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Abstract  

HE increasing demand for natural food preservatives has prompted a shift toward bio-

based antimicrobials in the food industry. This study investigated the antimicrobial 

activity of lysozyme and propolis against Escherichia coli, Staphylococcus aureus, and 

Bacillus cereus isolated from dairy-based desserts. A total of 100 samples (rice pudding, 

ice cream, crème caramel, mahalabiya, and cheesecake) were analyzed for the presence of 

these pathogens. Isolation and identification were conducted using selective media, 

biochemical profiling, and PCR confirmation, including detection of virulence genes such 

as phoA, stx1, eaeA, sea, sed, groEL, bceT, and cytK. Lysozyme (0.1%) and propolis 

(1.5%) were selected based on well-diffusion assay and further tested in rice pudding. 

Microbial enumeration during 5-day storage demonstrated that lysozyme significantly 

reduced viable counts across all pathogens, while propolis showed moderate antimicrobial 

effects. Sensory evaluation revealed that lysozyme maintained acceptable product quality, 

whereas propolis negatively affected sensory attributes. These findings support the 

application of lysozyme as a safe and effective natural preservative in dairy desserts. 
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Introduction  

Dairy-based desserts such as rice pudding, 

mahalabiya, crème caramel, cheesecake, and ice 

cream are widely consumed across Egypt due to their 

nutritional value, flavor, and convenience. However, 

these ready-to-eat products are considered 

microbiologically sensitive, especially when handled 

improperly during production, distribution, or storage 

[1]. Milk and its derivatives provide an ideal 

environment for microbial growth due to their rich 

content of proteins, carbohydrates, and water [2]. 

Foodborne pathogens such as Escherichia coli, 

Staphylococcus aureus, and Bacillus cereus have 

been frequently isolated from dairy desserts and 

represent a major public health concern [3]. 

Contamination may occur due to poor hygiene, 

improper refrigeration, or post-processing handling, 

especially in ready-to-eat products that are not 

subjected to further heat treatment before 

consumption. Although most E. coli strains are non-

pathogenic, specific pathotypes such as 

enteropathogenic (EPEC), enterotoxigenic (ETEC), 

and especially enterohemorrhagic E. coli (EHEC), 

are significant foodborne pathogens. These 

pathogenic strains often harbor virulence genes such 

as stx1, eaeA, and phoA, which encode shiga toxins, 

adhesion factors, and alkaline phosphatase, 

respectively [4]. These toxins can cause a wide range 

of gastrointestinal symptoms, it is a well-known 

foodborne pathogen capable of producing a wide 

range of extracellular toxins. Staphylococcus aureus 

is a well-known foodborne pathogen capable of 

producing a wide range of extracellular toxins, 

particularly staphylococcal enterotoxins (SEs), which 

are responsible for staphylococcal food poisoning 
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[5]. Among these, enterotoxin A (sea) and 

enterotoxin D (sed) are frequently implicated in dairy 

product contamination and foodborne outbreaks [6]. 

Contamination typically occurs due to poor hygiene 

during food handling and improper refrigeration, 

allowing the organism to proliferate and produce 

toxins [7].Bacillus cereus frequently associated with 

foodborne illnesses and is capable of producing two 

distinct types of toxins: the diarrheal enterotoxins 

(such as bceT) and cytotoxin K (cytK), which 

contributes to emetic syndrome [8]. The diarrheal 

syndrome typically results from ingestion of 

contaminated foods such as milk-based desserts that 

have been improperly stored, allowing the bacteria to 

grow and release enterotoxins. In contrast, the emetic 

syndrome, caused by the heat-stable cereulide toxin, 

is more often associated with starchy foods such as 

rice and pasta [9]. Therefore, the need for preserving 

such products using different techniques became a 

mandatory addition during processing in order to 

safeguard the human health against such pathogens, 

and to improve the final product quality with 

additional option of increasing its shelf life [10].Due 

to increasing consumer demand for clean label 

products and growing concerns over the potential 

health risks of synthetic preservatives, the food 

industry has shifted its focus toward natural 

alternatives for microbial control. Natural 

antimicrobials derived from plants, animals, and 

microorganisms offer promising efficacy against a 

broad spectrum of foodborne pathogens while 

maintaining food quality and sensory attributes [11]. 

Lysozyme is a naturally occurring antimicrobial 

enzyme and a bio-preservative in dairy products 

,which act by hydrolyzing the β-1,4 glycosidic bonds 

between N-acetylmuramic acid and N-

acetylglucosamine in the peptidoglycan layer of 

bacterial cell walls, leading to osmotic imbalance and 

cell lysis especially in gram-positive bacteria like 

Staphylococcus aureus and Bacillus cereus [12,13]. 

Propolis is a natural resinous substance collected by 

honeybees from plant buds and exudates, mixed with 

beeswax and bee enzymes. It has been traditionally 

used for its antimicrobial, anti-inflammatory, and 

antioxidant properties, and has gained increasing 

interest as a food preservative due to its broad-

spectrum activity against bacteria, fungi, and viruses 

[14]. In dairy and dessert products, propolis has been 

investigated for its potential to inhibit the growth of 

foodborne pathogens such as Escherichia coli, 

Staphylococcus aureus, and Bacillus cereus; 

although its strong flavor and dark color can affect 

sensory quality at higher concentrations [15].While 

several studies have investigated the antimicrobial 

potential of natural compounds in raw milk and 

fermented dairy products, limited research has 

focused on their application in cooked, ready-to-eat 

dairy-based desserts. Products such as rice pudding, 

crème caramel, and ice cream are often consumed 

without further heat treatment and may pose a risk if 

contaminated post-processing. Moreover, few 

investigations have evaluated the individual efficacy 

of lysozyme and propolis in such food matrices, 

particularly against multiple foodborne pathogens 

under the same experimental conditions. Therefore, 

the present study aimed to evaluate the individual 

antimicrobial efficacy of lysozyme and propolis 

against Escherichia coli, Staphylococcus aureus, and 

Bacillus cereus in various milk-based desserts.  

Material and Methods 

Sample Collection 

A total of 100 dairy-based dessert samples 

including rice pudding, mahalabiya, crème caramel, 

cheesecake, and ice cream were randomly collected 

from retail outlets and street vendors in Cairo, Egypt. 

Samples were collected in sterile containers, placed 

in an icebox, and transported to the laboratory under 

chilled conditions for immediate analysis. 

Isolation of Target Bacteria 

Each sample was homogenized in buffered 

peptone water (BPW) and prepared as a 1:10 dilution 

by mixing 10 mL of the sample with 90 mL of BPW . 

A 1 mL aliquot from this dilution was streaked onto 

selective media: For E. coli, both eosin methylene 

blue (EMB) agar and TBX agar (ISO 16649-

2:2001/Amd 1:2017) were used without prior 

enrichment S. aureus was isolated using Baird-Parker 

agar (ISO 6888-1:2021), while B. cereus was isolated 

using MYP agar (ISO 7932:2004/Amd 1:2020) 

[16,17,18]. 

