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Abstract
Currently, there is a growing trend of replacing synthetic antioxidants with natural alternatives to delay or
prevent the oxidation of edible oils. In this paper, we assessed the phenolic compounds and antioxidant
properties of ethanolic extracts obtained from Cydonia oblonga (SQ). Furthermore, we incorporated SQ at
two different concentrations (1% and 2%) into cold-pressed sesame oil, storing it for 30 days under
ambient conditions. We then assessed the peroxide value (PV), acid value (AV), oxidative stability using
the Rancimat apparatus, and the fatty acids (FAs) composition. Additionally, we conducted molecular
docking analyses to explore the interaction between trans fatty acids (TFAs; C18:1 and C18:2) and key
pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and C-
reactive protein (CRP). The total phenol, flavonoid content, and antioxidant activity of SQ were found to
be 95.33 ± 5.03 mg GAE/g, 343.67 ± 16.44 mg QE/g, and 465.67 ± 5.51 mmol Fe2+/g, respectively. The
presence of SQ exhibited a significant impact on reducing PV and AV when compared to the control
group. Furthermore, the addition of SQ resulted in a significant increase in the induction period (IP)
compared to the control. The predominant FAs in the samples were 18:2n-6, 18:1n-9, 16:0, and 18:0,
respectively. The levels of TFAs in all samples at 30 days were higher than those at 0 days. TNF-α and IL-
6 showed a higher binding affinity for the trans-C18:1 ligand, with a docking score of -6.81 and − 5.82,
respectively, compared to the trans-C18:2 ligand. In this context, SQ can be proposed as a natural
antioxidant to enhance the oxidative stability of sesame oil. Additionally, the binding preferences and
specific interactions of TFAs with these pro-inflammatory cytokines indicate their potential role in
modulating inflammation.

Introduction
Sesame oil is a consumable vegetable oil derived from the seeds of the Sesamum Indicum Linn plant.
Due to its great resistance to oxidation during storage and frying, which distinguishes it from other
vegetable oils, it is particularly used in cooking. This exceptional stability can be attributed to its rich
content of antioxidants, including tocopherols and lignans (1, 2). Sesame oil is usually produced using
the cold-pressing technique, which requires less processing and preserves the seed's natural
deliciousness. Cold-pressed sesame oil is a preferred option in culinary uses and food preparations
because of its distinctive flavor and distinctive nutty scent (3, 4). Beyond its culinary appeal, sesame oil is
also recognized for its potential health-enhancing properties. It contains a high concentration of
unsaturated FAs, which are useful in decreasing the risk of cardiovascular diseases (5). The composition
of Sesame oil consists of approximately 14% saturated FAs, 39% monounsaturated FAs, and 46%
polyunsaturated FAs (6). The robust antioxidant activity of sesame oil arises from its primary
components, notably 𝛾-tocopherol and three essential lignan compounds: sesamin, sesamolin, and
sesamol. These compounds collectively contribute to the potent antioxidant properties exhibited by
sesame oil (7). However, oil is susceptible to oxidation upon exposure to various elements, including light,
heat, trace metals, and oxygen. This vulnerability stems from the presence of unsaturated bonds within
its chemical structure. The process of oxidation has detrimental effects on both the nutritional integrity
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and shelf life of the oil (8). Lipid peroxidation is a multifaceted process that unfolds in distinct stages,
swiftly giving rise to a multitude of compounds. These compounds play a pivotal role in the development
of lipid rancidity. Among them, hydroperoxides emerge as prominent primary oxidation products, which
subsequently undergo additional oxidation steps, culminating in the formation of secondary oxidation
products. Examples of these secondary oxidation products encompass various organic compounds such
as alkanes, alkenes, aldehydes, and ketones (9). To curtail the incidence of lipid oxidation and extend
shelf life, the application of antioxidants has proven effective. These compounds act as safeguards
against the autoxidation of oils and fats by bestowing their hydrogen atoms upon free radicals, thereby
diminishing the likelihood of oil oxidation and the subsequent development of rancidity (8, 10).

Research has highlighted that the consumption of oils and oily foods containing oxidative metabolites
comprising reactive oxygen species can inflict damage on various organs within the body. This damage
ensues through the generation of cytotoxic and genotoxic compounds, fostering the development of
chronic ailments. These repercussions include perturbation of the body's redox equilibrium,
compromising the robustness of the antioxidant network. As a consequence, the risk escalates for
afflictions such as atherosclerosis, diabetes, obesity, and cancer. This oxidative stress further exacerbates
the pathogenesis of myeloma and lymphoma by inflicting DNA damage, influencing chemotherapy
outcomes in non-Hodgkin's lymphoma, accelerating the aging process, augmenting plasma total
cholesterol levels, fostering larger atherosclerotic lesions, and promoting atherogenesis that impacts
arterial walls and precipitates heart diseases, ultimately culminating in cell death (9, 11–13).

