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ABSTRACT 

The blending of natural polysaccharide pectin with synthetic biodegradable polymer polyvinyl alcohol (PVA) aimed to 

develop a bio-composite with improved functional and structural properties. The bio-composite was fabricated through 

solution casting method, and its physicochemical characteristics were analysed using techniques such as FTIR, XRD, 

SEM and antimicrobial activity. FTIR analysis confirmed the successful interaction and hydrogen bonding between the 

functional groups of Pectin and PVA. XRD studies showed a reduction in crystallinity, indicating effective blending and 

partial amorphization of the bio-composite matrix. SEM analysis revealed the surface morphology of the prepared bio-

composite and suggesting the strong interfacial compatibility between Pectin and PVA  . Antimicrobial activity was 

assessed against common bacterial strains, and the bio-composite exhibited significant inhibitory effects, especially due to 

the bioactive nature of pectin and its synergistic interaction with PVA. These findings demonstrate that Pectin/PVA bio-

composite hold promising potential for applications in antimicrobial packaging and biomedical materials. 
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In plants and animals, some natural polymers such as chitin, 
pectin and cellulose are essential for maintaining the structural 
integrity of cells [1]. These natural polymers have unique 
physicochemical and biological characteristics that can be useful 
in a variety of disciplines due to their diversity in composition 
and provenance [2-3]. Proteins, nucleic acids, and 
polysaccharides are part of biological systems and carry out a 
variety of vital tasks [4].  Indeed, natural polymers and their 
derivatives are already used in many industries for the 
production of textiles[5] and paper goods [6], as food additives 
[7-9], in the creation of nutraceuticals and functional foods [10], 
and in the biomedical industry for  drug delivery [11-12] and 
cosmetic procedures[13]. 
All plants that grow on land contain pectin, a type of naturally 
occurring polymer. They are present in plant cell walls, where 
they serve as a binder, hydrator, and structural component for 
the network of cellulose fibers [14-15]. Pectin are plentiful in 
apple pomace and citrus albedo, which are essential raw 
materials used in the production of pectin all over the world 
[16]. When pectin is properly mixed with water and/or other 

chemicals, it can serve as a thickener, stabiliser, gelling 
agent, emulsifier, cation-binding agent etc [17]. The need to 
create renewable and biodegradable materials to lessen the 
amount of non-renewable petroleum-based waste in landfills has 
led to a recent surge in research on pectin-based products [18]. 
However, there are a few disadvantages to pure pectin-based 
films, such as their poor moisture and gas barrier qualities, 
brittleness, and low mechanical strength. Pectin's barrier 
qualities may be enhanced by combining it with other polymers, 
such as chitosan, starch, polyethylene glycol, polylactic acid, 
polyvinyl alcohol, natural proteins, etc., or by adding 
hydrophobic substances, like essential oils, to the polymer 
matrix [19]. It has a promising future as a customized, versatile 
biomaterial. Because of its cytocompatibility, it has been utilized 
for a number of biomedical applications, including tissue 
engineering, medication administration, gene transport, and 
wound healing. Additionally, pectin-based coatings are utilized 
to extend the shelf life of certain fruits [20-21]. 
PVA is another important biodegradable polymer that finds uses 
in a wide range of commercial, pharmaceutical, industrial, and 
food applications as eyedrops, lacquers, resins, tablet coating 
agents, paper coating agents, and food packaging materials. 
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Additionally, it can be used with water-soluble fabric to create 
surgical threads, rags, sponges, sheets, covers, hospital laundry 
bags, biodegradable protective clothing, and other physiological 
sanitization products. It provides good stiffness when employed 
as a sizing and coating agent with paper, which makes it 
beneficial for applications such as lamination, carton sealing, 
and winding [22]. Because of their low cost, superior mechanical 
strength, strong barrier qualities, and ease of processing, 
petrochemical-based polymers are typically utilized in food 
packaging applications. But when disposed of, they cause serious 
environmental problems because they are not biodegradable. 
Eco-friendly packing materials are therefore highly sought after 
[23].  
Polymer blending is an effective route for preparing desired 
polymeric materials for a wide range of tailor-made applications. 
Pectin is miscible in all proportions with polyvinyl alcohol 
resulting in miscible blends. Proposed uses for Pectin/PVA films 
include flushable liners and bags, water-soluble detergent and 
pesticide pouches, drug delivery aids and wound dressing 
materials [24]. PVA, starch, and Pectin combined with glycerol as 
a plasticizer is said to provide environmentally friendly films 
with better qualities [25]. It is reported PVA/starch-based 
biodegradable nanocomposite films reinforced with starch 
nanocrystals were considered as potential alternative for 
synthetic packaging material [26]. PVA based biodegradable nano 
composite film reinforced with coconut cellulose nano fiber was 
prepared as a better alternative to synthetic plastic food 
packaging. Essential oils like lemon oil and linseed oil were also 
incorporated into the prepared film to get the antimicrobial 
properties to the packaging film [27,28]. 
2. EXPERIMENTAL PROCEDURE 
2.1 MATERIALS 
Pectin, PVA and glycerol were procured from Sigma Aldrich. 
2.2 PREPARATION OF PECTIN/PVA BIO-COMPOSITE 
The Pectin/PVA bio-composite was developed using the solvent 
casting method. 0.5 g of Pectin was dissolved in 20 ml distilled 
water and 0.15 g of PVA was dissolved in 10 ml distilled water 
and the solutions were mixed thoroughly with 0.6 g of glycerol. 
The resultant mixture was then vigorously stirred at 70 °C for 
two hours at 800 rpm. The resulting homogeneous mixture was 
poured onto a mould and allowed to dry in an oven at 45 °C. The 

