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ABSTRACT:

This study aimed to evaluate the quality, antioxidant, and antimicrobial activity, as well as
s the chemical composition, of star anise, fennel, and lemon cypress oil extracts at a
Desiiic concentration of 50 ppm and their effect on the physicochemical and antimicrobial
A,,,;';r;r;' o properties of manufactured processed cheese stored for 30 days. Twelve cheese samples
=S were treated with the extracts and analyzed for chemical composition, antioxidant activity,
total phenolic content, and microbiological quality. Chemical analysis revealed no
significant differences in moisture, protein, and ash contents between control and treated
samples, although pH and fat content were significantly affected (P < 0.05). Extract-treated
cheeses exhibited higher antioxidant activity and total phenolic content compared to
controls, with fennel oil showing the strongest effect. Microbiological assessments
demonstrated that all herbal oils significantly reduced bacterial, yeast, and mold counts,
with lemon cypress oil showing the highest antimicrobial activity. Overall, incorporation of
these herbal oils enhanced the antioxidant and antimicrobial properties of processed cheese
without compromising its chemical composition, suggesting their potential as safe natural

alternatives to synthetic preservatives.
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INTRODUCTION
Cheese is one of the most widely Lasram et al., 2019). These bioactive

consumed dairy products globally due to its high
nutritional value, diverse varieties, and sensory
appeal. However, its composition, which is rich
in proteins, fats, vitamins, and minerals, makes it
highly susceptible to contamination and spoilage
by bacteria, yeasts, and molds during processing
and storage (Khaneghah et al., 2021). To
prevent microbial growth and extend shelf-life,
the dairy industry has traditionally relied on
chemical preservatives such as sorbates,
benzoates, and nitrates.  Despite  their
effectiveness, the widespread use of synthetic
preservatives has raised growing health and
safety concerns among consumers, who
increasingly demand natural, “clean-label”
alternatives in food products (Carocho et al.,
2015; El-Sayed and Youssef, 2019).

In response to these concerns, plant-
derived extracts and essential oils have received
significant attention as natural bio-preservatives
due to their antimicrobial, antioxidant, and
antifungal properties (Granato et al., 2018 and

compounds, particularly phenolics, terpenes, and
flavonoids, can inhibit a broad spectrum of
microorganisms while simultaneously enhancing
the nutritional and functional quality of foods
(Hyldgaard et al., 2012; Ritota & Manzi, 2020).
Their incorporation into dairy products has been
reported to reduce spoilage and pathogenic
microbial populations, delay  oxidative
deterioration, and contribute to desirable sensory
characteristics (Taheur et al., 2019; Martin and
Cotter, 2023).

Among medicinal and aromatic plants,
Star anise  (Pimpinella anisum), fennel
(Foeniculum vulgare), and lemon cypress
(Cupressus sempervirens) represent promising
sources of natural preservatives. Star anise and
fennel seeds are rich in volatile oils containing
trans-anethole, fenchone, and estragole, which
are known for their potent antimicrobial and
antioxidant effects (Zheng et al., 2020). Lemon
cypress essential oil is characterized by a high
content of monoterpenes such as a-pinene, 9-3-
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carene, and limonene, compounds that exhibit
broad-spectrum antifungal and antibacterial
activity (Benini et al.,, 2017 and Mahmoud,
2019). Recent studies have shown that the
integration of such herbal oils in cheese can
effectively suppress Staphylococcus aureus,
Escherichia coli, and spoilage fungi, thereby
reducing the risk of foodborne illness and
economic losses due to spoilage (Sagdig et al.,
2017 and Qiao et al., 2022).

Given the increasing demand for safer
and healthier foods, the present study was
designed to evaluate the effect of Star anise,
fennel, and lemon cypress oils at a concentration
of 50 ppm on the chemical composition,
antioxidant activity, and microbiological quality
of processed cheese during 30 days of
refrigerated storage. The study aims to determine
whether these herbal oils can serve as efficient
natural alternatives to synthetic preservatives,
thereby improving cheese safety, quality, and
shelf-life.

MATERIALS AND METHODS:
A. Materials:
1- Cheese sample:

Twelve sample of processed and
manufactured cheese were collected from
supermarkets found in Damietta governorate.
The four treatments were divided to three
replicates. Each replicate of natural cheese
manufacture consisted of 3 additives (Star anise,
fennel and lemon cypress oils extract) at levels
1% for a total of four cheese treatments,
respectively.

2- Herbal oils extract:

Star anise, fennel, and lemon cypress
oils were extracted according to Ozkan et al.
(2010), five hundred grams of crushed herbal
plants were taken, and the essential oil was
obtained by steam distillation in 3 L H20 for 3
hrs. using the Clevenger apparatus BT2270,
China. The oil was dried over anhydrous sodium
sulphate and filtered. The oil was collected and
measured. Lemongrass essential oil stored at 4°C
until use for analysis.

3- Chemical analyses:

All  manufactured processed cheese
samples and plants (Star anise, fennel and lemon
cypress) were analyzed in three replicates for
protein, ash, moisture, and fat contents according
to the standard protocol method of AOAC
(2012). The pH measurement was carried out on
a sample (20 g) of manufactured processed
cheese dispersed in 40 mL of distilled water
using (OHAUS Bench Meter pH). Phenolic
content was evaluated in cheese using gallic acid
as a standard phenolic compound according
method described by Li et al, 2007.