Biochemical Identification 

Presumptive E. coli colonies were confirmed 

using Microbact™ GNB 12E [19] biochemical 

identification kits (Oxoid, UK), according to the 

manufacturer's instructions. Presumptive 

Staphylococcus aureus colonies were verified by 

Gram staining (Gram-positive cocci in clusters), 

catalase test (positive bubbling with hydrogen 

peroxide), and coagulase test (clot formation in 

plasma), in accordance with ISO 6888-1:2021 

[17].Presumptive Bacillus cereus colonies were 

examined microscopically (Gram-positive rods, often 

in chains) and confirmed by observing hemolytic 

activity on blood agar, motility in semi-solid media, 

and lecithinase production on MYP agar, following 

ISO 7932:2004/Amd 1:2020 [18]. 

Molecular Identification by PCR 

Genomic DNA was extracted from presumptive 

colonies using the QIAamp DNA Mini Kit (Qiagen, 

Cat. No. 51304), following the manufacturer’s 

instructions and general molecular biology protocols 

[20]. PCR amplification was conducted using 

Emerald Amp GT PCR Master Mix (Takara, Code 
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No. RR310A) in a final volume of 25 μL, containing 

12.5 μL of master mix, 1 μL of each primer (20 

pmol), 5.5 μL of DNA template, and 5 μL of 

nuclease-free water. Amplification was carried out 

using a Biometra T3 thermal cycler. PCR products 

were separated on 1.5% agarose gels prepared in 

TBE buffer and stained with ethidium bromide (0.5 

μg/mL). Electrophoresis was run at 5 V/cm for 45 

minutes, and bands were visualized using a gel 

documentation system. A 100 bp DNA ladder was 

used to estimate amplicon sizes [21]. Primers 

targeting identification and virulence genes were 

selected based on published studies. For Escherichia 

coli, genes such as phoA, eaeA, and stx1 were 

amplified [22, 23]. For Staphylococcus aureus, 

primers targeting 16S rRNA, nuc, sea, and sed genes 

were used following previous studies [24-26]. For 

Bacillus cereus, primers targeting groEL, bceT, and 

cytK were adopted from published protocols [27, 28]. 

Screening of Antibacterial Activity Lysozyme and 

Propolis 

To determine the effective concentrations for 

application, different concentrations of lysozyme and 

propolis as shown in table (2) were tested using the 

well diffusion assay (well diameter: 0.7 cm). 

Mueller-Hinton agar plates were inoculated with 

each isolate, and wells were filled with 100 µL of 

each concentration. The plates were incubated at 

37°C for 24 hours, and inhibition zones were 

measured [29]. This step was repeated three times 

and mean results were recorded to select the lowest 

concentration that showed consistent antibacterial 

activity for further application. 

Evaluation of the antimicrobial activity of selected 

Lysozyme and Propolis concentrations in Rice 

Pudding 

Rice pudding was freshly prepared in the 

laboratory using fresh full fat buffalo raw milk 

obtained from Faculty of Agriculture, Cairo 

university farm to ensure its quality and purity (about 

3 liters of milk were needed for each trial). The 

whole raw milk bulk was then laboratory pasteurized 

at 85°C for 20 minutes followed by rapid cooling to 

6°C to be ready for use. Firstly, the milk was 

reheated to 85°C and the rice was first cooked in 

milk until became soft, then sugar and corn starch 

were added with continuous stirring until the mixture 

thickened. The final product was poured into sterile 

containers (500 g capacity) in 4 portions for 

inoculation with the bacterial suspensions (4 groups).  

Each group was divided then into 3 parts to be 

fortified with selected concentrations from natural 

additives (Lysozyme 0.1% and Propolis 1.5%) and a 

control part without fortification, to obtain finally 12 

treatments as described in table 2. After good mixing 

of each treatment, the mixtures were poured in small 

sterile containers to be used for examination during 

storage, and then it was left to cool at room 

temperature and stored at refrigerator (6°C) for 5 

days. This experiment was performed in triplicate to 

ensure the final results. Viable microbial counts were 

performed using ISO-recommended selective media: 

Escherichia coli: TBX agar (ISO 16649-2:2001/Amd 

1:2017 [16]), Staphylococcus aureus: Baird-Parker 

agar (ISO 6888-1:2021 [17]) and Bacillus cereus: 

MYP agar (ISO 7932:2004/Amd 1:2020 [18]). 

Duplicate plates for each treatment were incubated 

aerobically at 37°C for 24 hours and mean counts 

were expressed as CFU/g. Samples from the fourth 

portion with treatments number 10 to 12 were 

assessed daily for five days by well-trained panelists 

from the Food Hygiene and Control, Faculty of 

Veterinary Medicine, Cairo University staff 

members. Samples were evaluated for different 

sensory parameters (color, odor, taste, and texture) 

using a 9-point hedonic scale, following the protocol 

described by Meilgaard et al. [30]. The sensory 

evaluation was also performed for the triplicates of 

the experiment and average data were calculated. 

Statistical Analysis  

The determination of p-values (p ≤ 0.05) between 

mean values of the investigated parameters in the 

examined samples was achieved by one-way 

ANOVA using post hoc Tukey HSD through SPSS 

v.25. 

Results 

The microbiological analysis of dairy dessert 

samples (Table 4) revealed varying prevalence rates 

among the targeted foodborne pathogens. 

Escherichia coli was presumptively isolated from 9% 

of the samples, with full biochemical and PCR 

confirmation for all detected strains. Importantly, 

100% of the PCR-confirmed E. coli isolates carried 

virulence genes, indicating their toxigenic potential. 

Similarly, Staphylococcus aureus was isolated in 

15% of the samples and confirmed biochemically 

and molecularly at the same rate. However, only 

20% of the PCR-confirmed S. aureus isolates were 

found to harbor enterotoxin genes, suggesting a 

relatively lower risk of enterotoxigenicity among 

these strains. Bacillus cereus showed the highest 

isolation rate, being presumptively and 

biochemically identified in 22% of the samples. PCR 

confirmation was achieved in 16% of the cases, and 

all confirmed isolates were positive for toxin genes, 

indicating that 100% of PCR-confirmed B. cereus 

strains were toxigenic. The antimicrobial potential of 

lysozyme and propolis against E. coli isolates was 

evaluated using the well diffusion method, and the 

results are presented in Table 5. Lysozyme exhibited 

a concentration-dependent inhibitory effect, with the 

highest inhibition zone diameter (2.1 cm) observed at 

1% concentration (L1), categorized as extremely 

sensitive (ES). Decreasing the concentration to 0.1% 
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(L2) and 0.01% (L3) still maintained measurable 

zones of 1.8 cm and 1.5 cm, respectively, classified 

as very sensitive (VS). At the lowest tested 

concentration (0.001%, L4), the zone was reduced to 

0.9 cm, corresponding to a sensitive (S) reaction. In 

contrast, propolis required higher concentrations to 

exhibit activity. No inhibition zone was detected at 

0.01% (P1), while mild inhibition was observed at 

0.1% (P2) and 0.5% (P3) with diameters of 0.8 and 

1.4 cm, respectively, both considered sensitive (S). 

