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Abstract  

TAPHYLOCOCCUS is one of the major causes of human infection that normally presents on 

mucous membranes and skin but can become pathogenic under some conditions and cause 

bacteremia, cellulitis, sepsis, urinary tract infection (UTI), and pneumonia. Staphylococcus aureus (S. 

aureus) is considered the most dangerous species, as it shows different mechanisms of pathogenicity. 

The severity of diseases that it causes is due to the production of several putative virulence factors 

and possession of antibiotic resistance genes such as mecA, vanA, staphylococcal exotoxins, and 

other factors that facilitate the initiation of disease process, immune evasion, and host tissue 

destruction. It is a highly adaptable bacterium that develops resistance to the majority of antibiotics on 

the market. Drug resistance in S. aureus has gradually risen over the last few decades as the pathogen 

has evolved and antibiotics have been abused. The emergence of antimicrobial resistance in S. aureus 

posed a major veterinary and public challenge worldwide. S. aureus being a highly versatile 

pathogen, can quickly acquire resistance genes. The development of resistance in bacteria predates 

the era of antibiotic use. This review aims to highlight - AMR S. aureus, its prevalence, ecology, and 

antimicrobial resistance and, to explore recently effective prevention and control strategies to mitigate 

its impact on public health. 
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Introduction  

S. aureus is a versatile bacterium distributed 

everywhere and highly adaptable within the host. It 

colonizes the skin and mucous membrane of different 

body parts like, gastrointestinal tract (GIT), 

perineum, pharynx and anterior nares [1]. It has a 

considerable influence on public health as it can 

cause several infectious diseases in humans [2]. The 

potency of S. aureus relies on its ability to produce 

plenty of highly virulent factors like the production 

of staphylococcal enterotoxins (SES) and other 

factors that initiate the disease, hiding the pathogen 

from immunity attack and leading to host cell 

destruction. As well as the emergence of several 

antibiotic-resistant genes like mecA and vanA which 

decrease treatment efficacy [3]. The deployment of 

staphylococcal infection and the emergence of 

multidrug resistant (MDR) S. aureus are of great 

concern in food quality control and public health [4]. 

It is considered one of the coagulase-positive 

microorganisms (m.os), multidrug - resistant, can 

produce heat-stable enterotoxins (SEs), and has the 

ability to cause cross-contamination on food 

processing utilities, basically through surfaces that 

come in contact with foods and food handlers [5]. 

Contamination of S. aureus has been recognized as 

one of the leading causative agents of diverse severe 

clinical infections in humans of account to their high 

incidence as food-borne illness outbreaks worldwide 

[6]. Nowadays, the deployment of antibiotic-resistant 

pathogens has increased, and the availability of new 

antibiotic drugs has decreased, posing a great 

challenge to public health. However, the use of 

antibiotics in farm animals is significant and has 

been discussed for selecting resistant microorganism 

, with the animals acting as reservoirs for resistant 

pathogens and having the ability to transmit them 

through consumption and food products [7]. Lately, 

S. aureus has been reported to be the 2nd worldwide 

pathogen that is responsible for antimicrobial 
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resistant (AMR)-associated deaths, with methicillin-

resistant S. aureus (MRSA) alone causing over 

100,000 mortalities ascribed to AMR in 2019 [8]. 

MRSA are the main human pathogens that exhibit 

greater virulence and resistance to different 

antibiotics. Causing numerous infections, from mild 

to fatal conditions [9].   

Reservoir and staphylococcus transmission 

Human nostrils are considered the greatest 

reservoir for S. aureus [10], followed by 

milking animals’ skin, mucus membrane and 

udder which are considered as essential 

reservoirs[11]. The infected animals excrete 

bacteria in their milk and it can be also 

transmitted by insects, utensils, or handlers’ 

coming in contact with the contaminated milk, 

other environmental transmission routes are less 

frequent [12]. S. aureus can survive in the 

environment but to ensure its survival, it needs 

animal colonization [13]. Infectious strains of 

staphylococcus genus usually transmit through 

the community, hospital and animals as bacteria 

can be transmitted easily between humans and 

animals especially in farm environments [14]. It 

can contaminate milk, milking utensils, and 

finally, processing plants and dairy products, as 

it was known it has a great ability to form 

biofilms which help in its resistance to 

antimicrobials and protection from sanitizers 

[15]. Foods - produced from raw milk, in 

particular, are of great importance considering 

that Staphylococcus spp. are most commonly 

identified as mastitis-causing microorganisms 

[16]. As in Egypt, populations usually consume 

raw milk and dairy products like raw milk 

cheese, laban rayed, and yoghurt. Which may 

be manufactured, handled, and stored under 

unhygienic practices [17]. Furthermore, foods 

that come from animal origin can be a cause of 

staphylococcal food poisoning via secreting 

SEs [18] when a high number of S. aureus cells 

are found in the food. The toxins are 

thermostable and, once produced could persist 

in heated or fermented foods, whereas viable 

cells decline in number, reaching undetectable 

levels [19]. During the production chain, 

contamination of dairy products with MRSA 

could be incriminated by animal, human, and 

environmental sources [20]. 

