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Abstract: Nowadays, many types of research are looking for natural products to be used in several
applications, particularly in the medical field. Psidium guajava Leave Extract was therefore used to
impart multi-functional properties to cotton fabrics, such as antibacterial and antioxidant properties, in
addition to ultraviolet protection. Two solvents have been used for the preparation of the extract, namely
water, and ethanol. Both prepared extracts were used as a reducing and stabilizing agent in the synthesis
of silver nanoparticles. Prepared extracts and synthesized nanoparticles have been characterized using
a variety of techniques, such as total phenol content, antioxidant activity, particle size, FTIR, and TEM,
and these techniques provide the extraction and synthesis of silver nanoparticles. The optimization of
the treatment condition of cotton fabrics was evaluated at different concentrations, pH, time, and
temperature. The assessment shows that the optimum condition for the treated cotton fabric has been
achieved by using 100% of the extract at pH 8 for 15 min at 70°C. Monitoring was assessed as a UPF
value. Antimicrobial results for treated tissues showed that Gram-negative bacteria showed less
sensitivity to both extracts than Gram-positive bacteria, while fungal strains showed high sensitivity to
both extracts. The antioxidant properties of the treated fabrics may also improve, allowing them to be
considered in medical applications.
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1. Introduction

Cotton is the most natural fiber commonly used for textiles due to its softness,
breathability, low price, the efficiency of regeneration, and easy mass production [1]. However,
cotton is an excellent medium for the growth and spread of harmful microorganisms such as
bacteria, fungi, and yeast under appropriate nutrient, moisture, and temperature conditions.
Harmful growth of the microorganism results in staining, unpleasant odor, discoloration, loss
of mechanical properties, and/or health-related problems.

Scientific advancement is currently developing innovative textile auxiliaries to produce
high-performance textile functional finishes with excellent antimicrobial activity. Consumers
are becoming more aware of and more concerned about the safety of auxiliaries [2]. Many
commercial auxiliaries with a range of antimicrobial properties are currently available on the
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market under different trade names in the textile industry. These auxiliaries are made of
synthetic materials such as phenols, quaternary ammonium salts, and organosilicons [3].

While synthetic agents are highly effective, they are harmful to human health.
Therefore, natural auxiliaries are considered a substitute for synthetic ones used in the
functionalization of textile materials.

Psidium guajava Linn is a common plant, called guava, and is available worldwide [4].
Guava has been shown to have many biological activities as a medicinal plant, including anti-
cough, anti-diabetes, antibacterial and antioxidant properties. Pharmacological and chemical
research work has been carried out on the leaf as it is enriched with phytoconstituents, including
flavonoids and phenols, including terpenoids, chlorophyll, tannins, saponins, and essential oils
[3].

Agueous and alcoholic extracts of Psidium guajava leaves have been shown to have
inhibitory properties against Staphylococcus aureus (S. aureus), Streptococcus mutans (S.
mutans), Pseudomonas aeruginosa (P. auruginosa), Salmonella enterica subsp. Enterica (S.
enteritidis), Bacillus cereus (B. cereus), and Escherichia coli (E. coli) are growing. Its
antimicrobial performance could therefore be beneficial as an antimicrobial agent for technical
textiles [5]. In the context of the ecological environment, researchers have explored ways to
incorporate nanoparticles (NPs) into fiber and produce antimicrobial textile products.

Due to the awareness of safety and hygiene, multi-functional fabrics have increased
considerably over the last few years. The demand for nanoparticles (NPs)-coated fabrics, in
particular antimicrobial-potential fabrics, has increased. The coating of NPs on the cotton
fabric surface was performed using various techniques, such as sun-freezing, sonochemistry,
and pad dry-curing [6].

Nanotechnology is one of the most active areas of research. Nanoparticles have distinct
properties compared to bulk types of the same substance based on their particular
characteristics, such as size, distribution, and morphology. A nanoparticle (nano-powder, nano-
cluster, or nano-crystal) is a microscopic particle less than 100 nm in at least one dimension
[7].

Silver nanoparticles can be synthesized through various pathways, such as chemical
reduction, microwave, and green pathway procedures [8]. But there are several problems
associated with chemical methods. Therefore, a great deal of attention was paid to the green
route method of nanoparticle synthesis as an alternative method for synthesizing nanoparticles
due to its cost-effectiveness and the reduction in the use of hazardous chemical compounds [9].
AgNPs biosynthesis through the green route was a promising field in nanotechnology due to
the use of active Phyto-compounds used as a reducing and capping agent [6,10,11].

Protective textiles have become an important part of modern textiles. It has referred to
clothing and other fabric-related objects intended to shield the wearer from adverse
environmental conditions resulting in injury or death. Since protective fabrics often have to
tolerate the effects of many harsh conditions, such as intense heat and cold [12-15], fire-
resistant [16-19], water and oil repellent [20], hazardous chemicals and gasses [21],
bacterial/viral safety [22-29], mechanical risks, wound dressing [30-34], electrical conductivity
[35], pH, thermo-sensitive, etc.

In some cases, these textiles may be used to protect the air or wastewater from
contamination, such as clean rooms [36], and dust adsorption [21], heavy metals or dyes
[37,38]. The introduction of emerging technology to improve efficiency and comfort in
sportswear design needs to be discussed from second-skin to outerwear [39].

https://biointerfaceresearch.com/ 3812


https://doi.org/10.33263/BRIAC123.38113835
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.38113835

According to international requirements, UV-protective shields are categorized into
separate UPF levels based on their UPF assessment (excellent; above 40, very good; between
25-39 and good; between 15-24) [40-43]. After 10 minutes of prolonged exposure to UV solar
radiation, UPF defense shields equal to 15 times increase the exposure time, i.e., 150 min [44].
Higher UPF values greater than 40 (40 +) or 50 (50 +) are considered protected.

The objective of this study was to investigate the UV protection properties and
antibacterial activity of Psidium guajava leaf extract treated cotton in the presence and absence
of synthesized extracted AgNPs. The process may therefore be ideal for the use of bio-friendly
materials in the production of nanoparticles. The synthesis of AgNPs was carried out through
a biological reduction using the extract of Psidium guajava leaves, which provides an effective
capping agent for the stability and viability of the synthesized nanoparticles.

