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ABSTRACT

Background: Staphylococcus aureus is a gram-positive coccal bacterium that is a member of the Firmicutes, and is
frequently found in the nose, respiratory tract, and on the skin. Most are harmless and reside normally on the skin
and mucous membranes of humans and other organisms. This bacterium is an opportunistic pathogen; it is a
common cause of skin infections such as abscesses, respiratory infections such as sinusitis, and food poisoning.
Pathogenic strains often promote infections by producing potent protein toxins, and expressing cell-surface proteins
that bind and inactivate antibodies. The emergence of antibiotic-resistant strains of S. aureus such as methicillin-
resistant S. aureus (MRSA) is a worldwide problem in clinical medicine. Objectives: To study the prevalence of
Methicillin-Resistant S. aureus (MRSA) in raw milk, through isolation, identification by molecular methods and
determined the effect of green synthesis silver nanoparticles on recovered isolates. Results: Fourteen bacterial
strains (FO1-F14) were isolated from raw milk as follows: 9 camel, 3 goat. 1 cow and sheep, then characterized by
morphology and biochemical reactions. Further the strains were identified by molecular methods. Fourteen isolates
were identified by 93-97% S. aureus, except strain FO2 and FO3 were identified by 91-92%. Antibiotic resistance
profiles of isolated were determined. All isolates were MRSA, seven isolates displayed multidrug resistance against
7, 8 types of antibiotics. From statistical analysis the Cardamom silver nanopatrticles, the concentration of AgNo3
1mM, showed good inhibitory effect towards MRSA. Conclusion: It is confirmed that green silver nanoparticles are
capable of rendering high antimicrobial efficacy. Conclusion, it has a great potential in the field of sanitation,
disinfection, cleaning utensils or packages and nanomedicine.

INTRODUCTION

Staphylococcus aureus is a Gram-positive bacterium found in maxillae, nose, groin, perineal area (males), mucous
membranes, mouth, mammary glands, hair, and intestinal, genitourinary and upper respiratory tracts of human and
sometimes leads to production of pus and abscesses, sepsis and even fatal septicemia [8, 27]. S. aureus is amongst
major human pathogens both in hospitals and the community [50]. The bacterium is an opportunistic pathogen that
can bring about a multiplicity of self-limiting and even life-threatening diseases in humans [8].

Antibiotics such as cephalexin and cloxacillin are usually used to treat staphylococci infections [38]. Many strains of
S. aureus have increased resistance to multiple different classes of antibiotics [16]. Methicillin Resistant S. aureus
(MRSA) strains are common causes of nosocomial infections [12]. Increasing resistance to vancomycin, which is
administered intravenously and used to treat MRSA, has been documented in many hospitals [16, 20]. The universal
emerge of MRSA is considered as a major problem for public health [19, 52]. The ability of S. aureus strains to
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cause disease depends on a wide range of virulence factors that contribute to colonization and disease in the host
[52].

Nanotechnology has paved way to combat the challenges of multi-drug resistance through innate properties of
AgNPs, which are in limelight since a long time due to their broad spectrum antimicrobial activities against bacteria
[40]. Nowadays, plant extract has been used as reducing and capping agent for the synthesis of nanoparticles and
may be safe or ecofriendly [14]. Many natural biomolecules in plants (inactivated plant tissue, plant extracts and
living plant) such as proteins/enzymes, amino acids, polysaccharides, alkaloids, alcoholic compounds, and vitamins
could be involved in bioreduction, formation and stabilization of AgNPs [30]. The use herbs in phytotherapy are
mostly due to their various natural activities, such as spasmolytic, carminative, hepatoprotective, anti-carcenogenic
properties [7]. Cardamom (Elettaria cardamomum) is a perennial shrub of the family Zingiberaceae, and commonly
used as spices in households worldwide. It is called as the queen of spices and has several phyto-active compounds,
and has maximum antibacterial activity against S. aureus [6]. Rosmarinus officinalis commonly referred as
Rosemary belongs to Lamiaceae family. It is one of the most valued sources for natural bioactive compounds which
are special interest in the functional food industry. In vitro study, the extracts from Rosemary have good inhibitory
activity against all bacteria, especially against S. aureus [32]. Laurus nobilis (Laura) is belongs to the family
Lauraceae, which comprises numerous aromatic and medicinal plants [9]. Laura oil reported very effective against
several bacteria [36]. Therefore, the objectives of the present study are to: Isolate and identify MRSA existing in raw
milk samples from dairy farms. Determine the antibacterial activity of green synthesis silver nanoparticles by use
each plant (Rosemary, Laura and Cardamom) against bacterial isolates.

