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Abstract 

Context: Allium cepa L. (shallot) peel contains secondary metabolites, including alkaloids and flavonoids, with potential antibacterial activity against 

Staphylococcus epidermidis. 

Aims: To examine the antibacterial activity and minimum inhibitory concentration (MIC) of A. cepa peel extract against S. epidermidis, quantify its total phenolics 

and flavonoids content, and identify its active compounds using LC-MS/MS. 

Methods: Extraction was conducted using ethyl acetate and n-hexane. Antibacterial activity was assessed by the disc diffusion method with clindamycin as a 
positive control. MIC was determined by macrodilution and analysed using a UV-Vis spectrophotometer. Total phenolics and flavonoids were measured using 

colorimetric assays, and LC-MS/MS performed compound profiling. 

Results: The ethyl acetate extract inhibited S. epidermidis with zones of 10.27–16.04 mm (n = 4); concentrations of 200,000–500,000 μg/mL were intermediate, 

and lower doses were resistant. Although inhibition was lower than that of the positive control (clindamycin, 21.64 mm), the MIC was 2,500 μg/mL (n = 3). The 

n-hexane extract remained inactive across all concentrations. The extract contained 30.75 ± 1.56 mgGAE/G of phenolics and 22.44 ± 1.05 mgQE/G of flavonoids. 
LC-MS/MS identified rhamnetin (RT 16.26 min), nobiletin (RT 16.67 min), and casticin (RT 15.77) as dominant flavonoids likely responsible for the antibacterial 

activity.  

Conclusions: Rhamnetin, nobiletin, and castisin were identified as candidate antibacterial compounds in the ethyl acetate extract of A. cepa peel.  

Keywords: Allium cepa; antibacterial; flavonoids; phenolics; Staphylococcus epidermidis. 

 

Resumen 

Contexto: La cáscara de Allium cepa L. (chalota) contiene metabolitos secundarios, incluidos alcaloides y flavonoides, con potencial de actividad antibacteriana 

frente a Staphylococcus epidermidis.  

Objetivos: Examinar la actividad antibacteriana y la concentración mínima inhibitoria (CMI) del extracto de cáscara de A. cepa contra S. epidermidis; cuantificar 

su contenido total de fenólicos y flavonoides e identificar sus compuestos activos mediante LC-MS/MS. 

Métodos: La extracción se realizó con acetato de etilo y n-hexano. La actividad antibacteriana se evaluó mediante el método de difusión en disco con 

clindamicina como control positivo. La CMI se determinó por macrodilución y se analizó en un espectrofotómetro UV-Vis. Los fenólicos y flavonoides totales se 

midieron mediante ensayos colorimétricos y el perfil de compuestos se midió mediante LC-MS/MS. 

Resultados: El extracto de acetato de etilo inhibió S. epidermidis con zonas de 10,27–16,04 mm (n = 4); las concentraciones de 200.000–500.000 μg/mL fueron 

intermedias, y las dosis más bajas fueron resistentes. Aunque la inhibición fue menor que la del control positivo (clindamicina, 21,64 mm), la CMI fue de 2.500 
μg/mL (n = 3). El extracto de n-hexano permaneció inactivo en todas las concentraciones. El extracto contenía 30,75 ± 1,56 mg GAE/G de fenólicos y 22,44 ± 1,05 

mg QE/G de flavonoides. La LC-MS/MS identificó ramnetina (RT 16,26 min), nobiletina (RT 16,67 min) y casticina (RT 15,77 min) como flavonoides dominantes, 

probablemente responsables de la actividad antibacteriana. 

Conclusiones: La ramnetina, la nobiletina y la castisina se identificaron como compuestos antibacterianos candidatos en el extracto de acetato de etilo de la 

cáscara de A. cepa. 

Palabras Clave: Allium cepa; antibacteriano; fenólicos; flavonoides; S. epidermidis. 
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INTRODUCTION 

Antibiotic resistance has increased globally in re-
cent decades (Mancuso et al., 2021). It is essential to ex-
plore novel antibiotics to reduce the impact of antibi-
otic resistance. Natural products are a promising 
source of novel compounds, but drug discovery from 
medicinal plants requires a multidisciplinary ap-
proach. These processes typically include collection, 
extraction, bioassays, compound isolation, and struc-
tural characterization (Chaachouay & Zidane, 2024). 