TFAs are a type of unsaturated FAs characterized by the presence of one or more unconjugated double
bonds in the trans configuration. The majority of TFAs are produced during industrial processing,
particularly through the partial hydrogenation of vegetable oils that are abundant in polyunsaturated fatty
acids (PUFAs) (14). Partially hydrogenated vegetable oils can contain as much as 60% TFAs, primarily
composed of various isoforms of trans-octadecenoic acid (trans-C18:1), which typically constitute 80–
90% of the total TFA content. Several studies have furnished evidence suggesting that specific TFAs exert
an influence on the regulation of crucial physiological processes, including lipid metabolism,
inflammation, oxidative stress, endoplasmic reticulum stress, autophagy, and apoptosis. Disruption of
these biological pathways by TFAs serves as a potential underlying mechanism contributing to the
detrimental impacts of TFAs on cardiometabolic health (15, 16). Furthermore, recent evidence highlighted
a potential link between TFAs and the regulation of pro-inflammatory cytokines, such as TNF-α, IL-6, and
CRP (17, 18). Studies have indicated that elevated levels of TFAs in the diet have been associated with
increased circulating levels of pro-inflammatory cytokines, leading to the activation of inflammatory
pathways (19, 20). Pro-inflammatory cytokines play key roles in immune responses and are involved in
the development and progression of various inflammatory diseases, ranging from cardiovascular
diseases and cancer to diabetes and obesity (21–23). Therefore, understanding the molecular
interactions between TFAs and pro-inflammatory cytokines may shed light on the mechanisms
underlying the harmful effects of TFAs on cardiometabolic health and further emphasize the importance
of discovering potential interventions to alleviate their impact.
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C. oblonga Mill., commonly known as Quince, belongs to the Rosaceae family. This plant is utilized for
both nutritional and medicinal purposes due to its substantial polyphenol content. The polyphenols
found in quince predominantly comprise hydroxycinnamic acids (such as caffeoyl and coumaroyl
derivatives), flavonols (including quercetin and kaempferol derivatives), and, to a lesser extent, flavanols
(such as catechin and epicatechin). Quince serves as a dietary source of health-enhancing compounds,
contributing to its antioxidant capacity. Moreover, quince exhibits various beneficial properties,
encompassing anti-ulcerative, anti-carcinogenic, anti-inflammatory, anti-allergic, and antimicrobial
activities (24–26).

Hence, the aim of this research was to investigate the impact of an ethanolic extract derived from C.
oblonga on the quality attributes of sesame oil obtained through cold pressing over a span of 30 days
under ambient storage conditions (ranging from 25–30°C). Moreover, we conducted molecular docking
analyses to explore the interaction between TFAs (specifically trans-C18:1 and trans-C18:2) and key pro-
inflammatory cytokines, aiming to elucidate the potential molecular mechanisms by which TFAs may
contribute to inflammation-related processes.

Material and methods

Preparation of oil sample and quince extract
Fresh sesame oil and quince were procured from Rosalita company and a local fruit shop, respectively,
located in Kashan, Iran. The quince fruit samples were carefully air-dried in shaded conditions for a
period of 2 weeks. Subsequently, the dried quince samples were finely powdered utilizing a mixer grinder.
Each batch of powdered quince was subjected to extraction using 80% ethanol employing the maceration
technique. Specifically, 100 grams of the powdered quince material were mixed with 400 milliliters of 80%
ethanol and left to undergo extraction at room temperature for a duration of 8 hours (27). The sesame oil
was divided into 3 different categories: sesame oil without extract (control; C), sesame oil treated with 1%
quince extract (SQ1) and sesame oil treated with 2% quince extract (SQ2).

Estimation of total phenolics, flavonoids and total
antioxidant activity
The quantification of total phenolic and flavonoid constituents was conducted on ethanolic extracts
using colorimetric methods, as described in previous studies (28). The determination of the overall
antioxidant activity of the plant extract was carried out through iron reduction, employing the Ferric
Reducing Antioxidant Power assay (FRAP), as detailed in a prior study (29).

Peroxide value
The PV serves as a measure to assess the concentration of peroxides and hydroperoxides that emerge
during the initial phases of the lipid oxidation process. As the oil initiates the oxidation process, peroxides
begin to develop, subsequently liberating iodine from potassium iodide. The resulting iodine can then be
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quantified through titration using standard sodium thiosulfate, employing the methodology outlined in
the AOCS Cd 8–53 standard methods. This analysis offers valuable insights into the oxidative status of
the oil (30). In summary, the procedure involved adding 30 ml of acetic acid-chloroform solution to a 250
ml flask containing 5 g of oil sample and shaking to ensure complete dissolution. Once the oil had
completely dissolved, 0.5 ml of saturated potassium iodide solution was augmented and quickly swirled
for one minute, after which 30 ml of deionized water was added. An indicator volume of one ml of starch
was added to the mixture. Subsequently, the sample was titrated against 0.1 N sodium thiosulfate until
the blue-gray color ceased to exist. The PV was calculated utilizing the volume of titrant as input,
employing the subsequent equation: The outcomes were denoted in milliequivalents of peroxide per
kilogram of oil:

Where,

S = Volume consumed during titration of the sample (ml)

B = Volume consumed during titration of the blank (ml)

N = Normality of sodium thiosulfate solution

W = weight of oil (Kg)

Acid value
The AV experiment was employed in this research to determine the proportion of unbound FAs released
through the hydrolysis of triglycerides. The procedure followed the methodology outlined in AOCS Cd 3d-
63 (30). In summary, in a 250 ml flask, 10 ml of ethanol and 1 g of oil were combined to dissolve the oil.
Then, as an indication, add 2 drops of phenolphthalein. Then, 0.1 N potassium hydroxide (KOH) was
added to oil samples in titrations until a faint pink tint emerged. The free fatty AV was calculated using
the volume of the titrant using the formula below:

Where,

V = titrant volume consumed during titration of the sample

B = titrant volume consumed during the titration of the blank

N = normality of KOH

W = weight of oil (g)

Peroxidevalue =
(S − B) × N × 1000

W

Acidvalue =
(V − B) × N × 56.1

W
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Oxidative stability
The oxidative stability of the oils was evaluated following the ISO 6886 standard method, utilizing a
Rancimat 982 apparatus manufactured by Metrohm CH in Zofingen, Switzerland. The experimental
conditions entailed setting the temperature to 110°C, while maintaining an air stream of 20 liters per hour
(31).

