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Abstract. Blending of biopolymers with other polymers i.e. PVP (polyvinylpyrrolidone) is expected 

to improve the processability and properties of biopolymer-based films. This blending leads to the 

new molecular structures due to interactions between the polymers, which affect the crystallinity 

and morphology of the films, as results, enhance the mechanical, optical, and thermal properties 

of the biopolymer/PVP films. This review aims to provide an overview of the effect of PVP on the 

molecular interactions, crystallinity, and morphology of biopolymer films.  such as chitosan, ethyl 

cellulose (EC), hydroxyethyl cellulose (HEC), and hydroxypropyl methylcellulose (HPMC). PVP 

can form hydrogen bonds with chitosan, HEC, and HPMC. Incorporating PVP with HPMC and 

HEC results in a uniform film morphology, whereas higher PVP ratios in chitosan/PVP blends 

can cause cracks, indicating the necessity for an optimal ratio to achieve a homogeneous matrix. 

The addition of PVP to EC results in discoidal features within the film matrix, signifying separate 

phases and immiscibility between PVP and EC. PVP also able to disrupts the semicrystalline 

structure of HEC and HPMC, making the film more amorphous. 

Keywords: poly(vinyl)pyrrolidone; biopolymers; morphology; molecular interaction; 

crystallinity.  
 

Type of the Paper: Review. 

1. Introduction 

Biopolymer derived natural sources have emerged as promising materials for developing 

sustainable and eco-friendly material [1]. These biopolymers are biodegradable, offering a 

potential pathway for developing novel biodegradable polymer-based materials to mitigate 

environmental pollution typically associated with petrochemical-based polymers. Biopolymer 

films can be used in many areas, such as wound dressings [2], drug delivery systems [3], implants 

[4], packaging [5], mulch films [6], water filtration membranes [7], electronins, and disposable 

items like cutlery, and personal care products [8]. However, biopolymer films often have 

limitations, such as brittleness, poor heat resistance, and poor optical properties, which hinder their 

widespread application [9]. To overcome these challenges, biopolymers are often blended with 

other polymers through physical or chemical methods [10]. Physical polymer blending is a 

particularly convenient method, as it allows for a wide array of desirable physical and chemical 

properties without the need to modify the individual structures of the constituent polymers [11]. 

This method enables the creation of novel biopolymer-based films that utilize the advantageous 
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properties of each polymer [12]. Additionally, polymer blends are favored for their reproducibility, 

simplicity, and cost-effectiveness [13]. 

Polyvinylpyrrolidone (PVP) is one of promising polymer blend materials for the 

manufacture of biocompatible and biodegradable materials [14,15]. Of note, PVP is a synthetic, 

non-toxic, and FDA-approved polymer so it has been used in various medical and pharmaceutical 

material [16]. In polymer blends, PVP is typically used to increase the thermal stability due to its 

high degradation temperature up to 430°C [17]. PVP has excellent film-forming abilities and 

creates high transparent film [18]. PVP also known for its excellent adhesive properties due to the 

abundance of carbonyl groups, which can form hydrogen bonds with biological surfaces, making 

it ideal for bio adhesive delivery systems [19]. PVP also help in dispersing fillers, further 

demonstrating its potential as polymer matrix in bio-composite films  [20]. 

Blending biopolymers with PVP creates new molecular arrangements due to interactions 

between the molecules. This process affects how the polymers arrange themselves in the film, 

resulting in different crystallinity and morphology than the constituent polymer film. By 

understanding these structural properties, the physical and chemical properties of the 

biopolymer/PVP films can be designed and controlled for the suitable and targeted application. In 

particular, the stronger intermolecular forces and increased crystallinity can significantly enhance 

the mechanical strength and thermal stability of films [21,22]. A more homogeneous blend can 

reduce defects and prevents porous structures, offering better barriers to moisture and gases 

qualities highly desirable in packaging films  [23,24]. In term of sustainability perspective, 

tailoring properties is also important key on developing biodegradable films with meticulous 

degradation rates, contributing to environmental sustainability, as high crystallinity plastic results 

in slower degradation rate [25]. Additionally, the degree of crystallinity influences the film’s 

opacity where higher crystallinity results in a more translucent film [26].  The well-designed 

mechanical, thermal, barrier, degradation, and optical properties of the films are essential for 

optimizing its performance in packaging, electronic, and sensor applications. 

Therefore, investigating such effect on molecular interactions, crystalline structure, and 

morphology, is crucial  on developing polymer blend films. This review aims to outline the effect 

of PVP on the molecular interactions, crystallinity, and morphology of biopolymer/PVP films. 

Several studies reporting on PVP blends with biopolymers i.e. chitosan, ethyl cellulose (EC), 

hydroxyethyl cellulose (HEC), and hydroxypropyl methyl cellulose (HPMC) were included in this 

report. This review discusses findings on the physicochemical properties (molecular interaction, 

crystallinity, and morphology) of biopolymer/PVP films using FTIR, XRD, and SEM techniques.  
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2. Synthesis of Biopolymer/PVP Films 

Fig. 1 illustrates the chemical structure of PVP, chitosan, HPMC, and HEC. PVP also known 

povidone, is a synthetic polymer created through radical polymerization of N-vinylpyrrolidone 

[27]. It is non-toxic, non-ionic, inert, resistant to temperature and pH changes, biocompatible, and 

exhibits complex interactions with both hydrophilic and hydrophobic substances [28,29]. PVP 

polymer contains functional groups such as C=O, C-N, and CH2, with a hydrophilic pyrrolidone 

ring and a hydrophobic alkyl group [30]. PVP is high soluble  in both water and organic solvents 

(methanol, chloroform, acids, and amine)s due to the polar amide group in the pyrrolidone ring, 

along with the non-polar methylene and methine groups in the ring [31,33,34].  On the other hand, 

the hydrophobic carbon chains in PVP polymer backbone can create steric hindrance effect [32]. . 