Allium cepa L. (shallot), family Amaryllidaceae, is 
widely used in Indonesian cuisine and traditional 
medicine for its therapeutic effects, including treat-
ment of sore throats, diabetes, cholesterol imbalance, 
and skin infections (Edy, 2022; Suleria et al., 2015). De-
spite being frequently discarded as waste, shallot peel 
contains a rich array of secondary metabolites, such as 
polyphenols, flavonoids, saponins, terpenoids, querce-
tin, and alkaloids (Soemarie, 2016). A study by Özçelik 
et al. (2011) showed that alkaloids, flavonoids, and 
phenolic acids showed remarkable antiviral activity 
and strong antibacterial and antifungal properties. Al-
kaloids can disrupt bacterial cell membranes, inhibit 
protein synthesis, and interfere with other essential 
cellular processes. Moreover, flavonoids such as quer-
cetin, apigenin, genistein, naringin, silymarin, and 
silibinin also demonstrated vigorous antibacterial ac-
tivity. Antimicrobial effects of flavonoids are often at-
tributed to their ability to interact with bacterial cell 
membranes, thereby disrupting membrane integrity 
and leading to cell death. They can also inhibit bacte-
rial enzymes and DNA synthesis, thereby preventing 
bacterial growth and reproduction. Phenolic acids, 
such as gallic acid, caffeic acid, chlorogenic acid, and 
quinic acid, exhibit varying degrees of antibacterial ac-
tivity. The mechanism of action of phenolic acids in-
volves their ability to inhibit bacterial growth by dis-
rupting the bacterial cell membrane and interfering 
with essential metabolic pathways. Furthermore, these 
compounds act as antioxidants, prevent biofilm for-
mation, and inhibit the expression of virulence factors. 
Based on the foregoing explanation, using shallot peel 
as a source of antibacterial compounds represents an 
opportunity for waste valorization. 

Research exploring the antibacterial activity of A. 
cepa peel, particularly against Staphylococcus epider-
midis, remains limited, particularly regarding studies 
using semipolar and nonpolar solvents to obtain ex-
tracts. On the other hand, several studies have re-
ported the use of polar solvents in the extraction of an-
tibacterial compounds from A. cepa peel. Extracts ob-
tained with polar solvents such as 70% ethanol have 
been found to contain secondary metabolites, includ-
ing alkaloids, saponins, tannins, and flavonoids 

(Prabowo & Noer, 2020). Similarly, a 96% ethanol ex-
tract of shallot peel has been shown to contain flavo-
noids, phenolics, and terpenoids and to demonstrate 
antibacterial activity against S. epidermidis, with an in-
hibition zone of 11.75 mm at a 50% extract concentra-
tion (Octaviani et al., 2019). Apriasari et al. (2013) fur-
ther confirmed that active compounds, such as flavo-
noids, saponins, and tannins, exhibit bacteriostatic ac-
tivity against Staphylococcus. However, the specific ac-
tive compounds responsible for the antibacterial activ-
ities of A. cepa peel extract remain unidentified. 

The total phenolics and flavonoids of the extract ob-
tained using polar solvents, such as a combination of 
ethanol and water, have been reported. Under contin-
uous stirring extraction in ethanol, a 70% sample/liq-
uid ratio (1:20; temperature 60℃; time 60 minutes), the 
achieved contents of total phenolics (TPC) and total fla-
vonoids (TFC) in the extract were 224.34 ± 5.66 mg 
GAE/g and 255.11 ± 4.35 mg QE/g, respectively. Anti-
microbial activity of the extract against S. aureus was 
intermediate, with an inhibitory zone of 14.75 ± 0.21 
mm and a MIC of 224 µg/mL (Anh et al., 2023). There-
fore, investigation of semipolar and nonpolar extracts, 
as well as compound profiling of A. cepa peel, is im-
portant to identify the active compound(s) responsible 
for its antibacterial activity. 

The study aims to analyze the semipolar com-
pounds contributing to the antibacterial activity of A. 
cepa peel extract against S. epidermidis. The approach 
includes photochemical screening, antibacterial activ-
ity assay, MIC determination by UV-Vis spectropho-
tometry, total phenolic and flavonoid content, and 
chemical profiling by LC-MS/MS. The findings may 
serve as a pharmaceutical reference for natural reme-
dies and support the development of phytochemical 
analysis. This study hypothesizes that a semipolar ex-
tract of A. cepa peel contains flavonoids that may serve 
as potential antibacterial agents against S. epidermidis 
and that these compounds can be identified via LC-
MS/MS.  

MATERIAL AND METHODS 

Time and place of research 

This research was conducted from January 2023 to 
July 2024, with raw materials collected from the Kunci-
ran Jaya district, Banten. Furthermore, the total phe-
nolics and flavonoids study, the antibacterial assay, 
and the MIC study were conducted at the Faculty of 
Health Science Laboratory, Universitas Pelita Hara-
pan. The LC-MS/MS study was conducted by a certi-
fied, accredited laboratory, BMT Asia Indonesia.  
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Design of the research 

The objectives of the study were to evaluate the in-
hibitory effect of Allium cepa L. peel extract against S. 
epidermidis, determine its MIC, quantitatively analyze 
its total flavonoid and phenolic contents, and identify 
its compounds using LC-MS/MS. This study em-
ployed a laboratory-experimental design, and data 
analysis was conducted using several methods, includ-
ing linear regression and statistical tests. 