Fatty Acids Composition
The FAs composition of both the control and treated sesame oil samples was assessed subsequent to
alkaline trans-esterification. This analysis was conducted using gas-liquid chromatography with flame
ionization detection (GC-FID), following the methodology outlined in Regulation EEC 2568/91 (6, 32).
Fatty acid methyl esters (FAME) along with standard compounds were subjected to analysis via gas
chromatography (Agilent 6890), which was outfitted with a flame ionization detector and an Hp-88
capillary column (100m length, 250µm inner diameter, 0.2 µm film thickness). The identification of FAME
was established through a comparative assessment of their retention times against those of a standard
FAME mixture. The quantification process was based on peak areas represented in electronic units, with
the resulting fatty acid content being expressed as the relative percentage of each individual fatty acid.

Molecular docking analysis
The molecular docking study is useful to predict the binding interaction of the protein and small
molecules (33). We chose Autodock Vina for molecular docking and investigation the binding interactions
between TNF-α, IL-6, and CRP proteins and ligands, TFAs (trans-C18:1 and trans-C18:2). Blind docking
was performed using AutoDock Vina software, which allowed the calculation of binding scores for each
protein-ligand complex.

Three-dimensional crystal structure of the selected molecular targets was downloaded from a protein
data bank (PDB). The PDB ID of the downloaded proteins were 2AZ5, 1ALU, and 3PVN for TNF-α, IL-6,
and CRP, respectively. Ligand molecules, trans-C18:1 (Elaidic acid; PubChem CID: 637517) and trans-
C18:2 (Linoelaidic acid; PubChem CID: 5282457) were retrieved from the PubChem database.
AutoDockTools were used to prepare structure of proteins and ligands by adding hydrogens, assigning
Gasteiger charges and to convert the ligand and protein into the pdbqt format required by AutoDock Vina
(34).

A docking grid box of dimensions 40 × 40 × 40 with a grid spacing of 1 Å was centered on each protein
structure to cover the entire surface, with the exhaustiveness parameter of 8.

The top binding pose ranked by binding affinity were retained to investigate interaction each protein-
ligand pair. The interaction plot analyses were carried out by using BIOVIA Discovery Studio 2020
software.
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The interactions between the protein residues and ligands were analyzed and categorized based on their
type. The distances between the interacting residues and ligands were calculated. The specific residues
involved in each interaction were noted.

Statistical analysis
All experiments in this study were performed in triplicate, and the data are presented as the mean ± 
standard deviation (SD). Statistical analysis was performed using SPSS software (version 21, Chicago,
IL, USA). One-way ANOVA and the least significant differences test were employed to determine the
statistically significant differences between the samples. A p-value less than 0.05 was considered
indicative of significant differences.

Results
Table 1 presents the results acquired from tests assessing total phenol and flavonoid content, as well as
antioxidant activity, for the hydro-ethanolic extract derived from the whole fruit of C. oblonga.

Table 1
Total phenols, flavonoids content and antioxidant

activity of hydro-ethanolic extract of whole fruit of C.
oblonga

  Results

Total phenols content (mg GAE/g) 95.33 ± 5.03

Flavonoids content (mg QE/g) 343.67 ± 16.44

Antioxidant activity (mmol Fe2+ /g) 465.67 ± 5.51

Figure 1 depicts the PV trends for sesame oil samples, including both oil without extract and oil treated
with the hydro-ethanolic extract from the whole fruit of C. oblonga (at concentrations of 1% and 2%),
during a 30-day storage period. The findings reveal a notable elevation in PVs across all samples as the
storage duration extends. At the initial point (zero time), no significant distinctions were observed
between the control, SQ1, and SQ2 samples. However, over the course of the 10, 20, and 30-day storage
intervals, the presence of quince extract exhibited a significant impact in reducing PVs when contrasted
with the control group (p < 0.05).

The AVs for sesame oil without extract and sesame oil with the hydro-ethanolic extract of the whole fruit
of C. oblonga (at concentrations of 1% and 2%) during a 30-day storage period are presented in Fig. 2. At
zero and 10 time points, the results indicated no significant differences among all samples. After 20 days,
the AV of all samples increased compared to the initial measurement, but only SQ2 exhibited a notable
difference from the other samples (p < 0.05). As the storage period extended to 30 days, the presence of
quince extract demonstrated significance in reducing the AV when compared to the control (p < 0.05).
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The IP results obtained using the Rancimat method for sesame oil without extract and sesame oil with
the hydro-ethanolic extract of the whole fruit of C. oblonga (at concentrations of 1% and 2%) are
illustrated in Fig. 3. The addition of quince extract showed a significant increase in IP when compared to
the control (p < 0.05).

Table 2 provides the results of fatty acid quantification for sesame oil without extract and sesame oil
with the hydro-ethanolic extract of the whole fruit of C. oblonga (at concentrations of 1% and 2%) at both
0 and 30 days. The predominant FAs were 18:2n-6, 18:1n-9, 16:0, and 18:0, respectively. The levels of
TFAs in all samples at 30 days were higher than those at 0 days (p < 0.05). Additionally, the quantities of
18:2n-6 and 18:1n-9 at 30 days were lower than those at 0 days (p < 0.05).
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Table 2
Fatty acids composition expressed in mg/g of sesame oil without extract and sesame oil with hydro-

ethanolic extract of whole fruit of C. oblonga (1%; SQ1 and 2%; SQ2) at 0 and 30 days.
Fatty acids 0 day 30 day

