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Preparation, Characterization and Antibacterial Activity of Malva Sylvestris L.
Seed Extract Containing Novel Electrospun PVA Nanofibers
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Highlights
* Novel PVA nanofibers containing Malva Sylvestris L. seed extract was fabricated.
« Electrospinning technique was used to produce nanofibers.
+ Nanofiber diameters were 181.3 - 244.3 nm.
» Nanofibers are expected to be beneficial for medical applications.

Article Info Abstract

Medicinal plants have been a great source for pharmaceutical agents. However, prossessing these
raw sources to turn into therapeutic drugs requires highly complex technologies and expensive
methods. Malva sylvestris L. is a commonly used vegetable in traditional and ethnoveterinary
medicine because of its antimicrobial and anti-inflammatory properties. Therefore, in this study
we used PVA/M. sylvestris L. seed (MSs) extract biocomposites to produce nanofibers with
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electrospun technique. M. sylvestris L. seed extracts were prepared and divided into fractions with
20% ACN. The metabolites in MSs extract characterized by Q-TOF LC-MS. Biocomposites with
different ratios of both polymer and extract were prepared for nanofiber production.
Bionanofibers have been produced from these biocomposites with optimized electrospinning
conditions and their morphological analysis has been performed using SEM and FTIR techniques.
Nanofibers had average diameters within the range of ~180-244 nm. They were also found to

have antibacterial activity against several microorganisms including Gram-negative
(P.aeruginosa and E.coli) and Gram-positive (S.aureus and E.faecalis) bacteria. These newly
generated bionanofibers with antibacterial properties hold great potential to be used in medical
applications and food packaging.

1. INTRODUCTION

In the recent times, electrospun fibers have been extensively studied for various purposes by researchers
from all over the world [1-5]. Electrospinning is one of the techniques to prepare fibers in which a polymer
fluid can be directly converted into nano- and micro-sized scale dry fibers based on the principle of
“electrostatic attraction” of charges [6]. In this technique, a polymer solution is fed from a syringe with a
metal needle where high voltage is applied to create an electric field. The fiber is drastically stretched
towards collector while forming a nano to micro-sized fibers that can be collected on a collector with the
evaporation of the solvent [4, 7, 8]. This method produces nanofibers in the nano-range from 10 to 1000
nm diameter [3]. Nanofibers have been widely used in many purposes such as in biomedical applications
(e.g., wound dressing material, scaffolds and drug delivery), chemical applications (e.g., catalyst,
electrocromic [9], cells and batteries), defence applications (e.g. protective clothing and sensors, filters,
membrane), environmental protection applications (e.g. removal of toxic wastes) [4] and membrane
systems. [10] The electrospinning process demonstrates exclusive abilities for producing new natural
nanofibers with controllable pore structure [11].
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Polyvinyl alcohol (PVA) is a widely used polymer in biomedical and environmental applications. It is a
water-soluble, semi-crystalline, chemically, and thermally stable, hydrophilic, fully biodegradable, non-
toxic, and biocompatible polymer. PVA has been used in nanofiber production due to its wide range of
application area and ease of preparation. PVA nanofibers is easily dissolved in an aqueous medium. But,
to prevent its water solubility, mechanical and crosslinking agents can be used [12,13].

A great variety of synthetic and natural polymers (referred to as biopolymers) or mix of these polymers are
used successfully for nanofiber production. Mucilage is a gelatinous substance of plants that contains
protein and polysaccharides. Biopolymers like polysaccharides can be used to solve such environmental
hazards utilizing their non-biodegradability and toxicity. In nature, polysaccharides can be found in many
organisms, including animal, algal, microbial or plant origin seaweeds and seeds. The polysaccharides are
an important sources of nanofiber production with low cost, excellent biocompatibility and good
biodegradation kinetics. The plant propagation is a natural polysaccharide source unexplained that is widely
used as an additive in food or pharmaceutical preparations and exhibits significant biological characteristics
such as cell growth supporter, anti-inflammatory, antibacterial, and antioxidant [14-17]. As a result, plant
mucilage has become a biomaterial that scientists utilize in many fields.