Materials 

The materials used are A. cepa peel waste, S. epider-
midis bacterial culture, distilled water, ethyl acetate 
(Smart Lab), n-hexane (Smart Lab), Dragendorff rea-
gent, Mayer reagent, Wagner reagent, HCl (Smart 
Lab), FeCl3(Merck), Mg powder (Merck), amyl alcohol 
(Merck), H2O2 (Smart Lab), clindamycin, aqua pro in-
jection, Nutrient Agar (NA) media (Microgen), 
Mueller Hinton Agar (MHA) media (Himedia), dime-
thyl sulfoxide (DMSO) (Merck), McFarland 0.5 solu-
tion, quercetin (Merck), aluminium chloride (Merck), 
aluminium chloride (Merck), Folin-Ciocalteu reagent 
(Merck), sodium carbonate (Merck), gallic acid 
(Merck), ethanol p.a (Merck), paper discs, and micro-
plates. 

Plant determination 

A. cepa peel was determined as the family of Ama-
ryllidaceae (No. B-526/II.6.2/DI.05.07/2/2023) based 
on morphological plant species analysis at the Badan 
Riset dan Inovasi Nasional (BRIN) Cibinong, Indone-
sia. 

Preparation of A. cepa peel  

A. cepa peels were washed, dried, and ground into 
fine powder using a blender, then sieved through a 
100-mesh sieve. A total of 125 g of the powdered peel 
was macerated with 1,250 mL of ethyl acetate (1:10 
w/v) and separately with 1,000 mL of n-hexane for 24 
hours at room temperature. The maceration process 
was repeated three times, during three days 
with occasional stirring to ensure exhaustive extrac-
tion, as per the standard protocol described in the In-
donesian Herbal Pharmacopoeia Edition II (Ministry 
of Health RI, 2017). The combined filtrates were con-
centrated using a rotary evaporator under reduced 
pressure at 40°C and then dried in an oven at 50°C un-
til a constant weight was obtained. The yield of the 
ethyl acetate extract was 4.37% (w/w), while the n-hex-
ane extract yielded 1.63% (w/w). Moisture content was 
also measured gravimetrically. Phytochemical screen-
ing was performed to identify the presence of alka-
loids, flavonoids, saponins, tannins, quinones, and 
steroids. 

Ethical statement 

All antibacterial assays were conducted in accord-
ance with BSL-2 equivalent practices in an aseptic en-
vironment. 

Antibacterial activity assay  

The assay was performed using the disc diffusion 
method on Mueller-Hinton Agar (MHA). A total of 3.8 
g of MHA powder was dissolved in 100 mL of distilled 
water and sterilized by autoclaving at 121°C for 15 
minutes. Approximately 25 mL of the sterilized me-
dium was poured into sterile 90 mm Petri dishes and 
allowed to solidify to a depth of 4.0 ± 0.5 mm. Each 
plate was inoculated with 100 µL of S. epidermidis sus-
pension adjusted to 0.5 McFarland standard. Sterile 6-
mm paper discs were impregnated with 20 µL of the 
extract solution at varying concentrations, then placed 
on the inoculated agar surface. The plates were then 
incubated at 37°C for 24 hours (Misna & Diana, 2016). 
The diameter of the inhibition zones (mm) was meas-
ured and interpreted according to the Clinical and La-
boratory Standards Institute 2019 guidelines (CLSI, 
2019). The inhibition zones produced by the clindamy-
cin positive control were classified as follows: ≥20 mm 
as susceptible (***), 15–19 mm as intermediate (**), and 
<14 mm as resistant (*) for Staphylococcus spp. Tests 
were performed in quadruplicate (n = 4). 

Determination of minimum inhibitory 
concentration (MIC)  

The MIC of the A. cepa peel extract was determined 
using a broth dilution method adapted from Akinduti 
et al. (2019) and CLSI (2019). Twelve sterile tubes were 
prepared containing the following: peptone water as 
the media control; extract at various concentrations; 
peptone water combined with bacterial suspension; 
clindamycin with bacterial suspension as the positive 
control; and bacterial suspension alone as the growth 
control. All tubes were homogenized using a vortex 
mixer and diluted in series before inoculation with a 
standardized S. epidermidis suspension adjusted to 
McFarland 0.5. After 24 h incubation, optical density 
(OD) was measured at 625 nm using a UV-Vis spectro-
photometer before incubation (BI, pre-incubation OD) 
and after incubation (AI, post-incubation OD) in tripli-
cate (n = 3). The growth rate (GR) was calculated ac-
cording to the equation [1]. 

%GR = 
(AI – BI) 

× 100 [1] 
(BC – BC0) 

Where AI and BI denote the OD (sample + bacterial cells) after and 

before incubation, respectively; BC is the post-incubation OD of the 

growth control (without sample), and BC0 is the pre-incubation OD of the 

same control. Negative %GR values indicate bacterial growth lower than 
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that of the control and are expressed as percent inhibition (%IR) (Patton 

et al., 2006). 

