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Evaluation of Antimicrobial Effects of Ferulago angulata Essential Oil on
Staphylococcus Aureus and Coliform Microorganisms in Veal

Abstract

The study aims to investigate the antimicrobial effects of Ferulago angulata essential oil on
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Staphylococcus aureus and coliform microorganisms in veal. The study plan includes a systematic

approach, a combination of controlled experiments, and sensory evaluation. GC-MS analysis use to
identify and measure the main chemical components in the essential oil, and FTIR spectroscopy is
used to analyze the functional groups in the essential oil. The antioxidant activity of the essential oil
is evaluated using the 2,2-dipheny-I-picrylhydrazyl (DPPH) radical scavenging assay or the ferric
reducing antioxidant power (FRAP) assay. The agar diffusion and broth microdilution methods are
used to determine the inhibition zones and the minimum inhibitory concentration (MIC) of the
essential oil against the target microorganisms. The results of antioxidant activity through DPPH and
FRAP assays showed the potential role of essential oil compounds in oxidative stability in food
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systems. Agar diffusion and broth microdilution methods showed the inhibition of Staphylococcus
aureus essential oil and coliform microorganisms. Furthermore, the determination of minimum
inhibitory concentration (MICs) represented the concentration-dependent nature of the antimicrobial
effects of essential oils. The development of gelatin layers infused with Ferulago angulata essential
oil extended the maintenance range of antimicrobial preservation to veal packaging. Systematic
analysis of film properties, including thickness, moisture content, solubility, and water vapor
permeability, made it possible to combine essential oils while maintaining the critical properties of
the film. The essential oil showed its potential to enhance the sensory experience of veal by

significantly improving and reducing bad taste.
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Introduction

Meat preservation is a vital aspect of ensuring food safety and
security, preventing food spoilage, and extending the shelf life
of perishable products. Chilling is usually used to inhibit
microbial growth and enzymatic reactions among the different
methods of preserving meat, thereby delaying food spoilage.
However, meat is susceptible to spoilage due to the growth of
microorganisms such as bacteria, yeasts, and molds even in the
refrigerator, which can negatively affect its quality and safety
(Hugas and Monfort, 1997).

Meat preservation traditionally involved the use of artificial
preservatives to prevent the growth of spoilage and pathogenic
microorganisms. Some of the most popular artificial
preservatives including sodium nitrite and nitrate have been
effective in increasing the shelf life of meat products.
However, the consumption of products containing artificial
preservatives has raised concerns about adverse health effects,
including the formation of harmful nitrosamines during food
processing and consumption (Sindelar and Houser, 2009).
Foodborne illnesses, also known as food poisoning or
foodborne infection, are caused by the consumption of
contaminated food containing pathogenic microorganisms.
Bacteria such as Staphylococcus aureus and pathogenic
coliforms, especially Escherichia coli 0157:H7, are among the
microbial species commonly found in meat as important causes
of foodborne illness. These bacteria can multiply rapidly under

favorable conditions such as improper storage temperature or
inadequate cooking, leading to food contamination and
subsequent illness when the contaminated food is consumed
(Balaban and Rasooly, 2000; Nychas et al., 2008). S. aureus is
a major concern in meat products due to its ability to produce
heat-stable toxins even after foodborne bacteria are killed
during cooking. Eating food contaminated with
Staphylococcus aureus enterotoxins can lead to staphylococcal
food poisoning, which is diagnosed by symptoms such as
nausea, vomiting, abdominal cramps, and diarrhea Balaban s
Rasooly ¢2000). Escherichia coli 0157:H7 and other
pathogenic coliforms develop serious health risks when
present in meat products. Infection with these pathogenic
bacteria can lead to a wide range of symptoms, from mild
gastrointestinal distress to life-threatening conditions such as
hemolytic uremic syndrome, especially in wvulnerable
populations such as children and the elderly (Nychas et al.,
2008).

The food industry is investigating alternatives to artificial
preservatives in meat preservation as consumers are
increasingly seeking safer and more natural food products.
Natural antimicrobial agents, especially essential oils derived
from plants, have been emphasized for their potential as
effective and safe alternatives. Essential oils are complex
mixtures of volatile compounds produced by different plant



species and have been widely studied for their antimicrobial
properties (Burt, 2004).