At 1.5% concentration (P4), the inhibition zone 

slightly increased to 1.6 cm and was categorized as 

very sensitive (VS). These findings indicate that 

lysozyme was more effective than propolis at lower 

concentrations against E. coli, suggesting a higher 

antimicrobial potency under the tested conditions. 

Table 6 illustrates the antimicrobial effectiveness of 

lysozyme (L2) and propolis (P3) on the viability of 

Escherichia coli, Staphylococcus aureus, and 

Bacillus cereus inoculated into rice pudding and 

stored under refrigeration for five days. The initial 

microbial loads at day zero showed high counts 

across all tested strains, with no significant 

differences among the treatment groups. However, 

marked reductions were observed in lysozyme-

treated samples beginning from day one. For E. coli, 

a significant decline was evident by day 1 in the L2 

group (2.6×10² CFU/g), and by day 4, the organism 

became undetectable (<3 CFU/g), indicating 

complete inhibition. In contrast, E. coli remained 

detectable in P3 (1.0×10³ CFU/g) and control 

samples (1.0×10⁴ CFU/g), with significant 

differences persisting throughout the storage period. 

Similarly, S. aureus counts declined more effectively 

in L2 samples compared to P3 and control groups, 

with counts reaching 3.3×10 CFU/g by day 5 versus 

1.2×10³ CFU/g in P3 and 2.7×10⁴ CFU/g in control. 

Although both treatments contributed to bacterial 

suppression, lysozyme demonstrated superior 

performance in reducing pathogen levels more 

rapidly and consistently. For B. cereus, a relatively 

higher resistance was noted, as the bacterial counts 

remained above 10³ CFU/g in all groups throughout 

the storage period. Nonetheless, the L2 and P3 

treatments significantly suppressed B. cereus growth 

compared to the control, which maintained a notably 

high count of 2.2×10⁵ CFU/g by day 5. The 

statistical analysis confirmed significant differences 

(p < 0.05) among treatment groups and time points, 

particularly in E. coli and S. aureus responses, 

whereas B. cereus exhibited more tolerance to both 

agents. 

Discussion 

Natural antimicrobials such as lysozyme and 

propolis are gaining increasing attention as 

alternatives to synthetic preservatives in food 

preservation. These compounds have demonstrated 

effective microbial inhibition while maintaining 

consumer-friendly 'clean-label' status. Lysozyme and 

propolis have been particularly studied in dairy 

products due to their natural origin and antimicrobial 

efficacy [11]. Propolis has shown potent effects 

against both Gram-positive and Gram-negative 

bacteria [14], while lysozyme has been successfully 

incorporated into dairy matrices like yogurt and 

cheese without altering sensory qualities [13]. The 

microbiological examination of dairy-based desserts 

revealed varying prevalence levels of key foodborne 

pathogens. Table 4 summarizes the outcomes of 

bacterial isolation, molecular confirmation, and 

toxigenic gene detection for Escherichia coli, 

Staphylococcus aureus, and Bacillus cereus. 

Escherichia coli is widely recognized as an 

indicator of fecal contamination and a significant 

foodborne pathogen, particularly when carrying 

virulence factors such as stx1 and eaeA. In the 

current study, E. coli was presumptively isolated 

from 9% of the examined dairy-based dessert 

samples, including rice pudding, mahalabiya, ice 

cream, crème caramel, and cheesecake, using EMB 

and TBX agars without pre-enrichment, according to 

ISO 16649-2:2001/Amd 1:2017 [16]. The use of dual 

selective media enhanced the reliability of detection, 

with TBX agar showing better selectivity and colony 

differentiation. The isolation rate observed in this 

study (9%) is comparable to findings from Egypt. 

Abushaala et al. (2022) reported a prevalence rate of 

approximately 8% of verotoxigenic Escherichia coli 

in locally manufactured dairy products [31]. These 

relatively moderate isolation rates might be attributed 

to the absence of an enrichment step, which could 

have reduced the sensitivity of detection, especially 

in samples with low bacterial loads. Biochemical 

confirmation using the Microbact™ GNB 12E 

identification system showed full agreement with 

molecular identification by PCR targeting the phoA 

gene, highlighting the accuracy of the preliminary 

biochemical tests [19]. Among the PCR-confirmed 

isolates, 67% harbored the eaeA gene, and 33% 

carried the stx1 gene, indicating a significant 

presence of potentially pathogenic strains.The high 

detection rate of the eaeA gene, encoding intimin, 

suggests a predominance of enteropathogenic E. coli 

(EPEC) strains, which are known to cause attaching 

and effacing lesions in the intestinal mucosa. On the 

other hand, the presence of the stx1 gene, a hallmark 

of shiga-toxin producing E. coli (STEC), underlines 

the public health threat posed by consumption of 

contaminated dairy desserts without sufficient heat 

treatment post-processing. The findings of this study 

are in line with previous reports, such as that by 

Sobeih et al. , who documented a high prevalence of 

eaeA and stx1 virulence genes in Escherichia coli 

isolated from dairy products in Egypt [32]. 

Staphylococcus aureus is a significant foodborne 

pathogen responsible for various food poisoning 
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outbreaks worldwide, primarily due to its ability to 

produce heat-stable enterotoxins. In the present 

study, S. aureus was isolated presumptively from 

15% of dairy-based dessert samples using Baird-

Parker agar, showing characteristic black or gray 

colonies with clear halos, in accordance with ISO 

6888-1:2021 [17]. This isolation rate (15%) is lower 

than that reported by Saad et al., who documented 

Staphylococcus aureus in up to 68% of dairy-based 

sweets (milk and ice cream) collected from retail 

vendors in Qena governorate, Egypt [33]. The 

moderate prevalence observed may reflect both the 

intrinsic susceptibility of dairy-based products to 

contamination and the relatively favorable growth 

conditions for S. aureus due to high protein and 

moisture content. Regarding enterotoxin gene 

detection, 20% of PCR-confirmed isolates were 

found to harbor enterotoxin genes, with 13% positive 

for the sea gene and 7% positive for the sed gene. 

The predominance of the sea gene in this study is in 

agreement with global reports. For example, Zhang 

et al., found that sea was the most frequently detected 

classical enterotoxin gene among Staphylococcus 

aureus isolates from milk and dairy products 

worldwide [34]. The sea gene encodes enterotoxin A, 

the most commonly implicated toxin in 

staphylococcal food poisoning cases, while sed 

encodes enterotoxin D, often associated with 

contaminated dairy and meat products. The detection 

of these genes highlights the potential risk of 

foodborne illness from consumption of improperly 

handled dairy desserts. In this study, B. cereus was 

presumptively isolated from 22% of the examined 

dairy-based dessert samples using MYP agar, 

characterized by pink, dry colonies with lecithinase 

activity, following ISO 7932:2004/Amd 1:2020 [18]. 

