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ABSTRACT 
Background:  Silver nanoparticles (AgNPs) are widely used in various fields due to their unique physico chemical and antimicrobial 
properties. The green synthesis of silver nanoparticles was done by the bio reduction
plant extract.Objective: This study aimed to synthesis of silver nanoparticle 
and Rosmarinus officinalis, and confirmed by changed colour, UV
plant extract, SNPs concentration, and Chemical AgNPs were evaluated against 22 
line. Results: Confirmation of SNPs was devolved by
The image of SNPs was spherical and size ranged (15
Cardamom Silver Nanoparticles (BCSNPs) was s
cell line is negative and highly significant, where “r” value = 
Conclusion:  This suggests that BCSNPs have great potential to act safe alternative to antibiotics or antibacterial. 

applications include also used BCSNPs in food industry as disinfection by adding to soap or sanitizer, for cleaning utensils  
 waste or storage water. These results urge the testing of these green nanoparticles in vivo. 
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Since ancient times, spices and 

food preservation. A number of spices show antimicrobial activity against different types of microorganisms. 
The consumer become more concerned about the processed food they eat. Synthetic preser
negative health consequences. Besides, the use of synthetic compounds have significant drawbacks, such as 
handling hazards, increasing cost, concerns about residues on food and threat to human environment. Therefore, 
there has been increasing interest to replace synthetic preservations with natural, ef
compounds [1]. 

In recent years, multiple antibiotic resistances of pathogenic bacteria have been exacerbated by the 
inappropriate and excessive use of commercial antim
diseases [2]. Renewed interest has grown in medicinal plants to counter resistance and find an alternative to 
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Silver nanoparticles (AgNPs) are widely used in various fields due to their unique physico chemical and antimicrobial 
The green synthesis of silver nanoparticles was done by the bio reduction of silver nitrate by using different concentrations

This study aimed to synthesis of silver nanoparticle (SNPs) by using plant; Elettaria cardamomom
and confirmed by changed colour, UV- spectrophotometer and TEM analysis. Antibacterial 

, and Chemical AgNPs were evaluated against 22 Klebsiella spp., and their cytotoxicity 
Confirmation of SNPs was devolved by brown color within 10 min, the sharp peak around 411 nm showed by Laura SNPs. 

The image of SNPs was spherical and size ranged (15-50 nm). Highest significant degree of growth inhibition at (9:1) of 
Cardamom Silver Nanoparticles (BCSNPs) was showed against all strains (26-37mm). Correlation between BCSNPs and viability VERO 
cell line is negative and highly significant, where “r” value = -0.9029, where at 3.125 µg/ml BCSNPs showed 100% viability VERO cell.  

This suggests that BCSNPs have great potential to act safe alternative to antibiotics or antibacterial. 
applications include also used BCSNPs in food industry as disinfection by adding to soap or sanitizer, for cleaning utensils 

waste or storage water. These results urge the testing of these green nanoparticles in vivo.

                                                                                
INTRODUCTION  

Since ancient times, spices and herbs have been used as food additives, as flavoring agents but also natural 
food preservation. A number of spices show antimicrobial activity against different types of microorganisms. 
The consumer become more concerned about the processed food they eat. Synthetic preser
negative health consequences. Besides, the use of synthetic compounds have significant drawbacks, such as 

increasing cost, concerns about residues on food and threat to human environment. Therefore, 
reasing interest to replace synthetic preservations with natural, ef

In recent years, multiple antibiotic resistances of pathogenic bacteria have been exacerbated by the 
inappropriate and excessive use of commercial antimicrobial drugs commonly, it used in tr

. Renewed interest has grown in medicinal plants to counter resistance and find an alternative to 
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Silver nanoparticles (AgNPs) are widely used in various fields due to their unique physico chemical and antimicrobial 
of silver nitrate by using different concentrations of 

Elettaria cardamomom Laurus nobilis 
Antibacterial activity of aqueous 

and their cytotoxicity against VERO cell 
brown color within 10 min, the sharp peak around 411 nm showed by Laura SNPs. 

50 nm). Highest significant degree of growth inhibition at (9:1) of Biosynthesis 
37mm). Correlation between BCSNPs and viability VERO 

showed 100% viability VERO cell.  
This suggests that BCSNPs have great potential to act safe alternative to antibiotics or antibacterial. In addition, the 

applications include also used BCSNPs in food industry as disinfection by adding to soap or sanitizer, for cleaning utensils and treatment

used as food additives, as flavoring agents but also natural 
food preservation. A number of spices show antimicrobial activity against different types of microorganisms. 
The consumer become more concerned about the processed food they eat. Synthetic preservations, may lead to 
negative health consequences. Besides, the use of synthetic compounds have significant drawbacks, such as 

increasing cost, concerns about residues on food and threat to human environment. Therefore, 
reasing interest to replace synthetic preservations with natural, effective and nontoxic 

In recent years, multiple antibiotic resistances of pathogenic bacteria have been exacerbated by the 
icrobial drugs commonly, it used in treatment of infectious 

. Renewed interest has grown in medicinal plants to counter resistance and find an alternative to 
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antibiotics. Medicinal plants contain many phytochemicals such as alkaloids, flavonoids, tannins and essential 
oil [3]. Rosmarinus officinalis extract used as antibacterial effect against some resistant strains such as 
Pseudomonas aeruginosa, Bacillus cereus, and Escherichia coli [4]. 

