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ABSTRACT 

The poly(butylene adipate-co-butylene terephthalate)/polylactide (PBAT/PLA) have attracted a great deal 

of attention in recent years due to their excellent (bio)degradability. In this study, the PBAT/PLA-based 

films with and without randomly methylated β-cyclodextrin (RM-β-CD) were prepared using solvent-

casting and pressing techniques to evaluate the physiochemical and degradation properties of the obtained 

films. The characterisation of PBAT/PLA-based films was conducted by using microscopes (optical and 

AFM), GPC, DSC, and XRD measurements. In addition, degradation tests in water at 37 and 70 ℃ were 

conducted under abiotic conditions for 70 days. The research revealed that the addition of RM-β-CD 

resulted in shifts in the glass transition temperature and greater ordering of PBAT/PLA-based films as 

well as a slight decrease in cytocompatibility. However, antimicrobial activity and cytotoxicity studies 
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performed did not reveal any risks for their possible applications. Analysis of the degradation progress 

showed that at 37 °C a slight molar mass loss for solvent-cast films and a slightly higher loss for solvent-

cast films with RM-β-CD were noticed. No changes were observed in the more ordered pressed films. 

Hydrolytic degradation of all PBAT/PLA-based films during incubation at 70 °C resulted in a continuous 

decrease in the molar mass. Solvent-cast films are characterised by poor miscibility and phase separation, 

resulting in high roughness. However, the higher temperature during degradation and generally the 

addition of RM-β-CD to the polymer matrix improved their miscibility. 

Keywords: Randomly methylated β-cyclodextrin, Poly(butylene adipate-co-butylene terephthalate), 

Polylactide, PBAT/PLA, Ecovio®, Hydrolytic degradation 

 

1. Introduction 

Much effort has been made in recent years to design and develop a suitable replacement for non-

biodegradable polymers as a way to address the pressing issue of plastic pollution and its management 

[1–3]. It was through this research work that led to the creation of the poly(butylene adipate-co-butylene 

terephthalate) (PBAT) copolymer. This is a versatile random copolymer consisting of butylene adipate 

(BA) and butylene terephthalate (BT) units and has attracted significant interest due to its green, 

environmentally friendly, and (bio)degradable attributes [4–7]. PBAT offers both aliphatic and aromatic 

moieties in the same polyester chains, providing a combination of (bio)degradability and high-

performance properties that are regarded as an eco-friendly alternative for other non-degradable 

packaging materials derived from petrochemical products such as polyethylene and polypropylene [5]. 

PBAT is known for its excellent ductility and high elongation at break and offers significant advantages 

over many other (bio)degradable polymers [7]. However, despite these beneficial properties, its wider 

application in various industries is hampered by several drawbacks, including low tensile strength, low 

stiffness and high cost [6]. Nevertheless, PBAT is an ideal polymer used as a component of blends with 

other (bio)degradable polymers, especially those with high strength and modulus of elasticity and has 

found new product development in agricultural mulch films, medical devices, biomedical and food 
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packaging [5,8–10]. A particular polymer often used as a component of the blends is polylactide (PLA), 

which is very brittle and stiff, and this imperfection can be improved by blending it with PBAT without 

compromising the (bio)degradability of the obtained material [11]. Therefore, the polymer blend of 

PBAT/PLA is promising due to the combination of the flexibility of PBAT and the mechanical strength of 

PLA. 

The use of crystallisation nucleating agents is common in the polymerisation of PBAT, especially in the 

final stage of the manufacturing process. This is to improve the crystallisation properties of PBAT and 

thus avoid the formation of adhesions. A recent study showed that the properties of PBAT/PLA 

nanocomposite films obtained by twin-screw melt extrusion together with the melt-blowing process were 

enhanced by the inclusion of 0.5–5 wt% epoxy functionalised oligomeric silsesquioxane [12]. Talc 

(Mg3Si4O10(OH)2) is usually used in PBAT/PLA commercial blend (Ecovio®) as a nucleating agent in 

polymer matrices due to its neutral charge and hydrophobicity. Talc has a characteristic three-layer 

structure held in place by weak van der Waals forces and these layers can slide past each other relatively 

easily if subjected to shearing. The structure and softness of talc make it an ideal filler that can be dispersed 

under shearing to improve the properties of the polymer composites, but it also reduces overall cost as a 

cheap filler. The addition of β-cyclodextrin (β-CD) is known to also have a nucleation effect and 

influences the crystallisation, degradation, and thermostability of the polymer [13,14]. The added 

advantage of using β-CD as a nucleation agent is that it is starch-based and thus environmentally friendly 

and safe for both nature and humans compared to other conventional nucleating agents, e.g. boron nitride, 

mica, silicon oxides, and calcium carbonate [15–17].  