C SQ1 SQ2 C SQ1 SQ2

C14:0 0.12 ± 
0.00A

0.12 ± 
0.00A

0.12 ± 
0.00A

0.12 ± 
0.00A

0.12 ± 
0.00A

0.12 ± 
0.00A

C16:0 92.4 ± 0.04
A

92.4 ± 0.04
A

92.4 ± 0.04
A

92.6 ± 0.04
A

92.5 ± 0.04
A

92.4 ± 0.04
A

C16:1n-7 1.1 ± 0.02
A

1.1 ± 0.02
A

1.1 ± 0.02
A

1.08 ± 0.02
A

1.1 ± 0.02 A 1.1 ± 0.02 A

C17:0 0.33 ± 0.00
A

0.33 ± 0.00
A

0.33 ± 0.00
A

0.31 ± 0.03
A

0.30 ± 0.02
A

0.34 ± 0.04
A

C18:0 42.57 ± 
0.02A

42.57 ± 
0.02A

42.57 ± 
0.02A

42.54 ± 
0.04A

42.55 ± 
0.04A

42.53 ± 
0.03A

C18:1n-9 361.4 ± 
0.08A

361.4 ± 
0.08A

361.4 ± 
0.08A

354.4 ± 
0.09B

356.4 ± 
0.07C

360.5 ± 
0.08A

C18:1n-7 5.66 ± 0.04
A

5.66 ± 0.04
A

5.66 ± 0.04
A

5.57 ± 0.09
A

5.59 ± 0.06
A

5.63 ± 0.04
A

C18:2n-6 415.25 ± 
0.05A

415.25 ± 
0.05A

415.25 ± 
0.05A

409.1 ± 
0.05B

412.25 ± 
0.03C

413.1 ± 
0.06C

C18:3n-3 3.14 ± 0.04
A

3.14 ± 0.04
A

3.14 ± 0.04
A

3.12 ± 0.06
A

3.11 ± 0.04
A

3.15 ± 0.06
A

C20:0 4.8 ± 0.02
A

4.8 ± 0.02
A

4.8 ± 0.02
A

4.7 ± 0.09 A 4.8 ± 0.05 A 4.7 ± 0.08 A

C20:1n-9 1.6 ± 0.04
A

1.6 ± 0.04
A

1.6 ± 0.04
A

1.52 ± 0.03
B

1.58 ± 0.04
A

1.59 ± 0.04
A

C20:4n-6 0.62 ± 0.02
A

0.62 ± 0.02
A

0.62 ± 0.02
A

0.59 ± 0.03
A

0.61 ± 0.04
A

0.62 ± 0.06
A

C24:0 0.51 ± 0.04
A

0.51 ± 0.04
A

0.51 ± 0.04
A

0.50 ± 0.02
A

0.51 ± 0.06
A

0.50 ± 0.07
A

SFA 140.73 ± 
0.12A

140.73 
± .012A

140.73 
± .012A

140.77 
± .0.22A

140.78 
± .0.21A

140.59 
± .0.26A

Mean ± standard deviation of twice analyses. Different letters in the same line indicate significant
difference at 95% by the ANOVA test (p < 0.05).
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Fatty acids 0 day 30 day

C SQ1 SQ2 C SQ1 SQ2

MUFA 369.76 ± 
0.18A

369.76 ± 
0.18A

369.76 ± 
0.18A

362.57 ± 
0.23A

364.67 
± .0.19A

368.82 
± .0.18A

PUFA 419.01 ± 
0.11A

419.01 ± 
0.11A

419.01 ± 
0.11A

412.81 ± 
0.14A

415.97 
± .0.11A

416.87 
± .0.18A

Trans fatty
acid

0.4 ± 0.01
A

0.4 ± 0.01
A

0.4 ± 0.01
A

0.5 ± 0.02 B 0.49 ± 0.03
B

0.47 ± 0.02
B

Mean ± standard deviation of twice analyses. Different letters in the same line indicate significant
difference at 95% by the ANOVA test (p < 0.05).

The docking simulations provided insights into the binding affinities of TNF-α, IL-6, and CRP with trans-
C18:1 and trans-C18:2 ligands, as well as the specific interactions formed between the protein residues
and ligands. The docking scores obtained for each protein-ligand complex are presented in Table 3, while
Table 4 provides information on the interactions, distances, and categorization of interactions for each
protein-ligand complex.

Table 3
The binding affinities of the top

docking poses
Protein Ligand (TFA) Score

TNF-α trans-C18:1 -6.81

trans-C18:2 -6.24

IL-6 trans-C18:1 -5.82

trans-C18:2 -5.84

CRP trans-C18:1 -5.69

trans-C18:2 -5.77
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Table 4
Intermolecular interactions between the ligands and key amino acid residues in the binding site