Total phenolics and flavonoids 

The total phenolics and flavonoids contents of the 
extract were analyzed by Thermo Scientific UV-Vis 
Spectrophotometer (model Orion AquaMate 8100), 
Thermo Scientific with the colorimetric method. Total 
phenolics were initially determined by preparing a gal-
lic acid standard solution: 25 mg of gallic acid was 
weighed and dissolved in 25 mL of ethanol p.a. to ob-
tain a concentration of 1,000 μg/mL. The solution was 
then diluted to 100 μg/mL. The series concentrations 
made were 20, 40, 60, 80, and 100 μg/mL. Absorbance 
was measured at a wavelength of 765 nm by measur-
ing 0.1 mL of each series of gallic acid, then adding 0.5 
mL of Folin-Ciocalteu reagent and 0.4 mL of 7.5% so-
dium carbonate. Three times replications were applied 
and incubated at room temperature for 30 minutes. 
The total phenolics of the extract were measured at a 
concentration of 1000 μg/mL (Munthe et al., 2023). The 
total phenolics were expressed as mg gallic acid equiv-
alent per gram of extract weight. 

Furthermore, total flavonoids were prepared using 
a similar procedure to that for total phenolics, but the 
gallic acid standard was replaced with quercetin. The 
series concentrations made were 5, 10, 15, 20, 25, and 
30 μg/mL. Absorbance was measured at a wavelength 
of 415 nm by measuring 0.33 mL of each series of quer-
cetin, 10% AlCl3, and 1 M sodium acetate. Three times 
replications were applied and incubated at room tem-
perature for 30 minutes. The total flavonoid content of 
the extract was measured at 1,000 μg/mL (Munthe et 
al., 2023). The total flavonoids were expressed as mg 
quercetin equivalent per gram of extract weight. Tests 
were performed in a quadruplicate batch (n = 4). 

LC-MS/MS analysis 

The sample was prepared by weighing 1 g into a 10 
mL volumetric flask, then adding methanol or an ap-
propriate solvent. The mixing process was done 
through ultrasonication for 30 minutes, then tagged 
with the appropriate solvent and homogenized. Fur-
ther, the mixture was filtered with a 0.22 μm 
GHP/PTFE filter membrane and then injected into the 
instrument. LC set by using the C1 column with a tem-
perature of 40°C, autosampler temperature 15°C, and 
injection volume 10 μL. The mobile phase A was 0.1% 
formic acid in acetonitrile; meanwhile, the mobile 
phase B was 0.1% formic acid in aqueous buffer, and 
its flow rate was 0.6 mL/min in a gradient. The MS op-
eration mode was Tof-MSE ionization. ESI (-)/ESI (+) 
acquisition range was 50-1200 Da. The screening of nat-
ural active substances using LC-MS/MS-QTOF was 
performed with UNIFI software, which already 

included a library of mass spectra from the Waters da-
tabase. UNIFI software could identify the mass spectra 
of compounds in the sample, which were then 
matched against library spectra. Active substances 
were identified if they met the requirements, including 
a mass error in the analyte reading ≤ 5 μg/mL. Isotope 
match MZ RMS PPM ≤ 6 μg/mL and isotope match 
MZ RMS% % ≤ 10%. For analyte intensity ≥ 300, there 
was one fragment with a break value < 4 in the frag-
ment-matching elucidation system. 

Data analysis  

The data obtained were analyzed using the 
Shapiro-Wilk test to assess normality. Analysis fol-
lowed by Levene's Test to determine the data homoge-
neity. Furthermore, the normal and homogeneous data 
continue to proceed with the One-Way ANOVA test. 
Despite this, contrary data proceed with the Kruskal-
Wallis test. 

RESULTS AND DISCUSSION  

The extracted amounts of n-hexane and ethyl ace-
tate were 5.46 g (4.368%) and 2.04 g (1.632%), respec-
tively. The sample is deficient in semi-polar and non-
polar compounds, as evidenced by the low yield. Fur-
thermore, the ethyl acetate extract had a 0.33% water 
content that meets the requirement. The results of phy-
tochemical screening on an extract are influenced by 
the extraction techniques and solvents used. The ethyl 
acetate extract contained alkaloids and flavonoids, as 
shown in Table 1. Antibacterial assay results are pre-
sented in Tables 2 and 3, and Fig. 1; MIC results are 
shown in Table 4. Total flavonoid and phenolic con-
tents are provided in Table 5 and Fig. 2, while com-
pounds identified by LC-MS/MS are listed in Table 6. 

Antibacterial assays of ethyl acetate and n-hexane 
extracts of A. cepa peel were conducted at concentra-
tions of 50,000, 100,000, 200,000, and 500,000 μg/mL 
against S. epidermidis, with 2 μg of clindamycin as a 
positive control and DMSO as a negative control. Table 
2 shows that ethyl acetate extract produced inhibition 
zone diameters of 10.27 mm (50,000 μg/mL), 13.06 mm 
(100,000 μg/mL), 14.65 mm (200,000 μg/mL), and 
16.04 mm (500,000 μg/mL). According to CLSI (2019), 
concentrations of 500,000 and 200,000 μg/mL fall 
within the "intermediate" category, while lower con-
centrations fall within the "resistant" category. Among 
all tested concentrations, 500,000 μg/mL yielded the 
largest inhibition zone, likely due to the higher concen-
tration of secondary metabolites in the extract. 