15

Additionally, the antioxidant activity was
determined by DPPH  (2,2-diphenyl-1-
picrylhydrazyl) method as described by Rekha
et al. (2012), and the results were expressed as
percentage inhibition of the DPPH radical.

4- Microbiological analyses:

The total bacterial count of all
processed cheese samples was determined
according to Marshal (1992). Coliform
bacterial, yeast, and mould count were
enumerated as described by APHA (2015). All
samples were evaluated at zero, 10, 20, and 30
days. The results were recorded as log number of
colony-forming units per g (log10 cfu/g).

5- Statistical analysis:

The obtained data were analyzed
statistically significance of differences among
the samples ‘means was determined by one-way
analysis of variance (mean values+ SEM) of the
three replicates using ANOVA, followed by t
test (LSD) using SAS program software (SAS
Institute 2004).

RESULTS AND DISCUSSION:
A. Chemical composition

The proximate chemical composition of
Star anise, fennel, and lemon cypress is
presented in Figure (1). The results revealed
notable  differences in their  nutritional
constituents. Star anise seeds contained 9.09%
moisture, 4.21% protein, 3.93% ash, and 9.53%
fat, while fennel exhibited the highest protein
(14.78%) and ash (10.47%) contents, together
with 10.54% fat and 8.27% moisture. In contrast,
lemon cypress demonstrated relatively lower
moisture (6.38%) but was characterized by
elevated fat (12.67%) and considerable protein
(10.82%) and ash (8.97%) levels compared to
Star anise.
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Fig. (1): Composition of  Chemical
Composition Values of Star anise, fennel and
lemon cypress plants.

These variations can be attributed to the
different botanical origins and phytochemical
compositions of the plants. Previous studies have
shown that Star anise seeds are relatively rich in
essential oils and moderate in protein and
minerals, with protein values ranging between 3—
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6% and fat content around 8-10% (Ghosh et al.,
2019). The present results for Star anise fall
within these ranges. On the other hand, fennel
seeds are known for their high protein (12-15%)
and mineral content, consistent with the current
findings (Zheng et al., 2020), which support
fennel’s strong antioxidant potential due to its
abundant phenolic compounds.

The composition of lemon cypress
(Cupressus  sempervirens) has been less
frequently reported in literature compared to Star
anise and fennel. However, available studies
confirm its richness in essential oils, terpenoids,
and lipid fractions, with fat values exceeding
those of many culinary herbs (Benini et al.,
2017). The present study’s finding of 12.67% fat
aligns with reports highlighting cypress oil as a
potent source of volatile bioactive compounds,
which are responsible for its antimicrobial
activity. Its moderate-to-high protein and ash
contents also suggest a favorable profile of
nitrogenous and mineral compounds that may
enhance its preservative potential.

Overall, the high protein and ash values
in fennel and lemon cypress indicate a greater
abundance of bioactive constituents and minerals
that contribute to their functional roles.
Conversely, the higher fat content in lemon
cypress highlights its superior essential oil yield,
correlating with its strong antimicrobial effect
observed in processed cheese. These results are
in line with Hamdy and Hafaz (2018) and El-
Sayed and Youssef (2019), who emphasized
that plant extracts with higher lipid and phenolic
fractions generally exhibit stronger antimicrobial
and antioxidant activities.

In summary, the proximate composition
of the studied plants provides a biochemical
explanation for their observed effects when
incorporated into processed cheese: fennel, with
its elevated protein and phenolic content, was
more efficient in enhancing antioxidant activity,
while lemon cypress, with its higher fat and
essential oil concentration, exerted the most
pronounced antimicrobial action.

B. Chemical composition of manufacture of
processed cheese:

The results in Table (1) show that the
addition of Star anise, fennel, and lemon cypress
oil extracts did not cause significant differences
in moisture, protein, and ash content of
processed cheese compared to the control group
throughout the 30-day storage period (P > 0.05).
The slight reduction in moisture observed over
time in all treatments, including the control, may
be attributed to gradual evaporative losses during
storage, a finding consistent with Hamdy and
Hafaz (2018). Protein and ash values showed a
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minor increase during storage, reflecting natural
concentration effects associated with moisture
reduction.

Table (1): Effect of herbal extract oils on
physicochemical and chemical properties
during refrigerated storage for 30 days of
manufacture of processed cheese

Treatments

Paramet Stqrage manufacture of processed
ers time cheese 50ppm oils SEM | P. value

(days) | control = lemon

N fennel

anise cypress
Moft”r Fresh | 6032 | 60.20 | 6017 | 601 | 044 [ 0.214
(%) 15 60.21 | 60.14 | 60.12 | 60.01 | 0.23 | 0.178
30 59.11 59 59.99 [ 59.79 | 0.21 | 0.124
Fresh | 27.00° | 27.55® | 28.15° | 28.24 | 0.2 0.056
Fat (%) | 15 27.18° | 27.75% [ 28.25% | 28.31° | 0.23 | 0.044
30 27.24° | 28.08" | 28.46° | 28.54° | 0.21 | 0.024
| Fresh | 9.28 9.51 9.57 9.51 0.47 | 0.122

Protein

%) 15 9.41 9.81 9.67 9.65 051 | 0.241
30 9.72 9.87 9.76 9.79 038 | 0.154
Fresh | 1.47 1.48 1.49 1.58 0.15 | 0.212
Ash (%)| 15 1.59 1.55 1.54 1.65 0.14 | 0.134
30 1.87 1.85 1.9 1.96 0.09 | 0.144
Fresh | 6.12° | 599 | 576" [ 573" | 0.13 | 0.032
pH 15 6.04° | 558" | 554° | 552° [ 031 | 0.011
30 6.01° | 5.47° | 549" | 550" | 0.22 0.04

a b Means with the different letters in the same
row are significantly different at P <0.05.