Chitosan, on the other hand, is the second most abundant biopolymer after cellulose and is 

typically derived from chitin through alkaline hydrolysis (deacetylation). Chitin occurs in nature 

as ordered macrofibrils in the exoskeleton crustaceans and mollusks, as well as in fungi and insect 

cuticles. Over 1000 tons of chitin are produced annually, with approximately 70% comes from 

marine species [35].  Chitosan is a cationic linear polysaccharide composed of repeating β-(1–4)-

linked units of 2-acetamido-2-deoxy-D-glucopyranose [36]. Chitosan monomer contains 

functional groups such as primary amine (NH) as well as primary and secondary hydroxyl group 

(OH) [37]. Chitosan dissolves in acidic aqueous media, such as acetic acid, through the protonation 

of its primary amine groups [38] 

Moreover, cellulose is the most abundant natural polymer on earth, consisting of a linear 

polysaccharide made up of β-(1→4)-linked D-glucopyranosyl units [39]. Hydroxypropyl 

methylcellulose (HPMC) or hypromellose is a cellulose mixed ether, produced by substituting 

cellulose’s hydroxyl groups with methyl and hydroxypropyl groups [40,41]. This is achieved by 

first treating cellulose with NaOH solution to activate its hydroxyl groups, followed by the addition 

of methyl chloride and propylene oxide [42]. The degree of substitution (DS) refers to the number 

of methyl groups per unit, while the molar substitution (MS) measures hydroxypropyl groups 

[42,43]. HPMC is soluble in cold water as well as certain organic solvents such as ethanol and 

methanol, and the solution remains stable across a broad pH range from 2 to 12 [40] 

Hydroxyethylcellulose (HEC), in advance, is a derivative of cellulose, produced by 

substituting the hydroxyl group with hydroxyethyl group (CH2CH2OH). On industrial scale, HEC 

is produced by first treating starch with sodium hydroxide with pristine starch to form reactive 

alkali cellulose [44]. It is then reacted with gaseous ethylene oxide in an etherification process, 

replacing hydrogen atoms in the cellulose with hydroxyethyl groups which make this polymer 

soluble in water. HEC is a tasteless and colorless to light yellowish powder that has no odor [45].  
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Fig. 1. Chemical structures of PVP, chitosan, HPMC, and HEC.  

 

Table 1 presents a series of studies on biopolymer/PVP films produced using solution casting 

method (Fig. 1). In this method, the biopolymer and PVP are firstly dissolved in appropriate 

solvent. PVP has a carbonyl group with hydrophilic properties and high polarity and a methylene 

group which is non-polar and hydrophobic on the pyrrolidone ring [31]. These two groups 

contribute to the ability of PVP to dissolve in water and organic solvents. 

A plasticizer, like glycerol, can be added to the polymer blend solution to enhance the 

flexibility, compatibility, and processability of the produced film [46]. The polymer blend solution 

and plasticizer are mixed together to form a homogeneous blend, which is then degassed to remove 

bubbles, typically using vacuum or ultrasonication. After degassing, the solution is cast into a petri 

dish or spread into a substrate and dried using a vacuum oven or at room temperature. As the 

solvent evaporates, the polymer chains form an intercalated structure, resulting in tightly packed 

polymer blend film. 

Currently, solution casting is the only method has reported for producing biopolymer/PVP 

films. Table 2 shows several other film synthesis methods such as extrusion, spin coating, doctor 

blade (knife coating), and electrospinning with their advantages and disadvantages in comparation 
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to solution casting method. Compared to extrusion method, solution casting produces films that 

are more transparent, smoother, homogeneous, and have fewer pores/voids [47]. Solution casting 

is not ideal for large-scale production due to challenges in controlling film thickness. In contrast, 

extrusion is better suited for mass production, providing consistent thickness and quality. 

However, before using extrusion, it's crucial to understand the film’s thermal properties, such as 

melting and degradation temperatures, since extrusion involves melting. In particular, for small-

scale production, methods like spin coating, doctor blade coating, and electrospinning can be used 

to achieve precise film thicknesses. In case of electrospinning, it is important to consider the 

potential risk of biopolymer denaturation caused by the electric field. 

 

Table 1.  Synthesis of biopolymer/PVP blend films fabricated using solution casting method 
No Blends Solvent type Plasticizer Optimum composition 

of biopolymer/PVP 

ratio (w/w) 

Ref 

1 Chitosan/PVP 

Chitosan with low MW 

PVP K30 (MW 40 kDa) 

Acetic acid None 3:1 [48] 

2 HEC/PVP 

HEC technical grade 

PVP K30 

Water Glycerol 5:3 [49] 

3 HPMC/PVP 

HPMC (Mw 370 kDa) 

PVP (Mw 1300 kDa) 

Water None 7:3 [50] 

4 EC/PVP  

PVP (Mw 360 kDa) 

Ethanol None 1:8 [51] 

 

 

Fig. 2. Synthesis of biopolymer/PVP blend film using solution casting method 
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Table 2.  Overview of film synthesis methods: description, advantages, and disadvantages 
Film synthesis 

method 

Description Advantages Disadvantages Ref 

Solution casting A polymer 

solution is cast 

onto a flat 

surface, spread 

evenly, and then 

allowed to dry, 

forming a film 

- Simple and easy to 

implement 

- Suitable for lab-

scale experiments 

and producing small 

batches 

- Slower process, not 

ideal for large scale 

production 

- Thickness control 

can be challenging 

- Requires solvent 

removal 

[52,53] 

Extrusion Polymer material 

is melted and 

forced through a 

die to form a 

continuous film, 

which is then 

cooled and 

solidified 

- High production 

speed 

- Suitable for mass 

production 

- Solvent is not 

necessary 

- Consistent film 

thickness and 

quality 

- Cost effective for 

large-scale 

application 

- Limited control over 

very thin films 

- High initial setup 

cost for equipment 

- Requires specific 

conditions and 

temperature for 

certain polymers 

[54,55] 

Spin coating A polymer 

solution is 

dropped into a 

substrate, which 

is then rotated at 

high speed to 

spread the 

solution into a 

thin, uniform film 

- Produces highly 

uniform thin films 

- Ideal for application 

requiring precise 

film thickness 

- Fast process 

- Suitable for small-

area films 

- Material loss during 

the spin process 

(almost 95-98% got 

discarded) 

- Not suitable for 

large-scale 

production 

[56,57] 

Doctor blade 

coating (knife 

coating) 