Rosmarinus officinalis (Rosemary) is plant belonging to the family Labiateae. This plant is widely used for 
many purposes, it is well known as a culinary spice and frequently employed in the practice of aromatherapy. 
Rosemary was confirmed as antimicrobial agent against both Gram-positive and Gram-negative bacteria, as well 
as against fungi [5].  

Leaves of Laurus nobilis belongs to family Lauracae and widely used as a spice, antiseptic, insecticide and 
stomachic, and were used in the past to treat rheumatism in European folk medicine. In addition to enhancing 
flavor, certain spices and their essential oils can prolong the storage life of foods by their antioxidant and/or 
antimicrobial activities. Traditionally, they were added to meat, fish and poultry meals and also used in food 
industry [6]. Many authors reported that laurus had a significant effect against pathogenic bacteria, which 
isolated from raw food. Rosemary and Laurus have strong Antibacterial Activity against Spices of the family 
Enterobacteriaceae [7]. 

The Cardamom (Elettaria cardamomom) venerated as the 'Queen of Spices’ and belongs to the family, 
Zingiberaceae. It is one of the most important and easily available spices. Seeds of cardamom are the source for 
its aroma and flavor. Plants synthesize a vast range of secondary metabolites with a significant portion 
consisting of phenolic compounds and flavonoid compounds. Cardamom oil used in food, perfumery, 
antibacterial, antioxidant and liquor a pharmaceutical industries as a flavor and a carminative [8]. 

Bio-synthesis of nanoparticles was a fast growing research in nanotechnology. Nowadays, plant extract has 
been used as reducing and capping agent for the synthesis of nanoparticles. The use of plant extract was more 
advantageous because it does not require elaborate processes such as intracellular synthesis and multiple 
purification steps or the maintenance of microbial cell culture [9]. The biosynthesis of SNPs by using 
Trichoderma viride, [10] and  Elettaria Cardamomom [11] have been reported in literature, and without used of 
toxic chemicals. Simple and green/eco-friendly/chemical free biosynthesis of SNPs by using Elettaria 
cardamom seed extract used as reducing agents [12]. Furthermore, they concluded that silver nanoparticles 
Elettaria cardamom seeds extract exhibit significant antibacterial activity against Bacillus subtilis. Rosmarinus 
officinalis extract as an ornamental or medicinal plant, and can be also used to phytosynthesize SNPs [13]. 
Synthesis of nano-particles of different shapes, size and chemical composition forms the basic research in the 
field of nanochemistry as difference in size and shape tends to change the entire property of the particle. Metal 
nano-particles like gold, silver were used diverse applications in many fields [14]. 

Due to the outbreak of the infectious diseases caused by different pathogenic bacteria and the development 
of antibiotic resistance, the pharmaceutical companies and the researchers were searching for new antibacterial 
agents [15].  In the present nanoscale materials have emerged up as novel antimicrobial agents owing to their; 
high surface area, volume ratio and it was unique chemical and physical properties [16].  

On the other hand, the successes of silver nano-particles against bacterial growth were due to the damage of 
the plasma membrane or bacterial enzymes. These results lead to a morphological distortion of the bacterial 
cells which lead to impairment of bacterial metabolism and escape of cytoplasmic substance to the 
surroundings. Therefore, SNPs could be a good alternative for cleaning and disinfection of equipment and 
surfaces in food-related environments [17]. 

Biological synthesis of advanced nano-materials of gold and silver by using natural products such  as fruits, 
honey, leaves, plants and bio-organisms such  as fungi, bacteria and proteins have received more attention by 
the researchers. This paves a pathway to the development of environmentally benign technologies in the 
synthesis of biological nanoparticles [18]. The present review emphasizes reported plant resources for the 
synthesis of different nano-particles. Plants known to possess various therapeutic compounds, which were 
exploited since ancient time as a traditional medicine. Due it was huge diversity plants have been explored 
constantly for wide range of applications in the field of pharmaceutical, agricultural, industrial etc. [19]. Silver 
nanoparticles were synthesized from extract of Rosmarinus officinalis had Antimicrobial activity against six 
microorganisms and cytoxicity on the human leukemia cell line [20]. Silver nanoparticles were synthesized by 
using Rhinacanthus nasutus leaf extract had antimicrobial activity against Klebsiella pneumonia, and 
Escherichia coli [21]. Cytotoxicity of  SNPs  were related to small particles size, which can enter to cell easily 
[22]. 

The cytotoxic, apoptotic, and necrotic effect of SNPs was marked up to a concentration of 80 μg/mL and 
hydrodynamic diameter of 80 nm [23]. SNPs with hydrodynamic diameter of 80 nm utilized in vitro at 
concentrations 40 μg/mL. Nowadays, the role of plant based biomolecules in the synthesis of AgNPs along with 
their characteristics, antimicrobial activities and applications and eco-friendly approach reviewed by 
Mohammadlou et al, [24]. The use of plant extract was more advantageous because it does not require elaborate 
processes such as intracellular synthesis and multiple purification steps or the maintenance of microbial cell 
culture [9]. Therefore, the objectives of the present study are to:                                                                                        
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• Biosynthesis of SNPs by use each plant (Rosemary, Laura and Cardamom) and study their 
characteristics as SNPs by (UV -visible spectroscopy and Transmission Electron Microscopy). 

• Determine the antibacterial activity of each plant extract (Cardamom BCSNPs, Rosemary BRSNPs, 
Laura BLSNPs and their concentrations as well as Chemically CSNPs) against bacterial isolates. 

• Determine the Cytotoxicity of (Chemically CSNPs, Cardamom BCSNPs, Rosemary BRSNPs, and 
Laurus BLSNPs) against VERO cell line. 