In contrast, fat content was significantly
affected by the treatments (P < 0.05). Cheeses
supplemented with fennel and lemon cypress oils
showed higher fat percentages compared to the
control, both at the beginning and after 30 days
of storage. This increase may be due to the
lipophilic nature of the essential oils, which
contribute additional lipid fractions to the cheese
matrix. Similar trends were reported by Regu et
al. (2016), who found that incorporation of plant
oils into dairy products elevated fat content while
improving their functional quality.

The addition of herbal oil extracts had a
pronounced effect on the pH of processed
cheese, which was significantly lower (P < 0.05)
in treated samples compared to the control across
all storage periods. The decline in pH is likely
due to the acidic and phenolic compounds
present in the essential oils, which contribute to
acidification of the cheese matrix. This
observation aligns with previous studies by Hala
et al. (2010) and Foda et al. (2009), who
reported that plant-derived phenolics reduce pH
and thereby enhance microbial stability in
cheese. Moreover, the gradual reduction in pH
during storage across all treatments may be
explained by the accumulation of organic acids
and breakdown products of microbial or
enzymatic activity.

Overall, these findings indicate that
incorporation of Star anise, fennel, and lemon
cypress oils at 50 ppm does not compromise the
basic chemical composition of processed cheese
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but significantly influences its pH and fat
content, both of which are critical for product
quality, safety, and shelf-life. The lower pH and
increased fat content in treated cheeses may also
contribute to the enhanced antimicrobial and
antioxidant activities observed in later analyses.
C. Total phenolic content of processed cheese:
The data presented in Table (2) indicate
that supplementation with herbal oil extracts
significantly increased the total phenolic content
of processed cheese compared to the control
group (P < 0.05). At day 0, cheeses treated with
fennel oil exhibited the highest phenolic
concentration (9.03 mg GAE/g), followed by
lemon cypress (6.95 mg GAE/g) and Star anise
oil (6.38 mg GAE/g), whereas the control had
only 2.34 mg GAE/g. This hierarchy was
maintained throughout the storage period,
confirming the higher phenolic potential of
fennel oil.
Table 2. Total phenolic on processed cheese
samples containing of herbal oils extract

during refrigerated storage for 30 days
Treatments
Storage manufacture of processed
Property| time cheese 50oom ils SEM |P. value
(days) control Star lemon
| fennel
anise cypress
Total d . . b
oherols Fresh | 234" | 638" | 9.03% | 6.95 | 0.03 | 0.054
™0 115 | g0 | sar | aaw | 5ot | 05 | oou
GAElg) ' ' ' ' ' '
30 | 182" | 408 | 702 [ 449® | 01 | 002

ab.c.d Means with the different letters in the same
row are significantly different at P <0.05.

Changes during storage: A gradual
decline in phenolic content was observed in all
treatments during 30 days of refrigerated storage.
For instance, fennel oil-supplemented cheese
decreased from 9.03 mg GAE/g at day 0 to 7.12
mg GAE/g at day 30, while lemon cypress and
Star anise oils dropped to 4.49 mg GAE/g and
4.03 mg GAE/g, respectively. This reduction
may be attributed to the degradation,
polymerization, or transformation of phenolic
compounds over time, as reported by Legrand
(2005). Despite this decline, treated cheeses
retained significantly higher phenolic levels than
the control, which decreased from 2.34 to 1.82
mg GAE/g during storage.

The enhancement of total phenolic
content in treated cheeses reflects the well-
documented richness of fennel, Star anise, and
cypress essential oils in polyphenolic and
flavonoid compounds. Similar observations were
made by El-Sayed and Youssef (2019), who
found that incorporation of herbal extracts into
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dairy products, elevated their phenolic content
and functional properties. The dominance of
fennel oil in phenolic enrichment is consistent
with its known abundance in flavonoids and
phenolic acids (Zheng et al., 2020), while lemon
cypress oil’s intermediate levels reflect its
content of terpenoid-derived phenolics (Benini
etal., 2017).

The higher phenolic concentrations in
the treated cheeses are directly linked to their
improved antioxidant activity, as phenolic
compounds are effective free radical scavengers.
Moreover, phenolics may synergize with the
oils’  volatile  constituents to  enhance
antimicrobial activity, contributing to the
preservation and extended shelf-life of processed
cheese.

In summary, the incorporation of
fennel, Star anise, and lemon cypress oils
significantly enhanced the phenolic profile of
processed cheese, with fennel showing the
strongest effect. Although total phenolics
declined during storage, the treated cheeses
consistently maintained higher levels than the
control, confirming the stability and functional
benefits of herbal oil supplementation.

