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Abstract  

 In this study, sago starch (SS) was blended with polyvinyl alcohol (PVA) at SS/PVA ratios of 90/10, 80/20, 70/30, 

60/40, 50/50, and 40/60 to improve the physical, mechanical, and structural properties of starch-based films. The effect 

of PVA incorporation on film performance was systematically investigated. The results showed that moisture content do 

not significant decrease, while water solubility increased with increasing PVA content. Water vapor transmission values 

decreased with increasing PVA incorporation, indicating enhanced water vapor barrier properties of the blended films. 

The SS/PVA (70/30) film exhibited the lowest WVTR (0.00073 g.cm-2.h-1), suggesting optimal intermolecular hydrogen 

bonding and compact network formation, while higher PVA content slightly increased WVTR due to increased free 

volume and partial disruption of the polymer network. Water contact angle analysis showed that the incorporation of PVA 

decreased the surface hydrophilicity of SS/PVA blend films, with contact angle values decreasing from 89.3° for neat SS 

film to 43.8° for neat PVA film. The SS/PVA blends exhibited contact angle (50° - 70°), indicating that intermolecular 

hydrogen bonding between SS and PVA influenced surface wettability. Tensile strength increased with increasing PVA 

content, while the modulus gradually decreased, indicating reduced stiffness and enhanced flexibility of the films. In 

addition, elongation at break significantly increased at higher PVA ratio, confirming improved ductility and flexibility of 

the SS/PVA blend films. FTIR analysis confirmed hydrogen-bonding interactions between SS and PVA hydroxyl groups, 

which contributed to the improved film properties. XRD and DSC analyses revealed that the blend films exhibited a semi-

crystalline structure, with crystallinity increasing as the PVA content increased. SEM observation further showed that 

films containing higher PVA ratio (SS50/PVA50 and SS40/PVA60) exhibited rougher and more heterogeneous surface 

morphologies. 

 

Keywords: Biopolymer film, Sago starch, Poly (Vinyl alcohol), Water vapor transmission, Water contact angle, UV-

visible absorbance, Tensile property 

 

Introduction 

 Starch-based biopolymer films have attracted 

significant attention as sustainable alternatives to 

conventional plastics due to their biodegradability, 

abundance, and renewable origin. They are typically 

produced from starch and plasticizers, with optional 

additives to enhance functional properties [1,2]. Starch, 

composed of amylose and amylopectin, is readily  

 

biodegradable, making film more environmentally 

friendly than persistent synthetic plastic. Various starch 

sources, such as corn, potato, and cassava, can be used 

depending on availability and desired properties [3,4]. 

However, starch-based films are inherently rigid and 

brittle due to strong intermolecular interactions, 

resulting in low flexibility. Their high hydrophilicity, 
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arising from abundant hydroxyl groups, leads to 

significant water absorption, high solubility, and 

elevated water vapor permeability, limiting their 

application in food packaging. To address these 

limitations, plasticizers such as glycerol and sorbitol are 

commonly added to improve flexibility and 

processability, although this may reduce mechanical 

strength [4-6]. Chemical modifications, including cross-

linking and esterification, are also used to enhance film 

properties [7,8]. Despite these challenges, starch-based 

films show strong potential in food packaging, 

agriculture, and biomedical applications due to their 

biodegradability and biocompatibility [9-12].  

 Sago starch has emerged as a promising feedstock 

for biopolymer film development due to its abundance 

in Southeast Asia, particularly Southern Thailand, and 

its complete biodegradability. Derived from the trunk of 

Metroxylon sagu (Arecaceae), it is characterized by high 

carbohydrate content and broad applicability in food and 

non-food sectors [13,14]. The crop is highly productive, 

yielding more than 4 tons of starch per acre, which is 

considerably higher than that of rice. The extracted 

starch is commonly processed through rasping, washing, 

filtration, sedimentation, drying, and milling prior to 

further utilization. Sago starch granules are generally 

oval-shaped, with sizes ranging from 20 - 40 µm, and 

contain high starch content of approximately 82.7% in 

the stem and up to 88.6% after purification [15-17]. Its 

amylose content in the range of 24% - 30% should be 

good for film-forming ability and provides acceptable 

mechanical properties. However, conventional sago 

starch films still have limitations due to their high 

hydrophilicity and brittleness, which reduce material 

stability and durability. In addition, sago starch exhibits 

low swelling capacity, limited water solubility, and a 

high tendency for retrogradation, which may negatively 

affect film properties during storage and long-term use 

[18]. 

 Polyvinyl alcohol (PVA) is a water-soluble 

synthetic polymer known for its excellent film-forming 

ability, adhesion, flexibility, biodegradability, and non-

toxic nature [19-22]. Its properties are influenced by the 

degree of hydrolysis and processing condition. Owing to 

these properties, PVA has been extensively investigated 

for food packaging application, particularly as edible 

coating for fruit and vegetable to extend shelf life and 

reduce postharvest deterioration [22]. In addition, PVA 

can function as a barrier coating to improve moisture 

and oxygen resistance, thereby enhancing food 

preservation and product quality. The properties of PVA 

film can be tailored through various modification 

approaches. The incorporation of plasticizers improves 

flexibility and toughness, while cross-linking enhances 

mechanical properties and water resistance [21,22]. 

Furthermore, blending PVA with other polymers or 

functional additives enables further optimization of its 

physicochemical and mechanical properties [20-22].  