There are previous reports on β-CD and its wide application in polymer chemistry where different 

polymers have been mixed with it, but not many reports using PBAT/PLA. Recently, PBAT/PLA-based 

films were investigated as a base material for the β-CD embedded Elsholtzia Willd. essential oil, and the 

antibacterial properties and their application in extending the shelf life of food products were evaluated 

[18]. The interaction between poly(L-lactide) (PLLA) and cyclodextrin (CD) derivatives was investigated 

in order to design new materials for pharmaceutical and biomedical purposes [19,20]. Due to the unique 
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conical structure of CD, with a hydrophobic central cavity and a hydrophilic outer surface, by adding it 

to PLLA, a mask based on nanofiber membranes was obtained, capable of filtering ultrafine particles and 

volatile organic compounds [20]. CDs have also been shown to form inclusion complexes with poly(-

caprolactone) to give crystalline compounds [21–23]. There have also been reported studies on the 

incorporation of β-CD into other polymers, e.g. poly(butylene succinate) [24]. High molar mass polymer 

inclusion compounds between polyamides such as nylon 6 and β-CD have also been reported [25]. In one 

of our recent studies on PLA films, the effect of randomly methylated β-CD (RM-β-CD), selected for its 

better solubility in organic solvents and better compatibility with polymers in a physical mixture, on PLA 

films exhibiting liquid crystal properties was highlighted [13]. This phenomenon occurred when RM-β-

CD was introduced into the polymer matrix and caused a chiral nematic mesophase transition that took 

place during pressing. It was also shown that this property is independent of both the temperature and 

time applied. 

The medical and pharmaceutical applications of PBAT/PLA are limited despite the fact that this blend has 

great potential for much wider industrial applications. However, it has been investigated for use in medical 

purposes [26–28]. PBAT/PLA electrospun mats loaded with cerium(IV) oxide nanoparticles as active 

agents were reported. The potential application of these mats as antibiotic carrier agents against 

Staphylococcus aureus and Escherichia coli was investigated [29]. 

In the present work, the objective was to investigate the influence of RM-β-CD on the morphology, 

thermal properties, and crystallinity of PBAT/PLA blend. In particular, the study examined the potential 

of RM-β-CD to improve the stability of PBAT/PLA-based materials during degradation. Although the 

PBAT/PLA blends have been widely studied for various applications, to our knowledge, the effect of 

adding native CDs or CD derivatives to this polymer blend was not reported. The PBAT/PLA blend with 

RM-β-CD was characterised by optical microscope, atomic force microscopy (AFM), gel permeation 

chromatography (GPC) analysis, differential scanning calorimetry (DSC), and X-ray diffraction (XRD) 

measurement. The antimicrobial activity and in vitro cytotoxicity of the as-prepared PBAT/PLA films 

were also evaluated. 
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2. Materials and methods 

2.1. Materials 

Random methyl-β-cyclodextrin (RM-β-CD) with degree of substitution DS ~12 from CycloLab Ltd 

(Budapest, Hungary) was used as received. Poly(1,4-butylene adipate-co-1,4-butylene 

terephthalate)/polylactide (PBAT/PLA) commercial blend (Ecovio®F Mulch C2311) containing 47 mol% 

of aromatic segments and 25 mol% of PLA (determined by 1H NMR [30]) granules from BASF 

Ludwigshafen, Germany were used to prepare solvent-cast films.  

2.2. Film preparation 

The investigated films were first prepared by solvent casting method. PBAT/PLA pellet or PBAT/PLA 

pellet with 0.5 wt% RM-β-CD was dissolved in chloroform to obtain a concentrated solution of polymer 

(10 wt%), which was then used to cast the films onto Teflon discs. Obtained PBAT/PLA or PBAT/PLA 

with 0.5 wt% RM-β-CD films had a diameter of around 11 cm ± 0.5 cm and thickness of 0.30 ± 0.05 mm. 

