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Summary 

Amin, M. M. & A. I. Gergis, 2022. Comparison between antibacterial effect of nanoparti-
cles and non-nanoparticles of chitosan on Listeria monocytogenes isolated from different 
types of Egyptian cheese. Bulg. J. Vet. Med. (online first). 
 
The objectives of this paper were to investigate the existence of Listeria monocytogenes (L. monocy-
togenes) in different types of cheese (Mozzarella, Thalaga, and Romy cheeses, 40 samples each) sold 
in Assiut dairy shops and to evalute antibacterial properties of chitosan and its nanoparticles against 
isolated strains. L. monocytogenes was isolated in higher percentage from Mozzarella cheese (25%) 
followed by Thalaga and Romy cheese samples. L. monocytogenes isolates were validated by PCR 
utilising the 16S rRNA gene. Zeta-sizer and TEM were used to characterise nano-chitosan. The mini-
mum inhibitory concentrations of chitosan and nano-chitosan on L. monocytogenes were detected by 
MIC test. Nano-chitosan (3.125%) could prevent organism growth in cheese as early as the third 
week. The findings revealed that 3.125% nano-chitosan had a sufficient effect on L. monocytogenes 
while also providing good consumer satisfaction; therefore, nano-chitosan should be utilised as a 
natural food additive in Egyptian dairy products. 
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INTRODUCTION 

Listeria monocytogenes is a commonly 
found environmental bacterium that can 
grow at low temperatures. Infection can 
lead to serious illness and even death. 
Older people, immunocompromised ones, 
pregnant women and their new-borns are 
all at higher risk of infection (Martín et 
al., 2022). 

Refrigerated ready-to-eat foods, such 
as soft cheeses, milk, and other dairy 
products, have been linked to listeriosis 
outbreaks. The risk of listeriosis per ser-
ving of soft-ripened cheeses prepared 
from unpasteurised milk is estimated to be 
50- to 160-fold higher than for cheese 
made from pasteurised milk. Although 
pasteurisation kills L. monocytogenes, 
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milk labelled as pasteurised and dairy 
products derived from pasteurised milk 
might become contaminated after pas-
teurisation due to poor hygiene measures 
(Nüesch-Inderbinen et al., 2021). 

 Cheese is the most popular dairy 
product with high content of vital nutri-
ents such as proteins, vitamins, minerals, 
short-chain fatty acids, and certain trans 
fatty acids that can be considered part of a 
balanced diet (Khorshidian et al., 2018). 
Because of its low price and agreeable 
taste, soft Thalaga cheese is Egyptian 
most popular milk product; however, con-
tamination can occur during manipulation, 
manufacture, or even storage. Egyptian 
cheese was found to contain L. monocyto-
genes (El Etriby, 2016). As a result, ef-
forts for effective control on the spread of 
foodborne diseases and food safety im-
provement are required (Elsherif & Elhab-
tey, 2020). 

Chitosan is a partially N-deacetylated 
natural carbohydrate polymer made from 
chitin, a natural biopolymer generated 
from chitin, a natural biopolymer made 
from the shells of crustaceans like crabs, 
shrimps, and lobsters. Its antibacterial 
action is determined by its degree of 
deacetylation and molecular weight (Tan-
tala et al., 2012). Chitosan is non-toxic 
and can create complexes and gels when it 
interacts with polyanions. It has a variety 
of antibacterial actions, including block-
ing the cytoplasm by building a polymer 
layer surrounding bacterial cells that in-
hibits the entry of nutrients into cells and a 
bactericidal effect (Zhao et al., 2022). It 
may also change the structure of the phos-
pholipid bilayer in the cell membrane, 
causing some biological components to 
leak out (Divya et al., 2022). Because 
chitosan has many beneficial qualities and 
is generally safe, it is employed in 
nanotechnology as chitosan nanoparticles. 

Nano-chitosan is made using the ionic 
gelation method, which explains the 
crosslinking of chitosan with sodium tri-
polyphosphate (TPP) (Divya et al., 2022; 
Zhao et al., 2022). 

The goal of our research was to find L. 
monocytogenes in various types of cheese 
(Mozzarella, Thalaga, and Romy cheeses) 
and then confirm isolates using PCR. An-
other goal was to investigate if chitosan 
and its nanoparticles might be used as a 
natural food preservative to prevent L. 
monocytogenes growth in Thalaga cheese 
during storage. 