 Starch-based films generally exhibit poor 

mechanical strength and high moisture sensitivity, 

which limit their practical applicability. To overcome 

these limitations, starch is commonly blended with 

polyvinyl alcohol (PVA). This blending strategy has 

been shown to significantly improve mechanical 

performance, water resistance, and thermal stability, 

primarily due to enhanced intermolecular interactions 

and the formation of a more cohesive and homogeneous 

polymer network [22-24]. However, starch is inherently 

susceptible to retrogradation and recrystallization 

process that leads to undesirable changes in material 

properties, such as increased rigidity, brittleness, and 

reduced shelf-life stability. Although starch/PVA blends 

have been widely studied, the use of sago starch (SS) 

remains relatively limited compared with cassava, corn, 

and potato starch [25-29]. Furthermore, differences in 

molecular structure, crystallinity, and chain mobility 

between SS and PVA may influence blend compatibility 

and film performance. The predominantly amorphous 

structure of gelatinized SS and the semicrystalline 

nature of PVA can lead to phase heterogeneity, uneven 

molecular distribution, and variations in water affinity, 

transparency, and structural stability. Consequently, the 

influence of SS/PVA blend ratio on the structure-

property relationships of biodegradable films remains 

insufficiently understood. Therefore, this study 

systematically investigates a broad range of SS/PVA 

blending ratios and correlates their mechanical, thermal, 

barrier, surface, and structural properties to provide a 

deeper understanding of sago starch-based 

biodegradable films. 

 In this study, sago starch was extracted from sago 

palm and characterized in terms of its chemical 

composition, molecular structure, and morphology. The 

effect of blending sago starch with PVA on the physical 

and mechanical properties were systematically 
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investigated. Additionally, molecular interaction 

between sago starch and PVA was analyzed by using 

Fourier transform infrared spectroscopy (FTIR) and X-

ray diffraction (XRD). The morphology and structural 

homogeneity of the SS/PVA films were further 

examined using scanning electron microscopy (SEM) to 

establish correlation between microstructure and 

macroscopic properties of the blended films. 

 

Materials and methods 

 Materials 

 Sago palms (Metroxylon sagu Rottb.) was 

provided from Paka Harang Subdistrict, Mueang Pattani 

District, Pattani, Thailand. Glycerol, analytical reagent 

grade with 99.5% purity, was obtained from Ajax 

Finechem Pty Ltd. (Australia). Polyvinyl alcohol (PVA) 

powder (MW = 70,000 g.mol−1, degree of hydrolysis 

87% - 90%) was obtained from Sigma-Aldrich Limited. 

 

 Sago starch extraction method 

 Sago starch extraction was initiated by stripping 

the outer bark from the palm trunk to isolate the starchy 

pith. The pith was subsequently disintegrated using a 

modified mechanical grater designed to minimize 

sample contamination. The resulting material was 

mixed with water and filtered through a fine cloth to 

separate the fibrous residue; the starch milk was then 

allowed to undergo sedimentation for 8 h. Following 

decantation of the supernatant, the starch was dewatered 

by wrapping and draining for 5 days, yielding fresh 

starch with a moisture content of 64.7% - 73.3%. The 

product was then sun-dried, milled, and passed through 

a 149-mesh sieve. For the production of sago pearls, 

partially moist starch was granulated and subjected to 

further drying. The proximate and chemical 

compositions, including amylose, amylopectin, 

moisture, protein, fat, ash, and dietary fiber, were 

determined according to AOAC (1995) standard method 

[30]. The chemical and crystalline structures of the sago 

starch granules were characterized using Fourier 

transform infrared (FTIR) spectroscopy and X-ray 

diffraction (XRD) techniques, respectively. Granule 

morphology was examined via scanning electron 

microscopy (SEM). 

 

  

 

 Preparation of SS/PVA Blend 

 Sago starch (SS) was blended with polyvinyl 

alcohol (PVA) using a microwave-assisted solution 

casting method. Initially, 5 g of SS and glycerol (30 wt% 

of starch) were dispersed in distilled water, and the 

suspension was heated in a microwave oven at 300 W 

for 90 s to induce starch gelatinization. Subsequently, 

PVA was added to the gelatinized starch solution and 

further heated for 30 s to obtain a homogeneous gel. The 

resulting mixture was cast into polyethylene mold and 

dried in an oven at 50 °C for 24 h to allow solvent 

evaporation. After drying, the SS/PVA films were 

carefully peeled from the molds and stored in a 

dehumidifier prior to characterization. The prepared 

biofilms were produced with different SS/PVA weight 

ratios of 100/0, 90/10, 80/20, 70/30, 60/40, 50/50, 40/60 

and 0/100, respectively. 

 

 Biopolymer film characterization 

 Moisture content determination 

 The moisture content of the samples was 

determined according to the AOAC (2000) standard 

method [30]. Film samples were cut into pieces 

measuring 2×2 cm, weighed accurately, and placed in 

drying containers. The samples were then dried in a hot-

air oven at 110 °C for 1 h, or until a constant weight was 

achieved. After drying, the samples were cooled in a 

desiccator and reweighed. The moisture content (MS) 

was calculated based on weight loss before and after 

drying as shown in Eq. (1); 

 

MS (%) =
Wi −Wf 

Wi 
× 100        (1) 

 

where Wi is initial weight of the sample before drying 

(g) and Wf is final weight of the sample after drying (g) 

 

 Water solubility determination 

 The SS/PVA film samples were cut into pieces 

measuring 2×2 cm and accurately weighed. The samples 

were then immersed in distilled water at room 

temperature for a predetermined period. After 

immersion, the film samples were filtered to separate the 

water-soluble fraction from the insoluble residue. The 

remaining insoluble portion was collected and dried in a 

hot-air oven at 100 °C until a constant weight was 
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obtained. The water solubility (WS) of the SS/PVA 

biopolymer films was calculated according to Eq. (2); 

 

WS (%) =
Wi −Wf 

Wi 
× 100        (2) 

 

Where Wi is initial weight of the sample before 

immersion in distilled water (g) and Wf is final weight 

of the sample remaining insoluble portion. 

