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INTRODUCTION 

 
Worldwide many cases were reported due to the infection of different kinds of pathogens, and they were increased in day-to-day 

life. The microbes such as fungi caused about 10 % whereas Gram-positive organisms - 10%; Gram-negative organisms - 32 % 

and the remaining 48% were polymicrobial infections [2] [3] [6]. Several antibiotics drugs were available in the market, including 

synthetic drugs and natural drugs. Synthetic drugs create many side effects and later on, natural substances gained more interest 

in pathogenic infections. Further, microbes make themselves resistant to antibiotics and serve them in the human body. The 

resistance in microbes was created due to the multidrug generally used to cure the infections. Therefore, there was a need to find 

natural substances to address these problems [7]. Thus, medicinal plants were gained more attention from traditional days to 

modern life to cure many diseases. The antimicrobial activities of several plants were showed significant inhibition of microbes 

and still, many plants are not yet appropriately studied for their biological activities and phytochemicals [9]. From the report of 

WHO, plant extract and phytochemicals were used by 80% of people to cure infections and used as traditional medicine [20]. 

Moreover, 50% of modern drugs are also prepared based on the formulation of phytochemicals [14]. 

 

The various class of phytochemicals showed significant activities due to the functional groups of their chemical structures and 

stereochemistry. The class of phytochemicals includes vitamins, phenolics, alkaloids, saponins, flavonoids, and tannins [16] [19]. 

In the present investigation, we studied the antimicrobial activities and phytochemical properties of five medicinal plants J. exclsa, 
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M. oleifera, P. juliflora, P. dulce and E. globulus. as natural antimicrobials. In order to develop nano-biomedicine for the treatment 

of respiratory fungal pathogens. We have synthesized silver nanoparticles (AgNPs) in a greener way and utilized them for their 

antimicrobial study.  

 

 

MATERIALS AND METHODS 

 
Collection of Plant Samples Leaves of five medicinal plants J. exclsa, M. oleifera, P. juliflora, P. dulce and E. globulus, were 

randomly collected from the Jeddah and Taif city, Kingdom of Saudi Arabia, during the period from May 2017 to May 2018. The 

selected plants that belonged to different families are listed in Fig. (1) and Table (1). 

 

Preparation of plant extracts: 

Fresh leaves of five medicinal plants (J. exclsa, M. oleifera, P. juliflora, P. dulce and E. globulus) were rinsed many times with 

tap water and then with distilled water. After that spread the samples to dry in the air. Then grounded in an electrical mill. The 

plant powder was added to ethanol and placed in a shaker for one day at 37°C and further kept at room temperature for the next 

day. The final extract solution was filtered using Whatman paper. The solution was further taken to remove the solvent. After 

solvent distillation, the final residue was stored for further study. The plant extracts were dissolved in 0.25% Dimethyl sulfoxide 

(DMSO) that was used to dissolve solid extracts.  

 

Pathogenic microorganism:  

Five microorganisms were selected for the experiment such as Gram-positive S. aureus ATCC® 6538, Gram-negative P. 

aeruginosa ATCC® 9027 and E. coli ATCC ®8739, yeast C. Albicans ATCC® 10231, fungi A. niger ATCC® 16404. 

 

Determination of antimicrobial activity: 

The suitable diffusion method was carried out to study the activity against isolated bacterial strains. First, Mueller Hinton agar 

media poured into the plates to dry. Then the culture was spared on the media by using the cotton swab. Then add the ethanol 

extract into each well (8mm diameter). Incubate the bacteria plates at 37°C for 48 hrs., 25°C for 24 hrs. The broth dilution method 

was carried out per standard protocols with slight modification against isolated fungi. The mixture was incubated at 28°C for 5 

days. Measurement of the inhibition zone expressed in terms of a millimeter. 