2. Materials and Methods

2.1. Materials.

Bleached scoured cotton fabric (220 g/m?) supplied by Ghazel El-Mahala for Textile
Industry Co., Egypt, was used during this research. Psidium guajava Leaves (Psidium guajava
L.) were purchased from the local market in Egypt. Ethanol (95%), acetic acid, sodium
carbonate, citric acid, sodium hypophosphite (SHP), silver nitrate, and sodium carbonate were
provided from Fluka. Folin-Ciocalteau reagent purchased from Sigma Chemicals Co., tannic
acid, methanol, and sodium carbonate (Na2COs) were purchased from Merck. All the chemicals
and reagents were used as received without purification.

2.2. Methods.
2.2.1. Preparation of Psidium guajava leaves (Psidium guajava L.) extract.

The naturally fresh leaves of Psidium guajava were thoroughly washed and cleaned
using tap water to remove dust and any particulate matter. The fresh and clean Psidium guajava
L. were cut into small pieces. Two solvents, namely water and ethanol, were used in the
extraction occurred to Psidium guajava L. to obtain different extraction solutions. Aqueous
extraction, 100 g of Psidium guajava L. was placed in 1000 ml of distilled water and heated to
100°C for 60 min. After that, the extract was subjected to vacuum filtration using Whatman
filter paper No.l. then, the extraction was stored at 4°C. The filtrate was used without any
further purification. Alcoholic extraction, 200 g of Psidium guajava L. was placed in 1000 ml
of ethanol and heated to 70°C for 4 hours in the Soxhlet system, and then the extraction was
filtered with the help of Buchner funnel and Whatman No. 1 filter paper. And it was stored at
4°C. The filtrate was used without any further purification [45].

2.2.2. Synthesis of silver nanoparticles (AgNPs) using Psidium guajava L. extract.

10 ml from each Psidium guajava L. extract (water or ethanol) were added to aqueous
AgNO3 (90 ml; 0.02 M) for 10 min at 80°C. The pH medium was changed from 6 to 10 to
monitor the best condition for synthesizing silver nanoparticles (AgNPs). In the beginning, the
color of the solution was changing from yellow to dark brown, indicating the start formation
of AgNPs is of the solution mixture. The synthesized nanoparticle was further confirmed using
a UV-vis spectrophotometer between 300 and 800 nm [46].
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2.2.3. Treatment of cotton fabric with Psidium guajava L. extract.

The cotton fabric was cut into 20 x 20 cm, and then the fabric was washed using a non-
ionic detergent and air-dried. The cotton fabric was immersed in a solution consists of 10 g/l
citric acid and 5 g/l sodium hypophosphite for 5 min at room temperature (they were used as
cross-linkers to anchor the extract to the cotton fabric), padded to remove excess solution, and
air-dried. Thereafter, Cotton fabric was immersed in Psidium guajava L. extract at varying
parameters. To find the treatment's optimum conditions, a series of trials were conducted
following parameters such as pH, time, and temperature. Sodium carbonate was used to adjust
the PH.

Treatment of cotton fabrics has been occurred using both extractions (water and
alcoholic) at different pH (4, 6, 8, and 10), different time (5, 10, 15, 20 min), and different
temperatures (25, 50, 70, and 100°C).

2.3. Analysis and measurements.

2.3.1. UV-Visible spectroscopy measurement.

Reduction of silver nitrate to silver nanoparticles using Psidium guajava L. extract is
monitored using a JASCO UV-visible absorption spectrophotometer between 300 and 600 nm.

2.3.2. Fourier transform infrared (FT-IR).

The FT-IR of the treated and untreated samples was evaluated using the JASCO
spectrometer tester.

2.3.3. Transmission electronic microscopy (TEM).

Transmission Electron Microscopy (TEM) images for Psidium guajava L. extracts and
synthesized silver nanoparticles were investigated with a JEOL JEM-1200 EX transmission
electron microscope operating at 120 kV.

2.3.4. Scanning Electron Microscopy (SEM).

SEM studied were carried out using a scanning electron - JSM 5400 instrument (Joal,
Japan). The specimens in the form of fabrics were mounted on the specimen stabs and coated
with a thin film of gold by the sputtering method.

2.3.5. Particle size analyzer.

The size of the synthesized AgNPs was characterized by laser particle size analyzer
MasterSizer/2000 (MALVERN Instruments, UK) according to ASTM E11:61 [47], 1SO 3310-
1:2016 [48], and ISO 565: 1990 [49].

2.3.6. Assessment of antioxidant property.

The bioactive Psidium guajava L. extract's antioxidant properties were monitored
through the radical scavenging capability on 2,2-diphenyl-2-picrylhydrazyl (DPPH) [50-52].
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2.3.7. Determination of total phenolics.

The total phenolic content in both Psidium guajava L. extracts was calculated by the
Folin-Ciocalteau method with some modifications [53,54]. 0.5 ml of the extract was added
to 2.5 ml of 0.2 N Folin-Ciocalteau reagents under stirring for 5 min. 2 ml of Na2COs (75 g/l)
was then added. The total volume was completed to 25 ml with distilled water. This solution
was kept for incubation at room temperature for 2 h. Absorbance was measured using the
JASCO UV-visible absorption spectrophotometer at 760 nm. The standard calibration curve
was produced using different concentrations of tannic acid (0-800 mg/l). The total phenolic
content expressed in mg of tannic acid equivalents (TAE) per g of extract.

2.3.8. The UV-protection factor (UPF).

The UV-protection factor (UPF) for untreated and treated cotton fabric samples was
determined by the Australian/New Zealand standard (AS/ NZS 4366-1996). Using a UV
spectrophotometer, the UV-protecting factor (UPF) of the treated fabrics was studied by
absorption spectroscopy [55]. The measurement of the control reference was as air. The
efficiency of UV (UPF) treated fabric was determined by calculating the absorption,
transmission, and reflection of UV. The UPF value was determined using the following
equation from the transmission spectra of the fabric samples within the range 280-400 nm [56-
60].

FVEQ) x SG)x AQ.)
T [EEO) X SOIXTO) XA(.)

The control relation was calculated as the air where A1 and A2 were equivalent to 280
and 400 nm respectively, E(A) being the relative erythemal spectral effectiveness, S(1) being
the solar spectral irradiance in W m?2 nm* (1) and S(1) were derived from the National
Oceanic and Atmospheric Administration (NOAA) database), T(A) being the spectral
transmission of the sample obtained from UV spectrophotometric experiments and A(A) is the
difference between measurable wavelengths.