 
MATERIALS AND METHODS 

 
2.1. Plant material: 

To prepare plant extracts, fresh plants  of commercial Elettaria cardamomum (Cardamom), Laurus nobilis 
(Laurus) and  Rosmarinus officinalis  (Rosemary) were collected from kingdom of Saudia Arabia (Taif city).  
They have been washed thoroughly with distilled water (D.W.) and left to dry for 24 hours at room temperature 
then crushed. 
 
2.1.1. Plant Extract: 

The extract solutions were prepared by  mixing 5 gm of each dried plant extracts (Cardamom, Laurus and 
Rosemary)  with 45 ml of D.W. and  incubation at 70 °C for 2 hrs (binder78532 TUTTLINGEN/ GERMANY). 
The obtained extracts were filtered through a black-band filter paper (pore size 8-12 μm) (Filtrak, Germany) in 
sterile bottle under aseptic condition and kept at 4 °C in a refrigerator until used. 
 
2.1.2. Synthesis of Nano Silver Plant extracts: 

The synthesis of SNPs  were carried out by the following two sequences:  
1) Adding 5 ml of each fresh plants extract to a conical flask containing 5 ml of 3 mM aqueous AgNO3. 

The mixture was heated at 65 ○C with continuous shaking using a magnetic stirrer for 60 min. The color of the 
mixture was turned from colorless to dark brown or yellowish-brown within the first 10 min indicating the 
developing of the reduction of silver ions to nano silver. Few drops of D.W. were added during heating to 
maintain the mixture volume constant for the three tested samples. 

2) Adding different volumes (1, 3, 5, 7, 9 ml) of each plant extract sample and different volumes of D.W. 
(9, 7, 5, 3 and 1 ml, respectively) to 5 ml of 3 mM AgNO3.The obtained 15 ml mixture was heated at 65 ○C with 
continuous shaking using a magnetic stirrer for 60 min. Again, the color of the mixture was turned lead to 
reduction of silver ions to nano silver. The mixture volume was maintained constant by adding few drops of 
D.W. during heating of the three tested samples. Under these synthesis conditions, the plant extract 
concentration is changed in each, while that of silver is constant. This would affect the silver nano particles size 
and shape and hence their application afterward. Optical properties of all plant extracts with SNPs were 
evaluated. Samples for TEM will be prepared by placing a drop of Laura, Rosemary, Cardamom, and chimcally 
nano silver colloidal solution on a TEM copper grid (200 meshes, carbon- coated,colloid on covered [25]. 
 
2.2. Antibacterial assay: 

The antibacterial activity of SNPs was tested by using agar disc diffusion assay as per Clinical Laboratory 
Standards Institute (CLSI) [26]. Sterile discs of six millimeter width were dipped into, each plant extracts, 
chemically SNPs, biosynthesis of SNPs from each plant extracts, and their concentrations as well as the assay 
positive control resistant antibiotic. Dried discs were placed over the inoculated plates (22 Klebsiella spp.) 
followed by incubation overnight at 37oC. The antibacterial activity was assigned by measuring the diameter of 
the zone of inhibition around the disc by mm. The average of replicates for all has been calculated [27]. 
 
2.3. Cytotoxicity assay:  

Cell toxicity was monitored on Vero cells at the Regional Center for Mycology and Biotechnology 
(RCMB) at Al- Azhar University. The cytotoxicity assay was carried out using 0.1ml of cell suspension, 
containing 10,000 cells seeded in each well of a 96-well microtitre plate (Falcon, NJ, USA). Fresh maintenance 
medium containing different dilutions of the SNPs (Cardamom, Laurus,Rosemary and chemically) were added 
after 24h of seeding. Control cells were incubated without the tested compound. The number of viable cells was 
determined at 570nm using microplate ELISA reader (Sun Rise TECAN, Inc, USA) [28]. 
 
2.4. Data analysis: 

 The percentage cell viability was calculated using the Microsoft Excel®.Percentage cell viability was 
calculated as follows: Where: Abs: absorbance at 570 nm. 

  
% Cell viability = Mean Abs control – Mean Abs test compound   X 100                                                              
                                               Mean Abs control   
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The 50% Cytotoxic concentration (CC50), the concentration required to kill or cause visible changes in 50% 
of intact Vero cells, was estimated from graphic plots. STATA statistical analysis package was used for the dose 
response curve drawing in order to calculate CC50. 
 
Statistical analysis: 

Obtained data were analyzed by using SAS institute statistical software (SAS Institute 1988), significant 
differences between each plant extract, Cardamom CSNPs, Rosemary RSNPs, Laura LSNPs and their 
concentrations as well as Chemically SNPs against 22 strains from Klebsiella spp. were determined by analysis 
of variance (ANOVA) and based on the least significant differences using General Linear Model procedure 
(proc GLM). 

 
RESULTS AND DISCUSSION 

 
3.1. Synthesis of Silver Nanoparticles  from plant extract: 

Nanoparticles are Synthesis according to protocol discussed in “material and                                    
methods”. The present data showed color of the mixture was turned from colorless to dark brown or yellowish-
brown within the first 10 min. It was due to the reduction of Ag+ ions which indicate the formation of SNPs. 
The reduction was due to terpeniods present in curry leaf extract [29]. The formation of SNPs slows after 120 
min was confirmed [30]. Biosynthesis silver nanoparticles from mushroom Agaricus biosporus was first 
confirmed by color change from brown to dark within half an hour [31]. 