MATERIALS AND METHODS 

Isolation of L. monocytogenes from  
Egyptian cheese 

A total of 120 samples from different 
types of cheese (Mozzarella, Thalaga and 
Romy cheeses, 40 samples each) were 
collected from dairy shops of different 
localities in Assiut city, Egypt and 
brought to the laboratory by means of 
refrigerated transport within a timeframe 
of max 2 h. There, all samples were pre-
pared according to APHA (2004). 

Isolation of L. monocytogenes is per-
formed by ISO 11290-2:2017 method by 
using ALOA agar and incubated at 35°C 
for 2448 h. Typical colonies were se-
lected from agar media and streaked for 
purity onto trypticase soy agar with yeast 
extract and incubated at 37°C for 2448 
h. Then the isolates were subjected to 
different biochemical identification ac-
cording to Hitchins et al., (2017).  

L. monocytogenes detection by PCR  

This part was carried out in the Molecular 
Biology Research Unit (MBRU), Animal 
Health Institute, Giza, Egypt. Total bacte-
rial 16S rRNA gene in the DNA extract of 
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the samples was amplified using bacterial 
universal primers (1200 bp), (GGA CCG 
GGG CTA ATA CCG AAT GAT AA/ 
TTC ATG TAG GCG AGT TGC AGC 
CTA) described by Kumar et al. (2015) 
using an Applied biosystem 2720 thermal 
cycler. The products of PCR were sepa-
rated by electrophoresis on 1.5% agarose 
gel (Applichem, Germany, GmbH) in 
1×TBE buffer at room temperature using 
gradients of 5V/cm. For gel analysis, 20 
µL of the products was loaded in each gel 
slot. Gelpilot 100 bp plus Ladder (Qiagen, 
Germany, GmbH) was used to determine 
the fragment sizes. The gel was photo-
graphed by a gel documentation system 
(Alpha Innotech, Biometra) and the data 
was analyzed through computer software. 

Preparation of chitosan solution 

Chitosan solutions of various strengths 
were made by dissolving chitosan in 1% 
aqueous acetic acid solution. For thorough 
dispersion of chitosan, the solution was 
agitated at room temperature for 3 hours 
and then filtered through a Whatman No. 
3 filter paper. Chitosan solution was the 
resulting filtrate solution (Ojagh et al., 
2010; Elsherif et al., 2021).  

Preparation of nano-chitosan  

The nanoparticles were made according to 
the process described by Calvo et al. 
(1997), and with modification by Elsherif 
et al. (2021). A 0.5 mg/mL chitosan solu-
tion was obtained by dissolving chitosan 
in 1% (v/v) acetic acid solution and stir-
ring it for 4 hours while heating to 50 oC. 
With 0.5 M sodium hydroxide solution, 
the pH was adjusted to 5.5 and the final 
concentrations were diluted in deionised 
water to the necessary concentrations. 
TPP was dissolved to a final concentration 
of 0.25 mg/mL in deionised water. The 
TPP solution was then added to the chito-

san solution drop by drop (0.3 mL/min) at 
various TPP: chitosan ratios while swirl-
ing vigorously at room temperature. After 
that, the ban was left for 30 minutes and 
the prepared nano-chitosan was analysed 
by dynamic light scattering (DLS) using a 
Zeta-Sizer (3000 HS, Malvern Instru-
ments, Malvern, UK) at the Nanotechnol-
ogy Unit, Al-Azhar University, Assiut 
Branch, Egypt, at a fixed scattered angle 
of 173 at the Nanotechnology Unit, Al-
Azhar University, Assiut Branch, Egypt. 
HRTEM (High Resolution Transmission 
Electron Microscopy) Model JEOLJEM-
100CX II at Assiut University's Electron 
Microscopy Unit. 

