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Abstract 

 

Background and Objective: Environmental concerns over petroleum-based packaging have 

increased interests in biodegradable edible films from renewable resources. 

Exopolysaccharides from lactic acid bacteria are promising due to their film-forming ability, 

safety and functionality. Weissella confusa NH02, isolated from Thai fermented pork (Nham), 

produces high-molecular-weight glucan exopolysaccharides appropriate for film formation. 

However, exopolysaccharides films alone are fragile and moisture-sensitive. Glycerol 

plasticization can improve flexibility and barrier characteristics by modifying intermolecular 

interactions. This study developed exopolysaccharides films from Weissella confusa NH02 

and assessed the effect of glycerol content on film characteristics. 

Material and Methods: Exopolysaccharides were produced by submerged fermentation and 

recovered by ethanol precipitation and drying. Film-forming solutions containing 2.5–10 g 

kg-1 exopolysaccharides were prepared with glycerol (6.25–50 grams per 100 gram 

exopolysaccharides). Dispersions were cast, dried at 40 °C and conditioned under controlled 

humidity. Rheological behavior was analyzed using rotational rheometer and fitted to 

Ostwald-de Waele model. Mechanical characteristics were assessed using American Society 

for Testing and Materials methods. Moisture content, water activity, thickness, transparency, 

solubility and water-vapor permeability were assessed using standard techniques. Dynamic 

mechanical thermal analysis investigated viscoelastic behavior and glass transition 

temperature. All assessments were carried out in triplicate. 

Results and Conclusion: Exopolysaccharides produced clear flexible films and dispersions 

showed shear-thinning behavior appropriate for casting. Glycerol strongly affected 

performance as water-vapor permeability decreased up to ~25% glycerol due to improved 

polymer packing then increased at higher levels due to increased hydrophilicity. Mechanical 

characteristics improved at moderate plasticizer levels, with optimal performance near an 

exopolysaccharide:glycerol ratio of 65:35 (TS ≈ 5.56 MPa; elongation ≈ 142%), while excess 

glycerol weakened the matrix. Dynamic mechanical thermal analysis revealed single 

transition temperature decreasing from ~85 to less than -15 °C as glycerol increased, 

indicating strong compatibility and efficient plasticization. Plasticized exopolysaccharides 

films from Weissella confusa NH02 show promise as biodegradable food-contact materials 

with tunable strength, flexibility and moisture barrier characteristics. 

Keywords: Biopolymer materials; Microbial polysaccharides; Plasticizer effect; Barrier 

characteristics; Mechanical performance; Biodegradable packaging 
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 Lactic acid bacterial EPS are renewable, biodegradable and food-compatible biopolymers 

with promising film-forming and functional properties.  

 Microbial  EPS films have limited moisture resistance and mechanical stability, 

restricting their wider use in food-packaging applications.  

 Glycerol is commonly used to plasticize polysaccharide-based films by improving 

flexibility and modifying mechanical, barrier and thermal properties. 

What is “already known” 

on this topic: 
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1. Introduction 

Protective edible coating and optimized packaging are 

increasingly adopted to extend the shelf life of foods. 

Conventional packaging depends heavily on non-renewable 

inputs and can impose environmental costs. Therefore, 

bio-based alternatives and edible and biodegradable films 

derived from renewable resources have been interested as a 

route to maintain quality while decreasing wastes [1]. In 

addition to waste decrease, next-generation edible films are 

increasingly designed to act as active interfaces capable of 

regulating moisture transfer, limiting oxidation and serving 

as carriers for natural antimicrobials; thereby, aligning food 

preservation strategies with circular bioeconomy principles 

and sustainable material transitions [2,3]. 