Films were cut into pieces with an average mass m = 0.08 ± 0.02 mg and a diameter of 2.0 ± 0.02 cm. 

Two pieces of the resulting pure films (without RM-β-CD) were put together and pressed to produce 

pressed PBAT/PLA films. In the case of pressed PBAT/PLA films with RM-β-CD, 0.5 wt% of RM-β-CD 

was evenly distributed with a brush between two pieces (layers) of the resulting pure films (without RM-

β-CD) and pressed to produce pressed PBAT/PLA films with RM-β-CD. Pressed films had an average 

mass m = 0.14 ± 0.02 mg and a diameter of 4.80 ± 0.02 cm. 

2.3. Antimicrobial activity test 

Stock cultures of both microorganisms, Gram-negative Escherichia coli (K12W-T) and Gram-positive 

Staphylococcus aureus (NCIMB 6571) obtained from the culture collection of the University of 

Wolverhampton, were freeze-dried and kept at −20 °C. Before experiments, both cultures were 

resuscitated and grown on tryptone soya agar (TSA, Lab M, Lancashire, UK) and incubated for 48 h at 

37 °C. Then, prior to the experiments, cultures were grown overnight in tryptone soya broth (TSB, Lab 

M, Lancashire, UK) using the stock plates with Penicillin G (Thermo Scientific™ Oxoid™, 

Leicestershire, UK) as a control. The antimicrobial activity was investigated using the disc diffusion assay. 
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Pressed PBAT/PLA and PBAT/PLA/RM-β-CD films (3 replicates for each organism) were aseptically 

placed on TSA plates previously spread with overnight microbial cultures and incubated at 37 °C for 24 

h. The results were presented as a zone of inhibition [mm] after 24 h of incubation. 

2.4. In vitro cytocompatibility test 

The effect of the pressed PBAT/PLA and PBAT/PLA/RM-β-CD films on cell viability was studied using 

mammalian fibroblasts, MRC-5 (Medical Research Council cell strain 5, fetal lung fibroblasts). 

Fibroblasts were cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 4.5 g/L glucose, 

supplemented with fetal bovine serum (10 %), antibiotic antimycotic (1 %), L-glutamine (2 mM) and 

incubated at 37 °C in a humidity incubator with 5 % carbon dioxide (CO2). The procedure is described in 

[33]. The cytotoxic effect of samples on cell viability was evaluated by standard 3-(4,5-dimethyl-1,3-

thiazol-2-yl)- 2,5-diphenyl-2H-tetrazol-3-ium bromide (MTT) cytotoxicity assay (Sigma, Dorset, UK) by 

adding 5 mg/mL MTT solution in all the wells and incubated for 3 h. This was followed by solubilising 

the formazan crystals with dimethylsulfoxid (DMSO) and Sorensen’s glycine buffer (pH = 10.5). Cell 

viability was calculated using the mean (n = 6) absorbance measured at 540 nm and the results were 

statistically analysed by ANOVA with a Tukey’s multi comparisons test using GraphPad Prism (version 

7.02, GraphPad Software Company, Boston, MA, US). 

2.5. Abiotic degradation 

The abiotic degradation test was conducted in demineralised water at 37 and 70 °C (± 0.5 °C) according 

to International Standard ISO 13781:2017 [31] or 70 days as described elsewhere [26]. The samples were 

incubated in screw-top bottles containing 25 ml of demineralised water. Following the specified period of 

degradation, the samples were removed from the medium and dried at room temperature. 

2.6. Optical microscopy 

The morphology of all the pressed films was observed with a Zeiss optical microscope (Opton-Axioplan, 

Oberkochen, Germany) equipped with a Nikon Coolpix 4500 (Tokyo, Japan) colour digital camera. The 

samples were placed on a microscope slide with a cover slip. Microscopic observations were performed 

at a magnification of 120×. 
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2.7. Atomic force microscopy (AFM) 

AFM measurements were conducted using a Dimension ICON AFM microscope equipped with a 

NanoScope V controller (BRUKER Corporation, Santa Barbara, CA, US) operating in a soft tapping 

mode in air, utilising a standard 125 μm long and 10−15 μm high tip and a single-crystal doped silicon 

cantilever with a flexural stiffness of 10−130 N m−1 (Model PPP-NCH 10, NANOSENSORS, Neuchatel, 

Switzerland). Images were obtained with a piezoelectric scanner having a nominal size of 85 μm × 85 μm 

size and recorded using NanoScope Analysis 1.9 Software (BRUKER Corporation, Santa Barbara, CA, 

US), with the most representative images selected from three measurements taken on multiple samples. 