UV- visible spectroscopy was important technique for analysis the formation and stability of silver 
nanoparticles in aqueous solution, SNPs has free electron. It gives rise to plasma resonance absorption band, due 
combined vibration of metal nanoparticles in resonance with the light wave. A surface plasma SNPs was 
obtained at 200–900 nm and colored change. The Laura silver nanoparticles LSNPs (No.10) were showed the 
sharp peak around 411 nm with high denisity (Fig.1) at all concentrations. These results are the same coinciding 
by other authors [32]. They confirmed that the green synthesis of nanoparticles by developed colors and then by 
sharp peak around 411nm with high absorbance. The stability of biosynthesized nanoparticales by the same 
characterization [33] has absorbance peak at 435nm. The maximum peak formation for Curry silver 
nanoparticles occurs at 420 nm [34]. 
 

 
 
Fig. 1: UV-VIS spectra of silver nanoparticles synthesized using by Laura plant extract concentration. 
 
3.1.1.Transmission Electron Microscopy: 

Transmission Electron Microscopy (TEM) was used to view the morphology and size of SNPs. TEM 
images show the nanoparticles synthesized by each plant extract (Cardamom No.8, Rosemary No.9, and Laura 
No.10) and chemically AgNPs were relatively spherical in shape. This confirmed the development of SNPs 
structures. Fig 2 were showed the Cardamom and Laura nano silver particles in the range 15-27 nm. While,  
Rosemary and chemically SNPs were showed in the range 27-50 nm. Silver nanoparticles were synthesized by 
using orange peel extract; the average size of nanoparticles was 98 nm [35]. Silver nanoparticles were 
synthesized from curry leaf with an average size of 14 nm.  
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Fig. 2: Characterization data of AgNPs: transmission Electron Microscope images of spherical Cardamom silver 
nanoparticles. 

 
3.2. Antibacterial effect of cardamom: 

The inhibition zones measured in millimeter by disc diffusion method [36] for preliminary antibacterial 
evaluations of the cardamom extract, chemically silver nanoparticales (CSNPs), biosynthesis cardamom silver 
nano particales (BCSNPs) and their concentrations summarized and presented in Table (1). The result of the 
disc diffusion test indicated that, the diameters of inhibition zone were exhibited against all 22 isolates as 
compared to control (resistant antibiotic "Penicillin G,). The highest significant degree of growth inhibition was 
at BCSNPs concentration (9:1) was showed against all types of bacterial strains (26-37mm), except strain NO. 
A08, and A20 were about (11mm). Meanwhile, aqueous extract of cardamom were possessed high significantly 
decrease of antibacterial activity by 4-5 fold against isolates as compared to BCSNPs concentration (9:1), these 
results are in agreement with finding by Nanasombat and Lohasupthawee  [37]. They were used ethanolic and 
oil cardamom extracts and scored zone, about 10 mm against Klebsiella sp. In contrary Mishra and Behal [38] 
were scored highest degree of inhibition zone by cardamom aqueous extract (21mm) against E.coli. 

In the present work, the inhibition zones of K. pneuomniae were 14 mm, when exposure to cardamom nano 
silver. The inhibition zone of BCSNPs against Bacillus sp. was 14 mm [12]. He stated that inhibition zone of 
BCSNPs against Bacillus sp. was 14 mm, while in previous research [11] which showed 12mm Klebsiella  
pneumonia A07  was observed the highest significaly sensitive bacteria than others  at  9:1 CSNPs with inhibitio 
zone of 33 mm. The inhibition zone of CSNPs were inhibited either Klebseilla sp. about 30 mm at 50µ 
[38].Klebsiella planticola inhibited when exposure to BCSNPs (12 mm). As most components of spice oils 
belong to the terpenoid family [11]. In general, BCSNPs was more effective, when increased the amount of 
Cardamom aqueous extract to silver nitrate solution. Natural products like spices can be seen as alternatives to 
chemical preservatives used in various food industries so as to minimize their side effects and simultaneously 
improving the shelf life of the food products. The inhibitory factor responsible for the antimicrobial activity can 
further be identified and used as an alternative to currently used drugs against the pathogenic microbes. 
Nowadays microbes are increasingly developing resistance against the drugs in use. To combat against these 
drug resistant microbes, a large library of novel compounds is required. Natural products from plants may give 
us a solution to this alarming problem [37]. Antimicrobial characteristics of the herbs are due to various 
chemical compounds including volatile oils, alkaloids, tannins and lipids that are presented in their tissue [39]. 
The inhibitory effect of cardamom seeds detected may be due to the presence of volatile oils.                                                                                                                         

As most components of spice oils belong to the terpenoid family, there has been much speculation on the 
contribution of the terpene fraction of the oils to their antimicrobial activity [40]. Many researchers have 
demonstrated the antimicrobial activity of the most common terpene compounds, such as thymol, carvacrol, 
linalool, eugenol, α-pinene, and β-pinene in spices against several microbial strains [41]. Cyclic terpene 
compounds have been reported to cause loss of membrane integrity and dissipation of proton motive force [42]. 
The antimicrobial action of spices is due to the impairment of a variety of enzyme systems involving in the 
production of energy or synthesis of structural components in microbial cells [43].           
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Table 1: Antibacterial activity of Cardamom extract, Cardamom nano silver and Cardamom nano silver concentration* and chemically nano 
silver against 22 isolates estimated by disc diffusion test.                                                                                        

 Diamater of inhibition zone (mm)  
   