bio-composite film was carefully peeled off and stored in a 
desiccator for further characterization and analysis. 
2.3 CHARACTERISATION 
The FTIR spectrum of Pectin/PVA bio-composite was recorded 
using a Thermo Nicolet iS50. The samples were mixed with KBr 
powder and then pressed into thin pellets. The sample's 
wavelength range was measured between 4000 and 400 cm-1. 
With the aid of a Bruker D4 X-ray diffractometer, the resulting  
crystallinity index was examined. The measurement was done 
with Cu Kα radiation at 40 kV. With an acceleration voltage range 
of 0.5 to 30 kV, the JEOL 6390LA/OXFORD XMX N apparatus was 
used to take the microscopy SEM images. A detector of secondary 
electrons (SE) was used to take the pictures. Kirby-Bauer test is 
widely used to determine the sensitivity or resistance of bacteria 
and fungi to various antimicrobial compounds, and it uses the 
Mueller Hinton agar. Mueller-Hinton agar is a non-selective, non-
differential medium capable of growing a wide range of non-
fastidious organisms. Kirby-Bauer test is also known as disk 
diffusion method. 
3. RESULTS AND DISCUSSIONS 
3.1 FTIR SPECTRAL ANALYSIS 
The existence and interaction of functional groups from both 
polymers were confirmed by a number of distinctive absorption 
bands in the Pectin/PVA blend, as shown in Fig.1. The stretching 
vibrations of hydroxyl (OH) groups were represented by a broad 

and strong band at about 3348 cm⁻¹. This broad peak was 
characteristic of intramolecular hydrogen bonding between the 
hydroxyl groups of PVA and the hydroxyl groups present in 
pectin, which suggested significant hydrogen bonding. Aliphatic 
C-H bonds asymmetric stretching was responsible for the peak at 
2921 cm⁻¹. A weaker peak at about 2372 cm⁻¹ was caused by 

small C≡C, whereas the sharp band seen at 1620 cm⁻¹ was 
attributed to the stretching vibrations of carbonyl (C=O) groups 
from Pectin's ester or carboxylic acid functionality. C–O–C 
stretching vibrations, which were characteristic of either and 
polysaccharide structures, were linked to peaks that fell 
between 1402 cm⁻¹ and 1035 cm⁻¹. The peak at 887 cm⁻¹ 
correlated to sugar ring skeletal vibrations and C–H bending, 
demonstrating pectin's polysaccharide origin and its excellent 
integration with PVA. Overall, the blend's compatibility and 
strong intermolecular hydrogen bonding were shown by the 
broadening and minor peak changes. 

 
Fig.1: FTIR spectrum of Pectin/PVA bio-composite 
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3.2 XRD ANALYSIS 
The XRD pattern of the Pectin/PVA bio-composite, as shown in 
Fig.2, exhibited a broad and diffused peak without any sharp 
crystalline reflections, which was indicative of an amorphous 
structure. The broad hump observed between approximately 15° 
and 30° (2θ) suggested the presence of disordered regions within 
the polymer matrix. This amorphous nature could be attributed 
to the intermolecular hydrogen bonding and molecular 

entanglement between the hydroxyl groups of PVA and the 
functional groups of pectin, which disrupted the crystalline order 
of individual components. The absence of sharp peaks confirmed 
that the blending of pectin and PVA resulted in a predominantly 
non-crystalline material, which was beneficial for certain 
applications such as drug delivery, food packaging, and wound 
dressings, where flexibility, biodegradability, and uniform film-
forming ability were desired. 

