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Abstract

UR CURRENT study used clove and rosemary essential oils (EOs) and related EOs-chitosan
nanoparticles at various concentrations to determine their inhibitory effect on the viability of

bacterial and fungal pathogens (Staphylococcus aureus and Pseudomonas fluorescence), (Aspergillus
flavus and Geotrichum candidum), respectively. Soft cheese was produced as control groups, fortified
crude EOs cheese groups (0.1%) and EOs-chitosan nanoparticles groups (0.04%) and examined
during refrigeration. EOs-chitosan nanoparticles showed more potent inhibitory effects than crude
ones. Rosemary-chitosan nanoparticles reduced Staphylococcus aureus growth by 62.57%, while
clove-chitosan nanoparticles reduced it by 57.97% after 48 hours of storage. At the end of 1st week of
storage, rosemary-chitosan nanoparticles reduced Pseudomonas fluorescence growth by 67.43%
while clove-chitosan nanoparticles (61.40%). Staphylococcus aureus was completely inhibited in all
inoculated cheese samples at the end of 1st week of storage. In contrast, Pseudomonas fluorescence
was totally inhibited at the end of the 2nd week of storing rosemary-chitosan nanoparticles and clove-
chitosan nanoparticles. For their antifungal effect, clove-chitosan nanoparticles had potent antifungal
activity followed by rosemary-chitosan nanoparticles, clove then rosemary EO. Clove-chitosan
nanoparticles inhibited Aspergillus flavus and Geotrichum candidum by 90.10 and 87.47%
respectively after 48hrs of storage. At the end of 1st week of storage, both fungi were completely
inhibited in cheese samples fortified with clove-chitosan nanoparticles, clove EO, while rosemary-
chitosan NPs made 100% reduction at end of 1* and 2™ week of storage for Aspergillus flavus and
Gortrichum candidum, respectively. In conclusion, the combined clove or rosemary with chitosan
nanoparticles is recommended for soft cheese preservation over crude EOs.
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Introduction

One of the most common forms of cheese in the
Middle East is soft cheese. Based on the numerous
traditional cheese variations, Egypt has a long and
rich history of cheese production [1]. Due to cheese
constituents, Pseudomonas, Alcaligenes,
Achromobacter, and Flavobacterium are examples of
psychrotrophic Gram-negative rods that are thought
to be significant spoiling organisms for soft cheeses.
These organisms can cause unpleasant smells and
aromas because of their lipolytic and proteolytic
actions [2]. Foodborne disease incidence can be
increased by microbial pathogens such as S. aureus
(Staphylococcus aureus), E. coli (Escherichia coli),
Pseudomonas aeruginosa (P. aeruginosa), and

others that may result in spoilage [3]. According to
reports, foodborne disease poses a major concern to
global public health, affecting around 48 million
people and resulting in 3,000 deaths annually in the
United States alone [4].

Additionally, fungal spoilage results in either
observable or non-observable sensory faults in
cheese, including surface-level fungus growth and
the generation of metabolites that produce
disagreeable flavor, texture, and fragrance
alterations, ultimately lowering the final product
quality [5]. The fungi that cause issues with cheese
production in the dairy sector varied and come from
several species, including Aspergillus, Penicillium,
Geotrichum, Cladosporium, Mucor, and
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Trichoderma [6, 7]. As well as the significant
financial losses brought on by spoiling, certain fungi
can produce mycotoxins, which can be dangerous for
food safety. The growth of toxigenic fungus like
Aspergillus and Penicillium during the preparation
and storage of cheese raises the possibility of
mycotoxins in the cheese [5]. The primary reasons
for the growth of fungus in cheese include their
capability to proliferate at cold temperatures, low
pH, low oxygen tensions, lipolytic action, and
resistance to mild acid preservatives [8]. The air in
ripening rooms is one of the primary causes of
fungus contamination, which can happen to cheese at
different phases of production[9].

The development of food preservation techniques
that are effective in eliminating food microbial
contamination is one potential strategy to reduce
foodborne diseases. Plants that are abundant in
bioactive compounds, some of which are widely
recognized for having antibacterial qualities have
attracted attention as natural material sources. The
antibacterial action of these chemicals is largely
dependent on their composition and the functional
groups found in their essential oils (EOs). Since plant
EOs are widely accepted as harmless, they are
regarded as a safe, biodegradable natural substitute.
It has been demonstrated that EOs and their
constituents have antifungal and antiparasitic
qualities in addition to their antibacterial ones [10].