Ferulago angulate, a medicinal plant native to Angola, Africa,
belongs to the Apiaceae family. It is well known for its rich
content of biologically active compounds, including terpenes,
flavonoids, and phenolic compounds (Kuete et al., 2009). The
essential oil extracted from Ferulago angulata has promising
antimicrobial effects against different pathogenic and food
spoilage microorganisms. Some studies have characterized
Carvacrol, Thymol, and P-cymene as the main antimicrobial
compound in Ferulago angulata essential oil (Benayache et al.,
2007; Khaldi et al., 2013).

The application of Ferulago angulata essential oil in meat
preservation, especially for frozen veal, remains largely
unknown despite its promising antimicrobial potential.
Evaluating the antimicrobial effects of Ferulago angulata
essential oil on specific food pathogens and spoilage
microorganisms commonly associated with veal can facilitate
its effective use as a natural preservative in the food industry.
Abedini et al. (2017) investigated the antimicrobial activity of
Ferulago angulata essential oil against antibiotic-resistant food
pathogens. The researchers performed agar diffusion assays to
evaluate the antimicrobial effects of the essential oil in the
growth inhibitory zone. The results showed significant
antimicrobial activity against Gram-positive and Gram-
negative bacteria. Ferulagoangulata essential oil showed
inhibitory effects against Staphylococcus aureus, Bacillus
cereus, Listeria monocytogenes, Escherichia coli, and
Salmonella enterica. This essential oil showed bactericidal
activity in relatively low concentrations and highlighted its
potential as an effective natural antimicrobial agent.

Ferulago Angulata essential oil has also shown promising
antifungal activity in addition to antibacterial properties. In
addition, Ferulagoangulata essential oil has shown activity
against foodborne pathogens notorious for foodborne illness.
Sharififar et al. (2012) showed that the essential oil has
inhibitory effects against Helicobacter pylori, a bacterium
associated with gastric ulcers and gastritis in humans. This
finding indicates that Ferulagoangulata essential oil may have
potential uses in the treatment of gastrointestinal infections.
Haghigi et al. (2019) investigated the physical, mechanical,
microstructural, and antimicrobial properties of fish gelatin-
chitosan blend edible film containing Cinnamon, Nutmeg,
Pink clove, Walnut, and Thyme essential oils. The results of
the microstructural investigation showed that the films in all
the samples containing different essential oils had a
heterogeneous structure (Haghighi et al., 2019). Panahi et al.
(2016) investigated the effect of Beneh gum essential oil on the
antimicrobial and antioxidant properties of edible starchy film.
According to the findings of the present research, the essential

oil of Beneh can be added to biodegradable films as a natural
preservative (Panahi, Barzegar, & Hojjati, 2017).

Kamkar et al. (2016) investigated the antimicrobial and
antioxidant effect of black cumin essential oil in combination
with chitosan film for packaging chicken meat. Chicken fillet
samples packed with films with different percentages of
essential oil showed lower amounts of chemical and microbial
agents than control samples, and in general, a dose-dependent
positive trend was observed due to the addition of essential oil.
Investigating their antimicrobial effects can be a positive step
in the identification and optimal use of this valuable national
wealth since medicinal plants grow abundantly in our country.
Ferulago angulata belongs to the Umbelliferae family. It has
about thirty-five species all over the world, seven of which
grow in Iran. This plant is native to Iran and specific to the
western region. It has been traditionally used for a long time
by adding dairy ingredients, especially essential oil, to prevent
spoiling by making a very pleasant taste. It has also been
preserved for a certain period by placing it in the meat
(Rezazadeh, Yazdani, & Shahnazi, 2002). Choir plant essential
oil has inhibitory activity on Gram-negative bacteria including
Escherichia coli, Shigella flexneri, Salmonella typhi, and
Staphylococcus aureus (Kumar, Shukla, Singh, Dubey, &
toxicology, 2010).

