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INTRODUCTION 

Meat is ideal medium for the growth and multiplica-
tions of both spoilage and pathogenic microorgan-

isms specially the high pathogens such as Bacillus cereus, 
Escherichia coli O157:H7, Salmonella spp., Listeria mono-
cytogenes and Staphylococcus aureus (Nungesser and Win-
ter,2021; Ajayeoba, et al., 2023). Meat, meat products, 
bovine milk and raw milk products can be contaminated 
with methicillin-resistant Staphylococcus aureus (MRSA) 
bacteria through the different handling steps, slaughter-
ing, processing and marketing. Staphylococcus aureus widely 
distributed in a broad range of hosts, including humans 
and animals (Khudhir and Ahmed, 2017; Al-Rudha, et al., 
2021; Al-Rasheed, et al., 2022).  

Chitosan is a nontoxic edible substance that is easily bio-
degradable and possesses characteristics such as antioxi-
dant properties and enzyme inhibition (Liu, 2022). It is a 
biopolymer with antimicrobial and anti-biofilm activities, 
utilizing nitric oxide (NO) as a donor to prevent infection 
from biofilm-producing microorganisms (Choi et al., 2020; 
Muñoz-Tebar et al., 2023). Chitosan is uniquely beneficial 
in meat and meat products due to its ability to act as a 
barrier to oxygen and moisture, as well as being cost-effec-
tive (Yu et al., 2019). Its derivatives are very useful in food 
products and have applications in cosmetics, pharmaceu-
ticals, agriculture, and biomedicine due to their biologi-
cal activity, antimicrobial properties, and ability to inhibit 
film formation by pathogenic bacteria (Kumar et al., 2020; 
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Ahmed et al., 2020). It is listed as a generally recognized as 
safe (GRAS) substance, commercially produced from crab 
and shrimp shell wastes, characterized by differences in 
deacetylation degree, molecular weights, and antibacterial 
efficacy against both Gram-positive and Gram-negative 
bacteria (Egorov et al., 2023). The antibacterial activity of 
chitosan compounds is less effective against Gram-positive 
bacteria compared to Gram-negative bacteria (Umoren et 
al., 2020; Ardean et al., 2021). The antibacterial effective-
ness of chitosan against S. aureus increases with molecular 
weight (MW) up to < 300 kDa, whereas its effectiveness 
against E. coli decreases with increasing MW (Zheng et 
al., 2022; Román-Doval et al., 2023). The main goal of this 
study was to evaluate the effectiveness of chitosan as a nat-
ural antibacterial against MRSA isolated from two types 
of beef meat.  
                                                                                                                                                
MATERIALS AND METHODS 

Samples Collection
A total of 100 meat samples (50 fresh and 50 frozen) were 
obtained from local butchers and supermarkets in Baghdad 
city over a 10-month period from March 2022 to January 
2023. Each meat sample was cultured directly on chro-
magar, mannitol salt agar, and Baird–Parker agar medium. 
All culture and biochemical media were prepared accord-
ing to the Manufacturer Company. Suspected colonies ap-
peared as mucoid, smooth, and green to greenish-blue on 
chromagarTM (MeReSa Agar Base), yellow (golden) on 
mannitol salt agar, and dark gray to black on Baird–Park-
er agar, with clear zones around the colonies. Biochemical 
tests including oxidase, Dry spot (Staphytect Plus), latex 
agglutination, DNase, catalase, and coagulase tests were 
conducted for MRSA identification.

Processing Of Fresh Meat Samples 
Bacterial contamination was identified using standard mi-
crobiological methods. Twenty-five grams of boneless, fat-
trimmed fresh beef meat were homogenized in 225 ml of 
sterile 0.1% peptone water for 2-5 minutes. The homogen-
ate was then serially diluted (104, 105, up to 106) with ster-
ile 0.1% peptone water, inoculated onto mannitol salt agar, 
and incubated at 37°C for 24 hours. Isolates were purified 
and characterized based on morphology, Gram staining, 
and additional biochemical properties. Positive S. aureus 
isolates were confirmed using the VITEK-2 Compact 
System following the manufacturer’s instructions (Patricia, 
2014; Al-Dujaily and Mahmood, 2022).
                                                                                                                                   
Processing Of Frozen Meat Samples 
Frozen minced beef samples vacuum-packaged in bulk 
were obtained from supermarkets in Baghdad city, with 
each sample weighing 500 g. All samples were transferred 
in their original sealed packaging. The meat cuts measured 

2 cm in thickness, 2 cm in width, and 5 cm in length. After 
holding, the samples were thawed under aseptic conditions 
and vigorously homogenized for 2-5 minutes inside sterile 
plastic bags using a lab stomacher. One milliliter of the 
homogenized meat mixture was transferred to a univer-
sal bottle containing 9 ml of sterile 0.1% peptone water 
for a series of dilutions ranging from 101 to 106. This was 
done to detect and enumerate S. aureus and MRSA bacte-
ria before and after subjecting them to various treatments 
(Hafez et al., 2019).
           