 

Antimicrobial sensitivity test on microbes (Positive control): 

The standard drugs used to determine sustainability (Gentamycin GM, Neosporin NE, 

Chloramphenicol C, PG, Poly-Rx PB) for Gram-positive and S. aureus was affected with (GM and NE). For the Gram-negative 

(Primaxin IMI, PG, Augmentin AUG, Omnicef CD, Mefoxin or Cefoxitin FOX, and Piperacillin PRL) were used, P. aeruginosa 

was affected with (IMI and PRL) and E. coli was affected with (IMI and AUG). C. albicans ATCC®10231 and A. niger 

ATCC®16404 were sensitive to Itraconazole. 

 

Antimicrobial effect of solvents (Negative control): 

The antimicrobial activity of dimethyl sulfoxide (DMSO) and ethanol solvents were tested against the selected microorganisms 

[24]. 

 

Investigation of MIC and MBC 

The minimum inhibition concentration (MIC) was investigated using the serial dilution method as reported by [8]. The different 

concentrations of each extract were taken and mixed with enough quantity of bacteria isolates. The Muller-Hinton media was used 

for the study. The final mixture of extracts and bacteria isolates was incubated at 37°C for one day. The same protocol was followed 

to identify the MIC of the extract against fungi using the broth dilution method. The fungi were incubated at 25°C for four days. 

The inhibition was observed visually and the turbid solution was considered as inhibition. In the case of MBC, different 

concentrations of extract were mixed with each isolate and finally taken for incubation. Minimum formation of 10 colonies in 

media considered as MBC value. Each test was repeated thrice as mean and standard deviation. 

 

Phytochemical analysis 

In a dry clean test tube, a weight of 250 mg sample powder was transferred and mixed with 5 mL methanol. This mix was vortexed 

30 sec, taken for sonication for 10 minutes, and followed by centrifugation at 5000 rpm/10 min, filtered through 0.2 u Nylon 

syringe filter membrane, and divided into two equal portions in two separate test tubes, each 1.5 mL. 

 

HPLC-DAD analysis 

The sample was prepared to calculate the amount of non-conjugated phenolic compounds, including known flavonoids. In glass 

test tube 15-mL, a volume of 1.5 mL sample extract was dried with a gentle stream of nitrogen gas at 50 °C, reconstituted in 100 

μL methanol, mixed with 100 μL IS solution (Antipyrine 200 ng/μL), vortexed 20 sec., to total reaction vial 1-mL with Pasteur 

pipette, and 5 μL of taken for analysis. In a glass test tube of 15 mL, a 1.5 mL sample extract volume was evaporated with nitrogen 

gas to dryness at 50 °C. The dry residue was mixed with 1.5 mL water, 200 μL 10M hydrochloric acid solution, left to boil over a 

hot thermostatic plate adjusted at 95 °C for 1 h, cooled to room temperature with 100 μL 15M ammonia solution, and extracted 
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with the column. The SPE C18, 500 mg/3 mL column, was conditioned with 5 mL MeOH followed by elution of 5 mL water. A 

sample solution extract (1.8 mL) was added onto the SPE column while closing tap, allowed to flow throughout the extraction 

column slowly, about 60 drops/min, washed with 5 mL water, and the residual water was expelled with forced Nitrogen gas. The 

column was transferred to a new port with a clean test tube containing 100 μL IS solution (Antipyrine 200 ng/μL), and adsorbed 

substances were eluted with 5 mL MeOH. This eluent was dried with nitrogen gas at 50 °C, reconstitute in 200 μL MeOH, injected 

5 μL for HPLC-DAD analysis. This sample was prepared to calculate the amount of total phenolic compounds, including flavanols. 

Most unknown flavonoids were hydrolyzed to quercetin. Gas chromatography-mass spectrometry conditions (GCMS) The GCMS 

(Perkin Elmer, USA) analysis was carried out to identify the possible volatile materials of extracts. A standard protocol was 

followed with slight modifications. The extracts are mixed with ethanol and analyzed for phytochemical identification. 

Polysiloxane column, mass from 40 to 500 m/z, and NIST 2008 library were used. The fragmented mass of each compound was 

further detected by the EI-MS detector and library matched was identified by NIST 2008. The compounds' possible structure and 

chemical names were studied from their mass fragmentation and compared with the literature. 