Encapsulation is a compelling technology that
preserves the physical and chemical characteristics of
EOs, preventing unintended modifications and
enhancing food preparation. One or extra substances,
such as chitosan, gum arabic, maltodextrin,
hydroxypropyl methylcellulose, phthalate gelatin,
and starch, among others, can be combined or used
alone to make the encapsulating materials [11].

Nanoparticles (NPs) are generated naturally when
tripolyphosphate aqueous solution is added. Stir the
mixture at room temperature for a further 2 hrs. The
NPs were next exposed to intense ultrasonication
(Cole-Parmer ultrasonic processor) at 35 Hz for at
least 30 minutes on an ice bath to prevent
temperature rise. The sample was centrifuged at
14000 g for 30 minutes at 4°C using an Eppendorf
5804R benchtop centrifuge. To prepare clove and
rosemary-chitosan NPs, 5 mL of each individual oil
was combined with 4 mL of TPP solution.

Determination of Zeta Potential Nanoparticles

The zeta potential is the charge on the diffused
aqueous layer produced on the NP surface while it is
immersed in water. At room temperature, the zeta
potential was measured using the Microtrac Zetasizer
Wave II (USA).

Characterization of the Nanoparticles

The particle size and relative measurement
indices for NPs were examined using Dynamic light
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Because chitosan has wuses in food and
pharmaceuticals, it has also attracted attention.
Among Chitosan's most intriguing qualities for
enhancing food preservation and minimizing the
need for chemical preservatives are its antibacterial
and antifungal activities [12, 13]. It has been linked
with EOs using nano-encapsulation techniques,
which could have been used in the food sector. Since
light, air, and high temperatures may quickly cause
EOs to break down, nanoencapsulation has emerged
as a useful method for shielding EOs from oxidation
and evaporation [14].

In sight of these facts, the objective of the study
was to determine the antimicrobial activity of crude
clove and rosemary EOs, and chitosan NPs
(Nanoparticles) loaded with such EOs to detect their
effect on bacterial pathogens.

Material and Methods

Essential oils

Clove and rosemary EOs (pure, 100%
concentration) were purchased from National
Research Center, Doki, Cairo, Egypt. Such oils were
kept in the refrigerator in a brown glass vial.

Preparation of essential oils-chitosan Nanoparticles

Essential oils-chitosan NPs (EOs-chitosan NPs)
were made utilizing the process of ionic gelation
designated by Piras et al. [15]. Chitosan and
tripolyphosphate (TPP) solution were prepared for
this purpose. Chitosan solution was made by putting
0.3 g of chitosan in a 1% acetic acid solution (100
mL) with continuous Stir till a clear solution is
attained. TPP solution was made by addition of 0.1 g
TPP to 10 mL of water. The (TPP) tripolyphosphate
solution (4 mL) was added dropwise to the chitosan
solution (100 mL) while mixing continuously.

scattering (DLS) instrument, Microtrac Zetasizer
wave II, USA at room temperature, 250 and 383 nm
for clove and rosemary EO-chitosan NPs,
respectively were recorded.

Indicator pathogenic bacteria

The indicator pathogenic bacteria: S. aureus
(MRSA) ATCC43300 and P. fluorescence were
obtained from the Department of Bacteriology,
Mycology and Immunology, Faculty of Veterinary
medicine, Benha University, Egypt .

Activation of bacterial pathogen

Staphylococcus aureus and P. fluorescence
strains were activated on Tryptone Soya Broth (TSB)
at 37°C/24h then three successive cultures were done
for each strain. Serial dilutions were then made for
the microorganism till obtained the concentration of
7log;y CFU/mL based on the method described by
Ahmed et al. [16].
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Indicator pathogenic fungi

The indicator pathogenic mold; A. flavus
(MT645073.1) was purchased from Food Safety
Department, Animal Health Research Institute,
Egypt. While spoilage yeast; Goetrichum candidum
(AUMC 226) was purchased from Mycology
Department, Faculty of Agriculture, Assiut
University, Assiut, Egypt.

Activation of fungal strains

The indicator pathogenic mold 4. flavus and
spoilage yeast; Geotricum candidum were inoculated
on glucose peptone yeast extract broth at 25°C/3-5
days then three successive cultures were made to
activate them. Serial dilution was then made for the
microorganism till obtained the concentration of
6log;o CFU/ mL [17] .