Over the past 10 years, an increasing number of publications have been published on fibers that produced
by electrospinning of various plant extracts with polymer supports. It is expected to increase the number of
publications further in the coming years [18].

Turkey, in terms of medicinal and aromatic plants, is one of the world's richest countries. About 500
medicinal plants [19] in Turkey are utilized in traditional medicine or folk medicine practices. Many
medicines used in modern medicine are obtained from plants. However, drug production is a challenging
process, requiring approximately 8-13 years of research and development in very high budgets. Nanofibers
developed for pharmaceutical purposes have a wide range of uses, especially biomedical applications.
Nanofiber production comes to the forefront with the electrospun method thanks to the ease of production
technique, affordable cost, easy preparation of new formulations, and repeatability. It can be said that
electrospun nanofibers are a technology that is worth working on today and future. In this study, it is aimed
to produce new bionanofibers for use in the pharmaceutical field by using the natural resources of our
country.

M. sylvestris L. belongs to the Malvaceae plant family. It is usually known as common mallow which is an
herbaceous and annual plant with superficial lobed leaves and purple flowers. It has located mainly in
South-west Asia, Europe, North Africa and throughout the Mediterranean basin. Phytochemical studies of
this herb have been revealed the existence of various compounds such as polyphenols, many
polysaccharides, mucilage and terpenoids such as sesquiterpenes, diterpenes, monoterpenes, anthocyanins,
anthocyanidines, leucoanthocyanidines, tannins, mucilagens coumarins, flavones, flavonols and essential
oils [20]. It is also commonly used as a vegetable in traditional and ethnoveterinary medicine [21-23] for
treatment of inflammatory processes [24-28] and respiratory, muscular, skeletal system disorders,
genitourinary, and digestive, as well as mucosa injuries and skin. The mucilages are one of the main
ingredients responsible for Malva's therapeutic effects, and the Malvaceae family have the most abundant
mucilage accumulation.

In fact, although it is widely used for M. sylvestris L. for its astringent effects and ability to reduce tissue
irritation and inflammation, several studies have been conducted on particular extracts to evaluate the
plant's biological effects [20]. According to our observations, no biocomposites have been reported using
plant extracts obtained from M. syvestris L. seed (MSs) in the literature yet. The aim of this study is to
examine the possibility of using M. syvestris L. seed extracts as a reinforcing filler material to improve the
properties of PVVA-based nanofibers.
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2. MATERIAL and METHOD
2.1. Apparatus and Chemicals

Electrospinning device (nanoWEB electrospin 350) and a syringe pump (New era pump systems. Inc.) were
used to obtain nanofibers. For characterization of the synthesized nanofibers, Fourier-
transform infrared spectroscopy (FTIR) (Bruker-Alpha, Germany) and Scanning Electron Microscope
(SEM) (FEI-Thermo Fisher Scientific, USA) were used. Ultrapure water (Merck Millipore Elix Essential
10 ultrapure system, Germany) and ultrasonic water bath (Daihan WiseClean, South Korea) were used for
the preparation of all solutions in the study. The conductivity measurements were performed with SG3
(Mettler Toledo, USA) conductivity meter. The viscosity of solutions and biocomposites were measured
by a First Plus model viscometer (Lamy Rheology Instruments). Liquid chromatography-mass
spectrometer (LC-MS) analysis were performed with an Agilent quadrupole-time-of-flight liquid
chromatography-mass spectrometer (Q-TOF LC-MS) with a Dual AJS ESI source.

The polymer solutions were prepared by dissolving PVA (88% hydrolyzed, average M.W. 88000 g/mol)
(Acros Organics, Netherlands) in ultrapure water. Chemicals such as acetonitrile, formic acid and
trifluoroacetic acid were used for extraction and isolation of seed extracts.