Preparation Of Stock Chitosan Solution  
Food-grade chitosan prepared from shrimp shells with 
molecular weight of 3700-20000Da, degree of deacetyla-
tion 90%, >300 cP dissolved in 1% (v/v) glacial acetic acid 
for preparation of stock solutions (0.5%, 1% , 1.5% and 
2% (w/v). Stirring was done at 55°C overnight for ensure 
the complete particles dissolution. The solutions were ster-
ilized by Millipore filters (0.45 µm), and pH of solution 
was adjusted to 5.4 with 10 M NaOH and stored in dark 
container at 4°C until use (Kibar and Sabir, 2018).  

Inoculum Preparation 
Brain heart infusion broth was inoculated with MRSA 
isolates and after 6-8 hours of incubation it was adjusted 
with PBS with McFarland standard 0.5 (Umerska et al., 
2017).

Antibacterial Efficacy Of Chitosan Against 
Mrsa 
Sterile plates of Mueller Hinton agar were inoculated by 
swabbing with 100 μl of a suspension containing 5x10^8 
CFU/mL, prepared from overnight cultures. Three to five 
colonies were collected using a sterile wire loop and sus-
pended in sterile peptone water. The turbidity of the suspen-
sion was adjusted to 0.5 McFarland standard (equivalent 
to 5x10^5 CFU/mL). The tested bacteria were swabbed 
onto the agar surface. Seven-millimeter wells were created 
on the seeded agar using a sterile cork borer, and 100 μL of 
each concentration of chitosan was placed inside the wells. 
Levofloxacin at a concentration of 250 μg/ml served as the 
positive control, and sterile distilled water was used as the 
negative control. The assays were conducted in triplicate. 
The plates were then incubated for 24 hours at 37°C, and 
the activity was assessed by measuring the diameter (mm) 
of the inhibition zones (Manilal et al., 2020).

The Evaluation Of The Antibacterial Activity 
Of Chitosan 
Meat cubes divided into two groups, the first group was 
kept without dipping in the chitosan solution, kept in the 
sterile distal water as (control), second group was dipped in 
the chitosan containing the best concentration (2%) for 4 
hrs as contact time at ambient and refrigeration tempera
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Table 1: Number and percentage (%) of Methicillin-resistant Staphylococcus aureus (MRSA) isolated from frozen and 
local fresh meat 
Source of meat sample Total number and percentage of Methicillin-resistant Staphylococcus aureus (MRSA)

No. of samples No. and percentage of    S. aureus No. and percentage of MRSA
Imported meat 50 11/50 (22.00) 4 / 50 (8.00%)
Local meat 50 16/50 (32.00%) 3 / 50 (6.00%)
Total 100 27/100 (27.00%) 7 / 100 (7.00%)
P-value 0.26 0.69

Table 2: The antibacterial activity of chitosan against Methicillin-resistant Staphylococcus aureus (MRSA) isolated from 
frozen meat.

Zone of inhibition (mm)   
                                              Chitosan concentrations % Control positive 

levofloxacin 250mg/ml
Control negative 
(distal water)(0.5%) (1%) (1.5%) (2%)

Means±SE 9.00±0.57e 17.00±1.15d 23.00±2.30c 38.00±2.30b 47.00±0.00a 0.00±0.f
LSD 3.97

Means with different letter are significantly different (P≤0.05)

Table 3: The antibacterial activity of chitosan against Methicillin-resistant Staphylococcus aureus (MRSA) isolated from 
fresh meat. 

Zone of inhibition (mm) 
                                             Chitosan concentrations % Control positive 

levofloxacin 250mg/ml
Control negative 
(distal water)(0.5%) (1%) (1.5%) (2%)

Means ±SE 10.00±0.91e 17.00±0.91d 23.00±91c 38.00±1029b 47.00±0.00A 0.00±0.00f
LSD 2.47

Means with different letter are significantly different (P≤0.05)

ture (Khudhir, 2021a). 

Statistical analysis
Statistical analysis of data was performed using SAS (Sta-
tistical Analysis System - version 9.1). Least-significant 
difference, post hoc test was performed to assess signifi-
cant differences among means whereas dependent and in-
dependent t tests were used in this current study.