2. MATERIAL AND METHODS
2.1. Sampling:

A number of 51 samples of raw milk were collected from livestock (camels, cows, goats and sheep) from different
farms around Taif city. The samples were collected in clean sterile screw capped bottles (100 ml capacity). Each
sample was labeled to show the animal species, date of samples and serial number. Collected samples were
transferred to the laboratory in 24 hrs. Each sample represented one case and was incubated at 37 °C for 24 hrs.
before cultivation onto solid media.

2.2. Isolation and identification of S. aureus:
2.2.1. Milk samples.

Raw milk samples 1ml was added in 9 ml of normal saline solution (8.5g NaCl / L) homogenized for 2min,
suspensions were serially diluted up to 106. One ml each dilution was transferred to sterile petri dishes and then
about 15 ml of Nutrient and Baird parker agar were poured. All plates were converted and incubated aerobically at
37° C for 24 h. After incubation, counted the total numbers of bacteria colonies for each collected sample.
Individual, colonies on Baird Parker agar plates were selected according to their morphological differences such as
color, shape and size then transferred into 10 ml sterile Nutrient broth. The inoculated tubes were incubated
aerobically at 37° C for 24-48 hrs. A lactose fermenting colonies were spread on nutrient agar plates. According to
the standard method of the microbiological examination, streak plate technique was applied in the present study to
isolate and purify culture bacterial strains [22] in nutrient agar plates. For short- term preservation at 4° C, pure
single colonies were streaked on nutrient agar tubes (slant). All isolates were periodically sub-cultured every two
months on specific medium. Standard biochemical tests were performed following standard procedures [12].

2.3. Preliminary identification of isolates:

All isolates were confirmed to the genus level by colony and cell morphology, Gram stain - oxidase - catalase -
coagulase - VP - detection of heamolysin - mannitol fermentation - urease - fermentation of sugar and TSI.

2.4. Partial sequencing of 16s rRNA gene:

2.4.1. DNA extraction from culturable bacteria.
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The genomic DNA of culturable bacterial isolates was extracted using QlAamp DNMini kit (Qiagene) according to
manufacturer’s protocol.

2.4.2. DNA sequencing.

The PCR -amplified 16S rDNA fragments were amplified using two universal primers; fD1
(5'AGAGTTTGATCCTGGCTCAG3') and rP2 (5’ ACGGCTACCTTGTTACGACTT3') [53]. The reaction mix was
composed of x uL. Template DNA, 2uL. BigDye-Mix, 1uL universal primer (10 umol), 1uL Taq DNA polymerase,
and HPLC water to a final volume of 10uL. The amount of template DNA applied was dependent on the
concentration of target sequences to obtain about 10 ng DNA in the final mix. The PCR program was as follows;
initial denaturation at 96°C for 2min (1 cycle), denaturation at 96°C for 10s (30 cycle), annealing at 45°C for 5s (30
cycle),extension at 60°C for 4min (30 cycle), and then cooling at 4°C. The PCR product was purified using a DNA-
purification kits as recommended by the manufacturer and then sequenced. PCR fragments were analyzed by cycle
sequencing, using the Big Dye terminator cycle sequencing kit (Applied Biosystems, U.K.). This sequence step was
commercially carried out by Macrogen Inc.,Seoul, South Korea, through 16S rDNA sequencing using universal
primer, 518F (5' CCAGCAGCCGCGGTAATACG 3') [25]. 16S rRNA gene, were aligned using Clustal W from
MEGA 4.0 software [45] and compared with the homologous sequences of the type strains, available in the
GenBank database.

2.5. Antibiotic Susceptibility Test:

Antimicrobial susceptibility testing was done on Mueller-Hinton agar (MHA) (BD Difco) by the standard disc
diffusion method recommended by [11]. Antimicrobial agents tested were AK (Amikacin), AMC (Augmentin
[Amoxicillin + Clavulanic acid]), CIP (Ciprofloxacin), E (Erythromycin), CN (Gentamicin), OX (Oxacillin), N
(Neomycin), TE (Tetracycline) and V (Vancomycin) (all disks charges were chosen as per the CLSI
recommendations) [35].

2.5.1. Antibacterial assay.

The antibacterial activities of different concentrations of silver nanoparticles (AgNPs) synthesis by each plant
(Rosemary, Laura, and Cardamom) were tested by using agar disc diffusion assay by (Clinical and Laboratory
Standards Institute., 2011). Silver nanoparticles (AgNPs) and their concentration were synthesis by each plant
(Rosemary, Laura, and Cardamom) according to Abu-Zaid [1].

2.6. Statistical analysis:

Results are presented as mean+SD. Statistical difference between the means of the various S. aureus species and
diameter of inhibition zone were analyzed using one way analysis of variance (ANOVA). Data were considered
statistically significant if p < 0.05.

3. RESULT AND DISCUSSION
3.1. Isolation of bacteria from raw milk:

The presence of MRSA in animals and humans is of public health concern. Where the multi-drug resistant MRSA
strains were disseminate from animal to human and vice versa in Community [36]. Several reports shows the
presence of MRSA in a variety of domestic species including dogs [48], cats [10] horses [21], sheep [18] pigs [51]
and chickens [26] leading to an upsurge of reports and interest in MRSA colonization and infection in animals.
Screening the prevalence of MRSA will be of much use in early prevention and control of community acquired
infections. Hence, this study was carried out to address the prevalence of MRSA among domestic animals and to
describe the antibiotics susceptibility pattern of these isolates.

Four types of raw milk were used in the present study as source for isolation some strains of S. aureus belong to
family Staphylococcaceae. All samples (51) were collected from local farms, these samples were divided into; 37
camel, 7 goat, 4 cow and 3 sheep. The highest counts from S. aureus were found in camel samples, these results
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revealed the possibility of spreading the diseases to the consumers. Similar results were also reported by other
authors [4, 43]. Milk is one of the widely consumed products and highly susceptible to contamination by
microorganisms and it is also a suitable medium for the rapid growth and multiplication of bacteria at favorable
temperatures. It is necessary to use very great care in the collection and handling of milk samples to prevent any
extraneous contamination and to control the growth of organisms during transportation and storage of the milk.

the average count value of S. aureus results from raw milk samples table (1) were nearly similar with the average
count value of S. aureus results obtained by Umoh et al, [47] and Jargensen et al, [24] who recorded that the
average count value of S. aureus from milk samples was 26 x 10° CFU g—1 and from 45 to 6-8 x 106 CFU g—1,
respectively.

Table (1): Prevalence and count of S. aureus among different types of raw milk samples (No. = 51)

POSItI.Ve S aureus S. aureus CFU/ml
isolates
Samples

No. % Min. Max. Median
Camel 37 72.5% 7 %10 188 x 10° 55 x 102
Cow 3 5.9% 116.5 x 10? 103.5 x 108 6.5 x 10°
Goat 7 13.7% 10 31 x 102 2.5 x 102
Sheep 4 7.8% 7x10 38.5 x 108 36.9 x 102

%: was calculated to the total numbers of S. aureus were divided on the total numbers of samples (51).

3.2. Preliminary identification:

Fourteen isolates that showed similarity in their morphological, biochemical were selected for further work. These
isolates were named from FO1 to F14 and subjected for further molecular identification. The results indicated clearly
that all isolates exhibited coagulase positive, while 7 isolates were triple sugar iron (TSI) positive. Results of these
biochemical tests were summarized and presented in table (2), all selected isolates were Gram positive cocci, none
spore forming, B blood hydrolysis, oxidase negative, catalase positive, 12 isolates fermented mannitol, variable
fermented maltose and sucrose, 7 strains VP positive, and only four isolates did not hydrolysis urea. The same steps
of study and identify isolates were carried out by authors [46, 26]. The biochemical tests results indicated that the
bacteria isolates belonging to S. aureus were identified morphological examination revealed that their colonies on
Baird Parker agar medium were black, convex, shining surrounding by two zones white zone and hallow zone then
produces clear zones around the colonies by proteolysis action.
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Table (2): Source of isolation, isolate number, some morphological and biochemical

Mannitol Maltose Sucrose Blood
Source of Isolates Cell Gram Spore- Coagulas . N
. . . . Oxidase Catalase Urease VP TSI slant fermentat fermentat fermentat haemolysi
isolation No. shape stain forming e . . -
ion ion ion s
goat FO1 cocci g3 = + - + + - + + + + B
cow F02 cocci + - + - + + + - + + + B
camel F03 cocci + - + - + + + + > + - B
goat F04 cocci + - + - + - - + + + + B
goat F05 cocci + - + = + + + = + + + B
sheep F06 cocci + - + - + + + - + + - B
camel F07 cocci + - + = + + = = + + + B
camel F08 cocci + - + - + - + - + + + B
camel F09 cocci + - + - + - - + - + + B
camel F10 cocci + - + - + + + + + - - B
camel F11 cocci + - + - + + 5 - o - + B
camel F12 cocci + - + - + - - + + + + B
camel F13 cocci + - + - + + = o + - & B
camel F14 cocci + - + - + + + + + - - B

3.3. Molecular Identification:

The analysis of 16S rRNA genes, aided by using PCR to amplify target sequences in environmental samples, had
enabled molecular ecologists to provide better estimates of bacterial diversity [5]. PCR primers for amplification of
16S rRNA genes were widely available [3]. These isolates were identified by determine and analysis of the partial
sequence of 16S rRNA gene. The species were initially determined by the BLAST program on NCBI
(http://www.ncbi.nim.nih.gov\) based on the 16S rRNA sequences of type strains. The similarity and coverage
percentage were presented in table (3). Fourteen isolates were identified by 93-97% S. aureus, except strain F2 and
F3 were identified by 91-92%.
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Table (3). Similarity and coverage percentage according to the obtained 16 s rRNA sequence

Isolate % %

Name and accession No. of the most related strain in NCBI Gene Suggested Name of the isolates obtained in this
No. Bank Identity Coverage work
FO1 Staphylococcus aureus subsp. strain N315 NR_075000.1 97 83 Staphylococcus aureus  FO1
F02 Staphylococcus aureus strain NBRC 100910 NR_113956.1 95 85 Staphylococcus aureus F02

Staphylococcus aureus strain S33 R
F03 91 81 Staphylococcus aureus F03
NR_037007.1

Staphylococcus aureus subsp. anaerobius strain MVF-7
F04 92 82 Staphylococcus aureus F04
NR_036828.1

Staphylococcus aureus subsp. aureus N315 strain N315
F05 93 80 Staphylococcus aureus F05
NR_075000.1

Staphylococcus aureus subsp. aureus N315 strain N315
F06 93 91 Staphylococcus aureus FO06
NR_075000.1

FO7 Staphylococcus aureus strain NBRC 100910 NR_113956.1 93 97 Staphylococcus aureus FO7

Staphylococcus aureus strain S33 R
F08 93 89 Staphylococcus aureus F08
NR_037007.1|

Staphylococcus aureus strain S33 R
F09 93 89 Staphylococcus aureus F09
NR_037007.1

Staphylococcus aureus strain NBRC 100910
F10 96 97 Staphylococcus aureus  F10
NR_113956.1

F11 Staphylococcus aureus strainNBRC100910 NR_113956.1 98 97 Staphylococcus aureus  F11

Staphylococcus aureus strain ATCC 12600
F12 94 80 Staphylococcus aureus  F12
NR_118997.1

Staphylococcus aureus strain ATCC 12600
F13 94 84 Staphylococcus aureus F13
NR_118997.1

Staphylococcus aureus strain ATCC 12600
F14 95 94 Staphylococcus aureus F14
NR_118997.1

3.4. Antibiotic resistance profile:

The present study showed the effect of nine commonly antibiotics against all isolated strains table (4). All isolates
were resistance to amikacin, oxacillin 100 %. The highest number of antibiotics resistance were recorded by S.
aureus FO1, FO2 and FO8 which displayed multidrug resistance against 8 types of antibiotics. While, the strains F03,
FO5, FO6 and FO7 showed multidrug resistance against 7 types of antibiotics. In agreement with these results,
Alzohairy, [4] reported that the most isolates from S. aureus were multidrug resistant.

Most of S. aureus strains (13 out 14) showed resistant to gentamicin (92.9 %). In contrary, Aghazadeh et al, [2]
stated that S. aureus had high susceptibility to gentamicin (91.7 %).

Statistical data and evidences from researches prove that multi drug resistant bacteria are emerging worldwide which
causes many public health problems and challenges to healthcare. Moreover, uses of broad spectrum antibiotics,
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insufficient aseptic condition and technique with inadequate control of infections spread had aggravated this
problem concluded by Sikarwar and Batra, [40].Therefore, there is need for concerted efforts between Clinicians
and Public health workers in educating the people from this state on the menace of indiscriminate use of antibiotics,
especially when not prescribed by Physicians [34]. Statistical analysis demonstrated highly significant differences (P
less than 0.05) between S. aureus species and diameter of inhibition zone S. aureus. Only F1 isolate was observed
the most sensitive strains than others at 9:1 Cardamom silver nanoparticles with inhibition of zone 17 mm, which
contain 1 Mm from AgNO3 and highest amount from plant extract, table (5). Shirley et al, [39] concluded the same
results; Cardamom silver nanoparticles inhibited S. aureus about 36 mm. The inhibitory factor natural products like
spices for the antimicrobial activity can be identified and used as an alternative to currently used drugs against the
pathogenic microbes. Cardamom extract assisted silver nanoparticles and it found to exhibit significant activity
against the Bacillus subtilis [33].

No inhibition zones of S. aureus, when exposure to Rosemary, while all 14 strains were resistant to Rosemary
AgNPs and did not show any antibacterial effect for any concentration. These results were disagreed with Ghaedi et
al, [17] who used R. officinalis Ag-NPs as an effective antimicrobial agent against S. aureus strains. Moreno et al,
[31] analyzed Rosemary water extract; it containing 30% of carnosic acid, 16% of carnosol and 5% of rosmarinic
acid, these components were more effective against Gram-positive than Gram-negative bacteria or yeasts [15]. The
rapid biological synthesis of silver nanoparticles using R. officinalis extract provides a stable, environmentally
friendly, simple and efficient route for synthesis of nanoparticles. These obtained silver nanoarticles 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 [44].

Table (4): Effect of Antibiotics resistance profile index of the bacterial strains from milk

. AMC cip B2 ent N ox TE va  NO.of
strains AK30 5 5 0 5 30 30 antibiotic
2010 30 resistance

Staphylococcus aureus R R | R R R R R R 8
FO01

Staphylococcus aureus R R | R R R R R R 8
F02

Staphylococcus aureus R R | R R | R R R 7
F03

Staphylococcus aureus R R | R - | R R R 6
F04

Staphylococcus aureus R R | R R R R - R 7
F05

Staphylococcus aureus R R | R R R R - R 7
F06

Staphylococcus aureus R R | R R R R - R 7
FO07

Staphylococcus aureus R R | R R R R R R 8
F08

Staphylococcus aureus R - | | R R R | R 5
F09

Staphylococcus aureus R - | | R R R | R 5
F10

Staphylococcus aureus R - | | R R R | R 5
F11

Staphylococcus aureus R - | | R R R | R 5
F12
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Staphylococcus aureus R - I R R R R - - 5
F13
Staphylococcus aureus R - - R R R R | - 5
F14
Antibiotic resistance rate 100 57.1 0 71. 929 857 100 357 85
% 4 7

*Inhibition zone diameter were measured inclusive of the diameter of the discs (-) sensitive; (1) Intermediate; (R)
Resistant according to the table 2 (Oxoid Manual, 1982). AK (Amikacin), AMC (Augmentin), CIP (Ciprofloxacin),
(Erythromycin), CN (Gentamicin), N (Neomycin), OX (Oxacillin), TE (Tetracycline) and V (Vancomycin).
(Antibiotic resistance rate = (number of strains resists certain antibiotic\ total number of tested strains) x 100.

3.5. Antibacterial activity of concentrations of Laura, Cardamom and Rosmary silver nanoparticles against
S. aureus isolates:

The components of Laura oil are 1, 8 cineole terpenes (linalool), lactones and monoterpenes (camphene, alpha-
pinene). In present study, the zone of inhibition was 10 mm in strain FO8 when using concentration 1:9 Laura silver
nanoparticles. Other concentration did not show significant antibacterial activity against all tested strains. In this
study, the application of green silver nanoparticles as an antimicrobial agent was investigated and exhibited better
antimicrobial activity against pathogens. Additionally, the

Cardamom silver nanoparticles showed good inhibition activity towards MRSA. Metal nanoparticles preparation
using plant extracts is an important branch of biosynthesis processes. Plants have a potential to reduce metal ions
both on their surface and in various organs and tissues remote from the ion penetration site [28]. Biomolecules
existing in plant extracts including, enzymes, proteins, amino acids, vitamins, polysaccharides, and organic acids
such as citrates are potentially able to reduce metal ions. The extract of various parts of plants such as leaves,
flowers, seeds, barks and roots have been applied for synthesis of AgNPs [49]. Among noble metal nanoparticles,
AgNPs have gained wide applications in different fields due to their strong multi drug resistant bacteria [23], and
avoiding the occurrence of hazardous and toxic solvents [42].

The surface of AgNPs can easily form a layer of water and thus many silver ions can be released from AgNPs into
the water. On the other hand, the main composition of bacteria cell membrane is phospholipid bilayers and protein
molecules having negative electricity which make the whole cell membrane negatively charged. Therefore, the
silver ions with positive electricity have the ability to attach to bacteria cell membrane quickly, which alters or
damages the structures of bacteria. Moreover, Ag+ ions can be attracted to the sulfhydryl group (SH) of bacterial
enzymes (respiratory enzymes), making the enzymes inactivated and even died out [54]. The AgNPs antimicrobial
activity depends strongly on several factors including type of microorganisms, temperature, pH and AgNO3
concentration [29].

In conclusion, the rapid biological synthesis of silver nanoparticles using Cardamom, Rosemary, and Laura extract
provides a stable, environmental friendly, simple and efficient route for synthesis of nanoparticles. Natural sources
have the potential to reduce silver ions into AgNPs. It is understood that the variety of natural compounds that are
present in plant extracts can act as both reducing and stabilizing agents for synthesis of AgNPs. Plants mediated
AgNPs are stable due to the presence of natural capping agents such as proteins which prevent the particles from
aggregation. Green synthesis of AgNPs using plant extracts has several advantages such as eco-friendliness cost
effectiveness, compatibility for medical and pharmaceutical applications. It is confirmed that green silver
nanoparticles are capable of rendering high antimicrobial efficacy and hence has a great potential in the field of
nanomedicine.
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Table (5): Antibacterial effect of various concentrations of bio-synthesized Cardamom (C), Rosemary (R) and
Laura (L) nanoparticles against S. aureus strains from raw milk (14)

Zone of Inhibition (in mm) at different AgNPs conc.

strains | C-1 C-2 Cc-3 C-4 C-5 R-1 R-2 R3 R4 RS5 L1 L2 L3 L4 LS5
FO1 9 8 8 7 17 0 0 0 0 0 6 7 0 0 0
FO2 8 8 8 0 0 0 0 0 0 0 7 6 0 0 0
FO3 8 8 9 0 0 0 0 0 0 0 7 7 0 0 0
Fo4 7 8 8 0 0 0 0 0 0 0 0 0 0 0 0
FO5 7 7 8 0 0 0 0 0 0 0 0 0 0 0 0
FO6 9 9 8 8 7 0 0 0 0 0 0 0 0 0 0
FO7 7 8 8 7 8 0 0 0 0 0 0 0 0 0 0
FO8 8 9 9 7 7 0 0 0 0 0 10 8 0 0 0
FO9 8 8 8 7 7 0 0 0 0 0 7 0 0 0 0
F10 8 8 9 7 0 0 0 0 0 0 7 0 0 0 7
F11 8 9 8 7 0 0 0 0 0 0 6 0 0 0 0
F12 9 8 8 7 0 0 0 0 0 0 7 7 0 0 0
F13 7 7 7 0 0 0 0 0 0 0 0 0 0 0 0
F14 9 8 10 8 7 0 0 0 0 0 7 0 0 0 0

*C-1(1:9), C-2 (3: 7), C-3 (5. 5), C-4 (7: 3), C-5 (9: 1), R-1 (L 9), R-2 (3. 7), R3 (5. 5), R4 (7: 3), R5 (9: 1), L-1 (1. 9), L2 (3: 7), L-3 (5. 5), L-4 (7: 3), L-5 (9: 1) and N

(Chemical silver nanoparticles).
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