A polymer 

solution is spread 

onto a substrate 

using a blade set 

a fixed height to 

control film 

thickness 

- Simple, scalable 

method for creating 

thin films 

- Good control over 

film thickness 

- Not suitable for 

large-scale 

production 

- Prone to defects like 

streaks or bubbles 

- Thickness 

uniformity may be 

challenging to 

maintain 

- Limited specific 

application and 

substrates 

[58] 

Electrospinning A polymer 

solution is 

subjected to an 

electric field, 

causing the 

polymer to form 

fine fibers that 

collect on a 

surface as a film 

- Produces highly 

porous, nanoscale 

films 

- Can be used with a 

range of polymers 

- Requires specialized 

equipment 

- Not suitable for 

dense or thick films 

- Can cause partial 

denaturation 

problem of some 

natural polymers 

[59,60] 
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3. Molecular Interaction of Biopolymer/PVP Films 

Polymer blends are typically described as physical mixtures of two or more different 

polymers without any covalent bonds between them [61]. The interactions that occur are usually 

van der Waals forces, dipole interactions between polymer backbones, or hydrogen bonding 

between the functional moieties of polymers. FTIR can be used to investigate the molecular 

interaction between polymer in blends. In principle, the oscillating dipole moments of molecules 

will alter when two different polymers are mixed together at the molecular level [62]. Interactions 

between these two polymers will result on band shift or peak widening in FTIR spectra compared 

to the spectra of the individual polymers [63].  

Fig. 3 shows the FTIR spectra of PVP blend with chitosan, HPMC, and HEC and their pure 

biopolymers. Both characteristic peaks from PVP and biopolymer were found in the 

biopolymer/PVP FTIR spectra. PVP may form hydrogen bonds through the carbonyl group on the 

pyrrolidone ring as well as the nitrogen atom [32]. However, since the steric hindrance prevents 

the nitrogen atom from participating in the intermolecular interactions, the carbonyl group is more 

advantageous for hydrogen bonding [51]. Fig. 4 shows the functional groups involved in hydrogen 

bonding between the biopolymer and PVP.  

FTIR spectra indicate hydrogen bonding in chitosan/PVP films through the observed shifts 

of the -OH and carbonyl peaks to lower wavenumbers, resulting from interactions between 

chitosan's amino and hydroxyl groups and PVP's carbonyl groups [48]. In HPMC/PVP films, the 

shift of the -OH band to a lower wavenumber and the C=O and C-O bands to higher wavenumbers 

suggesting the hydrogen bonding between HPMC's hydroxyl side groups and PVP's carbonyl 

groups [50]. Likewise, the shift of the -OH group absorption band to a lower wavenumber in 

HEC/PVP films signifies hydrogen bonding, as evidenced by increased hydrogen bond energy and 

decreased hydrogen bond distances [64–66].   

The FTIR spectra can also reveal the immiscibility of polymer blends. In case of EC/PVP 

films, the FTIR spectra showed no significant shift in the carbonyl group peak (1650 cm-1), 

indicating a lack of polymer interactions and confirming the immiscibility between EC and PVP 

[51]. Table 3 shows the peak shifts reported in FTIR spectra as an evidence of hydrogen bonding 

between biopolymer and PVP. 
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Fig. 3. FTIR spectra of (a) PVP [49], (b) chitosan [48], (c) chitosan/PVP [48], (d) HEC [49], (e) 

HEC/PVP [49],   (f) HPMC [50], and (g) HPMC/PVP [50] 

 

Table 3. Peak shifts in FTIR spectra as a result of intermolecular forces via hydrogen bonding 

between biopolymer and PVP 
Blends Functional group band (cm-1) Ref. 

Before addition of PVP After addition of PVP 

Chitosan/PVP -OH:3424  

C=O:1646  

-OH: around 3422 

C=O around 1644  

[48] 

HPMC/PVP O-H: 3428 

C=O: 1643 

C-O: 1056  

O-H: 3421 

C=O: 1646  

C-O: 1064 

[50] 

HEC/PVP -OH: 3429  -OH: 3424 [49] 
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Fig. 4. Hydrogen bonds in chitosan/PVP, HPMC/PVP, and HEC/PVP blends. The groups 

involved in these hydrogen bonds are highlighted in blue, and the hydrogen bonds 

themselves are indicated by dashed blue lines. 

4. Crystallinity of Biopolymer/PVP Films 

Binary polymer blends can show varied supramolecular structures and phase morphologies 

based on the miscibility and crystallization abilities of their components. [67]. When PVP is 

blended with biopolymers, it can create different crystalline structures and polymer chain 

arrangements. Crystallinity changes can be observed through X-ray diffraction (XRD) by 

examining variations in peak broadening and intensity in the diffraction patterns [68]. Broadening 

of peaks in an X-ray diffraction (XRD) pattern generally indicates that the material has lower 

crystallinity, meaning the crystalline structure is less ordered. Conversely, narrower peaks suggest 

that the material has larger and more ordered crystalline domains. Additionally, a decrease in peak 

intensity typically means reduced crystallinity, while an increase in peak intensity indicates greater 

crystallinity. 

A more quantitative approach for assessing the modification in the film crystallinity can be 
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carried out using Debye-Scherrer equation and calculation of the crystallinity index (CI) [49]. The 

Scherrer equation estimates the average size of crystalline domains (crystallites) using the formula 

shown by Eq. (1) where K is the Scherrer constant (0.94), λ is the X-ray wavelength (0.154 nm), 

H is the peak’s FWHM in radian unit, and θ is the Bragg degree. A reduction in crystallite size 

generally indicates lower crystallinity, whereas an increase in peak intensity signifies larger and 

more ordered crystalline domains. 

𝐷 =
𝐾 𝜆

𝐻×cos 𝜃
  (1) 

The crystallinity index (CI) is a quantitative measure of the degree of crystallinity within a 

sample. It is calculated by comparing the area of the crystalline peaks (Ac) to the total area of the 

diffraction peaks (Eq. (2)). A higher CI value indicates greater crystallinity in the film. 

𝐶𝐼 (%) =
𝐴𝑐

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
× 100  (2) 

In the case of HEC/PVP films (Fig. 5(a-b)), the crystallinity decreased with higher PVP 

content as indicated by decrease in peak intensity. This indicates that PVP can disrupt the original 

semi-crystalline structure of HEC, leading to an amorphous structure. As the PVP content 

increases, the peak shifts to a lower 2θ value. This shift means that the d-spacing in the crystal 

structure increases, indicating more distant packing between HEC and PVP polymer chains. 