F 
value 

control Nano 
sliver 

Concentration of 
Cardamom : nano silver  

Cardamom   
nano silver 

Aqueous 
extract  

Cardamom 

Strains 

   9:1 7:3 5:5 3:7 1:9    
26.2  - 14d 33a 32a 31b 30b 20c 13d 7e Klebsiella  spp                  

   A01  
29.2  - 13c 31a 27b 25b 12c 11c 11c 7d Klebsiella   pneumonia    

A02 
30.2  - 13c 29a 26b 24b 11c 10c 11c 7d Klebsiella  pneumonia     

A03 
17.2  - 12b 23a  22a 21a 10b 9b 12b 8c Klebsiella  spp                  

  A04 
2.5  - 13b 25a 23a 22a 13b 9b 11b 7c Klebsiella  pneumonia     

A05 
3.2 - 14c 24a 21b 20b 12c 10c 12c 8d Klebsiella  spp                  

  A06 
4.2 - 12c 25a 21b 19b 12c 10c 13c 7d Klebsiella  spp                  

  A07  
3.6 - 12b 11b 10b 9b 9b 9b 12a 10b Klebsiella  pneumonia     

A08 
4.6 - 13b 27a 26a 11b 11b 10b 11b 7d Klebsiella  pneumonia     

A09  
18.6 - 13c 31a 30a 22b 11c 10c 12c 8d Klebsiella  pneumonia     

A10 
16.2 - 12c 27a 25a 20b 13c 12c 12c 8d Klebsiella  pneumonia     

A11  
19.2 - 12c 27a 26a 19b 10c 9c 10c 8d Klebsiella  pneumonia     

A12 
17.4 - 11c 25a 11c 9c 9c 8d 12b 10c Klebsiella  pneumonia     

A13 
12.2 - 11d 27a 26a 12b 11b 10b 12b 7d Klebsiella  pneumonia     

A14  
5.6 - 12b 25a 24a 23a 11b 10b 11b 7d Klebsiella  pneumonia     

A15  
4.3 - 12c 27a 26a 25a 25a 11c 11c 9c Klebsiella  pneumonia     

A16 
2.7 - 12c 26a 26a 25a 25a 17c 10c 8c Klebsiella  pneumonia     

A17  
42.0 - 11d 29a 26b 25b 21c 19c 11d 7e Klebsiella  pneumonia     

A18  
31.5 - 8d 32a 30a 29a 21b 14c 11c 7d Klebsiella  pneumonia     

A19  
21.5 - 13a 11a 11a 10a 10a 9a 11a 7b Klebsiella  pneumonia     

A20 
9.3 - 10c 26a 23b 22b 21b 11c 11c 10c Klebsiella  pneumonia     

A21 
18.5 - 11d 27a 24b 24b 20b 15c 12c 7d Klebsiella  pneumonia     

A22 
All Data are mean of two replications: Control; resistant antibiotic: Inhibition zone diameters were measured inclusive of the diameter of 
the discs.* Adding different volumes (1, 3, 5, 7, 9 ml) of Cardamom extract sample and different volumes of D.W. (9, 7, 5, 3 and 1 ml, 
respectively) to 5 ml of 3 mM AgNO3.   Means followed by the different small letter in each column and capital letter in each rows are 
significantly different at 0.05 level of probability.     
 

3.3. Antibacterial effect of Rosemary: 
As the table (2) show, The highest significant inhibition zones of K. pneumonia A13, A15 were 19 and 

12mm, when exposure to biosynthesis of Rosemary silver nano particles(BRSNPs) at ratio 9:1. The inhibition 
zone of BRSNPs against K. pneumonia were 22 mm [44]. The rapid biological synthesis of silver nanoparticles 
using R. officinalis extract provides a stable, environmental friendly, simple and efficient route for synthesis of 
nanoparticles. These obtained silver nanoparticles have potential applications in the biomedical field and this 
simple procedure has several advantages such as cost effectiveness, compatibility for medical and 
pharmaceutical applications, as well as large scale commercial production [19].The reduction of Ag+ ion by 
these spices extracts resulted in the formation of stable nano particles. The rate of reduction for the synthesis of 
nano particles by this method was rapid. Synthesis of silver nanoparticles by the green chemistry approach 
reported by using twelve spice extracts may find potent use in biomedical applications. Furthermore, we 
demonstrated that use of natural, renewable and low cost biological reducing agent, such as these spices could 
produce metal nanostructures in aqueous solution at ambient temperature, avoiding the occurrence of hazardous 
and toxic solvents [45]. 
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Numerous authors suggested that the differential effect of Rosemary preparations on bacteria depends on 
their composition, the characteristics of the plant material and concentration used. The plant material contains 
tannins, flavonoids, terpenes, saponins, rasins, phytosteroles, rosemary acid and many others [46]. Rosemary 
water extract were analyzed and containing 30% of carnosic acid, 16% of carnosol and 5% of rosemary acid 
[54], these components were more effective against Gram-positive than Gram-negative bacteria or yeasts [48]. 

 
Table 2: Antibacterial activity of Rosemary extract, Rosemary nano silver and Rosemary nano silver concentrations* and chemically nano 

silver against 22 isolates estimated by disc diffusion test. 

