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Abstract:

White mustard (Sinapis alba L.), a member of the Brassicaceae family, is globally recognized
for its culinary, agricultural, and medicinal applications. This study comprehensively
investigates the chemical profile of S. alba essential oil (EO) using gas chromatography-mass
spectrometry (GC-MS) and evaluates its antimicrobial and antioxidant properties. Hydro
distilled EO yielded 0.8% (w/w), with GC-MS analysis identifying 32 volatile constituents,
predominantly allyl isothiocyanate (72.4%), 4-pentenyl isothiocyanate (12.3%), and B-pinene
(4.1%). Antimicrobial assays demonstrated potent activity against Staphylococcus aureus
(MIC: 0.25 mg/mL) and Escherichia coli (MIC: 0.5 mg/mL), while antifungal effects against
Candida albicans were moderate (MIC: 2 mg/mL). Antioxidant capacity, assessed via DPPH
(ICso: 45.2 pg/mL) and FRAP (0.8 mM Fe*'/g), indicated moderate free radical scavenging.
These findings underscore the potential of S. alba EO as a natural antimicrobial agent and
adjuvant in cancer therapy.
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1.Introduction

White mustard (Sinapis alba L.), a member of the Brassicaceae family, has been cultivated for
millennia, with historical records tracing its use to ancient Greek and Roman civilizations for
culinary and medicinal purposes (Salem, 2022; Zahi et al., 2024). The plant’s seeds are rich in
glucosinolates, sulfur-containing compounds that hydrolyze into bioactive isothiocyanates
(ITCs) such as allyl isothiocyanate (AITC) upon enzymatic activation (Kadak & Salem, 2020;
Salem & Moammer, 2024; Tastan & Salem, 2021; Yadav & Dhankhar, 2022).These ITCs are
linked to antimicrobial, antioxidant, and anticancer activities, positioning S. alba as a candidate
for natural product research (Das et al., 2022; Petropoulos et al., 2017; Saladino et al., 2017;
Salem, 2017; Salem et al., 2021; Salem & Lakwani, 2024). Recent studies highlight the
resurgence of essential oils (EOs) as alternatives to synthetic preservatives and
pharmaceuticals, driven by consumer demand for sustainable, non-toxic solutions (Al-Magtari
et al., 2021; Amhamed et al., 2023; Bilen et al., 2020; Hamad et al., 2024; Lakwani & Salem,
2024). However, despite the commercial importance of S. alba, limited data exist on the
chemical composition and bioactivity of its EO. Previous work has focused primarily on seed
extracts or isolated glucosinolates, neglecting the volatile fraction (Das et al., 2022; Hebert et
al., 2020; Siger et al., 2024; Yriiten Ozdemir et al., 2018).

This study addresses this gap by:

1.Characterizing the volatile constituents of S. alba EO using GC-MS.

2.Evaluating its antimicrobial efficacy against bacterial and fungal pathogens.

3.Assessing antioxidant potential via DPPH and FRAP assays.

The findings contribute to the growing body of evidence supporting the use of Brassicaceae
EOs in food preservation, pharmaceuticals, and complementary medicine.

2. Materials and Methods

2.1 Plant Material and Authentication
S. alba seeds were harvested from organic agricultural fields during the peak maturity stage
(August 2024). Seeds were shade-dried (25°C, 7 days), ground to a coarse powder, and stored
in airtight containers at -20°C until extraction.

2.2 Essential Oil Extraction
EO was extracted via hydrodistillation using a Clevenger apparatus (4 h, 100°C). Briefly, 500
g of powdered seeds were mixed with 2 L of distilled water, and the volatile fraction was
collected, dried over anhydrous sodium sulfate, and stored at 4°C in amber vials.

2.3 GC-MS Analysis
Chemical profiling was performed using an Agilent 7890B GC coupled to an Agilent 5977A
MSD. Separation was achieved on a DB-5MS capillary column (30 m x 0.25 mm, 0.25 pum),
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with helium as the carrier gas (1 mL/min). The oven temperature program was: 50°C (2 min)m
250°C at 5°C/min (hold 10 min). MS parameters included electron ionization (70 eV), ion
source temperature (230°C), and scan range (35-450 m/z). Compounds were identified via
NIST 20 library, retention indices (RI), and comparison with authentic standards. Relative
percentages were calculated using peak area normalization.
2.4 Antimicrobial Assays

2.4.1 Microbial Strains
Test strains included:
Bacteria: Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853).
Fungi: Candida albicans (ATCC 10231), Aspergillus niger (ATCC 16888).

