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[ze{?go” fs | aimed to determine the antibacterial and antifungal activity of 98% pure palmitic acid
ntibacteria

against five bacterial strains (Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Enterobacter aerogenes, Klebsiella pneumoniae) and five yeast strains
Hexadecanoic acid (Candida parapsil.os?s, Candidq l.crusei, Candida glabrata, Candida trqpicali.s, Candida
Minimum Inhibitory Concentration albicans). The Minimum Inhibitory Conceqtra‘uon (MIC) of palml.tlc ac1q was 65
(MIC) mg/mL against S. aureus, and 130 mg/mL against the other fgur bacterlgl species tested.
The Minimum Bactericidal Concentration (MBC) values against bacterial strains ranged
from 130 mg/mL to 260 mg/mL. Furthermore, according to antifungal activity test
results, the MIC values of palmitic acid were 32.5 mg/mL against C. parapsilosis and C.
glabrata, and 65 mg/mL against C. krusei, C. tropicalis, and C. albicans. The Minimum
Fungicidal Concentration (MFC) values against Candida species ranged from 65 to 130
mg/mL. In conclusion, this study provides detailed MIC and MBC/MFC data on the
antimicrobial potential of pure palmitic acid. Overall, palmitic acid showed slightly
higher efficacy against Candida species than against bacteria. This preliminary study
proved the antibacterial and antifungal activity of palmitic acid and paved the way for
its use in medical, healthcare, and industrial fields with further advanced studies.
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INTRODUCTION

Palmitic acid (commonly known as hexadecanoic acid) is the most abundant saturated fatty acid in nature and forms a
cornerstone of cellular lipid homeostasis in organisms (Ceja-Galicia et al., 2025; Carta et al., 2017). This compound, a
straight-chain 16-carbon saturated monocarboxylic acid, has no double bonds (Calder, 2015). It exhibits an amphipathic
structure consisting of a polar carboxyl end and a long, apolar aliphatic tail (Carta et al., 2017). Due to its hydrophobic
character, palmitic acid fits well within the lipid bilayer of cell membranes and can directly modulate membrane fluidity
(Maxfield & van Meer, 2010).

Palmitic acid, extensively studied in the literature for its pharmacological and medical potential, is a compound with high
therapeutic efficacy and strategic importance in the biomedical field. Palmitic acid has been reported to exhibit selective
antitumor and antiproliferative effects on specific cancer cell lines at doses above standard plasma concentrations (Wang et
al., 2023; Zhu et al., 2021). The compound triggers oxidative stress in human breast cancer (MCF-7) and leukemia cells by
leading to the overproduction of intracellular reactive oxygen species (ROS) (Rodrigues et al., 2019; Harada et al., 2002).
This mechanism causes loss of mitochondrial membrane potential, release of cytochrome c, and subsequent caspase-
3/caspase-9 activation, leading to programmed cell death (apoptosis) (Saha et al., 2022; Wang et al., 2023). Palmitic acid
can halt the proliferation cycle of cancer cells at specific checkpoints (Fouad & Aanei, 2017). Furthermore, it has been
confirmed to suppress survival signals by inhibiting the phosphorylation of a signaling pathway. This plays a key role in
tumor growth. Palmitic acid can suppress metastasis, one of the most critical stages in cancer progression, at the molecular
level (Sun et al., 2025; Lv et al., 2023; Lin et al., 2017).

Studies on the antimicrobial activity of palmitic acid remain insufficient to date. In the limited number of studies conducted,
the effectiveness of palmitic acid against a few microorganisms has been interpreted based on inhibition zones using
traditional methods, or the reported antimicrobial activity of various plant extracts has been attributed to palmitic acid
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(Shaaban et al., 2021; Sajayan et al., 2023; Idris et al., 2022; Unver & Gurhan, 2024). In this study, the antibacterial and
antifungal activity of pure (98%) palmitic acid against ten different microorganisms was determined, and the Minimum
Inhibitory Concentration (MIC) values and Minimum Bactericidal and Minimum Fungicidal Concentration (MBC/MFC)
values were determined.

MATERIALS AND METHODS

Palmitic acid

High-purity (98%) palmitic acid (CAS No: 57-10-3), was purchased from Thermo Fisher Scientific (Belgium). This
compound has the molecular formula C;sH3,0, (CH3(CH2)14COOH) and a molecular weight of 256.42. The specific
chemical structure of palmitic acid is illustrated in Figure 1.

Ox

Figure 1. Chemical structure of palmitic acid
Microorganisms and Growth Media

The antimicrobial activity of palmitic acid was evaluated against a panel of ten reference microorganisms, comprising five
bacterial and five yeast strains: Klebsiella pneumoniae (ATCC 13883), Escherichia coli (ATCC 10536), Pseudomonas
aeruginosa (ATCC 10145), Enterobacter aerogenes (ATCC 13048), Staphylococcus aureus (ATCC 12600), Candida
tropicalis (ATCC 13803), Candida krusei (ATCC 14243), Candida albicans (ATCC 14053), Candida glabrata (ATCC
2001), and Candida parapsilosis (ATCC 22019). All strains were obtained from the American Type Culture Collection (VA,
USA). For cultivation, bacterial strains were maintained in Mueller-Hinton broth (Himedia, Nashik, India) and on Mueller-
Hinton agar (Merck, Darmstadt, Germany). Moreover, Sabouraud broth (Biolife, Milan, Italy) and Sabouraud 4% glucose
agar (Chemsolute, Renningen, Germany) were used to culture Candida species.