 Diamater of inhibition zone (mm)  
 

F. 
value 

control Nano 
sliver 

Concentrations of 
Rosemary nano silver 

Rosemary 
nano silver 

aqueous extract 
of Rosemary 

Strains  

   9:1 7:3 5:5 3:7 1:9       
3.4  -  14a  7b 7b 7b 7b 7b 10a 7b Klebsiella  spp                   

  A01  
1.85  - 13a 8b 9b 9b 8b 8b 9b 7b  Klebsiella   pneumonia    

A02 
2  - 13a 9a 7b 7b  8a 7b 8a 7b Klebsiella  pneumonia     

A03 
1.14  - 12 8 8 8 8 9  10 7 Klebsiella  spp                   

 A04 
1.43  - 13a 8b 8b 8b 8b 9a 9b 7b Klebsiella  pneumonia     

A05  
2.5  - 14a 8b 8b 8b 8b 9b 12a 7b Klebsiella  spp                   

 A06 
1.7 - 12a 8b 8b 10a  9b 9b 10a 7b  Klebsiella  spp                   

 A07  
4.6 - 12a 10a  8b 8b 9b 8b 10a  8b Klebsiella  pneumonia     

A08 
3.06 - 13a 7b 7b 7b 7b 7b 9a 7b Klebsiella  pneumonia     

A09  
1.2 - 13a 7b 7b 7b 7b 7b 9a 7b Klebsiella  pneumonia     

A10 
7.2 - 12a  8b  8b 8b 8b 9b 9b 7c Klebsiella  pneumonia     

A11  
2.3 - 12a 7b 8b 8b 7b 8b 8b 7b Klebsiella  pneumonia     

A12 
3.4  - 11b 12a 8b 12a 10b 8b 10b 7c  Klebsiella  pneumonia     

A13 
0.6  - 11b 11a 8b 9b 10b 8b 9b 7c  Klebsiella  pneumonia     

A14  
2.7  - 12a 12a 9b 10b 11b  9b 9b 7c  Klebsiella  pneumonia     

A15  
3.6  - 12a 7b 7b 7b 7b 7b 9a 7b Klebsiella  pneumonia     

A16 
8.3  - 12a 11a 9b 10b  11a 9b 9b 7c Klebsiella  pneumonia     

A17  
6.2  - 11b 8b 9b 9b 9b 9b 9a 7c  Klebsiella  pneumonia     

A18  
4.3  - 8b 7b 7b 7b 7b 7b 10a 7b Klebsiella  pneumonia     

A19  
2.5  - 13a 7b 7b 10b 7b 7b 10b 7b Klebsiella  pneumonia     

A20 
2.6  - 10a 7b 7b 7b 7b 7b 9b 7b Klebsiella  pneumonia     

A21 
1.4  - 11b 8b 8b 10a 8b 8b 10a 7c Klebsiella  pneumonia     

A22 
All Data are mean of two replications: Control; resistant antibiotic: Inhibition zone diameters were measured inclusive of the diameter of the 
discs..* Adding different volumes (1, 3, 5, 7, 9 ml) of Rosmary extract sample and different volumes of D.W. (9, 7, 5, 3 and 1 ml, 
respectively) to 5 ml of 3 mM AgNO3.   Means followed by the different small letter in each column and capital letter in each rows are 
significantly different at 0.05 level of probability. 
 
3.4. Antibacterial Effect of Laura: 

The results of antibacterial activity ( via disc diffusion method ) of the Laura extract, biosynthesis Laura 
silver nano particales (BLSNPs),Laura nano silver concentrations and CSNPs against all obtained strains were 
presented in table (3). Resistant antibiotic ("Penicillin G) were negative control. Chemically Nano silver 
revealed significant antibacterial against all tested strains (10-14 mm),except K.  pneumonia A19 (8mm).  K.  
pneumonia A13 and A16 were exhibited highly significant sensitive when exposure to Laura nano silver (14 
mm) at concentration (9:1). 

In this study, the application of CSNPs as an antibacterial agent were investigated and exhibited better 
antibacterial activity against all tested bacteria. While, biosynthesis plants nanosilver were more effective than 
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Laura aqueous extract. This result was due to the abundance of bioactive compounds in plant extract. These 
compounds were more effective when synthesis with AgNo3 and converted to nano particles. Nano particles of 
AgNo3 have an excellent biocidal effect and effectiveness in reducing bacterial growth for practical applications 
such as the formulation of various biocidal materials. The mechanism of inhibitory action of silver nanoparticles 
on microorganisms is not very well-known [49]. However, several mechanisms have been proposed to explain 
the inhibitory effect of silver nanopaticles on bacteria. It is assumed that the high affinity of silver towards sulfur 
and phosphorus is the key element of the antimicrobial effect. Due to the abundance of sulfur-containing 
proteins on the bacteria cell membrane,  silver nanoparticles can react with sulfur-containing amino acids inside 
or outside the cell membrane, which in turn affects bacteria cell viability. It was also suggested that silver ions 
(particulary Ag+ ) released from silver nanoparticles can interact with phosphorus moieties in DNA, resulting in 
inactivation of DNA replication or reacting with sulfur-containing proteins, leading to the inhibition of enzyme 
functions which results in loss of cell viability and eventually resulting in cell death [50]. The green AgNPs 
nanocomposite film exhibited antimicrobial activity against Gram negative bacteria Klebsiella  pneumonia, and 
Gram positive bacteria Staphylococcus aureus [33].They finding that  the use of a safe and simple green AgNPs 
nanocomposite which has a potential application in food packaging. Furthermore, the biosynthesized AgNPs 
from mushroom have shown high antibacterial activity against multi drug resistant strains K. pneumonia, and 
Pseudomonase Sp. [30]. They suggested that AgNPs mushroom have great potential to act as safe alternative to 
antibiotics to fight the challenge of drug resistant [51]. They biosynthesized of AgNPs by Fusarium oxysporium 
and exhibited their antibacterial effect against K. pneumonia, and Pseudomonase Sp. 
 