Associated infections in animals and human  

In animals:  

S. aureus is one of the most prevalent 

pathogens in veterinary medicine, and it can be 

considered  a major cause of mastitis in dairy 

animals [21]. It can also cause different 

diseases, that vary in severity from small 

abscesses to clinical and sub-clinical mastitis as 

a contagious pathogen and may lead to chronic 

infection which can’t be cured easily [22]. 

Infection of mammary gland with S. aureus is 

still a pressing issue for the dairy industry all 

over the world because of its pathogenicity, 

persistence in cow environment, colonization 

on skin or mucosal epithelial tissue, 

contagiousness, and limited therapeutic efficacy 

of many applied antimicrobials agent [23]. 

Misuse and haphazard use of these antibiotics 

may end with presence of antibiotics residues 

which in turn lead to development of drug-

resistant bacteria and lead to treatment failure 

[24]. Misuse of antibiotics and roughly handled 

animals can lead to infection with - plenty of 

pathogenic microorganisms as S. aureus [25]. 

In humans 

S. aureus is one of the significant pathogens 

that triggers a variety of diseases in humans 

including, pneumonia, endocarditis, and 

bacteraemia [26]. As well as cellulitis, impetigo, 

abscess, folliculitis, and highly contagious skin 

infection [27]. On the other hand, other diseases 

can be induced by staphylococcal toxins that are 

secreted by many strains of pathogenic S. aureus 

as toxic shock syndrome, Staphylococcal food 

poisoning (SFP), and scalded skin syndrome 

[28]. Eating food contaminated with SEs, leads 

to SFP, which appear as nausea, abdominal 

cramps and vomiting within 2-8 h. [29]. Toxins 

of S. aureus may also result in a syndrome called 

toxic shock syndrome which is characterized by 

rash, fever, life threatening low blood pressure, 

and finally failure of many organs [27]. More 

than 24 genes are responsible for S. aureus 

enterotoxicity for instance, (SEA, SEI, SEE, 

SEG and SEIZ). Recently new genes of SEs are 

discovered as sel26 and sel33 [30]. According to 

the International Nomenclature Committee for 

Staphylococcal Superantigens (INCSS), 

Staphylococcus strains to be classified as SEs 

producing, their toxin should exhibit emetic 

toxicity. And other toxins that are not related to 

emetic activity are named staphylococcal 

enterotoxin-like [31]. Although the latest 

researches revealed that the SEs considered as 

enterotoxins, depending on their molecular 

structure, they do not demonstrate any emetic 

potential in primates as recommended by the 

INCSS [32]. Contamination of food with 

staphylococcal toxins poses a risk to consumer 

due to its stability at high temperatures and wide 

range of pH 4–7.4 [33]. The infective dose of S. 

aureus to reach a level of foodborne toxicity and 

cause disease is 10
5
–10

6
 CFU/g [34]. 

Pathogenicity and effects on response to treatment 

S. aureus to infect humans and animals 

needs virulence factors that help it to hide from 

the immune system, attach to the host cells and 
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harm it [35]. So, plenty of virulence factors are 

secreted by S. aureus. Adherence and exotoxins 

are the primary virulence factors [36]. Infection 

caused by S. aureus needs more than one 

virulence factor, except in the case of toxic 

shock syndrome [37]. S. aureus has an 

important method to maintain its infection by 

producing biofilms [38]. Biofilms are a case of 

a matrix made from proteins, polysaccharides 

and extracellular DNA that encloses 

communities of bacteria and protect them from 

phagocytic cells. Biofilms are produced by 

three main steps: attachment, proliferation, and 

separation [39]. For pathogenesis, S. aureus can 

hide from the host immune system by the 

peptidoglycan layer, which decreases 

opsonisation so the pathogen can escape from 

the phagocytic cell [40]. S. aureus colonizes 

host cells efficiently due to its secretion of 

adherence materials, which help it interface 

with host cells [41]. Also, it has elaborated 

strategies to counter antimicrobial peptides and 

the complement system [42]. Toxins, proteins 

of the cell surface, enzymes, and adherence 

proteins of S. aureus help it to hinder innate 

immunity and the efficacy of drugs, which 

increases the ability of this microbe to cause 

infection [43]. 