The observed isolation rate (22%) is consistent with 

Elgushi et al., who documented an overall B. cereus 

prevalence of 10.5% in dairy samples in Egypt, with 

the highest rate in milk powder (24.99%) [35].The 

high prevalence detected reflects the capacity of B. 

cereus spores to survive harsh environmental 

conditions, including pasteurization processes, and to 

germinate under favorable storage conditions, 

particularly in high-protein, high-moisture foods 

such as dairy-based desserts. Biochemical 

identification methods were further supported by 

molecular confirmation through PCR targeting the 

groEL gene. Approximately 73% of the 

biochemically presumptive isolates were confirmed 

by PCR, demonstrating the reliability of the 

molecular approach in reducing false positives 

typically encountered with traditional methods. 

Importantly, 100% of the PCR-confirmed isolates 

were found to carry enterotoxin genes, specifically 

bceT and cytK. The bceT gene encodes for a 

component of the enterotoxin complex associated 

with diarrheal syndrome, while the cytK gene 

encodes cytotoxin K, a pore-forming toxin that 

contributes to severe cytotoxic effects. These 

findings are consistent with previous studies in 

Egypt, such as those by El-Haw et al. (2024), who 

reported a high prevalence of toxigenic B. cereus 

strains in dairy products and detected multiple 

virulence genes, including cytK and bceT [36]. Based 

on the well diffusion test (Table 5), lysozyme 

exhibited noticeable antibacterial activity against all 

tested pathogens, particularly Escherichia coli and 

Bacillus cereus at a concentration of 1% (L1). Even 

at lower concentrations like 0.01% (L3), inhibition 

zones were observed, and the intermediate 

concentration (L2) was selected as the minimum 

inhibitory concentration. These findings are in 

agreement with Khorshidian et al. (2022), who 

reported that lysozyme possesses strong 

antimicrobial activity, especially against Gram-

positive bacteria, and under certain conditions, can 

be effective against Gram-negative bacteria such as 

E. coli, particularly when used in food matrices like 

dairy products [37], while Benkerroum (2008) 

highlighted its effectiveness in milk matrices [38]. 

Similarly, Arslan et al., confirmed strong inhibition 

of lysozyme against S. aureus and B. cereus, 

especially in dairy systems [12]. Propolis also 

exhibited antimicrobial activity, although to a lesser 

extent than lysozyme. At a concentration of 1.5% 

(P3), propolis showed measurable inhibition zones 

against E. coli, S. aureus, and B. cereus, but required 

higher concentrations compared to lysozyme. This is 

consistent with the findings of Przybyłek & 

Karpiński, and Silici & Kutluca, who reported 

effective but concentration-dependent activity of 

propolis [15, 14]. Moreover, Ugur & Arslan, stated 

that the antimicrobial potential of propolis can vary 

based on its botanical origin, which may explain the 

moderate effects observed in our study [39]. In 

general, both lysozyme and propolis had higher 

antimicrobial activity against E. coli, followed by B. 

cereus, while S. aureus was more resistant. Finally, 

the well diffusion results validated the selection of 

L2 (0.1%) and P3 (1.5%) as practical concentrations 

for in-product trials, combining antimicrobial 

effectiveness with reasonable feasibility for food 

application. The antibacterial effect of lysozyme and 

propolis against E. coli, S. aureus and B. cereus was 

then evaluated in produced rice pudding to evaluate 

their effect within the food matrix in the presence of 

other factors. The in-product evaluation results 

tabulated in Table 6, revealed a pronounced 

antimicrobial effect of lysozyme (L2 – 0.1%) against 

all three tested pathogens. In E. coli-inoculated 

samples, lysozyme reduced the bacterial count from 

4×10⁶ CFU/g at the production day to undetectable 

levels by day 4. This significant reduction confirms 

the ability of lysozyme to retain activity in complex 

food matrices such as rice pudding. Khorshidian et 

al., reviewed several applications of lysozyme in 

dairy matrices and confirmed its effectiveness in 
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reducing microbial load, including E. coli, in cheese 

curds and similar products. The authors highlighted 

that even native lysozyme at levels around 400 

μg/mL was able to significantly reduce bacterial 

counts during refrigerated storage, supporting its role 

as a natural preservative in dairy-based systems [37]. 

Similar inhibitory effects were observed for S. 

aureus but without complete elimination, with 

bacterial counts dropping drastically over the 5-days 

storage period. It was noticeable that S. aureus was 

sensitive to lysozyme as it was significantly 

decreased after one day of storage (3.3×10³ CFU/g) 

in their samples than propolis fortified and control 

samples (7.0×10³ and 1.1×10⁴ CFU/g, respectively). 

Lysozyme is well known for its strong action against 

S. aureus due to its thick peptidoglycan layer. Arslan 

et al., observed significant reductions in S. aureus 

counts in dairy systems supplemented with lysozyme 

[12]. For B. cereus, lysozyme fortified rice pudding 

samples showed lower counts with significant 

difference than the control group for first day of 

storage (3.6×10³ and 2.0×10⁴ CFU/g, respectively) 

till the end of storage period (6.6×10³ and 2.2×10⁵ 
CFU/g, respectively). These results are consistent 

with Benkerroum, who reported that lysozyme is 

effective against vegetative cells of B. cereus, 

supporting its role in the control of spore-forming 

pathogens in food [38].   Propolis is a natural bee-

derived product with potent antimicrobial properties 

due to its high phenolic and flavonoid content. 

Przybyłek & Karpiński , and Silici & Kutluca, 

documented its effectiveness against several food 

pathogens including E. coli, S. aureus, and B. cereus 

in various studies [15, 14]. In this study, propolis (P3 

– 1.5%) showed moderate inhibition of microbial 

growth; it reduced the initial counts of E. coli, S. 

aureus, and B. cereus, but with antibacterial effect 

weaker than that of lysozyme. For example, E. coli 

counts were still detectable (~10³ CFU/g) by day 5 in 

propolis-treated samples, unlike the lysozyme-treated 

ones. Also, for S. aureus, the counts in propolis 

samples were significantly lower than control group 

but higher than those for lysozyme samples by the 

end of storage period (1.2×10³, 2.7×10⁴ and 3.3×10 

CFU/g, respectively) (Table 6). This suggests that 

although propolis has documented antimicrobial 

properties, its efficacy may be limited in rich food 

matrices due to interactions with proteins, sugars, 

and fats that may bind or neutralize its active 

components [14]. Interestingly, B. cereus showed a 

relatively higher resistance to both treatments 

compared to E. coli, especially in later stages of 

storage. This may be attributed to the spore-forming 

nature of B. cereus, which allows it to survive and 

potentially recover under chilled conditions, 

Benkerroum,[38]. Overall, the microbial enumeration 

data strongly support the use of lysozyme as a natural 

preservative in dairy-based desserts. Its rapid and 

sustained antimicrobial effect across multiple 

pathogens makes it suitable for extending shelf life 

while maintaining product safety. The impact of 

lysozyme and propolis addition to rice pudding on 

sensory parameters was evaluated as shown in Table 

7. Results of sensory evaluation revealed a clear 

distinction between lysozyme and propolis fortified 

samples. Rice pudding samples fortified with 

lysozyme (L2 – 0.1%) consistently maintained high 

sensory scores throughout the 5 days storage period, 

with no significant deviations from the control in 

terms of color, odor, taste, or texture. These results 

confirm the compatibility of lysozyme with dairy-

based desserts from a sensory standpoint; therefore, 

it could be easily added to dairy desserts as a 

preservative without any obvious changes in all 

sensory parameters. This makes lysozyme a 

promising candidate for use in products requiring 

both microbial safety and consumer acceptability. 