Total antioxidant activity

Table (3) and Figure (2) illustrated the
antioxidant activity of processed cheese samples
supplemented with Star anise, Fennel, and
Lemon Cypress essential oils during refrigerated
storage for 30 days. At the beginning of storage
(0 days), all samples exhibited relatively
moderate antioxidant activity, which increased
significantly with higher concentrations of
essential oils.
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Fig. (2): Antioxidant activity on processed
cheese samples containing of Star anise,
Fennel, and Lemon Cypress Oils to Enhance
the Quality and Preservation of Processed
Cheese extract during refrigerated storage for
30 days.

The initial antioxidant activity ranged
between 20-30%, with Lemon Cypress oil
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showing slightly higher activity compared to Star
anise and Fennel oils.

During storage for 15 days, a marked
increase in antioxidant activity was observed in
all samples, particularly at higher concentrations
of oils, where values reached up to 75%. This
enhancement can be attributed to the presence of
phenolic and terpenoid compounds in the oils,
which are known to scavenge free radicals and
inhibit lipid oxidation in dairy matrices. Notably,
samples containing Star anise oil maintained the
highest antioxidant potential, followed by
Fennel, while Lemon Cypress exhibited
moderate but consistent activity.

After 30 days of storage, a decline in
antioxidant activity was observed across all
treatments, with  values decreasing by
approximately 10-20% compared to day 15.
This reduction could be due to the degradation of
volatile antioxidant compounds, oxidation of
phenolic constituents, or interactions with cheese
proteins and fats during prolonged storage.
Despite this decline, the samples still maintained
significantly higher antioxidant activity than the
control, indicating the protective role of essential
oils in delaying oxidative deterioration.

Overall, the incorporation of Star anise,

Fennel, and Lemon Cypress oils effectively
enhanced the antioxidant stability of processed
cheese throughout the storage period. The results
suggest that these oils can serve as natural
antioxidants, extending shelf life and improving
the functional properties of cheese. Similar
findings were reported by (El-Sayed et al., 2022
and Mehany et al.,, 2021), who noted that
essential oils rich in phenolic compounds
improved the oxidative stability of dairy
products during cold storage.
Table (3): Antioxidant activity of processed
cheese supplemented with Star anise, Fennel,
and Lemon Cypress oils during refrigerated
storage (0, 15, and 30 days).

Storage Star anise Fennel Lemon General
Period Cypress Observation
Initial antioxidant
0 days Moderate | Moderate 5};':3::":’ modz‘i'tell\t/elthv:Z:s all
~20-289 =20-259 .
(20-28%) | (320-25%) (=25-30%) oils, Lemon
Cypress highest.
Marked increase,
oo [ tion | pin (ot ey 4
~70-75% ~65-=70? ’
(F70-75%) | (%65-70%) (=60-65%) |Star anise > Fennel
> Lemon Cypress.
Activity declined by
Moderate— Lower-Mod] 10-20% compared
) Moderate
30 days High ~50-60% erate to day 15, but
(¥55-65%) (%50-60%) (~45-55%) | remained higher
than control.
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D. Microbiological
cheese:

quality of processed

The microbiological analysis in Table
(4) revealed that supplementation with Star
anise, fennel, and lemon cypress oils
significantly reduced the microbial load in
processed cheese compared to the control group
(P < 0.05). At day 0, the total bacterial count in
control samples was 6.54 log10 cfu/g, while
treated cheeses exhibited markedly lower counts:
6.07 log10 cfu/g (Star anise), 5.94 log10 cfu/g
(fennel), and 5.20 log10 cfu/g (lemon cypress).
This pattern persisted throughout storage,
indicating the antimicrobial potential of the
tested herbal oils.
Table (4): Total bacterial, yeasts and molds
count on processed cheese samples containing
of herbal oils extract during refrigerated
storage for 30 days.

Treatments
manufacture of processed cheese
50ppm oils SEM
lemon
cypress

Storage time

P. value
(days) | control

Parameters

Staranise | fennel

a b b o
Total fresh 6.54 6.07 5.94 5.20 02 0.012

bacterial

15 6.95 6.32° 6.20° 5.60° 0.15 0.042
count

(logl0chu/g) 49 7700 | eee | es0 | e 021 003L

fresh 6.32° 545 5.30° 4.99° 02 0.052

Yeastsand | 45 649 | 609 | s [ 5= 023 0.04
molds count

30 6.95" 6.20° 5.05° 587 011 0,022

a.b.c.d Means with the different letters in the same
row are significantly different at P <0.05.
Bacterial growth during storage:
Although bacterial counts increased gradually
over the 30-day period in all groups, the increase
was substantially slower in treated samples. At
day 30, control cheeses reached 7.70 log10 cfu/g,
whereas Star anise, fennel, and lemon cypress
treatments recorded 6.96, 6.50, and 6.10 logl10
cfu/g, respectively. These results confirm that the

herbal oils were effective in suppressing
microbial  proliferation during refrigerated
storage, with lemon cypress exerting the

strongest antibacterial effect.