Antimicrobial resistant S. aureus 

Antibiotic resistance is a natural 

phenomenon that predates the use of antibiotics 

in human and veterinary medicine, as well as in 

agricultural practices [44]. It has become a 

significant dangerous issue for public health 

worldwide [45]. The criticality of 

Staphylococcus strains did not depend only on 

its epidemiological and clinical importance but 

also on their ability to overcome the efficacy of 

antibiotics [46]. Thus, S. aureus is considered 

an infamous microbe due to its ability to resist a 

wide range of antibiotics and the development 

of MDR worldwide [47]. The first antibiotic 

resistant S. aureus strain was discovered in 

mid-1940, and it resisted penicillin by 

producing a penicillinase enzyme that 

hydrolysed penicillin [48]. After this time, 

methicillin was introduced as a treatment of 

penicillin resistant S. aureus, and then the 

resistance against methicillin was discovered 

within a year of using it as a drug of choice 

against S. aureus infection [47]. After the 

failure of penicillin and methicillin to cure S. 

aureus infection, plenty of antibiotics were 

used, but S. aureus unfortunately resists these 

antibiotics too [49]. Increased usage of 

vancomycin against MRSA infections led to 

emergence of vancomycin resistant S. aureus 

[50]. Resistance of S. aureus to vancomycin 

highly increased producing vancomycin 

resistant S. aureus (VRSA); its resistance may 

be due to acquired transposon Tn1546 [51]. It is 

worth mentioning that S. aureus can tolerate 

antibiotics by several mechanisms, like 

modification of some proteins, upregulation of 

drugs outflow, this resulted in trying to find 

new treatment modalities. On the other hand, 

recent studies found an interesting phenomenon 

called cross-protection, where exposure of m.o. 

to abiotic stressors, during different product 

processing such as cold temperatures, acidity, 

or osmotic extremes, induces resistance to 

commonly used antibiotics [52]. Over the last 4 

decades, the research suggested that AMR in 

east Africa is related to human-animal contact 

as they use a high level of antibiotics in small 

production systems, ignoring the withdrawal 

time from recently treated animals that are used 

for human consumption of milk and meat 

products. This account is one of the major 

reasons for treatment failure of infectious 

diseases [53]. Although global production has 

been rapidly growing and has moved 

increasingly, over using or abusive usage of 

antimicrobial agents as an integral part of 

production may lead to the risk of presence of 

antibiotic residues in foods. When humans 

consume it, the antibiotic residues will 

accumulate in the body and may cause 

numerous side effects, such as transfer of 

antibiotic-resistant bacteria to humans, 

reproductive disorders, allergy, bone marrow 

toxicity, hepatotoxicity, and kidney failure [54]. 

The emergence of resistant bacteria in food 

leads to the use of antimicrobials in the food 

processing chain, indicating that these bacteria 

can contaminate food, humans, and animals and 

pass their genes to other bacteria. MRSA strains 

pop up as one of antimicrobial resistant 

bacteria. It’s endemic in many hospitals 

worldwide and identified in food- producing 

animals and people in contact with them [55]. 

In the last few decades, multidrug resistant 

staphylococci, especially MRSA, have shown 

their ability for zoonotic transmission, and their 

deployment has increased dramatically due to 

bacterial adaptation, evolution, and antibiotic 

overuse for therapy or prophylaxis [56]. Its 

morbidity rate is one hundred times that of 

tuberculosis (TB), while its mortality rate is 

more than that of HIV-AIDS [57]. The 

vulnerability of MRSA to antimicrobial 

variables depends on its source, whether animal 

or human source, and usually the isolated 

MRSA strains are MDR. For instance, in a 

study done by scientists found that all isolated 

MRSA strains were resistant to 6-11 

antimicrobials, unveiling a variable rate of 

resistance to cefoxitin, amoxicillin, tetracycline 

and enrofloxacin. While all isolates were 
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susceptible to gentamicin, vancomycin, and 