Conversely, propolis fortified rice pudding samples 

(P3 – 1.5%) exhibited a marked decline in sensory 

acceptability, especially in color (3.7±0.5) and odor 

(5.6±0.5) attributes since the day of production. 

During storage, the scores for color dropped below 4 

on a 9-point scale, While taste and texture became 

less favorable as storage progressed, the propolis-

fortified rice pudding samples were deemed 

completely unacceptable by the panelists after three 

days of storage across all sensory parameters. These 

findings align with those reported by El-Sakhawy et 

al., who highlighted that despite the antimicrobial 

efficacy of propolis, its practical application in dairy-

based foods is often constrained due to its strong 

bitter taste and intense aroma, especially at higher 

concentrations [40].Przybyłek & Karpiński, also 

emphasized that the phenolic compounds in propolis, 

while effective against pathogens, can adversely 

affect organoleptic qualities [15]. Otherwise, it may 

be added to dairy desserts as a new additive known 

to the consumer as a novel product, which could be 

accepted as a fresh product by some consumers, 

especially those concerned with healthy nutrients. 

Therefore, while both compounds possess 

antimicrobial properties, only lysozyme 

demonstrated a balance between microbial control 

and sensory acceptability, highlighting its superior 

suitability for preserving dairy desserts like rice 

pudding. The sensory attributes of rice pudding 

samples fortified with lysozyme (L2) and propolis 

(P3) were evaluated over a 5-day refrigerated storage 

period and are summarized in Table 7. On the day of 

production, both L2 and control samples received the 

highest possible scores across all parameters (color, 

odor, taste, texture), reflecting excellent initial 

acceptability. In contrast, the P3 samples exhibited 

significantly lower scores, particularly for color 

(3.7±0.5) and odor (5.6±0.5), though taste and 

texture remained relatively acceptable (7.3±0.5 and 

5.3±0.5, respectively). Throughout the storage 

period, L2 samples consistently maintained high 
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sensory scores, with no significant deterioration until 

day 4, where a slight decline was observed (e.g., 

taste: 7.6±0.5). By day 5, L2 samples still retained 

favorable acceptability (scores of 7.0 for all 

parameters), indicating stability and compatibility of 

lysozyme with the product’s sensory properties. On 

the other hand, propolis-fortified samples (P3) 

demonstrated a progressive and significant decline in 

all sensory parameters. By day 3, color and odor 

scores dropped to 3.0±1 and 4.6±0.5, respectively, 

and further decreased by day 5 to as low as 2.0±0 for 

color and 3.3±0.5 for taste. These reductions 

rendered the product sensorially unacceptable to 

panelists, highlighting the adverse impact of propolis 

on the organoleptic properties of rice pudding, 

especially when used at higher concentrations. 

Control samples showed gradual but moderate 

declines in sensory scores over time. By day 5, their 

scores remained higher than P3 but lower than L2, 

particularly in taste and odor attributes. Overall, the 

results indicate that lysozyme could be effectively 

used as a natural preservative in dairy-based desserts 

without negatively impacting sensory quality, while 

propolis may limit consumer acceptability due to its 

strong aroma and flavor characteristics. 

 Conclusion 

In conclusion, restrict application of different 

prerequisite programs especially those concerning 

sanitation and hygiene during handling of dairy 

desserts is an urgent factor to protect the consumer 

health and extend the shelf life of the product. There 

is a lack of information in the Egyptian standards 

concerning such type of dairy products, their recipes, 

additives types and levels, preservatives and even the 

regulation about its storage conditions and shelf life. 

Therefore; we appeal the concerned authorities in 

Egypt to enforce regulations and standards for 

control dairy dessert production, handling and 

storage with strict regulations for its microbial 

quality and safety. Our study also recommended the 

use of lysozyme as natural preservative with rapid 

and sustained antimicrobial effect across multiple 

pathogens, which makes it suitable for extending 

shelf life of such products while maintaining product 

safety and without affecting its sensory attributes 

even during storage for up to 5 days. 
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TABLE 1. Primers used for PCR detection of virulence and identification genes. 

Target 

Gene 

Organism Primer 

Name 

Primer Sequence (5′–3′) Product 

Size (bp) 

phoA Escherichia coli F GATTGAACGGCAGTACCGG 370 

R CCGTTGCCAGTGATGACGAT  

eaeA Escherichia coli F GACCCGGCACAAGCATAAGC 384 

R CCACCTGCAGCAACAAGAGG  

stx1 Escherichia coli F ACACTGGATGATCTCAGTGG 614 

R CTGAATCCCCCTCCATTATG  

16S 

rRNA 

Staphylococcus aureus F GTA GGT GGC AAG CGT TAT CC 228 

R CGC ACA TCA GCG TCA G  

nuc Staphylococcus aureus F GCG ATT GAT GGT GAT ACG GTT 279 

R AGC CAA GCC TTG ACG AAC TAA AGC  

sea Staphylococcus aureus F TTG GAA ACG GTT AAA ACG AA 120 

R GAA CCT TCC CAT CAA AAA CA  

sed Staphylococcus aureus F CTA GTT TGG TAA TAT CTC CT 317 

R TAA TGC TAT ATC TTA TAG GG  

groEL Bacillus cereus F GTAGTAAAAGGCGGCAGTGG 441 

R TTTCCATTGCTGTGTTCCAG  

bceT Bacillus cereus F GGGATCCACATTTACAAGCC 424 

R CGCGGATCCATTTTCTCAAG  

cytK Bacillus cereus F AAAGGTATTGGTGGCAGCTT 565 

R CTGAAGCCATCTTTAGGTGC  
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TABLE 2. Different concentrations of lysozyme and propolis tested to determine the antimicrobial activity 

Lysozyme (L) Propolis (P) 

L1 1% P1 0.5% 

L2 0.1% P2 1% 

L3 0.01% P3 1.5% 

L4 0.001% P4 2% 

 

TABLE 3. Samples Key for the antimicrobial experiment of Lysozyme and Propolis against some pathogens in rice 

pudding 

n= Microbial inoculum Fortification 

1  

E. coli 

(12× 10^6 CFU/mL) 

L2 (0.1%) 

2 P3 (1.5%) 

3 Control (without fortification) 

4  

S. aureus 

(9× 10^6 CFU/mL) 

L2 (0.1%) 

5 P3 (1.5%) 

6 Control (without fortification) 

7  

B. cereus 

(5× 10^6 CFU/mL) 

L2 (0.1%) 

8 P3 (1.5%) 

9 Control (without fortification) 

10 Without inoculation with pathogens to be used for sensory 

evaluation. 