 
Fig.2: XRD Pattern of Pectin/PVA bio-composite 

3.3 SEM ANALYSIS 
The surface morphology of the Pectin/PVA bio-composite was 
shown in Fig.3. It showed a rough, uneven surface with areas of 
different textures, suggesting phase separation or insufficient 
mixing of the PVA and Pectin components. A flexible, polymeric 
matrix was present in wrinkled and folded areas, whereas denser 
agglomerates or crystalline domains from PVA crystallites were 

represented by bright, elevated characteristics. The lengthy, 
pillar-like structure close to the middle could have represented a 
flaw or impurity that developed during the drying or casting of 
the film. The image generally pointed to a non-uniform 
microstructure, which may have had an impact on the 
mechanical characteristics, barrier behavior and biodegradability 
of the bio-composite. 

  

      
 

Fig.3: SEM images of Pectin/PVA bio-composite 
3.4 ANTIBACTERIAL STUDY OF PECTIN/PVA BIO-COMPOSITE 
The antibacterial activity of the Pectin/PVA bio-composite was 
evaluated against four bacterial strains: Escherichia coli, Proteus 
vulgaris, Bacillus subtilis, and Staphylococcus aureus, and 
compared with a standard antibiotic control (Amikacin) (Table 

1). The bio-composite exhibited a larger zone of inhibition (18 
mm) against E. coli than the control (16 mm), indicating strong 
antibacterial potential against the Gram-negative bacterium. 
Similarly, for Staphylococcus aureus, the bio-composite showed a 
17 mm zone compared to the control's 15 mm, demonstrating 
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effective activity against this Gram-positive bacterium. Against 
Bacillus subtilis, the bio-composite recorded a 15 mm zone, 
slightly higher than the 14 mm of the control, suggesting 
comparable efficacy. However, for Proteus vulgaris, the 
composite showed a slightly lower zone (16 mm) than the control 
(17 mm), though still demonstrating inhibitory activity. The 
enhanced antibacterial effect of the Pectin/PVA bio-composite 

(Fig. 4) was attributed to the presence of bioactive compounds 
in pectin and the film-forming ability of PVA, which together 
could disrupt bacterial cell membranes and inhibit growth. 
Overall, the bio-composite showed promising antibacterial 
properties, making it a potential candidate for applications in 
wound dressings, food packaging, and biomedical materials. 

 

 
Fig.4: Anti-Bacterial activity of Pectin/PVA  bio-composite 

Bacteria PECTIN-PVA 
Bio-Composite 

Control (amikacin) 

Escherichia coli 18mm 16mm 

Proteus vulgaris 16mm 17mm 

Bacillus subtilis 15mm 14mm 

Staph aureus 17mm 15mm 

 
Table 2: Antibacterial activities of Pectin/PVA bio-composite 

 
3.5 ANTIFUNGAL ACTIVITIES OF PECTIN/PVA BIO-COMPOSITE 
The antifungal activity of the Pectin/PVA bio-composite was 
evaluated against two fungal strains: Candida albicans and 
Aspergillus niger, and compared with a standard antifungal 
agent, Nystatin (Table 2). The zone of inhibition observed for 
Candida albicans was 14 mm for both the Pectin-PVA bio-
composite and the control, indicating that the bio-composite 
exhibited comparable antifungal efficacy to Nystatin against this 
yeast. Interestingly, against Aspergillus niger, the Pectin/PVA bio-

composite showed a slightly larger inhibition zone of 15.2 mm, 
compared to 13 mm with the control, suggesting enhanced 
antifungal activity, which was shown in Fig. 5. This increased 
efficacy may have been attributed to the synergistic interaction 
between pectin and PVA, which could have enhanced the 
diffusion of active components and disrupted fungal cell walls 
more effectively. Overall, the Pectin/PVA bio-composite 
demonstrated promising antifungal potential, especially against 
filamentous fungi like Aspergillus niger. 
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Fig.5: Antifungal activity of Pectin/PVA  bio-composite 

 

Fungus PECTIN-PVA 
bio-composite 

Control (Nystatin) 

Candida albicans 14mm 14mm 

Aspergillus niger 15.2mm 13mm 

 
Table 3: Antifungal activities of Pectin/PVA bio-composite 

 

 
The bio-composite developed by the solution casting of Pectin 
and PVA had promising structural and functional characteristics. 
FTIR analysis indicates the presence and interaction of functional 
groups from both components. The SEM analysis of the 
Pectin/PVA bio-composite shows an uneven and rough surface 
morphology, indicating partial miscibility and phase separation 
between the polymers. The composite's amorphous character, as 
revealed by the XRD data, facilitates the breakdown of 
crystalline areas by polymer interactions, improving flexibility 
and film-forming capabilities. A promising option for biomedical 
and antimicrobial packaging applications, the bio-composite had 
notable inhibitory effects against both Gram-positive and Gram-
negative bacteria, according to the antibacterial experiments. 
Overall, the Pectin/PVA bio-composite presents a sustainable, 
biodegradable material with multifunctional properties, and with 
further refinement, it holds strong promise for diverse 
applications in the medical and environmental fields. 
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