Cheese-making with inoculated with some pathogens
and fortified by some EOs and EOs-chitosan NPs :

Cheese manufacture has been performed using
the method designated by Scott et al. [18]. Skimmed
milk (fat not more than 0.5%) has been pasteurized
(62.7°C for 30 min), cooled to 37.8-40.0°C in a 5-L
bucket, NaCl (8% wt/wt), and CaCI2 (0.2% wt/wt)
were added to milk before rennet addition (at 38°C)
(11 ml rennet per 45.5 kg milk). The rennet was
diluted at 1:40 with water before adding milk. After
the addition of rennet (at 38°C), milk was stirred and
before being left to develop a curd the bacterial and
fungal pathogen (separately) were inoculated in soft
cheese fortified by crude EOs (0.1) and EOs-chitosan
nanoparticles (0.04%) (ten groups of cheese (for
bacterial and fungal pathogen) were developed as
follow as shown in tables 1 &2:

Then the whey was drained, and the curd ladled
into small cylindrical metal molds lined with
cheesecloths and pressed lightly overnight. The
following day, the curd was cut into small cubes (ca.
5.5 x 3.5 x 2.0 cm) and stored in the collected whey
at 4°C in sterile foil cups. The curd was examined till
signs of spoilage appeared.

Cheese manufacturing was performed 3 times
and samples were tested at zero-time, 48hrs, and
every week throughout the refrigerating storage
period (1 month).

Statistical analysis

The statistical analysis was conducted using
Two-Way ANOVA using SPSS, ver. 27 (IBM Corp.
Released 2013). Data were treated as a complete
randomization design according to Steel et al. [19].
Multiple comparisons were done out using Duncun
test at the significance level < 0.05. The experiment
was conducted three times, and the results were the
mean + Standard error.

Results and Discussion

The primary causes of cheese spoiling are
microorganisms (bacteria, yeasts, and molds) that

can proliferate throughout production development
or the shelf life, altering sensory qualities, structure,
aroma, and color. Clostridia are the primary reason
for deterioration in long-ripened hard cheeses [20,
21], The spoiling microbiota in fresh cheeses is
primarily composed of psychotropic Gram-negative
bacteria [22], Frequently causes gas generation and
paste problems with slime production and foul
flavor, so in our study we tried to control of such
spoilage by using of clove, clove chitosan-NPs,
rosemary and rosemary chitosan-NPs and detect their
inhibitory effect on some bacterial and fungal
pathogen which inoculated by specific concentration
in cheese samples.

Recently, much emphasis has been paid to the
usage of EOs and their primary bioactive
constituents as replacements for synthetic chemicals
in agriculture and food industries. Along with being
classified as "GRAS" (generally recognized as safe)
by the United States Food Administration (FDA), the
usage of EOs by plant-based enterprises is predicted
to greatly rise shortly, particularly with growing
"green consumerism" and "sustainable food security"
needs [23].

The particle sizes were recorded at 250 and 383
nm for clove and rosemary EO-chitosan NPs,
respectively (the data not shown). These high values
indicate that the particle surface is positively
charged, stable, and has potential functionality. The
rise in this value could be attributed to the
interactions between the OH groups of the EO and
the amino groups of the chitosan[24].

Typically, the polydispersity index (PDI) is used
to assess particle size dispersal in suspensions. A
lower PDI suggests a more homogeneous particle
size distribution, and so imitates diameter
homogeneity [25]. Our data indicated that the PDI of
samples was in the range of 0.02612 to 0.1930 (Data
not shown) which suggests a uniformly distributed,
monodisperse, and stable particle population[26] .

Smaller NP sizes were linked to higher
antibacterial activity, and these NPs showed a
marked shift in their physical characteristics when
contrast to their original complement. Chitosan NPs
share qualities with chitosan and significant
properties of NPs, such as tiny size, enhanced surface
area, and quantum size effects which result in cell
wall penetration easily[27] .