RESULTS 

Laboratory Identification Of Mrsa By Cultural 
And Biochemical Characteristics And Vitek 2 
System 
Meat samples were cultured directly on chromagar, man-
nitol salt agar, and Baird–Parker agar medium. Suspected 
colonies appeared as mucoid, smooth, and green to green-
ish-blue on chromagarTM (MeReSa Agar Base), yellow 
(golden) on mannitol salt agar, and dark gray to black on 
Baird–Parker agar, with clear zones around the colonies. In 
frozen meat samples (n=50) collected from different mar-
kets in Baghdad city, the number and isolation percentage 
(%) of S. aureus and MRSA were 11/50 (22%) and 4/50 
(8%), respectively. In fresh meat samples (n=50), these fig-

ures were 16/50 (32%) and 3/50 (6%), respectively (Table 
1).

Biochemical tests for MRSA identification showed neg-
ative results for oxidase, and positive results for Dry spot 
(Staphytect Plus), latex agglutination, DNase, catalase, and 
coagulase tests. Morphological characteristics of MRSA 
on Baird–Parker agar included black colonies surround-
ed by clear zones after 24 hours. Isolates were further pu-
rified on Baird–Parker agar supplemented with egg yolk 
and potassium tellurite, due to the action of lecithinase 
which breaks down egg yolk and reduces tellurite. Bi-
ochemical test results indicated mannitol fermentation 
(positive), Gram-positive staining (due to thick peptido-
glycan in the bacterial cell wall), oxidase-negative, cata-
lase-positive (breaks down hydrogen peroxide into water 
and oxygen gas), coagulase-positive (clots blood plasma), 
and DNase-positive (hydrolyzes DNA with a clear zone 
around the growth). The Dry spot test (Staphytect Plus) 
was used for detecting clumping factor, Protein A, and 
certain polysaccharides in MRSA (Kadhum and Abood, 
2022; Abbas and Rady, 2023).
 
Antibacterial Efficiency Of Chitosan Solu-
tion
Chitosan from shrimp shells was used in the current study 
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to assess its effectiveness as a natural antibacterial solu-
tion against MRSA at different concentrations (0.5%, 1%, 
1.5%, and 2%). The results indicated that the most effec-
tive concentration of chitosan as an antibacterial solution 
against MRSA isolated from frozen and fresh meat was 
2%, showing the highest zone of inhibition (38 mm), as 
shown in Figures 1 and Tables 2–3.

Figure 1: zone of inhibition of different concentration of 
chitosan used against MRSA isolated from frozen and 
fresh meat     
       
Enumeration of MRSA after antibacterial 
activity of chitosan solution:
In current study, after confirmatory diagnosis of MRSA, 
the isolates were subjected to antibacterial solutions (2%) 
at two different temperatures, (ambient and refrigerator 
temperature). Meat samples were immersed in 2% chi-
tosan solution, with contact time for 4 hours to determine 
the antibacterial effect of the treatment solution against 
MRSA as shown in Table 4 and 5. The bacterial counts be-
fore dipping meat samples in 2% chitosan solution showed 
initial counts of 5-6 log10 CFU/g. After treatment at both 
ambient and refrigeration (4ºC) temperatures for 4 hours, 
counts were reduced to 2-3 log10 CFU/g. The reduction in 
CFU log10/g of bacterial counts varied with temperature, 
as shown in Table 6. 

Table 4: Number of Methicillin-resistant Staphylococcus 
aureus (MRSA) isolated from      frozen meat after 
subjecting to chitosan activity (2 %) for 4hrs at refrigeration 
temperature.

frozen MRSA 
isolates

Count of MRSA 
(CFU/g) before 
treatment (control)

Count of MRSA 
(CFU/g) after
 treatment

Mean ± SE 6.37±0.29 a 2.73±0.09 b
 *Dependent test (P<0.05)

Table 5: Number of Methicillin-resistant Staphylococcus 
aureus (MRSA) isolated from fresh meat after subjecting to 
chitosan treatment (2 %) for 4hrs at ambient temperature. 
Fresh MRSA 
isolates

Count of MRSA 
(CFU/g) before 
treatment (control)

Count of 
MRSA (CFU/g) 
after treatment

Mean ± SE 5.56±0.28 a 2.74±0.07 b
*Dependent test (P<0.05)

Table 6: Means of reduction CFU.log10/g of Methicillin-
resistant Staphylococcus aureus (MRSA) isolated from local 
and imported (frozen) meat after subjecting to action of 
chitosan 
Treatments / Temperature Means±SE
Reduction CFU.log10/g in imported (frozen) 
meat after subjecting to chitosan (2%) treat-
ment at refrigeration temperature.