2.2. Plant Extraction and Isolation

M. sylvestris L. seeds were collected from Kiitahya Municipality Physician Sinan Medical Plants Research
Center during July 2017. Dried and grounded plant material (10 g) was stirred in 500 mL of
acetonitrile/water/formic acid solution, 10:9:1 (v/v:v) overnight at room temperature. The crude extracts
were filtered through a cotton wool and the liquid parts were dried with rotary evaporator and then freeze-
dried. Initial purification was carried out using reversed phase C18 silica gel column. The dried, crude
extract was first dissolved in solvent A (100% ultrapure H>O/0.05% trifluoroacetic acid, v/v) and then
loaded onto C18 material that had been activated and equilibrated with solvent A. The fractions of the plant
extract was eluted with 20% solvent B (90% acetonitrile/10% H,0/0.05% trifluoroacetic acid, v/v/v) to
separate the polar organic compounds from protein-containing fractions. The eluates were dried with rotary
evaporator and then freeze-dried for LC-MS analysis and electrospinning process.

2.3. Characterization of the Metabolites in M. Sylvestris L. Seeds Extract with LC-MS

A 1 mg/mL solution of the plant extract was prepared in Solution A (Solution A: H.O/2% acetic acid) and
filtered through a 0.45 um syringe filter before injection to the Q-TOF LC-MS spectrometer. Nitrogen was
used as both drying gas and nebulizer with 10 L/min flow rate and 45 psi pressure, respectively. The
temperature of the nebulizing gas was set at 350 °C and the capillary potential was set to 3500 V. The
sheath gas flow rate was 10 L/min. MS TOF analyzer fragmentor voltage was set to 165 V and the skimmer
voltage was 65. 80 uL of sample was injected and the metabolites were separated on a C18 column
(Poroshell 120 SB-C18, 4.6 x 150 mm, 2.7 um particle size). A gradient of 0-80% Solution B (Solution B:
50% CH3CN/50% H,0/0.5% acetic acid) was used as mobile phase with Solution A. A total run time of 90
min LC method was started with 10% Solution B and increased to 18% gradually over 20 min. It was
continued with increasing the % of Solution B from 24% to 30% (15 min), 30% isocratic (20 min), 30% to
55% (5 min), 55% to 100% (5 min), 100% isocratic (8 min), 100% to 10% (2 min) and finally 10% Solution
B isocratic for 5 min. The mass spectra were recorded in negative ion mode in the range m/z 50-1000 at an
acquisition rate/time of 3 spectra/s. The spectra were analyzed with Agilent Mass Hunter Qualitative
Analysis (B.06.00) software program.

2.4. Preparation of PVA Stock Solution and Biocomposites

PVA solutions: A 10 wt % PVA solution was dissolved in pure water and the mixture was stirred in an
ultrasonic bath at 85 °C for 3 hours, then continued to stir at room temperature for 24 hours. Thus, a
homogeneous PVA solution was obtained at a concentration of 10 wt % by mass. Other PVA solutions
were prepared by the same method.
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PVA/MSs biocomposites: MSs extracts were weighed and transferred into a volumetric flask and mixed
with PVA (10 wt % ) solution to get 1 wt % of the extract. The solution was mixed in an ultrasonic bath for
4 hours to obtain a homogeneous biocomposite. It is kept in a refrigerator when it is not used to produce
the nanofibers. Likewise, other biocomposites were prepared at 2 wt % and 4 wt % respectively.

Biocomposite prepared that the extract was mixed with PVA. Firstly, was determined 1% as the amount of
extract added into the biocomposite, making use of existing studies in literature [29, 30]. Subsequently,
instead of prepared extract (1%) and PVA blended dispersions, the amount of mucilage was increased
exponentially and new biocomposites were prepared in different proportions. In this way, more effective
fibers were produced.

2.5. Electrospinning of PVA/MSs Biocomposites

PVA/MSs nanofibers of the 10 wt % PVA solution containing M. Slyvestris L. seed extracts (0, 1, 2 and 4
wt were generated by electrospinning. Firstly, PVA and PVA/MSs biocomposites were taken inside a 5 mL
syringe tube which has a flat-end metallic 20G needle. A syringe pump utilized for controlling the flow rate
of biocomposites and solutions. A high voltage DC power supply was used for charging the biocomposite
solution and a metallic collector covered with aluminum foil for collecting nanofibers. The optimum
electrospinning conditions employed for the fabrication of all nanofibers are as follows; the applied voltages
are 20 and 24 kV, the rate is 2-3 mL/h, and needle to collector distance is 15 cm. All experiments were
conducted at room temperature (24 °C) with relative humidity of 45 %, and under atmospheric pressure.
The parameters used are shown in Table 1. Biocomposite samples were accumulated on a rectangular
collector (16x16 cm?) covered with an aluminum foil.