The studied NPs showed positive charge (Data
not shown), such positively charged NPs giving
higher antibacterial activity as described by
Chandrasekaran et al. [28] who confirmed that
positively charged chitosan may bind to negatively
charged bacteria, producing membrane damage,
increased membrane permeability, osmotic leakage,
and eventually bacterial cell death.
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Similarly, Cava et al. [29] found that, when
compared to skim milk, the antibacterial activity of
clove oil was reduced in high-fat milk. Furthermore,
outside variables that affect the natural antimicrobial
efficacy include the type of microbe, packaging,
initial ~ inoculum concentration, and storage
temperature.[30]

Conversely, Feyzioglu and Tornuk [31]
performed that the zeta potential values of chitosan
NPs loaded with diverse concentrations of Summer
savory EO varied from -7.54 to -21.12 mV; a notable
decrease in zeta potential value was noted with
increasing EO concentration. Their findings
suggested that the structure and charge of these
nanocarriers are influenced by interactions between
EO and NPs.

The reduction % differed significantly between
all inoculated groups at 48hrs. examination time.
Also, the acquired results indicated a significant
difference between 48hrs and other examination
times within every inoculated group.

The current results revealed that rosemary-
chitosan NPs (0.04%) showed more potent inhibitory
activity (62.57% reduction) than others, with the
reduction % for S. aureus reached 25, 57.97, 26.30,
and for clove 0.1%, clove-chitosan NPs 0.04% and
rosemary 0.1%, respectively. While the reduction %
reached 100% at the end of Ist week for all
inoculated cheese samples, the control group showed
an increase in the staphylococcal count during the
storage period (Table. 3 and Graph. 1).

Chitosan NPs that have been encapsulated in
rosemary oil can offer a controlled release,
guaranteeing long-term exposure to the antibacterial
agent. Furthermore, chitosan nanoparticles have a
larger contact area and higher penetration into
bacterial cells due to their smaller size compared to
clove oil droplets. Moreover, there are differences in
the mechanisms by which chitosan and rosemary oil
inhibit infections. Rosemary oil has the power to
harm bacterial cell membranes, whilst chitosan can
prevent the creation of cell walls. Combining these
two compounds can result in stronger antibacterial
action (Synergistic action) [24].

Our current findings were substantially like
Kavas et al. [32] who reported that throughout the
60-day storage of Kashar Cheese, S. aureus levels
enhanced in the control sample but reduced in
samples coated with WPISF .

Chitosan NPs (500 ug/mL) and NPs of chitosan
with S. molle (250 and 500 pg/mL) were found to
reduce the proliferation of S. aureus by 35.0% [33].
Also, Chitosan NPs containing carvacrol showed
antibacterial efficacy against S. aureus, B. cereus,
and E. coli when contrasted to chitosan NPs[34].

Our outcomes agreed with Hadidi et al. [26] who
described that chitosan NPs loaded with cloves had
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strong antibacterial activity against S. aureus, with
an inhibitory (diameter of the halo): 4.80—4.78 cm.
The Potential to increase the antibacterial action of
pure Clove against foodborne germs was greatly
enhanced by the nanoencapsulation of clove oil.
These results agree with the outcomes of Esmaeili
and Asgari [35] who proved an improvement in
encapsulated Carum copticum EO's (CEO)
antibacterial activity against S. aureus and E. coli,
two of the most significant foodborne pathogens.

Essential oils having a high phenolic components
percentage, such as thymol, carvacrol, and eugenol,
have the greatest antibacterial activity against
spoilage and foodborne pathogens and disrupt
bacterial metabolic actions [36] .

Chitosan nanocoating with EOs was beneficial
against certain foodborne bacteria. Incorporating
both EOs (clove and argan) into chitosan-based
coatings produced a synergistic antibacterial impact .
[38 «37]

However, Abdullah et al. [39] found that clove
essential oil (EO) showed somewhat greater
antibacterial activity than rosemary oil; for S. aureus,
MICs ranged from 0.312% (v/v) to 1.25% (v/v),
whereas MICs for rosemary oil ranged from 0.312%
(v/v) to 5% (v/v).

The rosemary and clove (chitosan NPs (0.04%))
had a reduction % for P. fluorescence reached 67.43
and 61.40 at the end of 1st week respectively; and
reached 100% reduction for both examined cheese

samples groups at the end of 2nd week of storage
(Fig.1 and Graph. 1).

Cheese samples inoculated with clove by 0.1%
reduced the growth of P. fluorescence growth by
63.50% at the end of the storage period, rosemary by
0.1% had a reduction % reached 65.23 at the end of
the storage time (end of 4th week), while control
cheese samples showed an increase in the count with
storage (Fig.1 and Graph. 1).

