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Abstract

OFT CHEESE, an early food introduced into the human diet for its nutritional value, is highly

susceptible to microbial contamination by spoilage and/or pathogenic microorganisms during
storage. This study evaluated the effects of Zinc oxide (ZnO) nanoparticles (10 mg/ml, G1), chitosan
nanoparticles (500 pg/ml, G2), and their combination (G3), compared to a control group (C), on the
coagulation time, sensory profile, acidity percentage, and microbiological quality of soft cheese.
Results showed significant differences in coagulation time among the groups, with mean times (hour:
minute) of 04:20 for C, 03:05 for G1, 02:10 for G2, and 00:51 for G3. Sensory evaluation revealed
that treated groups, particularly the combination group (G3), received the highest scores, maintaining
acceptability up to 21 days for the control, 39 days for G1, 42 days for G2, and 48 days for G3 under
refrigeration. Acidity percentages at 21 days were 0.55 for the control and 0.19 for G3, indicating a
slower increase in acidity in treated samples. Microbiologically, treated cheeses showed significant
improvement compared to the control. Coliform and E. coli were undetectable in all samples during
refrigeration. Mould appeared at 21, 36, 42, and 48 days for C, G1, G2, and G3, with mean counts of
1.6£0.05, 1.540.2, 1.4+0.02, and 1.2+0.08 log10 CFU/g, respectively. Yeast was detected at 15, 27,
30, and 36 days with mean counts of 1.7+0.05, 1.9+0.1, 1.6+0.03, and 1.7+0.08 log10 CFU/qg,
correspondingly. In conclusion, the soft cheese treated with a combination of chitosan and ZnO
nanoparticles extended shelf life to 48 days with improved sensory, acidity, and microbiological
profiles compared to 21 days for the control group.
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pasteurized milk is used, post-processing
contamination remains a risk, highlighting the need
for strict hygiene and control measures to ensure the
microbiological safety of soft cheese [6].

Introduction

Soft cheese varieties have long been a cornerstone
of human nutrition, providing essential nutrients
like calcium, potassium, and vitamins such as B
complex and D. In addition, they serve as critical
sources of protein and bioactive compounds that
support bone health, metabolic function, and
immune response [1, 2].

Nano-preservation  has emerged as a
transformative approach in dairy science, leveraging
materials at the 1-100 nm scale to enhance food
safety and longevity. Unlike conventional
preservatives, nanoparticles can provide targeted
antimicrobial action while reinforcing product
structure. This technology shows particular promise

Soft cheese is highly susceptible to microbial
contamination throughout its production and

distribution. Contaminants can originate from raw
milk, especially if unpasteurized, introducing
pathogens like Staphylococcus aureus, and coliforms
[3]. Environmental sources such as cheese vats,
molds, wooden tables, packaging materials, and
handlers are significant contributors [4]. Poor
sanitation, inadequate heat treatment, and high
moisture and pH levels in soft cheese one of
favorable media for the growth of spoilage and
pathogenic  microorganisms  [5]. Even  when

for soft cheeses, where even minor improvements in
shelf life yield significant economic and food safety
benefits [7].

Chitosan nanoparticles have emerged as an
effective natural preservative in cheese preservation
due to their potent antimicrobial and antioxidant
properties. Their application, either as coatings or
additives, helps extend cheese shelf life by inhibiting
the growth of spoilage microorganisms such as
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bacteria, moulds, and yeasts, which commonly
contaminate cheese during storage [8]. Besides that,
zinc oxide (ZnO) nanoparticles are valuable in
cheese preservation due to their effective
antimicrobial properties that help inhibit the growth
of spoilage microorganisms, thereby extending shelf
life and maintaining product quality. Moreover, ZnO
nanoparticles are thermally stable, non-toxic, and do
not cause discoloration, making them safe and
practical for use in food preservation, particularly in
active packaging systems to enhance cheese safety
and freshness [9].

Chitosan-Zinc oxide (CS-Zn0O) nano-combination
represent a breakthrough in this field, where
chitosan, a biopolymer derived from crustacean
shells, exhibits inherent antimicrobial properties
through electrostatic interactions with microbial cell
membranes. When combined with ZnO nanoparticles
which generate reactive oxygen species lethal to
bacteria and fungi, the combination treatment creates
a synergistic preservation system. Research indicates
these nanocomposites can be integrated into edible
coatings that simultaneously inhibit spoilage
organisms and regulate moisture migration [10].

The application of CS-ZnO nanotechnology in

soft cheese preservation addresses multiple
challenges simultaneously. Early studies
demonstrated  30-50%  reductions  in microbial

population colonization when applied as surface
coatings, extending shelf life by 2-3 weeks while
maintaining original texture profiles [11, 12].
Therefore, the current study was planned to
investigate the impact of chitosan; Zinc oxide
nanoparticles, and (CS-ZnO) combination on the
coagulation time, sensory profile, acidity % and
microbiological quality of low-salt soft cheese during
refrigerated storage.

Material and Methods

Materials

Chitosan (CS) of low molecular weight (less than
100 kDa), zinc acetate and Sodium hydroxide
(NaOH) as precursors for zinc oxide nanoparticles
preparation  were  obtained from  Nakaa
Nanotechnology Company, Egypt. Buffalo’s milk,
was provided by Faculty of Agriculture, Benha
University, Egypt. Rennet powder, sodium hydroxide
(NaCl) and calcium chloride (CaCl,) (food grade)
were used during the manufacturing of soft cheese
and were obtained from Al-Alamya Chemical
Company, Egypt.

Pathogenic strains

Both  strains  Escherichia coli (ATCC®
25922TM) and Staphylococcus aureus
(ATCC43300) were provided by Animal Health
Research Institute, Benha Lab.

Preparation of chitosan nanoparticles
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Chitosan nanoparticles were prepared by ball
milling processaccording to Inkyo et al. [13]. A total
of 25 g from chitosan powder was ball milled in a
vessel with 13 numbers of zirconia beads in a range
from 0.5 to 1.5 mm diameter (75 beads 0.5 mm
diameter, 30 beads 1.0 mm diameter and 25 beads
1.5 mm diameter) and milling at 4000 rpm with a
high-energy ball mill was performed. Samples were
prepared by varying the milling duration, and then
the dried chitosan powder was pulverized for 30, 60
and 90 min to obtain fine powder. A Ball milling
process was used as a dispersing agent to prevent
particle agglomeration.

Preparation of Zinc oxide NPs

Zinc oxide nanoparticles were synthesized by the
precipitation method according to Suntako [14]. In
the typical procedure, 5 g of zinc acetate were
dissolved in 75 ml of deionized water and 2 Molar
NaOH (5 gm of NaOH /50 ml of deionized water)
were added dropwise under magnetic stirring at 60°c.
After the addition was completed, the stirring was
continued for 30 min, then the solution was left to
cool then, the precipitates were washed with
deionized water three times. Then the obtained
precipitates were dried at 100°c then kept at room
temperature 37°C.

Characterization of chitosan and ZnO nanoparticles

For TEM "Transmission Electronic Microscopic"
analysis, a drop of the Zinc oxide nanoparticles
solution and chitosan nanoparticles solution was
placed on the carbon-coated copper grids (CCG) and
dried by allowing water to evaporate at 37°C.
Electron micrographs were obtained using JEOL
JEM-1010 transmission electron microscope at 80
kV at the Regional center for Mycology and
Biotechnology, (RCMB) Al- Azhar University
[15].Determination  the ~ minimum inhibitory
concentration (MIC) of chitosan and Zinc Oxide
Nanoparticles against E. coli and S. aureus in broth.