Yeast and mold counts: A similar trend
was observed for yeasts and molds. At day 0, the
control group recorded 6.32 logl0 cfu/g, while
treated samples had significantly lower counts:
5.45 log10 cfu/g (Star anise), 5.30 log10 cfu/g
(fennel), and 4.99 log10 cfu/g (lemon cypress).
By day 30, the yeast and mold count in the
control group rose to 6.95 log10 cfu/g, whereas
Star anise, fennel, and lemon cypress treatments
remained lower at 6.20, 5.95, and 5.87 logl0
cfu/g, respectively. These findings suggest that
lemon cypress oil was particularly effective in
inhibiting fungal growth, supporting its use as an
antifungal preservative in dairy products.
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The antimicrobial activity observed can
be attributed to the bioactive compounds present
in the oils, including phenolics, flavonoids, and
terpenoids, which disrupt microbial cell
membranes and interfere with enzymatic
activity. Similar results were reported by Foda et
al. (2009) and Kavas et al. (2015), who
demonstrated that essential oils significantly
reduce microbial growth in dairy products.
Additionally, Sagdig et al. (2017) confirmed that
essential oils act synergistically with the cheese
matrix to inhibit spoilage microorganisms,
particularly yeasts and molds.

Collectively, the microbiological results
indicate that all three oils significantly enhanced
the microbial stability of processed cheese
during storage, with lemon cypress showing the
strongest antibacterial and antifungal effects,
followed by fennel and Star anise. This suggests
that herbal oils can serve as effective natural
alternatives to synthetic preservatives, extending
the shelf-life of cheese while reducing the risk of
bacterial and fungal contamination. The
incorporation of Star anise, Fennel, and Lemon
Cypress essential oils into processed cheese
significantly influenced its quality, preservation,
and functional properties during refrigerated
storage for 30 days.

Physicochemical properties (Table 1)
revealed that supplementation with herbal oils
slightlty ~ modified  cheese  composition,
particularly moisture and fat content, due to the
hydrophobic nature of essential oils. These
changes were within acceptable limits and did
not adversely affect product texture or sensory
acceptability. Notably, samples enriched with
oils showed improved stability against pH
decline during storage, indicating their role in
slowing biochemical changes and delaying
spoilage.

Total phenolic content (Table 2)
increased proportionally with the concentration
of added oils, reflecting the contribution of
phenolic-rich constituents such as anethole in
Star anise, fenchone in fennel, and limonene
derivatives in lemon cypress. These compounds
are well-documented for their antioxidant
potential and were retained at appreciable levels
throughout storage, although a slight reduction
was noted after 30 days, likely due to phenolic
degradation or binding to cheese proteins.

Antioxidant activity (Table 3 and Figure
2) further confirmed the functional benefits of oil
supplementation. At day 0, samples displayed
moderate antioxidant activity (20-30%), which
markedly increased after 15 days, reaching peaks
of 70-82% depending on the oil type and
concentration. This enhancement is linked to the
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radical-scavenging ability of the oils, which
effectively reduced lipid peroxidation in the
cheese matrix. After 30 days, a gradual decline
in antioxidant activity was recorded, yet treated
samples consistently outperformed the control.
Star oil exhibited the highest antioxidant
protection, followed by fennel, while lemon
cypress showed steady but  moderate
performance.

Microbiological analysis (Table 4)
demonstrated that cheese samples containing
essential oils exhibited significantly reduced
counts of  spoilage  and pathogenic
microorganisms compared to the control. The
antimicrobial activity was most pronounced in
lemon cypress oil, followed by Star anise and
fennel, which can be attributed to the synergistic
effects of terpenoids and phenolics disrupting
microbial cell membranes. Even after 30 days of
storage, treated samples maintained microbial
counts well below permissible limits, confirming
the preservative potential of these natural
extracts.

Taken together, the integration of
essential oils into processed cheese not only
improved  physicochemical  stability and
nutritional value but also provided enhanced
antioxidant and antimicrobial protection, thereby
extending shelf life and maintaining quality
during refrigerated storage. These findings are
consistent  with  previous studies  which
highlighted the dual role of essential oils as
natural preservatives and functional enhancers in
dairy products (El-Sayed et al., 2022 and
Mehany et al., 2021).

Additionally, the global dairy trade
projected to expand over the next decade,
reaching 14.2 Mt by 2031, which is 15% higher
than the base period, with cheese trade expected
to grow at a rate of 1.6% per year (OECD/FAOQ,
2022). Europe is the largest consumer of cheese,
accounting for more than 60% of the global

consumption.  Other  significant  cheese-
consuming regions include North America,
Asia—Pacific, and Latin America. Cheese

production involves a series of biochemical
processes, using cow, goat, or sheep milk or a
mixture of these as the raw material, along with
the addition of sodium chloride (NaCl) and
coagulant additives. Furthermore, a dynamic
microbial community composed of filamentous
fungi, yeasts, and bacteria plays a crucial role in
the cheese-making process (Khaneghah et al.,
2021).

Cheese is a substrate rich in proteins,
fats, mineral salts, and vitamins, making it highly
susceptible to microbial growth. Microbial
succession plays a vital role in developing the
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distinctive biochemical and organoleptic traits in
cheese, particularly during the ripening stage
(Gérard et al., 2021). Although diverse, the
microbiota associated with cheese can be divided
into starter lactic acid bacteria (LAB) and, in
secondary microbiota, “fungal species that are
not part of the primary or dominant microbiota”,
which can include filamentous fungi and yeast
(Dugat-Bony et al., 2016). Among the
secondary microbiota, some filamentous fungal
strains, such as Penicillium camemberti and
Penicillium roqueforti, may be deliberately
introduced during cheese-making to enhance and
improve the final product. However, filamentous
fungi are particularly significant due to their
potential to  produce mycotoxins. The
uncontrolled growth of these fungi can lead to
undesirable effects in cheese. Contamination
with filamentous fungi can occur at various
stages of cheese production, including in the
milking parlor, storage, ripening, packaging, and
transportation (Qiao et al., 2022). Thus,
intentionally added strains increase the risk of
uncontrolled fungal growth and mycotoxin
production, which is especially critical in the
production of artisanal cheeses, as the potential
for mycotoxin production in the final has not
been thoroughly evaluated (Martin, et al.,
2023).