Antibacterial effect in vitro  

The isolated strains were inoculated into 
Muller Hinton broth and incubated to the 
growth phase at 37 ºC. The growth density 
was adjusted to match a MacFarland 0.5 
standard (8 log10 CFU/mL) according to 
Yu et al. (2019) and diluted to reach 106 
CFU/mL. Antibacterial effect of chitosan 
and nano-chitosan was evaluated by agar 
well diffusion method. One-tenth of the 
previously prepared bacterial strains was 
streaked into Muller Hinton agar plates 
and then, 80 µL of 100%, 50%, 25%, 
12.5%, 6.25%, 3.125% and 1.56% of the 
chitosan and nano-chitosan were added in 
each well. After 24-hour incubation, the 
inhibition zones were measured. MIC of 
chitosan and nano-chitosan was deter-
mined (Elsherif & Ali, 2020). 

Antibacterial activity of chitosan and 
nano-chitosan in manufactured  
Thalaga cheese  

The cheese was manufactured according 
to El-Kholy et al. (2016) with modifica-
tion by Elsherif & Al Shrief (2021). Fresh 
buffalo milk was heated for 15 s at 80 oC, 
then quickly cooled to 37 oC. At this 
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point, an aliquot of 1 mL of each prepared 
L. monocytogenes suspension was inocu-
lated into 100 mL pasteurised milk before 
manufacturing the cheese, and the initial 
count was determined. Then, 0.02%, 3%, 
and 0.05 % (w/v), calcium chloride, so-
dium chloride, and rennet were added, in 
that order. To validate the experiment 
under perfect aseptic circumstances, the 
cheese batches were separated into nega-
tive control (no treatment and free of L. 
monocytogenes) and positive control (in-
oculated with L. monocytogenes without 
treatment). The L. monocytogenes inocu-
lation groups were separated into four 
categories (with 1.56% and 3.125% of 
each chitosan and nano-chitosan). These 
concentrations were identified using the 
MIC test; other groups free from the or-
ganism were used to detect sensory pro-
perties. All experiments were performed 
at 4±1°C. To count L. monocytogenes, 

tenfold serial dilutions were made by add-
ing 25 g cheese to 225 mL of saline and 
0.1 mL was spread on ALOA agar plates. 
The plates were incubated for 24 hours at 
35 °C (ISO 11290-2:2017). 

Statistical analysis 

All experiments were done in triplicate. 
To establish the statistical significance of 
differences within the samples, one-way 
analysis of variance (SPSS Inc., Chicago, 
IL, USA). Results with a P value of less 
than 0.05 were taken as statistically sig-
nificant. 

RESULTS  

The data outlined in Table 1 showed that 
12.5% of the examined cheese samples 
were contaminated with L. monocyto-
genes. The incidence in Mozzarella che-

Table 1. Incidence of L. monocytogenes in different cheese types 

L. monocytogenes positive samples 
Type of samples Number of samples 

Number Percentage 

Mozzarella    40 10 25.0 
Thalaga   40   3    7.5 
Romy   40   2   5.0 

Total  120 15 12.5 

 
Fig. 1. Amplified L. monocytogenes gene recovered from dairy products. L: molecular marker;  

lane P: positive control; lane N: negative control; lanes 1, 3-6, 8-9, 11: negative samples;  
lanes 2, 7, 10: positive samples. 
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ese was 25%, followed by Thalaga cheese 
(7.5%) and Romy cheese (5%). The iso-
lated strains were confirmed by 16S rRNA 
gene and there were samples negative for 
isolates (Fig. 1). 

The nano-chitosan was prepared by 
the ionic gelation method. It was charac-
terised by zeta sizer with particle disper-
sity index of 0.206 (PDI) that indicate the 
stability of nano-product and the dynamic 
nano-diameter was 45.98 nm (Table 2). 
The TEM showed spherical shape, dis-
persed particles without aggregation or 
agglomeration of nano-particles (Fig. 2).  
 

Table 2. Physical properties of formulated 
nano-chitosan. Particle size is presented as 
mean± standard deviation 

Parameters  

Polydispersity index 0.206 

Z-average value (nm) 45.98 

Particle size (nm) 65.13±31.13 

Intensity (%) 100 

 
 

 
Fig. 2. TEM image of spherical nano-chitosan 
with an average size 30.9 nm. 

 

Table 3 demonstrated significant dif-
ference between the antibacterial activity 
of chitosan and nano-chitosan against L. 
monocytogenes. The mean diameter of 
chitosan inhibition was 27.33±1.50 mm at 
100% while for nano-chitosan, it was  
34.67±0.89 mm. The MICs for chitosan 
and nano-chitosan were 1.56% and 
3.125%. These concentration were used in 
inoculation of L. monocytogenes in Tha-
laga cheese experiment. 