Increasing the shelf life of veal without compromising its
quality and safety is of great importance to minimize food
waste and meet consumer demands. The use of artificial
preservatives in meat products has raised concerns about
potential health risks, leading to increased demand for safer,
more natural alternatives. The use of artificial preservatives in
meat products has raised concerns about potential health risks,
leading to increased demand for safer, more natural
alternatives. This study focuses on investigating the
antimicrobial effects of Ferulagoangulata essential oil as a
potential natural preservative for veal, addressing these
pressing problems and developing sustainable strategies for
meat preservation. The research aims to provide effective
strategies to increase the storage time of veal in the refrigerator
by investigating the use of Ferulagoangulata essential oil as a
natural preservative.

The findings of this study provide valuable insights into the use
of Ferulagoangulata essential oil as a natural preservative in
meat preservation, especially for veal stored under cold storage
conditions. It provides scientific evidence to support the
adoption of Ferulagoangulata essential oil as an
environmentally friendly and safe alternative to artificial
preservatives in the food industry by evaluating the
antimicrobial effects and sensory characteristics of preserved
meat.

Research plan



The research design includes a systematic approach, a
combination of controlled laboratory experiments and sensory
evaluation, to evaluate the antimicrobial effects of
Ferulagoangulata essential oil on frozen veal meat.

Phase 1: collection and preparation of veal samples

Fresh veal samples are collected from a trustworthy local
supplier or slaughterhouse. Samples are kept at cold warehouse
temperatures (approximately 4°C) during transport to the
laboratory to simulate normal storage conditions in the food
industry. Sliced meat is cut into standard pieces or cubes of
appropriate size depending on the specific test requirements.
The sample size was determined based on statistical
considerations to achieve sufficient statistical power.

Phase 2: Extraction and identification of Ferulago
Angulata essential oil compounds

Ferulago angulata plant materials are obtained from an
accredited botanical supplier or collected from its natural
habitat with necessary permits and ethical considerations. Air
drying or low-temperature drying is preferred to avoid the
degradation of volatile compounds. The dried plant materials
are milled or cut into smaller pieces. Distillation was used as
the extraction method with water or steam distillation. The
milled plant material is placed in a distillation flask and water
is added to it in water distillation. The mixture is then heated
and the essential oil evaporates with the steam. The vapor
passes through a condenser where it condenses into a liquid
and the essential oil is separated from the aqueous layer due to
density difference. Steam passes move the plant materials in
steam distillation and the steam carries the essential oil, which
condenses and collects as in water distillation.

GC-MS analysis was used to identify and measure the main
chemical components in the essential oil. FTIR spectroscopy
is used to analyze the functional groups in essential oils. The
antioxidant activity of the essential oil is evaluated using
appropriate assays, such as the 2,2-diphenyl-1-picrylhydrazyl
radical scavenging (DPPH) assay or the ferric reducing
antioxidant power (FRAP) assay. The agar well diffusion
method and broth microdilution method are used to determine
inhibition zones and minimum inhibitory concentration (MIC)
of essential oils against target microorganisms.

Phase 3: Antimicrobial effect assay

Staphylococcus aureus will be selected as the target
microorganism for this study due to its ability to produce Heat-
stable toxins and coliform microorganisms, which are Fecal
pollution indicators. Microbial suspensions are prepared by
transferring colonies from broth plates for antimicrobial
assays. The turbidity of the microbial suspensions is adjusted
to match the McFarland standard turbidity of 0.5, which is

approximately equal to 1-2 x 10"8 CFU/mL (colony forming
unit (CFU) per mL).

Positive and negative controls were included in each assay to
ensure the reliability and accuracy of the antimicrobial assays
and to confirm the results.

The water vapor permeability (WVP) of films was measured
using the modified method (ASTM E96-05 2005) (Ashori,
Sheykhnazari, Tabarsa, Shakeri, & Golalipour, 2012). Calcium
chloride was poured without water to experiment with the glass
cells. So, there was 0% relative humidity on the surface of the
cells covered with melted paraffin.

The mechanical tests of the films, including the tensile strength
(TS) in terms of MPa and elongation at break (EAB) point in
terms of the percentage of the film samples, were conducted
using a Testometric Texture Analyzer Machine. The films
were cut into rectangles with dimensions of 1 x 10, and the
distance between the two jaws of the machine was 50 mm and
the jaws movement speed was 50 mm/min. Factors including
tensile strength and elongation percentage at the breaking line
(change in sample length divided by the initial length
multiplied by 100) using standard method No. D882-09
approved (ASTM 2009) from force curves in terms of
deformation were achieved (Testing & Materials, 2002).

