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Abstract  

ANOEMULSIONS have emerged as a promising strategy for enhancing the preservation of 

meat products, leveraging their antimicrobial and antioxidant properties. Therefore, the current 

study was planned to evaluate the antibacterial effect of ginger (GNE), thyme (TNE) and lemongrass 

(LNE) oil nanoemulsions (NEs) against Escherichia coli and Staphylococcus aureus strains of meat 

borne isolates by the concentrations of 1.0 and 2.0% for each. For that purpose, fresh minced meat 

samples were inoculated with microorganisms and NEs and were kept in refrigerator for investigating 

the bactericidal effect of the used additives which was recorded as reduction in the bacterial counts. 

Results revealed that the different investigated treatments inhibited E. coli and S. aureus 

multiplication significantly in comparison with control group. Results revealed a direct correlation 

between the additive’s concentration, time of interaction and the bacterial concentration; where, 

higher concentration (2.0%) resulted in greater reductions. Results revealed reduction between 1.6-2.8 

logs for E. coli and 2.1-3.3 logs for S. aureus revealing higher sensitivity of S. aureus to the used 

additives than E. coli; where the maximum reduction was recorded in the LNE 2.0% treated group 

(68.3 and 76.7%, respectively). Furthermore, all of the used NEs had a preservative potential 

appeared through extension of the overall sensory acceptability of the treated samples; so, application 

of essential oil-based nanoemulsion of such traditional herbs is highly recommended for meat 

preservation in refrigerated storage. 
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Introduction 

Beef is a significant source of nutrition and plays an 

essential role in many diets around the world. Its 

nutrient density and high-quality protein make it a 

valuable food choice for various demographics[1]. 

Foodborne bacteria pose significant health 

hazards, leading to a range of illnesses that can vary 

from mild gastrointestinal discomfort to severe, life-

threatening conditions. Foodborne illnesses affect 

millions globally each year, with the World Health 

Organization (WHO) estimating that unsafe food 

causes approximately 600 million cases and 420,000 

deaths annually. Children under five years old are 

particularly vulnerable, accounting for nearly 30% of 

foodborne deaths[2]. 

 The increasing prevalence of foodborne illnesses 

has prompted research into natural antimicrobial 

agents, particularly essential oils. Nanoemulsions, 

which enhance the solubility and bioactivity of these 

oils, have shown promise in combating foodborne 

pathogens [3].  

Nanoemulsions consist of tiny droplets (typically 

less than 100 nm) that improve the bioavailability of 

essential oils. The reduction in droplet size increases 

the surface area, enhancing contact with bacterial 

cells and facilitating penetration through bacterial 

membranes. This mechanism allows for more 

effective disruption of bacterial cell integrity and 

metabolism compared to non-nanoemulsified oils[4]. 

Ginger (Zingiber officinale) has a rich history of 

use in food preservation, dating back thousands of 

years, particularly in Asian cultures. Historically, 
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ginger was utilized not only for its flavor but also for 

its medicinal properties, serving as a remedy for 

ailments such as nausea and digestive issues. Its 

antibacterial qualities made it an effective 

preservative, helping to extend the shelf life of 

various foods. In ancient Rome, ginger was highly 

valued and traded extensively, often being 

incorporated into preserved forms for culinary use. 

By the medieval period, ginger was commonly found 

in Europe, where it was used in sweet confections 

like gingerbread, which were believed to have 

medicinal benefits. Studies have shown that ginger 

paste can effectively inhibit microbial growth in 

perishable foods such as fish, demonstrating its 

potential as a natural preservative that enhances food 

safety while maintaining quality. The active 

compounds in ginger, such as gingerol and shogaol, 

contribute to its antibacterial effects, making it a 

valuable ingredient in both historical and 

contemporary food preservation practices[5]. 