Table 3: Antibacterial activity of Laura extract, Laura nano silver and Laura nano silver concentration* and chemically nano silver against 

22 isolates estimated by disc diffusion test. 
 Diamater of  inhibition zone (mm)  

  
Fvalue control Nano 

sliver 
Concentration of  
laura nano silver 

Laura nano 
silver 

Aqueous 
extract  
Laura 

Strains  

   9;1 7:3 5:5 3;7 1:9     
3.2  -  14a  9b 8b 8b 8b 8b 12a 7c  

Klebsiella  spp                  
   A01  

6.7 - 13a 9b 8b 8b 8b 8b 10a 7b  Klebsiella   pneumonia    
A02 

2.5 - 13a 9b 8c 8c 8c 8c 10b 7d  Klebsiella  pneumonia     
A03 

12.3 - 12a 9b 8b 8b 8b 8b 11a 7d Klebsiella  spp                  
  A04 

7.3  - 13a 10b 8b 8b  9b 10a 10a 7d Klebsiella  pneumonia     
A05 

6.2 - 14a 9b 8b 8b 8b 8b 12a 7d Klebsiella  spp                  
  A06 

1.5 - 12a 10a 8b 8b 9b  9b 11a 7d Klebsiella  spp                  
  A07  

11.7 - 12b 11a 9b 9b 10b  9b 11a 7c Klebsiella  pneumonia     
A08 

2.3 - 13a 11a 8b 8b 10b 8b 10b 7c Klebsiella  pneumonia     
A09  

7.5 - 13a 10a 7b 7b 8b 7b 11a  7b Klebsiella  pneumonia     
A10 

3.2 - 12b  10b  7c 7c 7c 12a 10b 7c Klebsiella  pneumonia     
A11  

12.7 - 12a 11a 7b 8b 7b 11a 9b 7b  Klebsiella  pneumonia     
A12 

3.2 - 11b 14a 8b 8b  9b 9b 11b 7b  Klebsiella  pneumonia     
A13 

4.2 - 11c 12a 8c 8c 9c 10b 10b 7c Klebsiella  pneumonia     
A14  

0.9 - 12b 9a 9b 7b 8b 8b 10b 7c Klebsiella  pneumonia     
A15  

2.4 - 12b 14a 10c 10b 11c 11c 10c 7c Klebsiella  pneumonia     
A16 

6.2 - 12b 12a 8c 10b 8c 8c 9c 7c  Klebsiella  pneumonia     
A17  

4.1 - 11b 10a 7c 7c 8c 7c 10a 7c Klebsiella  pneumonia     
A18  

2.5 - 8b 11a 7b 7b 8b 7b 9b 7b Klebsiella  pneumonia     
A19  

3.2 - 13a 10b 7c 8c 9c 7c 10b 7c Klebsiella  pneumonia     
A20 

3.3 - 10b 11a  7c 10b 8c 8c 10b 7c  Klebsiella  pneumonia     
A21 
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2.1 - 11b 10b 8c 8c 8c 8c 11a 7c Klebsiella  pneumonia     
A22 

All Data are mean of two replications: Control; resistant antibiotic: Inhibition zone diameters were measured inclusive of the diameter of 
the discs..* Adding different volumes (1, 3, 5, 7, 9 ml) of Laura extract sample and different volumes of D.W. (9, 7, 5, 3 and 1 ml, 
respectively) to 5 ml of 3 mM AgNO3. Means followed by the different small letter in each column and capital letter in each rows are 
significantly different at 0.05 level of probability.  
 

3.5. Cytotoxicity effect of chemically nano silver:  
From the results the lowest mortality rate was obtained at a CSNPs concentration of 3.125 µg/ml and 

viability of cell 98%. The lowest mortality rate was obtained at a nanoparticle concentration of 10 µg/ml, and 
viability of cell 75%. [23]. The present study scored the viability of VERO cell line were 58.3% at concentration 
of CSNPs (50µg/ml). The percentage of viability of VERO cell was 50% at concentration of CSNPs (62.5 
µg/ml). [51]. Toxicity of CSNPs (400 µg/ml) against VERO cells was  inhibited 79.76% after 24 h of incubation 
in the present work.  In an earlier study by Sulaiman et al., [20] also inhibited 80% from HL-60 cell line by 
synthesized silver nanoparticales (1mM AgNps) at the same incubation time.                                                                                              

Silver nanoparticles are metallic nanostructures with useful surface properties and have been used for 
various purposes, such as the production of wound dressings and cosmetics, and in the medical industry as 
device-coating agents [53]. However, many studies showed that AgNPs may induce genotoxicity and 
cytotoxicity in cancer and normal cell lines [54]. The TH-149 and RTL-W1 liver cell lines exhibited similar 
sensitivity as primary hepatocyctes towards AgNPs toxicity [55]. Fig (3) showed the cytotoxicity effect of 
CSNPs against viability of VERO cell line. The correlation between CNS and viability of VERO cell line was 
negative, highly significant, where “r” value = -0.8560. 
 

 
 
Fig. 3: Evaluation of cytotoxicity of chemically silver nanparticales  CSNPs against VERO cell line. 
 