L2 (0.1%) 

11 P3 (1.5%) 

12 Control (without fortification) 

 
TABLE 4. Isolation and Toxigenic Confirmation Rates of E. coli, S. aureus, and B. cereus Recovered from Dairy 

Desserts 

Bacteria Presumptive (%) Biochemical 

Confirmed (%) 

PCR Confirmed 

(%) 

Toxigenic (% of PCR-

confirmed) 

Escherichia coli 9% 9% 9% 100% 

Staphylococcus 

aureus 

15% 15% 15% 20% 

Bacillus cereus 22% 22% 16% 100% 

 

TABLE 5. Minimum inhibitory concentration (MIC) of Lysozyme (L) and Propolis (P) against the tested isolates. 

Tested strains 
Inhibition Zone Diameter (cm) 

L1 L2 L3 L4 P1 P2 P3 P4 

E.coli 2.1 

(ES) 

1.8 

(VS) 

1.5 

(VS) 

0.9 

(S) 

0.0 0.8 

(S) 

1.4 

(S) 

1.6 

(VS) 

B.cereus 2.1 

(ES) 

1.5 

(VS) 

1.2 

(S) 

0.3 0.0 0.6 1.1 

(S) 

1.3 

(S) 

S.aureus 1.1 

(S) 

0.9 

(S) 

0.9 

(S) 

0.0 0.0 0.5 0.9 

(S) 

0.9 

(S) 

* Values in table are averages of three triplicates. 

(S) Sensitive (+) for total diameter 9–14 mm. 

(VS)Very sensitive (++) for total diameter 15–19 mm. 

(ES) Extremely sensitive (+++) for total diameter ˃20 mm. 
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TABLE 6. Impact of Lysozyme and Propolis on the viability of tested pathogens in inoculated rice pudding during the 

storage (5days). 

Treatment 

Parameter 
L2 P3 Control 

Storage period (zero-day) 

E.coli Count 4×106± 2.6×106a 1.1×107± 1.1×106b 9.3×106± 5.7×105b 

S. aureus Count 9.6×106± 5.7×105a 1.0×107± 5.7×105a 1.1×107± 1.0×106a 

B. cereus Count 7.3×106± 5.7×105a 3.6×106± 1.5×106b 7.7×106± 4.0×105a 

Storage period (1 day) 

E.coli Count 2.6×102± 2.0×102a 6.6×103± 4.7×103a 3.0×104±9.5×103b 

S.aureus Count 3.3×103±2.5×103a 7.0×103±2.6×103ab 1.1×104±3.7×103b 

B.cereus Count 3.6×103±3.7×103a 1.0×104±2.0×103ab 2.0×104± 9.5×103b 

Storage period (2 days) 

E.coli Count 2.0×102± 1.0×102a 1.7×104± 6.6×103a 1.4×105± 4.0×104b 

S.aureus Count 7.6×103± 9.8×103a 1.7×104± 1.5×103a 6.5×104± 2.1×104b 

B.cereus Count 3×103± 2.6×103a 4.8×103± 2.8×103a 5.5×104± 2.2×104b 

Storage period (3 days) 

E.coli Count 3.3×10± 5.7×10a 2.4×103± 5.0×102b 3.4×103± 6.9×102b 

S.aureus Count 2.6×102± 2.0×102a 1.6×103± 1.1×103ab 4.3×104± 7.2×103b 

B.cereus Count 5×103± 4×103a 1.6×104± 3.5×103a 3.6×104± 5.7×103b 

Storage period (4 days) 

E.coli Count < 3a 1.0×103± 4.6×102a 1.0×104± 1.1×103b 

S.aureus Count 1.6×102± 5.7×10a 1.5×103± 6.4×102a 1.5×104± 2.7×103b 

B.cereus Count 5.6×103± 5.7×102a 6.6×103± 2.3×103a 3.5×104± 5.0×103b 

Storage period (5 days) 

E.coli Count < 3a 3.6×102± 1.5×102a 6.3×103± 5.7×102b 

S.aureus Count 3.3×10± 5.7×10a 1.2×103± 2.3×102b 2.7×104± 5.7×102c 

B.cereus Count 6.6×103± 2.0×103a 7.3×103± 2.3×103a 2.2×105± 1.5×104b 

* Values equal mean ± standard deviation. 

* For each storage period: Overall mean values with different superscript letters differ significantly (p< 0.05) in the same row. 

 

TABLE 7. Grading of the produced rice pudding samples based on sensory parameters at different storage periods. 

Storage period Sample Color (9) Odor (9) Taste (9) Texture (9) 

 

Zero-day storage 

L2 9±0a 9±0a 9±0a 9±0a 

P3 3.7±0.5b 5.6±0.5b 7.3±0.5b 5.3±0.5b 

Control 9±0a 9±0a 9±0a 9±0a 

 

After 1 day storage 

L2 9±0a 9±0a 9±0a 9±0a 

P3 3.7±0.5b 5.6±0.5b 7.3±0.5b 5.3±0.5b 

Control 9±0a 8.3±0.5a 9±0a 9±0a 

 

After 2 days  storage 

L2 9±0a 9±0a 9±0a 9±0a 

P3 3.3±0.5b 5.3±0.5b 6±1b 5.3±0.5b 

Control 8.6±0.5a 8.3±0.5a 8.6±0.5a 8.3±0.5a 

 

After 3 days storage 

L2 9±0a 8.3±0.5a 8.6±0.5a 9±0a 

P3 3±1b 4.6±0.5b 5.3±0.5b 5±0b 

Control 8±0a 7.3±0.5a 8.3±0.5a 8±1a 

After 4 days  storage L2 8.6±0.5a 7.6±0.5a 7.6±0.5a 8.3±0.5a 

P3 2.6±0.5b 4.6±0.5b 4±0b 4.3±0.5b 

Control 7.3±0.5a 7±0a 6.6±0.5a 7±1a 

After 5 days  storage L2 8±0a 7±0a 7±0a 7±0a 

P3 2±0b 3.6±0.5b 3.3±0.5b 4±0b 

Control 6.3±0.5c 5.6±0.5c 5.6±0.5c 6.3±0.5a 

* Values equal mean ± standard deviation. 

*Value nine in the scale means the highest score, while value one means the lowest score. 

* For each storage period: Overall mean values with different superscript letters differ significantly (p< 0.05) in the same 

column. 

 

References 

1. Sotohy, S. A., Abdel Naby, S., Sayed, H. F. and Ewida, 

R. M. Microbiological Quality Assessment of Dairy 

Desserts Sold in New Valley Governorate. New Valley 

Veterinary Journal, 2(1), 28–35 (2022).  

2. Quigley, L., O’Sullivan, O., Stanton, C., Beresford, 

T. P., Ross, R. P., Fitzgerald, G. F. and Cotter, P. D. 

The complex microbiota of raw milk: key factors, 

sources, and technological relevance. FEMS 

Microbiology Reviews, 37(5), 664–698 (2013).  

3. Eltokhy, H. E., Abdelsamei, H. and El-Barbary, H. N. 

Prevalence of some pathogenic bacteria in dairy 

products in Qalubiya Governorate, Egypt. Benha 

Veterinary Medical Journal, 41(2), 102–109 (2021).  