Weissella confusa NH02, isolated from Thai fermented 

minced pork (Nham), produces exopolysaccharides (EPS) 

characterized by high viscosity, molecular mass of 

approximately 1.13 × 106 Da and glucose as the sole 

monomer [4]. Based on these characteristics and the demand 

for multipurpose food-contact films, EPS from W. confusa 

NH02 is a promising film-forming substrate. Films 

assembled from lactic acid bacterial EPS alone can be 

achieved [5], but limited resistance to water and vapor often 

limits practical uses. Mixing EPS with compatible, 

lower-cost polymers and plasticizers is a common strategy 

to develop mechanical strength and barrier behavior [6]. A 

study highlighted that the functional performance of EPS-

based films depended not only on composition but also on 

supramolecular organization and intermolecular 

interactions formed during drying, which governed 

transport characteristics and structural integrity [7]. 

A report has demonstrated that EPS produced by lactic 

acid bacteria (LAB), including W. confusa, possess 

excellent rheological characteristics and potential for food, 

biomedical and biodegradable material uses [8]. The EPS 

from W. confusa NH02 has been reported as a high-

molecular-weight (HMW) glucan with strong viscosity and 

thickening ability, making it interesting for film formation 

[4,9]. In addition, research on polysaccharide-based edible 

films has shown that plasticizers such as glycerol can 

improve flexibility and decrease fragility [10].  

However, several important issues are still unresolved. 

First, although EPS from W. confusa NH02 has been 

characterized chemically and rheologically, its intrinsic 

film-forming capability and appropriateness as a standalone 

film matrix have not been systematically investigated. 

Second, EPS-based films are typically limited by poor 

moisture resistance and mechanical fragility, restricting 

practical uses in food packaging. Third, while glycerol is 

widely used as a plasticizer, the optimal concentration 

needed to balance mechanical strength, flexibility and 

water-vapor barrier performance in EPS films from this 

specific strain has not clearly been established. Moreover, 

limited information are available on the thermomechanical 

behavior and molecular compatibility of EPS-glycerol 

systems, particularly regarding glass transition behavior and 

structure-characteristics relationships. 

Therefore, the present study addressed these gaps by 

developing films from EPS produced by W. confusa NH02 

and systematically assessing the effects of glycerol content 

on rheological behavior, mechanical characteristics, water-

vapor permeability (WVP) and thermal transitions. This 

study aimed to clarify structure-function relationships and 

provide guidance for optimizing EPS-based biodegradable 

films for food-contact uses. 

2. Materials and Methods 

2.1. Microorganism and culture conditions 

The W. confusa NH02 strain was recovered on modified 

MRS agar containing 2% sucrose at 4 °C and sub-cultured 

every 3 w. Inoculum preparation followed the procedure of 

[4,9]. Production media were inoculated at 5% (v/v).  

2.2. Exopolysaccharide production setup 

The EPS production was carried out in shake flasks using 

synthetic fermentation media described by Wongsuphachat 

et al. [4].  

2.3. Isolation of exopolysaccharides from fermentation 

broth 

Culture supernatant collected on day 2 was clarified by 

centrifugation at 4,058× g for 15 min. The EPS was 

precipitated by adding two volumes of 96% chilled (v/v) 

ethanol and incubating the mixture at 4 °C for 1 h. The 

 EPS from W. confusa can be processed into transparent, flexible and continuous 

biodegradable films.  

 EPS:glycerol ratio of 65:35 provided the best strength–flexibility balance and low water-

vapor permeability. 

  Dynamic mechanical thermal analysis confirmed EPS–glycerol compatibility and 

efficient plasticization, supporting tunable thermomechanical properties for potential 

food-contact use. 

What this article adds: 
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precipitate was recovered by centrifugation and dried under 

vacuum at 40 °C for 48 h. Materials from three 

fermentations were pooled and ground to a fine powder. 

Then, EPS content was quantified following Araujo-

Rodrigues et al. [11] by assessing reducing sugars released 

by β-glucanase (Sigma-49101, USA) using DNS assay; 

β-1,3-glucan from Euglena gracilis (Sigma-89862, USA) 

served as a positive control. 