3.6. Cytotoxicity effect of cardamom nano silver: 

The cytotoxicity of Biosynthesis of Cardamom Silver Nano BCSNPs concentrations were determined by 
percentage of cell viability VERO cell lines.The viability of VERO cells increased with decreasing doses of 
BCSNPs at 24 h of incubation period at  3.125 µg/ml of concentration BCSNPs was showed excellent effect on 
viability of VERO cell line (100%). In general, this concentration was safe and not toxic to viable cell. Fig (4) 
showed the cytotoxicity effect of  BCSNPs against VERO cell line. The correlation between BCNS and viability 
of VERO cell line is negative and highly significant, where “r” value = -0.9029.  

 

 
Fig. 4: Evaluation of cytotoxicity (percentage of cell viability) of BCSNPs against VERO cell line. 
 
3.7. Cytotoxicity effect of Rosemary nano silver: 

The cytotoxicity effect of biosynthesis Rosemary Nano Silver (BRSNPs) concentrations were determined 
by percentage of cell viability against African Green Monkey Kidney VERO cell lines.The highest percentage 
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of viability of VERO cell line (89%) was scored at 3.1 µg/ml concentrations of BCSNPs. The highest mortality 
rate was obtained at 400 µg/ml, the percentage of inhibited cell was 11.76%. Fig (5) explained the cytotoxicity 
effect of BCSNPs against VERO cell line. The correlation between BRNS and viability of VERO cell line is 
negative and highly significant, where “r” value = -0.7527. 

 
 

 
Fig. 5: Evaluation of cytotoxicity (percentage of cell viability) of BCSNPs against VERO cell line. 
 
3.8. Cytotoxicity effect of Laura nano silver: 

To investigate the cytotoxic effect of Biothynsis Laura Silver Nano particales (BLSNPs),the African Green 
Monkey Kidney VERO cell line was exposed to varied concentrations of (BLSNPs), and cell viability was 
determined by percentage of cell viability. All (BLSNPs) concentrations were decreased with increasing the 
viability VERO cell line. At concentration of 3.125 µg/ml of BLSNPs exhibited law cytotoxicities against 
viability VERO cell line (97.04%). Fig 6) described the cytotoxicity effect BLSNPs against VERO cell line. The 
correlation between BLSNPs and viability of VERO cell line is negative and highly significant, where “r” value 
= -0.8030. 

In general BCSNPs was exhibited no cytotoxicity effect against normal cell, whereas all VERO cell line 
was viable at 3.1 µg/ml. The application of silver nanoparticles, or plants silver nanoparticels BCSNPs (3.1 
µg/ml) as an cytotoxic agent were investigated and exhibited may be safe against viability of normal cell line in 
vitro.  Therefore, further studies must be conducted to fully characterize the mechanisms of no or low toxicity of 
these particles. This effect may be related to the bioactive compounds present in plant extract, size and 
concentration of silver nanoparticles. The biological applications employing silver nanoparticles should be given 
special attention for anticancer potential while warranting for toxicity against normal cells was need [56]. 

Toxicity of nanoparticles depends on many factories including, size, shape, chemical composition, surface 
area, surface charge and others. These results urge the testing of these nanoparticles in vivo, whereas nanosilver 
particles are being widely used in consumer products due to it is unique antimicrobial activity. The small sized 
of AgNPs (22nm,42nm, and 71nm) were distributed to organ (brain, kidney, liver, lung and testis), while large 
size(323nm) were not detected in those tissue. But histopathological changes of organs were not observed in all 
groups treated with AgNPs for 14 days by oral administrations [57]. It seemed that small sized AgNPs could be 
more easily absorbed in gastrointestinal tract and translocated in the organ. While, Tang et al., [58] concluded 
that when rats treated with AgNPs by injection, AgNPs translocated to blood and accumulated in organ. 
According to the previous publications using in vivo model, it was reported that any significant toxicological 
change during the 28 days inhalation of  AgNPs was not shown in rats [59]. Another exposure route of AgNPs, 
oral route may be important in many consumer products such as toothpaste, reusable bottles, nursing nipples, 
kitchen utensils and toys [60]. 
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Fig. 6: Evaluation of cytotoxicity (percentage of cell viability) of BLNS against VERO cell line. 
 
Conclusion and Recommendation: 

Multi drug resistance is a global challenge the world is facing and the re-emergence of MDR strain is a great 
challenge in the field of pharmaceutical and medical science. Natural herbs and plant extracts could be used for their 
remedial properties like antibacterial. Nanotechnology provides a platform to develop and the nanomaterials which 
could combat the challenge. In this work, it was observed that the aqueous extract of cardamom have antimicrobial 
component (flavonoids) against all isolates. It could be used in the development of active drugs in the developing 
pharmaceutical industries. Cardamom aqueous extract play an important role in the reduction and stabilization of 
silver to silver nano particles. Further these synthesized silver nano particles from cardamom aqueous extract shows 
a highly significant antibacterial against all isolates (Klebsiella spp.). The inhibitory activity of aqueous Cardamom 
was increased by more than 5 fold when changed to BCSNPs concentration at (9:1). At 3.125 µg/ml of 
concentration of BCSNPs used in this study did not harm on viability of VERO cell line (100%) after 24 hr of 
incubation. This green synthesis method is alternative to chemical method, since it is cheap, pollutant free and eco-
friendly. The obtained results suggest that synthesis of Cardamom nano silver are effective against MDR strains, 
Due the percentage of (AgNPs to Cardamom extract 1:9). This result is a potential candidate for the use in 
pharmaceutical products and medicines to control the menace of drug resistance at the global level. In addition, the 
applications includes also food and water storage as well as waste or irrigated water treatment, cleaning utensils and 
used as disinfection  with adding to soap or sanitizer. These results urge the testing of these green nanoparticles in 
vivo. 
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