Activation of the pathogenic strains

The pathogenic strains of (Escherichia coli and
Staphylococcus aureus) were cultured in tryptone
soya broth for 24 h at 37 °C for activation, followed
by serial dilution to obtain 6 logl0 CFU/ml working
culture. The method was carried out according to
Kim and Kim [16].

Determination of MIC by tube dilution technique

Different prepared double-fold serial dilutions of
the used nanomaterials; (1000, 500, 250, 125 and
62.5 pg/ml for chitosan NPs), (40, 20, 10, 5, 2.5 and
1.25 pg/ml for ZnO NPs); were added to the required
pathogenic bacterial concentration (1x106 CFU/ml).
The tubes were incubated at 37 °C for 24 hours.
After incubation, 0.1ml of the incubated culture was
spreading on the appropriate agar media (TBX agar
for E. coli, and Baird Parker agar for S. aureus) for
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determining their count (CFU/ml). The lowest
concentration of the tested material that completely
inhibited bacterial growth was recorded as the
minimum inhibitory concentration (MIC) [17].

Preparation of soft cheese groups

Fresh buffalo’s milk was pasteurized at 62.7°C
for 30 min, cooled and adjusted to 37°C, then
Calcium chloride and Sodium chloride were added
at the ratios of 0.02% and 3% (w/v), respectively.
Then, chitosan and ZnO nanoparticles were added.
Rennet was added at the ratio of (11 ml of rennet
per 45.5 kg milk, then incubated at 39°C until
curdling occurred [18].

Cheese groups were classified into (4 groups):
where, control” untreated soft cheese samples”(C),
soft cheese fortified with 10 mg ZnO NPs/ml (G1),
soft cheese fortified with 500 pg chitosan NPs/ml
(G2), and soft cheese fortified with 10 mg ZnO
NPs/ml in combination with 500 pg chitosan NPs/ml
(G3). Then cheese groups put into small cylindrical
metal containers lined with cheese cloth overnight to
get rid of the whey. Then the curd was cut into small
cubes and stored in the collected whey at 4°C [19].
Then examined at zero day and every 3 days’
intervals till signs of spoilage were occurred. The
trials were repeated 3 times.

Coagulation time

Coagulum firmness time was assessed by an
experienced cheese manufacturer by tactile and
visual inspection according to Johnson et al. [20].
Results were stated and presented as hours and
minutes.

Sensory evaluation of cheese samples

Sensory characterization of cheese samples was
performed and recorded. Sensory flavor (60), texture
(30) and appearance (10) with overall score (100)
were performed by well-experienced analysts [21].

Determination of titratable acidity (TA)

It was determined according to AOAC [22] by
the standard method of titratable acidity. To
determine titratable acidity in cheese, a measured
volume of the cheese sample is mixed thoroughly
and then pipetted into a container. A few drops of
phenolphthalein indicator are added to the sample,
which is then titrated with a standardized sodium
hydroxide (NaOH) solution while stirring. The
titration continues until a faint pink color that persists
for about 30 seconds appears, indicating the
endpoint. The volume of NaOH used, known as the
titer, is recorded and used to calculate the titratable
acidity, typically expressed as a percentage of lactic
acid, providing a measure of the acid content in the
cheese.

Microbiological assessment of cheese samples

Cheese samples were prepared according to 1SO
[23] using aseptic technique, 10 grams of soft cheese
sample were transferred by sterile spatula to sterile
polyethylene bag then adding 90 ml sterilized
Sodium citrate 2%, bags were placed in stomacher
for shaking at 100 beats for two min, then tenfold
serial dilutions were prepared using sterilized
peptone water. Coliform counts were performed
using violet red bile agar (VRBA) and incubation at
37 % for 24h [24]. Escherichia coli count was
performed  using  Tryptone-Bile-X-Glucuronate
(TBX) agar and incubation at 44 °c for 24h [25].
Total mould and yeast counts were performed using
Sabouraud Dextrose agar (SDA) and incubation at
25°C for 5 days according to 1SO [26]. Aerobic spore
former count was performed using nutrient agar and
incubation at 32 % for 48 hours [27]. Microbiological
counts were repeated three times and recorded as
mean * standard error.

Statistical Analysis

The collected data were statistically analyzed
according to Feldman et al. [28] using two-way
ANOVA within each group regarding the treatment
conditions and storage time. In addition, an
independent sample t-test was used to compare the
results of the two sample groups. SPSS V. 20
software was used for the data analysis.

Results

Regarding to TEM size-characterization of the
prepared nanomaterials, chitosan nanoparticles’ size
ranged from 13.3 nm to 27.2 nm, while was 9.27 to
18.9 nm for ZnO NPs; which revealed that all of the
used nanomaterials were within the nano-size (Fig. 1
A & B).

Referring to the recorded results of coagulation
time (Fig. 2), longer coagulation time was recorded
in the control group (4 h and 20 min.), followed by
G1 (3 hand 5 min.), G2 (2 h and 10 min), and G3
(51 min.)" the lowest coagulation time".

Regarding the in vitro determination of the MIC
of the used nanomaterials. the examined
concentrations of chitosan NPs, 1000, 500, 250, 125
and 62.5 pg/ml, could reduce E. coli count to 100,
100, 100, 63.3 and 43.3 %, respectively; while they
reduced S. aureus counts to 100, 100, 100, 100, and
66.7%, respectively. On the other hand, 40, 20, 10, 5,
2.5 and 1.25 mg/ml ZnO NPs showed total reduction
of E. coli and S. aureus counts up to 5 mg/ml;
whereas, 2.5 and 1.25 mg/ml ZnO NPs reduced the
counts of E. coli by 43.3 and 28.3%, while, reduced
S. aureus by 41.7 and 28.3%, respectively; which
means that the MIC of chitosan NPs against E. coli
and S. aureus were 250 and 125ug/ml, respectively
while it was 5 mg/ml for ZnO NPs against both E.
coli and S. aureus (Fig. 3& 4).

Regarding the sensory characters of the examined
groups (Fig. 5), higher acceptability scores were
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recorded in the treated groups, particularly the
chitosan-ZnO NPs treated group (G3); where it
showed a decrease in their scores along the storage
period up to 48 days of storage. Results showed that
C, G1, G2 and G3 kept their acceptability up to 21,
39™ 42" and 48 days of storage, respectively.

Referring to the recorded results in Figure (5A),
G3 recorded higher appearance acceptability scores
since the zero day of examination (9.9), followed by
chitosan nanoparticles treated group (G2: 8.3), ZnO
nanoparticles treated group (G1: 7.5), while control
group showed the lower acceptability score (6.9),
that started gradual decrease in the appearance
acceptability scores uE) to record the spoilage at the
21%, 36" 42" and 48" days of storage for C, G1, G2
and G3 with mean values of 2.1, 2.2, 3.0 and 3.2,
respectively.

Referring to the recorded results , The higher
texture acceptability score since the zero day of
examination was 29.8 G3 for , followed by chitosan
treated group (G2: 27.8), ZnO treated group (G1:
24.4), while control group showed the lower
acceptability score (21.6), that started gradual
decrease in the appearance acceptability scores up to
record the spoilage at the 21%, 36", 42" and 48" days
of storage for C, G1, G2 and G3 with mean values of
10.7,11.2, 12.8 and 13.2, respectively, (Fig, 5B).