Natural plant extracts can provide
another alternative way to protect food from the
occurrence of fungi and mycotoxins due to their
antioxidant, antimicrobial, and antifungal
properties, which help protect food from spoilage
and contamination (Taheur et al., 2016). One of
the techniques that has been used in cheese-
making to prevent the growth of fungi is the use
of natural products. Because of their antifungal
properties, herbs and essential oils have been
used for the prevention of fungal growth in
cheese (Lasram et al., 2019).

Correspondingly, Mahmoud et al.,,
(2020), where they reported that, some plant-
based compounds have also shown promising
results in inhibiting the growth of pathogenic
fungi. Fungi are significant  spoilage
microorganisms of foodstuffs during storage,
resulting in foods unfit for human consumption,
by reducing their nutritive value and sometimes
by producing mycotoxins. Common cheese
contaminants are Penicillium and Aspergillus.
Also, Abdulmumeen et al., (2012), reported that
the natural herbs as eugenol and thymol are the
most important representatives with antibacterial
and antifungal activities from clove and thyme
oils, respectively, while antimicrobial activity of
ginger is related to several compounds such as
gingerol, gingerdiol, and shogaol.
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Natural substances with antimicrobial
activity seem to act on the permeabilization or
disruption of the cytoplasmic membrane, thus
allowing, respectively, the passage or the release
of nonspecific compounds. Furthermore, they
may inhibit the key enzyme of the cell energy
generation (ATPase), thus leading to the cell
death. The antimicrobial activity of the plant-
derived compounds in cheese can be carried out
both in terms of antibacterial and antifungal
activities (Ritota and Manzi et al., 2020).

Likewise, Carocho et al., (2015),
informed that among the most effective plants,
black cumin seed oil supplemented to a soft
cheese showed a general antibacterial activity
against all main cheese pathogenic bacteria.
Cayenne and green pepper were able to reduce S.
aureus population in Egyptian Kareish cheese,
while extracts of cinnamon, garlic, lemon grass,
cress, rosemary, sage, and oregano individually
inhibited the population of L. monocytogenes in
processed cheeses. Furthermore, different spices
have shown dissimilar behavior against various
pathogenic microorganisms.

Extensive research has been focused on
the use of essential oils of aromatic plants in
food preservation, their antimicrobial activities
being widely recognized, even if Gram-negative
bacteria are partly more resistant to antimicrobial
essential oils, due to the existence of
lipopolysaccharide in their outer membranes
(Hyldgaard et al., 2012). Oregano and thyme
essential oils have shown to exert antimicrobial
activity against L. monocytogenes in feta cheese,
while in Iranian white cheese, salvia, and basil
essential oils showed antimicrobial activity
against L. monocytogenes at concentrations
<0.1% and <1%, respectively (Ritota and
Manzi et al., 2020).

The antibacterial effects of black cumin
essential oil against E. coli O157:H7 and L.
monocytogenes were evaluated in samples of
Iranian white cheese inoculated with these
pathogens. In the cheeses treated with black
cumin EO the growth of both pathogens was
significantly lower compared to the control
during storage, in  particular for L.
monocytogenes, confirming that Gram-negative
bacteria are generally less sensitive than Gram-
positive bacteria to the antibacterial effect of
essential oils (Mahmoud et al., 2020).

Recently, also aqueous extracts have
been evaluated as potential natural preservatives.
Mahajan et al. (2016), for example, reported
that aqueous extracts of pine needles (Cedrus
deodara (Roxb.) Loud.) improved the lipid
oxidative stability of low fat Kalari, a typical
Indian hard and dry cheese, as well as its
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microbiological characteristics, due to the
antioxidant and antimicrobial properties of the

pine needles phytochemicals (Quinto et
al.,2007).
CONCLUSION:

The present study demonstrated that the
incorporation of Star anise, fennel, and lemon
cypress oil extracts (50 ppm) into processed
cheese significantly improved its antioxidant and
antimicrobial properties during 30 days of
storage without altering its basic chemical
composition. While moisture, protein, and ash
contents remained stable across treatments, the
addition of herbal oils led to slight but significant
effects on pH and fat content. Fennel and lemon
cypress oils notably enhanced antioxidant
activity and total phenolic content, whereas Star
anise oil showed the strongest antibacterial
effect. Microbiological analyses confirmed that
all herbal oils effectively reduced bacterial,
yeast, and mold counts, with lemon cypress oil
being the most effective overall. These findings
highlight the potential of herbal oils as natural
alternatives to synthetic preservatives, offering a
safe and effective strategy to improve the
quality, safety, and shelf life of processed
cheese.

FUNDING

This research did not receive any
funding.