 

 Water vapor transmission test 

 The water vapor transmission test was conducted 

according to the ASTM E96 standard method (ASTM 

E96-00, 2000) as modified by Ruamcharoen et al. 

[31,32]. Prior to testing, the films were conditioned by 

heating at 50 °C for 2 h. Circular specimens, cut to 

match the diameter of container, were weighed and their 

thickness measured. Each bottle was filled with silica 

gel, weighed, and then sealed with the film samples 

before being placed in a desiccator maintained at 75% 

relative humidity (RH). The weight of the bottles was 

recorded at 6, 24, 48 and 72 h. The water vapor 

transmission was calculated according to Eq. (3); 

 

WVTR =  
Wt−Wi

t ×A
        (3) 

 

where Wi is initial weight of film, Wt is weight of the 

water vapor absorbed sample, t is time duration and A is 

area of film. 

 

 Contact angle measurement 

 The water contact angle of the SS/PVA films was 

measured by first preparing clean, smooth specimens 

and placing them on a flat, stationary surface. 

Furthermore, the contact angles were determined using 

a Dataphysics Model TC/TPC 150 contact angle 

instrument via the sessile drop method. A 5 µL droplet 

of distilled water was deposited onto each film. Images 

of the droplets were captured, and the contact angle (θ) 

was determined using SCA 20 analysis software. The 

measured angles provide an indication of the surface 

hydrophilicity or hydrophobicity. All measurements 

were performed in five replicates. 

 

  

 

 

 Mechanical test of SS/PVA biopolymer films 

 The mechanical properties of the SS/PVA films 

were determined using a universal tensile testing 

machine at room temperature. Tensile test was 

performed at a crosshead speed of 30 mm·min⁻¹ with an 

initial grip separation of 30 mm, in accordance with 

ASTM D882-12 [33]. Rectangular specimens (10×100 

mm) were conditioned at room temperature for 48 h 

prior to testing. Tensile strength (TS) and elongation at 

break (%EB) were calculated. At least five replicates 

were tested, and only data from specimens that were 

fractured at the film center were considered. 

 

 UV-Visible absorbance of SS/PVA biopolymer 

films 

 The UV-visible absorbance of the SS/PVA films 

was evaluated following the method described by 

Awang Wahab et al. [34]. Rectangular film specimens 

(1×2 cm) were analyzed over a wavelength range of 200 

- 400 nm using a UV-visible spectrophotometer 

(Lambda 35, PerkinElmer, USA). For each specimen, 

the light absorption values were recorded in triplicate. 

 

 Fourier transform infrared spectroscopy 

analysis 

 The chemical structure of the SS/PVA films was 

analyzed using an FTIR spectrometer (Bruker Tensor 

27, Germany). The biopolymer films were directly 

mounted on the FTIR sample holder, and spectra were 

recorded over the wavenumber range of 400 - 4,000 

cm−1 with a resolution based on 32 accumulated scans. 

The spectra were analyzed for band shifts, intensity 

changes, and the appearance or disappearance of 

characteristic peaks to evaluate hydrogen bonding, 

molecular compatibility, and structural changes within 

the films, providing insight into the interactions between 

sago starch and PVA. 

 

 X-Ray diffraction analysis 

 X-ray diffraction (XRD) analysis was conducted 

using a Philips X’Pert MPD (Netherlands) instrument to 

characterize the crystalline structure of the SS/PVA 

films. Film specimens were cut into appropriate 

dimensions and mounted on the sample holder to ensure 

a flat and uniform surface. Measurements were 

performed using Cu-Kα radiation (λ = 1.5406 Å) at an 

operating voltage of 40 kV and a current of 40 mA. 
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Diffraction patterns were recorded over a 2θ range of 5° 

- 50°, with a step size of 0.02° and a scanning rate of 

2°/min. The degree of crystallinity (Xc) was calculated 

from the XRD patterns using the ratio of the crystalline 

peak area to the total area, as expressed by the following 

equation. 

 

𝑋𝑐(%) =
𝐴𝑐

𝐴𝑐+𝐴𝑎
× 100                (4) 

 

where 𝐴𝑐  is the area of the crystalline peaks and 𝐴𝑎  is 

the area of the amorphous region. 

 

 Differential scanning calorimetry analysis 

 The melting behavior of the blends were 

determined by using Thermal Analysis System DSC 3+ 

Stare System (Mettler Toledo, Switzerland). Heating 

and cooling for both first and second cycles were done 

in a nitrogen atmosphere at the rate of 20 °C.min-1 from 

a temperature of 30 to 250 °C. The calibration in DSC 

was done by measuring the temperature and the enthalpy 

of indium melting. 

 

 Scanning electron microscopy analysis 

 The surface and cross-sectional morphology of 

composited films were examined using a scanning 

electron microscope (S3400N, Hitachi, Japan). For 

cross section analysis, the film was prepared by using 

the conventional liquid nitrogen cryogenic fracture 

method. Then, residual moisture in films was removed 

by vacuum at 25 °C for 18 h. The samples were coated 

with a thin layer of gold using a sputtering technique 

before analysis. SEM observations were carried out at 

an accelerating voltage of 15 kV. SEM micrographs 

were used to assess the dispersion of components, the 

presence of voids or cracks, and the overall structural 

integrity of the biopolymer films. 

 

Results and discussion 

 Sago starch characterization 

 The extracted sago starch appeared as a fine, pale-

pink powder with no visible impurities, indicating a high 

degree of purity and suitability for subsequent film 

preparation and other potential applications. The 

chemical composition of the extracted sago starch is 

presented in Table 1.

 

Table 1 Chemical composition of sago starch. 