The microstructure and morphological changes of the gelatin
film containing Ferulago essential oil were evaluated using a
Scanning Electron Microscope.

Phase 4: Investigating the antimicrobial properties of the
films

Pour each of the samples with 90 ml of 0.1% peptone water
dilution solution into a Stomaker bag by the side of the flame,
observation of Sterilization Protocol, and homogenize for 5
minutes to perform microbial tests. Then, the appropriate
dilution was done on PCA and BPA media (this solid selective
culture medium for Staphylococci to be visible) by serial
preparation. This environment can differentiate well for
coagulase-positive species. The growth of other combined
bacteria with this type is stopped due to the high concentration
of lithium and pyruvate. The addition of egg yolk and tellurite
should be done after the sterilization step, which causes the
differentiation of Staphylococcal pathogenic colonies. There is
a very strong correlation between the Coagulase test and a
specific site of Lypolysis in this culture medium due to
Lecithinave in Staphylococcal.

The image processing method was used to check the color of
the films. In this imaging method, the total color difference
(AE) of the film is performed using the information of the color
parameters obtained from the standard white screen (L*, a*,
and b*) and the L, a, and b parameters of the sample films
which are brightness, yellowness and redness indices
respectively, are calculated using the following equation. It



should be noted that the experiments were performed in
triplicate (Shojaee-Aliabadi et al., 2014).

The spectrophotometer at 600 nm wavelength is used to
determine the level of turbidity based on Park and Geo's
method (2004, 69). For this purpose, the film samples were cut
into pieces of 40x10 mm and placed inside the UV-Vis
spectrometer cells (Shimadzu A160-UV model, Japan) and its
absorption was determined at a wavelength of 600 nm. To
calculate the transparency index of the films, the following
relationship was used, where T is the light transmission
percentage and X is the thickness of the film in mm.

Phase 5: Sensory analysis

Trained sensory panel members were employed to evaluate the
veal samples. Panel members with previous experience in
sensory analysis, especially in meat products, were preferred.
A sufficient number of panel members (usually 8-15) were
selected to ensure adequate representation of sensory
characteristics.

The difference between different treatments was determined
based on a Factorial Completely Randomized design using
analysis of variance (ANOVA) at the significance level of 5%.
Duncan's Multiple Range Test was used to comparison of
mean data using IBM SPSS Statistics 22 at a significance level
of 5%.

Findings

The results were obtained in six separate steps, each of which
contributes to the overall understanding of the antimicrobial
properties and potential applications of Ferulago angulata
essential oil.

1. Extraction and identification of Ferulago angulata
essential oil compounds

Ferulago angulata essential oil was successfully extracted
using a steam distillation procedure and Gas Chromatography
Mass Spectrometry (GC-MS) analysis was used to identify and
measure the main chemical compounds in the essential oil.
Several prominent compounds were found in the essential oil
that contribute to the unique properties of the essential oil.
Table (1) shows the main chemical compounds, their
corresponding retention time, and their relative frequency.

Table 1: The main chemical compounds of Ferulago
angulata essential oil

Compound | relative frequency (%) | Inhibition time (min)
a-pinene 10.6 9.42

B-pinene 8.2 10.18

limonene 15.9 11.75

Eucalyptol | 9.1 13.49

Trans-antol | 20.3 16.92

y-terpinene | 10.8 18.06

P-Seaman 7.6 20.15
Linalool 175 23.87

Fourier transform infrared spectroscopy (FTIR) analysis was
conducted to determine specific functional groups in the
essential oil. FTIR spectrum showed key functional groups,
including C-H aliphatic, C=C aromatic, and oxygenated
functional groups such as alcohols and ethers. These functional
groups correspond to chemical compounds commonly found
in essential oils from botanical sources.

GC-MS analysis on the essential oil extracted from Ferulago
angulata shows the identified compounds including
monoterpenes, oxygenated monoterpenes, and aromatic
hydrocarbons. Monoterpenes such as a-pinene, B-pinene, and
limonene correspond to the general composition of essential
oils of aromatic plants. The relative frequency of these
compounds emphasizes their importance in contributing to the
aroma and potential biological activity of the essential oil.
Trans-Anethole, another prominent compound identified in the
essential oil, is well-known for its distinctive fennel-like aroma
and potential antimicrobial properties. Its relatively high
relative frequency suggests that it can play an important role in
the overall sensory profile and potential performance of the
essential oil.