tobramycin [58]. Although MRSA is prevented 

from entering food chain by the pasteurization 

of milk, its fate in dairy products from fresh 

milk is unknown [20]. MDR S. aureus strains, 

especially MRSA are related to the containing 

of a DNA fragment called Staphylococcal 

Cassette Chromosome mec (SCCmec), which 

carries the mecA gene responsible for encoding 

a protein called Penicillin Binding Protein 2A 

(PBP2A) that has low affinity to the β-lactam 

ring. The synthesis of this protein allows 

bacteria that carry SCCmec to build the 

bacterial cell wall even in the presence of β-

lactams antibiotics, granting resistance to most 

antimicrobials in this group [59]. Thirteen 

different types of SCCmec have been 

discovered, and mecC (a mecA homolog), has 

also been found to confer resistance to 

penicillinase-resistant penicillin [60]. The 

SCCmec element carries genes that control mec 

gene expression (mecR1 and MecI [encoding 

MecI-repressor protein]) and acts as a carrier 

for the exchange of genetic information 

among Staphylococcus strains [61]. It can resist 

the tetracycline group by several mechanisms 

that provide tetracycline resistance. Due to the 

tetM gene, which develops ribosomal 

protection because tetracycline is a 

bacteriostatic compound that binds to 30S 

ribosomal subunits and blocks protein 

production [62]. MRSA and VRSA are 

debilitating bacteria that cause a high 

percentage of deaths globally and for which 

there are no effective treatment options. They 

considered MDR bacteria that resist too many 

types of available antibiotics. Lately, VRSA 

strains increased in Africa and Asia, resistance 

mostly caused by vanA and SCCmec II. Control 

of MRSA is very important to prevent the 

emergence of more VRSA strains [63]. 

S. aureus isolation techniques 

The gold standard isolation technique is 

culture based method due to its efficacy and 

sensitivity, but it needs a long time for 

judgement which limits its usage in food 

industry [64]. Plate culture techniques for 

isolation and identification, Gram staining, and 

biochemical tests as (urease, methyl red, 

catalase, coagulase, and citrate and sugar 

fermentation) and non-selective pre-enrichment 

were used for Staphylococcus species 

identification, and they took several days for 

analysis [65]. Then, further identification with 

immunological methods and molecular 

techniques. For instance, plate culture can be 

done by using 10 ml of milk or 10 grams from 

dairy products, placed with 90 ml of tryptic 

soya broth (TSB) and 6.5% NaCl in a 

stomacher bag, then homogenized for 2 minutes 

then in the same broth we made ten-fold serial 

dilution. 1 ml from each dilution was poured in 

Baird- Parker (BPA) media supplemented with 

egg yolk tellurite. Plated 1 ml of milk on BPA 

media to detect less than 10 CFU per g or ml of 

sample. Other milk products should be enriched 

for 24 h at 35°C and, then take one loopful of 

the enriched culture and incubated aerobically 

at 35 °C for 24-48 h [20]. It is worth 

mentioning that, the most widely molecular 

method used in detecting S. aureus is 

polymerase chain reaction (PCR) by 

amplification of nuc gene, the coagulase gene a 

500- to 650-bp fragment of the coa gene and a 

416-bp fragment of the nuclease (nuc) gene 

were amplified [66] or 16 s rRNA. Also used 

for detection of AMR genes by using specific 

primers associated with antimicrobial 

resistance. PCR is considered the gold- standard 

technique to detect methicillin resistant gene as 

mecA and other resistant genes like ermC, blaZ, 

ermA, vanA, and tetM [67]. An attractive 

method instead of this traditional one is 

molecular methods as real -time PCR (RT-

PCR) that is used in quantitative gene detection. 

For example, using RT-PCR in the detection of 

different resistant genes such as (mecA, vanB, 

and ermB) and virulence genes that belong to 

resistant species like staphylococcus [68].Many 

techniques are developed like clustered 

regularly interspaced short palindromic repeats 

(CRISPR)--based diagnostics and loop-

mediated isothermal amplification (LAMP) to 

test MRSA in food, and these techniques are 

promising for more accurate and short time 

results [69]. Plenty of methods are used to 

identify AMR in Staphylococcus species 

phenotypically such as agar disc diffusion and 

broth micro-dilution methods; they are the most 

used techniques to detect AMR strains isolated 

from food. The MALDI- TOF-MS method can 

be used to detect AMR bacteria as, extended-

spectrum β-lactamases [70]. Recently, 

antibiotic susceptibility tests can be replaced by 

developed biosensors. For example, resistance 

to vancomycin, methicillin, ampicillin, and 

erythromycin can be accessed by gauging the 

impedance produced by S. aureus cultured on 

plastic microchips [71]. Biosensors used in 

many fields now as those used in detection of 

toxins, m.os, and AMR genes due to their short 

time analysis, specificity, and ease of use. They 

are composed of 2 main components: a 

biological element that interacts with the target 

of interest, and a transducer that produces a 

measurable signal from this bio-recognition. 