The ability of PVP to integrate into the biopolymer crystalline network and form a more 

amorphous structure was also observed with chitosan/PVP film (Fig. 5(c-d)). At a chitosan/PVP 

ratio of 50:50, the film remains semicrystalline. However, at a higher concentration of PVP 

(chitosan/PVP 25:75), the blend becomes more amorphous, as indicated by the disappearance of 

sharp crystalline peaks and the formation of broad peaks. The intensity of the peak also decreases 

with higher PVP concentrations. Besides, due to the miscibility of chitosan/PVP and HEC/PVP, 

PVP has a linear structure and a smaller molecular weight than HEC and chitosan, making it easier 

to slip into the biopolymer network [69]. 
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Fig. 5. XRD diffractogram of (a) HEC [49], (b) HEC/PVP [49], (c) chitosan [48], and (d) 

chitosan/PVP film [48]. 

5. Morphology of Biopolymer/PVP Films 

The morphology of polymer blend films can be investigated using Scanning Electron 

Microscopy (SEM), which can provide high-resolution images of the surface and cross-sectional 

views of the films. SEM analysis allows for an in-depth examination of the film's topology, phase 

separation, and the presence of defects or voids [70]. Fig. 6 shows SEM images of HEC/PVP, 

HPMC/PVP, EC/PVP, and chitosan/PVP films. The addition of PVP to HEC results in a smoother 

surface compared to pure HEC films [49], while incorporating PVP into HPMC produces films 

without pores and bubbles [50]. These observations indicate that HEC/PVP and HPMC/PVP 

blends have good mixing and compatibility, as evidenced by their uniform film structures. 

Although PVP is compatible with HPMC and HEC, it is immiscible with EC, as shown by 

distinct discoidal features in the EC/PVP film's cross-section [51]. Furthermore. Energy Dispersive 

X-ray (EDX) analysis confirmed that EC forms part of the EC/PVP film matrix, while PVP appears 

in discoidal structures. For chitosan/PVP films, the morphology varies with different ratios; 

uniform, defect-free matrices are observed at chitosan/PVP ratios of 3:1 and 1:1, whereas a 1:3 

ratio results in surface cracks [48]. These findings highlight the influence of the biopolymer-to-

PVP ratio on film morphology. 

Incorporating polyvinylpyrrolidone (PVP) into biopolymer films significantly influences 

their molecular interactions, crystallinity, and morphology. These changes, in turn, impact the 

mechanical, thermal, and optical properties of the biopolymer/PVP blend films. The hydrogen 
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bonding potential of PVP enhances these interactions, capitalizing on the abundant hydrogen 

bonds in biopolymers. Due to the biodegradable and biocompatible characteristics of the 

biopolymers and PVP, this combination holds significant potential for use in biomedical 

applications, drug delivery, and food packaging. The biopolymer/PVP blend material emerges as 

a sustainable alternative, potentially matching the performance of traditional petroleum-based 

films. 

 

Fig. 6. Morphology PVP with (a) HEC [49], (b) HPMC [50], (c) EC [51], and (d-f) chitosan 

blend films [48]. 

The future research on PVP in biopolymer blends should explore the compatibility and 

performance of emerging biopolymer when combined with PVP. Investigating new types of 

biopolymers, such as polysaccharides and protein-based polymers, that exhibit enhanced 

compatibility with PVP could lead to development of advanced and multifunctional blends. 

Blending PVP with biopolymers can create innovative green materials that are both biocompatible 

and biodegradable, making them highly suitable for applications in packaging, sensors, biomedical 

fields, and drug delivery systems. It could also focus on alternative blending strategies to optimize 

the properties of these combinations, including the use of novel compatibilizers or processing 

techniques. The forthcoming works should consider industrial-scale film synthesis methods, such 

as extrusion, to achieve better control over film thickness and facilitate mass production. It is also 

important to investigate various physicochemical properties of the film, such as optical, 

mechanical, and thermal characteristics, to better understand how its structure affects overall 

performances. 
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6. Conclusions 

Film blends of chitosan, ethyl cellulose (EC), hydroxyethyl cellulose (HEC), and 

hydroxypropyl methyl cellulose (HPMC) with PVP were synthesized using the solution casting 

method. PVP incorporation remarkably affected the physicochemical properties of biopolymer, in 

particular, the molecular interaction between polymer chains, crystallinity, and morphology. PVP 

can interact with biopolymers through hydrogen bonding via the carbonyl group in the pyrrolidone 

ring. The hydrogen bond between PVP and biopolymers is observable through FTIR peak shifts 

of the C=O and -O-H groups in chitosan/PVP, HEC/PVP, and HPMC/PVP films. PVP disrupts 

the semicrystalline structure of biopolymers, resulting in more amorphous films. PVP also forms 

a uniform film matrix with HEC and HPMC. In the case of chitosan/PVP films, the ratio of PVP 

is crucial in controlling the morphology, as higher concentrations of PVP can cause cracks in the 

film. Phase separation is evident in the cross-sectional view of EC/PVP films, indicating 

immiscibility between EC and PVP. 

Acknowledgement 

The authors would like to express their appreciation to Master Thesis Research Scheme 

Grant by Ministry of Education, Culture, Research and Technology 

(1242/UN40.LP/PT.01.03/2024) and Hibah Penelitian Kerja Sama Internasional Universitas 

Pendidikan Indonesia (327/UN40.LP/PT.01.03/2024) for their financial support. 

References 

[1] Muneer F, Nadeem H, Arif A, Zaheer W. Bioplastics from Biopolymers: An Eco-Friendly 

and Sustainable Solution of Plastic Pollution. Polymer Science, Series C 2021;63:47–63. 

https://doi.org/10.1134/S1811238221010057. 

[2] Bombaldi de Souza RF, Bombaldi de Souza FC, Bierhalz ACK, Pires ALR, Moraes ÂM. 

Biopolymer-based films and membranes as wound dressings. Biopolymer Membranes and 

Films: Health, Food, Environment, and Energy Applications, Elsevier; 2020, p. 165–94. 

https://doi.org/10.1016/B978-0-12-818134-8.00007-9. 