2.4. Preparation of film-forming solutions 

Aqueous EPS solutions (2.5, 5.0, 7.5 and 10 g kg-1) were 

prepared under continuous stirring. Glycerol (Baker, 

Mexico) was added as the plasticizer at 6.25, 12.5, 25.0, 

37.5 or 50.0 g per 100 g EPS to assess plasticizer level 

effects.  

2.5. Rheology of filmogenic dispersions  

Rheological behavior of the selected EPS concentration 

was characterized using Haake ReoStress 600, PP35 plate 

and plate geometry (1 mm gap) at 25 °C. Shear rate 

increased from 0 to 500 s⁻¹ (4.167 s⁻² acceleration) and then 

decreased with a similar magnitude. Data were fitted to 

Ostwald-de Waele model, t = k·Dⁿ, where D was shear rate 

(s⁻¹), t was shear stress (Pa), k was the consistency index 

(Pa·sⁿ) and n was the flow index (dimensionless). Apparent 

viscosity was reported at 300 s⁻¹. 

2.6. Film casting and conditioning 

 Twenty-five grams of each filmogenic solution were 

cast into 8.7-cm Petri dishes and dried at 40 °C for ~6 h to 

constant mass using ventilated oven. Films were removed 

and equilibrated at 20 °C and 75% relative humidity (RH). 

Prior to mechanical and permeability assessments, 

specimens were conditioned based on ASTM D618-61 at 25 

°C ±2 and 51% RH over saturated magnesium nitrate for at 

least 48 h and then sealed using plastic bags and desiccators. 

2.7. Dynamic mechanical thermal analysis 

Glass-transition temperature (Tg) of EPS/glycerol films 

was assessed using dynamic mechanical thermal analysis 

(DMTA) instrument (Triton Technology, UK) equipped 

with liquid nitrogen and film grips for uniaxial assessment. 

Samples (initial grip separation of 5.5 mm) were assessed 

using small sinusoidal strain (1 Hz, 0.02%), while heating 

from 69 to 159.6 °C at 5 °C min⁻¹. To minimize water loss, 

the exposed film surface was partially covered with 

aluminium foil, leaving the clamped ends uncovered [12]. 

Storage modulus (E′) and loss tangent (tan δ) were recorded 

versus temperature. The Tg was recorded at the midpoint 

between the tan δ peak and the onset of the sharp drop in E′. 

Assessments were carried out in triplicate. 

2.8. Mechanical assessment 

Tensile strength (TS) and elongation at break (E) were 

assessed at 25 °C using Testometric M350‑10CT (United 

Kingdom) based on ASTM D882 [13]. Strips (25 × 100 mm) 

were conditioned for 48 h at 51% RH (saturated magnesium 

nitrate), clamped with an initial grip separation of 50 mm 

and pulled at 50 mm min-¹. Stress-strain curves were 

recorded; TS was calculated from the maximum load 

divided by the initial cross-sectional area (MPa) and E was 

the percentage increase in length at rupture associated to the 

initial gauge length. For puncture assessment, discs (3 cm in 

diameter) were probed perpendicularly with a 3-mm 

cylindrical tip at 50 mm min-¹ to investigate puncture 

strength (PS) and puncture deformation (PD). 

2.9. Physicochemical characteristics 

Moisture content was achieved by drying films at 105 °C 

±1 to constant mass and expressed as grams water per 100 g 

material. Water activity was assessed using quaLab meter 

(Decagon Devices, USA). Thickness was assessed using 

Check Line DCN‑900 (USA); fifteen random positions per 

specimen were averaged. Transparency was assessed from 

A600 assessed using Beckman DU650 (USA) and 

normalized by thickness (A600 mm-¹) according to [14,15]. 