While in Figure (5C), G3 recorded higher flavour
acceptability scores since the zero day of
examination (59.8), followed by chitosan treated
group (G2: 57.8), ZnO treated group (G1: 53.8).
while control group showed the lower acceptability
score (49.7), that started gradual decrease in the
appearance acceptability scores up to record the
spoilage at the 21%, 36™, 42" and 48" days of storage
for C, G1, G2 and G3 with mean values of 21.7,
24.1, 27.5 and 29.0, respectively.

Regarding to TA values, the examined soft
cheese groups were 0.26, 0.24, 0.20 and 0.19 for C,
Gl, G2and G3, respectively at the zero time,
followed by gradual increasing in the TA of the
examined groups. While with fast raising up in the
TA values was recorded in C (control group), slower
increasing was recorded in the treated groups, where
the highest TA mean values were recorded in G1, G2
and G3 in the 36" (0.56), 42™ (0.52), and 48™ (0.52)
days of storage, respectively indicating longer
acceptability criteria in the chitosan-ZnO NPs treated
group (G3) (Table 1).

The recorded results of the microbiological
quality of the examined cheese groups (Table 2 and
3) indicated improvement in the microbiological
criteria of the treated cheese samples appeared as
slower microbial multiplication compared with the
control group, which reflected on the keeping quality
and shelf life of the examined soft cheese samples.
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Table (2) showed that the aerobic spore former
could not be detected in the first 12 days of storage in
all the examined groups, while it could be firstly
detected in the 15", 30", 39™ and 45" day of storage
in C, G1, G2 and G3, with mean counts of
1.47+0.03, 2.0+0.07, 2.2+0.07 and 1.9+0.05 logy
CFU/g, respectively. Aerobic spore former counts
continued to increase until the appearance of spoilage
characters at the 21%, 36" 42" and 48" days of
storage for C, G1, G2, and G3 with mean counts of
2.17, 2.3, 2.3, and 2.2 log;g CFU/g, respectively.

Regarding both bacteria, coliform and E. coli
could not be detected along the experimental period,
either in the control or the treated groups.

Regarding the total yeast and mould counts,
Table (3) declared that mould was firstly found at the
21%, 36" 42" and 48" day of refrigerated storage
for C, G1, G2 and G3, respectively, with mean
counts of 1.6+0.05, 1.5+0.2, 1.4+0.02, and 1.2+0.08
log;p CFU/g, respectively. On the other hand, Xeast
was firstly detected in the 15", 27", 30" and 36" day
of storage with mean counts of 1.7+0.05, 1.9+0.1,
1.6+0.03, and 1.7+0.08 log,, CFU/g, respectively;
whereas, yeast mean counts still within the
acceptable limit until appearing the signs of spoilage
at the 15", 36™, 42" and 48™ days of storage for C,
G1, G2 and G3; where the mean counts (log;,CFU/q)
were 2.2+0.07, 2.3+0.1, 2.3+0.2 and 2.3+0.1,
respectively.

Discussion

Soft cheese is obtained after the coagulation of
fresh or concentrated milk, or a mixture of its fresh or
dried products, which has been pasteurized or
subjected to any heat treatment equivalent to
pasteurization [29]. Microbial contamination in soft
cheese is often from raw milk, inadequate
pasteurization, and unsanitary handling [30]. Studies
have detected coliforms, E.  coli,S. aureus,
and Salmonella in commercial soft cheese samples,
linked to contaminated udders, unhygienic processing
environments, or post-pasteurization exposure [30, 31,
32]. Nanotechnology, recently, offers innovative
preservation methods for dairy products such as soft
cheese, particularly through the use of chitosan and
zinc oxide (ZnO) nanoparticles.  Chitosan
nanoparticles, alone or combined with essential oils or
zinc oxide nanoparticles, exhibit strong antimicrobial
effects against spoilage and pathogenic bacteria, as
well as yeasts and mould, which are major
contributors to cheese spoilage [33, 34].

Regarding the size characterization of the used
chitosan and ZnO  nanoparticles, chitosan
nanoparticle’s size ranged from 13.3 nm to 27.2 nm,
while was 9.27 to 18.9 nm for ZnO NPs (Fig. 1A and
B). These results were lower than those of Yusof et
al. [35] who revealed that the synthesized chistosan —
ZnO NPs of a mean size value of 70 nm have
displayed an antibacterial inhibition zone against S.
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aureus and E. coli, which were 16.0 and 13.3 mm,
respectively. Also, the current result is lower than
those of Abdeltwab et al. [36] who revealed that the
synthesized chistosan NPs size reached to 93.7nm
showed maximum antibacterial activity against S.
aureus and L. monocytogenes with inhibition zone of
30mm for both and 23 mm for E. coli at a
concentration of 23ug/ml.

The antibacterial effect of nanoparticles (NPs) is
strongly influenced by their nanoscale size, with
smaller particles exhibiting enhanced antimicrobial
activity. This is primarily because as the size of NPs
decreases, their surface-to-volume ratio increases
significantly, providing a larger active surface area
for interaction with bacterial cells. This increased
surface area facilitates stronger adhesion to bacterial
membranes, greater penetration into cells, and more
effective generation of reactive oxygen species
(ROS), which collectively disrupt cell membranes,
induce oxidative stress, and interfere with
intracellular components like DNA and proteins [37].
Figures (3) and (4) revealed that MIC of chitosan
NPs against E. coli and S. aureus were 250 and
125pg/ml, respectively, while it was 5 mg/ml for
ZnO NPs against both strains. This came in
agreement with Alekish et al. [38] who recorded that
MIC of ZnO NPs against the selected strains was
31.25 pg/ml and 3.9 pg/ml, respectively. Also,
Mubarak Ali et al. [39] stated MIC of chitosan NPs
against the same strains was 40 and 80 pg/mi,
respectively. In addition, Abdeltwab et al. [36]
recorded that MIC of chitosan nanoparticles against
the same strains were 184.32 and 23.04 pg/ml,
respectively.

The highest efficacy against S. aureus. returned
to the chitosan nanoparticle with positive charge can
interact with the cell surface of S. aureus or essential
nutrients, leading to inhibition of its growth [40].
Also, due to Gram-positive bacteria as S. aureus
have a thick peptidoglycan layer in their cell wall,
which is easily penetrated by chitosan nanoparticles.
Gram-negative bacteria, like E. coli, have a thinner
peptidoglycan layer and an additional outer
membrane composed of lipopolysaccharides (LPS)
and proteins. This outer membrane acts as a barrier,
making it harder for chitosan nanoparticles to reach
the cell membrane and exert their antibacterial effect
[41]. Coagulation time is a critical parameter in
cheese manufacture because it determines the end
point of the enzymatic phase and the start point of
the aggregation, soit is used as a reference to
determine the cut-time, which plays an important
role in firmness or softness of cheese [42]. The
current study showed that chitosan-ZnO NPs treated
group (G3) showed the shortest coagulation time and
the best firmness and texture in comparison to with
control group, which has the longest coagulation
time and the lowest firmness and texture (Fig., 2).