Statistical analysis was performed to assess the an-
tibacterial activity of the ethyl acetate extract of A. cepa 
peel against S. epidermidis. The Shapiro–Wilk test indi-
cated that the data were normally distributed across all 
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concentrations (W = 0.867–0.979; p = 0.284–0.899), and 
Levene’s test confirmed homogeneity of variances (p = 
0.203–0.379). Accordingly, a one-way ANOVA re-
vealed a significant difference among treatments (F = 
63.717; p<0.001), with a large effect size (η² = 0.78), in-
dicating that 78% of the variance in inhibition zones 

can be explained by extract concentration.  However, 
Tukey’s HSD test showed no significant pairwise dif-
ferences between 50,000, 100,000, 200,000, and 500,000 
μg/mL (p>0.05), suggesting no additional benefit from 
increasing the extract concentration above 50,000 
μg/mL. 

 
 

Table 1. Phytochemical screening of ethyl acetate extract of A. cepa peel. 

Secondary metabolites Reagent Result (n = 3) 

Alkaloid Dragendroff + 

Mayer + 

Flavonoids Distilled water + Mg powder + HCl + 

Saponins Warm distilled water  - 

Tannins FeCl3 1% + 

Gelatin 1% - 

Stiasny + sodium acetate + FeCl3 - 

Quinones NaOH 1 N - 

Steroids Acetic anhydride + H2SO4 P - 

Triterpenoids Acetic anhydride + H2SO4 P - 

Note: (+) indicates the presence of the secondary metabolite; (-) indicates its absence. 

 
 

Table 2. The inhibition diameter of the ethyl acetate extract of A. cepa peel against S. epidermidis. 

Measurement  

(n = 4) 

Inhibition diameters (mm) 

DMSO 

(K-) 

Extract concentrations (μg/mL) Clindamycin  

(K+) 10,000 50,000 200,000 500,000 

I 0 9.81 15.33 14.94 17.25 20.69 

II 0 9.36 11.93 14.34 15.22 22.78 

III 0 10.99 11.20 14.46 15.30 21.73 

IV 0 10.90 13.78 14.87 16.37 21.33 

Mean ± SD  0 10.27 ± 0.70 R  13.06 ± 1.61 R 14.65 ± 0.26I 16.04 ± 0.83I 21.64 ± 0.76S 

Note: (R) resistant; (I) intermediate; (S) susceptible, according to CLSI (2019). 

 
 

Table 3. The inhibitory diameter of the n-hexane extract of A. cepa peel against S. epidermidis. 

Measurement 

 (n = 4) 

Inhibition diameters (mm) 

DMSO 

(K-) 

Extract concentrations (μg/mL) Clindamycin  

(K+) 50,000 100,000 200,000 500,000 

I  0 0 0 7.71 7.60 20.24 

II  0 7.16 7.48 7.835 8.225 18.355 

III  0 9.36 8.455 7.945 7.07 20.24 

IV  0 7.33 7.07 6.435 6.13 20.3 

Mean ± SD 0 5.51 ± 3.55R 5.31 ± 3.36R 7.48 ± 0.61R 7.63 ± 0.77R 19.80 ± 0.83I 

Note: (R) resistant; (I) intermediate; (S) susceptible, according to CLSI (2019). 
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Figure 1. (A) Antibacterial assays of ethyl acetate extract, and (B) MIC determination by broth dilution. 
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Table 4. MIC determination by optical density (OD) measurement using a UV-Vis spectrophotometer. 

Extract (μg/mL) 

Optical density (OD) 

 % GR 

Interpretation 

I II III Mean ± SD 
 

BI AI BI AI BI AI BI AI 

Media control 0.016 0.015 0.013 0.012 0.016 0.015 0.015 ± 

0.001 

0.014 ± 

0.001 

N/A  No bacterial growth 

Extract control 1.710 1.703 1.849 1.811 1.782 1.754 1.780 ± 

0.056 

1.756 ± 

0.044 

N/A  No bacterial growth 

Negative control 0.143 0.320 0.140 0.315 0.150 0.314 0.144 ± 

0.004 

0.316 ± 

0.002 

100.00 Normal bacterial growth 

Positive control 0.125 0.017 0.133 0.012 0.122 0.017 0.127 ± 

0.004 

0.015 ± 

0.002 

-64.73 Bacterial growth 

inhibition (%IR) 

78.125  0.036 0.288 0.04 0.267 0.041 0.286 0.039 ± 

0.002 

0.280 ± 

0.009 

140.31  Bacterial growth 

stimulation 

156.25  0.039 0.230 0.048 0.268 0.047 0.272 0.045 ± 

0.004 

0.257 ± 

0.019 

123.26  Bacterial growth 

stimulation 

312.5  0.064 0.231 0.075 0.287 0.062 0.268 0.067 ± 

0.006 

0.262 ± 

0.023 

113.37  Bacterial growth 

stimulation 

625  0.150 0.265 0.131 0.293 0.120 0.273 0.134 ± 

0.012 

0.277 ± 

0.012 

83.33 Bacterial growth 

1,250  0.214 0.270 0.312 0.367 0.229 0.299 0.252 ± 

0.043 

0.312 ± 

0.041 

35.08 Bacterial growth 

2,500  0.542 0.499 0.530 0.484 0.498 0.458 0.523 ± 

0.019 

0.480 ± 

0.017 

-25.00 Bacterial growth 

inhibition (%IR - MIC) 