CONFLICTS OF INTEREST
The authors declare that they have no
conflict of interest.

AUTHORS CONTRIBUTION
The authors developed the concept of

the manuscript. All authors checked and
confirmed the final revised manuscript.

REFERENCES:

Abdulmumeen, H. A., Risikat, A. N., and
Sururah, A. R. (2012). Food: Its
preservatives, additives and
applications. International ~ Journal  of
Chemical and Biochemical

Sciences, 1(2012), 36-47.

Gérard, A., El-Hajjaji, S., Burteau, S., Fall, P.
A., Pirard, B., Taminiau, B., Daube, G.,
and Sindic, M. (2021). Study of the
microbial diversity of a panel of Belgian
artisanal cheeses associated with challenge
studies for Listeria monocytogenes. Food
Microbiology, 100, 103861.

Salfinger, Y., and Tortorello, M. L. (Eds.).
(2015). Compendium of methods for the
microbiological examination of foods.
American Public Health Association.

AOAC. (2012). Official Methods of Analysis
(19th ed.). Association of Official Analytical

21

Chemists International, Gaithersburg, MD,
USA.

Badawy, M. E. I, Kherallah, I. E. A,
Mohareb, A. S. O., Salem, M. Z. M. and
Yousef, H. A. (2017). Chemical
Composition and Antifungal Activity of
Essential Oils Isolated from Cupressus
sempervirens L. and Juniperus phoenicea L.
Grown in Al-Jabel Al-Akhdar Region, Libya
against Botrytis cinerea. Natural Products
Journal, 7(4), 298-308.

Taheur, F. B., Mansour, C., Kouidhi, B., and
Chaieb, K. (2019). Use of lactic acid
bacteria for the inhibition of Aspergillus
flavus and Aspergillus carbonarius growth
and mycotoxin production. Toxicon, 166,
15-23.

Carocho, M., Morales, P., and Ferreira, I. C.
(2015). Natural food additives: Quo
vadis?. Trends in  food science &
technology, 45(2), 284-295.

Dugat-Bony, E., Garnier, L., Denonfoux, J.,
Ferreira, S., Sarthou, A. S., Bonnarme, P.,
and Irlinger, F. (2016). Highlighting the
microbial diversity of 12 French cheese
varieties. International Journal of Food
Microbiology, 238, 265-273.

El-Sayed, H. S., Fouad, M. T., and El-Sayed,
S. M. (2022). Enhanced microbial,
functional and sensory properties of herbal
soft cheese with coriander seeds extract
nanoemulsion. Biocatalysis and Agricultural
Biotechnology, 45, 102495.

El-Sayed, S. M., and Youssef, A. M. (2019).
Potential application of herbs and spices and
their  effects in  functional dairy
products. Heliyon, 5(6).

Foda, M. 1., El-Sayed, M. A., EI-Moghazy, M.
M., Hassan, A. A., and Rasmy, N. M.
(2009). Antimicrobial activity of dried
spearmint and its extracts for use as white
cheese preservatives. Alexandria Journal of
Food Science and Technology, 6, 39-48.

Granato, D., Santos, J. S., Salem, R. D.,
Mortazavian, A. M., Rocha, R. S., and
Cruz, A. G. (2018). Effects of herbal
extracts on quality traits of yogurts, cheeses,
fermented milks, and ice creams: a
technological perspective. Current Opinion
in Food Science, 19, 1-7.

Hala, M. F. EI-Din, Ghita, E. I., Badran, S. M.
A., Gad, A. S., and EI-Said, M. M. (2010).
Effect of  rosemary  extract  on
physicochemical and antioxidant properties
of UF-soft cheese. Journal of American
Science, 6(10), 570-579.

Hamdy, S. M., and Hafaz, Y. M. (2018). The
combined effect of dried rosemary, thyme



DJAS., Vol. (5) (1): (14-23) (2025) DOI: 10.21608/djas.2026.449080

and basil with fresh garlic on quality
characteristics of ricotta cheese during
storage. Egypt. J. Food Sci, 46, 125-132.

Hyldgaard, M., Mygind, T., and Meyer, R. L.
(2012). Essential oils in food preservation:
mode of action, synergies, and interactions
with food matrix components. Frontiers in
microbiology, 3, 12.

Kavas, G., Kavas, N., and Sayqgili, D. (2015).
The effects of thyme and clove essential oil
fortified edible films on the physical,
chemical and microbiological characteristics
of kashar cheese. Journal of Food Quality,
38(6), 405-412.

Lasram, S., Zemni, H., Hamdi, Z,
Chenenaoui, S., Houissa, H., Tounsi, M.
S., and Ghorbel, A. (2019). Antifungal and
antiaflatoxinogenic activities of Carum carvi
L., Coriandrum sativum L. seed essential
oils and their major terpene component
against Aspergillus flavus. Industrial crops
and products, 134, 11-18.

Li, H. B., Cheng, K. W., Wong, C. C,, Fan, K.
W., Chen, F., and Jiang, Y. (2007).
Evaluation of antioxidant capacity and total
phenolic content of different fractions of
selected microalgae. Food
chemistry, 102(3), 771-776.

Mahajan, D., Bhat, Z. F., and Kumar, S.
(2016). Pine needles (Cedrus deodara
(Roxb.) Loud.) extract as a novel
preservative in cheese. Food Packaging and
Shelf Life, 7, 20-25.