of each docked protein complex.
Protein Interactions Distance Category Type

TNF-α A: GLY122-C18:1

A: TYR59-C18:1

A: TYR59-C18:1

B: TYR119-C18:1

B:TYR151-C18:1

2.49227

4.69657

4.55788

5.20912

5.1787

Hydrogen Bond

Hydrophobic

Hydrophobic

Hydrophobic

Hydrophobic

Carbon Hydrogen Bond

Pi-Alkyl

Pi-Alkyl

Pi-Alkyl

Pi-Alkyl

A: TYR151-C18:2

A: SER60-C18:2

B: TYR119-C18:2

2.10425

2.60046

5.37121

Hydrogen Bond

Hydrogen Bond

Hydrophobic

Conventional Hydrogen Bond

Conventional Hydrogen Bond

Pi-Alkyl

IL-6 ARG30- C18:1

ASP34-C18:1

ARG30-C18:1

ARG179-C18:1

LEU33-C18:1

LEU178-C18:1

ARG182-C18:1

2.75109

2.00213

4.8115

5.18369

4.82652

4.31064

5.02992

Hydrogen Bond

Hydrogen Bond

Hydrophobic

Hydrophobic

Hydrophobic

Hydrophobic

Hydrophobic

Conventional Hydrogen Bond

Conventional Hydrogen Bond

Alkyl

Alkyl

Alkyl

Alkyl

Alkyl

SER176-C18:2

LYS66-C18:2

SER176-C18:2

ARG179-C18:2

SER176-C18:2

2.33641

2.73064

3.07451

4.58308

2.33641

Hydrogen Bond

Hydrogen Bond

Hydrogen Bond

Hydrophobic

Hydrogen Bond

Conventional Hydrogen Bond

Carbon Hydrogen Bond

Carbon Hydrogen Bond

Alkyl

Conventional Hydrogen Bond

CRP LYS69- C18:1

ASP70- C18:1

LYS69- C18:1

PRO87- C18:1

2.81528

2.08868

2.59002

4.86508

Hydrogen Bond

Hydrogen Bond

Hydrogen Bond

Hydrophobic

Conventional Hydrogen Bond

Conventional Hydrogen Bond

Carbon Hydrogen Bond

Alkyl

LYS69- C18:2

VAL89- C18:2

PRO87- C18:2

5.38624

4.59074

3.86619

Hydrophobic

Hydrophobic

Hydrophobic

Alkyl

Alkyl

Alkyl
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Representative protein-ligand complexes with the most favorable binding affinities are illustrated in
Figs. 4–6. TNF-α and IL-6 exhibited a higher binding affinity for the trans-C18:1 ligand with a docking
score of -6.81 and − 5.82, respectively compared to the trans-C18:2 ligand (with a docking score of -6.24
and − 5.84, respectively). The analysis of interactions revealed that TNF-α formed hydrogen bond
interactions between residue GLY122 and trans-C18:1, as well as hydrophobic interactions involving
residues TYR59, TYR119, and TYR151 with both trans-C18:1 and trans-C18:2 ligands. In the sense of IL-6,
results indicated hydrogen bond interactions involving residues ARG30, ASP34, and ARG182 with trans-
C18:1 ligand, while hydrophobic interactions were observed with residues ARG179, LEU33, LEU178, and
SER176. For trans-C18:2 ligand, hydrogen bond interactions were formed with residues SER176, LYS66,
and ARG179. CRP demonstrated slightly lower binding affinities for both ligands, with a docking score of
-5.69 for trans-C18:1 and − 5.77 for trans-C18:2. The interaction analysis demonstrated hydrogen bond
interactions involving residues LYS69, ASP70, and PRO87 with trans-C18:1 ligand, while hydrophobic
interactions were observed with residue PRO87. For trans-C18:2 ligand, hydrophobic interactions were
observed with residues LYS69, VAL89, and PRO87. The distances and interaction types are detailed in
Table 4.

Discussion
This study investigated the impact of an ethanolic extract derived from C. oblonga as a potential natural
antioxidant on the oxidative stability of cold-pressed sesame oil over a 30-day period of environmental
storage. Furthermore, a molecular docking assay was employed to explore the potential interactions
between TFAs (trans-C18:1 and trans-C18:2) and key pro-inflammatory cytokines, including TNF-α, IL-6,
and CRP.

The findings of this study revealed that the PVs of both the control and treated sesame oil samples
remained below the CODEX standard threshold (15 meq/kg oil) over the 30-day testing period (35). PV
served as a metric to quantify the primary oxidation products generated within fats as a consequence of
oxidation. Our study's outcomes demonstrated noteworthy variations between the control samples and
those treated with SQ1 and SQ2 during the storage period, as depicted in Fig. 1. Notably, prior research
has indicated that phenolic compounds present in various extracts could potentially enhance the stability
of oils (36, 37). Soybean oil samples enriched with olive leaves extract (OLE) displayed reduced PVs
compared to the control group. Furthermore, the oil samples supplemented with varying concentrations
of OLE (1000 and 1500 ppm) demonstrated a noteworthy and statistically significant decrease (p < 0.05)
in the presence of secondary products when compared to the control (37). Yazdanpanah et al.
demonstrated that the PV of sesame oil infused with an aqueous extract of white tea was notably lower
than that observed in the control group (38). Omidi et al. (2018) similarly reported comparable findings.
They discovered that varying concentrations of methanolic extract derived from spirulina microalgae
(ranging from 500 to 2000 ppm) exhibited a significant difference in terms of PV compared to the control
group (39).
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Throughout this study, the AV of all sesame oil samples displayed a gradual increase as the storage time
advanced. Nevertheless, these values remained below the permissible level set for cold-pressed virgin oils,
which stands at 4 mg KOH per gram of oil. (3). The AV experiment quantifies the quantity of free FAs
released through the hydrolysis of fat within the oil sample. This measurement serves as an indicator of
the quality of sesame oil. A higher AV indicates a greater degree of oil oxidation, which corresponds to
lower quality (3). The upward trend in AV over time was previously documented by Zanardi et al. (40) in
sesame oil, also in other oils like palm, peanut, and sunflower. In our work, there was no noteworthy
disparity between the control samples and SQ1 and SQ2 at 0 and 10 days. However, a significant
divergence emerged between the control samples and SQ1, SQ2 at the 30-day mark. This result aligns
with findings from another study in which sunflower oil treated with either natural or synthetic
antioxidants exhibited a similar pattern (41).