 MOHAMED SHERIF  et al. 

Egypt. J. Vet. Sci.  

10 

4. Feng, P., Weagant, S. D., Grant, M. A. and Burkhardt, 

W. Enumeration of Escherichia coli and the coliform 

bacteria. In U.S. Food and Drug Administration (Ed.), 

Bacteriological Analytical Manual (Chapter 4, pp. 1–

17). Silver Spring, MD, USA: U.S. FDA (2020). 

5. Le Loir, Y., Baron, F. and Gautier, M. 

Staphylococcus aureus and food poisoning. Genetics 

and Molecular  

Research, 2(1), 7–28 (2003). 

6. Argudín, M. Á., Mendoza, M. C. and Rodicio, M. R. 

Food poisoning and Staphylococcus aureus 

enterotoxins. Toxins, 2(7), 1751–1773 (2010). 

7. Hennekinne, J. A., De Buyser, M. L. and Dragacci, S. 

Staphylococcus aureus and its food poisoning toxins. 

FEMS Microbiology Reviews, 36(4), 815–836 (2012).  

8. Ehling-Schulz, M., Fricker, M. and Scherer, S. Bacillus 

cereus, the causative agent of an emetic type of 

food-borne illness. Molecular Nutrition & Food 

Research, 48(7), 479–487 (2004).  

9. Koike, H., Kanda, M., Monma, C., Yoshikawa, S., 

Hayashi, H., Matsushima, Y., Ohba, Y., Hayashi, M., 

Furuta, N., Okada, W., Nagano, C., Yokoyama, K., 

Yokoyama, T. and Sasamoto, T. Development of a 

simple screening method for analyzing cereulide toxin 

in fried rice using liquid chromatography-tandem mass 

spectrometry. Forensic Toxicology, 42(2), 163–171 

(2024). https://doi.org/10.1007/s11419-024-00683-3 

10. Lisboa, H. M., Pasquali, M. B., dos Anjos, A. I., 

Sarinho, A. M., de Melo, E. D., Andrade, R., Batista, 

L., Lima, J., Diniz, Y. and Barros, A. Innovative and 

sustainable food preservation techniques: Enhancing 

food quality, safety, and environmental sustainability. 

Sustainability, 16(18), Article 8223 (2024). 

11. Gyawali, R. and Ibrahim, S. A. Natural products as 

antimicrobial agents. Food Control, 46, 412–429 

(2014). https://doi.org/10.1016/j.foodcont.2014.05.047 

12. Arslan, S., Eyi, A. and Yilmaz, A. Lysozyme 

applications in food preservation. Food Control, 139, 

109045 (2022). 

13. Soutelino, M. E. M., Silva, A. C. d. O. and Rocha, 

R. d. S. Natural antimicrobials in dairy products: 

benefits, challenges, and future trends. Antibiotics, 

13(5), Article 415 (2024), in particular section on 

lysozyme applications (pp. 7–9).  

14. Silici, S. and Kutluca, S. Chemical composition and 

antibacterial activity of propolis collected by three 

different races of honeybees in the same region. 

Journal of Ethnopharmacology, 99(1), 69–73 (2005).  

15. Przybyłek, I. and Karpiński, T. M. Antibacterial 

properties of propolis. Molecules, 24(11), 2047 (2019).  

16. ISO 16649-2:2001/Amd 1:2017. Microbiology of the 

food chain – Horizontal method for the enumeration of 

β-glucuronidase-positive Escherichia coli – Part 2: 

Colony-count technique at 44°C using 5-bromo-4-

chloro-3-indolyl β-D-glucuronide. International 

Organization for Standardization, Geneva, Switzerland. 

17. ISO 6888-1:2021. Microbiology of the food chain – 

Horizontal method for the enumeration of coagulase-

positive staphylococci (Staphylococcus aureus and 

other species) – Part 1: Technique using Baird-Parker 

agar medium. International Organization for 

Standardization, Geneva, Switzerland. 

18. ISO 7932:2004/Amd 1:2020. Microbiology of food and 

animal feeding stuffs – Horizontal method for the 

enumeration of presumptive Bacillus cereus – Colony-

count technique at 30°C. International Organization for 

Standardization, Geneva, Switzerland. 

19. Oxoid Ltd. (2021). Microbact™ GNB 12E 

Identification System – Product Insert & Instructions 

for Use. Thermo Fisher Scientific, Basingstoke, UK. 

20. Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular 

Cloning: A Laboratory Manual (2nd ed.). Cold Spring 

Harbor, NY: Cold Spring Harbor Laboratory Press 

(1989). 

21. Takara Bio Inc. (2020). EmeraldAmp® GT PCR 

Master Mix – Code No. RR310A: Protocol Handbook. 

Takara Bio, Shiga, Japan. 

22. Bisi-Johnson, M. A., Obi, C. L., Vasaikar, S. D., Baba, 

K. A. and Hattori, T. Molecular basis of virulence in 

clinical isolates of Escherichia coli and Salmonella 

species from a tertiary hospital in the Eastern Cape, 

South Africa. Gut Pathogens, 3(1), Article 9 (2011).  

23. Dipineto, L., Santaniello, A., Fontanella, M., Lagos, 

K., Fioretti, A. and Menna, L. F. Presence of Shiga 

toxin-producing Escherichia coli O157:H7 in living 

layer hens. Letters in Applied Microbiology, 43(3), 

293–295 (2006).  

24. Brakstad, O. G., Aasbakk, K. and Maeland, J. A. 

Detection of Staphylococcus aureus by polymerase 

chain reaction amplification of the nuc gene. Journal of 

Clinical Microbiology, 30(7), 1654–1660 (1992).  

25. Monday, S. R. and Bohach, G. A. Use of multiplex 

PCR to detect classical and newly described pyrogenic 

toxin genes in Staphylococcus aureus isolates. Journal 

of Clinical Microbiology, 37(10), 3411–3414 (1999).  

26. 26. Johnson, W. M., Tyler, S. D., Ewan, P., Ashton, 

F. E., Pollard, D. R. and Rozee, K. R. Detection of 

genes for enterotoxins, exfoliative toxins, and toxic 

shock syndrome toxin 1 in Staphylococcus aureus by 

polymerase chain reaction. Journal of Clinical 

Microbiology, 29(3), 426–430 (1991).  

27. Ehling-Schulz, M., Guinebretière, M.-H., Monthán, A., 

Berge, O., Fricker, M. and Svensson, B. Toxin gene 

profiling of enterotoxic and emetic Bacillus cereus. 

FEMS Microbiology Letters, 260(2), 232–240 (2006). 

28. Das, S., Lalitha, K. V. and Thampuran, N. Isolation 

and molecular characterisation of atypical 

enterotoxigenic Bacillus cereus with negative Voges–

Proskauer reaction from Indian white shrimp 

Fenneropenaeus indicus (H. Milne Edwards, 1837). 

Indian Journal of Fisheries, 60(4), 113–117 (2013). 

