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Abstract 

The aim of study was to investigate the antioxidant and antibacterial activities of pomegranate leaves (PLE), guava leaves (GLE) 

and green garlic leave extracts (GGLE). All plants were extracted with 80% ethanol and used to determine total phenolic and 

flavonoid contents. The antioxidant capacity was determined by DPPH and ABTS radical scavenging assay. Polyphenol profile 

of investigated extracts was determined by HPLC assay. The antimicrobial activity was analyzed using the well diffusion 

method, where antimicrobial activities were determined by inhibition zone method. Results showed that the highest phenolic 

content (27.84GAE/g) in PLE, GLE (17.43 GAE/g) then GGLE (10.45 GAE/g), while total flavonoids were 70.65 mg CE/g, 

59.76 mg CE/g and 5.56 mg CE/g for samples, respectively. The highest DPPH (92.00%) was recorded for PLE, GLE and 

GGLE, respectively. The ABTS was highest in PLE (94.54%), GLE then GGLE. All the plant extracts were effectively inhibited 

the growth of pathogenic strains used in the study. HPLC analyses revealed that, the most abundant phenolic component is 

gallic, cateachin and ferulic for PLE, GLE and GGLE, respectively. The results indicated that the tested Egyptian local plants 

may be potential sources of natural antioxidant and antimicrobial activities in food industries to replace synthetic ones. 

 

Keywords: Antibacterial activity; antioxidant property; bioactive compound; DPPH; green garlic leaves; 
pomegranate leaves; guava leaves. 
 

1. Introduction 

Novel strategies for intervention have been 

investigated as a means of fulfilling the growing 

customer demand for goods that are safe, convenient, 

and healthful with little processing, as well as a 

distribution system centered around products with 

sufficient shelf life, antimicrobial activity, and 

antioxidant activity [1]. 

Phytochemicals are often referred to non-nutritive 

compounds thought to be produced by plants as 

protection against such dangers like harmful 

ultraviolet radiation, pathogens and herbivorous 

predators. The consumption of a plant-based or 

phytochemical-rich diet has been associated with a 

reduced risk of chronic human illnesses such as certain 

types of cancers, inflammation, cardiovascular and 

neurodegenerative diseases [2-3]. Thus, when 

assessing phytochemicals' potential health benefits for 

humans, their chemistry and biology are crucial. 

Flavonoids, anthocyanins, and tannins are examples of 

phenolic compounds, which constitute the primary 

class of antioxidant phytochemicals with intriguing 

characteristics and significant biological and free 

radical scavenging potential [4]. Pomegranates are 

considered by practitioners of traditional medicine to 

possess inherent antiviral, antifungal, and antibacterial 

properties. 

The main causes of food quality decline are lipid 

oxidation and microbial growth. Natural antibacterial 

and antioxidant chemicals are crucial not only for food 

preservation, but also for human consumption. 

Recently, research into natural plant products for the 

identification of active chemicals has emerged in order 

to locate naturally occurring antioxidant and 

antibacterial agents for use in food to replace synthetic 

additions that are carcinogenic [5].  

In recent years, consumers prefer food of easy 

preparation, good quality, safe, natural and low 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

424 
 

 

 Noha G. Sulieman1, Mohamed, F. Khallaf 2, Manar T. Ibrahim 2, Amir A. 
Ibrahim 1, Gamal F. Mohamed1 and Mohamed T. Fouad 3

1 Food Technology Department, National Research Centre (NRC), 12622 Dokki, Egypt

2Food Science Department, Faculty of Agricultural, Ain Shams University, Cairo, Egypt

3 Dairy Department, National Research Centre (NRC), 12622 Dokki, Egypt

mailto:nohasameh259@gmail.com


 N .G.  Sulieman et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No.9 (2024) 

 

 

298 

processed but with longer shelf-life. With food 

preservation technologies, more long-lasting products 

are obtained, maintaining their initial nutritional and 

sensory characteristics [6-10]. 

Synthetic preservatives have been employed in 

food production for many years, with antimicrobial 

preservatives being the most commonly utilized, 

however studies now show that ingestion of chemical 

additives can lead to allergies, intoxications, cancer, 

and other degenerative disorders [8,11]. As a result, 

consumers depreciate them, motivating the need to 

seek out new options [12-13].  

