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ABSTRACT

Pectin is a natural biopolymer with excellent biodegradability and biocompatibility that is often extracted from the 
peels of citrus fruits and apples. Pectin isolated from Citrus limon (L.) Burm peels is the primary nanofiber material 
in this investigation. Pectin: polyvinyl alcohol (PVA) ratio, solvent type, voltage, and flow rate were investigated to 
optimise the electrospinning procedure for producing pectin-based nanofibers. The peels of C. limon (L.) Burm were 
chemically extracted for their pectin, yielding a 20.5% yield, and subsequently electrospun with varying percentages 
of PVA. Sample 1, made from 10% pectin and 10% PVA, formed a mat with the best mechanical qualities out of 
the four samples. Despite being mixed with PVA, The Nanofiber’s Fourier transform infrared spectrum reveals 
that pectin retained its original chemical structure. Amorphous characteristics of the mat are shown in the X-ray 
diffractogram. Therapeutic pectin and PVA nanofibers could be made using PVA since they are cheap, biodegradable, 
and biocompatible.

1. INTRODUCTION

Nanofibers are commonly defined as fibers with diameters in 
the nanometer range. Nanofibers have outstanding mechanical 
characteristics which are acceptable and harmless in terms of 
biodegradability. Nanofibers have gotten a lot of interest recently 
because of its diverse application in energy storage and production, 
chemical and biological sensors, pharmaceutical and textile industries, 
water purification, and environmental remediation. Nanofibers may 
be created from a wide range of polymeric materials, which can be 
natural, synthetic, or a combination of the two. Natural polymers 
are less immunogenic and more biocompatible. Synthetic polymers, 
on the other hand, provide higher synthesis and modification 
flexibility [1]. Many synthetic and natural polymers have successfully 
been electrospun to make microfibers and, subsequently, nanofibers. 
Nanofibers are in great demand for application in biological research, 
industry, and the military due to the variety in fiber structure [2]. Drug 
delivery applications [3], tissue engineering, the textile sector, ballistic 
(clothing) protection, and wound dressing are all examples of this. 
Synthetic polymers, on the other hand, are generally not biocompatible. 
As a consequence, there is a strong need for nanofibers made from 
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natural biopolymers that may be employed for biomedical and tissue 
engineering applications without creating hazardous effects [4].

Pectin is a biopolymer that occurs naturally and is increasingly 
employed in the food, pharmaceutical, and biotechnology sectors [5]. 
It is a water soluble naturally occurring biopolymer [6] which contains 
non-sugar substituents, particularly methanol, acetic acid, phenolic 
acids, and amide groups. Vegetables and fruits account for 45% of 
the yearly 30% food waste where the beverage business creates the 
largest food waste (26%), followed by the dairy and ice cream industry 
(21.3%) and the fruit and vegetable product and reserve (14.8%) [7]. 
Due to its biocompatibility and biodegradability, pectin has been used 
in several biological applications, including cell encapsulation, the 
generation of artificial red blood cells, bioprinting, and medication 
delivery [8]. As a natural product, pectin is more biodegradable and 
biocompatible than manufactured polymers [4]. Pectin has recently 
been studied as a material for the production of nanofibers. It is difficult 
to make nanofibers by electrospinning pectin alone [9]. Because of 
their high viscosity, synthetic polymers such as polyethylene oxide or 
polyvinyl alcohol (PVA) are mixed with pectin to increase its ability to 
be electrospun into fibers [10].

Citrus peel is the most prevalent source of pectin, followed by apple 
pulp, jackfruit, mango peel, and pomace [11], but this is to a lesser 
degree due to the sugar industry. Citrus fruit contains 13.4–29.1% 
pectin by dry weight, according to calculations [12]. When compared to 
extraction yields obtained using the acid isolation approach, enzymatic 
extraction revealed no significant difference in the recovery of pectin 
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from lime peels, orange peels, and Citrus limon peels [13]. The second 
most widely used sources of pectin are apple pulps and pomace, which 
contain between 4.2% and 19% pectin and are high in neutral sugars 
such as glucose, arabinose, rhamnose, galactose, and xylose [14]. 
Citrus pectin produces a more elastic-brittle gel, while apple pectin 
produces a more elastic-viscous gel. Sugar beet pulp is also recognized 
as a good low-cost source of merchant pectin generated from the sugar 
industry. Reduced pH, increased temperature, extraction duration, and 
the solvent-solid relationship of the extraction process have all been 
connected to improved sugar beet pectin recovery rates ranging from 
6.5% to 24.8% [15].