The current study nearly came in agreement
with Ausar et al. [43], who stated that the addition
of chitosan, a cationic polymer, to milk causes
destabilization and coagulation of casein micelles.
This is returned to the electrostatic interactions
between positive charges of chitosan NPs and
negative charges of casein micelles. This
hydrophobicity relationship helps in the coagulation
of casein micelles with chitosan molecules. The
efficiency of interaction of casein with chitosan
depends on the concentration of chitosan molecules,
with increasing concentrations of chitosan, the
amount of coagulating casein is growing rapidly in
a short time due to negatively charged casein
micelles interacting with cationic polysaccharide —
chitosan, resulting in coagulation [44]. Consumer
acceptance of cheese is strongly influenced by
sensory attributes-texture, appearance, and taste-as
well as acidity. Studies showed that texture and
taste are key drivers of preference, with consumers
favoring cheeses that match their expectations for
creaminess, firmness, or saltiness, while attractive
appearance enhances perceived quality and
willingness to buy [45].

Fig. 5 (A, B, C) declared that higher sensory
scores were stated in the treated groups, particularly
the combined chitosan-ZnO NPs treated group (G3)
regarding the appearance, texture and flavor criteria,
where it showed a gradual decrease in their scores
along the storage period up to 48 days of storage.
Results showed that C, G1, G2 and G3 kept their
sensory up to 21%, 39™, 42" and 48 days of storage,
respectively. Previous records confirmed that such
nanocomposite coatings reduced harmful microbes
(including  coliforms and  spore-formers) to
undetectable levels, while preserving the cheese’s
organoleptic qualities Hassan et al. [46]. Youssef et
al. [47] recorded that a significant enhancement in
the texture of the treated soft cheese with CS-ZnO
NPs.

Acidity % of cheese samples not only impacts
flavor and freshness, but also signals proper
fermentation and safety, contributing to consumer
trust and satisfaction [48]. The acidity values of the
examined groups at the zero day were 0.26+0.01,
0.24+0.01, 0.20+0.01 and 0.19+0.01 for C, G1, G2
and G3, respectively, followed by increasing in the
TA of the examined groups especially in C (control
group), while slower increasing was stated in the
treated groups, where the highest TA mean values
were 0.56 + 0.03, 0.52+0.03 and 0.52+0.04 for G1,
G2 and G3 in the 36", 42" and 48" days of storage,
respectively indicating longer acceptability criteria in
the chitosan-ZnO NPs treated group (G3) (Table, 1).

The recorded results came in line with Salama et
al. [49] who recorded a gradual increase of TA
accompanied with gradual decrease in the microbial
counts in the chitosan treated yoghurt groups (TA=
0.81 and 0.83 at zero day while were 0.92 and 0.90
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for 25 and 5.0 mg chitosan NPs/ml milk,
respectively); moreover, sensory characteristics of
the treated groups showed significant improvement
in the flavor, texture and appearance in comparing
with control group after 21 days of refrigerated
storage; and Mikky et al. [34] who showed that
pickled cheese samples coated with chitosan NPs
(0.01, 0.02 and 0.04%) fortified with different
essential oils exhibited a gradual increase in acidity
during refrigerated storage; where TA started around
0.6 in the control and treated groups and increased to
be 1.47 in the 35" day of storage for control group;
while the treated groups kept their acceptability up to
91, 98 and 105 days of storage, where TA equaled
1.22, 1.28 and 1.55, respectively. Addition of ZnO
NPs and chitosan, both separately and in
combination, significantly reduced the count of
aerobic spore formers in the treated cheese groups as
compared to the control group. For C, G1, G2, and
G3, they were initially detected on days 15, 30, 39,
and 45 of storage, respectively, with mean counts of
1.4740.03, 2.0+£0.07, 2.2+0.07, and 1.9+0.07 (logo
CFU/qg) (Table, 2).

Against aerobic spore-forming bacteria, ZnO
nanoparticles inhibit spore germination by damaging
cell membranes and interfering with metabolic
pathways [50]. Also, this result nearly came in
agreement with Hassan et al. [51] who detected
antibacterial activity of chitosan nanoparticles on
Bacillus subtilis at concentration 8000, 4000, 2000,
1000, 500, 250, 125, 62.5 and 31.25 (ug/ml),
respectively with inhibition % reached to 100, 100,
90.68, 87.66, 70.17, 56.75, 45.02, 16.36 and 7.65%,
respectively. In addition, Alarfaj et al. [52] showed
inhibition zone of chitosan nanoparticles against
Bacillus species at concentrations of 50 pg, 100 ug
and 150 pg, respectively was 10, 14 and 18 mm,
respectively. Furthermore, the current findings also
concurred with those of Djearamane et al. [53], who
confirmed a significant inhibition of ZnO NPs on B.
subtilis growth for all the tested concentrations of
ZnO NPs from 5 to 150 pg/mL at 24 h. The
percentages of growth inhibition for 5, 10, 25, 50,
100, 150 (ng/mL) were reported to be 11.88 £ 0.04,
16.66 + 0.80, 28.55 + 0.36, 33.57 + 0.38, 47.52 +
1.53, 70.09 + 1.5%, respectively. Meanwhile, the
positive control showed 92.96 + 0.19% of inhibition.
Further, the results detected that the percentage of
growth inhibition of B. subtilis increased with the
increasing concentrations of ZnO NPs. This is
returned to surface interaction of ZnO NPs on the
bacterial cell wall, and also the morphological
alterations in B. subtilis induced by ZnO NPs [53].

Regarding mould and yeast findings in the
examined groups, results revealed that mould was
firstly detected at the 21%, 36", 42" and 48" days of
refrigerated storage for C, G1, G2 and G3,
respectively with mean counts of 1.6+0.05, 1.5+0.2,
1.4£0.02 and 1.2+0.08 (log,, CFU/g), respectively
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(Table, 3). These mean values were more than the
acceptable limit (1 log;o CFU/g) mentioned by EOS
[29]. On the other hand, yeast was firstly detected in
the 15", 27™ 30" and 36™ days of storage for C, G1,
G2 and G3, respectively with mean counts of
1.7+0.05, 1.9+0.1, 1.620.03 and 1.7+0.08 (logio
CFU/g) ,—respectively; whereas, yeast mean counts
still within the acceptable limit ( 40 log,, CFU/Q)
according to EOS [29] until appearing the signs of
spoilage at the 21", 36, 42™ and 48" days of storage
for C, G1, G2 and G3; where the mean counts (logig
CFU/qg) were 2.2+0.07, 2.3+£0.1, 2.3+0.2 and 2.3%0.1,
respectively (Table, 3).

The recent recorded results came in line with the
recorded findings of Sayed-Elahl et al. [8] who
applied chitosan NPs (0.25 and 0.5%) to kareish
cheese to evaluate its antimicrobial activity, and they
recorded a significant reduction in the fungal counts
(4.9 and 3.67 log;o CFU/g for 0.25 and 0.5% treated
samples, respectively) in comparing with the control
group (5.38 logyy CFU/g) after 20 days of storage
revealing longer shelf life of the treated samples. The
current findings also concurred with those of
Mohamed et al. [54], who recorded that the mould
count in the cheese sample dropped by 1 log;, CFU/g
after 15 days of storage at high concentrations of
chitosan NPs (10%) in contrast to our study (500
pa/ml chitosan NPs), also with those of Abdeltwab et
al. [36] who reported that chitosan NPs have a
fungistatic effect reached to 90 and 100 % against
Penicillium roqueforti at concentrations 3.0 and 4.5
g/L, respectively. This fungistatic value may be
returned to nano-chitosan particles that diffuse into
fungal cells, disrupting the synthesis of genetic
materials [55].