The current results disagreed with that of
Wilkinson et al. [40] who stated that P. aeruginosa
was less sensitive to Backhousia citriodora EO, this
may be because the bacteria P. aeruginosa are Gram-
negative. Gram-negative bacteria have an extra outer
membrane that can function as a barrier to shield
them from external agents like essential oils, whereas
gram-positive bacteria have a thicker cell wall that is
more easily pierced by essential oils [41, 42].
Furthermore, Pseudomonas species have been
reported to possess effective efflux pumps, which
may aid in their ability to withstand the impacts of
essential oils[43] .

However, it nearly agreed with Ahmed et al. [44]
who recorded that 50% reduction of P. aeruginosa
by the end of the storage period (1 month at 4°C)
fortified with 0.1% ginger oil. In addition, Srivastava
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et al. [45] found that the MIC of rosemary is 1%
(v/v) for P. aeruginosa in broth.

As well, our findings were like Araby and El-
Tablawy [46] who reported that rosemary has
antibacterial activity against multidrug-resistant P.
aeruginosa isolates in vitro, Which might be due to
its negative impact on several virulent features like
as biofilm formation, motility, and pyocyanin
synthesis.

The least effective antimicrobial of rosemary
encapsulated on chitosan was observed on P.
aeruginosa (0.78 mg/ mL) [47].

Hellali and Ayachi [48] concluded that the study
conducted on the encapsulation of rosemary within
rosemary-chitosan NP and Alginate/Chitosan NPs
rosemary represents an intriguing and potential
attempt. Rosemary has remarkable antibacterial
action, particularly against S. aureus, which is known
to cause common diseases. Additionally, it
demonstrated significant antifungal action against
Candida strains, including Candida albicans.

Our current results were nearly parallel to those
of Elsherif and Talaat AL Shrief [49] who found that
carvacrol NE (nano-emulsion) shown excellent
antibacterial action without any cheese sensory harm.
It decreased Listeria monocytogenes by 99%
(reduction %) after 7 days and after 3 weeks of
refrigerated Talaga cheese storage. Additionally,
discovered that in week 4, clove and its NEs had an
inhibitory action against Salmonella. flexneri, with a
drop in percentage in chilled Talaga cheese ranging
from 98% to 100%.

The hydrophobic property of EOs permits them
to easily go through the lipid membrane of bacteria
and disrupt their cell walls, making them more
susceptible to EOs. As a result, the proton pumps and
ion channels are damaged, the membrane potential is
lowered, and cellular components coagulate,
resulting in bacterial death[24].

Mold growth in cheese is both a quality and food
safety issue, resulting in large economic losses.
Several mold genera may harm cheese. Penicillium is
the dominant genus, followed by Aspergillus. Some
mycotoxins produced by cheese-contaminating mold
species, including ochratoxin A, cyclopiazonic acid,
and sterigmatocystin, are stable throughout normal
processing[50].

Clove-chitosan NPs showed a potent antifungal
effect followed by clove, rosemary-chitosan NPs,
and rosemary. Clove-chitosan NPs 0.04% made
inhibition to 4. flavus by 90.10% after 48hrs then
complete inhibition at the end of 1st week of
storage. While clove 0.1%, rosemary-chitosan NPs
0.04%, and rosemary 0.1% had reduction %
reached 69.50, 62.10 and 49.27%, then 100% at the
end of Ist week for clove 0.1% and rosemary-
chitosan NPs 0.04% and end of 2™ week of storage

for rosemary 0.1%, while control group there was
an increase in 4. flavus count during storage period
(Fig.2 and Graph. 2) .

Boukaew et al. [51] confirmed that clove oil had
potent antifungal activity against ten isolates of A.
flavus. All strains, except 4. flavus PSRDC-2, were
greatly inhibited by clove. Also, Ali et al. [33]
verified that clove's primary ingredient, eugenol, has
potent anti-C. albicans effects in vivo. therefore, has
the potential to be therapeutic.

When compared to free EO, the encapsulated EO
performed better against A. flavus. This is likely
because the encapsulated EO's regulated release of
protected volatile oil from chitosan NPs during the
trial had a stronger inhibitory impact in addition to
the chitosan NPs' inherent inhibitory effect.
Considering that clove EO-chitosan NPs exhibit
remarkable antifungal activity[52].