2.6. Viscosity

The viscosity of the PVA solutions and PVA/MSs biocomposite solutions were measured by a First Plus
model viscometer. The measurements were carried out five times using a MS-C19-C tube at 20-22 °C.

2.7. Electrical Conductivity of Nanofibers

The electrical conductivities of the PVA and MSs solutions and PVA (10 wt%):MSs(1 wt%); PVA(10
wit%):MSs(2 wt%); PVA(10 wt%):MSs(4 wt%) biocomposites were measured by a conductivity meter
(Mettler Toledo). The measurements were carried out four times at room temperature.

2.8. Antibacterial Activity Test

In the current study, the produced nanofibers were tested for their antibacterial activities by disc diffusion
method. To determine their antibacterial activity nanofiber sheets were cut into 6 mm discs in diameter and
were placed into live cultures of four bacteria species. The antibacterial activities were evaluated against
two Gram-negative bacteria (P. aeruginosa (ATCC 27853) and E. coli (ATCC 9637)), and two Gram-
positive bacteria (E. faecalis (ATCC 05035) and S. aureus (ATCC 29212)). The cultures of test bacteria
were preserved 4 °C and were sub-cultured prior to the antibacterial test. Bacteria were added into tubes
containing 4-5 mL nutrient broth. Then, the density of these cultures was adjusted to 0.5 Mc Farland (at
625 nm, 0.08-0.10 absorbances) with sterile saline solution (0.85% NacCl). The bacteria were inoculated in
Mueller-Hinton agar. The cell suspensions containing approximately 108 CFU/mL bacteria were spread on
the surface with sterile swab sticks. Then, the nanofiber discs were placed on the surface of the media
inoculated with the microorganisms. After the plates were incubated at 37 °C for 24 h for bacterial strains,
the growth inhibition zones around the disc were observed. Erythromycin (30 ug/disc), was used as a
positive control for both for bacteria.
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3. RESULTS AND DISCUSSION

3.1. Characterization of the Metabolites

By using accutare mass Q-TOF LC-MS spectrometer, more than 20 metabolites were characterized from
M. Sylvestris L. extracts as in the literature reported previously [31-34]. The molecular ion [M-H] and MS-
Fragment ion m/z values were listed in Table 1. The characterized metabolites include rutin, quercetin, 1-
butanamine methyl-N-(2-methylbutylidene, stigmasterol, campesterol. The presence of the metabolites
with known antimicrobial, anti-inflammatory, chronic and inflammatory activities [21, 31, 35] in the extract
showed that preparation of the nanofiber biocomposites containing these beneficial metabolites can be
useful in pharmaceutical and supplemental food industries.

Table 1. M. Sylvestris L. seed secondary metabolites characterized with LC-MS analysis

. Molecular ion MS-Fragment
No | Phytochemical compound [M-H]" (m/2) ions (r?1 12) Reference
1 Quercetin-3-O-rutinoside 609 301(100) [32]
2 Rutin 609 300 (37), 301 (38) [33]
3 Hyperoside 463,1 300,301 [33]
4 Kaempferol hexoside 447 285(100) [32]
5 Kaempferol-3-O-glucoside 447 447(100), 285(49) [32]
7 Stigmasterol 412 412, 369 [31]
8 Campesterol 400 400, 315, 289 [31]
9 3-O-caffeoylquinic acid 353 191,179 [34]
10 | 5-O-caffeoylquinic acid 353 191,179 [34]
11 | Chlorogenic acid 353 353, 191 (17) [33]
12 | Caffeoylquinic acid 353 191(27), 179(13), [32]
135(6)
13 | Quercetin 301 179,121 [33]
14 | Fisetin 285 135,121 [33]
15 | Quinic acid 191 93 (22), 85 (22) [33
16 | 1-Naphthaienol, 1,2,3,4- 190 190, 172, 111 [31]
tetrahydro-2,5,8-trimethyl
17 | N-(2 Acetamido)imino 190 190, 172, 146, 127 [31]
diacetic acid
18 | Caffeic acid 179 179, 135(100) [32]
19 1-Butanamine methyl-N- 155 98, 113, 127, 154 [31]
(2methylbutylidene)
20 | Couramin 146 146, 103, 77 [33]
21 | 4-OH Benzoic acid 137 93,65 [33]
22 1-Propanamine , 127 112 [31]
2-methyl-N-(2-
methylpropyldene)
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3.2. Parameters for Nanofiber Production