There are types of transducer (optical, piezo-

electrical, and electrochemical) and different 

bio-receptor as (antibodies and DNA probes, 
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enzymes etc...) [72]. Using biosensors to detect 

AMR genes needs DNA to be extracted first 

before application of biosensors. Gene’s 

detection by biosensors takes less than 2h for 

hybridization between the DNA probe and the 

target gene. The mecA gene for example, can be 

detected within 1 h by using ssDNA probes 

Mounted on N-doped porous carbon materials 

within the limit of 3.6 FM [73]. S. aureus in 

milk and infant formula can be seen by the 

naked eye using colorimetric biosensors 

developed by some scientists,  and this 

technique combines specific aptamers that bind 

S. aureus cells with gold nanoparticles, and the 

phenomenon of localized surface plasmon 

resonance. When conditions are optimized, S. 

aureus can be seen within 30 min., but this is 

limited detection as the detection limit was 8.4 

× 10
4
 CFU/mL in infant formula and 7.5 × 10

4
 

CFU/mL in milk. These biosensors can be used 

to assess the microbiological safety of food in a 

short time through detecting pathogens directly 

in food. Although further optimizations are 

needed to meet end-users compliance [74].  

Prevention and treatment of S. aureus  

Rapid techniques for microbiological 

isolation and analysis are needed for prevention 

of S. aureus and its SEs from food chain. So, 

monitoring programs, prevention techniques, 

GMP and biosecurity with judicious use of 

antibiotics should be executed from farm to 

distribution. Hygienic standards to deal with 

raw food such as milk to prevent contamination 

with S. aureus. On the other hand, consumers 

should have know potential risks and good 

sanitation procedures to prevent contamination 

[75]. It is important to know that antibiotics are 

indispensable in treating bacteria, for instance, 

treatment of MRSA strains is still effective by 

using teicoplanin, and glycopeptide antibiotics. 

As well as new generations of cephalosporins 

as ceftaroline which have broad spectrum 

antibiotic activity to overcome the limitation of 

cefazoline [76]. For these reasons, maximum 

limit of antibiotics residues in foodstuffs might 

be demonstrated to decrease AMR. However, 

detecting antibiotics in foodstuffs is still an 

explicit challenge [77]. Recently, nano-drugs 

have been used as an alternative choice to 

antibiotics to cure MDR, and highly persistent 

S. aureus related to bovine recurrent and 

subclinical mastitis [78]. On the other side, 

alternative techniques to classical antibiotics are 

used to decrease AMR, including 

bacteriophages, which can be used as 

antimicrobial agents [79]. The pros of using 

bacteriophagesthat bacteriophages are very 

specific to their host, auto -replicate, can 

recognize MDR bacteria and lysis it and their 

safety [80]. Probiotics can also be used in 

producing supplements and food products as a 

substitute for antibiotics. However, using it in 

food is more efficient than in supplements 

because food act as a buffering media for 

probiotics and serves as source of nutrient that 

help in efficacy, viability and multiplication of 

probiotics [81]. The most applied M.O used as 

probiotics in industry are lactic acid bacteria 

(LAB) [82]. Recently, many researchers 

reported that moringa oleifera leaf extract 

(MOLE) as an alternative to antibiotics. It 

contains flavonoids, sterols, tannins, and 

tocopherols. So, it has antioxidant activity and 

used as an anti-cancer, anti-carcinogenic, anti-

hypersensitivity and, anti-obesity [83]. MOLE 

has antimicrobial activity as it causes microbial 

protein denaturation and leads to cell wall 

damage of bacteria [83]. Also, it contains 

tannins which inactivate bacterial enzymes 

[84]. As well as alkaloids that inhibit bacterial 

multiplication by stopping enzymes needed for 

DNA replication and cause disruption of cell 

walls by damaging peptidoglycan of bacterial 

cell walls [85]. 