 

AgNPs biosynthesis 

About 45 mL of 0.1 M of silver nitrate and 5 mL of each plant extract were mixed to get a homogeneous mixture. The undissolved 

salts are slightly sonicated and heated. The formation of AgNPs was observed from the UV-Vis spectral analysis and also 

observations were identified visually from the color change from turbid white to dark brown color. After the formation, the 

solutions were kept for centrifugation, and the final pellet was washed thoroughly using distilled water thrice. The unreacted 

material is removed at this stage and the final pure pellet calcinated to get a fine powder. The AgNPs were stored in an airtight 

container and kept in a desiccator for further use [13]  et [18]. 

 

Analytical characterization of AgNPs 

The UV-Vis spectra from the range of 200-800 nm were used to record the formation of AgNPs. FT-IR (PerkinElmer, USA) was 

used to identify he is capping and reducing agents of AgNPs. The nature of the crystalline and average size of NPs was identified 

from the XRD data (Bruker as a system, Germany). The morphological analysis and size of NPs were studied from the images of 

SEM and TEM. Image J software and Origin Pro 8.5 were used to plot the data and calculate the size of NPs. 

 

 

RESULTS and DISCUSSION 
Antimicrobial activity of extracts 

This study was carried out using five plant leaves of J. excels, M. oleifera, P. juliflora, P. dulce and E. qlobulus against five 

different standard strains of microorganisms S. aureus, P. aeruginosa and E. coli), yeast (C. albicans) and fungi (A. niger). Each 

extract has a significant role in inhibiting both gram-positive and negative bacteria isolates and against C. albicans. We evaluated 

and promising results obtained from P. juliflora plant extracts showing a high inhibition zone in A. niger ATCC ®16404. These 

findings confirmed that the antibacterial activity of each extract supports their traditional use to cure infections. As shown in Fig. 

(s1), All microorganisms had an inhibition zone significantly in a dose-dependent manner. These findings agree with the previous 

study [15] [23] and suggest that interaction between plant components and known antibiotics may also lead to additive, synergistic, 

or antagonistic effects. The sustainability test showed S. aureus high resistance against Chloramphenicol and Poly-Rx while 

sensitive to Gentamycin and Neosporin. The multi-antibiotics resistant P. aeruginosa was sensitive to Augmentin and Omnicef, 

On the other hand, E. coli was resistant to Omnicef and Piperacillin. as shown in Table 2. as compared to the medicinal plant's 

values used in this study were more effective in inhibiting Gram-positive, Gram-negative bacteria, yeast, and fungi. It is identified 

that multi-antibiotic resistant bacteria can be a source of nosocomial infection that needs expensive antibiotics to treatment and 

the development of agents with marked antibacterial activity and greater sensitivity and less toxicity; these results are in agreement 

with another study [1]. 

 

MIC and MBC analysis 

The MIC and MBC values are shown in Table (3). The ethanol extracts from P. Juliflora were the most effective on C. albicans 

and A. niger (MIC: 1.25 ug/ml), E. globulus was the most effective against S. aureus and E. coli (MIC: 3.75 ug/ml). 

 

Quantitative and qualitative analysis of flavonoids by HPLC-DAD 

This analysis has been carried out to identify the quantity and quality of secondary metabolites of each extract. All the identified 

compounds were present in different quantities of phytochemicals are presented in Fig. (s2). The Epicatechin, benzoic acid, 

cinnamic acid, Chlorogenic acid, 4-O-Caffeoylquinic acid, Rutin, and quercetin are confirmed in each extract. The highest 

concentration of the Rutin in M. olifera 1303.1 mg/100g and J. excels 232.9 mg/100g, which was the highest amount of flavanols 

than the other compounds, respectively. After comparing the GC–MS of the constituents in all five plants, the presence of peak 

area, molecular weight, and molecular formula. The results obtained from the analysis, fifty-one components in the methanol 

extract of J. excels, the main components evaluated in this study were 4,14-Retro-retinol (11.86 %), Podocarp- 7-en-3β-ol, 13β-

methyl-13-vinyl-( 10.93%), 1R-α-Pinene (8.65%), whereas the M. olifera showed five peaks from the chromatogram. These 

compounds comprise manly Vitamin E (51.67 %), α-Thujene (23.26 %), β- Terpinen (21.84 %), 3-Methyl-apopinene (1.77 %), β-