5,000  1.037 0.989 1.049 0.999 1.050 1.002 1.045 ± 

0.006 

0.997 ± 

0.006 

-28.30 Bacterial growth 

inhibition (%IR) 

10,000  2.140 2.082 2.190 2.132 2.115 2.058 2.148 ± 

0.031 

2.091 ± 

0.030 

-33.53 Bacterial growth 

inhibition (%IR) 

Note: Pre-incubation OD (BI), Post-incubation OD (AI), Growth Rate (GR), Inhibition Rate (IR). When %GR is less than 0, bacterial growth is lower than that of the control, indicating growth 

inhibition. 

 

Table 5. Total phenolics and flavonoids content of A. cepa peel ethyl acetate extract. 

Batch  

(n = 3/batch) 

Total phenolics  

(mgGAE/G) 

Total flavonoids  

(mgQE/G) 

1 29.83 20.82 

2 28.70 22.42 

3 32.58 23.74 

4 31.91 22.77 

Mean ± SD 30.75 ± 1.56 22.44 ± 1.05 
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Figure 2. (A) Gallic acid linear regression, and (B) quercetin linear regression. 
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Table 6. LC-MS/MS-identified compounds in ethyl acetate extract of A. cepa peel (ion mode, RT in min, intensity in counts). 

Secondary 

metabolites 

ESI 

mode 
Compound 

Compound  

formula 

Retention 

times (min) 

Response/ 

intensity 

(counts) 

Flavonoids (+) 2’,6’-Dihydroxy-4’-methoxy-dihidrochalcone  C16H16O4 11.42 72857 

(+) 3'-O-Methyltaxifolin  C16H14O7  11.61 15464 

(+) 3'-Hydroxypuerarin  C21H20O11 7.07 117379 

(+) 5,7-Dihydroxychromone  C9H6O4  9.84 7023 

(+) Casticin  C19H18O8  15.77 36206 

(+) Dehydrosilybin  C25H20O10  14.58 49749 

(+) Dichotomitin  C18H14O8  15.26 40110 

(+) Isoetin-7-O-β-D-glucopyranosyl-2'-O-α-D-

glucopyranoside  

C27H30O17 7.98 33474 

(+) Kaempferol-3-glucuronide  C21H20O12  10.01 116749 

(+) Kushenol W  C21H22O7  11.75 45693 

(+) Maltol  C6H6O3  3.82 17492 

(+) Nobiletin  C21H22O8  16.67 12869 

(+) Patuletin  C16H12O8  8.27  45547 

(+) Quercetin-7-O-[β-D-glucopyranosyl(1→6)-β-

D-glucopyranoside]  

C27H30O17 10.47 20939 

(+) Rhamnetin  C16H12O7  16.26 1642444 

(+) Shegansu A  C32H32O16  12.78 28800 

(-) 4',5,7,8-Tetramethoxy-flavone  C19H18O6  5.17 508 

Alkaloids (+) Adenosine  C10H13N5O4  0.67 31026 

(+) N-cis-Feruloyl typamine  C18H19NO4  12.88 645415 

(-) Picrasidine P  C13H12N2O2  8.97 1083 

Xanthone (+) 7-Hydroxy-1-methoxy-2- methoxyxanthone C14H10O4 15.98 1546784 

Tannin (+) - Negative - - 

(-) - Negative - - 

 
Statistical analysis of the antibacterial inhibition 

zones for the n-hexane extract revealed that the data 
did not meet the assumptions for parametric testing. 
The Shapiro–Wilk test showed deviations from nor-
mality across concentrations and the positive control 
(W = 0.656–0.989; p = 0.003–0.952), while Levene’s test 
indicated heterogeneous variances (p = 0.038–0.569). 
As a result, the Kruskal–Wallis test was employed and 
yielded a non-significant result (H = 0.548; p = 0.908), 
indicating no statistically significant differences in an-
tibacterial activity among the tested n-hexane extract 
concentrations. A small effect size (r = 0.154) further 
suggests that the n-hexane extract had a negligible im-
pact on bacterial growth inhibition. The consistently 
low inhibition zone diameters—classified as resistant 
under CLSI (2019) criteria—support the conclusion 
that nonpolar solvents such as n-hexane are ineffective 
at extracting antibacterial compounds from shallot 

peel. These findings highlight the importance of sol-
vent polarity in phytochemical extraction and suggest 
that semipolar compounds, extractable with ethyl ace-
tate, are more likely to be responsible for the observed 
antibacterial effects. 

As shown in Tables 2 and 3, all tested concentra-
tions of both ethyl acetate and n-hexane extracts 
showed significantly lower antibacterial activity com-
pared to the positive control (clindamycin; p<0.001). 
These findings suggest that, although both extracts ex-
hibit antibacterial potential against S. epidermidis, their 
efficacy plateaus at moderate concentrations and re-
mains inferior to that of standard antibiotic treatment. 