Ginger essential oil has been noted for its 

antimicrobial properties. When formulated into a 

nanoemulsion, its effectiveness against pathogens 

such as Salmonella and E. coli is significantly 

enhanced. Studies indicate that ginger nanoemulsion 

can achieve lower minimum inhibitory 

concentrations (MICs) compared to its non-

nanoemulsified form, making it a potent natural 

preservative in food applications[6]. 

Thyme (Thymus vulgaris) has been historically 

significant in food preservation, particularly due to 

its potent antimicrobial and antioxidant properties. 

Ancient Egyptians utilized thyme for embalming, 

while the Greeks valued it for its aromatic qualities, 

often using it in baths and as incense in temples. Its 

preservation capabilities stem from bioactive 

compounds such as thymol and carvacrol, which 

effectively inhibit microbial growth and lipid 

oxidation, making thyme a popular choice for 

extending the shelf life of meat and seafood 

products. In traditional medicine, thyme was 

recognized not only for its culinary uses but also for 

its therapeutic effects, including its application as an 

antiseptic and antibiotic. The herb's rich composition 

of flavonoids and phenolic acids further enhances its 

role as a natural preservative, providing both flavor 

and health benefits while aligning with modern 

consumer preferences for natural food additives [7].  

Thyme essential oil, particularly its active 

component thymol, has demonstrated strong 

antibacterial activity. Research has been showed that 

thyme nanoemulsion exhibits superior efficacy 

against foodborne pathogens like S. aureus and L. 

monocytogenes. The MIC values for thyme 

nanoemulsion are lower than those for pure thyme 

oil, indicating enhanced antibacterial properties due 

to the nanoencapsulation process. Furthermore, 

thyme nanoemulsion has shown significant 

antiadhesion effects, reducing bacterial adhesion by 

over 67% at sub-inhibitory concentrations[8]. 

In addition, Lemongrass (Cymbopogon citratus) 

has a long history of use in food preservation, 

particularly in Southeast Asian cuisines, where it not 

only enhances flavor but also serves as a natural 

preservative due to its antimicrobial and antioxidant 

properties. Traditionally, lemongrass has been 

employed to inhibit the growth of bacteria and fungi 

in various food products, effectively extending their 

shelf life. The essential oil extracted from 

lemongrass, rich in compounds like citral, has been 

shown to possess significant antibacterial activity 

against common foodborne pathogens, making it an 

effective alternative to synthetic preservatives. In 

addition to its preservative qualities, lemongrass has 

been recognized for its medicinal uses, including its 

application in traditional medicine for digestive 

issues and respiratory conditions. Recent studies 

support its efficacy in preserving meat products and 

other perishables, demonstrating that formulations 

containing lemongrass can significantly reduce 

microbial counts while maintaining organoleptic 

qualities, thus highlighting its dual role as both a 

flavoring agent and a natural preservative in modern 

food preservation practices [9]. 

The use of ginger, thyme, and lemongrass 

nanoemulsions represents a promising approach to 

enhance the antibacterial properties of essential oils 

against foodborne bacteria. These formulations not 

only improve the efficacy of the natural compounds 

but also offer potential applications in food 

preservation and safety. Therefore, the current study 

aimed to investigate the antibacterial effects of the 

previously mentioned nanoemulsions against 

foodborne S. aureus and E. coli isolated from minced 

meat samples in Qalubiya governorate. 

Material and Methods  

Collection and preparation of samples  

Two Kg and four-hundred and fifty grams of 

fresh beef were purchased from a high-quality 

butcher in Benha city. Meat was minced and 

prepared in Animal Health Research Institute – 

Benha lab. Samples were divided into fourteen equal 

groups in the form of thin films, and were treated 

with ultraviolet light (wavelength 385 nm) for 30 

min to eliminate background microflora before 

addition of the used nanomaterials or inoculation of 

the test strain[10]. 