2.3.9. Mechanical properties of the treated fabric.

Tensile strength and elongation at break are conducted on a tensile strength apparatus
type FMCW 500 (Veb Thuringer Industrie Werk Rauenstein 11/2612 Germany) at 25°C and
65 % relative humidity according to the ASTM Test Method D1682-59T [61]. The dry crease
recovery angle (CRA) was measured according to AATCC Test Method 66 — 2014 [62]. Fabric
roughness was measured using Surface Roughness measuring instrument SE 1700 using
ASTM Test Method D 7127 — 13 [63]. Stiffness was performed using the cantilever apparatus
according to ASTM test method D 1388-14el [64].

2.3.10. Antibacterial activity.

The antibacterial activity was quantitatively tested against Staphylococcus aureus
(ATCC 29213) as a gram-positive bacteria and Escherichia coli (ATCC 25922) and Candida
Albicans (ATCC 10231) as a fungus [65].

Test methods are conducted under standardized conditions to assess the antimicrobial
potency of natural textiles. In general, both qualitatively and quantitatively, antimicrobial

https://biointerfaceresearch.com/ 3815


https://doi.org/10.33263/BRIAC123.38113835
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC123.38113835

processes are evaluated using conventional tests. Any of the AATCC textile standards available
and commonly used are as follows: the AATCC 100-2004 (bacterial reduction method) [66] is
a popular methodological model for antimicrobial textile studies. In this test, the uniform
concentrate ion test microorganism in liquid culture is cultivated. This cultivation is dissolved
into a sterilized nutrient solution. Microorganisms inoculate the untreated and treated fabrics
in sealed containers for 24 hours at 37°C. Shake 1 minute after incubation and then observe
microbial concentrations. Finally, the sum of the microbial concerning the original
concentration has been determined as reduction percent of bacteria (R%) as follows [67]:

Percent reduction of bacteria (R %) = BB%A %X 1000

where A is the number of recovered bacteria from the inoculated test specimen in the jar
incubated during the desired contact duration and B is the number of bacteria recovered
directly after inoculation from the inoculated measured specimen in the jar (at "0" contact
time).

The method of disc diffusion to analyze the antimicrobial activity of treated fabrics has
been used through the AATCC Test Method (147-2016). [16,58,68,69] Squares of 1 cm? of
each fabric are prepared in an aseptic manner to test the antibacterial properties of the treated
fabrics as Bershteein et al. [70] by testing the diameter of the inhibition zone (r) [71]. The 0.5
ml from suspension agar (45 ml/L Nutrient agar) was put in a petri-dish with 100 uL of each
examined bacterium, and the petri-dish was seeded and solidified, and then pieces of treated
fabrics squares were put in the plate. The test plates incubate at 37°C for 24 h. the diameter of
the inhibition zone (r) was measured in millimeters, then the area of inhibition zones was
calculated according to the following equation area of the zone inhibition (mm?) = total area -
fabric area.

2.3.11. Durability.

The durability of the treated fabric was evaluated after washing the treated cotton fabric
with 2 g/L non-ionic detergents (Hostapal) for 10 min at 40°C and then drying at 100°C for 3
min

3. Results and Discussion

In the presence of Psidium guajava L extract as a capping agent, the preparation of
nanoparticles of zinc oxide was studied hydrolyzed with sodium carbonate at various pHs.
Also, the produced ZnONPs were characterized using a TGA, XRD, and TEM.

3.1. Characterization of Psidium guajava L extract and synthesized AgNPs.

Guava leaves consist of several bioactive molecules, including phenols, flavonoids, and
essential oils, considered natural compounds that provide desirable health benefits. Guava leaf
compounds that are biologically active are solvent-soluble. The difference in solvent polarity
will affect the solubility and extraction yield of the chemical components. Therefore, selecting
the correct solvent is one of the most critical steps to improve the extraction process.

Different solvents were studied to find the excellent solvent during extraction to
investigate the influence of the solvent on the extractor material and the properties of the guava
leaf extract. Total yield extract, total phenol in different solvents of guava leaf extract were
investigated. Ethanol and water solvent were provided (2.6 and 2.4 %), respectively. There
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were very similar findings in water as a high polar solvent and ethanol as a low polar solvent.
The results have shown that the ethanol extract showed a high total amount of phenolic content
(136.5 = 0.37) compared to water extract (132.4 £ 0.34). It is known that high phenolic extracts
are responsible for the high activity of antioxidants due to the activity of scavenging.

Moreover, both Psidium guajava L extracts, exhibited higher antioxidant activity (96 £
1.5 and 97 + 0.8 for ethanol and water extract, respectively) because the extracts containing
high amounts of total phenol content showed high scavenging activity.

Several kinds of research provide that dissolving the endogenous compounds of the
plants is the solvent's responsibility [51,72]. Phenolic, known as a polar compound, is more
soluble in polar solvents due to the presence of a hydroxyl group in their molecular structures.
Polar solvents such as ethanol and water have been more efficient in extraction than non-polar
solvents. The hydrogen bonding of a polar solvent can easily interact with the hydroxyl
phenolic group.

It is reported before that the identification of the Psidium guajava Leave Extracts
indicated that it is a rich source of a phenolic compound that could play the main role in the
bio-reduction of metal ions (M™) to metal nanoparticles (M°). The phenolic compounds
extracted from Psidium guajava Leave facilitate the reduction of Ag* and stabilization of Ag*
to AgNPs due to the electron-donating ability of these phenolic compounds [73].

As these phenolic compounds owing to hydroxyl or carboxyl groups in chemical
structure, When the metal ions solution (M™) is added to the extracted solution, the metal ions
are adsorbed onto the phenolic compounds owing to the electrostatic interaction between M*
ions and negatively charged alcoholate and/or carboxylate groups. These attraction forces
lower the mobility of M*, promote the formation of metal nuclei and control their development
[74,75].

Scheme 1. A possible suggested mechanism for the reduction of Ag+ by phenolic acid compound

Therefore, when silver nitrate solution is added to Psidium guajava Leave Extracts, Ag*
will be firstly adsorbed onto the phenolic compound due to the heavy metal adsorption capacity
and physical stability. Then the Ag"™ will be reduced to Ag0 by electrostatic interaction of
electron-rich oxygen atoms in hydroxyl and carboxylic groups [76,77].