Food manufacturing generates a huge amount of 

waste in the form of skins, seeds, and leaves, the 

disposal that could be hazardous to the environment 

and expensive for the companies concerned. Many 

fruit residue are rich in phenolic compounds, and can 

be extracted and used as antioxidant and antimicrobial 

preservatives in the food industry. Pomegranate 

(Punica granatum) is a member of the Punicaceae 

family and is also known as ''ponus" and ''granatus" 

from the Latin terms. Pomegranate is an Iranian native 

that is currently grown in various Chinese areas. This 

section of pomegranate has a high concentration of 

polyphenols, including flavonoids (catechin and 

anthocyanins), hydrolysable tannins (ellagic acid, 

punicalagin, gallic acid, gallic penicillin, and 

pedunculagin), and overall antioxidant capacity. The 

extract of pomegranate has a high concentration of 

phenolic components (ellagitannins, flavonoids, 

punicalagin, ellagic acid, vitamin C, and minerals). 

Pomegranate is a nutrient-dense fruit that is high in 

beneficial compounds that are employed in medicine 

[14-15]. Consuming the phenolic phytochemical, that 

likewise functions as an antibacterial, is thought to 

have several favorable effects on the skin, eyes, and 

immune system. It is considered to be the most 

antioxidant substance after gallic acid [16]. 

The Myrtaceae family includes guava (Psidium 

guajava L.), which is a fruit that is widely consumed 

in tropical regions such as South America, 

Bangladesh, Pakistan, India, and Indonesia. Numerous 

phytochemicals, including quercetin, avicularin, 

apigenin, guaijaverin, kaempferol, hyperin, myricetin, 

gallic acid, epicatechin, catechin, chlorogenic acid, 

epigallocatechin gallate, and caffeic acid, have been 

linked to the health benefits of guava plant leaves. 

Studies have been conducted on the biological effects 

of guava leaf extracts, which include lipid-lowering, 

hepatoprotective, anticancer, antidiabetic, antioxidant, 

and antidiarrheal properties [17]. 

Plant byproducts, such as fruit or vegetable 

pomace, seeds, husk, bran, coat, skin, and leaves, are 

a valuable source of bioactive chemicals and may be 

used as functional food components, according to 

recent research [18]. Because GL extract contains a 

wide range of compounds, including flavonoids like 

quercetin and guaijaverin, which are well-known for 

their antimicrobial, antioxidant, and anti-

inflammatory properties, as well as vitamins, rutin, 

naringenin, gallic acid, catechin, epicatechin, 

kaempferol, and isoflavonoids, many reports point to 

the benefits of using GL extract as a functional food 

ingredient [19]. Without affecting the rheological or 

sensory qualities of the meal, GL is a great source of 

active chemicals for functional ingredient adds. Owing 

to that GL is high in proteins, minerals, and vitamins, 

it is easier to use them as a direct source of nutrition. 

Many physiological and metabolic processes in the 

human body have been shown to be improved and 

stabilized by the presence of various bioactive 

chemical substances in GLs. Garlic (Allium sativum) 

is a vegetable belongs to the Allium, a class of bulb-

shaped plants belongs to family Liliaceae [20]. It is a 

significant spice crop in the nation and has therapeutic 

qualities in addition to being a herb used for food and 

spice. Its origins are on the Mediterranean coast and 

western Asia. Natural antioxidants found in garlic 

have the ability to lower lipid peroxides, reactive 

oxygen species, and low-density lipoprotein [21]. Due 

to the presence of diallyl sulfides, other sulfur 

compounds, and allicin, garlic exhibits a wide range of 

physiological effects and activities in different 

metabolic pathways [22]. Phytochemicals that are 

present in garlic include tannins, alkaloids, flavonoids, 

and phenolic compounds [23]. Garlic extract 

prolongation results in the formation of antioxidant 

phytochemicals, such as distinct lipid-soluble and 

water-soluble organosulfur components and 

flavonoids, which fend off oxidative damage and are 

crucial in the prevention of aging and various diseases, 

such as cancer, neurodegenerative, and inflammatory 

conditions [24]. 

Garlic is valued for its bactericidal, antiparasitic, 

antiviral and antifungal properties. Compounds 

present in garlic have a beneficial effect on the human 

organism, mainly by the reduction in oxidative stress, 

which strengthens the immune system response to 

various diseases. Due to its composition, especially 

with the content of allicin and other sulphur 

compounds, it can be referred as a natural antibiotic 

[25-26]. 