29. Balouiri, M., Sadiki, M. and Ibnsouda, S. K. Methods 

for in vitro evaluating antimicrobial activity: a review. 

Journal of Pharmaceutical Analysis, 6(2), 71–79 

(2016).  

30. Meilgaard, M. C., Civille, G. V. and Carr, B. T. Sensory 

Evaluation Techniques (3rd ed.). CRC Press, Boca 

Raton, USA (2006). 



EVALUATION OF LYSOZYME AND PROPOLIS AS NATURAL ANTIMICROBIALS AGAINST FOODBORNE … 

Egypt. J. Vet. Sci.  

11 

31. Abushaala, M. M., Nazem, A. M., Ahmed, A. A. and 

Amer, A. A. Prevalence of verotoxigenic Escherichia 

coli in locally manufactured dairy products in 

Alexandria City, Egypt. Alexandria Journal of 

Veterinary Sciences, 73(1), 61–67 (2022).  

32. Sobeih, A.M.K., El-Bagory, A.R., El-Diasty, E.M. and 

Orabi, A. Antibiotic resistant shiga toxin producing 

Escherichia coli isolates from milk and milk products. 

J. Hellenic. Vet. Med. Soc., 74(1),1-12(2023). 

33. Saad, T., El Henawy, P. and Abdel-Hameed, K. G. 

Public health hazard of Staphylococcus aureus isolated 

from raw milk and ice cream in Qena Governorate, 

Egypt. Assiut Veterinary Medical Journal,  55(121), 

191–200 (2023). 

34. Zhang, J., Wang, J., Jin, J., Li, X., Zhang, H., Shi, X. 

and Zhao, C. Prevalence, antimicrobial resistance, and 

enterotoxin genes of Staphylococcus aureus isolated 

from milk and dairy products worldwide: A systematic 

review and meta-analysis. Food Research 

International, 162, 111969 . (2022). 

35. Elgushi, A. M., Elbarbary, H. A., Mohammed, H. A. 

and El-Masry, D. M. A. Prevalence of Bacillus cereus 

in milk and some milk products in Egypt. Benha 

Veterinary Medical Journal, 45(1), 118–123 (2023).  

36. El-Haw, S. I., Homouda, S. N. and Abd El-Tawab, A. 

A. Prevalence and bacteriological investigation of 

Bacillus cereus isolated from meat and milk products 

in El-Gharbia Governorate, Egypt. Benha Veterinary 

Medical Journal, 46, 125–129. (2024). 

37. Khorshidian, N., Khanniri, E., Koushki, M. R., 

Sohrabvandi, S. and Yousefi, M. An overview of 

antimicrobial activity of lysozyme and its functionality 

in cheese. Frontiers in Nutrition, 9,618 (2022). 

38. Benkerroum, N. Antimicrobial activity of lysozyme 

with special relevance to milk. African Journal of 

Biotechnology, 7(25), 4856–4867 (2008).  

39. Ugur, A. and Arslan, T. An in vitro study on 

antimicrobial activity of propolis from Muğla Province 

of Turkey. Journal of Medicinal Food, 7(1), 90–94 

(2004).  

40. El-Sakhawy, M., Salama, A. and Mohamed, S. A. 

Recent developments and innovative applications of 

propolis in the food industry: a natural preservative 

from honeybee waste. Food Packaging and Shelf Life, 

34, 100466.(2024). 

تقيين اللايسوزاين والبروبوليس كوضادات هيكروبية طبيعية ضذ الوورضات 

 يةالونقولة بالغذاء والوعسولة هن الحلويات اللبن

 3آلاء أحوذ الجبليو  2آية بذوى عبذالسلام ، 1أحوذ عرابي  ، 1محمد شريف 

 .يصش ،انقاْشةجايعت  ،كهٛت انطب انبٛطش٘ ،انًٛكشٔبٕٛنٕجٛاقسى  1
 كهٛت انطب انبٛطش٘، جايعت انقاْشة، يصش. ،انشقابت انصحٛت عهٗ الأغزٚتقسى  2
 يصش. ،بقٛاث انًبٛذاث ٔ انعُاصش انثقٛهت فٙ الأغزٚتانًعًم انًشكضٖ نخحهٛم يخ ،انًٛكشٔبٕٛنٕجٛاقسى  3

 

 :الولخص

أدٖ انطهب انًخضاٚذ عهٗ انًٕاد انحافظت انطبٛعٛت إنٗ حٕجّ يخُاوٍ َحٕ اسخخذاو يضاداث يٛكشٔبٛت حٕٛٚت فٙ صُاعت 

 ضذ الأغزٚت. ْذفج ْزِ انذساست إنٗ حقٛٛى انُشاط انًضاد نهًٛكشٔباث نكم يٍ انلاٚضٔصاٚى ٔانبشٔبٕنٛس

Escherichia coli ٔStaphylococcus aureus ٔBacillus cereus   انًعضٔنت يٍ انحهٕٚاث انهبُٛت. حى ححهٛم عذد

عُٛت )أسص بانهبٍ، آٚس كشٚى، كشٚى كشايٛم، يٓهبٛت، ٔحشٛض كٛك( نهكشف عٍ ٔجٕد ْزِ انًًشضاث. ٔقذ حًج عًهٛت  111

، بًا فٙ رنك انكشف عٍ جُٛاث PCR خحهٛم انبٕٛكًٛٛائٙ، ٔانخأكٛذ بخقُٛتانعضل ٔانخعشف باسخخذاو الأٔساط الاَخقائٛت، ٔان

% 1.1حى اخخٛاس انلاٚضٔصاٚى بخشكٛض   .phoA, stx1, eaeA, sea, sed, groEL, bceT, cytK :انضشأة يثم

خباسًْا لاحقاً فٙ ، ٔحى اخ(well-diffusion assay) % بُاءً عهٗ َخائج اخخباس الاَخشاس فٙ انحفش1.5ٔانبشٔبٕنٛس بخشكٛض 

أٚاو أٌ انلاٚضٔصاٚى قهم بشكم يهحٕظ يٍ الأعذاد  5يُخج الأسص بانهبٍ. أظٓشث َخائج انعذ انًٛكشٔبٙ خلال فخشة حخضٍٚ نًذة 

انحٛت نجًٛع انًًشضاث، فٙ حٍٛ أظٓش انبشٔبٕنٛس حأثٛشًا يضاداً يخٕسطًا. كًا كشفج َخائج انخقٛٛى انحسٙ أٌ انلاٚضٔصاٚى 

ٕدة انًُخج انًقبٕنت، بًُٛا أثش انبشٔبٕنٛس سهبًا عهٗ انصفاث انحسٛت. حذعى ْزِ انُخائج اسخخذاو انلاٚضٔصاٚى حافع عهٗ ج

 .كًادة حافظت طبٛعٛت آيُت ٔفعانت فٙ انحهٕٚاث انهبُٛت

 .ٔبٕنٛس، لاٚضٔصاٚى، بش(PCR) يضاداث يٛكشٔبٛت، جُٛاث انضشأة، حفاعم انبٕنًٛٛشاص انًخسهسم :الكلوات الوفتاحية