Antifungal activity in the current study came in
line with that of Yien et al. [56] who indicating that
the chitosan NPs were observed to be natural
antifungal agents when used in concentrations of 1-3
mg/ml against Candida albicans and Aspergillus
niger. Also, the current results came in line with the
recorded results of Awaad et al. [33] who applied
chitosan nanoparticles (0.25 and 0.5%) to Kkareish
cheese and found that C. albicans counts were
significantly lowered at day 12 of storage to be 4.12
and 3.66 log;,CFU/g after using 0.25 and 0.5%
chitosan nanoparticles compared with that for control
group (5.43 logig CFU/g). However, C. albicans was
totally not detected after 18 days of storage for both
treatments. The antimicrobial activity of chitosan
NPs can be attributed primarily to their electrostatic
interactions between their positively charged amino
groups and the negatively charged microbial cell
walls and membranes. This interaction disrupts
membrane permeability, leading to leakage of
intracellular components and cell death [57]. Besides
that, low-molecular-weight chitosan nanoparticles
can penetrate cells, interfering with DNA, RNA, and
protein synthesis, and impairing mitochondrial
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function, which enhances their antimicrobial efficacy
[58]. Additionally, chitosan acts as a chelator of
essential metal ions, depriving microbes of nutrients
needed for growth. The antimicrobial activity is
stronger in acidic conditions due to increased
protonation of amino groups, which enhances
binding to microbial surfaces [59].

Regarding coliform and E. coli, they could not be
detected along the experimental period, either in the
control or the treated groups, that may be due to good
hygienic conditions during the manufacture of cheese
and efficient pasteurization of milk. Al-Nabulsi et al.
[60] declared that chitosan coatings with ZnO
nanoparticles (>0.0125%) decreased E. coli O157:H7
counts in white brined cheese by 2.5-2.8 log,o CFU/g
at 4°C over 28 days, compared to 2.6 log,qg CFU/g for
chitosan alone (2.5%); Olaimat et al. [61] assessed
the antimicrobial efficacy of chitosan-based coatings
containing 1.0% ZnO NPs against L. monocytogenes
on the surface or within packaged white brined
cheese at 4°C. They reported that chitosan coatings
containing 1.0% ZnO NPs decreased L.
monocytogenes numbers by 1.5 and 3.7 log,o CFU/g
on the surface or by 0.9 and 1.5 logiqg CFU/g inside
vacuum-packed cheese kept at 10 or 4°C,
respectively. Also, Youssefet al. [47] reported a
potent antimicrobial effect of chitosan-ZnO
nanocomposite film coating, with 1.0% chitosan
concentration to 2, 4 and 8% of ZnO NPs
concentration, to package Egyptian soft white
cheese, resulting in total reductions in total bacterial
counts, moulds, yeasts, and coliforms, while also
extending shelf life up to 30 days of storage at 7°C.

Additionally, ZnO NPs treated samples, also,
revealed significant antimicrobial effect which may
be attributed to generation of reactive oxygen species
(ROS) such as hydrogen peroxide that damage cell
membranes, proteins, and DNA; they release Zn2*
ions that disrupt enzymatic functions; and their small
size allows direct interaction and penetration of
microbial cell walls, causing structural damage [62].
Combination of ZnO with chitosan nanoparticles

enhance antimicrobial efficacy through synergistic
effects, improving membrane disruption and ROS
generation while maintaining biocompatibility and
preventing nanoparticle migration into food matrices
[63].

Conclusion

The current study revealed that combination of
chitosan and ZnO NPs at a concentration of (500
pg/ml and10 mg/ml) achieved prolonged shelf life up
to 48 days, and the highest sensory characteristics
(preferable creamy taste). Also characterized by slow
increasing in titratable acidity value till the end of
refrigerated storage period and the highest
microbiological quality which reflect good hygienic
quality of cheese. So finally, the combination
treatment could be recommended as a strong
antimicrobial agent in the cheese industry could. It
alleviated the microbial status of cheese by inhibiting
the growth of pathogenic and spoilage organisms
over storage time.
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TABLE 1. Effect of chitosan and Zinc oxide nanoparticles on the titratable acidity (TA) in the examined cheese

samples
Storage time Control (C) Znl0 (G1) Ch500 (G2) Mix (G3)
0 0.26+0.01" 0.24+0.0159 0.20+0.01%9 0.19+0.01%¢
3 0.26+0.01° 0.24+0.0159 0.20+0.01%9 0.19+0.01%¢
6 0.26+0.02"¢ 0.24+0.0159 0.20£0.01%9 0.19+0.01"¢
9 0.26+0.02"¢ 0.24+0.0259 0.20+0.01%9 0.19+0.01"¢
12 0.26+0.03"¢ 0.24+0.0359 0.20£0.01%9 0.19+0.01"¢
15 0.35+0.03"¢ 0.24+0.0259 0.20+0.02%9 0.19+0.02"¢
18 0.45+0.03"° 0.24+0.0259 0.20+0.02%9 0.19+0.01%¢
21 0.55+0.02"% 0.25+0.018" 0.20+0.03%9 0.19+0.02"¢
24 S. 0.29+0.01%¢ 0.20+0.0159 0.19+0.02%9
27 S. 0.36+0.02"¢ 0.21+0.035f 0.19+0.01%
30 S. 0.41+0.03%¢ 0.28+0.025¢ 0.20+0.02%9
33 S. 0.46+0.03"° 0.34+0.03% 0.25+0.03¢f
36 S. 0.56+0.03%2 0.39+0.045¢ 0.30+0.03¢®
39 S. S. 0.44£0.04™ 0.36+0.02™
42 S. S. 0.52+0.03™ 0.40+0.03™
45 S. S. S. 0.45+0.04°
48 S. S. S. 0.52+0.042

ABC Different superscript letters within the same row mean significant difference when (P<0.05), abc Different superscript letters within the
same column mean significant difference when (P<0.05), *-. Superscript star within the same row means significant difference between less
than three groups of variance when (P<0.05), S: spoiled, Zn10 (G1): zinc oxide nanoparticles at concentration 10 mg/ml, Ch500 (G2) :
chitosan nanoparticles at concentration 500 pg/ml, Mix (G3) : combination treatment between zinc oxide nanoparticles at concentration 10
mg/ml and chitosan nanoparticles at concentration 500 pg/ml

TABLE 2. Effect of chitosan and Zinc oxide nanoparticles on the aerobic spore-forming count (log;, CFU/g) in the
examined cheese samples

9 Control (C) Zn10 (G1) Ch500 (G2) Mix (G3)
0 N.D N.D N.D N.D
3 N.D N.D N.D N.D
6 N.D N.D N.D N.D
9 N.D N.D N.D N.D
12 N.D N.D N.D N.D
15 1.47+0.03¢ N.D N.D N.D
18 1.77+0.18 N.D N.D N.D
21 2.17+0.14 N.D N.D N.D
24 S. N.D N.D N.D
27 S. N.D N.D N.D
30 S. 2.0£0.078 N.D N.D
33 S. 2.1+0.38 N.D N.D
36 S. 2.3+0.28 N.D N.D
39 S. S. 2.2+0.074 N.D
42 S. S. 2.3+0.05" N.D
45 S. S. S. 1.9+0.058
48 S. S. S. 2.2+0.2