Chemical 

composition 
Amylose Protein Fat Ash Moisture Lignin Fiber 

Content (%) 23.84 ± 0.32 0.19 ± 0.01 0.04 ± 0.001 0.32 ± 0.00 13.95 ± 0.07 0.13 ± 0.00 0.54 ± 0.03 

 

 The amylose content of sago starch was 23.84 ± 

0.32% comparable to tapioca starch and slightly lower 

than that of corn and rice starches [14,15]. This level is 

comparable to corn starch (approximately 28%) and is 

considered significantly higher than potato starch, 

though variations occur depending on the botanical 

source. The protein (0.19%) and fat (0.04%) contents 

were very low, indicating high starch purity. The 

moisture content (13.95%) was within the acceptable 

commercial range, ensuring storage stability and 

limiting microbial growth. Additionally, the low fiber 

content suggests minimal interference from cell wall 

component, contributing to improved digestibility, 

efficient gelatinization, and better processability. 

SEM images (Figure 1(a)) showed that sago 

starch granules were discrete, mostly oval particles with 

smooth, intact surfaces and no visible cracks, indicating 

minimal structural damage during extraction. The 

granule size was relatively uniform, ranging from 20 - 

40 µm, with slight variations likely due to differences in 

amylose-amylopectin organization. This is similar to the 

granule characteristics of sago starch as previously 

reported [15-17]. The XRD pattern (Figure 1(b)) 

revealed a mixed A type and B type crystalline structure, 

with characteristic peaks at 15.2° and doublets at 15.2o, 

17.1°, 18.0°, and 23.2°, consistent with previous reports 

[15,17]. The FTIR spectrum of sago starch (Figure 1(c)) 

exhibits typical starch features, including a broad O-H 

stretching band (3,520 - 3,217 cm−1) indicating 

hydrogen bonding, C-H stretching (2,920 - 2,930 cm−1), 

and a band at 1,643 cm−1 associated with absorbed 

water. The characteristic peaks at 1,459 and 1,350 cm−1 

corresponded to CH2 and CH3 bending modes, while the 

980 - 1,060 cm−1 region reflected polysaccharide C-O-C 
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vibrations. The bands at 987 and 1,020 cm−1 represent 

crystalline and amorphous regions, respectively, 

confirming the presence of amylose and amylopectin 

[15].

 

 

 

Figure 1 SEM micrographs (a), XRD pattern (b), and FTIR spectrum (c) of sago starch. 

  

 

 Characterization of water resistance properties 

of SS/PVA biopolymer films 

 Moisture content 

 Figure 2 presents the moisture content of SS, 

SS/PVA, and PVA films. The neat SS film exhibited a 

moisture content of 11.31%, which can be attributed to 

the hydrophilic nature of starch and the abundance of 

hydroxyl groups capable of forming hydrogen bonds 

with water molecules. Previous studies have shown that 

the moisture content of starch-based films varies 

considerably depending on the starch source and 

processing conditions, typically ranging from 

approximately 9% to 22% [35,36]. Upon incorporation 

of PVA at ratios of SS90/PVA10 and SS80/PVA20, the 

moisture content increased to 12.54% and 12.42%, 

respectively. At these ratios, the polymer network is 

likely less compact, with increased free volume and 

incomplete intermolecular interactions, allowing greater 

retention of water molecules. As the PVA content 

increases further (70/30 to 50/50), the moisture content 

slightly decreases. This reduction indicates improved 

intermolecular interactions and stronger hydrogen 

bonding between starch and PVA chains, resulting in a 

more compact network structure [27]. However, at 

higher PVA content (40/60), the moisture content 

slightly increased. This behavior may be associated 

phase separation or structural heterogeneity at higher 

PVA ratio could create localized domains that facilitate 

moisture retention.
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Figure 2 Moisture content of SS, PVA, and SS/PVA biopolymer films with varying blending ratios. 

  

 

 Water vapor transmission 

 The water vapor transmission (WVT) of starch 

(SS), PVA, and their blended films is shown in Figure 

3. For all formulations, WVT decreased progressively 

with exposure time (6 - 72 h), indicating time dependent 

stabilization of water vapor diffusion through the film 

matrix. At 6 h, the SS film exhibited the highest WVTR 

(0.00153 g.cm-2.h-1), which is consistent with its 

hydrophilic nature and relatively loose polymer 

network. Incorporation of PVA reduced WVT due to its 

semi crystalline structure and its ability to form 

intermolecular hydrogen bonds with starch, thereby 

limiting diffusion pathways. The lowest WVTR was 

observed at the 70/30 ratio (0.00073 g.cm-2.h-1), 

suggesting optimal intermolecular interaction and 

network formation. However, further increasing PVA 

content (60/40 - 40/60) led to a slightly increase in 

WVT, likely associated with increased free volume and 

partial disruption of the hydrogen-bonded network. As 

time progressed (48 - 72 h), the insignificant differences 

between the formulations decreased, approaching a 

narrower WVTR range (0.00049 - 0.00053 g.cm-2.h-1), 

indicating that diffusion equilibrium had been reached. 

Notably, the reduction in WVT was not strictly 

proportional to PVA content, reflecting the complex 

interplay between polymer miscibility, phase 

distribution, and free volume within the matrix. The 

SS50/PVA50 film exhibited improved intermolecular 

interactions and enhanced chain packing, resulting in a 

more compact structure with reduced free volume and 

lower WVT. The stronger intermolecular interactions 

between the polymer chains upon incorporation of PVA 

might have made the starch-PVA films more tortuous 

for water molecules to permeate, thereby reducing water 

vapor transmission. [26,28,37].
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Figure 3 Water vapor transmission rate of SS, PVA, and SS/PVA biopolymer films with varying blending ratios measured 

after 6, 24, 48, and 72 h. 