2.8. Gel permeation chromatography (GPC) analysis 

The molar mass and molar-mass dispersity of the films were determined using GPC conducted in 

chloroform solution at 35 °C with an eluent flow rate of 1 mLmin−1 with a set of two PL-gel 5 μm 

MIXED-C ultrahigh efficiency columns (Polymer Laboratories) with a mixed bed and a linear range of 

Mw = 200–2000000 gmol−1. A Nexera HPLC/UHPLC Pump − LC-40DXR (Shimadzu, Kyoto, Japan) as 

the solvent delivery system with differential refractive index detector Shodex SE 61 was applied. 10 μL 

of 0.3 % mV−1 of sample solution was injected into the system. Polystyrene standards (Calibration Kit S-

M-10, Polymer Laboratories, Church Stretton, UK) with narrow molar-mass dispersity were used to 

generate a universal calibration curve. The molar masses of the samples were determined using OmniSEC 

5.0 (Viscotek, Malvern Panalytical Ltd, Malvern, UK) software. 

2.9. Mass change studies 

For mass change studies, the tested films were weighed before and after specific degradation times at both 

temperatures. The percentage mass loss [%] was calculated through equation (1): 

 

    %mass loss = (m1 – m2)/m2 x 100,     (1) 

where m1 and m2 represent the initial and final mass of the sample, respectively. 

2.10. pH analysis 
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The pH of the degradation media was measured at room temperature using a Mettler Toledo 

SevenMultiS40 pH-meter (Schwerzenbach, Switzerland; resolution: ± 0.1 mV, ± 0.001 pH units) equipped 

with anInLab®Science Pro 3-in-1 electrode with reference system ARGENTHAL™ and Agþ trap and 3 

mol/L KCl inner reference electrolyte (Metrohm, Switzerland) calibrated with buffers of pH = 4.01 ± 

0.02, pH = 7.00 ± 0.02 and pH = 9.21 ± 0.02 (Mettler Toledo, Switzerland) at room temperature. 

2.11. Differential scanning calorimetry (DSC) 

Thermal characteristic of the pressed films was obtained using the TA-DSC Q2000 apparatus (TA 

Instruments, Newcastle, DE, US). The instrument was calibrated with high-purity indium. DSC studies 

were carried out at a temperature from −70 to 200 °C with a rate of 20 °Cmin−1 (I-heating run and II-

heating run after rapid cooling). All of the experiments were performed under a nitrogen atmosphere with 

a nitrogen flow rate of 50 mLmin−1, using aluminium standard sample pans. The melting temperature 

(Tm) was taken as the peak temperature maximum of that melting endotherm, and the glass transition 

temperature (Tg) was taken as the midpoint of the heat capacity change of the sample.  

2.12. X-Ray diffraction studies (XRD) 

XRD studies were performed using the D8 Advance diffractometer (Bruker AXS, Karlsruhe, Germany) 

with Cu-Kα cathode (λ=1.54 Å) operating at 40 mA current and 40 kV voltage. The collection of data has 

been performed by LYNXEYE XE-T linear detector. The scan rate was 2.4°/min with scanning step 0.02° 

in the range of 5° to 50° 2θ. 

All experiments and measurements were performed in triplicate. 

3. Results and discussion 

3.1. Antimicrobial activity and cell viability studies 

As the RM-β-CD/polymer mixture may have antimicrobial activity [34], the antimicrobial properties of 

pressed PBAT/PLA films without and with the addition of RM-β-CD were assessed. After 24 h of 

incubation, no zone of inhibition was observed for the tested microorganisms. These findings confirmed 

that the tested films show no antimicrobial activity against both tested bacteria Gram-negative, 

Escherichia coli and Gram-positive, Staphylococcus aureus (Table 1). 
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Table 1. Antimicrobial activity assessment of PBAT/PLA and PBAT/PLA/RM-β-CD films. 