Samples were followed by inoculating of 

bacterial suspension of E. coli and S. aureus, in a 

concentration of nearly 4 log10 CFU/g, separately; 

and were left up to 15 minutes before treatment of 

the inoculated samples with nanoemulsions (NEs) by 

direct addition for further 15 minutes, after which the 

experiment zero time was recorded.   
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Preparation and characterization of essential oil 

based nanoemulsion (NE) 

Ginger, thyme and lemon grass nanoemulsions 

were prepared in the unit of nanomaterials, Animal 

Health Research Institute (AHRI), with a 

concentration of 20%, which was prepared according 

to Pouton and Porter[11]. Nano-droplet size was 

determined in animal health research institute.  

Preparation of bacterial strain  

Previously enriched field strain of E. coli and S. 

aureus were determined by serial dilution method, 

followed by plating on nutrient agar for counting of 

the original culture, from which, certain working 

culture count was adjusted by serial dilution 

technique on a sterile normal saline (0.9% NaCl).  

Experimental grouping [12] 

2450 grams of minced beef were equally divided into 

six groups as follow:  

G1: Control positive untreated minced beef, 

inoculated with E. coli without treatment 

        g minced beef       log     U g E. coli 

+ 1.0% ginger nanoemulsion (GNE). 

        g minced beef       log     U g E. coli 

+ 2.0% ginger nanoemulsion (GNE). 

        g minced beef       log     U g E. coli 

+ 1.0% thyme nanoemulsion (TNE). 

        g minced beef       log     U g E. coli 

+ 2.0% thyme nanoemulsion (TNE). 

        g minced beef       log     U g E. coli 

+ 1.0% lemon grass nanoemulsion (LNE). 

        g minced beef       log     U g E. coli 

+ 2.0% lemon grass nanoemulsion (LNE). 

G8: Control positive untreated minced beef, 

inoculated with S. aureus without treatment 

        g minced beef       log     U g S. 

aureus + 1.0% ginger nanoemulsion (GNE). 

         g minced beef       log     U g S. 

aureus + 2.0% ginger nanoemulsion (GNE). 

        g minced beef       log     U g S. 

aureus + 1.0% thyme nanoemulsion (TNE). 

         g minced beef       log     U g S. 

aureus + 2.0% thyme nanoemulsion (TNE). 

         g minced beef       log     U g S. 

aureus + 1.0% lemon grass nanoemulsion (LNE). 

         g minced beef       log     U g S. 

aureus + 2.0% lemon grass nanoemulsion (LNE). 

Bacteriological examinations 

After preparation of serial dilutions according to 

6887-1 [13], i.e. mixing of 25 g of mince samples 

with 225ml of sterile 0.1% peptone water by mean of 

stomacher; followed by tenth fold serial dilutions, 

Control and treated meat mince were examined for 

their Staphylococcus aureus and Escherichia coli 

counts every three days of refrigeration following the 

ISO standards [14 and 15]. 

Reduction percent was calculated according the 

formula: 

Reduction rate (%) =  
   

 
     

Where B = mean bacterial count in the next 

examination days, A = mean bacterial count at the 

zero time. 

Statistical Analysis  

The obtained data was statistically treated by 

one-way ANOVA using SPSS software for Windows 

(Version 16). Duncan's post hoc analysis was used to 

analyze the data, with a p-value of 0.05 (P ≤ 0.05) 

being regarded statistically significant. 

Results 

Characterization of the used nanometrials 

Nanoemulsions droplet size was determined by 

Microtrac® size analyzer, results revealed that the 

droplet size was 17.94, 139.5 and 49.3 nm for ginger, 

thyme and lemon grass NEs, respectively.   

Antibacterial effect of the used nanoemulsions 

In the current study, the antibacterial effect of 

GNE, TNE and LNE on S. aureus and E. coli 

experimentally inoculated, in minced beef during 

chilling condition at 4
o
C±1

o
C was recorded; where, 

mean counts at the zero day were 4.1 and 4.3 log10 

CFU/g for E. coli and S. aureus, respectively. 