ABC Different superscript letters within the same column means significant difference when (P<0.05), ND Not Detected, S. spoiled, Zn10
(G1): Zinc oxide nanoparticles at concentration 10 mg/ml, Ch500 (G2): chitosan nanoparticles at concentration 500 pg/ml, Mix (G3):
combination treatment between zink oxide nanoparticles at concentration 10 mg/ml and chitosan nanoparticles at concentration 500 pg/ml
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TABLE 3. Effect of chitosan and Zinc oxide nanoparticles on the mould and yeast counts (log;, CFU/g) in the
examined cheese samples

Storage Control (C) Zn10 (G1) Ch500 (G2) Mix (G3)

Mould Yeast Mould Yeast Mould Yeast Mould Yeast

0 N.D N.D N.D N.D N.D N.D N.D N.D

3 N.D N.D N.D N.D N.D N.D N.D N.D

6 N.D N.D N.D N.D N.D N.D N.D N.D

9 N.D N.D N.D N.D N.D N.D N.D N.D

12 N.D N.D N.D N.D N.D N.D N.D N.D

15 N.D 1.7+0.05° N.D N.D N.D N.D N.D N.D

18 N.D 1.9+0.07° N.D N.D N.D N.D N.D N.D

21 1.640.05  2.2+0.07° N.D N.D N.D N.D N.D N.D

24 S. S. N.D N.D N.D N.D N.D N.D

27 S. S. N.D 1.9+0.1° N.D N.D N.D N.D

30 S. S. N.D 2.1+0.05%" N.D 1.6+0.03% N.D N.D

33 S. S. N.D 2.240.07%" N.D 1.8+0.05%" N.D N.D

36 S. S. 1.540.2 2.3+0.1%4 N.D 2.0+0.1%° N.D 1.7+0.08%

39 S. S. S. S. N.D 2.1+0.08" N.D 1.8+0.05%"

42 S. S. S. S. 1.440.02  2.3+0.2" N.D 2.0+0.03"

45 S. S. S. S. S. S. N.D 2.2+0.01°

48 S. S. S. S. S. S. 1.2+0.08 2.3+0.1%

abc Different superscript numbers within the same column, for yeast counts, means significant difference when (P<0.05), ABC Different
superscript letters within the same row, for yeast counts, means significant difference when (P<0.05), *-. Superscript star within the same
row means significant difference, for yeast counts, between less than three groups of variance when (P<0.05), ND Not detected, S. spoiled,
Zn10 (G1): zinc oxide nanoparticles at concentration 10 mg / ml, Ch500 (G2): chitosan nanoparticles at concentration 500 pg/ml, Mix (G3):
combination treatment between zinc oxide nanoparticles at concentration 10 mg / ml and chitosan nanoparticles at concentration 500 pg/ml

Fig. 1. TEM picture for chitosan and zinc oxide nanoparticles
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Fig. 2. Coagulation time of the soft cheese samples (Hour: Minute)
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Fig. 3. Reduction rate of E. coli and S. aureus treated with different chitosan NPs concentrations in broth (6 logi
CFU/mI).
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Fig. 4. Reduction rate of E. coli and S. aureus treated with different ZnO NPs concentrations in broth
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Egypt. J. Vet. Sci.



ENHANCING THE QUALITY AND SHELF LIFE OF SOFT CHEESE USING ZINC OXIDE AND ... 11

References

1.

10.

11.

12.

13.

14.

Walther, B., Schmid, A., Sieber, R. and Wehrmuller,
K. Cheese in nutrition and health. Dairy Sci. Technol.,
88(10),1051(2008). /dst:2008012

Gorska-Warsewicz, H., Rejman, K., Laskowski, W.
and Czeczotko, M. Milk and dairy products and their
nutritional contribution to the average Polish
diet. Nutrients, 11(8), 1771 (2019).

Choi, K.-H., Lee, H., Lee, S., Kim, S. and Yoon, Y.
Cheese microbial risk assessments — A Review. Asian
Australas. J. Anim. Sci., 29, 307-314 (2016).

Aiad, A. Microbial hazard assessment during white
cheese production in a traditional dairy plant. Assiut
Vet. Med. J., 59, 57-63 (2013).

Laslo, E. and Gyorgy, E. Evaluation of the
microbiological quality of some dairy products. Acta
Univ. Sapientiae, Alimentaria, 11, 27-44 (2018).

Crippa, C., Pasquali, F., Lucchi, A., Gambi, L. and De
Cesare, A. Investigation on the microbiological hazards
in an artisanal soft cheese produced in northern Italy
and its production environment in different seasonal
periods. Italian J. Food Safety, 11(2), 9983 (2022).

Gupta, R., Abd EI Gawad, F., Ali, E., Karunanithi, S.,
Yugiani, P. and Srivastav, P. Nanotechnology: Current
applications and future scope in food packaging
systems. Measurement: Food, 13, 100131 (2024).

Sayed-Elahl, R., EI-Shinawy, N. and Nagy, K. A trial
for improvement of kareish cheese quality by using
chitosan nanoparticles. Egy. J. Vet. Sci., 2019, 69-80
(2019).

Smaoui, S., Chérif, 1., Ben Hlima, H., Usman Khan,
M., Rebezov, M., Thiruvengadam, M., Sarkar, T.,
Shariati, M. and Lorenzo, J. Zinc oxide nanoparticles
in meat packaging: A systematic review of recent
literature. Food Packaging and Shelf Life, 36, 101045-
101051 (2023).

Ali, S.A,, Ali, E.S., Hamdy, G., Badawy, M.S., Ismail,
AR., El-Sabbagh, ILA., El-Fass, M.M. and Elsawy,
M.A. Enhancing physical characteristics and
antibacterial efficacy of chitosan through investigation
of microwave-assisted chemically formulated chitosan-
coated ZnO and chitosan/ZnO physical
composite. Scientific Reports, 14(1), 93-48 (2024).

Jafarzadeh, S., Salehabadi, A., Nafchi, A,
Oladzadabbasabadi, N. and Jafari, S. Cheese packaging
by edible coatings and biodegradable nanocomposites;

improvement in shelf life, physicochemical and
sensory properties. Trends in Food Science &
Technology, 116 (2021). Doi:
10.1016/j.tifs.2021.07.021.

Fernandes, J., Gomes, S., Reboredo, F.H., Pintado,
M.E., Amaral, O., Dias, J. and Alvarenga, N. Clean
label approaches in cheese production: Where are
we?. Foods, 14, 805 (2025).

Inkyo M., Tahara T., Iwaki T., Iskandar F., Hogen
CJ., Okuyama K. and Colloid J. Experimental
investigation of nanoparticles dispersion by beads

milling with centrifugal bead separation. J. Colloid
Interf. Sci., 304, 535-540 (2006).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Suntako, R. Effect of zinc oxide nanoparticles
synthesized by a precipitation method on mechanical
and morphological properties of the CR foam. Bull.
Mater. Sci., 38, 1033-1038 (2015).

Amin, B., Ahmed, H., El Gazzar, E. and Badawy, M.
Enhancement the mycosynthesis of selenium
nanoparticles by using gamma radiation. Dose-
Response Int. J., 2021, 1-8 (2021).

Balouiri, M., Sadiki, M. and Ibnsouda, S.K. Methods
for in vitro evaluating antimicrobial activity: A
review. J. Pharma. Anal., 6(2),71-79 (2016).

Scott, R., Robinson, R.K. and Wilbey, R.A. Cheese
making practice. Springer Science & Business Media
(1998).

Abdalla, O.M., Christen, G.L. and Davidson, P.M.
Chemical composition of and Listeria monocytogenes
survival in white pickled cheese. J. Food Protection,
56(10), 841-846 (1993).