Nano-encapsulated clove  (with  chitosan)
displayed greater effectiveness against 4. niger,
isolated from rotten pomegranate, as compared to
chitosan NPs and free oil [53], Hence, this study
demonstrated that clove EO-chitosan NPs can be
employed as a potential natural fungicide in the
agriculture and food industries.

Unlike those of Hasheminejad and Khodaiyan
[53] who demonstrated that crude clove EO did not
entirely prevent the mycelial development of A.
niger, even at concentrations as high as 3 mg/mL.
However, after loading the oil into chitosan NPs, the
encapsulated clove EO totally inhibited the fungus
progress at 1.5 mg/mL.

Our obtained results agreed with those of Oliveira
et al. [54] who found that exposing A. flavus to clove
and rosemary EOs caused major apoptosis-like cell
death and downregulation of the lacA, lipA, and
metP genes provide new insights into the cellular and
molecular antifungal processes of EOs against
mycotoxigenic species. While both EOs have
antifungal activities against A. flavus, clove EO
reduced mycelial development extra effectively than
rosemary EO. At the lowest tested EO concentrations
(0.1 and 0.25 pL/mL), clove EO suppressed 75 and
85% of mycelial development (p < 0.05),
respectively, but rosemary EO had no inhibition at
the same concentrations. Clove EO at 0.5 pL/mL
totally inhibited mycelial development (0 mm/day),
while rosemary EO at all dosages did not entirely
suppress A. flavus growth. Essential oils can cause
programmed cell death (PCD) in fungus, which is
defined as self-destruction in an adverse environment
such as environmental stressors and exposure to
hazardous metabolites [55]. The phenomenon is
called by a sequence of morphological shifts that
begin with nuclear compression, followed by plasma
membrane blebbing, and the creation of apoptotic
bodies, which are then consumed by
phagosomes[56].
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Clove-chitosan NPs 0.04% made potent
inhibitory effect on Geotrichum candidum reached
87.47% followed by 66.47, 60.00, and 47.27 for
clove 0.1, rosemary-chitosan NPs 0.04% and
rosemary 0.1%, respectively. Then 100% reduction
% at the end of Ist week of storage for cheese
samples fortified with clove-chitosan NPs 0.04% and
clove 0.1%. While 100% reduction % at the end of
2nd week of storage for cheese samples fortified with
rosemary-chitosan NPs 0.04%, and at the end of 3rd
week of rosemary 0.1%, Geotrichum candidum
counts increased in the control group over the storage
period (Table 4 and Graph. 2).

Clove EO has been proven to have powerful
antifungal properties against both fungi, including A.
flavus and Geotrichum candidum, but less so against
Geotrichum candidum. This difference in potency
can be due to the major component of clove EO,
eugenol, which is a powerful antifungal agent. Its
mechanism of action involves destroying fungal cell
membranes, resulting in cell death. Furthermore, the
nature of the fungal cell wall can affect its
susceptibility to clove EO. Aspergillus flavus may
have a cell wall composition that makes it more
vulnerable to eugenol's disruptive effects than
Geotrichum candidum. Furthermore, some fungi,
such as Geotrichum candidum, may have efflux
pumps that actively remove foreign compounds,
including antifungal medicines. This can lower the
effective concentration of clove essential oil within
the fungal[57] .

Rosemary has the most potent action against
potato C. albicans. The highest efficient
concentration in all food forms was 500 pL. L-1.
Rosemary officinalis has a variety of antifungal
processes, as well as antioxidant and antibacterial
properties. The results reveal that the plant EO can
limit C. albicans adherence via cell structure
denaturation and hence change membrane
permeability. One study recommends that rosemary
may even help to inhibit fungal biofilm formation.
Nanoparticles of rosemary EO cover the structure,
creating a nano biosystem that can dramatically
reduce the adhesion and therefore biofilm of Candida
fungal strains [58]. Several studies have indicated
that rosemary inhibits the pathogen's growth as S.
aureus [59, 60]. The optimized Cinnamomum verum
EO/chitosan NPs showed significant antifungal
efficacy against C. albicans infections (CMI = 125
pg/mL) [61] .

Bolouri et al. [47] showed that the antimicrobial
action of rosemary can be attributed to phenolic
chemicals, camphor, 1.8 cineole, and borneol
derivatives, or the synergistic action of the complex
or part of its components. Encapsulating rosemary
increased its antifungal efficacy against A. flavus
pathogenic fungus when compared to free EO. The
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reduction of bioactive chemicals to the nanoscale,
which reduces their size and increases their surface
area, will boost their efficacy [62]. Additionally,
Bolouri ef al. [47] concluded that free rosemary had
the strongest antibacterial activity against the
pathogenic fungus C. Albicans (0.009 mg/mL).