The parameters such as solution concentration, voltage, flow rate, temperature, humidity, the distance
needle to collector were first determined to produce nanofibers by electrospinning technique. The
electrospinning process and parameters effect on nanofiber morphology have been previously reported [17,
18, 29].

The electrospinning of pure MSs was not successful due to its viscosity. Therefore, the PVA solution was
used as an auxiliary material to produce nanofibers from pure MSs. In order to determine the PVA
concentration; 5, 8, 10, 12, 15 wt% polymer solutions were prepared and the nanofibers were produced. 10
wt% PVA solution selected as an optimum PVA solution based on the viscosity effect on nanofiber
diameter and it was used in later studies. The voltage, flow rate, and needle-collector distance are given in
Table 2.

Table 2. The general parameters used to produce PVA/MSs nanofibers

PVA/MSs biocomposite Voltage Flow rate Needle-to-collector
compositions (kV) (mL/h) distance (cm)
PVA (10 wt%):MSs(0 wt%) 20 3.0 15
PVA (10 wt%):MSs(1 wt%) 24 2.2 15
PVA (10 wt%):MSs(2 wt%) 24 2.0 15
PVA (10 wt%):MSs(4 wt%) 24 2.0 15

Effect of solution viscosity: Viscosity increased markedly as polymer concentration increased. While the
viscosity of 5 wt% PVA solution was 60.313 £ 0.3373 mPa.s, the viscosity of 15 wt% PVA was determined
as 10784.20 + 155.26 mPa.s. Viscosity values are given in Table 3. As the viscosity of the solution
increased, nanofiber production became more difficult. The most suitable nanofiber was obtained with 10
wt% PVA solution, and hence this polymer solution was used in further processes of the study. In addition,
as the added extract concentration increased, the viscosity increased as well. Although these results [14,
36] are similar to the literature, some studies [16, 37] have compared to the contrary case too. For the same
reason, PVA(10 wt%):MSs(2 wt%) was chosen as nanofiber that has optimum plant extract. Generally, it
was observed that the average diameter of the electrospun nanofibers increases with viscosity [36]. When
the polymer concentration in the solution increases, the fiber diameter increases with high viscosity
resistance. While this situation was true for polymer solutions, a different situation was observed when the
herbal ingredient was included (Table 3). Viscosity is not the only factor affecting the nanofiber diameter,
so all factors should be evaluated together.

Table 3. The viscosity measurements of PVA solutions and PVA/MSs biocomposites

Solutions and PVA/MSs Viscosity (mPa.s)® | Shear rate (s) Torque Temperature

biocomposites (mN.m)? °O)
PVA(5WI%) 6031320373 100 0.2020.002 20.8
PVA(8 Wt%) 674,919 48 100 2.14410.19 22.0
PVA(10 wt%) 1247.00+10.13 100 3.77+0.030 22.4
PVA(12 wt%) 3522.67+41.26 100 10.64+0.13 21.8
PVA(15 wt%) 10642.11+265.57 25 8.02+0.19 22.1
PVA(0 Wt%):MSs(1 wit%) 15.76+0.14 100 0.047£0.0012 215
PVA(L0 Wt%):MSs(L wt%) 1432.88+37.54 100 4332011 21.9
PVA(L0 Wt%):MSs(2 wt%b) 1598.8224.98 100 4.8340.080 21.9
PVA(10 Wi%):MSs(4 wi%) 1686.63+40.38 100 5.1020.12 218

aN:5
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Contrary to the polymer concentration, humidity and temperature have no effect on the morphology of
nanofibers. All experiments were conducted at room temperature (24 °C), with relative humidity of 45 %,
and under atmospheric pressure. The optimum needle-to-collector distance determined as 15 cm and is used
to produce nanofibers.