Johnson, M.E., Chen, C.M. and Jaeggi, J.J. Effect of
rennet coagulation time on composition, yield, and
quality of reduced-fat cheddar cheese. J. Dairy Sci., 84,
1027-1033 (2001).

Delahunty, M.A., and Drake, M.A. Sensory character
of cheese and its evaluation. In: Cheese: Chemistry,
Physics and Microbiology, Patrick F. Fox, Paul L.H.
McSweeney, Timothy M. Cogan, Timothy P. Guinee
(Eds.), Academic Press, 1% Ed., P. 455-487 (2004).

AOAC. Official Methods of Analysis. 20" ed.,
Association of Official Analytic Chemists. Washinton
D.C. (2012).

ISO" International Organization for Standardization"
No0.6887-2. Microbiology of the food chain —
Preparation of test samples, initial suspension and
decimal dilutions for microbiological examination —
Part 2: Specific rules for the preparation of meat and
meat products (2017).

FDA (Food and Drug Administration). Bacteriological
Analytical Manual chapter 4, Enumeration of
Escherichia coli and the Coliform Bacteria (2002).
www.fda.gov/Food/Food Science Research/
Laboratory Methods/ Ucm 064948.htm.

ISO "International Organization for Standardization".
N0.16649-2. Microbiology of food and animal feeding
stuffs — Horizontal method for the enumeration of
glucuronidase-positive Escherichia coli - Part 2:
Colony-count technique at 44 °C using 5-bromo-4-
chloro-3-indolyl-D-glucuronide (2001).

ISO" International Organization for Standardization".
No0.21527-1. Microbiology of food and animal feeding
stuffs — Horizontal method for the enumeration of
yeasts and molds — Part 1: Colony count technique in
products with water activity greater than 0,95 (2008).

Wehr, H.M. and Frank, J.F. Standard methods for the
examination of dairy products (327-404). Washington,
DC: American Public Health Association (2012).

Feldman, D., Ganon, J., Haffman, R. and Simpson, J.
The solution for data analysis and presentation
graphics, 2" Ed., Abacus Lancripts, Inc., Berkeley,
USA (2003).

Egypt. J. Vet. Sci.


https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Kyoung-Hee&l_name=Choi
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Heeyoung&l_name=Lee
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Soomin&l_name=Lee
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Sejeong&l_name=Kim
https://www.animbiosci.org/articles/search_result.php?term=author&f_name=Yohan&l_name=Yoon

12

DOAA SALAH et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

EOS. Egyptian Organization for Standards and Quality
No. 1008-1: Soft cheese (2005).

Hassan, G. and Gomaa, S. Microbiological quality of
soft cheese marketed in Cairo and Giza Governorates.
Alexandria J. Vet. Sci., 50, 18-23 (2016).

Ibrahim, G.A., Sharaf, O.M. and Abd El-Khalek, A.
Microbiological quality of commercial raw milk,
Domiati cheese and kareish cheese. Middle East J.
Appl. Sci., 5, 171-176 (2015).

Fathi, S., Mohamed, A. and Sayed, M. Coliforms
contamination in raw milk and some dairy products
with special reference to comparative identification of
Enterobacter spp. Zagazig Vet. J., 47, 388-397 (2019).

Awaad, S., Sherief, M., Mousa, S., Orabi, V. and
Abdel-Salam, A. A comparative study on the
antifungal effect of potassium sorbate, chitosan, and
nano-chitosan against Rhodotorula mucilaginosa and
Candida albicans in skim milk acid-coagulated
(Karish) cheese. Veterinary World J., 16, 1991-2001
(2023).

Mikky, S., lbrahim, E., Elbarbary, H. and Mohamed,
H. Using some essential oils and chitosan nanoparticles
to preserve soft cheese. Egy. J. Vet. Sci., 2024, 1-18
(2024).

Yusof, N., Zain, N. and Pauzi, N. Synthesis of
Chitosan/Zinc Oxide nanoparticles stabilized by
chitosan via microwave heating. Bull. Chem. Reaction
Eng. Catalysis, 14, 450-458 (2019).

Abdeltwab, W.M., Abdelaliem, Y.F., Metry, W.A,,
Eldeghedy, M. Antimicrobial effect of chitosan and
nano-chitosan against some pathogens and spoilage
microorganisms. J. Adv. Lab. Res. Biol., 10(1), 8-15
(2019).

Wang, L., Hu, C. and Shao, L. The antimicrobial
activity of nanoparticles: present situation and
prospects for the future. Int. J. Nanomed., 12, 1227—
1249 (2017).

Alekish, M., Ismail, Z.B., Albiss, B., Nawasrah, S. In
vitro antibacterial effects of zinc oxide nanoparticles
on multiple drug-resistant strains of Staphylococcus
aureus and Escherichia coli: An alternative approach
for  antibacterial  therapy  of  mastitis in
sheep. Veterinary World J., 11(10), 1428-1432 (2018).

Mubarak Ali, D., Lewis Oscar, F., Gopinath, V.,
Alharbi, N.S., Alharbi, S.A. and Thajuddin, N. An
inhibitory action of chitosan nanoparticles against
pathogenic bacteria and fungi and their potential
applications as biocompatible antioxidants. Microb.
Pathog., 114, 323-327 (2018).

Soleimani, N., Mobarez, A.M., Olia, M.S.J. and
Atyabi, F. Synthesis, characterization and effect of the
antibacterial activity of chitosan nanoparticles on
vancomycin-resistant Enterococcus and other Gram-
negative or Gram positive bacteria. Int. J. Pure Appl.
Sci. Technol., 26(1), 14-23 (2015).

Putri, S.E., Ahmad, A., Raya, |., Tjahjanto, R.T. and
Irfandi, R. Synthesis and antibacterial activity of
chitosan nanoparticles from black tiger shrimp shell
(Penaeus monodon). Egyptian J. Chem., 66(8), 129-
139 (2023).

Egypt. J. Vet. Sci.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Derra, M., Bakkali, F., Amghar, A. and Sahsah, H.
Estimation of coagulation time in cheese manufacture
using an ultrasonic pulse-echo technique. J. Food
Engineering, 216, 65-71 (2018).

Ausar, S.F., Bianco, 1.D., Badini, R.G., Castagna, L.F.,
Modesti, N.M., Landa, C.A. and Beltramo, D.M.
Characterization of casein micelle precipitation by
chitosans. J. Dairy Sci., 84(2), 361-369 (2001).

Kurchenko, V.P., Radzevich, T.V., Rizevsky, S.V.,
Varlamov, V.P., Yakovleva, 1.V., Tikhonov, V.E. and
Alieva, L.R. Influence of molecular weight of chitosan
on interaction  with  casein. Appl.  Biochem.
Microbiol., 54, 501-504 (2018).

Panagiotou, M., Kaloudis, E., Koukoumaki, D.I.,
Bountziouka, V., Giannakou, E., Pandi, M. and
Gkatzionis, K. Key drivers of consumption,
conceptual, sensory, and emotional profiling of cheeses
based on origin and consumer familiarity: A case study
of local and imported cheeses in Greece. Gastronomy,
2, 141-154 (2024).

Hassan, A., Mohamed, A., Abd El-Khalek, H. and EI-
Hamaky, A. Zinc Oxide nanoparticles and curcumin
affect some virulence genes of Staphylococcus aureus
and Candida albicans, the cause of sub-clinical
mastitis in buffalo. Egy. J. Agric. Res., 101, 95-109
(2023).