The concentrations of 1.56% and 
3.125% of both chitosan and nanochitosan 
revealed good results in reduction of L. 
monocytogenes counts during the cold 
storage of cheese with complete reduction 
by the 3rd week for 3.125% nano-chitosan 
(Fig. 3).  

DISCUSSION 

L. monocytogenes is one of the most 
common foodborne pathogens responsible 
for listeriosis outbreaks caused by cheese 
consumption. In this study, L. monocyto-
genes was found in soft (Thalaga), semi-
soft (Mozzarella), and hard (Romy) 
cheeses. The presence of L. monocyto-
genes in different percentages in cheese 
may be related to the contamination of 
samples during preparation, storage, ma-
nipulation. The pathogen is considered to 
be halo-tolerant, so it could be present in 
113% NaCl, and psychrotrophic, it is 
also able to develop biofilm and contami-
nate cheese at any stage of production. 
There are many sources of contamination 
by L. monocytogenes such as milk, starter 
cultures, brine, sewers, floors, packing 
materials, cheese vats, cheesecloth, and 
curd cutting knive and coolers (Martín et 
al., 2022). In previous studies conducted 
in Egypt, L. monocytogenes  was isolated 
in various percentages from different 
types of cheeses and different localities: 
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13.73 % (Meshref et al., 2015), 15% (El-
Shinaway et al., 2017) and 19% (El-
Naenaeey et al., 2019). Al-Ashmawy et 
al. (2014) isolated it at higher percentages 
than those in our results (24% and 28%) 
from kareish and domiati cheese, respec-
tively. Other data demonstrated that L. 
monocytogenes was present at lower per-
centages: 2% (Gökmen et al., 2016) and 
5% (Nüesch-Inderbinen et al., 2021) but 

our results were in closest agreement with 
data of Iannetti et al. (2016)  15% and El 
Etriby (2016)  13%. Listeria was the 
most prevalent in Mozzarella, followed by 
Thalaga and Romy cheese. 

Listeriosis outbreaks are frequently 
caused by the consumption of tainted 
cheese produced in unsanitary circum-
stances. In all outbreaks linked to pasteu-
rised milk cheese, there is environmental 

Table 3. The MIC and inhibition zone diameters for chitosan and nano-chitosan against L. monocy-
togenes. Data are expressed as mean ± SD of three replicates 

Inhibition zone diameter 
Concentrations (%)  

Chitosan (mm) Nano-chitosan (mm) 

100 27.33±1.50  34.67±0.89* 
50 21.00±0.58 22.67±0.33 
25 16.00±0.58 17.00±0.00 
12.5 12.67±0.33 16.00±0.58 
6.25 11.30±0.67 12.67±0.88 
3.125   9.33±0.67 11.33±0.67 
1.56   8.67±0.88   8.00±0.58 

* P<0.05. 

0.00E+00

1.00E+00

2.00E+00

3.00E+00

4.00E+00

5.00E+00

6.00E+00

7.00E+00

8.00E+00

0 after

curdling

1st day 1st week 2nd week 3rd week

Positive control
Chitosan 3.125%
Chitosan 1.56%
Nano-chitosan 3.125%
Nano-chitosan 1.56%

 
Fig. 3. Efficacy of chitosan and nano-chitosan against L.monocytogenes inoculated  

in Thalaga cheese. 
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contamination and sanitation deficiencies 
(Meshref et al., 2015; Smith et al., 2019).  
Although some of these flaws were 
unlikely to contaminate cheese immedi-
ately, they nonetheless point to a lack of 
hygienic practices. This finding empha-
sises the necessity of cheese manufactur-
ers' sanitation and L. monocytogenes 
monitoring measures (El-Shinaway et al., 
2017). In an attempt to limit listeriosis 
infection from cheese, it was suggested to 
add chitosan and its nanoparticles as a 
new approach in laboratory-manufactured 
cheese as a study to control listeriosis 
infection from cheese.  