Fig. (1) and Table (1) showed that the different 

investigated treatments inhibited E. coli 

multiplication significantly in comparison with 

control group which showed spoilage signs after the 

6
th

 day of chilling storage (5.8 log10 CFU/g). Results 

revealed a direct correlation between the additive’s 

concentration, time of interaction and the bacterial 

concentration; where, higher concentration revealed 

higher reduction %. Results revealed reduction 

between 1.6-2.8 logs; where the maximum reduction 

was recorded in the LNE 2.0% treated group 

(68.3%). 

Fig. (2) and Table (2) showed that the different 

investigated treatments inhibited S. aureus 

multiplication significantly in comparison with 

control group which showed spoilage signs after the 

6
th

 day of chilling storage (6.0 log10 CFU/g). Results 

revealed a direct correlation between the additive’s 

concentration, time of interaction and the bacterial 

counts; where, higher concentration revealed higher 

reduction %.  

Results revealed reduction between 2.1-3.3 logs; 

where the maximum reduction was recorded in the 

LNE 2.0% treated group (76.7%) at the 18
th

 day of 

storage. Referring to the recorded results, 
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antibacterial effect of the used nanoemulsions (NEs) 

appeared to be dose dependent; where, higher 

additive concentration had higher reduction effects 

on the examined foodborne bacteria. 

LNE showed the most potent inhibitory effect 

against E. coli and S. aureus, followed by ginger and 

thyme NEs. Moreover, S. aureus revealed higher 

sensitivity to the used NEs than E. coli.  

Furthermore, all of the used NEs had a 

preservative potential appeared through extension of 

the overall sensory acceptability of the treated 

samples in relation to the control samples; which 

appeared signs of decomposition after the 6
th

 day of 

refrigerated storage. 

Discussion 

Meat products are a vital component of human 

nutrition and have been integral to diets worldwide 

for centuries. Meat is an excellent source of complete 

protein and fats, providing all essential amino acids 

and fatty acids necessary for muscle growth, repair, 

and overall health. In addition, meat, particularly red 

meat, is rich in B vitamins, including B12, iron and 

zinc which is essential for nerve function and the 

formation of red blood cells[16]. 

 Bacterial contamination of meat is a significant 

public health concern, primarily arising from sources 

such as improper handling, inadequate cooking, and 

cross-contamination during food preparation. 

Common pathogens, including E. coli and S. aureus, 

can enter meat products at various stages—from 

slaughtering to processing and distribution[17]. 

These bacteria can proliferate if meat is stored at 

incorrect temperatures or left unrefrigerated for 

extended periods. The consumption of contaminated 

meat poses serious health risks, leading to foodborne 

illnesses characterized by symptoms such as nausea, 

vomiting, diarrhea, and abdominal pain. In severe 

cases, these infections can result in long-term health 

complications or even death, particularly in 

vulnerable populations like children, the elderly, and 

individuals with weakened immune systems[18]. To 

mitigate these risks, proper food safety practices, 

including thorough cooking, proper storage, and 

hygiene during food handling, are essential. 

 Efforts to mitigate foodborne bacteria in meat 

products increasingly focus on the use of natural 

compounds, which offer a promising alternative to 

synthetic preservatives and chemical treatments[19]. 

Researchers are exploring the antimicrobial 

properties of various natural substances, such as 

essential oils, plant extracts and spices that can be 

incorporated into marinades, coatings, or even 

injected into the meat to enhance its safety and shelf 

life[20]. 