[3] Fazal T, Murtaza BN, Shah M, Iqbal S, Rehman MU, Jaber F, et al. Recent developments 

in natural biopolymer based drug delivery systems. RSC Adv 2023;13:23087–121. 

https://doi.org/10.1039/d3ra03369d. 

[4] Feng P, Kong Y, Liu M, Peng S, Shuai C. Dispersion strategies for low-dimensional 

nanomaterials and their application in biopolymer implants. Mater Today Nano 

2021;15:100127. https://doi.org/10.1016/j.mtnano.2021.100127. 

[5] Abdullah, Cai J, Hafeez MA, Wang Q, Farooq S, Huang Q, et al. Biopolymer-based 

functional films for packaging applications: A review. Front Nutr 2022;9:1000116. 

https://doi.org/10.3389/fnut.2022.1000116.  

[6] Menossi M, Cisneros M, Alvarez VA, Casalongué C. Current and emerging biodegradable 

mulch films based on polysaccharide bio-composites. A review. Agron Sustain Dev 

2021;41:53. https://doi.org/10.1007/s13593-021-00685-0. 

https://doi.org/10.1134/S1811238221010057
https://doi.org/10.1016/B978-0-12-818134-8.00007-9
https://doi.org/10.1039/d3ra03369d
https://doi.org/10.1016/j.mtnano.2021.100127
https://doi.org/10.3389/fnut.2022.1000116
https://doi.org/10.1007/s13593-021-00685-0


Girsang et al. Journal of Fibers and Polymer Composites Vol. 3 No. 2 (2024): 101-118 

 

 

 

114 

[7] Tomoda BT, Yassue-Cordeiro PH, Ernesto JV, Lopes PS, Péres LO, da Silva CF, et al. 

Characterization of biopolymer membranes and films: Physicochemical, mechanical, 

barrier, and biological properties. Biopolymer Membranes and Films: Health, Food, 

Environment, and Energy Applications, Elsevier; 2020, p. 67–95. 

https://doi.org/10.1016/B978-0-12-818134-8.00003-1. 

[8] Lebedev V, Lebedeva K, Cherkashina A, Voronkin A, Kopach V, Petrushenko S, et al. 

Biopolymer-based sustainable Internet of Things for smart homes. Discover Civil 

Engineering 2024;1:20. https://doi.org/10.1007/s44290-024-00021-x. 

[9] Liu Y, Ahmed S, Sameen DE, Wang Y, Lu R, Dai J, et al. A review of cellulose and its 

derivatives in biopolymer-based for food packaging application. Trends Food Sci Technol 

2021;112:532–46. https://doi.org/10.1016/j.tifs.2021.04.016. 

[10] Ganie SA, Ali A, Mir TA, Li Q. Physical and chemical modification of biopolymers and 

biocomposites. Advanced Green Materials: Fabrication, Characterization and Applications 

of Biopolymers and Biocomposites, Elsevier; 2020, p. 359–77. 

https://doi.org/10.1016/B978-0-12-819988-6.00016-1. 

[11] Toh HW, Toong DWY, Ng JCK, Ow V, Lu S, Tan LP, et al. Polymer blends and polymer 

composites for cardiovascular implants. Eur Polym J 2021;146:110249. 

https://doi.org/10.1016/j.eurpolymj.2020.110249. 

[12] Rajeswari A, Stobel Christy EJ, Pius A. Chapter 5 - Biopolymer blends and composites: 

processing technologies and their properties for industrial applications. Biopolymers and 

their Industrial Applications, Elsevier; 2021, p. 105–47. https://doi.org/10.1016/B978-0-12-

819240-5.00005-5  

[13] Xu X, Hartanto Y, Zheng J, Luis P. Recent Advances in Continuous MOF Membranes for 

Gas Separation and Pervaporation. Membranes (Basel) 2022;12:100713. 

https://doi.org/10.3390/membranes12121205 . 

[14] Franco P, De Marco I. The use of poly(N-vinyl pyrrolidone) in the delivery of drugs: A 

review. Polymers (Basel) 2020;12. https://doi.org/10.3390/POLYM12051114. 

[15] Tahir M, Vicini S, Sionkowska A. Electrospun Materials Based on Polymer and 

Biopolymer Blends—A Review. Polymers (Basel) 2023;15:1654. 

https://doi.org/10.3390/polym15071654. 

[16] Goyal M, Tulsyan G, Kanabar DD, Chavan T, Muth A, Gupta V. Poly vinyl pyrrolidone 

(PVP) based inhaled delivery carriers for olaparib for non-small cell lung cancer (NSCLC) 

treatment. J Drug Deliv Sci Technol 2023;87:104767. 

https://doi.org/10.1016/j.jddst.2023.104767. 

[17] Ben Ahmed A, Bouchikhi N, Benhaliliba M. A study of thermal stability, vibrational 

spectroscopy, electric response and linear and nonlinear optical properties of pure PVP 

polymer for solar cell and NLO devices. Opt Quantum Electron 2023;55:66. 

https://doi.org/10.1007/s11082-022-04346-8. 

[18] Faisal M, Žmirić M, Kim NQN, Bruun S, Mariniello L, Famiglietti M, et al. A Comparison 

of Cellulose Nanocrystals and Nanofibers as Reinforcements to Amylose-Based Composite 

Bioplastics. Coatings 2023;13. https://doi.org/10.3390/coatings13091573. 

[19] Pan P, Svirskis D, Waterhouse GIN, Wu Z. Hydroxypropyl Methylcellulose Bioadhesive 

Hydrogels for Topical Application and Sustained Drug Release: The Effect of 

Polyvinylpyrrolidone on the Physicomechanical Properties of Hydrogel. Pharmaceutics 

2023;15. https://doi.org/10.3390/pharmaceutics15092360. 

[20] Kaftelen-Odabaşı H, Odabaşı A, Caballero-Briones F, Arvizu-Rodriguez LE, Özdemir M, 

Baydoğan M. Effects of polyvinylpyrrolidone as a dispersant agent of reduced graphene 

oxide on the properties of carbon fiber-reinforced polymer composites. Journal of 

Reinforced Plastics and Composites 2023;42:1039–53. 

https://doi.org/10.1177/07316844221145560. 