The IP in hours, determined through the Rancimat method, serves as a widely accepted measure to
assess the capacity of oils and fats to withstand accelerated oxidation under stressful conditions like air
and heat. Notably, the IP values for SQ1 and SQ2 significantly surpassed those of the control sample (p < 
0.05), as depicted in Fig. 2. This enhancement could be attributed to the presence of phenolic compounds
within the quince extract. A prior study demonstrated a synergistic effect between phenolic compounds
such as sesamol and γ-tocopherol, observed in a model system involving linoleic acid. Arab et al.
demonstrated a robust correlation (R2 = 0.84) between the IP determined via the Rancimat method and
the total phenolic compound content. This finding highlights the significant involvement of these
compounds in effectively curbing oil oxidation (6).

The FAs composition observed in sesame oil, SQ1, and SQ2 (Table 2) closely resembled or fell within the
ranges previously reported in literature. (2, 6, 42). The predominant FAs identified both before and after
the addition of quince extract over the 30-day period included linoleic acid (C18:2n-6; ranging from 409.1
to 415.25 ± 0.05 mg/g), oleic acid (C18:1n-9; ranging from 354.4 to 361.4 mg/g), palmitic acid (C16:0;
ranging from 92.4 to 92.6%), and stearic acid (C18:0; ranging from 42.53 to 42.57 mg/g). All three
samples - sesame oil, SQ1, and SQ2 - contained TFAs within the range of 0.4 to 0.5 mg/g. Importantly, a
significant difference (p < 0.05) was observed between the amounts of TFAs at 0 and 30 days, a result
consistent with previous findings (43).

The experimental results support the findings from molecular docking simulations, which revealed the
potential interaction of TFAs with pro-inflammatory cytokines, such as TNF-α, IL-6, and CRP. The higher
binding affinities observed for TNF-α and IL-6 towards trans-C18:1 suggest that these proteins may have
a stronger preference for this ligand.

The hydrogen bond interactions observed between TNF-α and IL-6 with their respective ligands indicate
the involvement of specific residues, such as GLY122, TYR59, TYR119, TYR151, ARG30, ASP34, ARG182,
and SER176, in stabilizing the protein-ligand complexes. In addition, the hydrophobic interactions
involving TYR59, TYR119, TYR151, ARG179, LEU33, LEU178, and SER176 further contribute to the
binding interactions. CRP exhibited lower binding affinities for both ligands compared to TNF-α and IL-6.
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However, the hydrogen bond and hydrophobic interactions observed between CRP and its ligands suggest
potential binding modes and stabilization of the complexes.

The binding preferences and specific interactions of TFAs with these pro-inflammatory cytokines indicate
their potential role in modulating inflammation.

Conclusion
The results of our work showed that the total phenol, flavonoid content, and antioxidant activity of SQ
were 95.33 ± 5.03 mg GAE/g, 343.67 ± 16.44 mg QE/g, and 465.67 ± 5.51 mmol Fe2+/g, respectively. The
presence of SQ had a significant impact on reducing PV and AV when compared to the control group.
Additionally, the addition of SQ resulted in a significant increase in IP compared to the control group. The
predominant FAs in the samples were 18:2n-6, 18:1n-9, 16:0, and 18:0, respectively. The levels of TFAs in
all samples at 30 days were higher than those at 0 days. Moreover, TNF-α and IL-6 exhibited a higher
binding affinity for the trans-C18:1 ligand with a docking score of -6.81 and − 5.82, respectively, compared
to the trans-C18:2 ligand. In this context, SQ can be proposed as a natural antioxidant to improve the
oxidative stability of sesame oil. Additionally, the binding preferences and specific interactions of TFAs
with these pro-inflammatory cytokines indicate their potential role in modulating inflammation.

Declarations
Acknowledgments

The authors acknowledge support through the Research Center for Biochemistry and Nutrition in
Metabolic Diseases, Kashan University of Medical Sciences, Kashan, I.R. Iran.

Authors’ Contributions

H.M.and R.S.C. were responsible for investigation, methodology, formal analysis, and writing of the
original draft. K. S., A.J. and R.S.C. were responsible for visualization, data curation, and supervision
(equal). All of the authors were responsible for writing, reviewing, and editing.

Funding

This research was funded by the Deputy of Research, Kashan University of Medical Sciences, Kashan, I.R.
Iran (grant number: 400074).

Data Availability

The datasets of the current study are available from the corresponding author on reasonable request.

Conflict of Interest

The authors declare that they have no conflict of interest.



Page 15/23

Ethics Approval and Consent to Participate

IR.KAUMS.MEDNT.REC.1400.081

Consent for Publication

All authors agreed to publish the results in Plant Foods for Human Nutrition.

References
1. Lee J, Lee Y, Choe E (2008) Effects of sesamol, sesamin, and sesamolin extracted from roasted

sesame oil on the thermal oxidation of methyl linoleate. LWT-Food Sci Technol 41(10):1871–1875

2. Ji J, Liu Y, Shi L, Wang N, Wang X (2019) Effect of roasting treatment on the chemical composition
of sesame oil. Lwt 101:191–200

3. Kheirati Rounizi S, Akrami Mohajeri F, Moshtaghi Broujeni H, Pourramezani F, Jambarsang S, Kiani H
et al (2021) The chemical composition and heavy metal content of sesame oil produced by different
methods: A risk assessment study. Food Sci Nutr 9(6):2886–2893

4. Grosshagauer S, Steinschaden R, Pignitter M (2019) Strategies to increase the oxidative stability of
cold pressed oils. Lwt 106:72–77

5. Ivey KL, Nguyen X-MT, Li R, Furtado J, Cho K, Gaziano JM et al (2023) Association of dietary fatty
acids with the risk of atherosclerotic cardiovascular disease in a prospective cohort of United States
veterans. Am J Clin Nutr 118(4):763–772

6. Arab R, Casal S, Pinho T, Cruz R, Freidja ML, Lorenzo JM et al (2022) Effects of Seed Roasting
Temperature on Sesame Oil Fatty Acid Composition, Lignan, Sterol and Tocopherol Contents,
Oxidative Stability and Antioxidant Potential for Food Applications. Molecules 27(14):4508

7. Dossou SSK, XU F-t, Dossa K, Rong Z, ZHAO, Y-z (2022) WANG L-h. Antioxidant lignans sesamin and
sesamolin in sesame (Sesamum indicum L.): A comprehensive review and future prospects. J Integr
Agric.