Natural and synthetic meat preservatives differ 

significantly in terms of safety, effectiveness, 

and antibacterial effects. Natural preservatives, such 

as herbs and spices, have been shown to enhance the 

shelf life of meat while posing fewer health risks 

compared to synthetic options. For example, thyme 

and rosemary can extend meat's shelf life 

significantly, with thyme showing effectiveness for 

up to 60 days, while also minimizing health concerns 

associated with synthetic preservatives like butylated 

hydroxytoluene (BHT), which has been linked to 

various health issues including cancer risks and 

hyperactivity in children. In terms of effectiveness, 

synthetic preservatives are often favored for their 

guaranteed antibacterial properties and longer shelf-

life extension; however, they may compromise the 

sensory qualities of the meat and introduce potential 

side effects. Additionally, natural preservatives 

possess inherent antibacterial properties that can 

effectively inhibit foodborne pathogens without the 

adverse effects commonly associated with synthetic 

chemicals, making them a preferable choice for 

enhancing food safety. Overall, while both types of 

preservatives can be effective in extending meat 

shelf life and ensuring safety, natural options are 

increasingly recognized for their health benefits and 

lower risk profile[3]. 

Application of nanotechnology in food 

preservation represents a cutting-edge approach to 

enhance food safety and extending shelf life. 

Incorporating essential oils in nanoemulsion form, 

which consist of tiny droplets of essential oils 

suspended in a liquid, for meat preservation has 

emerged as an innovative approach to enhance food 

safety and extend shelf life through improving the 

bioavailability and antimicrobial effectiveness of 

these natural compounds[21]. Essential oils such as 

ginger, thyme and lemongrass have demonstrated 

significant antibacterial properties, effectively 

inhibiting pathogens like E. coli and S. aureus. When 

applied to meat products, these nanoemulsions can 

create a protective barrier that not only reduces 

microbial growth but also helps retain the meat's 

sensory qualities, including flavor and freshness[22]. 

This method offers a dual benefit: it aligns with 

consumer preferences for natural preservation 

techniques while providing a sustainable solution to 

combat foodborne pathogens and minimize spoilage, 

ultimately contributing to safer and longer-lasting 

meat products[23]. 

Referring to the current recorded results, all of 

the used nanoemulsions revealed significant 

antibacterial effect on E. coli and S. aureus in 

minced meat samples; which appeared to be dose 

dependent; where, higher additive concentration had 

higher reduction effects on the examined foodborne 

bacteria; which agree with the recorded results of 

Noori et al. [24], Bhat and Bhat [25] and Bakheet et 

al. 
[12]

 who recorded significant reductions in the 

treated foodborne bacterial counts post-treatment 

with ginger, thyme and lemongrass essential oil 

based nanoemulsions with concentrations ranged 
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from 0.5% to 5.0% without adverse affecting the 

sensory characters of the treated meat samples. 

The tested NEs have demonstrated significant 

antibacterial effects, particularly against S. 

aureus and E. coli. Their potency may be attributed 

to its nanoscale size, which enhances the 

bioavailability and stability of its active compounds. 

This sustained release enhances the antibacterial 

activity over time, effectively disrupting microbial 

cell membranes and leading to cell lysis[25]. 

The mechanism of action involves the penetration 

of gingerol of ginger; thymol and carvacrol of thyme; 

citral of lemongrass and other active components 

into the phospholipid bilayer of bacterial membranes, 

increasing permeability and causing leakage of 

cellular contents, which ultimately results in 

microbial death[23, 27, 28]. 

Although, the present results indicated that ginger 

and thyme NEs also possess antibacterial properties, 

though they are generally less potent than 

lemongrass; which was previously recorded by Gago 

et al. [29] who concluded superiority of the used 

LNE over the other examined oils; which may be 

attributed to the nanosize of the used emulsions, 

bioavailability of the active components of each 

essential oil and the extent of microbial sensitivity to 

the used material[30]. 

Moreover, S. aureus revealed higher sensitivity to 

the used NEs than E. coli. The higher sensitivity of 

Gram-positive bacteria to food preservatives 

compared to Gram-negative bacteria can be 

attributed to several structural and physiological 

differences; such as, cell wall composition, where 

Gram-positive bacteria possess only peptidoglycan 

layer; whereas in contrast, Gram-negative bacteria 

have an additional lipopolysaccharides outer 

membrane that acts as a barrier, making it more 

challenging for preservatives to penetrate and exert 

their effects[31]. 