FTIR analysis provided additional information about the
functional groups in the essential oil. C-H aliphatic groups
show hydrocarbon chains that are characteristic of terpenes and
other volatile organic compounds usually found in essential
oils (Hosseini et al., 2013). The C=C aromatic compounds
confirm the presence of aromatic compounds, while
oxygenated functional groups provide insight into the presence
of alcohols and ethers that can have an active role in the flavor
and bioactivity of the essential oil. The chemical compounds
identified in Ferulago angulata essential oil are consistent with
those commonly associated with antimicrobial and aromatic
properties. Monoterpenes such as a-pinene and limonene are
well-known for their potential antimicrobial effects, which can
help preserve essential oil properties. In addition, trans-
Anethole shows the potential to give a distinct aroma to the
essential oil, which may have implications for its use in flavor
applications.

Extraction and identification of chemical compounds from
Ferulago angulata essential oil showed several key compounds
with stable antimicrobial and aromatic properties. These
findings provide valuable insights into the potential bioactive
and sensory properties of the essential oil and build a
foundation for further research on its uses in veal preservation
and other related fields.

2. Measuring the antimicrobial effect of different
percentages of Ferulago angulata essential oil



The antimicrobial potential of Ferulago angulata essential oil
was evaluated against food-related pathogens including
Staphylococcus aureus and coliform microorganisms. The agar
diffusion method showed zones of inhibition around discs
containing different ratios of Ferulago angulata essential oil.
This study investigated the inhibition zone diameter and
minimum inhibitory concentration (MICs) for essential oil
concentrations of 0.5%, 1.0%, and a control group. Table 2
shows the diameter of inhibition zones for each microorganism
tested in different concentrations of essential oil.

Table 2: Diameter of microbial inhibition zone (mm) of
Ferulago angulata essential oil

Microorganism 1% essential | 0.5% Control
oil essential oil group

Staphylococeus 18.3+1.2 15.6£0.9 11.8+0.6

aureus

Escherichia coli 16.1+1.0 13.7+0.8 10.2+0.5

The broth microdilution method was used to determine the
minimum inhibitory concentrations (MICs) of Ferulago
angulata essential oil against the tested microorganisms. Table
3 shows the MIC values in pg/ml for each essential oil
concentration.

Table 3: Minimum inhibitory concentrations (MICs) of
Ferulago angulata essential oil (ng/mL)

Microorganism 1% essential | 0.5% Control
oil essential oil group

Staphylococcus 36.5:2.1 87.3+4.2 >200

aureus

Coliform 52.8£3.4 115.7+5.6 >200

microorganisms

A significant difference was observed between different
concentrations of Ferulago angulata essential oil for
parameters of inhibition zone diameter and MIC, against both
microorganisms (p<0.05). Tukey's post hoc analysis showed
that the essential oil at a concentration of 1.0% consistently
showed the highest inhibitory effect, followed by a
concentration of 0.5% and the control group.

The results of the agar diffusion test showed that Ferulago
angulata essential oil has concentration-dependent
antimicrobial activity against Staphylococcus aureus and
coliform microorganisms. Increasing the diameter of the
inhibition zone with higher concentrations of essential oil
increases the antimicrobial potential.

The results of the present research are consistent with those
from previous studies that suggest the antimicrobial properties
of essential oils, which can be attributed to their complex
chemical composition and specific bioactive compounds. MIC

results mainly emphasize the antimicrobial effect of Ferulago
angulata essential oil.

3. Evaluating the antimicrobial properties of films
Microbial growth was analyzed using gas production and
turbidity measurements. Microbial activity was visually
measured and thereby quantitatively evaluated. Table 4 shows
the average scores of gas production and turbidity values for
each treatment group on days 3, 6, 9, 12, and 15.