 

 Water solubility 

 Water solubility (WS) of SS/PVA films indicates 

the amount of soluble matter after immersion in water 

24 h as shown in Figure 4. High WS values of the film 

samples were expected because all constituents, 

including starch, PVA, and glycerol, are hydrophilic in 

nature. These results are consistent with previous studies 

[37]. 

 

 

Figure 4 Water solubility after 24 h immersion of SS, PVA, and SS/PVA biopolymer films with varying blending ratios. 

 

 Pure PVA film was almost completely soluble in 

water, showing about 88% solubility in water within 24 

h. Nevertheless, pure starch exhibited significantly 

lower WS (35.3%) than pure PVA film. This can be 

attributed to the inherently higher water affinity of PVA 

and its greater chain mobility in aqueous environments. 

The abundance of hydroxyl groups along the PVA 

backbone facilitates extensive hydrogen bonding with 

water molecules, promoting swelling and ultimately 

enhancing film solubility [25,27,37]. At low PVA 

incorporation (SS90/PVA10), WS remains comparable 

to SS film, suggesting limited disruption of the starch 

network. However, a marked increase is observed from 

80/20 onward, indicating enhanced water accessibility 

and partial weakening of intermolecular interactions. 

Notably, the WS trend is not strictly linear, as evidenced 

by the slight decrease at SS50/PVA50 compared to 

SS60/PVA40. This suggests that improved 

intermolecular hydrogen bonding between starch and 

PVA promotes a more compact structure, temporarily 
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limiting solubility. In contrast, at higher PVA content 

(40/60), the water solubility (WS) markedly increased to 

71.80%, due to the highly hydrophilic nature of PVA 

and its sensitivity to moisture, which facilitate water 

penetration and polymer dissolution. These results are 

consistent with previous studies [37]. 

 

Water contact angle  

 The water contact angle (WCA) of the SS/PVA 

films reflected their surface wettability and 

hydrophilicity as presented in Figure 5. All film 

samples exhibited WCA values below 90°, indicating 

their hydrophilic nature, which was consistent with the 

water solubility results. The neat SS film exhibited the 

highest contact angle (89.3°), indicating relatively low 

surface hydrophilicity as compare to SS/PVA and PVA 

films. This behavior can be attributed to the semi 

crystalline structure of starch and the limited availability 

of free hydroxyl groups at the film surface. In contrast, 

pure PVA exhibited the lowest contact angle (43.8°) of 

water, confirming its highly hydrophilic nature due to 

the abundance of hydroxyl (-OH) groups that readily 

interact with water molecules. This is in agreement with 

the previous result [22,37,38)]. The SS/PVA blend films 

displayed contact angle values in the range of 

approximately 50° - 70°, demonstrating that the 

incorporation of PVA enhances surface hydrophilicity 

compared to SS film. At low PVA content 

(SS90/PVA10 and SS80/PVA20), a pronounced slightly 

decrease in contact angle was observed, indicating that 

even small amount of PVA strongly influence surface 

wettability. At SS/PVA mixing ratio of 70/30, 60/40, 

and 50/50, the contact angle increased slightly but not 

significantly, indicating strong intermolecular 

interactions, particularly hydrogen bonding between SS 

and PVA, which may reduce the number of free 

hydroxyl groups present on the film surface. At higher 

PVA content (SS40/PVA60), the contact angle of water 

significantly decreased and approached that of pure 

PVA film, implying the dominance of PVA at the film 

surface. Patil et al. [37], reported that the water contact 

angle (WCA) of polymeric surfaces decreases with 

increasing amounts of polar functional groups, such as 

C=O and -OH groups. These groups are capable of 

forming hydrogen bonds with water molecules, thereby 

enhancing surface wettability. FTIR analysis in the 

present study revealed that blending PVA with starch 

increased the intensity of hydrophilic functional groups, 

particularly C=O and -OH groups, which likely 

contributed to the reduction in WCA observed in the 

blend film samples [37]. SEM observations also 

revealed that the SS/PVA blend films exhibited a more 

homogeneous and compact morphology compared to 

neat SS film, indicating improved compatibility 

between the polymer phases.

 

 

Figure 5 Water contact angle measured on the surface of SS, PVA, and SS/PVA biopolymer films with varying blending 

ratios. 
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 Mechanical properties of SS/PVA biopolymer 

films 

 The tensile properties of SS/PVA films were 

evaluated by calculating stress and strain to determine 

tensile strength, elongation at break, and modulus as 

illustrated in Figure 6.

  

 

Figure 6 Tensile strength (a), modulus at 1% strain (b), and elongation at break (c) of SS, PVA, and SS/PVA biopolymer 

films with varying blending ratios. 

 

 Figure 6(a) presents the tensile strength (TS) of 

the SS/PVA blend films. The pure SS film exhibited a 

relatively low TS value of 4.23 MPa, which is 

characteristic of starch-based films due to their 

inherently brittle nature and limited intermolecular 

interaction. With increasing PVA content, the TS of the 

SS/PVA blend films (SS90/PVA10 to SS60/PVA40) 

gradually increased compared with the pure SS film. It 

can be attributed to enhance some intermolecular 

interaction between SS and PVA, particularly, hydrogen 

bonding between the hydroxyl groups of both polymers. 

At the SS50/PVA50 ratio, the TS value slightly 

decreased to 4.23 MPa, suggesting the onset of a balance 

between effect of intermolecular interaction and the 

plasticizing effect associated with increased PVA 

content. A more pronounced reduction in TS was 

observed for the SS40/PVA60 film (3.65 MPa), which 

may be related to excessive PVA incorporation, 

resulting in reduced intermolecular cohesion within the 

blend matrix and increased polymer chain mobility. In 

contrast, the pure PVA film exhibited the highest TS 

value (7.20 MPa), reflecting its superior film-forming 

capability and stronger intermolecular interactions 

compared with starch-based films [37,39].  