Farnesene (1.46 %), while the P. dulce showed seven peaks indicate the presence of seven compounds. These compounds comprise 

manly β-Sitosterol (10.44%), Vitamin E, (5.50 %), Forty-nine components in the methanol extract of E. globulus, the main 

components evaluated in this study were (-)-Spathulenol (17.21 %), Global (12.08 %), Limonene (9.30 %), Ledeen oxide- (II) and 
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Bicyclo [3.2.0] heptane-2,6-diol, 5-(2-hydroxyethyl)-3,3-dimethyl-6-vinyl-, (Z)- (8.53 % and 8.43 %) respectively, whereas the 

others were minor components. The overall composition of the essential oils is comparable to the previously reported study by 

[11] [12]. 

 

Characterization of Silver Nanoparticles: 

NPS formation was observed as a color change in the treated silver nitrate solution with the plant extracts of J. excels, M. oleifera, 

P. juliflora, P. dulce and E. qlobulus results in the formation of plant extract capped silver nanoparticles (AgNps). Their color 

change confirmed the synthesized AgNps from transparent to brown, indicating the synthesis of AgNPs Fig (2). The color of 

synthesized silver nanoparticles was due to the excitation of surface plasmon vibrations (SPR) in the metal nanoparticles [5] [21] 

[22]. Previous reports of the formation of AgNPs using extracts have shown several possible modes of formation mechanism. For 

instance, phytochemicals are carrying –OH group plays an essential role in reducing silver ions and stabilizing them by capping 

on the surface of NPs. The phytochemicals such as flavonoids, phenolics, and alkaloids are major natural substances attributed to 

the synthesis mechanism. These –OH group chemicals are confirmed in FT-IR analysis. The absorbance at 300 nm was recorded 

in each AgNPs formed by different extracts Fig. (3) [5]. 

 

The crystallinity of AgNPs using J. excels, M. oleifera, P. juliflora, P. dulce, and E. globulus was studied by XRD (Fig. 6). Three 

major peaks were observed at 38.1 values, 45, 65, and 78C ○ related to (111), (200), (142), (220), and (311) planes (Ameen et al. 

2020). The extra peaks may be due to the phytochemicals of extract copper don surface of NPs. The existence of Ag was shown 

at the peak at around 31.9. [10] . As mentioned in UV-Vis spectra, the-OH group acts as a reducing agent, further confirmed in 

the FT-IR analysis (Fig. 7). FT-IR data showed the sharp and broadband at 3500 and 3400 cm−1 corresponding to –OH group of 

extracts J. excels, M. oleifera, P. dulce and E. qlobulus, whereas medium peak was found at 1650 cm−1 for P. juliflora which may 

be to due the aliphatic –OH group or C-C stretching [17]. SEM showed the spherical shapes of the AgNPs with the size range of 

10-50 nm (Fig. 8). Most of the particles are spherical ad agglomerated. The size of the particles found by ImageJ software. 

 

Evaluation of the Microbial activity of AgNPs 

The microbial activity of the biosynthesis of AgNPs and aqueous extracts of J. excels, M. oleifera, P. juliflora, P. dulce and E. 

qlobulus leaves were investigated against S. aureus, P. aeruginosa and E. coli, C. albicans, A. niger. By zone inhibition using 

Agar- well diffusion method. The biosynthesized nanoparticles by plant extracts inhibition zone against all microbial species 

investigated as follows: A. niger ( 28.5 mm) with AgNPs P. juliflora, C. albicans ATCC® 10231 (25.96 mm) AgNPs of E. 

qlobulus, P.aerginosa (22.89 mm) with AgNPs P. juliflora, S. aureus (22.56 mm) AgNPs E. globulus, E. coli (18.24 mm) AgNPs 

E. qlobulus (Table 5). 
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