This study was established to independently assess 

and evaluate the three aforementioned extracts; i.e. 

pomegranate (PLE), guava leaves (GLE), and green 

garlic leaf extract (GGLE) due to the growing interest 

in the usage of natural antioxidants and antimicrobials. 

There haven't been any reports up to this point that 

focus on the chemical structure and its biological 

activity. The goal of the current study was to assess the 

antibacterial, antioxidant, and phenolic compound 

properties of PLE, GLE, and GGLE. These extracts 

were selected due to their noteworthy antioxidant 

qualities and positive impacts on human health. 
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2. Materials and methods 

2.1. Chemicals and reagents 

Standard of phenols, butylated hydroxyl toluene 

(BHT), DPPH (2, 2-Diphenyl-1-picrylhydrazyl), 

ABTS (2, 22 -azino-bis (3ethylbenzothiazoline-6-

sulphonic acid), potassium persulphate acid, Folin-

Ciocalteu reagent and aluminium chloride and were 

obtained from Sigma Chemical Co., Germany. 

Methanol, ethanol, DMSO, ampicillin were purchased 

from El-Nasr Co., Cairo, Egypt. All used solvents and 

chemicals were of analytical grade. 

2.2. Bacterial strains and culture preparation  

Seven strains of foodborne bacteria were obtained 

from microbiology lab, National Research Centre, 

Dokki, Egypt including: four strains of Gram-negative 

bacteria (E. coli 0157: H7 ATCC 6933, Y. 

enterocolitica ATCC 9610, Salmonella typhimurium 

(ATCC® 14028™) and P. aeruginosa ATCC 9027) 

and three strains of Gram-positive bacteria (B. cereus 

ATCC 33018, S. aureus ATCC 20231 and L. 

monocytogenes ATCC 7944). Cultures were 

maintained in their appropriate agar slants at 4 °C and 

used as stock cultures. Mueller–Hinton broth (MHB) 

and Mueller–Hinton agar (MHA) were used in the 

present study. 

2.3. Plants source 

Fine-quality fresh green pomegranate leaves 

(Punica granatum L.), guava leaves (Psidium guajava 

L.) and fresh green garlic leaves (Allium sativum) were 

collected during March 2022 from the west farm of 

Faculty of Agriculture, Cairo University, Giza, Egypt. 

All plant samples (Fig. 1) were kept in polyethylene 

bags at 4±1°C until extraction. 

2.4. Extraction treatment 

Pomegranate leaves (PL); guava leaves (GL) and 

fresh green garlic leaves (GGL) were cleaned from 

extraneous matter and properly washed then dried in 

hot air-oven for 24 h at 40°C. The dried leaves were 

ground with grinder into a powdery form and 

separately kept in a closed dark glass bottle and stored 

at 4°C until further analysis. 

 
Fig.1. Guava leaves      Green garlic leaves        Pomegranate leaves 

 

According to the extraction method of [27], 

hundred gram of PL, GL and GGL powder were 

extracted overnight with 1000 ml of 80 % methanol 

solution in a shaking incubator (100 rpm) at room 

temperature. Then the extracts were centrifuged at 

3500 rpm for 15 min. The supernatants were filtered 

through a Whatman No.1 filter paper, then extracted 

solution were concentrated to dryness in a rotary 

evaporator (Eyela, Rikakikai, Tokyo, Japan) at 40°C 

and dried in oven overnight at 40°C to form powder, 

which was separately stored at -20˚C until analysis. 

The extraction yield of each sample was calculated. 

2.5. Proximate composition 

Chemical composition such as carbohydrate 

content, moisture, ash, crude lipid, and total nitrogen 

(as assessed by the Micro-Kjeldahl method) were 

determined according to the methods described in the 

AOAC [28]. 

2.6. Determination of total phenolic and flavonoid 

contents 

The total phenolic and flavonoid contents of the 

PLE, GLE and GGLE were spectrophotometrically 

quantified by (Thermo Fisher Scientific, Genesys, 

Madison, USA) measurement of the absorbance 

according to the Folin Ciocalteu and using aluminum 

chloride methods, respectively as reported by [29]. 

2.7. Antioxidant activity (DPPH and ABTS) free 

radical assays 

The antioxidant activity of PLE, GLE and GGLE 

tested using DPPH free radical scavenging was 

evaluated [30]. Total antioxidant activity was 

measured in vitro with ABTS assay [31]. Each was 

replicated three times. 