The possible suggested mechanism for reducing Ag™ by the phenolic acid compound is
presented in Scheme 1. Multiple hydroxyl groups present in the phenolic compound of OP may
participate in the reduction reaction. The Ag* ions can form intermediate complexes with
hydroxyl (OH) groups present in phenolic acid and then reduced to AgNPs by accepting an
electron from a suitable electron donor leaving phenolic acid into its quinone or quinonoid
form.
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The UV-Vis spectra of synthesized silver nanoparticles using Psidium guajava L.
extract as a reducing and stabilizing agent were observed and illustrated in Figure 1. The UV-
Vis spectrum of the colloidal solution of Silver Nanoparticles has a peak absorption of 460 nm,
which is the characteristic peak for AgNPs. Also, the pH medium affects the synthesis of
AgNPs in both extracts.

The color shift in 10 minutes from yellow to dark brown suggests the formation of silver
nanoparticles (AgNPs). [78] Moreover, the pH media impacts the pH media by increasing the
pH to make the initial solution for both aqueous and ethanol extracts more darkly brown within
10 min. It is clear that in the acidic medium at low pH (pH 4), there is no affinity to synthesize
AgNPs in both extracts, while increasing the pH medium to 6 causes the formation of AgNPs.
The synthesized AgNPs were increased as the pH medium increased in both extracts. Besides,
the formation of AgNPs in the alcoholic extract is higher than in the water extract.

Due to the polydisparities of nanoparticles, the strong plasmon resonance at 417 nm
increases remarkably with an increased pH intensity [46,79]. Increased pH for water extract
also has no beneficial impact on the amount of AgNPs. It is the responsibility of agglomerating
particles at a high pH medium [80,81].

Figure 2 shows the particle size of Psidium guajava L. extract in water and alcohol as
well as those of the synthesized AgNPs at different pH media (6, 8, and 10). The particle size
of the synthesized AgNPs decreases by increasing the pH medium. This could be ascribed to
the deposited effect of Psidium guajava L. components on the AgNPs surface. Besides, AgNPs
aggregates and cause a decrease in the particle size.

It is also observed that the particle size of Psidium guajava L. extract in water and
alcohol is 549 and 235 nm, respectively. It is further noted that the particle size of the
synthesized AgNPs with Psidium guajava L. extract in water is higher than those in alcohol in
different pH (6, 8, and 10) mediums. Thus, the particle size for synthesized AgNPs in an
aqueous medium was 120, 46, and 5 nm in pH 6, 8, and 10, respectively, while the particle size
of AgNPs in the alcoholic medium was 91, 35, and 5 nm in pH 6, 8 and 10 respectively.

Psidium guajava L. extract in water and alcohol are being evaluated by FT-IR and their
spectrums are seen in Figure 2. The FT-IR spectrum of Psidium guajava L. extract in water
shows a peak in the range of 3390 — 3450 cm?, the broadband is due to O-H stretching and N-
H of the fatty acids, carbohydrates, and lignin units contained in the leaf of Psidium guajava
[81]. Besides, the C—H bond in the CHz group provides a peak that occurs at 2930 and 2860
cm! for asymmetric and symmetric stretching, respectively.

There are some overlapping of alternating bands that are due to C=0 stretching between
1745 and 1625 cm™. The carbonyl group could be a part of the fatty acid (1740 and 1720 cm"
1) or amides (1655 cm™). Also, there is a stretching peak at 1585 cm™ attributable to C-N
bonding.

FT-IR of Psidium guajava L. extract in ethanol exhibits the presence of the recorded
characteristic peak at 3450-3220 cm™ attributed to O-H and N-H stretching of phenols,
alcohols, primary or secondary amine, and/or amide that typically occurs in this region.

Furthermore, there is a noticeable small shoulder band between 2750-2500 cm™ due to
carbonyl C = O in the form of H-C=0. Another band between 1750 and 1625 cm™ in the form
of aliphatic ketones or esters due to aliphatic C=0 bonds. Also, the Psidium guajava L. displays
an asymmetric band at 1500-1375 cm™ leading to N-O stretching from aliphatic nitrogen [82].
Also, there is an absorption peak at 1235 cm™ due to a C-O stretch from alcohol or phenol.
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Another important peak at 1168 cm™ is due to a chemical bond between the aromatic ring and
oxygen.

Figure 3 shows the TEM images of Psidium guajava L. extract in water and alcohol as
well as those of the synthesized AgNPs at different pH media (6, 8, and 10). TEM images are
shown as a spherical form of good distribution. The TEM study shows that for Psidium guajava
L. extract in water and ethanol at pH 6, the particles have small distribution ranges of 120 and
90 nm, respectively. TEM images reveal that small, spherical nanoparticles about 5 nm in size
are aggregated by increasing pH (pH 10) during AgNPs synthesis.
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Figure 1. UV spectra for Psidium guajava L. extract in water and ethanol and synthesized AgNPs in both
extracts at different pH. (a) UV spectra for Psidium guajava L. extract in ethanol; (b) UV spectra for Psidium
guajava L. extract in water.
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Figure 2. Particle size and FT-IR spectra for Psidium guajava L. and synthesized AgNPs in both extracts at
different pH. (a) particle size for Psidium guajava L. extract in water and ethanol at different pH; (b) FT-IR
spectra for Psidium guajava L. extract in water and ethanol.
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Figure 3. TEM image for Psidium guajava L. extract and synthesized AgNPs in both extracts at different pH.

(a) TEM image of Psidium guajava L.in water extract; (b) TEM image of Psidium guajava L.in ethanol extract; (c) TEM

image of AgNPs in water extract at pH 6; (d) TEM image of AgNPs in ethanol extract at pH 6; () TEM image of AgNPs in

water extract at pH 8; (f) TEM image of AgNPs in ethanol extract at pH 8; (g) TEM image of AgNPs in water extract at pH
10; (h) TEM image of AgNPs in ethanol extract at pH 10.

3.2. Characterization of functionalized cotton fabric.

3.2.1. Extraction concentration effect.

Cotton fabrics have been treated with Psidium guajava L. extract in water and alcohol
in the presence and absence of AgNPs with different concentrations (25, 50, 75, and 100 %) at
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pH 4, 70°C for 15 min., and it was found that increasing any extraction concentration cause
increasing in UV protection factor (UPF) values even in presence or absence of AgNPs (Table
1). Furthermore, alcoholic extraction imparts a higher UPF value to treated fabric than water
extraction with the same concentration because of the extract's component. The ethanolic
extract provides more phenolic components that can react with cellulose through the cross-
linker, which provides a high UPF value.