The minimum inhibitory concentration (MIC) of the 
ethyl acetate extract was determined by broth dilution, 
with optical density (OD) measured spectrophotomet-
rically (Table 4). At lower concentrations (≤1,250 
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μg/mL), the OD values increased after incubation 
compared to pre-incubation, indicating bacterial 
growth, as reflected by positive %GR values of 35.08% 
at 1,250 μg/mL and 83.33% at 625 μg/mL. At even 
lower concentrations (312.5, 156.25, and 78.125 
μg/mL), the %GR values exceeded 100% (113.37%, 
123.26%, and 140.12%, respectively), indicating growth 
stimulation, with bacterial proliferation surpassing 
that of the untreated growth control. In contrast, con-
centrations ≥2,500 μg/mL showed no substantial in-
crease in OD post-incubation. Specifically, at 2,500 
μg/mL, the OD values remained nearly unchanged, 
with a calculated %IR of 25%, indicating suppression 
of bacterial growth. Based on these findings, 2,500 
μg/mL was identified as the MIC of the ethyl acetate 
extract against S. epidermidis. 

In comparison, the negative control (without ex-
tract) showed marked bacterial growth (%GR = 100%; 
%IR = 0%), confirming the assay's validity. The posi-
tive control (clindamycin) demonstrated significant 
antibacterial activity, with a %IR of 65.12%, confirming 
its superior potency over the extract. According to the 
definition by Kowalska-Krochmal & Dudek-Wicher 
(2021), the MIC is the lowest concentration at which no 
visible bacterial growth is observed. Based on the def-
inition, the MIC of the ethyl acetate extract of Allium 
cepa L. peel against S. epidermidis was determined to be 
2,500 μg/mL. These findings indicate that the extract 
possesses measurable antibacterial activity, although 
its efficacy is considerably lower than that of the stand-
ard antibiotic. 

The total phenolic content of the ethyl acetate ex-
tract, calculated using the gallic acid equivalent (GAE) 
calibration curve, was 30.75 ± 1.56 mg GAE/g extract, 
as shown in Table 5. This indicates that each gram of 
Allium cepa L. peel, when extracted and diluted in 

absolute ethanol to 1000 μg/mL, contains approxi-
mately 30.75 mg of gallic acid equivalents. Similarly, 
the total flavonoid content was determined using a 
quercetin calibration curve and found to be 22.44 ± 1.05 
mg QE/g extract (Table 5), indicating that each gram 
of extract diluted to 1000 μg/mL contains the equiva-
lent of 22.44 mg of quercetin. 

Compared to Octaviani's (2019) findings, which 
used ethanol extract in antibacterial assays, a larger in-
hibition zone was observed in his study, suggesting 
that ethyl acetate is more effective at extracting com-
pounds that inhibit S. epidermidis. Based on the results 
of phytochemical screening (Table 1) and LC-MS/MS 
results (Table 6), the active compounds are primarily 
secondary metabolites, including alkaloids and flavo-
noids. This is consistent with the total flavonoid con-
tent reported in Table 5, which constitutes approxi-
mately two-thirds of the total phenolic content. These 
findings indicate a high flavonoid concentration in the 
A. cepa peel extract, further supported by LC-MS/MS 
data, which identified 17 flavonoid compounds. 

The phytochemical screening results (Table 1) show 
that the extract contains flavonoids and alkaloids. This 
finding was supported by LC-MS/MS data, which 
showed the presence of 17 flavonoid compounds and 
3 alkaloids. Most tannin screenings showed negative 
results confirmed by the LC-MS/MS which shows a 
similar thing, the tannin compounds were not found 
either in the ESI (+) or ESI (-) (Fig. 3). Even though lim-
ited second metabolite compounds were found in the 
ethyl acetate extract, the antibacterial activities of the 
extract are still indicative of antibacterial potential (Ta-
ble 2 and Fig. 1). That indicated that flavonoids and al-
kaloids were found to have potential compounds that 
act as antibacterial agents against S. epidermidis. 

 
 

A B 

  

Figure 3. Retention time of the A. cepa peel ethyl acetate extract in (A) ESI (+) and (B) ESI (-) modes. 
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Figure 4. (A) Nobiletin, (B) rhamnetin, and (C) casticin. 