2.8. HPLC analysis of phenolic compounds 

The high performance liquid chromatography 

(HPLC) analysis was carried out according to [32]. 

The separation and determination were performed on 

Agilent 1260 series -C18 column (4.6 mm × 250 mm 

i.d., 5 μm). The column was eluted by water (solvent 

A) and 0.02% tri-floro-acetic acid in acetonitrile 

(solvent B) at a flow rate of 1 ml/min. The obtained 

peaks were simultaneously monitored at 280 nm. 

2.9. Antibacterial assay 

 The antibacterial spectrum activity was performed 

by the agar-well diffusion method as described by 

[33]. Briefly, 1 mL culture of the activated indicator 

strain (105 cells /mL) was inoculated into 20 mL of 

Mueller-Hinton agar (Becton Dickinson, USA) and 

poured in Petri dishes. After solidification of the agar, 

wells of 5 mm in diameter were cut from the agar with 

a sterile borer and 50μL (0.02mg/ml) of ethanolic 

extract of PL, GL and GGL were delivered in each 

well. After holding the plates at room temperature for 

2 h to allow diffusion of the extract into the agar, the 

plates were incubated at 37 °C for 24 h. After that, 

inhibition of the bacterial lawn and the diameters of 

the inhibition zones were measured. A microbial 
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susceptibility control test was performed with discs 

having Penicillin G (10 units) as positive control and 

methanol as negative control. The tests were 

performed in technical triplicate for each bacterial 

strain. 

2.10. Statistical analysis 

Results were expressed as means and standard 

deviation from triplicate determinations. Analysis of 

variance (ANOVA) was performed for comparing. 

Significant differences were defined as P<0.05; 

according to [34]. 

3. Results and discussion 

3.1. Proximate composition 

The proximate composition of fresh PL, GL and 

GGL was given in Table (1). GGL provided the 

highest total protein content (14.17%), followed by PL 

(6.50%) and GL (4.36%). The moisture content of GL, 

GGL and PL was found to be 50.47, 18.64 and 

13.12%, respectively. GL had remarkably higher fat 

(5.84%), compared to GGL (2.74%) and PL (1.14%). 

Ash content was 7.09, 5.27 and 3.35 for GGL, GL and 

PL, respectively. The carbohydrate content was the 

highest in PL (64.67%), moderate for GGL (55.18%) 

and GL had the lowest one (22.72%). Fiber content 

was 11.34, 11.22 and 2.18 in GL, PL and GGL, 

respectively. The proximate compositions are within 

the normal limits and agree with those found [35]. 

Pomegranate leaves composition varies in relation 

to the type of cultivation, growth region, climate, 

maturity and cultural practices [36], observing that the 

organoleptic characteristics and the benefits offered by 

its consumption are due to the presence of 

polyphenolic compounds such as anthocyanins 

responsible for the reddish colour, as well as tannins 

which give astringent taste. Organic acids, citric and 

malic acids responsible for the acidified taste, while 

ellagitannins and a lesser extent anthocyanins confer 

properties as antioxidants [37]. 

As in pomegranate peel, tannins are also found in 

leaves, as well as some glycosides such as apigenin 

which is a flavone uses as anxiolytic [38] and naringin 

which has been studied for its effect as an anticancer. 

Other present polyphenols are glycosylated flavones 

(luteolines), punicalinas, punicalaginas, corilagina and 

punicafolina [39]. The proximate composition of 

Guava leaves was in line with [40-41, 17]. The 

proximate results are also close to those reported for 

green garlic leaves by [42-45]. However, slight 

differences in proximate composition may be due to 

the differences in the season, geographical location, 

species and variety. 
 

 

 

Table (1): Proximate composition and extract yield of PL, GL and 

GGL on dry wt. basis    

Item (%) PL GL GGL 

Moisture 
13.12b ±0.16 
 

50.47b ±0.27 
 

18.64b ±0.14 
 

Protein 
6.50a ±0.15 
 

4.36b ±0.14 
 

14.17a± 0.41 
 

Fat 
1.14a ±0.12 
 

5.84b ±0.16 
 

2.74c ± 0.36  
 

Ash 
 

3.35b ±0.23 
 

5.27a ±0.18 
 

7.09a ± 0.19 
 

Fiber 
11.22a±16 

 

11.34 a ±0.12 

 

2.18c±0.15 

 

*Total 

carbohydrates* 

64.67a ±0.17 
 

22.72b ±0.12 
 

55.18a±0.17 
 

Extract yield 

(gm/100gm) 

26.00b ±0.13 
 

20.43a ±0.17 
 

14.22b±0.21 
 

There is no significant difference (P>0.05) between the row having 

the same    superscripts in the same. 