[21] Song P, Wang H. High‐Performance Polymeric Materials through Hydrogen‐Bond Cross‐

Linking. Advanced Materials 2020;32. https://doi.org/10.1002/adma.201901244. 

https://doi.org/10.1016/B978-0-12-818134-8.00003-1
https://doi.org/10.1007/s44290-024-00021-x
https://doi.org/10.1016/j.tifs.2021.04.016
https://doi.org/10.1016/B978-0-12-819988-6.00016-1
https://doi.org/10.1016/j.eurpolymj.2020.110249
https://doi.org/10.1016/B978-0-12-819240-5.00005-5
https://doi.org/10.1016/B978-0-12-819240-5.00005-5
https://doi.org/10.3390/membranes12121205
https://doi.org/10.3390/POLYM12051114
https://doi.org/10.3390/polym15071654
https://doi.org/10.1016/j.jddst.2023.104767
https://doi.org/10.1007/s11082-022-04346-8
https://doi.org/10.3390/coatings13091573
https://doi.org/10.3390/pharmaceutics15092360
https://doi.org/10.1177/07316844221145560
https://doi.org/10.1002/adma.201901244


Girsang et al. Journal of Fibers and Polymer Composites Vol. 3 No. 2 (2024): 101-118 

 

 

 

115 

[22] Zhang C, Nair SS, Chen H, Yan N, Farnood R, Li F. Thermally stable, enhanced water 

barrier, high strength starch bio-composite reinforced with lignin containing cellulose 

nanofibrils. Carbohydr Polym 2020;230:115626. 

https://doi.org/10.1016/j.carbpol.2019.115626. 

[23] Trinh BM, Chang BP, Mekonnen TH. The barrier properties of sustainable multiphase and 

multicomponent packaging materials: A review. Prog Mater Sci 2023;133:101071. 

https://doi.org/10.1016/j.pmatsci.2023.101071. 

[24] Zabihzadeh Khajavi M, Ebrahimi A, Yousefi M, Ahmadi S, Farhoodi M, Mirza Alizadeh 

A, et al. Strategies for Producing Improved Oxygen Barrier Materials Appropriate for the 

Food Packaging Sector. Food Engineering Reviews 2020;12:346–63. 

https://doi.org/10.1007/s12393-020-09235-y. 

[25] Chamas A, Moon H, Zheng J, Qiu Y, Tabassum T, Jang JH, et al. Degradation Rates of 

Plastics in the Environment. ACS Sustain Chem Eng 2020;8:3494–511. 

https://doi.org/10.1021/acssuschemeng.9b06635. 

[26] Lin Y, Bilotti E, Bastiaansen CWM, Peijs T. Transparent semi‐crystalline polymeric 

materials and their nanocomposites: A review. Polym Eng Sci 2020;60:2351–76. 

https://doi.org/10.1002/pen.25489. 

[27] Haaf F, Sanner A, Straub F. Polymers of N-vinylpyrrolidone: synthesis, characterization 

and uses. Polym J 1985;17:143–52. https://doi.org/10.1295/polymj.17.143  

[28] Koczkur KM, Mourdikoudis S, Polavarapu L, Skrabalak SE. Polyvinylpyrrolidone (PVP) 

in nanoparticle synthesis. Dalton Transactions 2015;44:17883–905. 

https://doi.org/10.1039/C5DT02964C  

[29] Rowe RC, Sheskey P, Quinn M. Handbook of pharmaceutical excipients. Libros Digitales-

Pharmaceutical Press; 2009.  

[30] Gutiérrez Rafael BJ, Zaca Moran O, Delgado Macuil RJ, Martínez Gutiérrez H, García 

Juárez M, Lopez Gayou V. Study of the Incorporation of Gel and Aloe vera Peel Extract in 

a Polymer Matrix Based on Polyvinylpyrrolidone. Polymers (Basel) 2024;16:1998. 

https://doi.org/10.3390/polym16141998. 

[31] Kurakula M, Rao GSNK. Pharmaceutical assessment of polyvinylpyrrolidone (PVP): As 

excipient from conventional to controlled delivery systems with a spotlight on COVID-19 

inhibition. J Drug Deliv Sci Technol 2020;60:102046. 

https://doi.org/10.1016/j.jddst.2020.102046. 

[32] Yang TH, Ahn J, Shi S, Qin D. Understanding the Role of Poly(vinylpyrrolidone) in 

Stabilizing and Capping Colloidal Silver Nanocrystals. ACS Nano 2021;15:14242–52. 

https://doi.org/10.1021/acsnano.1c01668. 

[33] Bühler V. Kollidon. Polyvinylpyrrolidone Excipients for the Pharmaceutical Industry 

2008;9. 

[34] Si R, Zhang YW, You LP, Yan CH. Self-organized monolayer of nanosized ceria colloids 

stabilized by poly(vinylpyrrolidone). Journal of Physical Chemistry B 2006;110:5994–

6000. https://doi.org/10.1021/jp057501x. 

[35] Islam N, Hoque M, Taharat SF. Recent advances in extraction of chitin and chitosan. World 

J Microbiol Biotechnol 2023;39:28. https://doi.org/10.1007/s11274-022-03468-1. 

[36] Islam S, Bhuiyan MAR, Islam MN. Chitin and Chitosan: Structure, Properties and 

Applications in Biomedical Engineering. J Polym Environ 2017;25:854–66. 

https://doi.org/10.1007/s10924-016-0865-5. 

[37] Negm NA, Hefni HHH, Abd-Elaal AAA, Badr EA, Abou Kana MTH. Advancement on 

modification of chitosan biopolymer and its potential applications. Int J Biol Macromol 

2020;152:681–702. https://doi.org/10.1016/j.ijbiomac.2020.02.196. 