3.64±0.20 a

Reduction CFU.log10/g in local (fresh) meat 
after subjecting to chitosan (2%) treatment at 
ambient temperature.

2.82±0.31 b

DISCUSSION 

Food contamination by S. aureus bacteria can be influ-
enced by factors such as carriers, poor hygiene practices, 
mishandling by infected workers, and inadequate trans-
port systems. These findings are consistent with Porpino 
et al. (2015), who reported that meat contamination can 
occur at various stages—from preparation and production 
to distribution and storage in retail supermarkets—due 
to improper refrigeration temperatures that can increase 
bacterial loads and lead to the production of dangerous 
enterotoxins (Rani et al., 2023). Mohammed and Alwan 
(2017) isolated MRSA from meat collected in Karbala city 
markets and highlighted bovine meat as a major source of 
foodborne diseases in Iraq. Aziz and Lafta (2021) found 
that Staphylococcus accounted for 27% of isolates from 
both healthy and infected sheep.

The results of the hygienic assessment of examined fro-
zen meat samples showed that imported meat had higher 
counts and percentages (%) than local meat. This poses a 
significant public health hazard compared to local meat. 
Frozen imported meat samples were found to harbor 
MRSA. The contamination of these meats, sold in Bagh-
dad markets, can be attributed to inadequate hygienic 
practices during handling, contaminated equipment, and 
unsanitary conditions in local market processing facili-
ties. Poor personal hygiene, such as frequent thawing and 
refreezing of frozen meat, can decrease meat quality and 
render it unfit for human consumption. Local authorities 
should educate the public about the health risks associat-
ed with consuming such meats and ensure proper cooking 
methods are employed. The presence of bacterial isolates in 
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frozen meats indicates that imported bovine meats could 
serve as vehicles for MRSA infections. Recent reports have 
shown an increase in MRSA infections in calves, sheep, 
horses, and poultry (Guo et al., 2022).

Chitosan dissolved in the acid solutions used as edible for 
keeping quality and shelf-life extension of many foods 
products as meat, meat products and fish (Karsli et al,. 
2018). The results of this study showed that MRSA iso-
lates were greater sensitive to chitosan at concentration (2 
%) which gave highest zone of inhibition (38 mm). This 
result in agreement with Eldaly et al. (2018) who record-
ed that coated the chicken fillets samples with chitosan 
at different concentrations (1.0%, 0.5%, and 2.0%) caused 
a significant reduction in bacterial load total aerobic bac-
teria, total Enterobacteriaceae, and  Staphylococcus spp. 
according the storage period. Chitosan have been widely 
studied in last years in which used as antimicrobial agents 
and polymer substrates at the same time (Amankwaah et 
al., 2020). Chitosan activity against S. aureus was promoted 
positively with the increase of Mw, but the antibacterial 
effect against E. coli was reduced with the elevated of the 
Mw (Liu, et al., 2020). 

The DD (degree of de-acetylation) of chitosan which 
used in conducting study was 90 %. The DD must not ex-
ceed 95% in order to dissolve with the glacial acetic acid 
1%. Byun, et al.  (2013) reported that the DD interfered 
with antibacterial properties of chitosan, the higher DD 
of chitosan, the stronger of its antibacterial activity. Chi-
tosan with a DD of 81.56% against Salmonella Enteritidis, 
L. monocytogenes and S. aureus  was higher than chitosan 
with DD of 62.71%. The antimicrobial activity of chi-
tosan is due to binding to the teichoic acids that found in 
the Gram-positive bacterial cell wall, coupled with lipids 
membrane that finally resulted death of the bacterial cell 
(Zaghloul et al., 2019). 

The relationship of pH with chitosan is influenced not 
only by its solubility in acidic conditions but also by the 
poly-cationic nature of chitosan molecules at pH < 6.5. 
Chitosan’s antibacterial activity decreases with increas-
ing pH and is completely lost at pH 7.0, when the ami-
no groups of chitosan are no longer significantly charged 
(Ardean et al., 2021). Both natural chitosan extracted from 
shrimp shells (food-grade chitosan) and commercially 
synthesized chitosan exhibit pH-dependent antibacterial 
activities against S. aureus. The results indicate that natural 
chitosan shows greater antibacterial activity against both 
Gram-positive and Gram-negative bacteria compared to 
commercial chitosan (Chang et al., 2019). Dipping meat 
pieces in antibacterial solutions for 4 hours at room tem-
perature and refrigeration temperature (4°C) resulted in a 
reduction of bacterial counts by 2-3 log10 CFU/g (Tables 
5 and 6). These findings are consistent with Fujimoto et 