Conclusion

These findings concluded that clove and
rosemary loaded on chitosan NPs could be used as
antimicrobial agents in the dairy industry. Rosemary-
chitosan NPs 0.04% reduced S. aureus growth by
62.57% and 100% inhibition at the end of 1st week
of storage for all inoculated cheese samples. Also,
we found 100% inhibition of P. fluorescence growth
at the end of 2nd week of storage for rosemary-
chitosan NPs and clove-chitosan NPs. In addition,
clove-chitosan NPs had potent antifungal activity
followed by rosemary-chitosan NPs, clove then
rosemary EO. clove-chitosan NPs made inhibition to
A. flavus and Geotrichum candidum by 90.10 and
87.47% respectively after 48hrs of storage. Clove-
chitosan NPs and clove EO 0.1% made 100%
reductions at the end of 1st week while rosemary-
chitosan NPs made 100% reduction at end of 1st and
2™ week of storage for A. flavus and Gortrichum
candidum, respectively. This study found that
chitosan NPs containing clove and rosemary were
efficient against various foodborne pathogens and
appeared to have a positive influence on microbial
reduction.
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TABLE 1. Bacterial pathogens viability in soft cheese fortified by crude EOs and EOs-chitosan NPs: Cheese groups
were divided into 10 groups as follows:

Groups Group description
G1 Staphylococcus aureus inoculated group (7log;o CFU/mL)
G2 Pseudomonas fluorescence inoculated group (7log;o CFU/mL)
G3 Clove 0.1% + S. aureus (7log;o CFU/mL)
G4 Clove-chitosan NPs 0.04% +S. aureus (71og;o CFU/mL)
G5 Rosemary 0.1% + S. aureus (7log;o CFU/mL)
Go6 Rosemary-chitosan NPs 0.04% +S. aureus (7log;o CFU/mL)
G7 Clove 0.1% + P. fluorescence (71og;o CFU/mL)
G8 Clove-chitosan NPs 0.04% + P. fluorescence (7log;o CFU/mL)
G9 Rosemary 0.1% + P. fluorescence (71og;y CFU/mL)
G10 Rosemary-chitosan NPs 0.04% + P. fluorescence (7log;o CFU/mL)

TABLE 2. Fungal pathogens viability in soft cheese fortified by crude EOs and EOs-chitosan NPs: Cheese groups
were divided into 10 groups as follows:

Groups Groups description
T1 Aspergillus flavus inoculated group (6log;o CFU/mL)
T2 Geotrichum candidum inoculated group (6log;y CFU/mL)
T3 Clove 0.1% + A. flavus (6log;o CFU/mL).
T4 Clove-chitosan NPs 0.04% + 4. flavus (6log;o CFU/mL)
T5 Rosemary 0.1% (6logjocfu/ml) + 4. flavus (6log;o CFU/mL)
T6 Rosemary-chitosan NPs 0.04% + 4. flavus (6log;o CFU/mL)
T7 Clove 0.1% + Geotrichum candidum (6log;o CFU/mL)
T8 Clove-chitosan NPs 0.04% + Geotrihcum candidum (6log;,cfu/ml)
T9 Rosemary 0.1% + Geotrichum candidum (6log;, CFU/mL)
T10 Rosemary-chitosan NPs 0.04 + Geotrichum candidum (6log;, CFU/mL)

TABLE 3. Statistical analysis of reduction percentage (%) of Staphylococcus aureus in soft cheese fortified by
different concentrations of crude EOs and EOs-chitosan NPs during refrigeration storage.

Groups Storge period
p 48 hrs. 1st week 2" week 3" week 4™ week
Clove 0.1% 25.00+0.58%® 100+0.00* 100+0.00* 100+0.00** 100+0.00*
Clove-chitosan bB aA aA aA aA
+ + + +
NPs 0.04% 57.97+0.15 100+0.00 100+0.00 100+0.00 100+0.00
Rosemary 0.1% 26.30+0.17°8 100+0.00* 100+0.00* 100+0.00* 100+0.00*

Rosemary-chitosan
NPs 0.04%

a, b and c: There is no significant difference (P>0.05) between any two means, within the same column have the same
superscript letter. A, B and C: There is no significant difference (P>0.05) between any two means, within the same row
have the same superscript letter.