8. Rodríguez G, Villanueva E, Cortez D, Sanchez E, Aguirre E, Hidalgo A (2020) Oxidative stability of chia
(Salvia hispanica L.) and sesame (Sesamum indicum L.) oil blends. J Am Oil Chem Soc 97(7):729–
735

9. Gebremeskel AF, Ngoda PN, Kamau-Mbuthia EW, Mahungu SM (2022) The effect of roasting, storage
temperature, and ethanoic basil (Ocimum basilicum L.) extract on the oxidative stability of crude
sesame (Sesamum indicum L.) oil. Food Sci Nutr 10(8):2736–2748

10. Vittori Gouveia LA, Cardoso CA, De Oliveira GMM, Rosa G, Moreira ASB (2016) Effects of the intake
of sesame seeds (Sesamum indicum L.) and derivatives on oxidative stress: A systematic review. J
Med Food 19(4):337–345

11. Zhong H, Yin H (2015) Role of lipid peroxidation derived 4-hydroxynonenal (4-HNE) in cancer:
focusing on mitochondria. Redox Biol 4:193–199



Page 16/23

12. Münzel T, Camici GG, Maack C, Bonetti NR, Fuster V, Kovacic JC (2017) Impact of oxidative stress on
the heart and vasculature: part 2 of a 3-part series. J Am Coll Cardiol 70(2):212–229

13. Gaschler MM, Stockwell BR (2017) Lipid peroxidation in cell death. Biochem Biophys Res Commun
482(3):419–425

14. Kuhnt K, Baehr M, Rohrer C, Jahreis G (2011) Trans fatty acid isomers and the trans-9/trans‐11 index
in fat containing foods. Eur J Lipid Sci Technol 113(10):1281–1292

15. Oteng AB, Kersten S (2020) Mechanisms of Action of trans Fatty Acids. Advances in nutrition
(Bethesda. Md) 11(3):697–708

16. Longhi R, Almeida RF, Pettenuzzo LF, Souza DG, Machado L, Quincozes-Santos A et al (2018) Effect
of a trans fatty acid-enriched diet on mitochondrial, inflammatory, and oxidative stress parameters in
the cortex and hippocampus of Wistar rats. Eur J Nutr 57:1913–1924

17. Policastro V, Righelli D, Ravà L, Vernocchi P, Bianchi M, Vallone C et al (2023) Dietary Fatty Acids
Contribute to Maintaining the Balance between Pro-Inflammatory and Anti-Inflammatory Responses
during Pregnancy. Nutrients 15(11):2432

18. Wu Y, Qiu Y, Wu Y, Deng Q, Yu Y, Yang H et al (2023) Association between plasma trans fatty acids
and chronic periodontitis: Results from a nationally representative cross-sectional survey. J
Periodontol.

19. Bendsen N, Christensen R, Bartels E, Astrup A (2011) Consumption of industrial and ruminant trans
fatty acids and risk of coronary heart disease: a systematic review and meta-analysis of cohort
studies. Eur J Clin Nutr 65(7):773–783

20. Mazidi M, Rezaie P, Gao HK, Kengne AP (2017) Effect of sodium-glucose cotransport‐2 inhibitors on
blood pressure in people with type 2 diabetes mellitus: a systematic review and meta‐analysis of 43
randomized control trials with 22 528 patients. J Am Heart Association 6(6):e004007

21. Hirano T (2021) IL-6 in inflammation, autoimmunity and cancer. Int Immunol 33(3):127–148

22. Wu Y, Liu Y, Dong Y, Vadgama J (2016) Diabetes–associated dysregulated cytokines and cancer.
Integr cancer Sci Ther 3(1):370

23. Mehnati P, Baradaran B, Vahidian F, Nadiriazam S (2020) Functional response difference between
diabetic/normal cancerous patients to inflammatory cytokines and oxidative stresses after
radiotherapy. Rep Practical Oncol Radiotherapy 25(5):730–737

24. Rasheed M, Hussain I, Rafiq S, Hayat I, Qayyum A, Ishaq S et al (2018) Chemical composition and
antioxidant activity of quince fruit pulp collected from different locations. Int J Food Prop
21(1):2320–2327

25. Baroni MV, Gastaminza J, Podio NS, Lingua MS, Wunderlin DA, Rovasio JL et al (2018) Changes in
the antioxidant properties of quince fruit (Cydonia oblonga Miller) during jam production at industrial
scale. Journal of Food Quality. ;2018

26. Herrera-Rocha KM, Rocha-Guzmán NE, Gallegos-Infante JA, González-Laredo RF, Larrosa-Pérez M,
Moreno-Jiménez MR (2022) Phenolic acids and flavonoids in acetonic extract from quince (Cydonia



Page 17/23

oblonga Mill.): Nutraceuticals with antioxidant and anti-inflammatory potential. Molecules
27(8):2462

27. Sharafati-Chaleshtori R, Sharafati-Chaleshtori F, Rafieian-kopaei M, Drees F, Ashrafi K (2010)
Comparison of the antibacterial effect of ethanolic walnut (juglans regia) leaf extract with
chlorhexidine mouth rinse on Streptococcus mutans and sanguinis. J Iran Dent Association
22(4):211–217