 Furthermore, all of the used NEs had a 

preservative potential appeared through extension of 

the overall sensory acceptability of the treated 

samples in relation to the control samples; which 

appeared signs of decomposition after the 6
th

 day of 

refrigerated storage; which can be attributed to the 

noticed antibacterial and antioxidant effects of the 

used essential oils that was maximized in to 

nanoemulsion form. 

Conclusion 

The dual action of essential oils—acting as both 

antimicrobial agents and antioxidants—makes them 

valuable natural preservatives for meat products. All 

of the used essential oil based nanoemulsion revealed 

potent antibacterial effect, particularly against E. coli 

and S. aureus. Lemongrass nanoemulsion appeared 

to be more potent than ginger and thyme NEs, 

respectively. Their ability to reduce spoilage 

organisms and inhibit oxidative processes not only 

enhances food safety but also improves the overall 

quality of the meat during storage. As consumer 

demand for natural additives rises, the incorporation 

of essential oils based nanoemulsion into meat 

preservation strategies presents a promising 

alternative to synthetic preservatives. 
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Fig. 1. Mean E. coli counts (log10 CFU/g) in the different groups of the experiment 

abcd Different superscript letters within same day indicates significant difference (P≤0.05); S: spoiled apparently  
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TABLE 1. Reduction (%) of E. coli counts in the treated groups 

Day G2 G3 G4 G5 G6 G7 

3rd day 9.8 14.6 4.9 7.3 12.2 17.1 

6th day 22.0 31.7 14.6 19.5 26.8 39.0 
9th day 34.1 46.3 22.0 26.8 36.6 48.8 

12th day 41.5 51.2 31.7 36.6 46.3 58.5 

15th day 46.3 56.1 36.6 46.3 53.7 63.4 

18th day 51.2 63.4 39.0 51.2 56.1 68.3 

 

 

Fig. 2. Mean S. aureus counts (log10 CFU/g) in the different groups of the experiment 

abcd Different superscript letters within same day indicates significant difference (P≤0.05); S: spoiled apparently  

 

TABLE 2. Reduction (%) of S. aureus counts in the treated groups 

Day G9 G10 G11 G12 G13 G14 

3rd day 7.0 14.0 4.7 9.3 11.6 18.6 

6th day 25.6 30.2 16.3 20.9 25.6 30.2 

9th day 34.9 39.5 30.2 32.6 41.9 48.8 

12th day 41.9 46.5 37.2 44.2 53.5 58.1 

15th day 48.8 53.5 41.9 55.8 60.5 65.1 
18th day 53.5 62.8 48.8 60.5 65.1 76.7 
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التأثيز المعاد للبكتيزيا لبعط المستحلبات النانوية المستخلصة من الأعشاب ظذ بعط 

 البكتيزيا المنتقلة عبز الغذاء

 1سكزيا البيومي و 1رياض شاويش، 2محمد نبيل ،1أحمذ غاسي ،1بسنث الشيخ

 يظش. -جايعح يذٌُح انغاداخ  -كهٍح انطة انثٍطشي -قغى انشقاتح انظحٍح عهً الأغزٌح  1
 يظش. -يشكض انثحىز انضساعٍح  -يعهذ تحىز انظحح انحٍىاٍَح  -قغى يشاقثح الأغزٌح  2

 

 الملخص

انظاهشٌح وانجىدج انًٍكشوتٍىنىجٍح كاعرشاذٍجٍح واعذج نرحغٍٍ انخىاص انُاَىٌح ظهشخ يغرحهثاخ انضٌىخ انعطشٌح 