Effect of solution conductivity: The conductivity of the solution mainly affected by solvent, salt ions and
the type of polymer used. When the solution conductivity increases, the load capacity of the polymer jet
will increase as well. As a result, in the same electric field, the highly conductive polymer jet will be
exposed to larger tensile forces and a finer fiber will be obtained. Likewise, the ions resulting from the
dissolution of the salt added to the polymer solution increase the electrical charge density. As a result, the
applied electrostatic field is transformed into a larger electrical force, which allows the production of thinner
fibers due to greater attraction forces produced. Usually, electrospun nanofibers get shorter diameters of
fibers due to high electrical conductivity [11, 14]. In this study, the nanofiber diameters were calculated
using random 13 points obtained from SEM images. When the values in Tables 4 and 5 were examined,
generally diameters of the fibers decreased as the conductivity increased. Similar findings have been
reported by some studies [14, 38, 39]. Although the PVA(10 wt%):MSs(4 wt%) biocomposite has the
highest conductivity, the fiber diameter is not the smallest. This is thought to be caused by increased
viscosity due to the increased concentration of MSs.

Table 4. The diameters of PVA/MSs nanofibers

AIMSS biogomposi Vanofiber | nanofiber | Meanof nanofiber
PVAMSs biocomposites diameter (nm) diameter (nm) diameter (nm)+SD*
PVA(10 wt%):MSs(0 wt%) 116.0 250.9 190.9+71.9
PVA(10 wt%):MSs(1 wt%) 90.6 415.6 244.3+87.5
PVA(10 wt%):MSs(2 wt%) 108.8 265.0 181.3452.8
PVA(10 wt%):MSs(4 wt%) 108.8 333.2 184.2+64.5

2N:13

Table 5. Other parameters of PVA/MSs nanofibers

Solutions and PVA/MSs Electrical L .
biocomposites Conductivity® Resistivity 2 Salinity (ppt)
(Q.cm)
(mS/cm)
PVA(10 wt%): MSs(0 wt%) 0.28+0.01 2.68+0.08 0.19+0.01
PVA(O wt%): MSs(1 wt%) 4.55+0.09 2.2440.11 2.48+0.16
PVA(10 wt%):MSs(1 wt%) 3.57+0.03 2.82+0.03 1.95+0.02
PVA(10 Wt%):MSs(2 wt%) 6.43+0.10 1.57+0.05 3.63+0.13
PVA(10 wt%):MSs(4 wt%) 7.38+0.05 1.36+0.01 4.17+0.14
AN:4

3.3. Characterization of Nanofibers
FT-IR

Fourier transform infrared (FT-IR) spectra were saved using KBr pellets and FT-IR spectrometer, in the
range of 400-4000 cm™. FT-IR was performed to determine whether the secondary metabolites of MSs
extract were loaded on PVA/MSs biocomposite nanofibers. The FT-IR spectra of MSs (a); PVA nanofiber
(b); PVA(10 wt%):MSs(1 wt%) nanofiber (c); PVA(10 wt%):MSs(2 wt%) nanofiber (d) and PVA(10
wit%):MSs(4 wt%) nanofiber (e) are shown in Figure 1. For PVA nanofiber, the strong peaks at 850, 1098,
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1453, 1734, 2937, and 3430 cm* were attributed to C-C, C-O, CH-O-H, C=0, C-H, and (the broad band)
O-H, respectively. The band at 1450-1470 cm™ corresponds to the vibration frequency of CH3 and the band
at 1045-1055 cm corresponds to the vibration frequency of CO. The band at 2850-3000 cm is attributed
to the vibration frequency of CH. while the band at 3400-3600 cm* corresponds to the hydrogen stretching
of alcohols and phenols. Not any chemical reaction between MSs and PVA was observed.
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Figure 1. The FT-IR spectra of nanofibers a) MSs; b) PVA nanofiber; c) PVA(10 wt%):MSs(1 wt%)
nanofiber; d) PVA(10 wt%):MSs(2 wt%) nanofiber and e) PVA(10 wt%):MSs(4 wt%) nanofiber