* Calculated by difference.  

3.2. Extraction yield 

Ethanolic extraction yield was given in Table (1). 

Pomegranate leaves provided higher yield (26.00%) 

than guava leaves (20.43%) and Green Garlic leaves 

(14.22%). The extraction yield depends on the 

chemical nature of the sample. The variation in the 

yields might be ascribed to the different availability of 

extractable component, resulting from the different 

chemical composition of plants. Similar results were 

achieved for pomegranate leaves [46-47]; guava 

leaves [48-49] and GGL [44]. 

3.3. Total phenolic content (TPC) 

Phenolic compounds are widely distributed in 

plants and have gained much attention, due to their 

antioxidant activities and free radical scavenging 

capacities, which potentially have beneficial 

implications for health [50]. Total phenolic of the 

extracts (Table 2) showed PLE very rich with 

polyphenols; i.e. 27.84, 17.43 and 10.45 (mg gallic/g 

dw) for PLE followed by GLE then GGLE, 

respectively which was in agree with [57-59].   

It was also found that, pomegranate is a drought-

tolerant and salt-tolerant crop. The PL contain high 

levels of phytochemicals have many health benefits 

[51]. The amounts of phenols determined in PLE in the 

present study are in good agreement with [15]; [52-53] 

as described in the HPLC assay (Table 3). 

Pomegranate leaves contains many bioactive 

compounds such as alkaloids, ellagic acid, punicalagin 

Item 
Total phenolic 

(mg GAE/g) 

Total flavoniods 

(mg CE/g) 

PLE 27.84 70.65 

GLE 17.43 59.76 

GGLE 10.45 5.56 

 

Table (2): Total phenolics and total flavonoids content of PLE, GLE 

and GGLE 
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among other ellagitannins, anthocyanins, flavonoids, 

tannins and other phytochemicals that may play an 

essential role in human health and the prevention and 

treatment of many illnesses. Different varieties 

normally have different amount and types of bioactive 

compounds [54-55]. Thus, the bioactive profile is 

influenced by the cultivar, growing region, climate, 

maturity, cultivation practice, and storage conditions 

[56].   

3.4. Total flavonoids content (TFC) 

The selection of extraction conditions is very 

important [62]. All amounts were reported in Table (2) 

and values showed a great variation in various studied 

plants. The pomegranate leaves extract exhibited the 

highest level of TFC (70.65mg CE/g) compared to 

GLE (59.76 mg CE/g) and GGLE (5.56 mg CE/g). 

These results are in agreement with the previous ones 

[15, 52-53]. The results strongly show that total 

flavonoids content from GLE are similar to those 

reported by [57-59]. The amount of flavonoids 

determined in GGLE was agreement with [60-61]. 

3.5. Antioxidant activity 

3.5.1. DPPH assay 

Scavenging activity was measured by the decrease 

in absorbance as the DPPH radical received an 

electron or hydrogen radical from an antioxidant 

compound to become a stable diamagnetic molecule 

[63]. The scavenging ability of the PLE, GLE and 

GGLE samples on DPPH free radical was shown in 

Fig. (2). The results showed a dose dependent 

scavenging power. Especially, the scavenging ability 

of PLE increased from 56.61 to 92.00 %, at 200 µg/mL 

indicating that it has generally better scavenging 

ability, even than BHT (88.45%). DPPH of GLE 

increased from 43.00 to 79.71%, while the value 

increased from 4.61 to 14.12 % in GGLE, at 

400µg/mL. 

 

 
 

Fig.2. Effect of PLE, GLE, GGLE and BHT on DPPH inhibition 

 

These results were found (64-66). Results are in 

contrast with the study of [57-59] for DPPH of GLE. 

The green garlic leaves showed a higher content of 

total polyphenols and a higher antioxidant activity 

than cloves [45]. Usually, higher total phenol and 

flavonoids contents lead to better DPPH scavenging 

activity [62]. As known, polyphenols have a metal 

chelating potential and their redox properties can be 

justified by their chemical structure [67]. For this 

reason, the high polyphenolic content in PLE, GLE 

and GGLE may explain the high antioxidant activity. 