Youssef, A.M., El-Sayed, S.M., El-Sayed, H.S. and
Salama, H.H., Dufresne, A. Enhancement of Egyptian
soft white cheese shelf life wusing a novel
chitosan/carboxymethyl cellulose/zinc oxide
bionanocomposite film. Carbohydr. Polym., 151, 9-19
(2016).

Mares, C. and Dumitras, D. Consumer acceptance of a
new brand of telemea cheese. A descriptive sensory
analysis. Bull. Univ. Agric. Sci. and Vet. Med. Cluj-
Napoca Horticult., 80, 1-6.

Salama, M., Shahein, M., El-Demerdash, H. and
Metwally, M. Effect of using chitosan nanoparticles on
yoghurt manufacture. SINAI J. Appl. Sci., 12, 811-824
(2023).

He, L., Liu, Y., Mustapha, A. and Lin, M. Antifungal
activity of zinc oxide nanoparticles against Botrytis
cinerea and Penicillium expansum. Microbiol. Res.,
166, 207-215 (2011).

Hassan, M.I., Taher, F.A., Mohamed, A.F. and Kamel,
M.R. Chitosan nanoparticles prepared from Lucilia
cuprina maggots as antibacterial agent. J. Egypt.
Society Parasitol., 46(3), 519-526 (2016).

Alarfaj, A.A. Antibacterial effect of chitosan
nanoparticles against food spoilage bacteria. J. Pure
Appl. Microbiol., 13(2), 1273-1278 (2019).

Djearamane, S., Sundaraji, A., Eng, P.T., Liang,
S.X.T., Wong, L.S. and Senthilkumar, B. Susceptibility
of Bacillus subtilis to zinc oxide nanoparticles
treatment. La Clinica Terapeutica, 174(1) (2023).

Mohamed, S.N., Mohamed, H.A., Elbarbary, H.A. and
El-Roos, N.A. Antimicrobial effects of selenium and
chitosan nanoparticles on raw milk and kareish cheese.
World's Veterinary J., 3, 330-338 (2022).



ENHANCING THE QUALITY AND SHELF LIFE OF SOFT CHEESE USING ZINC OXIDE AND ... 13

55.

56.

57.

58.

Balicka-Ramisz, A., Wojtasz-Pajak, A., Pilarczyk, B.,
Ramisz, A. and Laurans, L. Antibacterial and
antifungal activity of chitosan. In Proceedings of the
12th ISAH Congress on Animal Hygiene, 2, 406-408
(2005).

Yien, L., Zin, N.M., Sarwar, A. and Katas, H.
Antifungal activity of chitosan nanoparticles and
correlation with their physical properties. Int. J.
Biomaterials, 2012, 632698 (2012).

Chandrasekaran, M., Kim, K.D. and Chun, S.C.
Antibacterial activity of chitosan nanoparticles: A
review. Processes, 8, 1173 (2020).

Ke, C.L., Deng, F.S., Chuang, C.Y. and Lin, C.H.
Antimicrobial ~ actions and  applications  of

61.

62.

Antimicrobial activity of chitosan coating containing
ZnO nanoparticles against E. coli O157:H7 on the
surface of white brined cheese. Int. J. Food Microbiol.,
334, 108838 (2020).

Olaimat, A.N., Sawalha, A.G.A., Al-Nabulsi, A.A
Osaili, T., Al-Biss, B.A., Ayyash, M. and Holley, R.A.
Chitosan-ZnO nanocomposite coating for inhibition of
Listeria monocytogenes on the surface and within
white brined cheese. J. Food Sci., 87(7), 3151-3162
(2022).

Sirelkhatim, A., Mahmud, S., Seeni, A., Kaus, N.H.M.,,
Ann, L.C., Bakhori, S.K.M., Hasan, H. and Mohamad,
D. Review on zinc oxide nanoparticles: Antibacterial
activity and  toxicity = mechanism. Nano-Micro
Letters, 7(3), 219-242 (2015).

chitosan. Polymers, 13(6), 904 (2021).

63. Perumal, M., Rajasekaran, M., Renuka, R., Samrot, A.
and Nagarajan, M. Zinc oxide nanoparticles and their
nanocomposites as an imperative coating for smart
food packaging. Appl. Food Res., 5, 566576 (2025).

59. Yilmaz Atay, H. Antibacterial activity of chitosan-
based systems. In: Functional chitosan: Drug delivery
and biomedical applications, Sougata Jana, Subrata
Jana (Ed.), Ch. 6, P. 457-489 (2020).

60. Al-Nabulsi, A., Osaili, T., Sawalha, A., Olaimat, A.N.,
Albiss, B.A., Mehyar, G., Ayyash, M. and Holley, R

ol Gaall Baga e Ay gilill o) 5 gl g eli 3 s lagaun il

Taana audiye sdaa 31‘5‘)..:‘»31 daa) Ay ¢1ﬁh\‘)=ﬂ Jile dasa JLBI clcﬂu: sled
e g Amala s bl Calal) 340S A Y e dpanall 48 ) 4l !

oedlall

3k Al V) cillad) AR diads Saays sl 3 AUl b can ol S FaaaY) il e gkl cpuall s
Caginl 0 3aal el A yaadl Gl Sl 5 aludll Al Gl )l e o) s s Saall gl ALY
Al ) Sl Gl (1€) JA/QJA 10 3S5h (ZnO) Al el Bl A.\...nS\ Claswa Ju\_\e.us;«a.ﬂlal\ Al yall
clially il ge) e dallas je Aalin de senes 4 )lie ¢(3p) Legaa o (20) Jo/pl 2 5800 500 S i
Ga)) (B (gsine SOAN 2ga s il el 5okl Ganll A sl s Saall 5253l 5 dm geall Ay gusal
«(1p) &8 03:05 Adubiall e sanall 3 04:20 :(Ad8a) Aelully) Slas siall Cialy Gy ele sanall (i)
B Al il Sn e W (3p) A Ao sand) (B 00:515 ¢(2¢) O3S e sena B 02:10
e 3a A8 eslls 20 B 42 pslls (] o 839 asly Alaliall de sanall 821 asll (Sin Algd s 45 2y
ibilall de sanalls (0.19) (3p) ASsidall de panall Ga JS 21 sl G A ganl) Ao cialy ¢ AT 4als
Gl 2 ald o) g5 5Saall 33 sl Cas (e el Adagliall de sanall A saal) B g sl £L855) as ¢(0.55)

b bl Go IS 5 Ly o0 a0 5 58 DA sl gaen B (VS LR ) Al ) L S e

u\.u:d\ "g d&\ J\Al:\ L_\Ua...u_s.\.a.a} ‘LA\."‘M ‘_Ac 3(« 3 2(« ‘le B 4.!4.1\...4” u\.c.wﬂ 48} 42 36 21 ?L'y‘
Cuald Aallaall Gl ganall 3 BB Sael g 365 30 27 <15 ALY 8 iledll (e Sl 5 LS Aadladl
@kl Guall ) Y1 yaal) Al W (ool 2 55l ol 30 30T 5 0 5 58U Clguan g2 3 a2l o ) Al
‘_g Lis L 21 2 MJ\&A 4_\;_,.‘}44})5.1.4.“ B gall g A genld) duuiy dpaal) Claiall (puess & Gs 48 S
Al de senll

(O35S 5 ¢ il @l 0 ) ¢kl Gl 1Al cilalsl)

Egypt. J. Vet. Sci.