Besides, these compounds can reduce AgNOs to AgNPs in both extracts, but as these
compounds exhausted in the synthesis of AgNPs, their effect on the UPF was decreased, which
led to decreasing the UPF value of the treated fabrics with Psidium guajava L. in both extracts
in the presence of AgNPs with any concentration (25, 50, 75, and 100 %) comparing to those
fabrics treated with Psidium guajava L. in both extracts in the absence of AgNPs with the same
concentration.

From another point of view, the UPF values for all treated fabrics have been decreased
after washing and losing UPF properties. As reported [83], UPF limits of the treated garment
for UV-protection should be at least 40 50+, but it was less than these values after washing.

So treated cotton fabrics with Psidium guajava L. in both extracts in the presence or
absence of AgNPs at pH 4, 70°C for 15 min., can be exhibit a UV-protection property, but it
was lost this property after washing.

3.2.2. Effect of pH.

When the cotton fabric was treated with Psidium guajava L. extract in water and alcohol
in the presence and absence of AgNPs at different pH, i.e., 4, 6, 8, and 10 with 100 % extract
at 70°C for 15 min., it was found that cotton fabrics have a highest UV protection factor (UPF)
when treated at pH 8 with both alcoholic and aqueous extractions (see Table 2).

Table 1. UV protection factor (UPF) for treated fabrics with Psidium guajava L. in water and alcoholic extract
at different pH.

Extraction . UPF
process Concentration (%) AgNPs Before washing After washing

25 presence 4.1 0.8

absent 29.5 5.4

50 presence 8.3 1.7

absent 59.2 12.3

Water extract

75 presence 9.3 2.9

absent 66.1 20.5

presence 11.6 4.2

100 absent 82.5 29.7

25 presence 10.7 3.9

absent 41.2 15.1

50 presence 17.0 6.3

absent 65.7 24.2

Alcohol extract

75 presence 18.4 6.9

absent 71.2 26.8

presence 22.6 8.4

100 absent 87.3 324

Cotton fabric was treated with Psidium guajava L. extract in water and alcohol in the presence and absence of AgNPs with
different extraction concentrations (25, 50, 75, and 100 %), pH 4 at 70°C for 15 min.

This means that the increase of pH causes an increase in the UV protection factor of the
treated fabric until pH 8, while, when the pH increases to 10 for aqueous extraction, it was
found a descent in the UV protection of the treated fabrics .\Whereas for the alcoholic extract,
increasing the pH value to 10 resulted in the aggregation of the extract's molecules. This means

that the alcoholic extract does not tolerate elevated alkaline degrees.
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Washing treated fabrics led to a decrease in their UPF values as the unreacted materials
were lost. But it is clear that even after washing treated fabrics with both extracts at pH 8 and
10 still provide a good UPF value, but treated fabric at pH 8 has higher UPF values than those
treated at pH 10.

Besides, treated fabrics Psidium guajava L. extract in both extracts in the presence of
AgNPs at different pH, i.e., 4, 6, 8, and 10, with 100 % extract at 70°C for 15 min. decreasing
their UPF values before or after washing.

Table 2. UV protection factor (UPF) for treated fabrics with Psidium guajava L. in water and alcoholic extract
at different pH.

Extraction UPF
process a AgNPs Before washing After washing
4 presence 11.6 4.2
absent 82.5 29.7
6 presence 4.1 1.4
Water extract absent 85.3 421
8 presence 2.9 1.0
absent 87.1 55.6
10 presence 1.9 0.3
absent 77.2 41.9
4 presence 22.6 8.4
absent 87.3 32.4
6 presence 12.1 3.5
Alcohol extract absent 1153 63.8
8 presence 8.9 3.7
absent 266.9 111.0
10 presence 51 2.1
absent 254.7 85.2

Cotton fabric was treated with Psidium guajava L. extract in water and alcohol in the presence and absence of AgNPs at
100 % extract and different pH (4, 6, 8, and 10) at 70°C for 15 min.

3.2.3. Effect of time.

Treatment time optimization was carried out at different periods, i.e., 5, 10, 15, and 20
min, with 100 % extract at pH 8 at 70°C. It was concluded from the findings that treated cotton
fabrics with the highest UV protection value were observed after 15 min treatment period with
both alcoholic and aqueous extractions (see Table 3). The explanation for the higher properties
at 15 min treatment period could be attributed to the fabric arriving at the saturation point for
Psidium guajava L. extract absorption, thus no further rise in extract absorption after 15 min
of treatment time. After a time of 15 min, the extracts seemed to start diffusing again in the
treatment bath.

Washing treated fabrics led to a decrease in their UPF values as the unreacted materials
were lost. Even after washing treated fabrics with both extracts for 10, 15 and 20 min, it is clear
that they still provide a good UPF value, but treated fabric for 15 min have higher UPF values
than those treated for 10 or 20 min.

Besides, treated fabrics Psidium guajava L. extract in both extract in the presence of
AgNPs for 10, 15 and 20 min with 100 % extract at pH 8 and 70°C provide decreasing their
UPF values before or after washing.

2.3.4. Effect of temperature.

To optimize the treatment bath temperature, the treatment was carried out at different
temperatures, i.e., 25, 50, 70, and 100°C, with 100 % extract for 15 min at pH 8. The results in
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Table 4 found that the highest UV protection was obtained when the treatment was done at
70°C for treated fabric with both alcoholic and aqueous extraction.

As seen in Table 4, treatment temperature greatly affects the adsorption of the Psidium
guajava L. component onto the surface of cellulose fibers. Thus, as the treatment temperature
increases, the adsorption increased. Therefore, increasing the treatment temperature by more
than 70°C led to a slight increase in the UPF value with both extracts.

Washing treated fabrics led to a decrease in their UPF values as the unreacted materials
were lost. Even after washing treated fabrics with both extracts at different temperatures, it is
clear that they provide a good UPF value.

Table 3. UV protection factor (UPF) for treated fabrics with Psidium guajava L. in water and alcoholic extract
at different immersed times before and after washing.