 Figure 6(b) illustrates the modulus at 1% strain of 

the SS/PVA blend films as a function of blend 

composition. The sago starch (SS) film exhibited the 

highest modulus value (≈46 MPa), resulting the rigid 

nature of the starch and the extensive hydrogen-bonding 

interaction within the polysaccharide network, which 

provide high resistance to elastic deformation. As the 

PVA content increased, the modulus gradually 

decreased, indicating progressive softening of the film 

structure and reduced stiffness of the blend films. The 

SS/PVA films with ratio of 90/10, 80/20, and 70/30 

slightly decreased modulus values. This is due to starch 

remained the dominant load-bearing component, and 

PVA primarily functioned as a flexible or plasticizing 
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phase within the blend [28,39]. However, when the PVA 

content exceeded 50% (SS50/PVA50 and 

SS40/PVA60), a more pronounced reduction in 

modulus was observed, with the pure PVA film 

exhibiting the lowest modulus value (15.8 MPa). This 

substantial decrease indicates a transition from a starch-

dominated rigid network to a PVA-dominated flexible 

matrix. 

 The elongation at break (EB) elucidates the 

mechanical behavior of the SS/PVA films as illustrated 

in Figure 6(c). The pure SS film showed an elongation 

of approximately 85%, reflecting its rigid and brittle 

matrix, which restricts molecular mobility and limits 

deformation under tensile stress. The SS/PVA ratio of 

90/10, 80/20, and 70/30 yielded EB values in the range 

of 70% - 90%, indicating only marginal enhancement in 

ductility, as the starch network remained mechanically 

dominant. SS/PVA films with ratio of 60/40, 50/50, and 

40/60 exhibited sightly increasing of EB value. The 

PVA film showed the highest elongation at break, 

approaching 250%, due to its inherently flexible, ductile 

and energy absorbing polymeric structure [28,36,37]. 

As the PVA fraction increases, the SS/PVA blend 

network becomes progressively softer and more 

extensible. In the absence of starch, pure PVA exhibited 

maximum ductility and superior resistance to fracture 

under tensile loading. 

 

 Chemical structure, crystal structure and 

morphology of SS/PVA biopolymer films 

 UV-Visible absorption of SS/PVA biopolymer 

films  

 UV-visible spectroscopy is widely used for the 

analysis of chromophore groups of atoms characterized 

by strongly absorbing electronic transitions. The UV-

visible absorption spectra of SS, PVA and SS/PVA 

films at various ratios clearly demonstrated the strong 

dependence of optical properties on polymer 

composition and intermolecular interaction as shown in 

Figure 7. 

 

 

Figure 7 UV-visible spectra of SS, PVA, and SS/PVA biopolymer films with varying blending ratios recorded over the 

wavelength range of 200 - 400 nm. 

 

 The results revealed pronounced absorption in the 

ultraviolet (UV) region, with maximum absorbance 

occurring within the 200 - 240 nm range and a 

characteristic shoulder peak at approximately 250 - 300 

nm. The absorption in the 200 - 240 nm region is 

attributed to electronic transitions in oxygen-containing 

functional groups, specifically the non-bonding electron 

transitions (n→σ* and n→π*) of hydroxyl (-OH) groups 

present in both the starch and PVA chains [40,42]. An 

increase in starch content led to higher absorbance, 

which is ascribed to the abundance of hydroxyl groups 

and the semi-crystalline granular structure of starch. 

This structural characteristic enhances both intrinsic UV 

absorption and light scattering within the polymer 
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matrix. Similar trends have been reported for starch-

based films, where the presence of crystalline domains 

and hydrogen bond rich networks improves UV 

shielding efficiency but reduces overall optical clarity. 

The pure PVA film exhibited a maximum absorbance at 

approximately 200 nm, corresponding to electronic 

transitions, along with a shoulder around 210 nm 

attributed to transitions from residual carbonyl (C=O) 

functional groups. Upon blending starch with PVA, the 

absorption maximum underwent a bathochromic (red) 

shift toward longer wavelengths, accompanied by a 

hyperchromic effect [40,42]. In the visible region (300 - 

500 nm), all films displayed low absorbance, indicating 

good transparency. Films with higher PVA content 

exhibited further reduction in light scattering. Therefore, 

the SS/PVA ratio plays a critical role in determining the 

balance between UV shielding performance and optical 

transparency. 

 

 Fourier transform infrared spectroscopy  

 The FTIR spectra of SS, PVA, and their blend 

films confirm the presence of characteristic functional 

groups and intermolecular interactions, as shown in 

Figure 8. Both SS and PVA films exhibited a broad 

absorption band at 3,140 - 3,390 cm−1, corresponding to 

O-H stretching vibration of hydroxyl groups in 

polysaccharide and PVA chains, indicating extensive 

intra- and intermolecular hydrogen bonding within the 

polymer matrix. The absorption band at approximately 

2,925 cm−1 was attributed to C-H stretching vibrations 

of aliphatic -CH and -CH₂ groups. For PVA, the peak at 

845 cm−1 was assigned to symmetric C-C stretching, 

while the bands at 927 and 1,145 cm−1 corresponded to 

C-H bending and C-O-C stretching vibrations, 

respectively. The strong band at 1,242 cm−1 was 

attributed to C-O-H stretching, whereas the peaks at 

1,033, 1,041, and 1,109 cm−1 were associated with C-O 

bending vibrations. In addition, the peaks at 1,371 and 

1,427 cm−1 were assigned to CH3 and -CH2- bending 

vibrations. The absorption bands at 1,637 and 1,732 

cm−1 corresponded to O-H bending of absorbed water 

and C=O stretching vibrations, respectively, which may 

be associated with residual acetate groups [22,41,43]. 