Electrospinning is a technique for creating nanoscale to microscale 
fibrous scaffolds by spinning of charged polymer solution with an 
electric force. This synthetic or natural polymer solution is jetted at 
a constant pace from a syringe through a small nozzle tip connected 
to a high voltage power source. As the droplet emerges from the tiny 
nozzle tip and interacts with the electric field, it deforms into an 
unstable conical shape known as a Taylor cone [4]. This means that 
the best feasible set of settings is being utilized. Deformation is caused 
by electrostatic repulsions on the droplet that develops on the nozzle 
tip. As the solution travels from the tip to the collecting plate, the 
organic solvent evaporates, and the Taylor cone divides into streams of 
nanofibers. When the technique is completed, a nanofibers scaffold is 
placed on the collecting plate [16].

The primary objective of this study is to extract pectin from C. limon 
(L.) Burm peels and transform the extracted pectin into nanofibers by 
electrospinning. PVA is used as a carrier polymer to incorporate into 
pectin solution for the fabrication of nanofibers. The nanofibers are 
characterized by means of X-ray diffractogram (XRD) and Fourier 
transfer infrared (FTIR). Electrospinning parameters such as voltage 
and flow rate are optimized to produce fibers of optimal quality for 
subsequent applications such as drug delivery [17] and production of 
extracellular matrix scaffolds [18].

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents
Hydrochloric acid (HCL), sodium hydroxide, isopropanol, and pectin 
was provided by SRL diagnostics. Hot water soluble PVA (molecular 
weight −60,000–1,25,000) was provided by HiMedia. Fresh C. limon 
peel was collected from local market at Chennai, Tamil Nadu.

2.2. Extraction of Pectin from C. limon Peel
The pectin extraction began with cutting the fresh leftover C. limon 
peels from kitchen wastes and drying it before the experiment. After 
that, 40 g of fresh C. limon peels were cleaned and chopped into little 
pieces. Grounded C. limon peels were then treated for 2 h in a water 
bath at 80–90°C with 0.01 N HCL. The beaker was then removed 
from the water bath and allowed to cool. The pectin syrup is filtered 
through a clean washcloth to separate the peels and any large solid 
residues followed by filtration using Whatman no.1 filter paper to 
remove the pectin syrup. Filtration of pectin syrup was done thrice 
until a clear viscous solution was achieved which is then precipitated 
by adding a 1:2 ratio of isopropanol to the solution, which is then left 
undisturbed for 2 h. A distinct mark was seen in the solution, which was 
subsequently removed from the solution and dried in a vacuum oven 
at 400°C. After the leftover acid syrup was evaporated, the dry pectin 
powder was washed with distilled water to remove the acid residues 
and dried in the vacuum oven until all the water had evaporated and 

clean dry pectin powder was produced. Figure 1 depicts a schematic 
representation of the complete endeavor.

2.3. Estimation of Pectin Content
The wet weight and dry weight of pectin were recorded when 
calculating the pectin for assessing the data for characterizing the 
pectin sample extracted. According to Salma et al., the yield (Eq. 1), 
moisture (Eq. 2), and ash (Eq. 3) content were estimated [19].

For calculating the total yield of pectin:
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For calculating the Content of Ash
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After the estimation, the pectin obtained from the extraction of 
the C. limon peels was then tested and compared with the commercial 
pectin.