Extraction . . UPF
process Time (min) AgNPs Before washing After washing

5 presence 2.0 0.6
absent 60.4 17.3

10 presence 24 0.7
absent 71.9 41.4

Water extract

15 presence 2.9 1.0
absent 87.1 55.6

20 presence 2.9 1.0
absent 87.9 50.5

5 presence 3.5 14
absent 104.6 41.2

10 presence 6.2 1.6
absent 186.1 77.5

Alcohol extract

15 presence 8.9 3.7
absent 266.9 111.0

20 presence 9.0 2.0
absent 270.8 102.3

Cotton fabric was treated with Psidium guajava L. extract in water and alcohol in the presence and absence of AgNPs with
100 % extract at a different time (5, 10, 15, and 20) and 70°C.

Table 4. UV protection factor (UPF) for treated fabrics with Psidium guajava L. with water and alcoholic
extract at different treatment temperatures before and after washing.

Extraction . UPF
process Temperature (min) AgNPs Before washing After washing
25 presence 2.3 0.5
absent 68.6 14.8
50 presence 2.4 0.5
absent 72.3 15.9
Water extract
70 presence 2.9 1.0
absent 87.1 55.6
presence 3.7 15
100 absent 89.2 45.4
25 presence 3.0 14
absent 91.1 41.6
50 presence 4.5 2.6
absent 135.9 78.0
Alcohol extract
70 presence 8.9 3.7
absent 266.9 111.0
presence 9.4 3.8
100 absent 276.0 88.0

Cotton fabric was treated with Psidium guajava L. extract in water and alcohol in the presence and absence of AgNPs at
different treatment temperatures (25, 50, 70, and 100 °C) with 100 % extract at pH 8 for 15 min.
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3.2.5. Mechanical properties.

Tensile strength, break elongation, air permeability, roughness, and crease recovery
angle was tracked for treated cotton fabrics before and after treatment with Psidium guajava
L. extract in water and alcohol in the presence and absence of AgNPs at optimum conditions.
The analyses obtained are presented in Table 5.

From the data in Table 5, It was clear that the physicomechanical properties of the
treated cotton fabrics have been of utmost concern. The crease recovery angle (CRA) increases
dramatically as the roughness of the surface, air permeability, tensile strength, and elongation
at break reduces after treatment with Psidium guajava L. extract in water or alcohol with or
without AgNPs at pH 8 and 70°C for 15 min. This indicates that the Psidium guajava L. extract
under investigation was extensively incorporated into the cotton fabric microstructure and, in
doing so, a thin film was formed on the cotton surface and resolved to be responsible for these
changes [20,22,60,84].

The pre-crosslinking treatment of cotton fabric using citric acid catalyzed by sodium
hypophosphite (SHP) as a dominant player was also to be emphasized in deciding the
efficiency of the above-mentioned properties. The creation of covalent cross-linking bonds
between neighboring cellulosic chains during this pre-treatment would impart rigidity to the
cotton structure. Meanwhile, the citric acid and the reaction will degrade the cotton fabric
chemically.

On the other side, the coated film can perceive reduced roughness and air permeability
to fill the gaps on the surface of cellulosic fabrics. The major improvement of the crease
recovery angle was most likely attributed to the formation of an intense network in the cotton
structure which was strongly interlinked by covalent chemical bonding between cellulose chain
and Psidium guajava L. extract component having carboxyl or hydroxyl groups.

Table 5. Physical and mechanical properties for treated fabrics with Psidium guajava L. in water and alcoholic

extract.
Extraction AgNPs R (um) Tensile Elongation at a CRA permtlarbilit

process H strength break (%) (W+F°) (cmé/em? /S)y
Blank fabric 21.45 152.12 39.21 198.65 221.87
Water extract presence 21.11 117.29 33.16 245.58 217.28
absent 21.14 116.41 32.81 251.17 215.22
Alcohol presence 21.32 97.17 23.15 265.17 219.26
extract absent 21.33 98.25 25.66 250.12 216.24

Cotton fabric was treated with Psidium guajava L. extract in water and alcohol in the presence and absence of AgNPs with
100 % extract at 70°C, pH 8 for 15 min.

3.2.6. Antimicrobial properties.

Microbial growth increases as the moisture and textile washing increases, and it reaches
the maximum at neutral pH (7-8) [85]. Bacteria grow well in the dark except for the phototropic
species. They are UV sensitive, and Light exposure can lead to pigment development, which
can lead to colored fabric stains [86,87].

Some mechanisms suggested for microbial cotton degradation include [86]: Fungal
hypha (thread as a fungal element) can damage the cellulose secondary wall directly, and fungal
fungus grows within a lumen; Bacterial cellulose degradation occurs from outside to inside,
but cellulose cannot be directly digested. Cellulolytic microorganisms are the soluble cellulose
enzymes produced by microbes and solubilized the cellulose, then eventually diffused into the
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cell; Carbon heterotopy bacteria degrade to short polysaccharide chains, hydrolyzed to shorter
oligomers then cellobiose, and finally to D-glucose.

In practice, different words are used, i.e., Bactericide, fungicide, and biocide or
bacteriostatic, fungistatic, and biostatic. The suffix code is used whenever the bacteria are
destroyed, and when only the growth is stopped, the suffix static is used. If a substance
compromises the validity of a microorganism, it is usually considered an antimicrobial.

In various ways, antimicrobial agents act, and the major ways are:

i protein coagulation;

ii. disruption of cell membrane resulting in exposure, damage, or loss of the
contents;

iii. elimination of free sulphydryl groups necessary for the functioning of
enzymes; and

iv. A substance close to the enzyme's basic substratum diverts or misleads the
necessary enzymes for the cell's metabolism and causes the cell to die.

A cell wall semi-permeable to the integrity of the cellular material consists of
microorganisms. Bactericidal agents cause cell membrane rupture and cell damage. Wherever
Bactericidal agents only prevent bacteria from multiplying, causing i) inhibiting cell wall
synthesis, ii) alteration of cytoplasmic membrane permeability, iii) alteration of the physical
and chemical protein and nucleic acids, iv) inhibition of enzyme activity and inhibition of
protein and nucleic acid synthesis.

Furthermore, the Silver ions can destroy bacteria by strangling them in dry or wet
atmospheres [88]. The highly biologically active silver ions bind the protein to bacterial
membranes inside and outside, thereby inhibiting cell respiration and reproduction. At pH 8,
silver is 3-4 times active relative to pH 6. Silver products are bacterial-resistant but not as
effective as fungus, mold, or mildew against other species [86].