2.4.2 Broth Microdilution (MIC/MBC)
Minimum inhibitory concentrations (MICs) were determined following CLSI guidelines
(CLSI, 2022). Serial dilutions of EO (0.1-5 mg/mL) in Mueller-Hinton broth (bacteria) or
Sabouraud dextrose broth (fungi) were inoculated with 1x10® CFU/mL microbial suspensions.
After 24 h (37°C), MICs were recorded as the lowest concentration showing no visible growth.
Minimum bactericidal/fungicidal concentrations (MBCs/MFCs) were determined by
subculturing on agar plates .

2.4.3Time-Kill Kinetics
Time-dependent efficacy was assessed by exposing S. aureus and E. coli to 1x MIC and 2x
MIC EO, with aliquots collected at 0, 2, 4, 6, 8, and 24 h for viable cell counts (CFU/mL) .

2.5Antioxidant Activity

2.5.1 DPPH Radical Scavenging
The DPPH assay followed (Brand-Williams et al., 1995) with modifications. EO (10-200
pg/mL) was mixed with 0.1 mM DPPH in methanol. After 30 min (dark, 25°C), absorbance
was measured at 517 nm. Ascorbic acid served as the positive control.

2.5.2FRAP Assay
Ferric reducing antioxidant power (FRAP) was measured using (Benzie & Strain, 1996). EO
(50 pL) was mixed with FRAP reagent (150 pL) and incubated (37°C, 10 min). Absorbance at
593 nm was compared to a FeSOs standard curve.
2.6 Statistical Analysis
Data were expressed as mean + SD (n=3). ANOVA followed by Tukey’s post-hoc test (p<0.05)
was performed using GraphPad Prism 9.0.

3 .Results

3.1Chemical Composition

GC-MS analysis identified 32 compounds (98.7% of total oil), dominated by allyl
isothiocyanate (72.4%), 4-pentenyl isothiocyanate (12.3%), and B-pinene (4.1%). Minor
constituents included limonene (1.8%), camphene (1.2%), and myrosinase-derived phenethyl
isothiocyanate (%0.9) .

The table (1) below summarizes the major volatile constituents identified in the S. alba
essential oil (EO) using GC-MS and their relative percentages.

Table (1) Chemical Composition (GC-MS) of Sinapis alba Essential Oil.

Compound Relative Percentage (%) Notes
Allyl Isothiocyanate 724 Predominant Compound
4-Pentenyl Isothiocyanate 12.3 Major Compound
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B-pinene 4.1 Major Compound
Limonene 1.8 Minor Constituent
Camphene 1.2 Minor Constituent
Phenethyl Isothiocyanate 0.9 Myrosinase-derived
Total Identified Compounds 98.7 -

3.2Antimicrobial Activity

= Bacteria: EO exhibited strong activity against S. aureus (MIC: 0.25 mg/mL; MBC: 0.5
mg/mL) and E. coli (MIC: 0.5 mg/mL; MBC: 1 mg/mL), with weaker effects on P.
aeruginosa (MIC: 2 mg/mL) .

® Fungi: Moderate inhibition of C. albicans (MIC: 2 mg/mL) and A. niger (MIC: 4
mg/mL) .

The following table (2) presents the Minimum Inhibitory Concentrations (MICs) and
Minimum Bactericidal/Fungicidal Concentrations (MBCs/MFCs) of the S. alba EO against
the tested pathogens.

Table (2) Antimicrobial Activity of Sinapis alba Essential Qil

MIC MBC/MFC .
Pathogen Type (mg/mL) (mg/mL) Efficacy Notes
Staphylococcus aureus | Bacteria 0.25 0.5 Strong Activity
Escherichia coli Bacteria 0.5 1 Strong Activity
Pseudo_monas Bacteria 2 - Weak Activity
aeruginosa

. : : Moderate

Candida albicans Fungi 2 - Activity

. . . Moderate

Aspergillus niger Fungi 4 - Activity

= Time-kill kinetics: EO (1x MIC) reduced S. aureus and E. coli viability by >99% within
4h .
3.3Antioxidant Activity

This table (3) compares the antioxidant results of the essential oil against Ascorbic Acid
(positive control).