3.5.2. ABTS - radical scavenging assay  

The principal objective of this test is to measure the 

capacity of different substances to scavenge the ABTS 

+ radical cation. The results showed a dose dependent 

scavenging ABTS + radical cation (Fig. 3). 

Scavenging ability of PLE was 94.54 %, which was 

more than BHT (91.00%) at 200 µg/mL indicating it 

has generally better scavenging ability. ABTS of GLE 

was 82.10%, while in GGLE was 14.12 % at 

400µg/mL. It is obvious that tested samples are 

effective to provide their capacity to scavenge the 

ABTS+ radical cation. The results PLE are within the 

previous studies [15, 64-66] who reported that 

pomegranate leave extract is a rich source of natural 

antioxidants. 

Results exhibited that GLE had higher scavenging 

activity, while GGLE was the weakest as same as 

shown in the DPPH-radical scavenging assay (Fig. 3). 

This is confirms that GLE was the best extract after 

PLE to scavenge free radicals among the tested 

extracts. Results are in contrast with [57-59]. The 

obtained results regarding the ABTS inhibition of 

GGLE are similar to that reported [60-61]. 

The positive and significant correlation between 

TPC and ABTS antioxidant activity strengthens the 

results observed in the DPPH scavenging method used 

in this study. This investigation confirms the 

hypothesis that an increase in total phenolic 

compounds will increase the antioxidant activity of 

extracts. 

 

 
 

 

Fig.3. Effect of PLE, GLE, GGLE and BHT on ABTS inhibition 

 

3.5.3. Identification of phenolic compounds 

High performance liquid chromatography (HPLC) 

analysis was used to identify 13 phenolic compounds 
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in PLE, 16 phenolic compounds in GLE and 14 

phenolic compounds in GGLE (Table 3 and Figs. 4-6).  

Results illustrated in Fig. (4). identified the 

components of PLE (μg/g) were gallic( 3743.09), 

protocatechuic (31.99), p-hydroxybenzoic (81.82), 

caffeic (479.65), vanillic (209.91), ferulic (66.89), 

sinapic (5.93), p-coumaric (8.80), apigenin-7-

glucoside (23.70), rosmarinic (2173.95), cinnamic 

(31.80),  qurecetin (10.58) and apigenin (14.48).  

The HPLC chromatogram (Figure 4) also reveals 

the predominant phenolic compound was gallic acid 

(3743.09μg/g), while sinapic (5.93μg/g) was the 

lowest. Such results are in close agreement with those 

reported by [15, 64-66]. 

The assayed components of GLE (μg/g) were gallic 

acid (2576.49), protocatechuic (83.32), p-

hydroxybenzoic (39.12), cateachin (889.72), caffeic 

(35.26), vanillic (0.91), ferulic (82.80), sinapic 

(28.43), rutin (28.63) p-coumaric (77.65), apigenin-7-

glucoside (77.78), rosmarinic (8.74), cinnamic (8.74), 

qurecetin (297.29), kaempferol (12.94) and chrysin 

(0.41%).  

The HPLC chromatogram as shown in Fig. (5). 

also reveals the dominant phenolic compound in GLE 

as gallic acid (2576.49), while the peak chrysin acid 

was very low (0.41%) [60-61]. 

The components assayed for GGLE (μg/g), were as 

follows: gallic acid (37.78), protocatechuic (12.02), p-

hydroxybenzoic (4.59), caffeic (1.06), syringic (0.84), 

vanillic (6.84), ferulic (90.39), sinapic (12.69), 

apigenin-7-glucoside (50.85), rosmarinic (20.16), 

cinnamic (4.24), qurecetin (1.36), apigenin (3.18) and 

kaempferol (4.39). 

Fig. (6). showed that main phenolic compound in 

GGLE was ferulic acid (90.39), while syringic was 

very low (0.84) [44-45]. 