Solubility of films with or without 25 g glycerol per 100 g 

polysaccharide was assessed by incubating samples in 

deionized water at 20, 37 or 100 °C for 2 h under agitation; 

then, supernatant polysaccharides were quantified using 

anthrone method [16].  

2.10. Water-vapor permeability 

The WVP was assessed based on ASTM E96 with minor 

modifications [17]. Each film sealed a 0.00181 m² aperture 

on a permeation cell held at 20 °C with 75% RH gradient 

(0% inside with anhydrous CaCl2; 75% outside with 

saturated NaCl). Mass gain under steady state after ~2 h was 

recorded at eight time points. The driving force included 

1,753.55 Pa. 

2.11. Statistical analysis 

 All experiments were carried out in triplicate and 

reported as means. Statistical analyses were carried out 

using SPSS v.10.0 for Windows (IBM, USA). 

3. Results and Discussion 

3.1. Crude exopolysaccharides and films 

Alcohol‑precipitated EPS achieved from W. confusa 

NH02 are sometimes labeled as dextran, when composition 

is not explicitly resolved. In practice, the precipitate can 

include multiple glucan-type and hetero-polysaccharide 

fractions depending on cell morphology during culture and 

the specific fermentation regime [18]. In the present study, 

pooled alcohol‑precipitated material from three 

independent fermentations comprised ~65% glucan and its 

average molecular mass exceeded 1.13 × 106 Da using 

HPLC analysis [4]. Films cast from the melanin-deficient 

W. confusa NH02 EPS were optically clear and colorless 

(Fig. 1), water‑soluble and resisted cracking on folding. 

http://creativecommons.org/licenses/by/4.0/
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Introducing glycerol did not visibly alter color/clarity or 

qualitative solubility; however, high plasticizer loadings (> 

50 g per 100 g EPS) yielded tacky films that adhered 

strongly to Petri dishes and were difficult to remove intact. 

The EPS level in the film‑forming dispersion was selected 

to balance transparency, flexibility and ease of plate release. 

As expected, film thickness increased with increasing 

polysaccharide concentration. 

 

(a) 
 

 

 

 

(b)  

 
 

Figure 1. Solubility of exopolysaccharide films of (a) plasticized films at the indicated temperatures, (b) films plasticized with 

25 g glycerol per 100 g exopolysaccharide. Films were prepared from crude exopolysaccharide of Weissella confusa NH02. 

Data are mean ±SD (n = 3). Bars not sharing a lowercase letter differ significantly (p < 0.05). 
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3.2. Rheology of filmogenic dispersions  

The EPS film-forming dispersion showed non-

Newtonian pseudoplastic behavior within the assessed shear 

range, as verified by fitting to Ostwald-de Waele model 

(Table 1). The flow behavior index (n = 0.42) indicated 

pronounced shear-thinning characteristics, while the 

consistency index (k = 3.18 Pa·sⁿ) reflected a structured 

polymer network with substantial intermolecular 

interactions. Apparent viscosity decreased with increasing 

shear rate, reaching 0.84 Pa·s at 300 s⁻¹ and suggesting 

appropriate flow characteristics for casting. This shear-

thinning behavior was attributed to progressive alignment 

and disentanglement of dextran chains under shear, which 

decreased flow resistance while preserving structural 

integrity at rest. The relatively high k value indicated strong 

hydrogen bonding and chain entanglement within α (1→6) 

dextran backbone, promoting cohesive film formation. Such 

rheological characteristics facilitated uniform spreading and 

stabilization of the filmogenic matrix, while the presence of 

a structured network in dispersion form was consistent with 

the enhanced tensile strength and flexibility observed in the 

resulting films, as improved intermolecular interactions and 

chain packing enabled efficient stress distribution and 

mechanical resilience. Similar relationships between shear-

thinning behavior, polymer network structure and improved 

mechanical performance have been reported for 

polysaccharide-based film systems [19–20]. 

3.3. Water-vapor permeability 

The WVP response showed a non‑monotonic trend with 

plasticizer content as WVP decreased as glycerol was 

increased from 0 to ~35% (w/w). However, this re-increased 

at higher fractions, with a maximum of approximately 3.36 

observed at 50% glycerol (Table 2). At moderate loadings, 

extensive hydrogen bonding between EPS chains and 

glycerol likely restricted water‑transport pathways; thereby, 

decreasing WVP [21]. In addition to an EPS:glycerol ratio 

of 60:40, the permeability increased sharply, which could be 

rationalized by heterogeneous plasticizer distribution and 

the greater hydrophilicity of glycerol linked to EPS that 

together facilitated water diffusion through the matrix. In 

humid environments, minimizing WVP is a key 

performance target for practical packaging films [22]. In 

parallel, water contact angle decreased from 94.25 (0% 

glycerol) to 65.82° (50% glycerol), indicating increased 

surface hydrophilicity with plasticization (Table 2). 

 

 

Table 1. Rheological and physicochemical characteristics of 30 g kg-1 exopolysaccharide film-forming solutions prepared from Weissella 

confusa NH02 exopolysaccharide, with and without glycerol (per 100 g exopolysaccharide). 

Values are given as mean ±SD from triplicate determinations. 

 

Table 2. Mechanical, barrier and surface characteristics of exopolysaccharide films prepared from Weissella confusa NH02 
exopolysaccharide (30 g kg-1) plasticized with glycerol (per 100 g exopolysaccharide). 

* Values are given as means ± SD from triplicate determinations. 
**Different superscript letters in the same column indicate significant differences (p<0.05). 

Glycerol conc. 

(%, w/w) 

Ostwald de Waele parameters  

(× 1000)* 
Transparency 

(A600/mm)* 

Apparent 

viscosity  

(mPa s)* 
Opacity 

(AU nm)* 

Water activity 

(aW)* 

Humidity 

(%, w/w)* 

K (Pa sn) n D = 300/s 

0 028.25±2.74 856.54±15.25 2.40±0.05 11.25±2.47 26.25±2.14 0.450±0.015 13.78±1.25 

20 30.25±5.25 841.25±12.25 2.61±0.08 12.14±1.25 29.17±1.58 0.469±0.023 15.28±2.45 

25 31.56±6.28 839.45±25.78 2.83±0.16 13.58±0.89 31.06±3.27 0.483±0.016 18.58±2.58 

30 32.65±4.45 832.87±14.25 2.95±0.24 14.57±3.25 33.78±2.74 0.495±0.024 20.14±3.47 

35 33.86±3.85 825.63±13.25 3.01±0.13 15.87±2.47 35.07±0.89 0.517±0.035 28.79±4.51 

40 34.55±2.25 816.74±10.25 3.15±0.18 16.85±3.15 37.85±1.74 0.535±0.018 31.25±1.24 

45 34.24±3.58 859.65±11.51 3.24±0.21 16.78±2.34 39.72±0.95 0.554±0.021 34.54±0.89 

50 34.23±4.74 862.78±10.25 3.36±0.14 16.12±4.25 41.51±2.54 0.561±0.014 37.84±3.77 

Glycerol 

conc. 

(%, w/w) 

Elongation at 

break (%)* 

Thickness 

(µm)* 

Puncture 

deformation 

(mm)* 

Tensile strength 

(MPa)* 

Puncture 

strength 

(N)* 

WVP (g/m s Pa × 

1011)* 

Water contact 

angle (°)* 

 

0 73.54±2.54 64.25±2.14 8.03±1.02 4.53±0.37 3.51±0.44 3.29±0.11a** 94.25±0.10a** 

20 82.65±3.76 63.17±1.58 8.54±2.09 4.85±0.24 3.69±0.52 3.14±0.08b 89.47±0.24b 

25 98.74±4.52 63.06±3.27 8.65±1.73 4.97±0.31 3.78±0.87 3.07±0.13c 85.32±0.12c 

30 120.85±8.64 62.78±2.74 8.79±0.89 5.20±0.84 3.94±0.54 2.98±0.05d 82.98±0.05d 

35 142.51±12.45 62.07±0.89 8.88±1.54 5.56±0.98 4.01±0.67 2.84±0.02e 78.96±0.08e 

40 95.93±5.75 61.85±1.74 8.51±1.75 4.81±0.74 3.70±0.81 3.15±0.24b 75.25±0.11f 

45 75.12±6.84 60.72±0.95 8.06±1.57 4.54±0.64 3.49±0.24 3.27±0.29b 69.74±0.04g 

50 70.52±5.89 60.25±2.54 7.93±0.94 4.02±0.52 3.38±0.64 3.36±0.36b 65.82±0.07h 
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This behavior could be explained by plasticizer-polymer-

water interactions and their effects on film microstructure. 

At moderate glycerol contents (up to ~35%), glycerol 

promoted intermolecular hydrogen bonding and closer 

chain packing, decreasing microvoids and limiting water-

vapor diffusion. In contrast, excess glycerol disrupted 

polymer-polymer interactions, increased free volume and 

enhanced matrix hydrophilicity, promoting moisture 

sorption and transport. Similar non-monotonic WVP trends 

associated with plasticizer-induced structural 

rearrangements have been reported for polysaccharide films 

[23–24]. 

3.4. Mechanical characteristics 

Literature reports show broad ranges for hydrocolloid‑

film mechanics due to differences in biopolymer 

structure/composition and processing conditions [25–27]. 

For the EPS/glycerol plasticized films, tensile strength (TS) 

increased initially with glycerol addition, reached a 

maximum of 5.56 MPa and then decreased as plasticizer 

content increased (Table 2). The early strengthening could 

be attributed to favorable inter-polymer hydrogen bonding 

in EPS and glycerol that improves network integrity up to 

an optimal composition of EPS:glycerol of 65:35, whereas 

excessive plasticization over this point disrupted interchain 

interactions and introduced free volume that weakened the 

film [28]. 

As the available hydroxyl content in the filmogenic 

solution increased with higher polysaccharide/plasticizer 

proportions, hydrogen-bond density and distribution 

changed as well [29]; similar to the observed turning point 

in TS. Decreased TS has been linked to 

phase-separation-like behavior in associated systems, when 

intra-polymer interactions dominate over inter-polymer 

ones [30–31]. Elongation at break (E) followed TS trends, 

with the an EPS:glycerol (65:35) formulation showing the 

largest extensibility (142.51%). At small to moderate 

plasticizer contents, glycerol enhanced ductility without a 

penalty in TS; similar behavior has been reported for 

kefiran-based plasticized films [32].  

 The dextran-based film developed in this study 

demonstrated tensile strength (5.56 MPa) and elongation at 

break (142 %( , exceeding typical values reported for 

bacterial α-glucan films (TS < 3 MPa, E < 60 %.( This 

enhanced performance could be attributed to the structural 

characteristics of dextran produced by W. confusa, whose 

α(1→6 (backbone with α(1→3 (branches promoted chain 

entanglement and extensive hydrogen bonding; thereby, 

improving film cohesion. Moreover, the optimized glycerol 

content likely provided effective plasticization by 

increasing polymer chain mobility while preserving matrix 

integrity. Controlled drying conditions might promote dense 

polymer packing and decreased microstructural defects. 

Similar improvements in strength-flexibility balance due to 

plasticizer optimization and intermolecular interactions 

have been reported for polysaccharide-based films in recent 

studies [23, 33]. Collectively, these factors explain the 

superior mechanical performance. 

3.5. Dynamic mechanical thermal analysis 

The DMA/DMTA is widely used to probe viscoelastic 

transitions in glycerol-containing biopolymer films [34–36]. 