2.4. Preparation of the Solution for Electrospinning
The electrospinning setup included a syringe pump that slowly pushes 
the syringe to pump the Pectin/PVA solution, a 30  kV generator 
connected to the needle of the syringe to pump the electrically charged 
Pectin and PVA solution onto the collector, and a rotator covered in 
aluminum foil to collect the dried-up pectin and PVA nanofiber mats. The 
solution preparation parameters investigated includes 10 mL of pectin 
(5–10% w/v): PVA (5–10% w/v) dissolved separately in distilled water 
and blended together in a 50:50 ratio. The PVA was dissolved in distilled 
water at 90°C for 1 h while stirring continuously at 1200 rpm, while the 
pectin solution was made by adding the required quantity of distilled 
water and stirring at room temperature for 10 min at 1000  rpm. Mild 
stirring at 40°C for 2 h was used to combine the PVA and pectin solution.

The distance between the syringe needle tip and collector was designed 
to stay constant at 13 cm throughout the procedure. The flow rate was 
tuned to 0.5  mL/h–1  mL/h, and the voltage to 20 kV–25  kV. Each 
parameter was set to impact the others and explored by holding all 
parameters constant except for one variable [Table 2] [4].

2.5. Fabrication of Pectin Nanofiber
The syringes were loaded with 5  ml of the Pectin/PVA solution 
before being put in the syringe pump for a 5-h session. As soon as the 
voltage for the required parameter is applied to the needle, the syringe 
pump begins to push the syringe in accordance with the flow rate. 
The electrically charged pectin/PVA solution is then jetted onto the 
collector by the needle. The pectin/PVA nanofibers were subsequently 
electrospun onto an aluminum foil-covered rotator. After collecting 
the pectin and PVA nanofibers, the aluminum foil was removed from 
the rotator, and a thin coating of the pectin and PVA nanofiber mat 
was produced. Triplicates of the same combinations were run, and a 
tiny patch of the nanofiber mat generated on the aluminum foil was 
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retrieved to be examined under the microscope, while the remaining 
samples were removed for further analysis.

2.6. Characterization of Pectin Nanofibers
The samples of pectin and PVA nanofibers from all electrospinning 
parameter settings were initially inspected under a ×40 microscope. 
The remaining fiber mat samples were also analyzed using FTIR 
spectroscopy.

The physical and chemical characteristics of the extracted pectin/
PVA nanofiber were studied using several analytical techniques such 
as FT-IR and XRD. The Shimadzu IRTracer-100 spectrometer was 
used to analyze the physical, chemical, and conformational aspects 
of pectin/PVA since FT-IR analysis can describe numerous functional 
groups and structural fragments. For phase identification, XRD was 
used. The manufactured pectin/PVA nanofiber was scanned using 
a PANalytical’s X’pert X-ray diffractometer. The range of 2 for all 
samples was between 10° and 80°.

3. RESULTS AND DISCUSSION

3.1. Yield of Pectin
The total quantity of pectin extracted from fresh and dried C. limon 
peel varies depending on the precipitation agent used in this study 
(Isopropanol). Wet and dry pectin extracted from 40 g of C. limon peel 
is 0.9 g and 0.8 g in weight. The data shows that pectin production is 
2%. According to our findings, the extracted pectin contained 11.2% 
moisture [Table 1], which is more than what is generally observed in 
commercial pectin. As a result, the extracted pectin must be stored in 
an airtight and dry atmosphere. In contrast to commercial pectin’s 15% 
ash content, we discover that the ash level of pectin extracted in our 
research is just 3% [Table 1], which might vary based on the citrus fruit 
and isolation techniques employed.

3.2. Pectin Nanofibers Electrospun
ESPIN-NANO was used to electrospin polymeric blends containing 
5% w/v to 10% w/v PVA concentrations. When only pure pectin was 
utilized, no fibers were produced. When <5%  w/v PVA was present 
in the total polymeric mix, no fiber was produced. The absence of 
fiber production might be attributed to low viscosity, which causes 