For SS/PVA blend films with high starch content 

(SS90/PVA10 and SS80/PVA20), the FTIR spectra 

were mainly dominated by starch-related features. The 

broad O-H stretching band at 3,140 - 3,390 cm−1 

appeared intense and broad, indicating strong hydrogen 

bonding among polysaccharide chains. The 

characteristic C-O stretching band at 1,242 cm−1 was 

clearly observed, while the C=O stretching band near 

1,732 cm−1 appeared only as a weak shoulder due to the 

low PVA content. As the PVA content increased 

(SS70/PVA30 and SS60/PVA40), noticeable changes 

occurred in the O-H stretching region, including 

increased intensity and a slight band shift, suggesting 

enhanced hydrogen bonding interaction between SS and 

PVA hydroxyl groups. The intensity of the band around 

1,732 cm−1 also gradually increased, reflecting the 

greater contribution of residual acetate groups from 

PVA. In addition, subtle changes in the 1,242 cm−1 

region indicate overlapping C-O stretching vibrations 

from both polymers, suggesting improved molecular 

compatibility. At higher PVA content (SS50/PVA50 

and SS40/PVA60), the FTIR spectra became more 

characteristic of PVA. The O-H stretching band 

appeared smoother and slightly less intense than in 

starch-rich films, resulting rearrangement of hydrogen 

bonding dominated by PVA-PVA and PVA-SS 

interactions. The C=O stretching band at 1,732 cm−1 

became more pronounced, confirming the increasing 

influence of PVA within the blend matrix [36].

 



Trends Sci. 2027; 24(1): 13821   13 of 20 

 

Figure 8 Fourier-transform infrared (FTIR) spectra of SS, PVA, and SS/PVA biopolymer films with varying blending 

ratios, recorded in the wavenumber of 400 - 4,000 cm−1. 

 

 X-Ray diffraction analysis 

  X-ray diffraction (XRD) patterns of SS, PVA, and 

SS/PVA films are presented in Figure 9. The glycerol-

plasticized sago starch film exhibited characteristic 

diffraction peaks at 2θ = 17.4°, 19.9°, and 22.8°, 

corresponding to a combination of A-type crystalline 

structure and V-hydrate (Vh) crystalline structure [32]. 

The peaks at 17.2° and 20.0° are associated with the 

interplanar spacing of the starch molecular arrangement, 

while the relatively sharp peak at 2θ = 22.1° indicates a 

higher degree of molecular ordering within the starch 

matrix. In contrast, the XRD patterns of the PVA film 

displayed prominent crystalline diffraction peaks at 2θ 

= 19.4° and 23.2°, respectively [41]. These peaks can be 

implied the semicrystalline nature of PVA, which arises 

from intra- and intermolecular hydrogen bonding among 

PVA chains [40,41]. Upon blending with more PVA 

content, the characteristic starch and PVA diffraction 

peaks slightly shift with combine at 2θ = 19.4° and 22.8° 

and became broader, indicating increment of hydrogen 

bonding between starch and PVA chains. The calculated 

crystallinity values further supported these structural 

changes. Pure SS and PVA films exhibited crystallinity 

values of 21.63% and 23.50%, respectively, while the 

SS/PVA blends showed values of 23.90% (80/20), 

20.67% (60/40) and 14.67% (40/60). The slight increase 

in crystallinity for SS80/PVA20 suggests that a small 

amount of PVA promoted molecular rearrangement and 

chain packing through hydrogen-bond interactions. 

However, further increasing the PVA content 

progressively reduced crystallinity, indicating that 

strong starch-PVA interactions disrupted crystal 

formation and increased the amorphous character of the 

films. This trend is consistent with the broadened 

diffraction peaks observed in the XRD patterns. This 

observation is consistent with the FTIR results, which 

suggest the formation of intermolecular hydrogen 

bonding between SS and PVA, leading to reduced 

starch-starch interaction and partial destruction of 

ordered domain [37]. Consequently, variations in the 

SS/PVA ratio significantly influenced the crystalline 

structure of the blend films. Furthermore, the reduction 

in crystallinity at higher PVA contents is consistent with 

the observed decrease in water contact angle and 

increase in water affinity, as the larger amorphous 

fraction facilitates water penetration and enhances the 

accessibility of hydrophilic hydroxyl groups on the film 

surface.
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Figure 9 X-ray diffraction patterns of SS, PVA, and SS/PVA biopolymer films at blending ratios of 80/20, 60/40, and 

40/60, recorded over a 2θ range of 3° - 45°. 

 

 DSC analysis of SS/PVA biopolymer films  

 DSC thermograms of SS, PVA, and SS/PVA films 

are shown in Figure 10. The DSC curves demonstrated 

that the thermal behavior of SS/PVA blend films 

strongly depended on blend composition, indicating 

changes in molecular interaction, crystallinity, and 

phase structure. Pure PVA film exhibited a sharp 

melting peak at approximately 215 °C, corresponding to 

the melting of crystalline PVA domain, confirming its 

semicrystalline structure [44]. This result is consistent 

with the XRD pattern, where pure PVA showed distinct 

crystalline diffraction peaks, and with the FTIR spectra 

revealing ordered intermolecular hydrogen bonding 

between PVA chains. In contrast, pure sago starch (SS) 

showed a broader endothermic peak around 210 °C, 

suggesting a predominantly amorphous structure with 

less organized molecular packing after gelatinization. 