For EPS/glycerol blends, the E′ and tan δ curves showed 

single relaxation associated to the glass transition; Tg 

decreased significantly with increasing glycerol content, 

shifting from approximately 85 °C in the unplasticized EPS 

film to less than -15 °C at 50% (w/w) glycerol, as evidenced 

by the progressive left shift of the tan δ peak and the storage 

modulus drop (Fig. 2). This pronounced depression of Tg 

demonstrated the high plasticizing efficiency of glycerol 

and the increased mobility of EPS chains. Changes in Tg 

reflected molecular-level compatibility and the evolving 

polymer network; EPS functional groups could form 

interpenetrating networks with the companion phase, 

modulating chain mobility; similar to classical structure-

characteristics relationships in amorphous polymers [37]. 

The presence of one tan δ peak and a single-step drop in E′, 

without additional α-relaxations or separate melting events, 

indicated no detectable phase separation; single Tg in 

DMTA commonly signifiesd strong component 

compatibility [38].  

4. Conclusion 

This study provides the first evidence that EPS recovered 

from LAB W. confusa NH02 (from Nham) can be processed 

into continuous films and systematically maps how glycerol 

tuning governs physical, mechanical and barrier attributes. 

With increasing glycerol, WVP decreased from 0 to ~35% 

glycerol and then increased at higher fractions. Mechanical 

performance peaked nearly EPS:glycerol (65:35) (TS 5.56 

MPa; E 142.51%), after which additional plasticizer 

decreased strength and extensibility. The DMTA revealed 

single glass transition in compositions, supporting good 

compatibility of the EPS and glycerol phases. Furthermore, 

Tg decreased dramatically with increasing glycerol content, 

shifting from approximately 85 °C in the unplasticized EPS 

film to les than -15 °C at 50% (w/w) glycerol, as indicated 

by the left shift of the tan δ peak and the corresponding drop 

in storage modulus. This strong depression of Tg verified 

the high plasticizing efficiency of glycerol and enhanced 

chain mobility within the EPS matrix. In conclusion, 

plasticized EPS films offer a promising platform for food-

contact uses, where a balanced combination of strength, 

flexibility and moisture control is needed. 
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Figure 2. Temperature dependence of (a) storage modulus (E′) and (b) loss tangent (tan δ) for exopolysaccharide/glycerol plasticized films. 
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 وایسلا کانفوسا ساکاریدهای حاصل ازهای پلاستیکی شده از اگزوپلیتوسعه و شناسایی فیلم

NH02 
 

 *4مانیرات سوپاسیل ،4آواپاک ماتیرا ،3نگاونگ-ریانسا ویبون ،2دیکیت پاوینا ،1اتیپان سایمای

 ، تایلند۰۹11۹سونگخلا، مؤسسه حلال، دانشگاه پرنس سونگلا، هت یای،  .1

 ، تایلند۰۹۹۹۹برنامه بیوتکنولوژی، دانشکده علوم و فناوری، دانشگاه سونگخلا راجابهاث، سونگخلا  .2

 دگروه فناوری و مدیریت صنایع کشاورزی، دانشکده صنایع کشاورزی دیجیتال، دانشگاه فناوری کینگ مونگکوت نورث بانکوک، پراچینبوری، تایلن .3

 برداری پایدار از منابع زیستی، دانشکده صنایع کشاورزی، دانشگاه پرنس سونگلا، هت یای، سونگخلا، تایلندبیوتکنولوژی نوآورانه برای بهرهمرکز تعالی در  .4

 ریخچه مقالهتا

  2۹25 نوامبر 18دریافت 

 2۹26 فوریه 28داوری 

 2۹26 مارس 13پذیرش 

    2۹26 مه 24چاپ 

  چکیده 

وراکی های خهای مشتقات نفتی، علاقه به مصرف فیلمبندیمحیطی در مورد بستهزیستهای نگرانی سابقه و هدف:

تیک های اسید لاکساکاریدهای حاصل از باکتریپذیر از منابع تجدیدپذیر را افزایش داده است. اگزوپلیتخریبزیست

، جدا شده از گوشت NH02 ویسلا کنفوساهستند.  فیلم، ایمنی و عملکردشان امیدبخش به دلیل توانایی تشکیل

ساکاریدهای گلوکان با وزن مولکولی بالا و مناسب برای تشکیل فیلم (، اگزوپلیNhamخوک تخمیر شده تایلندی )

تواند ساکارید به تنهایی شکننده و حساس به رطوبت هستند. گلیسرول میهای اگزوپلیکند. با این حال، فیلمتولید می

های را بهبود بخشد. در این مطالعه فیلممهاری های پذیری و ویژگیلکولی، انعطافهای بین موبا اصلاح برهمکنش

 های فیلم ارزیابی می شود.تولید و تأثیر محتوای گلیسرول بر ویژگی NH02 ویسلا کنفوساساکارید از اگزوپلی

شدند. محلول حاصل دن وری تولید و با رسوب اتانول و خشک کرساکارید با تخمیر غوطهاگزوپلی ا:مواد و روش ه

گرم  1۹۹گرم در هر  5۹تا  6.25ساکارید با گلیسرول )گرم بر کیلوگرم اگزوپلی 1۹تا  2.5فیلم حاوی  دهندهتشکیل

شده قرار داده شدند. گراد خشک و تحت رطوبت کنترلدرجه سانتی 4۹ساکارید( تهیه شدند. مخلوط، در دمای اگزوپلی

های دی ویل برازش داده شد. ویژگی-با مدل اوستوالدرفتار رئولوژیکی با استفاده از رئومتر چرخشی تجزیه و تحلیل و 

ارزیابی شدند. میزان رطوبت، فعالیت آبی، ضخامت،  "انجمن آمریکایی آزمایش و مواد"های مکانیکی با استفاده از روش

یکی مهای استاندارد ارزیابی شدند. آنالیز حرارتی دیناشفافیت، حلالیت و نفوذپذیری بخار آب با استفاده از تکنیک

 ها در سه تکرار انجام شد.ای را بررسی کرد. همه ارزیابیمکانیکی، رفتار ویسکوالاستیک و دمای انتقال شیشه

شوندگی پذیر شفافی تولید کردند و مخلوطها رفتار رقیقهای انعطافساکاریدها فیلماگزوپلی گیری:و نتیجهها یافته

دادند. گلیسرول به شدت بر عملکرد تأثیر گذاشت به طوری که ( نشان castingگری )برشی مناسبی برای ریخته

گلیسرول به دلیل بهبود فشردگی پلیمر کاهش یافت و سپس در سطوح بالاتر به  ٪25نفوذپذیری بخار آب در سطح 

های مکانیکی در سطوح متوسط پلاستیسایزر بهبود یافتند، و عملکرد دوستی افزایش یافت. ویژگیدلیل افزایش آب

(، در حالی که ٪142 ≈مگاپاسکال؛ ازدیاد طول  TS ≈ 5.56) 65:35ساکارید:گلیسرول ینه در نسبت اگزوپلیبه

گلیسرول اضافی ماتریس را تضعیف کرد. تجزیه و تحلیل حرارتی مکانیکی دینامیکی نشان داد که با افزایش گلیسرول، 

دهنده سازگاری قوی و پلاستی یابد، که نشاناهش میدرجه سانتیگراد ک 15-به کمتر از  85دمای گذار واحد از حدود 

به عنوان مواد  NH02 ویسلا کنفوساساکاریدهای پلاستیسایز شده از های اگزوپلیسایرزی کارآمد است. فیلم

پذیری و مانع رطوبت قابل تنظیم، نویدبخش های مقاومت، انعطافپذیر در تماس با مواد غذایی با ویژگیتخریبزیست

 هستند.
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