وإطانح يذج حفع يُرجاخ انهحىو يٍ خلال الاعرفادج يٍ خظائظها انًضادج نهًٍكشوتاخ ويضاداخ الأكغذج. نزنك، ذًد 

عهى يعضولاخ  دساعح انرأشٍش انًضاد نهثكرٍشٌا نهًغرحهثاخ انُاَىٌح يٍ صٌىخ انضَجثٍم وانضعرش وعشثح انهًٍىٌ

٪ نكم يُهًا: حٍس ذى 2.0و  1.0الاعرافٍهىكىكظ اوسٌظ انًعضونح يٍ انهحى انًفشوو ترشكٍضاخ الاٌشششٍا كىلاي و

حقٍ عٍُاخ انهحى انًفشوو تثكرٍشٌا الاٌشششٍا كىلاي والاعرافٍهىكىكظ اوسٌظ وانًغرحهثاخ انُاَىٌح وحفظها فً انصلاجح 

ً يعُىٌح تٍٍ انًجًىعاخ ان ٌح ظهشخ يٍ رً ذًد يعانجرها تانًغرحهثاخ انُاَىتعذ خهطها جٍذاً. أظهشخ انُرائج فشوقا

خلال الاَخفاع انًهحىظ فً اعذاد تكرٍشٌا الاٌشششٍا كىلاي والاعرافٍهىكىكظ اوسٌظ يع انحفاظ عهى خظائض 

تعذ انٍىو انغادط  فغادانرً أظهشخ علاياخ انانجىدج انحغٍح انًشغىتح اشُاء فرشج انرخضٌٍ يقاسَح تانًجًىعح انضاتطح 

ً  طشدٌح يٍ انرخضٌٍ انًثشد. كشفد انُرائج عٍ وجىد علاقح   انعذ انثكرٍشي؛ضافح ووقد انرفاعم وتٍٍ ذشكٍض انًادج ان

فً انعذ انثكرٍشي وتانرانً إطانح فرشج طلاحٍح انهحىو  %( َغثح اَخفاع أعهى2.0حٍس أظهش انرشكٍض الأعهى )

عانَجح  ً خهٍح/جشاو( نثكرشٌا  10)نى 2.2-1.1ٌرشاوح تٍٍ فً انعذ انثكرٍشي اشُاء انذساعح فاع . وكشفد انُرائج عٍ اَخان

يغرىٌاخ حغاعٍح يًا ٌكشف عٍ  خهٍح/جشاو( نثكرشٌا الاعرافٍهىكىكظ اوسٌظ 10)نى 3.3-2.1و الاٌشششٍا كىلاي،

حٍس ذى ذغجٍم لاٌشششٍا كىلاي. اعهى نثكرٍشٌا الاعرافٍهىكىكظ اوسٌظ ذجاِ انًغرحهثاخ انًغرخذيح يقاسَح تثكرٍشٌا ا

ً  فً انعذ انثكرٍشي انحذ الأقظى نلاَخفاع  % 12.3%( 2.0ًغرحهة صٌد عشثح انهًٍىٌ )عانجح تفً انًجًىعح ان

أظهشخ انُرائج قذسج واعذج نهًغرحهثاخ انًغخذيح فً إطانح انعًش عهى انرىانً(. وعلاوج عهى رنك،  ،%71.7و

ًٌكٍ انرىطٍح نزنك، انًعانجح يع انحفاظ عهى انخظائض انحغٍح انًشغىتح؛  انرخضًٌُ نًجًىعاخ انهحى انًفشوو

يع انحفاظ عهى  هضٌىخ انعطشٌح نهزِ الأعشاب انرقهٍذٌح نحفع انهحىو فً انرخضٌٍ انًثشدٌح نًغرحهة انُاَىانتاعرخذاو 

 .انرشكٍضاخ انًغرخذيح

 .ىاد انُاَىيرشٌحيٍكشوتاخ انرغًى انغزائً، علايح انغزاء، انً الكلمات الذالة:


