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ABSTRACT

Thymus Vulgaris (Thyme) is a natural organic matter to biosynthesis silver nanoparticles (AgNPs) and their
antibacterial efficiency. This research deals with the green synthesis of AQNPs by Thyme extract. Nanoparticles
were characterized using UV-Vis spectra to analyze size and shape regulated nanoparticles in aqueous
suspension, AAS to observe the varying concentricity of Ag+ ions in the solution through time, and FTIR to classify
the possible Les combination’s current activities in Thyme extract that are responsible for the silver reduction.
The activity of antibacterial nanoparticles against pathogenic gram-positive and negative bacteria was studied.
Additionally, an edible film of methyl cellulose reinforced with AgNPs to evaluate its antibacterial efficiency to
utilized as alimentary packaging substances U.V. AgNPs reduced thyme extract and became globular intense
peaks centered near 410 nm, thyme extract reduced the silver ions to silver nanoparticles decrease in the
concentration of Ag+ ions from 5.5 ppm to 0.05 ppm for 12 minutes the reaction to occur. FTIR, the presence of
carbonyl group of amino acids of proteins and -HO stretching in phenol extract of thyme leaves acts as a reducing
agent and stabilizing silver nanoparticles and protecting them from changes, the antibacterial activity of
biosynthetic AgNPs from thyme shows a promising area of inhibition on pathogenic gram-positive and negative
bacteria. Also, as observed clear bactericidal activity of the cellulose / AgNPs mixture membranes against
Escherichia coli 0157: H7 after 12 h of incubation at 37 0-C and increased with increasing concentration of
AgNPs.
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INTRODUCTION

Nanotechnology known as the Nano-scale of particles1-100 nm depend on materials [1, 2]. Nanoparticles are
probably having a larger surface area and thereby, more surface atoms comparing to their micro-scale counterparts
and their size [3]. Nanotechnology has risen to be popular as a cutting-edge technology including improvement
of food quality, as well as in drug production, agriculture, however food is relatively new- [4]. Nanotechnology
includes the fabrication, characterization, and/or manipulation of structures, materials, or devices which are
approximately 1 to 100 nm in length. They are used to generate new products with various advantages for the
food industry [5], such as extending shelf life, improving food safety, and monitoring food spoilage. In the past,
due to their ability to protect food — stuffs and avoid rancidity caused by oxidation, antioxidant agents were taken
from plants were taken into consideration. These compounds, which include flavones, vitamin C, zinc, B-carotene,
phenols, vitamin E, and selenium, have shown higher antioxidant capacity than antioxidant compounds contained
in animal protein [6, 7].

Researchers have recently focused on the usage of phytochemicals from plants for synthesizing green
nanoparticle, which they are finding that metal nanoparticles synthesized from plants have all kind of unexpected
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benefits, as they are free from toxic chemicals, easy handling, lower cost, social acceptance, develop
environmentally friendly methods [8]. The concept of "green synthesis" of metal nanoparticles was introduced by
development the field of nanotechnology by replacing the use of more hazardous chemicals as reducing agents
such as silver and zinc oxide (ZnO), with biological decreasing agents from a plant such as Flavonoids, tannins
and vitamin C, to solve price and pollution problems, among others [9]. particular methodologies have been
carried out to synthesize nanoparticles of noble metals in specific size and shape because, in comparison with
their micro- scale equivalents, nanomaterials have a higher surface to-volume ratio. This enables nanomaterials
to bind more copies of biological molecules, conferring greater efficiency [10]. Since nanoscale materials have a
higher surface-to-volume ratio than their microscale counterparts, they have a higher surface-to-volume ratio.
Silver nanoparticles can be produced in many ways, including physical, biological, and chemical methods. Despite
the organic synthesis required less time for the synthesis process of large nanoparticles quantities, this method has
a downside in that it often necessitates the use of capping agents to keep the nanoparticles' sizes stable [11]. As a
result, there is a growing need for green nanotechnology in the development of particle size. Huge research data
informed that microorganisms are an efficient and powerful bio-reducing agent for metal nanoparticles, in
contrast, it can increase the issues related to elevate handling of the microbial culture using in microbes which
mediated biosynthesis of metal particles on a Nano-scale [12]. Spices deliver a better platform for nanoparticles
synthesis such as Acalypha indica [13], Glycyrrhiza glabra [14], Cynodon Dactyion [11], Myristica Fragrans [15],
Cuminum cyminum [8]. All of them were used similarity to be responsible for reducing silver ions to silver
nanoparticles, which plant phytochemical with antioxidant or decreasing features are usually responsible for
reducing metal compounds in their relevant nanoparticles [16].

Carbonyl group of amine acid in cell proteins have strong capability to bind with metal showing the layer
formation that contains metal nanoparticles and acts as capping agent providing stability to the medium. Besides,
proteins that have -SH group (thiol), reacts with silver forming a stable bond and forming a layer covering metal
nanoparticles as well as lignin’s groups present in phenolic compounds of plant extract inactivated silver ions by
chelating and suppressing the super oxide driven reaction [17]. Furthermore, the increased surface area of the
synthesized silver nanoparticles given by the metal's nanoparticle shape provides excellent microbial resistance.
Nowadays, lots of consumer goods in the market contain silver nanoparticles, including containers of food stuff,
cosmetics, pillows, clothes, and medical devices. This concept, has recently benefited from using nanotechnology
materials including nanoparticles and Nano coatings, which have special significance in the extended shelf life
foods and fresh areas [18, 19]. Recent reports emphasized that metal nanoparticles eradicate bacteria by any of
these mechanisms; (i) interference with vital cellular procedures by binding to sulfhydryl or disulfide functional
group on the surfaces of membrane proteins and interfering with enzymes. (ii) disruption of DNA replication.
(iii) oxidative stress through the catalysis of reactive oxygen species [4], therefore, antimicrobial properties of
metal nanoparticles have been exploited in food contact materials such as plastic and stainless steel as well as
deodorants and bandages [20]. Nevertheless, it is reported that some nanotechnology-related, antimicrobial agents
can influence the physical features [21]. Thymus Vulgaris is known as a perennial plant characterized by small
grey-green leaves with purple flowers and one of the preferable cooking herbs. It has some medicinal properties.
It serves as anti-asthma, anti-cough, stomachic stimulant and intestinal catarrh. The chemical composition of its
leaves contains proteins, sugars, polyphenols, terpiines and vitamins and bioactive phytochemicals such as
thymol, Carvacrol, Pinene Alfathiogon, Cineol and Terpenoids were found in Thymus Vulgaris. The current
research focuses on using its leaf extract as a model and temple of synthesized silver nanoparticles and exploiting
their medicinal benefit in antibacterial activity (ii) To prepare methyl-cellulose/ AgNPs blend films and to
determine the properties for their potentiality usage in food packaging application, because till dates up to our
knowledge, there is no report the synthesis of silver nanoparticles from Thymus Vulgaris (Thyme).

MATERIALS AND METHODS

Materials

Silver nitrate and all the reagents used throughout the experiments were bought from Sigma-Aldrish (St Louis, MO,
USA). Ultrapure water (from a Millipore System, Millipore, Billerice, MA. USA). Thymus Vugaris (Thyme) was
supplied by Khidr El-Attar Company (Cairo-Egypt).

Bacterial strains
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The four bacterial strains employed in the research included S. aureus (American Type Culture Collection
[ATCC] 11988; Manassas, Va., USA), E. Coli 0157:H7 (ATCC 43895). B. subtilis and P. aeruginosa obtained
from Food Sci. Dep. Agric. Collage, Ain Shams Uni. Egypt.

Methods
Preparation of aqueous silver nitrate
3.3 mg AgNO3, salt is emulsified in 30 mL distilled water, to obtain 1 mm AgNQ3. The solution was allowed
to be stirred in a magnetic stirrer for 15 minutes and stored in dark glass. This solution was homogenized to
incorporate silver nanotechnology.

Preparation of the synthesized silver nanoparticles

The extract utilized for the synthesized silver nanoparticles was prepared by taking 25 g of well-washed thyme
leaves, adding them to 100 ml of distilled water and stirring at 90 ° C for 30 minutes. The solution was then
cooled and filtered with Whitman No.1 paper (pore size 25 um) and centrifuged at 8000 rpm for 10 min. The
supernatant solution obtained after centrifugation was used as thyme leaf extract. 10 ml of the extract prepared
above was taken in 4 separate flasks 50 ml of aqueous AgNO3 solution (1, 2, 3 and 4 mm) was added to flasks
for distillation with continuous stirring and boiling at 80 ° C. for an hour. After 1 hour of reaction, the color
of the reaction mixture changed to dark brown indicating the reduction of Ag + ions to silver nanoparticles.
Finally, the mixture was centrifuged at 5,000 rpm for 20 minutes. The resulting substrate was collected and
the pellets were dried in a hot air oven at 65 ° C for 20 minutes.

Description of nano silver particles

Ultraviolet visible spectroscopy

Visually observed color changes in the silver nitrate solution was added to the biological extracts. The
bio-reduction of primary silver ions was monitored by sampling aliquots (1 mL) at various time intervals.
Absorption measurements were carried out on a UV-Visible Spectrophotometer (ELICO U. V. 165) at
room temperature operating at 1 nm resolution. A UV-visible analysis of one-week-old samples was also
performed to confirm the stability of the silver nanoparticles. The previous stock solution of AgNO3 at
different concentrations (1 mm to 4 mm) was added to 10 ml of thyme extract and UV results were taken
for these samples.

Atomic absorption spectroscopy

In a study (AAS), an ASS system was used to analyze the concentration of silver ions in solution over a
specified period (GBC 932 AA). And converting Ag + to Ago during the reaction at different times, then
drawing samples and centrifuging them at a rate of 14000-15000 revolutions per minute, and this solution
became homogeneous to contain silver nitrate and it was found that (Ag + ions) did not interact with
(Ago) because these ions became small, and did not contain Ag (Ago) nanoparticles and nanoparticles.
The supernatant was analyzed by AAS to reveal the amount of Ag + ions. It depicts the rate of decrease
in the conversion concentration of Ag + Ag + ions to Ago.

Fourier transform infrared spectroscopy (FTIR)

This was done by studying the chemical compaosition of silver nanoparticles using FTIR spectroscopy,
where the measurement was performed to identify the interaction between Ag nanoparticles and the
blocking agent, (as well as study the potential interaction between protein and silver nanoparticles) in
thyme extract, and centrifugation of the bio-compound nanoparticles at 20000 rpm for 20 minutes to
purify and remove residues of any other agglomerated compound. It does not contain nanoparticles. Then
the Ag nanoparticles obtained after the centrifugation process were diffused in deionized water and
washed three times with 20 ml of the same water. Samples were dried and milled with KBr granules and
analyzed on a Nicolet IR200 model (Thermo Electron Corp.).

Analysis of the antimicrobial activity of solutions

Containing Bio-silver Nanoparticles: Antimicrobial activity was analyzed in solutions containing silver
nanoparticles by disk diffusion method. The prepared nutrient agar was poured onto sterile Petri dishes
and 17 hr culture of B. subtitles cationic bacteria, S. aurous, E. coli, and Gram-negative P. aeuginosa
were swabbed onto agar plates. Meanwhile, the sterile tablets were impregnated with different

120



Al-Jahani Int. J. Pharm. Res. Allied Sci., 2021, 10(1): 118-126

concentrations of silver nanoparticles (50 pg / ml, 100 pg / ml and 150 pg / ml aqueous solution) then
pre-prepared and an antibiotic (antibiotic ciprofloxacin) was added upside down on a mop. painting. An
empty sterile tablet was kept as a negative control. Dishes were incubated at 37 ° C for 24 hours. Then,
the antibacterial activity was assessed by measuring the Diameter in the Inhibition Zone (D1Z) of the
tested bacteria and DIZ was expressed in centimeters. All tests were conducted in triplicate.

Preparation of edible films from methylcellulose

Edible films were prepared from methylcellulose containing silver nanoparticles, and the antibacterial
activity was studied by dissolving 5 gm methylcellulose (w / v) in 100 ml of distilled water at 45 ° C,
and then preparing nutrient edible film solutions with the addition of glycerol (0.4%). Where elasticity
is given to the edible film, then xanthan gum (0.05%) is added to stabilize a solution with the addition of
lecithin (1% weight // volume) as an emulsifier and dissolve all components under a magnetic vibrating
stirrer, the solution is cooled to room temperature and then an aqueous solution with a different
concentration of silver nanoparticles is added Pellets) prepared in advance (50 pg / mL, 100 pg / mL and
150 pg / mL auroral solution) then mixing the solution components and then decanting by drawing 10
ml of the solution into sterile Petri plates (VWR) with 10 cm inner diameters and letting them dry
throughout Overnight (18 hours) in a sterile air-drying oven at 25 ° C. A control sample was prepared
from the same solution without adding the silver nanoparticle solution.

Antimicrobial activity analysis in the film

The antimicrobial activity of the membranes and the effect of inhibition on the growth of Escherichia
coli 0157: H7 were examined. The tested microorganisms were inoculated in 20 ml of Nutrient Agar
(NA) medium and incubated at 37 ° -C for 16 hours. Centrifugation was then worked at 2000 rpm for 10
minutes, and the cell pellets were then suspended in 100 ml of NA. Sterile and diluted 10 times with
sterile distilled water. 20 ml of the dilute solution (106-107 cfu / ml) was taken in a 10 ml conical flask
containing 100 mg of film sample and incubated in rocking incubation at 37 © C for 16 h and then cell
viability was inoculated into plates of NA. Then count the microorganisms by counting the bacterial
colonies on the plates at 0, 4, 8, 12, 16 and 20 hours. After that, antimicrobial tests were conducted on
three individually prepared films [22].

RESULTS AND DISCUSSION

UV-Vis spectrum analysis

The research was conducted to prepare solutions with different concentrations of AQNO3 ((1,2,3 and 4 mm) by
adding 10 ml of thyme leaf extract to the solution and then exposing it to ultraviolet rays in the form of Figure 1.
In the range of 400-430 nm, while the absorption length is between 400-600 nm, the high absorption length
between 400-430 nm UV visible rays showed the presence of nanoparticles of silver. Hence, the reported results
include the presence of nanoparticles in the solution. In addition, the UV absorbance width was about 230 nm and
310 nm, which makes the proteins and phenols in the organic extracts in the curve represent the absorption, which
leads to the interaction of proteins and phenols in the extracts to the highest peak in the curve. It also indicated
that the peak of absorption was found, where it was found narrow and a single peak, as it was revealed that the
shape of the silver nanoparticles reduced by thyme leaf extract was found to be spherical and dispersed [23]. Also
found that the Surface Plasmon Resonance (SPR) peak was also obtained from chemically synthesized silver
nanoparticles concentrated near 410 nm which confirmed that thyme leaf extract reduces silver ions and converts
them into silver nanoparticle. The results of the study indicated that the thyme extract changed color in the AGQNO3
solution, but gradually stains from transparent to dark brown as a result of reducing Ag + ions to Ago within 12
minutes from the beginning of the reaction, as it remained stable (7 days). Short time, improved the stability of
the silver nanoparticles. This caused the emergence of this modulation to change the chromaticity due to the
excitation of the vibrations of the mixture on the surface with the silver nanoparticles [24].
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Figure 1. UV spectrum of Ag nanoparticles obtained by 1 — 4 mM AgNO3 and Thyme extract

Atomic absorption spectroscopy analysis (AAS)

This analysis indicated AAS in reaction solution that was performed at regular time intervals as in (Figure 2)
where the Ag + ions were transformed into Ago. Initially, by preparing the standard solution of 5.5 ppm of AgNO3
and analyzing it using an atomic absorption spectroscopy at 0 min and by monitoring the concentration of Ag +
ions in the reaction solution, after adding the thyme leaf extract, at regular intervals. The results indicated a
decrease in the concentration of Ag + ions (5.5). , 4.5, 3.3, 2.2, 1.3 and 0.05 ppm at 0, 2, 3, 4, 8 and 12 min,
respectively) indicating conversion of Ag + to Ago and its rate from Ag + and its decrease in solution. A similar
pattern was also observed by [25] where the silver nano particles were synthesized using Nigella Sativa
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Figure 2. The Graph Shows an Atomic Absorption Spectrometer of the Ag + Concentration in the Reaction
Mixture.
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FTIR analysis

By studying the FTIR measurement analysis of biosynthetic silver nanoparticles was done to find out the potential
interaction between protein and silver nanoparticles / or potential biosynthetic molecules of an extract from thyme
leaves responsible for the formation and fixation of dissolved nanoparticles. The results of the FTIR measurements
showed the occurrence of peaks in the transmittance located at lengths of about 3475 cm-1, 2388 cm-1 and 1635
cm-1 (Figure 3). From the spectrum, the mapping of the main peak was shown at a wavelength of 3475 cm-1,
indicating OH-stretching in alcohols and phenolic compounds [17]. The absorption peak at 1635 cm-1 led to the
occurrence of an amide-1 bond in the resulting proteins compared to the carbonyl expansion of the proteins in
thyme leaf extract, and the absorption peak at 1635 cm-1 is close to those of the original proteins [15]. This
evidence indicates that the proteins interact with biosynthetic nanoparticles, and that their secondary structure did
not have an effect during interaction with Ag + ions or after binding to Ag nanoparticles [26]. A small peak at
2388 cm-1 was determined for the NH stretch mode and it was optimized when compared with the FTIR spectrum
of thyme leaf extract.
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Figure 3. Demonstrated FTIR Spectroscopy of Silver Nanoparticles from Thyme Leaf Extract.

From this study, it was found that the infrared spectrum contains the carbonyl group present in the amino acids,
as it can form strong cross-links with the metal, and it also covers metallic nanoparticles and provides stability
[8]. The extract of phenolic compounds from thyme leaves also works to stop silver ions by claws in addition to
neutralizing the reaction resulting from oxidation, and is believed to be a source of reactive oxygen [27]. The
presence of proteins with phenols extracted from thyme leaves act as a reducing and stabilizing agent for silver
nanoparticles and protect them from changes, as the nanoparticles produced through the biological process are
more stable compared to chemical reduction.

Antibacterial activity

The antibacterial activity of biosynthetic silver nanoparticles inactivating the Gram-negative E. coli & P.
aeuginosa, S. aureus and B. inhibition was performed by disc diffusion. Then, compared the inhibition of bacterial
growth by nano-Ag with the standard antibiotic ciprofloxacin. The diameter of the inhibition zone was (mm) for
the concentrations of silver nanoparticles containing the organisms

Table 1. Inhibition Regions for Bioactive Silver Nanoparticles Concentrations against Gram-negative and
Gram-positive Bacteria.

Zones of inhibition for silver nanoparticles concentration (ppm)

Bacteria
50 100 150
E. coli 0 0 14
P. aenginosa 0 10 15
B. subtilis 7 12 17
S. aureus 11 15 20
Ciprofloxacin (Antibiotic) 13 18 22
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The data in Table 1 shows the diameters of the inhibition areas for three concentrations of Ag nanoparticles,
where it was found that enhancing the concentration led to inhibition of Gram-positive bacteria and was the most
influential comparison with gram-negative bacteria, where the areas of the inhibition range for bacteria ranged
from 14 to 20 mm at a concentration of 150 ppm while the regions of inhibition of P. aeruginosa were 10 mm at
a concentration of 50 ppm, while the areas of inhibition of the bacteria for E. coli were 14 uM at 150 ppm. It was
also found that there were no inhibition zones at 100 and 50 ppm compared to the standard antibiotic with
sufficient efficacy. The use of these silver nanoparticles in low doses with standard antimicrobials leads to the
reduction and biological coverage, and these silver nanoparticles are natural, environmentally friendly and non-
toxic compared to chemically synthesized silver nanoparticles.

Antimicrobial activity of cellulose / silver nanoparticles blend films

Conducting an analysis of anti-microbial phenolic extracts with membranes mixed with cellulose / Silver
nanoparticles by using the method of total coli counting of pathogenic bacteria resulting from food E. coli 0.157:
H7. The results are shown in Table 2 and Figure 4. Significant activity against Escherichia coli after 12 hours
and with increasing concentration of silver nanoparticles, as it was repeatedly observed that the greater amount of
silver nanoparticles mixed with food membranes showed stronger activity against E. coli 0157: H7. Therefore,
silver nanoparticles is a more environmentally friendly method than traditional chemical methods and we can add
its extract to food packaging materials as an anti-microbial agent to maintain safety and extend the shelf life of
packaged foods

Table 2. Antimicrobial Activity of Cellulose / Ag NPs Blend Films against E. coli 0157: H7 with Different

Ratio.
Cell viability (Log cFu/ml)
Bacteria Time (h)
0 4 8 12 16 20
Zero ppm Ag NPs (control) 4.44 7.24 8.37 9.26 10.08 11.00
50 ppm Ag NPs 4.44 6.61 7.34 8.22 7.13 6.40
100 ppm Ag NPs 4.44 5.38 6.29 7.48 6.34 5.26
150 ppm Ag NPs 4.44 4.95 5.69 5.12 431 3.25

11 -

10 -

Cell viability (Log CFU/mI)
(o)}
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4 -
3 -
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Figure 4. Antimicrobial Activity of Cellulose/ Silver nanoparticles Blend Films against E. coli
0.157: H7 with Different Ratio.
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CONCLUSION

The study aims to produce silver nanoparticles by reducing these ions to the colloidal state. The thyme extract
acts as a reducing agent for the biosynthesis process. Silver nanoparticles within 12 minutes and the ultraviolet
radiation of the silver nanoparticles ranged between 400 to 430 nm. From the FTIR spectra, it was also found that
the biomolecules responsible for covering and fixing the silver nanoparticles are proteins and phenolic compounds
present in thyme extract, which are phenolic compounds associated with silver nanoparticles, that indicate their
potential role in the bio-reduction mechanism. In addition, silver nanoparticles biocomposed using thyme extract
have effective activities in resisting microbes against gram-positive and gram-negative bacteria, and these silver
nanoparticles are not economically inexpensive, natural and environmentally friendly and are used in the industrial
and medical field and thus are used with edible cellulose films / AgNPs or food coating. Antimicrobial activity
can be used as food packaging material to maintain safety and extend the shelf life of prepackaged foods.
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