al. (2006), who reported that chitosan coating reduced vi-
able bacterial counts by 2-3 log cycles in S. aureus and B. 
cereus, and by 1-2 log cycles in P. fluorescens and E. coli. The 
current study’s results are also aligned with Amato et al. 
(2018), who demonstrated that chitosan applied as a coat-
ing significantly reduced the adhesion of S. epidermidis by 
3 logs compared to uncoated dressing tissues. The antibac-
terial activity of chitosan is attributed to its ability to lyse 
bacterial cell membranes, leading to increased membrane 
permeability and structural alterations that result in leak-
age of cellular contents such as enzymes, nucleotides, ions, 
and proteins (Tao et al., 2011).

The results of the present study are consistent with Davis 
et al. (2012), who investigated the inhibition of five bacte-
rial species including S. aureus, E. coli, Yersinia enterocoliti-
ca, L. monocytogenes, and S. typhimurium. The study utilized 
six concentrations of chitosan ranging from 0.5% to 2.5% 
(Kaloti and Bohidar, 2010). Pathogenic bacterial growth 
was assessed after 8 days of storage at pH 6.5; chitosan 
concentrations of 2.0% and 2.5% showed a reduction of 
2-3 log in S. aureus counts after one day of incubation at 
pH 5.5 (do Amaral Sobral et al., 2022). Various levels of 
chitosan (0.5%, 1.0%, 1.5%, 2.0%, and 2.5%) completely 
prevented the growth of S. aureus after 1 day. The findings 
of the current study are consistent with several research-
ers who have reported the antibacterial effects of chitosan 
against S. aureus and other Gram-positive bacteria (Soni et 
al., 2018; Abd El-Hack et al., 2020). Knowles and Roller 
(2001) discussed the effects of chitosan at concentrations 
of 0.5%, 1.0%, and 2.0% against L. monocytogenes, S. enter-
ica serovar Typhimurium, S. aureus, and S. cerevisiae; chi-
tosan showed varying reductions in S. aureus counts, up to 
0.8 log CFU/ml.

According to Firdaus et al. (2024), water-soluble chitosan 
exhibits no antimicrobial activity compared to chitosan 
dissolved in acidic solutions. Acidic chitosan forms an ami-
no group that attaches to the phosphoryl group of bacteri-
al cell phospholipids, creating pores in the cell membrane 
that lead to leakage of cellular substances and bacterial cell 
death (Sukmark et al., 2011). In another study, Khudhir 
(2021b) reported on the antimicrobial activities of chi-
tosan against coliforms, E. coli O157, yeasts, and molds in 
local Iraqi cheese products. Chitosan (CH) exhibited the 
best antimicrobial activity at a concentration of 5% with a 
contact time of 6 hours at refrigeration temperature (4°C).
Our findings regarding the logarithmic reduction (log10 
CFU/g) indicate significant differences, with the highest 
reduction achieved using 2% chitosan under refrigerated 
conditions, resulting in a 3 log10 CFU/g reduction. This 
result can be explained by the storage temperature of chi-
tosan, which greatly influences its antibacterial efficacy. 
Temperature not only affects the antibacterial activity of 
chitosan but also its viscosity or molecular weight, which 
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may vary at different temperatures (Kong et al., 2010). 
Temperature has a significant impact on the antibacteri-
al activity of chitosan due to the physiological properties 
of the tested bacteria. For instance, the optimal tempera-
ture for the antibacterial activity of water-soluble chitosan 
against oral bacteria is 37°C (Chen and Chung, 2012). 
Chitosan stored at 4°C exhibits stronger antibacterial 
activity compared to chitosan stored at 25°C (No et al., 
2006). These findings are consistent with and support the 
results obtained in this study.

Reducing microbial contamination and ensuring food 
safety often require employing multiple traditional pres-
ervation methods. The concept of hurdles combines var-
ious methods such as high and low temperatures, water 
activity (aw), synthetic preservatives (e.g., nitrite, sorbate), 
lactic acid bacteria and their bacteriocins, and pH reduc-
tion, which are utilized to stabilize various food products 
including meat, fish, milk, and vegetables (Leistner, 2000; 
Ibrahim et al., 2020). Alam et al. (2017) reported that chi-
tosan inhibits the growth and multiplication of spoilage 
bacteria in beef meat stored at 4°C for 12 days.
                                                                                                                                                  
CONCLUSION

The application of chitosan as a natural food-grade anti-
bacterial against MRSA was effective in reducing bacterial 
counts and maintaining the bacteriological quality of beef 
meat sold at different temperatures in public markets in 
Baghdad, Iraq.
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