 
 

 

 

Table (3): Phenolic compounds of PL, GL and GGL extracts obtained by HPLC (μg/g) 

 
 

Compound PLE GLE GGLE 

Gallic 3743.09 2576.49 37.78 

Protocatechuic 31.99 83.32 12.02 

p-hydroxybenzoic 81.82 39.12 4.59 

Gentisic ND ND ND 

Cateachin ND 889.72 ND 

Chlorogenic ND ND ND 

Caffeic 479.65 35.26 1.06 

Syringic ND ND 0.84 

Vanillic 209.91 0.91 6.84 

Ferulic 66.89 82.80 90.39 

Sinapic 5.93 28.43 12.69 

Rutin ND 28.63 ND 

p-coumaric 8.80 77.65 ND 

Apigenin-7-glucoside 23.70 77.78 50.85 

Rosmarinic 2173.95 23.38 20.16 

Cinnamic 31.80 8.74 4.24 

Qurecetin 10.58 297.29 1.36 

Apigenin 14.48 ND 3.18 

Kaempferol ND 12.94 4.39 

Chrysin ND 0.41 ND 
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Fig. (4): HPLC analysis of PLE. 

Fig. (5): HPLC analysis of GLE. 

Fig. (6): HPLC analysis of GGLE 
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3.6. Antibacterial activity 

Antibacterial activity of ethanolic extract of PL, 

GL and GGL was tested by agar diffusion method 

against seven pathogenic bacteria. All the plant 

extracts were inhibited the growth of such pathogenic 

strains (Table 3). 

The obtained results revealed that PLE recorded a 

large inhibition zones against tested bacteria ranged 

from 17 - 20 mm [68] studied pomegeranate leaf 

extracts had the capacity to inhibit bacterial growth of 

the clinical strains screened (0.03125 to 10 mg/mL). 

The MIC values obtained for both Gram-positive and 

Gram-negative bacteria were similar. Klebsiella 

pneumoniae presented the lowest MIC values (0.6 

mg/mL), and as such, revealed the highest 

susceptibility to the three tested pomegranate leaves’ 

extracts. While, GLE indicated inhibition zones 

against tested bacteria ranged between 13-18 mm [69], 

but GGLE showed inhibition zones within 11-17 mm. 

The antibacterial activity of garlic extract were against 

some gram positive (S. aureus, S. epidermidis, and 

Strep. pyogenes) and gram negative (Ps. aeruginosa) 

bacteria, correlating with the report of [70] that garlic 

has antibacterial activity against a wide range of 

bacteria. PLE showed higher inhibition zone on all 

pathogenic bacteria compared to GLE, GGLE and 

penicillin.  

 
Table (4): Antibacterial activity (mm) of PL, GL and GGL extract 
of the inhibition zones 

 

Microorganism 

 

Gram 

reaction 

Inhibition zone diameter (mm) 

Penicillin        PLE GLE GGLE 

Staphylococcus 

aureus    
(+) 15 20 18 12 

Bacillus cereus                   (+) 17 18 15 14 

Listeria 

monocytogenes           
(+) 16 17 13 12 

Escherichia coli               (-) 18 19 15 11 

Salmonella 

Typhimurium                      
(-) 17 19 16 13 

Pseudomonas 

aeruginosa 
(-) 16 17 14 13 

Yersinia 

enterocolitica          
(-) 15 19 15 17 

 

The difference of antimicrobial effects of 

investigated plant parts may be due to the 

phytochemical properties and various contents. (71) 

reported that phenolic acids such as protocatechuic, 

vanillic, ferulic and caffeic acids could be used as 

antimicrobial agents because of presence of 

carboxylic, hydroxyl groups in para and ortho position 

of benzene ring and also to a methoxyl (OCH3) group 

in the meta position.    

4. Conclusion 

This work emphasizes the significant difference in 

chemical composition between PLE, GLE and GGLE 

and their significant influence on biological activities. 

The concentrations of phenolic and flavonoids were 

determined to be higher in PLE than GGLE; all 

extracts are endowed with potent antioxidant and 

antimicrobial activities, especially PLE. Antioxidant 

activity (DPPH and ABTS assays) was the highest in 

PLE, followed by GLE then GGLE. HPLC analysis 

indicated 13 phenolic compounds in higher 

concentrations in the chromatographic profile being 

gallic acid in a highest level. GLE had also 

chromatographic profile gallic acid as dominant one. 

Regarding to GGLE, the dominant phenolic 

compound was ferulic. All extracts inhibited the 

growth of pathogenic bacteria under investigation. 

Such findings assured that Egyptian plants (PLE, GLE 

and GGLE) are rich sources of bioactive compounds 

and can be successfully used in food industry. For their 

contents of natural polyphenolic compounds that 

possess antioxidant and antimicrobial properties. 
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