Based on the inhibition zone system (as a qualitative method) against Escherichia coli
(E. Coli; ATCC 25922) as a gram-negative bacteria, Staphylococcus aureus (S. aureus; ATCC
29213) as a gram-positive bacteria, and Candida albicans (C. albicans; ATCC 10231) as a
fungus, treated cotton substrates were submitted for determination their antimicrobial activity
as depicted in Table 6 and Figure 2.

Untreated cotton fabric (blank) has no inhibition effect on the two forms of bacteria and
fungi tested. In contrast, treated fabrics with both Psidium guajava L. extracts in water and
alcohol demonstrate a significant improvement in the antibacterial activity with good efficiency
against the three forms of tested microbes (bacteria and fungi); 167.43, 277.65, and 132.63
mm? for E. coli, S. aureus, and C. albicans, respectively.

This good activity is due to the presence of phytochemical compounds (phenolic acid,
and flavonoids) in the Psidium guajava L. extracts. Besides, treated fabrics provide a higher
efficiency against Gram-positive bacteria than Gram-negative bacteria., which is attributed to
the difference in the cell wall structure of both examined bacteria strains.

The inhibition activity of the polyphenolic compounds on microbial RNA and DNA
can be consistent with antimicrobial action. The microbial cytoplasmic membrane can also be
depolarized. These compounds also provide antifungal activity as they inhibit ergosterol which
is the main component in the cell membrane of fungi.

The antimicrobial results for treated fabrics revealed that Gram-negative bacteria
displayed less sensitivity to both Psidium guajava L. extracts as compared with Gram-positive
bacteria, while the fungal strains demonstrated a high sensitivity to both Psidium guajava L.
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extracts. This was primarily attributed to variations in the composition of their different cell
walls. A single cell membrane, which is enclosed by a porous and thick cell wall that allows
some bioactive components to spread through this, characterizes Gram-Positive Bacteria.
Gram-negative bacteria are preferably comprised of three distinct layers covering certain
bioactive components [89-91].

On the other hand, treated fabrics with Psidium guajava L. extract in aqueous and
alcohol in the presence of AgNPs demonstrate outstanding values of antimicrobial tolerance.

It was also realized that the inhibition zone values of the fabrics treated with Psidium
guajava L. extract in alcohol were higher than the corresponding results obtained with
composite based on Psidium guajava L. extract in water. The interaction of AgNPs with the
bacteria cells effectively occurs in the coating method. Psidium guajava L. extract containing
different components that provide a good distribution and stabilization of AgNPs in the solution
as well as on the cotton surface, thereby decreasing the binding ability of bacterial cells into
the cotton surface [17,33,57,71].

Figure 2. Antibacterial activity of treated fabrics with both Psidium guajava L. extracts in water and alcoholic
solution in the presence and absence of AgNPs against three microbes. (a) E. coli as a gram-negative bacterium,
(b) S. aureus as a gram-positive bacterium. (c) C. albicans is a fungus; 1) untreated fabric; 2) treated fabrics
with water extract in the absence of AgNPs; 3) treated fabrics with water extract in the presence of AgNPs; 4)
treated fabrics with alcoholic extract in the absence of AgNPs; 5) treated fabrics with alcoholic extract in the
presence of AgNPs.

In the presence and absence of AgNPs against Escherichia coli, Staphylococcus aureus,
and Candida albicans, the antimicrobial activity of both untreated and treated cotton substrates
was checked using the counting process before and after different washing cycles. Table 6
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indicates the percentage of antimicrobial reduction in cotton fabrics. There is no inhibition of
the reduction percent in untreated samples. Antimicrobial tolerance was present in the samples
administered.

The bacteria reduction % for treated fabrics provides the same behavior against
examined bacteria and fungi. The bacteria reduction % of treated fabrics after different washing
cycles was investigated and decreased in microbial resistance until 10 washing cycles. Any
further increase in washing cycles provides a small decrease in bacteria reduction %. These
results confirmed that treated fabrics have a good microbial resistance decreased by washing
cycle but still prevent the bacteria growth more than the untreated one. Additional evidence
that good production would come from these treated fabrics in the medical field.

Table 6. Zone inhibition area and bacteria reduction % for the antibacterial activity of treated fabrics with both
Psidium guajava L. extracts in water and alcoholic in the presence and absence of AgNPs.

E. coli (ATCC 25922) S. aureus (ATCC 29213) C. Albicans (ATCC 10231)
Extracti Bacteria Reduction % Bacteria Reduction % Bacteria Reduction %
on |AgNPs Z1* before| after washing cycles Z1% before| after washing cycles Z1% before| after washing cycles
process washin 5 | 10 | 15 | 20 washin 5 | 10 | 15 | 20 washin 5 | 10 | 15 | 20
g g g

Blank fabric | 0 0 0j]o0ojo0jo0]oO 0 0jo0ojo0ojo0o]oO 0 0| 0] 0] O

Water [P%N%117 5 83.13 [67.7441.1039.3437.26127.5 90.35 [73.6544.7342.8240.56105.3 74.55 [60.7636.8935.3233.45

e
extract absent| 88.8| 62.91 [51.2731.1329.8028.23107.7 76.18 [62.0837.6636.0534.14 79.8| 56.53 |46.0827.9826.7925.38

preze”°167.4 93.13 [75.8956.0553.6550.81277.7) 98.22 80.0669.1666.21162.72132. 83.65 68.1858.8956.3753.40
absent|119.9 66.77 [54.4240.2038.4936.45184.4 87.21 [71.0662.4859.8056.64110.1 61.31 [49.9743.9442.0739.85

Zone inhibition (mm?) = (total area — fabric area)

Alcohol
extract

3.2.7. Antioxidant performance and UV-Protection (UPF).

Phenols and flavonoids, which are the main component of Psidium guajava L. and
known as a bioactive compound are naturally occurring antioxidants effect for human special
in medical fabric because of their free radical scavenging activity of the oxygen species from
their hydroxyl groups, which prevent cell deterioration and growth of new cells in the skin.

The antioxidant activity of the treated cotton fabrics with both Psidium guajava L.
extracts in water and alcoholic in the presence and absence of AgNPs were examined for their
antioxidant performance using 2,2-diphenyl-2-picrylhydrazyl (DPPH) and the results were
illustrated in Table 7.