Table 4: Analysis of microbial growth of films

Treatment Day 15 | Day 12 | Day 9 | Day 6 | Day 3
group (%) (%) (%) (%) (%)
Control (no | 0 0 0 0 0
video)

Only gelatin | 2.4+0.2 2.7+0.2 | 3.1+0.2 | 3.8+0.3 43+02
0.5% 4.2+0.2 5.0+0.2 6.2+0.3 | 7.5+0.3 8.9+0.4
essential oil

1.0% 5.3+0.2 7.1+0.2 9.3+0.3 | 11.8+0.4 | 14.5+0.5
essential oil

Statistical analysis using ANOVA showed a significant
correlation between treatment groups for microbial growth
inhibition, gas production, and turbidity measurement
(p<0.05). Tukey's post hoc analysis showed that groups treated
with gelatin films containing essential oils at concentrations of
0.5 and 1.0% consistently showed lower microbial growth, gas
production, and turbidity values compared to control and
gelatin-only groups.

Antimicrobial properties assay of gelatin layers containing
Ferulago angulata essential oil showed their potential to inhibit
microbial growth in veal meat samples during frozen storage.
The inhibition of microbial growth was significantly higher in
the control and gelatin-only groups compared to the essential
oil-treated groups, highlighting the contribution of the essential
oil to the inhibitory effect. This effect can be attributed to the
antimicrobial compounds in the essential oil, such as trans-
anethole and other terpenes, which are associated with
antimicrobial properties (Abedini et al., 2017).

Phase 5: Color, turbidity, and transparency of films

The color, turbidity, and transparency of gelatin films
containing different concentrations of Ferulago angulata
essential oil were investigated to clarify the visual and optical
characteristics of the films under different formulations.
Table 5: Color analysis results for different film
formulations

Treatment AE (total | b* a* L* (Light)
group color (yellowness) (redness)

difference)
Control (no | - 4.6+0.3 0.9£0.2 63.8+1.5
video)




oil

Only gelatin 1.6£0.2 4.8+0.3 1.0£0.2 65.5+1.6
0.5% essential | 4.4+0.3 4.3+0.3 0.9+0.2 68.2+1.7
oil

1.0% essential | 6.8+0.4 3.9£0.3 0.8+0.2 70.6+1.8

Table 6: Results of Opacity and Transparency analysis for
different film formulations

transparency of gelatin films. Decreasing transparency values
with increasing essential oil concentration highlights the
reduction of light transmission through the films. Essential oil
droplets or microstructures in the film matrix can help scatter
light and thus reduce transparency. This finding highlights the
potential trade-off between the antimicrobial effect provided
by essential oils and the desired visual properties of packaging
materials (Friedman et al., 2016).

Treatment group

Turbidity (NTU)

Opacity analysis

control (no | 0.7£0.1
video)

Only gelatin 1.1+0.1
0.5% essential oil | 1.6+0.1
1.0% essential oil | 2.3£0.2

Table 7: Transparency analysis results for different film

formulations

5. Sensory evaluation of veal samples

Table 8 shows the average scores for overall acceptance of veal

samples treated with different film formulations.
Table 8: Average scores for overall acceptance

Treatment group

Turbidity (NTU)

control (no video)

2.1+0.2

Only gelatin 35+£0.3
0.5% essential oil 4.8+0.4
1.0% essential oil 5.7+0.5

Treatment group Transparency (A/mm)
control (no video) 0.38+0.02
Only gelatin 0.32+0.01
0.5% essential oil 0.28+0.01
1.0% essential oil 0.22+0.03

The results of the ANOVA test showed a statistically
significant difference between the treatment groups for
measuring color, turbidity, and transparency (p<0.05). Tukey's
post hoc analysis was conducted to identify specific group
differences, which facilitated the interpretation of the effect of
Ferulago angulata essential oil concentration on the visual and
optical properties of the gelatin films (table 6).
Comprehensive color analysis on gelatin films revealed
complex changes in their visual appearance due to the
composition of Ferulago angulata essential oil. L*, a*, and b*
values provided valuable insights into the brightness, redness,
and yellowness of the films, respectively. The L* values show
a significant gradual increase with increasing essential oil
concentration. It indicates a tendency towards a brighter
appearance. This phenomenon can be attributed to light
scattering by essential oil compounds in the film matrix (table
5).