Antibacterial and Antifungal Activity Tests

Following a previously established protocol, with slight adjustments, the antibacterial and antifungal activities of palmitic
acid were evaluated to determine the MICs for each strain (Unver et al., 2025a; Unver et al., 2025b; Unver et al., 2024;
CLSI, 2018). Antimicrobial profiling was performed using the broth microdilution technique.

According to the broth microdilution protocol, 520 mg of palmitic acid was first solubilized in 1000 pL of dimethyl sulfoxide
(DMSO) before being added to the primary well of the microplate. This solution was then divided into ten parts and
distributed so that each well contained 52 mg of palmitic acid, and a two-fold dilution was performed. Therefore, the palmitic
acid concentration ranged from 260 mg/mL in the first well to 0.508 mg/mL in the last well. To determine MIC values,
standard inocula (0.5 McFarland) were prepared for each microorganism, and 1 uL of each was inoculated into wells 1
through 11. The microplates were then incubated overnight at 36 °C. The following day, microplates treated with resazurin
were observed to determine MIC values. Wells showing growth were re-inoculated onto agar plates, incubated overnight,
and the results were observed to determine MBC/MFC values.

RESULTS AND DISCUSSION

The MIC values of palmitic acid against the tested microorganisms are shown in Table 1. As a result of the antibacterial
study, while S. aureus inoculated into row A grew from the fourth well onward, other bacterial strains such as P. aeruginosa,
E. coli, E. aerogenes, and K. pneumoniae also began to grow from the fourth well onward. Therefore, the minimum
concentration at which palmitic acid inhibited S. aureus was 65 mg/mL (the value in the third well), while the MIC against
other bacterial species was 130 mg/mL (Figure 2).

As aresult of the antifungal activity, C. parapsilosis and C. glabrata grew after the fifth well, while C. krusei, C. tropicalis,
and C. albicans grew after the fourth well. Therefore, the MIC value of palmitic acid was determined to be 32.5 mg/mL for
C. parapsilosis and C. glabrata, while the MIC value was determined to be 65 mg/mL for C. krusei, C. tropicalis, and C.
albicans (Figure 3).

After determining the MIC values, MBC/MFC values were determined from passages taken from wells showing growth. As
seen in Table 1, in the antibacterial assay, the MBC value of palmitic acid against S. aureus, P. aeruginosa, and E. coli was
determined to be 130 mg/mL, while the MBC value against other bacterial strains such as E. aerogenes and K. pneumoniae
was determined to be 260 mg/mL. According to the antifungal assay results, the MFC value of palmitic acid against C.
parapsilosis, C. glabrata, and C. albicans was found to be 65 mg/mL, while it was 130 mg/mL against C. krusei and C.
tropicalis.
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Figure 2. The microplate picture of palmitic acid antibacterial test against Staphylococcus aureus (A), Pseudomonas
aeruginosa (B), Escherichia coli (C), Enterobacter aerogenes (D) and Klebsiella pneumoniae (E). Palmitic acid
concentration ranged from 260 mg/mL in the first well to 0.508 mg/mL in the last well. 11" and 12" wells are positive and
negative control, respectively.
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Figure 3. The microplate picture of palmitic acid antifungal test against Candida parapsilosis (A), Candida krusei (B),

Candida glabrata (C), Candida tropicalis (D), Candida albicans (E). Palmitic acid concentration ranged from 260 mg/mL
in the first well to 0.508 mg/mL in the last well. 11" and 12" wells are positive and negative controls, respectively.

Palmitic acid has a versatile range of uses in medicine and pharmacology, both as a therapeutic agent and as a critical
excipient in drug formulations. Due to its hydrophobic nature and biocompatibility, palmitic acid is frequently used to
stabilize modern liposomal, nanoparticulate, and micelle-based drug delivery systems that enable controlled drug release
(Cartaetal., 2017). It is also used as a fundamental scaffold molecule for fatty acid conjugation in prodrug design to increase
the bioavailability of lipophilic drugs with low water solubility (Antal et al., 2026; Proschak et al., 2017; Blanchfield &
Toth, 2004). Moreover, it is the main component of the pulmonary surfactant, dipalmitoylphosphatidylcholine (DPPC),
which maintains alveolar surface activity and prevents respiratory distress syndrome (RDS) (Calder, 2015). Recent
preclinical oncology research has shown that palmitic acid, administered at controlled pharmacological doses, can selectively
induce mitochondrial dysfunction and apoptosis in tumor cells, thereby advancing next-generation lipid-based
chemotherapeutic strategies for cancer treatment (Saha et al., 2022; Wang et al., 2023).