This broad transition agrees with the XRD results 

showing reduced crystallinity of starch films and the 

FTIR spectra characterized by extensive hydrogen 

bonding within starch chains. For SS/PVA blend films, 

the thermal transition shifted depending on the blending 

ratio, implying intermolecular interaction and partial 

miscibility between SS and PVA. The SS90/PVA10, 

SS80/PVA20, SS70/PVA30, and SS60/PVA40 films 

showed melting transitions at higher temperatures (221 

- 224 °C). This can be explained by stronger hydrogen-

bonding interactions between SS and PVA [24,44]. This 

observation agrees with the FTIR results, which showed 

peak shifting and broadening in the O–H stretching 

region, indicating enhanced intermolecular interaction. 

In addition, XRD analysis revealed increased molecular 

ordering in SS/PVA films compared with pure SS film. 

Interestingly, the SS50/PVA50 film showed a peak at 

approximately 205 °C, demonstrating significant 

structural rearrangement and possible formation of a 

more compatible intermolecular network between SS 

and PVA. Meanwhile, the SS40/PVA60 film exhibited 

a broader peak at a lower temperature (198 °C), which 

may indicate reduced structural uniformity and 

increased chain mobility at high PVA content. This 

behavior may be associated with the phase 

heterogeneity observed in the SEM images and the 

higher hydrophilicity of PVA-rich films.
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Figure 10 DSC thermograms of SS, PVA and SS/PVA biopolymer films with varying blending ratios recorded over the 

temperature range of 150 - 250 °C. 

 

 Morphology study of SS/PVA biopolymer films  

 The surface morphology of SS and SS/PVA films 

observed by using SEM is presented in Figure 11. The 

neat SS film exhibited a relatively smooth surface with 

the presence of small cracks, reflecting the inherent 

brittleness and limited mechanical strength of sago 

starch-based film. Similar microstructural features have 

been reported in previous studies on starch film 

[36,37,43]. Incorporation of PVA significantly altered 

the film morphology. The SS80/PVA20 film showed a 

smooth, homogeneous, and crack-free surface, 

indicating good dispersion of PVA and strong interfacial 

compatibility between SS and PVA at this composition. 

This morphological uniformity is consistent with earlier 

reports demonstrating that moderate PVA content 

enhances hydrogen bonding with starch, resulting in 

improved water resistance and reduced water vapor 

permeability [37,38]. In contrast, films with higher PVA 

content (SS50/PVA50 and SS40/PVA60) displayed 

pronounced surface roughness, wrinkle, microcrack, 

and small pores. As PVA content increases, starch 

polymer reversed to dispersed phase from continuous 

phase, depicting the miscibility of amorphous portion of 

starch with PVA. These results agree well with previous 

studies reporting an optimal starch-to-PVA ratio that 

maximizes intermolecular interactions while preventing 

phase separation [37].  
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Figure 11 SEM micrographs of SS and SS/PVA biopolymer films with varying blending ratios at a magnification  

of 1.00kx. 

 

 Structure-properties relationship of SS/PVA biopolymer films 

 From the research results, the interaction within the film can be illustrated as shown in Figure 12.  

 

 

Figure 12 Schematic illustration of intermolecular interactions between SS and PVA in biopolymer films: (a) SS-rich 

composition and (b) PVA-rich composition. 
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 For biopolymer films with a high starch ratio (e.g., 

SS/PVA ratios of 90/10, 80/20, and 70/30), the film 

structure is controlled by a gelatinized starch network 

containing a large number of hydroxyl (-OH) groups. 

This results in efficient hydrogen bonds, both between 

starch chains themselves (SS-SS) and between starch 

and polyvinyl alcohol (SS-PVA). When low to moderate 

amounts of PVA are added, it can be uniformly 

distributed within the starch matrix through interchain 

interaction, causing in a denser and more continuous 

film structure. This interaction enhances the mechanical 

properties and reduces the water vapor transmission of 

high starch ratio films. Furthermore, they display a 

higher water contact angle (WCA) which indicate 

superior surface wetting ability. This is because some 

hydroxyl groups participate in hydrogen bonding within 

the film structure, reducing the number of free hydroxyl 

groups on the surface. FTIR analysis confirms 

physicochemical interaction via hydrogen bonding, 

while XRD and DSC analysis reveal interaction 

affecting polymer chain arrangement, crystallinity, and 

movement. SEM provides morphological evidence of 

continuous and compatible film structure at the 

microscopic level. These findings show that films with 

a high SS content have a denser and stronger structure, 

as well as better water resistance, compared to films 

with a high PVA content. 

 

Conclusions 

 Starch is a biodegradable and renewable polymer 

with strong potential for sustainable packaging 

applications. In this study, sago starch, which provides 

a favorable balance between film-forming ability, was 

blended with polyvinyl alcohol at different ratio to 

improve the physical, barrier, thermal, and structural 

properties of SS/PVA films. The results showed that 

PVA incorporation significantly affected film 

performance depending on blend composition. 

Increasing PVA content enhanced film flexibility and 

reduced water vapor transmission rate (WVTR), 

indicating improved barrier properties through stronger 

intermolecular interaction. However, higher PVA 

content increased film transparency and water solubility 

due to its hydrophilic nature and higher chain mobility. 

FTIR analysis confirmed hydrogen bonding interaction 

between SS and PVA, while XRD and DSC results 

revealed the increment of increased molecular 

arrangement and semicrystalline characteristic with 

increasing PVA content. SEM images revealed rougher 

and more heterogeneous morphologies at high PVA 

ratio. Considering the balance between structure–

property relationships, the SS80/PVA20, SS70/PVA30, 

and SS60/PVA40 blend ratio exhibited the most 

promising overall performance for biodegradable 

packaging applications. 
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