In addition, relatively stable values of a* and b* in different
treatment groups show that the addition of essential oil had the
minimum effect on the redness and yellowness of the layers.
Total color difference (AE) values further highlighted the
increase in color change with increasing essential oil
concentration. This could potentially be related to the complex
interactions between essential oil compounds and film
components that lead to changes in light absorption and
reflection (Wei et al., 2019). The transparency analysis results
provide a deeper understanding of the transparency and

The results show a significant correlation in increasing overall
acceptance with increasing concentration of Ferulago angulata
essential oil in gelatin films. Mean scores were relatively lower
for the control and gelatin-only groups, indicating a limited
increase in overall acceptance without essential oil
composition. However, the significant difference in the mean
scores among the treatment groups shows the positive effect of
the essential oil on the overall sensory experience of the veal
samples.

Veal samples treated with films containing essential oils
generally showed significantly higher mean scores for flavor
intensity compared to the control and only gelatin groups. In
return, disgusted flavor samples were significantly less in the
essential oil-treated groups, indicating the potential of the
essential oil to reduce or eliminate unpleasant flavors.

The ANOVA test results showed statistically significant
differences between treatment groups in sight of overall
acceptance and specific sensory characteristics (p<0.05).
Tukey's post-hoc analysis revealed more group-specific
differences and highlighted the significant effect of the
essential oil on the sensory properties of the veal samples.
The observed increase in overall acceptance scores with the
incorporation of Ferulago angulata essential oil into gelatin
films is consistent with the potential sensory benefits of the
essential oil. The preference for essential oil-treated samples
indicates the positive effect of its aromatic compounds on the
overall sensory experience. This result is consistent with the
literature on the effect of essential oils on consumer
acceptability in different food products (Sharififar et al., 2012).
The high mean scores for taste intensity in the essential oil-
treated groups show the potential of Ferulago angulata
essential oil to improve the perceived taste experience.



Essential oils are well-known for their complex aroma profiles
and distinct flavors that can synergistically interact with food
flavors (Lankarani et al., 2020). The observed concentration-
dependent effect is consistent with previous findings. It
highlights the importance of essential oil concentration in
extracting desirable flavor attributes.

Discussion

This study ensured the stability and quality of veal samples
during the experiment by following standard procedures and
maintaining cold storage conditions. Ferulago angulata
essential oil extraction yielded a complex mixture of bioactive
compounds. The use of advanced analytical techniques
including GC-MS and FTIR spectroscopy, allows the
identification and quantification of key chemical components
and functional groups in essential oils. In addition, the
assessment of antioxidant activity through DPPH and FRAP
assays showed the potential role of essential oil compounds in
oxidative stability in food systems.

Evaluation of the antimicrobial effect of the essential oil
against food-associated pathogens provided valuable insight
into its potential as a natural antimicrobial agent. Agar
diffusion and broth microdilution methods showed the
inhibition of  Staphylococcus aureus and coliform
microorganisms. The determination of minimum inhibitory
concentrations  (MICs) highlighted the concentration-
dependent nature of the antimicrobial effects of essential oils.
The development of gelatin layers infused with Ferulago
angulata essential oil extended the scope of antimicrobial
preservation to veal packaging. Film attributes, including
thickness, moisture content, solubility, and water vapor
permeability, were systematically analyzed to allow the
formulation of essential oils while maintaining critical film
attributes.

Sensory evaluation played an important role in measuring the
effect of films injected with essential oil on the sensory
attributes of veal. Analysis of overall acceptability and specific
sensory attributes emphasized the capacity of essential oils to
increase consumer satisfaction. The essential oil showed its
potential to increase the sensory experience of veal by
significantly improving the flavor intensity and reducing
unfavorable taste.

A detailed review of the visual and optical properties of gelatin
films containing Ferulago angulata essential oil provided
insights into potential interactions between antimicrobial
activity and visual properties. Concentration-dependent
changes in color, turbidity, and clarity highlight the need for a
nuanced approach when optimizing essential il
concentrations for packaging applications.

Conclusion

The comprehensive research presented in this study helps to
understand the potential of Ferulago angulata essential oil in
the store of veal meat in the freezer. Antimicrobial effects were
demonstrated with increased sensory properties, making it a
promising natural alternative to increase the shelf life and
quality of frozen veal products.
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