in deformation and lysis of both 
gram-negative and gram-positive bacteria (Kantele et al., 
2015). The activity of transpeptidase, a crucial enzyme 
in the construction of peptidoglycan cell walls, can be 
disrupted by the binding of particular proteins within the 
bacterial cell wall (Cho et al., 2014). Because phytosterols 
are similar to endogenous sterols, they are thought to 
exhibit antibacterial effects because they substitute these 
substances within the cell membrane (Doğan et al., 
2017). Moreover, it has been found that STG may affect 
multiple drug efflux pump proteins in multidrug-resistant 
E. coli; consequently, first-line antibiotic resistance is 
suppressed. Additionally, vinyl and peroxide bonds in 
steroid structures may contribute to their antibacterial 
effects (Vida et al., 2012). Future research should aim to 
understand the potential ways in which corn silk extracts 
and isolated compounds operate.

5. Conclusion
It is now common practice to utilize naturally active 
biomolecules from plant extracts for prolonging the shelf 
life of vegetables and fruits. It is evident from our study that 
the bound crude extract offers more potential as a source 
of natural antimicrobial agents when compared to the free 
crude extract. Through bioassay-guided fractionation, 
STG and stigmasteryl-3β-arachidate were isolated for the 
first time as antimicrobial compounds from the fraction 
derived from the ethyl acetate-bound crude extract of 
corn silk, highlighting their significance in this medicinal 
plant. Both compounds exhibited strong antioxidant and 
antimicrobial activity. STG showed significant in vitro 
and in vivo antifungal activity against F. verticillioides 
tomato fruit pathogens. Additional research is necessary 
to elucidate the fundamental mechanisms of action and 
an in-depth investigation should be conducted into their 
prospective utility within the domains of food preservation 
and pharmaceutical industries. The phytochemical and 
pharmacological analysis of corn silk represents an 
avenue of exploration that promises to pave the way for 
the creation of innovative therapeutic agents sourced from 
traditional herbal remedies.
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