28. Sharafati Chaleshtori F, Sharafati Chaleshtori R (2017) Antimicrobial activity of chitosan
incorporated with lemon and oregano essential oils on broiler breast meat during refrigerated
storage. Nutr Food Sci 47(3):306–317

29. Sharafati Chaleshtori F, Saholi M, Sharafati Chaleshtori R (2018) Chemical composition, antioxidant
and antibacterial activity of Bunium persicum, Eucalyptus globulus, and rose water on multidrug-
resistant Listeria species. J evidence-based Integr Med 23:2515690X17751314

30. Geng L, Zhou W, Qu X, Sa R, Liang J, Wang X et al (2023) Iodine values, peroxide values and acid
values of Bohai algae oil compared with other oils during the cooking. Heliyon 9(4):e15088

31. Félix-Palomares L, Donis-González IR (2021) Optimization and validation of Rancimat operational
parameters to determine walnut oil oxidative stability. Processes 9(4):651

32. Machate DJ, Melo ES, Oliveira LCSd, Bogo D, Michels FS, Pott A et al (2022) Oxidative stability and
elemental analysis of sunflower (Helianthus annuus) edible oil produced in Brazil using a domestic
extraction machine. Front Nutr 9:977813

33. Skrt M, Benedik E, Podlipnik Č, Ulrih NP (2012) Interactions of different polyphenols with bovine
serum albumin using fluorescence quenching and molecular docking. Food Chem 135(4):2418–
2424

34. Trott O, Olson AJ (2010) AutoDock Vina: improving the speed and accuracy of docking with a new
scoring function, efficient optimization, and multithreading. J Comput Chem 31(2):455–461

35. Kaboré K, Konaté K, Sama H, Dakuyo R, Sanou A, Bazié D et al (2022) Evaluation of the
physicochemical parameters of edible oils sold in the three cities of Burkina Faso. Food Sci Nutr
10(6):2029–2035

36. Mohammadi A, Jafari SM, Esfanjani AF, Akhavan S (2016) Application of nano-encapsulated olive
leaf extract in controlling the oxidative stability of soybean oil. Food Chem 190:513–519

37. Zahran H, Najafi Z (2020) Enhanced Stability of Refined Soybean Oil Enriched with Phenolic
Compounds of Olive Leaves. Egypt J Chem 63(1):215–224

38. Yazdanpanah S, Mohammadi S, Elhami Rad AH (2022) The effect of aqueous extract of white tea on
heat resistance of sesame oil prepared by cold pressing. Iran Food Sci Technol Res J 18(2):367–382

39. Omidi S, Sarhadi H, Shahdadi F (2018) Improvement of the oxidative stability of sesame oil using
spirulina as a natural antioxidant. J Nutr food Secur 3(4):209–217

40. Zanardi I, Travagli V, Gabbrielli A, Chiasserini L, Bocci V (2008) Physico-chemical characterization of
sesame oil derivatives. Lipids 43:877–886



Page 18/23

41. Iqbal S, Bhanger M (2007) Stabilization of sunflower oil by garlic extract during accelerated storage.
Food Chem 100(1):246–254

42. Ribeiro SAO, Nicacio AE, Zanqui AB, Biondo PBF, de Abreu-Filho BA, Visentainer JV et al (2016)
Improvements in the quality of sesame oil obtained by a green extraction method using enzymes.
LWT-Food Sci Technol 65:464–470

43. Hou J-C, Wang F, Wang Y-T, Xu J, Zhang C-W (2012) Assessment of trans fatty acids in edible oils in
China. Food Control 25(1):211–215

Figures

Figure 1

Peroxide value (mEq/kg) for sesame oil without extract (control) and sesame oil with hydro-ethanolic
extract of whole fruit of C. oblonga (1% and 2%) during storage period 30 days. Different letters A, B and
C in the groups indicate significant differences (p < 0.05).
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Figure 2

Acid value (mg KOH/g) for sesame oil without extract (control) and sesame oil with hydro-ethanolic
extract of whole fruit of C. oblonga (1% and 2%) during storage period 30 days. Different letters A, B and
C in the groups indicate significant differences (p < 0.05).
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Figure 3

Evaluation of the oxidative stability of sesame oil without extract (control) and sesame oil with hydro-
ethanolic extract of whole fruit of C. oblonga (1% and 2%) at 110 °C and the air stream was 20 Lit/h.
Different letters A, B and C in the groups indicate significant differences (p < 0.05).
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Figure 4

Representation of 2D and 3D protein-ligand interactions. (a) 2D interaction of TNF-α- trans-C18:1, (b) 2D
interaction of TNF-α- trans-C18:2, (c) 3D representation of the protein-ligand complex between TNF-α-
trans-C18:1 (gray), (d) 3D representation of the protein-ligand complex between TNF-α- trans-C18:2 (gray).
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Figure 5

Representation of 2D and 3D protein-ligand interactions. a) 2D interaction of IL 6- trans-C18:1, b) 2D
interaction of IL 6- trans-C18:2, c) 3D representation of the protein-ligand complex between IL 6- trans-
C18:1 (gray), d) 3D representation of the protein-ligand complex between IL 6- trans-C18:2 (gray).
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Figure 6

Representation of 2D and 3D protein-ligand interactions. a) 2D interaction of CRP- trans-C18:1, b) 2D
interaction of CRP - trans-C18:2, c) 3D representation of the protein-ligand complex between CRP- trans-
C18:1 (gray), d) 3D representation of the protein-ligand complex between CRP- trans-C18:2 (gray).