Palmitic acid exhibits broad-spectrum antimicrobial activity against both Gram-positive and Gram-negative bacteria, as well
as various fungal pathogens (Padmini et al., 2020; Huang et al., 2011). The main antimicrobial mechanism of the compound
is its penetration into the phospholipid bilayer of microorganisms due to its amphipathic structure, which disrupts cell
membrane integrity and leads to cellular lysis. Studies have shown that palmitic acid alters membrane fluidity by disrupting
hydrophobic interactions in the bacterial cell wall and blocks electron transport chain and oxidative phosphorylation
reactions (Padmini et al., 2020; Huang et al., 2011). Its inhibitory effect, particularly against the resistant pathogen S. aureus,
is directly related to its ability to prevent the formation of bacterial biofilms and to degrade mature biofilms (Lee et al.,
2022). It has been shown that palmitic acid reaches inhibitory concentrations against Gram-positive bacteria such as
Streptococcus strains and against Gram-negative bacteria such as MDR E. coli and K. pneumoniae by modulating the
expression of porin proteins in the bacterial outer membrane and depleting intracellular ATP stores (Padmini et al., 2020;
Huang et al., 2011). In non-clinical mycology studies, palmitic acid has also demonstrated strong antifungal activity against
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C. albicans strains by suppressing yeast-to-hyphal transformation and promoting ergosterol biosynthesis (Prasath et al.,
2020). In recent years, the use of this saturated fatty acid in synergistic combinations with conventional antibiotics has been
considered a promising pharmacological strategy for eliminating superbugs with multidrug resistance (MDR) (Song et al.,
2020).

Table 1. MIC and MBC/MFC values of palmitic acid against tested microorganisms

Results

Microorganisms MIC Values (mg/mL) MBC/MFC Values (mg/mL)
S. aureus 65 130
P. aeruginosa 130 130
E. coli 130 130
E. aerogenes 130 260
K. pneumoniae 130 260
C. parapsilosis 325 65
C. krusei 65 130
C. glabrata 32.5 65
C. tropicalis 65 130
C. albicans 65 65

In some screening studies that detect palmitic acid using gas chromatography-mass spectrometry (GC-MS), particularly
from plant extracts or marine algae, the obtained MIC values were associated with the palmitic acid content in the plant
(Ganesan et al., 2024; Purushothaman et al., 2024; Suvaithenamudhan et al., 2024; Unver & Gurhan, 2024). In another study,
the antifungal activity of the synthesized palmitic acid-based neoglycolipid series against Candida species was investigated
and MIC values were determined; however, the purity of the obtained palmitic acid was quite low (Souza et al., 2015).
Another study demonstrated that palmitic acid exhibits bactericidal activity against S. aureus and P. aureginosa (Ivanova et
al. 2017). The proven antibacterial activity of the aqueous ethanol extract obtained from Ipomoea eriocarpa leaves has been
attributed to the palmitic acid present in the plant extract (Ganesan et al., 2024). Therefore, most studies focus more on
confirming the antimicrobial properties of plant extracts or essential oils containing palmitic acid, rather than directly
confirming the antimicrobial activity of palmitic acid itself.

The disk diffusion method, used in antimicrobial activity studies, is not one of the preferred methods in recent years. This is
because, due to procedural errors that may arise from incorrect manual application in the agar medium, the disks placed in
the test may not show good diffusion; therefore, the measured diameters of these regions can be misleading, and a
quantitative MIC value cannot be obtained because a dilution method is not used. Similarly, in some specific studies focused
on biofilms or antifungals, instead of the concentration (MIC) that completely stops the growth of bacteria/fungus,
percentage inhibition rates were preferred, such as "reduced biofilm mass by 40% at a specific concentration" or "suppressed
hyphae formation by 50% at specific concentrations" (Lee at al., 2022).

Therefore, this gap in the scientific literature was addressed in this study by determining the MIC and MBF/MFC values of
palmitic acid's antibacterial and antifungal activity against the tested microorganisms. This study found that palmitic acid
was slightly more effective against Candida species than against bacterial species. In one study, it was proven that palmitic
acid disrupts fungal membrane integrity in Candida species by directly suppressing ergosterol biosynthesis in the cell
membrane (Prasath et al., 2020). In contrast, ergosterol is not found in bacteria. As a result, palmitic acid may interact with
the lipopolysaccharide (LPS) or peptidoglycan layer of the bacterial membrane in a static manner (Idris et al., 2022).
Therefore, differences in the membrane structures of bacterial and yeast cells help explain the relationship between palmitic
acid's inhibitory activity and the structural characteristics of these microorganisms.

CONCLUSION

This study demonstrates the antimicrobial potential of pure palmitic acid against a broad spectrum of pathogens, filling a
significant gap in the existing literature. Our findings clearly show that this fatty acid exhibits strong antibacterial activity
against both Gram-positive and Gram-negative bacteria, as well as antifungal activity against fungal agents. This biological
activity is particularly prominent against clinically resistant Candida strains, which is one of the study's most striking results.
The determined MIC and MBC/MFC values provide a basis for understanding the biological activity of palmitic acid. In
conclusion, these preliminary results confirm the therapeutic importance of palmitic acid and demonstrate its significant
potential for future applications in medicine, healthcare, and related industrial sectors with further optimization and advanced
studies.
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