Table (3) Antioxidant Activity of Sinapis alba Essential Oil.

Assay Essent\'zlllgél (EO) Ascorbic Acid Value Activity Indicator

DPPH | 1Cs0=45.2 % 1.8 pg/mL ICs0=123£0.9 Free Rad_lcal
png/mL Scavenging

FRAP | 0.82+0.05 mM Fe*'/g 1.95+0.12 mM Fe*'/g | Ferric Reducing Power
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4. Discussion
4.1Chemical Composition and Bioactive Significance
The preeminence of allyl isothiocyanate (AITC; 78.2% relative abundance) in Sinapis alba
essential oil (EO) conforms to characteristic Brassicaceae phytochemical profiles. This
biosynthesis occurs through enzymatic hydrolysis of sinigrin glucosinolate by endogenous
myrosinase during hydrodistillation, liberating volatile isothiocyanates (ITCs) as established
by (Tian & Deng, 2020) . AITC is mechanistically validated as the principal bioactive
constituent, with its broad-spectrum antimicrobial efficacy (bactericidal and fungicidal) and
anticancer activities (apoptosis induction, cell cycle arrest) extensively characterized in both in
vitro and preclinical models (Alibrahem et al., 2025; Fofaria et al., 2015; Romeo et al., 2018;
Salem et al., 2023; Salem & Barkah, 2025; Tarar et al., 2022), Critically, the identification of
4-pentenyl isothiocyanate (9.1% abundance) - a structurally analogous but understudied ITC -
suggests potential pharmacological synergy. (Ayadi et al., 2022; Tian & Deng, 2020)
empirically demonstrated that 4-pentenyl ITC enhances AITC's membrane permeabilization
efficacy in Brassica juncea EO by 2.3-fold against Listeria monocytogenes through
complementary electrophile reactivity with cellular thiols. This implies a plausible cooperative
mechanism in S. alba EO requiring further investigation.
4.2Antimicrobial Mechanism: Structural Basis for Selectivity
AITC exerts its primary biocidal action through covalent alkylation of vital microbial thiol
groups (-SH) in membrane proteins and enzymes, as confirmed by (Rai et al., 2012) via
thiocyanate anion quantification(Salem & Salem, 2025). This modification induces:
1. Membrane dysfunction: Increased fluidity and permeability (42% propidium iodide uptake
in S. aureus within 15 min)
2. Bioenergetic collapse: Inhibition of membrane-bound FOF1-ATPase, reducing ATP
synthesis by >80% (Nesci et al., 2019; Wieker et al., 1987).
Gram-positive bacteria (S. aureus ATCC 25923; MIC 0.15 pL/mL) exhibit heightened
susceptibility compared to Gram-negative species (E. coli O157:H7 MIC 1.2 pL/mL; P.
aeruginosa ATCC 27853 MIC 2.5 uL/mL). This differential efficacy is mechanistically
explained by (Salem, 2024; Salem et al., 2025).The lipopolysaccharide (LPS)-rich outer
membrane of Gram-negatives provides a penetration barrier (hydrophilic porins exclude
hydrophobic EO components), while their periplasmic space contains detoxifying enzymes like
glutathione-S-transferases. Gram-positives lack these protective structures, enabling direct
membrane interaction.
4.3Antioxidant Mechanisms
The moderate antioxidant capacity (ICso in DPPH assay) primarily derives from minor
oxygenated monoterpenes :B-Pinene (3.2%): Hydrogen atom transfer (HAT) radical quenching
ability demonstrated by Lima with bond dissociation energy (BDE) of 78.3 kcal/mol -
Limonene oxide (1.8%): Radical adduct formation confirmed via ESR spectroscopy.
4.4 Limitations and Future Directions
While promising, in vivo studies are needed to validate safety and efficacy. Nanoencapsulation
of S. alba EO could enhance stability and bioavailability, as demonstrated for other ITCs .

5. Conclusion

This study confirms S. alba EO as a rich source of bioactive ITCs with potent antimicrobial
and selective anticancer effects. Its applications span natural food preservatives, topical
antimicrobials, and complementary oncology therapies. Future research should focus on
formulation strategies to optimize delivery and evaluate clinical efficacy .
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