[38] Aranaz I, Alcántara AR, Civera MC, Arias C, Elorza B, Heras Caballero A, et al. Chitosan: 

An Overview of Its Properties and Applications. Polymers (Basel) 2021;13:3256. 

https://doi.org/10.3390/polym13193256. 

https://doi.org/10.1016/j.carbpol.2019.115626
https://doi.org/10.1016/j.pmatsci.2023.101071
https://doi.org/10.1007/s12393-020-09235-y
https://doi.org/10.1021/acssuschemeng.9b06635
https://doi.org/10.1002/pen.25489
https://doi.org/10.1295/polymj.17.143
https://doi.org/10.1039/C5DT02964C
https://doi.org/10.3390/polym16141998
https://doi.org/10.1016/j.jddst.2020.102046
https://doi.org/10.1021/acsnano.1c01668
https://doi.org/10.1021/jp057501x
https://doi.org/10.1007/s11274-022-03468-1
https://doi.org/10.1007/s10924-016-0865-5
https://doi.org/10.1016/j.ijbiomac.2020.02.196
https://doi.org/10.3390/polym13193256


Girsang et al. Journal of Fibers and Polymer Composites Vol. 3 No. 2 (2024): 101-118 

 

 

 

116 

[39] Elango B, Shirley CP, Okram GS, Ramesh T, Seralathan K-K, Mathanmohun M. Structural 

diversity, functional versatility and applications in industrial, environmental and biomedical 

sciences of polysaccharides and its derivatives – A review. Int J Biol Macromol 

2023;250:126193. https://doi.org/10.1016/j.ijbiomac.2023.126193. 

[40] Malik GK, Khuntia A, Mitra J. Comparative Effect of Different Plasticizers on Barrier, 

Mechanical, Optical, and Sorption Properties of Hydroxypropyl Methylcellulose (HPMC)–

Based Edible Film. Journal of Biosystems Engineering 2022;47:93–105. 

https://doi.org/10.1007/s42853-022-00132-2. 

[41] Ford JL. Design and Evaluation of Hydroxypropyl Methylcellulose Matrix Tablets for Oral 

Controlled Release: A Historical Perspective, 2014, p. 17–51. https://doi.org/10.1007/978-

1-4939-1519-4_2. 

[42] Tundisi LL, Mostaço GB, Carricondo PC, Petri DFS. Hydroxypropyl methylcellulose: 

Physicochemical properties and ocular drug delivery formulations. European Journal of 

Pharmaceutical Sciences 2021;159:105736. https://doi.org/10.1016/j.ejps.2021.105736. 

[43] Liu X-L, Zhu C-F, Liu H-C, Zhu J-M. Quantitative analysis of degree of substitution/molar 

substitution of etherified polysaccharide derivatives. Des Monomers Polym 2022;25:75–

88. https://doi.org/10.1080/15685551.2022.2054118. 

[44] Noreen A, Zia KM, Tabasum S, Khalid S, Shareef R. A review on grafting of 

hydroxyethylcellulose for versatile applications. Int J Biol Macromol 2020;150:289–303. 

https://doi.org/10.1016/j.ijbiomac.2020.01.265. 

[45] Salawi A. Pharmaceutical Coating and Its Different Approaches, a Review. Polymers 

(Basel) 2022;14:3318. https://doi.org/10.3390/polym14163318. 

[46] Bonifacio A, Bonetti L, Piantanida E, De Nardo L. Plasticizer Design Strategies Enabling 

Advanced Applications of Cellulose Acetate. Eur Polym J 2023;197:112360. 

https://doi.org/10.1016/j.eurpolymj.2023.112360. 

[47] La Fuente CIA, do Val Siqueira L, Augusto PED, Tadini CC. Casting and extrusion 

processes to produce bio-based plastics using cassava starch modified by the dry heat 

treatment (DHT). Innovative Food Science and Emerging Technologies 2022;75. 

https://doi.org/10.1016/j.ifset.2021.102906. 

[48] Kumar R, Mishra I, Kumar G. Synthesis and Evaluation of Mechanical Property of 

Chitosan/PVP Blend Through Nanoindentation-A Nanoscale Study. J Polym Environ 

2021;29:3770–8. https://doi.org/10.1007/s10924-021-02143-0. 

[49] Anwar B, Nurhashiva C, Arwa R, Yuliani G. Physicochemical properties of bioplastic based 

on hydroxyethylcellulose and polyvinylpyrrolidone blend. Journal of the Serbian Chemical 

Society 2023;89:215–30. https://doi.org/10.2298/jsc231023103a. 

[50] Unni A, Mathew MM, Manathanath M, Jacob S, Sankaranarayanan P, Vasu ST, et al. 

Biocompatibility evaluation of nano-hydroxyapatite modified hydroxypropyl 

methylcellulose/polyvinylpyrrolidone blends. Polymer Bulletin 2024;81:3439–58. 

https://doi.org/10.1007/s00289-023-04870-x. 

[51] Panzarasa G, Osypova A, Consolati G, Pandini S. Microsegregating blends of ethyl 

cellulose and poly(vinyl pyrrolidone): a combined thermo-mechanical and positron 

annihilation spectroscopy study. Cellulose 2019;26:1619–30. 

https://doi.org/10.1007/s10570-018-2220-6. 

[52] Suntornnond R, An J, Yeong WY, Chua CK. Biodegradable Polymeric Films and 

Membranes Processing and Forming for Tissue Engineering. Macromol Mater Eng 

2015;300:858–77. https://doi.org/10.1002/mame.201500028. 

[53] Kong I, Tshai KY, Hoque ME. Manufacturing of Natural Fibre-Reinforced Polymer 

Composites by Solvent Casting Method. Manufacturing of Natural Fibre Reinforced 

Polymer Composites, Cham: Springer International Publishing; 2015, p. 331–49. 

https://doi.org/10.1007/978-3-319-07944-8_16. 

https://doi.org/10.1016/j.ijbiomac.2023.126193
https://doi.org/10.1007/s42853-022-00132-2
https://doi.org/10.1007/978-1-4939-1519-4_2
https://doi.org/10.1007/978-1-4939-1519-4_2
https://doi.org/10.1016/j.ejps.2021.105736
https://doi.org/10.1080/15685551.2022.2054118
https://doi.org/10.1016/j.ijbiomac.2020.01.265
https://doi.org/10.3390/polym14163318
https://doi.org/10.1016/j.eurpolymj.2023.112360
https://doi.org/10.1016/j.ifset.2021.102906
https://doi.org/10.1007/s10924-021-02143-0
https://doi.org/10.2298/jsc231023103a
https://doi.org/10.1007/s00289-023-04870-x
https://doi.org/10.1007/s10570-018-2220-6
https://doi.org/10.1002/mame.201500028
https://doi.org/10.1007/978-3-319-07944-8_16


Girsang et al. Journal of Fibers and Polymer Composites Vol. 3 No. 2 (2024): 101-118 

 

 

 

117 

[54] do Val Siqueira L, Arias CILF, Maniglia BC, Tadini CC. Starch-based biodegradable 

plastics: methods of production, challenges and future perspectives. Curr Opin Food Sci 

2021;38:122–30. https://doi.org/10.1016/j.cofs.2020.10.020. 