the polymer jet to break when stretched. The pectin content was raised 
to 5% by weight to lower the quantity of synthetic polymer utilized. 
Electrospinning samples with 5% pectin produced few droplets, 
indicating the importance of pectin concentration. The electrospun 
fibers produced with formulations including 5% PVA and 5% pectin 
(samples 3 and 4) at flowrates of 0.5  mL/h and voltages of 20  kV 
and 25 kV, as shown in Figure 2b-d, lacked the strength to be peeled 
off the aluminum foil collector in matrix format. When the PVA and 
pectin concentrations were increased to 10% w/v (samples 1 and 2), 
electrospinning was accelerated, resulting in the formation of nanofibers 
with improved stretchability, as shown in Figure 2a. Commercial pectin 
and PVA manufacturing resulted in superior nanofiber creation under all 
settings, with enhanced results at 10% w/v of each. Direct comparison 
of commercial pectin and extracted pectin with nanofibers revealed 
that the former produced superior outcomes. Figure 2e denotes the 10x 
microscopic image of the fabricated pectin/pva nanofiber.

Table 1: Pectin characterization.

Characteristics Extracted pectin

Total yield 2%

Moisture content 11.2%

Ash content 3%

Figure 2: Nanofiber mats fabricated using different parameters (a) Sample 1 
(b) Sample 2 (c) Sample 3 (d) Sample 4 (e) Compound microscopic image  

of sample 1.

a

c db

e

Figure 1: Methodology flow.
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3.3. Characterization of Nanofibers

3.3.1. Spectroscopy FTIR
The FTIR spectra wavenumbers identified in Figure 3 confirm the peaks 
of commercial PVA and pectin/PVA nanocomposite explaining the 
structural and principle changes. The broad bands of the wavenumber 
are as follows: From left to right, the peak at 3292 cm-1 represent the 

O-H (hydroxyl) group expansion. The peak at 2937 cm-1 represents 
the stretching of C-H, 1724 cm-1 depict the carboxyl COO-  group 
wherein the C=O of carbonyl is being stretched, 1653 cm-1 constitute 
the spectra of carboxylic group. The peak at 1425 cm-1 is a CH2 bond 
breakdown vibration [20].

3.3.2. X-ray diffraction
XRD analysis was done to determine the nature (amorphous or 
crystalline) of the manufactured pectin, and the diffractogram is 
presented in Figure 4. Amorphous structures are generally identified in 
XRD patterns by a broad background peak, while crystalline structures 
are characterized by many sharp signals. The XRD pattern indicated 
that the pectin/PVA nanofiber was amorphous, and the presence of 
crystalline peaks at 65° and 75° indicates the peak of aluminum foil 
over which the fiber was formed [21].

4. CONCLUSION

The primary goal of this study was to develop a method for efficiently 
combining the advantageous features of a natural biopolymer with a 
synthetic polymer during processing, thereby creating nanofiber as a 
polymeric scaffold. To prevent droplet formation and maintain smooth 
needle-to-solution flow, the molecular concentration and volume ratio 
of polymers have been fine-tuned. Analytical methods have been used 
to characterize the performance differences between the polymers. To 
sum up, pectin and biopolymer like PVA can be combined simply to 
create 3D electrospun nanofibers. In the medical field, this pectin/PVA 
electrospun composites might find use as wound dressings or in tissue 
engineering. Although commercial pectin appeared to have better 
properties than extracted pectin, the productive utilization of biomass 
to produce useful products will be greatly appreciated as a waste-to-
wealth application.
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Table 2: Parameters of all 4 samples.

Samples Combinations (%) Flow rate Voltage Distance

PVA Extracted pectin Commercial pectin

Sample 1 10 10 ‑ 1 mL/h 20 KV 13 cm

Sample 2 10 10 ‑ 1 mL/h 25 KV 13 cm

Sample 3 10 5 ‑ 0.5 mL/h 20 KV 13 cm

Sample 4 10 5 ‑ 0.5 mL/h 25 KV 13 cm

Sample 5 10 ‑ 10 0.5 mL/h 20 KV 13 cm

Sample 6 10 ‑ 5 0.5 mL/h 25 KV 13 cm

Figure 4: X-ray diffractogram of S1 Pectin/PVA nanofiber.

Figure 3: FTIR spectra of standard PVA nanofiber and pectin/PVA nanofiber 
S1 (10%w/v each) nanofiber.
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