 
Flavonoids are a group of chemicals with many bi-

ological activities, including antibacterial activity. 
Based on LC-MS/MS data, we observe that rhamnetin 
(Fig. 4) is the most abundant compound in the extract 
(RT 16.26 min). As a monomethoxy flavone, rhamnetin 
is a quercetin methylated at carbon number 7. Rham-
netin is an antioxidant and an anti-inflammatory 
agent. It is a natural product found in other plants, 
such as Ageratina altissima and Ammannia auriculata (Bi-
oDeep, 2023a). Medeiros et al (2021) also reported that 
rhamnetin has anticancer, anti-inflammatory, antivi-
ral, and antibacterial activity. It is a plant metabolite 
with a strong potential for medicinal use. Nobiletin 
(Fig. 4), with RT at 16.67 min, has been reported to have 
antibacterial activity by disrupting cell membrane per-
meability. It also inhibits protein synthesis, leading to 
metabolic dysfunction and, eventually, cell pyknosis 
and death (Yao et al., 2012). Antibacterial activities of 
nobiletin extracted from Citrus × aurantiifolia peel were 
also reported by Husni et al. (2021) against E. coli, E. 
faecalis, P. aeruginosa, and S. aureus. Furthermore, cas-
ticin (RT at 15.77 min), has been reported to exhibit 
convincing anticancer and anti-inflammatory proper-
ties (Chan et al., 2018) and to possess antibacterial ac-
tivity against Gram-positive and Gram-negative bacte-
ria (Abbas et al., 2025). Likewise, dehydrosilybin (RT 
at 14.58 min) has also been reported to have anti-cancer 
effects (Zhan et al., 2011). The other flavonoid com-
pounds are 3'-hydroxypuerarin (RT at 7.07 min) and 
kaempferol-3-glucuronide (RT at 10.01 min). The 3'-hy-
droxypuerarin compound is an antioxidant (Jin et al., 
2012). Kaempferol-3-glucuronide has an anti-inflam-
matory effect (Khajuria et al., 2018) and has been sug-
gested to possess antibacterial potential in previous 
LC-MS/MS analyses (Alotaibi et al., 2022; Saleh et al., 
2023). On the other hand, no specific study on the anti-
bacterial properties of kushenol W (RT at 14.58 min) 
has been reported, although other kushenol deriva-
tives have been found in plant extracts with antibacte-
rial properties (Li et al., 2022; Xie et al., 2014).  

The most abundant alkaloid in the extract, accord-
ing to LC-MS/MS data, is N-cis-feruloyl typamine (RT 
12.88 min). This compound is found in other plants 
such as Zanthoxylum beecheyanum and Hibiscus syriacus 

(BioDeep, 2023b). N-cis-feruloyl-tyramine has been re-
ported to inhibit tyrosinase activity. Tyrosinase inhibi-
tors are beneficial for treating hyperpigmentation and 
are used as active ingredients in cosmetics (Akinmo-
ladun et al., 2020). Although no antibacterial properties 
have been directly reported for picrasidine P (RT at 
8.97 min), other picrasidine derivatives have demon-
strated potential antibacterial activity against methicil-
lin-resistant S. aureus (MRSA) and methicillin-sensitive 
S. aureus (MSSA) (Hu et al., 2021). Similarly, 7-hy-
droxy-1-methoxy-2-methoxyxanthone (RT at 15.97 
min) is a single xanthone compound identified in the 
LC-MS/MS results. This compound has not been stud-
ied explicitly for antibacterial properties but was found 
in the methanol extract of mistletoe leaves (Den-
drophthoe pentandra L. Miq) with antimicrobial effects 
and potential virucidal activity (Mochamad et al., 
2023).  

Overall, rhamnetin (RT 16.26 min), nobiletin (RT 
16.67 min), and casticin (RT 15.77 min) (Fig. 5) were 
identified as compounds with reported antibacterial 
activities in the ethyl acetate extract of A. cepa peel. In 
contrast, kaempferol-3-glucuronide, kushenol W, pic-
rasidine P, and 7-hydroxy-1-methoxy-2-methoxyxan-
thone showed only potential antibacterial properties 
and require further investigation.  

CONCLUSION 

The ethyl acetate extract of A. cepa peel, which con-
tains alkaloids and flavonoids, demonstrated antibac-
terial activity against S. epidermidis. The extract showed 
measurable inhibition at higher concentrations 
(200,000–500,000 μg/mL), while the n-hexane extract 
exhibited weaker activity. The minimum inhibitory 
concentration (MIC) of the ethyl acetate extract was de-
termined to be 2,500 μg/mL. This relatively high MIC 
observed in this study indicates limited direct applica-
bility, suggesting that further purification or com-
pound isolation will be necessary to enhance antibac-
terial potency. Overall, rhamnetin, nobiletin, and cas-
ticin were identified as candidate antibacterial com-
pounds in the ethyl acetate extract of A. cepa peel, war-
ranting further investigation. 
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Figure 5. Retention time and mass analysis of reported compounds with antibacterial activity. 

(A) Rhamnetin, (B) nobiletin, and (C) casticin). 

 

CONCLUSION 

The ethyl acetate extract of A. cepa peel, which con-
tains alkaloids and flavonoids, demonstrated antibac-
terial activity against S. epidermidis. The extract showed 
measurable inhibition at higher concentrations 
(200,000–500,000 μg/mL), while the n-hexane extract 
exhibited weaker activity. The minimum inhibitory 
concentration (MIC) of the ethyl acetate extract was de-
termined to be 2,500 μg/mL. This relatively high MIC 
observed in this study indicates limited direct applica-
bility, suggesting that further purification or com-
pound isolation will be necessary to enhance antibac-
terial potency. Overall, rhamnetin, nobiletin, and cas-
ticin were identified as candidate antibacterial com-
pounds in the ethyl acetate extract of A. cepa peel, war-
ranting further investigation. 
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