[55] Cui C, Ji N, Wang Y, Xiong L, Sun Q. Bioactive and intelligent starch-based films: A 

review. Trends Food Sci Technol 2021;116:854–69. 

https://doi.org/10.1016/j.tifs.2021.08.024. 

[56] Sahu N, Parija B, Panigrahi S. Fundamental understanding and modeling of spin coating 

process: A review. Indian Journal of Physics 2009;83:493–502. 

https://doi.org/10.1007/s12648-009-0009-z  

[57] Sampaio PGV, González MOA, Oliveira Ferreira P, Cunha Jácome Vidal P, Pereira JPP, 

Ferreira HR, et al. Overview of printing and coating techniques in the production of organic 

photovoltaic cells. Int J Energy Res 2020;44:9912–31. https://doi.org/10.1002/er.5664. 

[58] Dong X, Lu D, Harris TAL, Escobar IC. Polymers and Solvents Used in Membrane 

Fabrication: A Review Focusing on Sustainable Membrane Development. Membranes 

(Basel) 2021;11:309. https://doi.org/10.3390/membranes11050309. 

[59] Ji G, Chen Z, Li H, Awuye DE, Guan M, Zhu Y. Electrospinning-Based Biosensors for 

Health Monitoring. Biosensors (Basel) 2022;12. https://doi.org/10.3390/bios12100876. 

[60] Zulkifli MZA, Nordin D, Shaari N, Kamarudin SK. Overview of Electrospinning for Tissue 

Engineering Applications. Polymers (Basel) 2023;15:2418. 

https://doi.org/10.3390/polym15112418. 

[61] Salleh KM, Armir NAZ, Mazlan NSN, Mostapha M, Wang C, Zakaria S. Hydrogel and 

aerogel-based composites: Biodegradable hydrogel and aerogel polymer blend-based 

composites. Biodegradable Polymers, Blends and Composites 2021:355–88. 

https://doi.org/10.1016/B978-0-12-823791-5.00019-3. 

[62] Danielsen SPO, Beech HK, Wang S, El-Zaatari BM, Wang X, Sapir L, et al. Molecular 

Characterization of Polymer Networks. Chem Rev 2021;121:5042–92. 

https://doi.org/10.1021/acs.chemrev.0c01304. 

[63] Feng L, Liu H, Li L, Wang X, Kitazawa H, Guo Y. Improving the property of a reproducible 

bioplastic film of glutenin and its application in retarding senescence of postharvest 

Agaricus bisporus. Food Biosci 2022;48:101796. 

https://doi.org/10.1016/j.fbio.2022.101796. 

[64] Anwar B, Bundjali B, Sunarya Y, Arcana IM. Properties of Bacterial Cellulose and Its 

Nanocrystalline Obtained from Pineapple Peel Waste Juice. Fibers and Polymers 

2021;22:1228–36. https://doi.org/10.1007/s12221-021-0765-8. 

[65] Struszczyk H. Modification of Lignins. 111. Reaction of Lignosulfonates with 

Chlorophosphazenes. Journal of Macromolecular Science: Part A - Chemistry 

1986;23:973–92. https://doi.org/10.1080/00222338608081105. 

[66] Pimentel GC, Sederholm CH. Correlation of infrared stretching frequencies and hydrogen 

bond distances in crystals. J Chem Phys 1956;24:639–41. 

https://doi.org/10.1063/1.1742588   

[67] Yang X, Luo H, Zhou R, Wei C, Deng J, Luo J, et al. Miscibility, crystallization and 

morphology in the novel polylactide/poly(4-hydroxybutyrate) blends. Polymer (Guildf) 

2024;309:127422. https://doi.org/10.1016/j.polymer.2024.127422. 

[68] B. Aziz S, S. Marf A, Dannoun EMA, Brza MA, Abdullah RM. The Study of the Degree 

of Crystallinity, Electrical Equivalent Circuit, and Dielectric Properties of Polyvinyl 

Alcohol (PVA)-Based Biopolymer Electrolytes. Polymers (Basel) 2020;12:2184. 

https://doi.org/10.3390/polym12102184. 

[69] Litvinov V, Deblieck R, Clair C, Van Den Fonteyne W, Lallam A, Kleppinger R, et al. 

Molecular Structure, Phase Composition, Melting Behavior, and Chain Entanglements in 

the Amorphous Phase of High-Density Polyethylenes. Macromolecules 2020;53:5418–33. 

https://doi.org/10.1021/acs.macromol.0c00956. 

https://doi.org/10.1016/j.cofs.2020.10.020
https://doi.org/10.1016/j.tifs.2021.08.024
https://doi.org/10.1007/s12648-009-0009-z
https://doi.org/10.1002/er.5664
https://doi.org/10.3390/membranes11050309
https://doi.org/10.3390/bios12100876
https://doi.org/10.3390/polym15112418
https://doi.org/10.1016/B978-0-12-823791-5.00019-3
https://doi.org/10.1021/acs.chemrev.0c01304
https://doi.org/10.1016/j.fbio.2022.101796
https://doi.org/10.1007/s12221-021-0765-8
https://doi.org/10.1080/00222338608081105
https://doi.org/10.1063/1.1742588
https://doi.org/10.1016/j.polymer.2024.127422
https://doi.org/10.3390/polym12102184
https://doi.org/10.1021/acs.macromol.0c00956


Girsang et al. Journal of Fibers and Polymer Composites Vol. 3 No. 2 (2024): 101-118 

 

 

 

118 

[70] Kowser MA, Hossain SMK, Amin MR, Chowdhury MA, Hossain N, Madkhali O, et al. 

Development and Characterization of Bioplastic Synthesized from Ginger and Green Tea 

for Packaging Applications. Journal of Composites Science 2023;7:107. 

https://doi.org/10.3390/jcs7030107. 

  

https://doi.org/10.3390/jcs7030107