Conclusion 

S. aureus contamination is a great issue 

worldwide. Its prevalence significantly 

increased, especially MRSA strains, which 

resist several types of antibiotics, which 

resulted in treatment failure and it becomes 

persistet in host cells. Its toxins resulted in 

many mild to severe symptoms. To avoid 

staphylococcus contamination and its SEs, strict 

preventive measures are required from farm to 

dairy product processing and storage. Good 

hygienic practice (GHP), good manufacturing 

practice (GMP), and hazard analysis and critical 

control points (HACCP) should be applied to 

provide safe products for consumers. 
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، عزنها، انحشارهاانمكىرات انعنقىدية انذهبية انمقاومة نهمضادات انحيىية: 

 واسحزاجيجيات انىقاية منها

ايمان و محمد عبذانحكيم بيىمي ،صلاح فححي عبذانعال ،*عصمث إبزاهيم انسعيذ ،انعشزينىار  أحمذ

 نبيم عبذانفحاح

 .ِصز، عبِؼخ اٌشلبسَك ،وٍُخ اٌطت اٌجُطزٌ ،صحخ وسلاِخ ورىٕىٌىعُب الأٌجبْ لسُ

 

  انمهخص

اٌّىىراد اٌؼٕمىدَخ هٍ أحذ الأسجبة اٌزئُسُخ ٌٍؼذوي اٌجشزَخ، حُش رزىاعذ ػبدحً ػًٍ الأغشُخ اٌّخبطُخ واٌغٍذ، وٌىٕهب 

زِضخ رحذ ظزوف ِؼُٕخ ورسجت رسُّ اٌذَ، واٌزهبة  ّْ ُِ إٌسُظ اٌخٍىٌ، واٌزؼفٓ، واٌزهبثبد اٌّسبٌه َّىٓ أْ رزحىي إًٌ 

 لاحذاسأوضز الأٔىاع خطىرحً، ٔظزًا لاِزلاوهب آٌُبد ِزٕىػخ  اٌجىٌُخ، والاٌزهبة اٌزئىٌ. ورؼُزجز اٌّىىراد اٌؼٕمىدَخ اٌذهجُخ

 ضبداد اٌحُىَخ. رؼزّذ شذح الأِزاض اٌزٍ رسججهب ػًٍ إٔزبط اٌؼذَذ ِٓ ػىاًِ اٌضزاوح واِزلان عُٕبد ِمبوِخ ٌٍّاٌّزض

   .، ورذُِز أٔسغخ اٌّضُفإٌّبػٍ اٌغهبس ورغٕت، واٌزٍ رسهً ثذء ػٍُّخ اٌّزض، vanA) و (mecA ِضً

رزُّش هذٖ اٌجىزُزَب ثمذرح ػبٌُخ ػًٍ اٌزىُف، حُش طىرد ِمبوِخً ٌغبٌجُخ اٌّضبداد اٌحُىَخ اٌّزبحخ فٍ اٌسىق. ولذ 

ذرَغُبً ػًٍ ِذي اٌؼمىد اٌّبضُخ ِغ رطىر اٌؼبًِ اٌّّزض وإسبءح اسزخذاَ ٌلأدوَخ ر  اٌؼٕمىدَخ اٌّىىراداسدادد ِمبوِخ

ً وجُزاً  اٌؼٕمىدَخ اٌّىىراد اٌّضبداد اٌحُىَخ. َشىً ظهىر ِمبوِخ ِضبداد اٌُّىزوثبد فٍ ً ػبِب ً ثُطزَبً وصحُب رحذَب

زِضخ شذَذح اٌزٕىع، َّىٕهب اوزسبة عُٕبد اٌّ ّْ ُِ   .خمبوِخ ثسزػػًٍ ِسزىي اٌؼبٌُ. ؤظزاً ٌىىٔهب 

، ِٓ حُش أزشبرهب، وثُئزهب،  إًٌ رسٍُظ اٌضىء ػًٍ اٌّىىراد اٌؼٕمىدَخ اٌذهجُخ اٌّمبوِخ ٌٍّضبداد اٌذراسخرهذف هذٖ 

 .وِمبوِزهب ٌٍّضبداد اٌحُىَخ، واسزىشبف اسززارُغُبد اٌىلبَخ واٌّىبفحخ اٌفؼبٌخ حذَضبً ٌزخفُف رأصُزهب ػًٍ اٌصحخ اٌؼبِخ

 .اٌؼٕمىدَخ ثبٌّىىراد اٌغذائٍ اٌزسُّ ، ِمبوِخ اٌّضبداد اٌحُىَخ ،اٌؼٕمىدَخ اٌذهجُخ  اٌّىىراد :انذانة انكهمات
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