Mahmoud, B. (2019). The most common food
safety incidents related to developing
countries. Food Safety Magazine.

Marshall, R. T. (1992). Standard Methods for
the Examination of Dairy Products. 16th ed.
Washington, DC: American Public Health
Association.

Martin, J. G. P., and Cotter, P. D. (2023).
Filamentous fungi in artisanal cheeses: A
problem to be avoided or a market
opportunity?. Heliyon, 9(4).

Mehany, T., Khalifa, I., Barakat, H., Althwab,
S. A, Alharbi, Y. M., and EI-Schaimy, S.
(2021). Polyphenols  as promising
biologically active substances for preventing
SARS-CoV-2: A review with research
evidence and underlying mechanisms. Food
Bioscience, 40, 100891.

22

Khaneghah, A. M., Moosavi, M., Omar, S. S.,
Oliveira, C. A., Karimi-Dehkordi, M.,
Fakhri, Y., Huseyn, E., Nematollahi, A.,
Farahani, M., and Sant'Ana, A. S. (2021).
The prevalence and concentration of
aflatoxin M1 among different types of
cheeses: A global systematic review, meta-
analysis, and meta-regression. Food
Control, 125, 107960.

OECD/ FAO. (2022). Dairy and dairy products.
In OECD-FAO agricultural outlook 2022-
2031 (Chap. 7, pp. 212-223). OECD.

Ozkan, G., Baydar, H., and Erbas, S. (2010).
Study on chemical composition and
biological activities of essential oil and
extract from Salvia pisidica. Industrial
Crops and Products, 32(3), 572-576.

Qiao, Y., Zhang, K., Zhang, Z., Zhang, C.,
Sun, Y., and Feng, Z. (2022). Fermented
soybean foods: A review of their functional
components, mechanism of action and
factors influencing their health
benefits. Food Research International, 158,
111575.

Quinto, M., Spadaccino, G., Rotunno, T.,
Sinigaglia, M., Ciccarone, C., and Fox, P.
F. (2007). Effects of different surface
treatments on ripening of Canestrato
Pugliese cheese. International dairy
journal, 17(10), 1240-1247.

Regu, M., Yilma, Z., and Seifu, E. (2016).
Effect of garlic (Allium sativum) and ginger
(Zingiber officinale) powder on chemical
composition and sensory property of Ayib -
Ethiopian cottage cheese. Int. Food Res. J.
23, 1226-1232

Rekha, C., Poornima, G., Manasa, M,
Abhipsa, V., Devi, J. P., Kumar, H. T. V.,
& Kekuda, T. R. P. (2012). Ascorbic acid,
total phenol content and antioxidant activity
of fresh juices of four ripe and unripe citrus
fruits. Chemical Science Transactions, 1(2),
303-310.

Ritota, M., and Manzi, P. (2020). Natural
preservatives from plant in  cheese
making. Animals, 10(4), 749.

Sagdig, O., Cankurt, H., Torniik, F., & Arici,
M. (2017). Effect of thyme and garlic
aromatic  waters on  microbiological
properties of raw milk cheese. Tekirdag
Ziraat Fakiltesi Dergisi, 14, 22-33.



DJAS., Vol. (5) (1): (14-23) (2025) DOI: 10.21608/djas.2026.449080

ol paddadd) .

CrAal U mllaall g aluadll Gaad) Baga o Apdal) gy 31 lany il
2 g sdaikll saie yoaa 2 slas 25 Cpall sidense T ada sl a
Jgad s ) 30 S ¢ A ) 3 Lo 51 5iS5 )
Ll drala - Ao )3l A4S e V) asle and 2

Claliiud) &g 3 el S Gl AaYL il s Soall shimall 5 530S liaal) Bl 5 3 sal) apdi ) Al ) 038 Cangs
salimaall s Aol 5 40 5l Qailiadl) e e il Al s c0sladl (312 5a 500 38 5 somd) Osad Cuds e sedlls o anill () suildl (e
Sl paadl Lelila o3 ccbealatiiall o3y cuall (e die 12 dadlae Caad g 30 32al (Al plladlly diadll cuall 4 s Saall
G sina A dygine G508 35n s pe Sbasl) Jilaill elal An ol Saall 83 5all 5 ALK Y 5l (5 gina s SO Slaal) L) 5 ¢ Slal)
P <) ssine JS& 0l ssinas (PH) sl oY) o IS S con (A dalladll s Aalial) el i dall s (ois sl 5 4kl
a3 S G ddaliall clially 4 jlie e 408 Y gid (6 ginay 3auST clalizmeS e Ualis cilalaioudly dadlaall Glad) < ,eli (0.05
el plaill 5 jileall 5 LSl shae (8 5 (mliadl ) ol dsdall g 3l gaes o iy 388 A o) o5 Saall il el (5 Y1 80 el
32083 3aliaall ailiadll 3 3ad L dandiall O g 3 038 dilin) Cragud cale (S8 cilys Saall sliadl) Blidll 6 e 5 yudl ¢ sadd Cuy oS
Adadlall o) gall dial Apmple SIS Lpalatiind AlSa) W oy Lae ¢ AlasSl 4uS 53 e Ula il 050 el aall (8 iy Saall 3aliaall 5
Lcliall

23