62.57+0.15%8 100+0.00* 100+0.00* 100+0.00* 100+0.00*

TABLE 4. Statistical analysis of reduction percentage (%) of Geotrichum candidum in soft cheese fortified by different
concentrations of crude EOs and EOs-chitosan NPs during refrigeration storage.

Grouns Storge period
P 48 hrs. 1st week 2nd week 3rd week 4th week
Clove 0.1% 66.47+0.24°8 100+0.00* 100+0.00* 100+0.00* 100+£0.00*4
Cine-chitosan - NPS - 747:026"  10020.00° 100£0.00*  100£0.00  100+0.00™
o (1]
Rosemary 0.1% 47.27+0.18° 64.37+0.20°¢ 70.30+0.12°® 100+0.00* 100+0.00*
Rosemary-chitosan 60.00+0.12°C 88.17+0.12"8 100£0.00°* 100:£0.00% 100:£0.00%

NPs 0.04%

a, b and c: There is no significant difference (P>0.05) between any two means, within the same column have the same
superscript letter. A, B and C: There is no significant difference (P>0.05) between any two means, within the same row
have the same superscript letter.
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Fig. 1. Reduction percentage (%) of Pseudomonas fluorescence in soft cheese fortified by different concentrations of
crude EOs and EOs-chitosan NPs during refrigeration storage.
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Fig. 2. Reduction percentage (%) of Aspergillus flavus in soft cheese fortified by different concentrations of crude EOs
and EOs-chitosan NPs during refrigeration storage
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Clove-chitosan NPs 0.04%0 +5. aureus (Tlog CFU/mL) P I
At the end of 15t weel of storage,
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Rosemary 0.1% + 5 awreus (Tlogre CFU/mL) 3 by 67
dove-chitosan NPs (61 408%).
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- _
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i At the end of Ist weel: of storage, rozemary M)

Clove-chitosan NPz 0.04% + Ps.  fluorescence (Tlogw (1G9 reduced P fTucrescernce growth by

8,400 while dove (GT) (57200,
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Rosemary 0.1% + Ps. fluorescence (Tlogye CFU/mL) T was

inhibited in all growps at the end of 1st weel: of
Rozemary-chitosan NPs 0.04% + Py fluorescence (Tlogw storage In coniraszt, B jfinorescemee was totally

inhibited at the end of the 2nd week of storing
CFUfmL) dwuﬁgmm

\ ) >
Graph 1. Conclusion of viability of bacterial pathogens in fortified cheese samples.
Groups Groups description s \
Control groups (T1 and T2)
T1 Aspergillus flavus inoculated group (6logis CFU/MmL) increased in the count with
refrigeration storage (lmonth)
T2 Geotrichum candidum inoculated group (6logwe CFU/MmL)
T3 Clove 0.1% + 4. flavus (6logi CFU/mL). clove-chitozan NPz (T4 and TE)
had potent antifungal activity
T4 Clove-chitosan NPs 0.04% + 4. flavus (6logio CFU/mL) followed by rozemary-chitozan
NPz (T6 and T10) than crude ones
T Rosemary 0.1% (6logiocfu'ml) +.4. flavus (Glog CFU/MmL) - 4
T6 Rosemary-chitosan NPz 0.04% + 4 flavus (6logw
Clove-chitozan NPz inhibited 4.
CFU/mL) Sflavus (T4) and Georrichum
candidum (T8) by 90.10 and B7.47%
T7 Clove 0.1% + Geotrichum candidum (6logie CFU/mL) rezpectively after 48hrz of storage
T8 Clove-chitozan NPz 0.04% + Geotrihcum candidum = >
(6logiecfn/ml) ’ At the end of 1=t week of storage, -
= - both fungi were completely
9 Rosemary 0.1% + Geotricum candidum (6login CFU/MmL) inhibited in cheeze zamples fortified
- - with clove-chitosan NPs, clove EQ,
T10 Rosemary-chitosan NPs 0.04 + Geotrichum candidum while rosemary-chitosan NPz made
100%% reduction at end of 1=t and
(6logie CFU/mL) 2nd week of storage for 4. flovus
({T6) and Gorgrichum candidum
(T 10}, rezspectively. J
" - __.-/

Graph 2. Conclusion of viability of fungal pathogens in fortified cheese samples.
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