SEM

Scanning electron microscopy (SEM) was used to determine the surface morphology of the nanofibers. The
SEM images of PVA nanofiber (a); PVA(10 wt%):MSs(1 wt%) nanofiber (b), PVA(10 wt%):MSs(2 wt%)
nanofiber (c); PVA(10 wt%):MSs(4 wt%) nanofiber (d) are shown in Figure 2. As expected, different
composition of biocomposites has a strong influence on nanofiber morphology. The nanofibers are 180-
250 nm in diameter. Detailed diameter values shown in Table 3. Additionally, the SEM images showed
that the PVA (10 wt%):MSs (4 wt%) biocomposite is not suitable to produce nanofiber as shown in (Figure
2d). As a result, the nanofibers of biocomposites containing 1 wt% and 2 wt% MSs were prepared
successfully.

nanofiber; b) PVA(10 wt%):MSs(1 wt%) nanofiber; c) PVA(10 wt%):MSs(2 wt%) nanofiber; d) PVA(10
Wt%):MSs(4 wt%) nanofiber
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3.4. Antibacterial Activity

After incubation, growth inhibition zones around the nanofiber discs indicated that the extract has
antibacterial effect on each microorganism. These inhibition zones were measured and shown as in Table
6. Antibiotic disc and nanofiber discs are 6 mm diameter. The results are given with disc size. The
antibacterial activity of the extracts of MSs could be associated with metabolites such as rutin, quercetin,
1-Butanamine methyl-N-(2-methylbutylidene), stigmasterol and campesterol. Because, these metabolites
have been reported to display antimicrobial and anti-inflammatory activities [35, 31, 21]. PVA/MSs
nanofibers determined to have effective antibacterial activity against both gram-positive and gram-negative
bacteria. As a result, after improving a little more antibacterial properties of these nanofibers are promising
materials for antibacterial applications.

Table 6. Results of antibacterial activity test of PVA/MSs nanofibers

Zone inhibition diameter (mm)
Nanofibers Escherichia Pseudomonas | Enterococcus Staphylococcus
coli aeruginosa faecalis aureus
ATCC 05035 | ATCC 27853 | ATCC 29213 | ATCC 29212
PVA(10%) 7 8 7 7
PVA(10%)/MSs(1%) 8 8 9 7
PVA(10%)/MSs(2%) 9 10 8 8
PVA(10%)/MSs(4%) 11 11 10 8
Erytromycin (30pg/disc) 40 15 11 29

4. CONCLUSION

With this work, it has been aimed to obtain new generation biocomposite nanofiber materials by using
renewable natural resources and contribute to the utilization of green technology for ecological and
environmental sustainability. It also allows for the use of rich natural resources to produce valuable
biomaterials that are easy to reach, work on, and not harmful to the environment. In this study, PVA
nanofibers containing M. Slyvestris L. seed extracts with valuable metabolites were produced for the first
time. M. Slyvestris L. seed mucilage has been obtained and used as an additive reagent for making
biocomposite with 10 wt% PVA solution. After the optimum conditions of the electrospinning technique
were determined, the characterizations of nanofibers were carried out. In addition, this plant is known to be
effective against inflammation [20, 21, 22, 24-26] as it contains more than 20 metabolites such as rutin,
quercetin, 1-Biitanamine methyl-N-(2-methylbutylidene, stigmasterol, campesterol. The preparation of the
nanofiber biocomposites containing these beneficial metabolites can be useful in the pharmaceutical, textile
and food industries. In addition, this plant is known to be effective against inflammation. As a result, by
using antibacterial extracts obtained from MSs, new bionanofibers having antibacterial properties have
been produced. According to the antibacterial test results, all the nanofibers produced had antibacterial
effect against two Gram-positive bacteria (S. aureus and E. faecalis), two Gram-negative bacteria (E. coli
and P. aeruginosa). Antibacterial properties are expected to provide benefits for medical applications.
These newly generated bionanofibers with antibacterial properties hold great potential to be used in medical
applications and food packaging.
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