It was known that cotton fabric is a cellulosic material has an aliphatic hydroxyl
functional group in their structure. This aliphatic hydroxyl group was resulting in poor
antioxidative performance, the results in Table 7 provide no antioxidant performance due to
the low sensitivity of DPPH to monitoring the very low antioxidative performance [5].

Thus, the cotton fabric treated with both Psidium guajava L. extracts in water and
alcoholic in the presence and absence of AgNPs provides an antioxidant performance mainly
attributed to the redox character of phenols and flavonoid compounds. These compounds have
aromatic hydroxyl groups, which play a good role in forming free radicals.

Phenolic acids containing aromatic hydroxyl and carboxyl groups generally function as
antioxidation agents by trapping free radicals, whereas flavonoids can scavenge those free
radicals and chelate to metals such as AgNPs. Therefore, the treated cotton fabrics with both
Psidium guajava L. extracts in water and alcoholic in the presence and absence of AgNPs can
improve the antioxidant property, which allows them to be considered in medical applications
[50].
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Organic UV absorbers are uncolored organic aromatic molecules with combined dual-
bonded bonds that absorb UV energy with a 290-360 nm wavelength, which makes molecules
excited. UV energy converts into UV molecular vibration energy. When the molecules return
to the ground state, heat energy is emitted into the environment [92-94].

UV absorbers protect textile fabrics against chain fission and cross-linking reactions
due to the photooxidation by polymers while reducing weathering rates for textile fibers under
this safety process. UV absorbers must stay stable on UV exposure and reappear to their
original shape after reaction to maintain long-lasting activity. If the molecules of UV absorbers
are permanently transformed into their non-absorbing isomers, their UV absorbing properties
are destroyed [93,95].

In recent decades, synthetic organic UV absorbers have caused environmental concern,
as numerous UV absorbers can produce toxic products by degradation, which may be bio-
accumulative. Consequently, substantial work has been undertaken in recent years to study and
incorporate UV-absorbing bioactive substances into modern environmentally-friendly garment
manufacturing processes with UV safety characteristics. Bioactive compounds comprise
natural finishing biodegradable, and limitless capital. Extracts from different plants as UV-
absorbing bioactive compounds have been analyzed in this study.

Plant extracts commonly consist of flavonoids such as flavone, flavanol, luteolin, and
baicalin, amino acids similar to mycrosphorine, tannins, lutein, and aloin [96-103]. Besides,
most plant extracts have antimicrobial, anticancer, and antioxidant effects that enable them to
be used to develop textiles related to medical, health, and hygienic materials.

In the last couple of years, much research has been underway on Psidium guajava Leave
Extract, which has multiple positive attributes, including non-cytotoxicity, antimicrobial,
ultraviolet absorption, wound healing, and other medicinal characteristics.

For textile application, Psidium guajava Leave Extract was applied to cotton fabric in
the presence and absence of AgNPs using the pad-dry-cure method. The treated cotton fabric
showed good UV protection properties at a value above 50, which was attributed to the
presence of Psidium guajava Leave particles with the absorption maxima in the UVB region.

After ten washing cycles which proved the washing durability of the coating, a
considerable amount of Psidium guajava Leave ingredients have been found to remain. This
stressed the possible use of Psidium guajava Leave Extract for protection and biomedical
multi-functional defensive clothing.

Furthermore, The UPF of untreated and treated cotton fabrics with both with Psidium
guajava L. extracts in water and alcoholic in the presence and absence of AgNPs was recorded
in Table 7 and provide that all treated fabrics have UPF values higher than untreated one which
confirmed that, Psidium guajava L. extracts have a UV blocking material.

Table 7. Antioxidant activity of treated fabrics with both with Psidium guajava L. extracts in water and
alcoholic in the presence and absence of AgNPs

Extraction AgNPs Antioxidant performance (%) UPF
process Before washing After washing Before washing After washing
Blank fabric 0 0 0.1 0.1
Water extract presence 91+04 68+1.1 2.9 1.0
absent 87+0.8 66+1.8 87.1 55.6
Alcohol presence 90 £ 0.7 67 +0.2 8.9 3.7
extract absent 86 +1.7 62+1.4 266.9 111.0
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This effect could be attributed to the polyphenols and flavonoid compounds that can
absorb UV radiation, making the treated fabrics more efficient to block the UV radiation and
become protected and exhibiting the human skin a new property to saving them from the
harmful ultraviolet radiation.

4. Conclusion

Psidium guajava Leaves consist of many bioactive compounds, including phenols,
flavonoids, and essential oils, so Psidium guajava leaves extract was used as an eco-friendly
process to impart multi-functional properties to cotton fabric. Psidium guajava Leaves were
extracted using two solvents (water-ethanol). Both of them were used as reducing and
stabilizing agents in the synthesis of silver nanoparticles. The phytochemicals of two solvents
are responsible for the reduction of silver nanoparticles.

The UV-Vis spectra of synthesized silver nanoparticles using Psidium guava leaves
extract showed that at low pH (4), there is no affinity to synthesis silver nanoparticles in the
two extracts while increasing the pH to (6) cause starting the formation of silver nanoparticles.
Therefore, the synthesis of silver nanoparticles was increased as the pH medium increased in
both extracts. In addition to the formation of silver nanoparticles in alcoholic extraction is
higher than in water extraction. It was also found that the particle size of silver nanoparticles
decreases by increasing the pH medium. The particle size of silver nanoparticles in water
extract was higher than those in the alcoholic extract at different pH (6, 8, and 10). TEM images
are shown as a small and spherical form of a good distribution of silver nanoparticles.

The optimum condition of treated cotton fabric to get the highest UPF value and
antimicrobial activity for both extractions in the absence and presence of silver nanoparticles
was 100 % concentration, pH 8 at 70°C for 15 min. Alcoholic extraction gives a higher UPF
value to cotton fabric than water extraction at the same conditions.

The antimicrobial results for treated fabrics revealed that gram-negative bacteria
displayed less sensitivity to both Psidium guajava Leaves as compared with gram-positive
bacteria, while the fungal strains demonstrated a high sensitivity to both extractions. Moreover,
treated fabrics with aqueous and alcoholic extraction in the presence of silver nanoparticles
give a higher antimicrobial activity.
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