The created nano-chitosan had a small 
poly-dispersing index (45.98 nm) in this 
work. Solans et al. (2003) highlighted that 
a variety of nano formulations has been 
classified based on their stability and 
small droplet size, which ranged from 20 
to 200 nm. Because the PDI was less than 
0.5, the results suggested that the pro-
duced nanoparticles were stable and ho-
mogeneous. The TEM results for manu-
factured nano-chitosan indicated a satis-
factory dispersive capability, which 
matched the DLS test results in agreement 
with Divya & Jisha (2018). 

The MIC findings demonstrated that 
100% chitosan and nano-chitosan had a 
substantial inhibitory impact on L. mono-
cytogenes (P<0.05) as documented in pre-
vious study by Haibo et al. (2014). The 
MICs of chitosan were 3.125%, 1.56% 
with respective inhibition zones 9.33±0.67 
and 8.67±0.88 mm while those for nano-
chitosan were 11.33±0.67 and 8.00±0.58 
mm, respectively. As a result, the prior 
concentrations used for inoculation in 
cheese were studied to see if they had any 
influence on L. monocytogenes in the food 
system. The findings of this experiment 
showed a significant reduction in the 
count of L. monocytogenes in cheese 

cured with different doses of chitosan and 
nano-chitosan, with complete eradication 
of the organism by the third week of the 
experiment. Chitosan may reduce the 
count of L. monocytogenes in cheese du-
ring the cold storage period. Nano-
chitosan, on the other hand, was able to 
eliminate it at 3.125 % concentration by 
the third week. 

However, the efficiency of chitosan 
against Gram-positive and Gram-negative 
bacteria is debatable. Several researches 
(Elsherif et al., 2021; Divya et al., 2022) 
found chitosan to be bactericidal, whereas 
others found it to be bacteriostatic against 
some of tested Gram-negative microor-
ganisms. Sotelo-Boyás et al. (2016) indi-
cated that the variation in the sensitivity is 
mostly attributed to the distinct structure 
of Gram-positive and Gram-negative bac-
terial cell envelopes and hypothesised that 
the antimicrobial activity of chitosan may 
be attributed to binding to teichoic acids 
in Gram-positive bacterial cell walls, to-
gether with membrane lipid extraction, 
triggering a chain of events that result in 
bacterial cell death (Divya & Jisha, 2018). 
Furthermore, because of its favourable 
biological qualities like non-toxicity, bio-
compatibility, biodegradability, and anti-
bacterial ability, nano-chitosan can be 
employed as bioactive ingredient carrier 
in a wide array of approach arrays. In-
creasing the degree of deacetylation has a 
significant impact on chitosan's antibacte-
rial activity and dependence. Because the 
-NH2, -OH groups are the principal reac-
tive site in chitosan, nano-chitosan in-
creases the free amino groups in the gene-
rated chitosan, resulting in increased anti-
bacterial activity. It is important for the 
growth of chitosan charge and solubility 
(Elsherif et al., 2021; Divya et al., 2022). 

Despite the fact that chitosan has a 
significant bactericidal effect against the 
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majority of bacterial strains, it is still nec-
essary to investigate the food matrix con-
tents (Awad & El Sohaimy, 2020). Before 
using chitosan as a natural preservative, 
the pH change caused by the addition of 
chitosan and nano-chitosan was conside-
red (Evdokimov et al., 2015). The bio-
chemical and pharmacological applica-
tions of chitosan are influenced by its mo-
lecular weight and viscosity development 
in aqueous solution. Crystallinity, ash 
content, moisture content, heavy metal 
content, and other significant characteris-
tics are also important (Rinaudo, 2006). 
Nano-chitosan, on the other hand, is a 
natural material with exceptional physico-
chemical, antibacterial, and biological 
properties, making them a superior eco-
logically acceptable material with non-
harmful bioactivity (Malmiri et al., 2012; 
Elsherif & Ali, 2020). 

CONCLUSIONS  

In this study, L. monocytogenes was iso-
lated from several types of Egyptian 
cheese samples (Mozzarella, Thalaga and 
Romy cheeses). Both chitosan and nano-
chitosan showed in vitro and in vivo anti-
bacterial activity against it. The MIC va-
lues of chitosan and nano-chitosan were 
1.56% and 3.125%, respectively. The 
nano-chitosan at 3.125% was more effec-
tive than chitosan in eradication of L. mo-
nocytogenes inoculated in Thalaga cheese 
within the cold storage period. 
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