Sample 

Staphylococcus aureus – 

zone of inhibition [mm] 

Escherichia coli – zone of 

inhibition [mm] 

Pressed PBAT/PLA film Not detected Not detected 

Pressed PBAT/PLA/RM-β-

CD film 

Not detected 

Not detected 

Penicillin G (control) 5.00 (± 1) Not detected 

 

The cytocompatibility of pressed PBAT/PLA films was also tested because, as (bio)degradable polymers, 

they should be environmentally friendly and non-toxic, as are their additives such as RM-β-CD. In vitro 

MTT assays were performed on pressed films without and with the addition of RM-β-CD (Table 2). 

 

Table 2. MTT assay results after 24, 96 and 192 h of exposure to pressed PBAT/PLA and PBAT/PLA/RM-

β-CD films. 

Sample Time [h] 

24 96 192 

Mean cell viability [%] 

Mean Std. 

deviation 

Mean Std. 

deviation 

Mean Std. 

deviation 

Pressed PBAT/PLA film 102.0 8.3 105.3 11.1 84.1 6.3 

Pressed PBAT/PLA/RM-

β-CD film 

98.8 8.4 84.1 5.5 77.7 5.2 
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The pressed PBAT/PLA film demonstrated a mean cell (MRC-5) viability of 102.0 ± 8.3 % at 24 h (Table 

2). The pressed PBAT/PLA film with RM-β-CD also demonstrated high cytocompatibility (98.8 ± 8.4 %) 

at 24 h. Furthermore, the cytocompatibility at 96 h for pure PBAT/PLA film was still high, but in the case 

of the PBAT/PLA/RM-β-CD film a slightly reduction in cytocompatibility was recorded (Table 2). After 

192 h, a decrease of cytocompatibility was observed in both the tested films. The overall results indicate 

that adding RM-β-CD may be contributing towards reduced cell viability. The morphological examination 

showed no change in fibroblast morphology after 24 h of exposure (Figure 1). 

 

Figure 1. In vitro cytocompatibility test results. Representative optical photomicrographs of cells captured 

at 10× magnification after exposure for 24 h to pressed PBAT/PLA and PBAT/PLA/RM-β-CD films. 

 

3.2. Abiotic degradation study 

Hydrolytic degradation of polyesters occurs through the absorption of water and subsequent hydrolysis 

of the ester bonds. In this study, temperatures of 37 and 70 °C were chosen for the degradation experiment. 

High-temperature tests serve as a predictor of long-term stability. The hydrolytic degradation of 

PBAT/PLA and PBAT/PLA/RM-β-CD, processed as solvent-cast or pressed films, was carried out in 

laboratory conditions for a period of 70 days. The progress investigation of the hydrolytic degradation of 

PBAT/PLA-based films involved a comprehensive analysis of various factors, including the effect of the 

pressing process and the incorporation of RM-β-CD. Key parameters such as mass loss, changes in molar 

mass and molar-mass dispersity, pH variations in the incubation solution, and thermal properties of the 

samples were carefully monitored to assess the process. The material was also assessed by failure analysis 
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(microscopic observations of the film surfaces), XRD, antimicrobial activity and cytocompatibility 

studies. 

3.2.1. Failure analysis of PBAT/PLA-based films 

The surface morphology of the films before and after degradation was characterised using optical and 

atomic force microscopy. Before degradation, the films had a flat and smooth surface (Figure 2). There 

are no obvious surface changes after degradation at 37 °C. After degradation at 70 °C, cracks were 

observed after 70 days. It also appears that pressed films are less transparent after degradation, which may 

be indicative of material ordering [35,36]. 

 

Figure 2. Selected digital micrographs (120×) of solvent-cast and pressed (P) films before and after 70 

days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD. 

 

AFM topography images (Figure 3) provide information on surface morphology, thereby characterising 

the extent of defects and surface roughness parameters such as grain size or one of the most commonly 

used parameters – RMS roughness/value (root mean square deviation, Rq), and three-dimensional (3D) 

roughness average (arithmetic mean deviation, Ra) [13]. 
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Figure 3. Selected representative AFM height sensor images with a scan size of 10 × 10 μm of solvent-

cast and pressed (P) films before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – 

PBTA/PLA, CD – RM-β-CD. 

 

Table 3 shows Ra, which is the mean height calculated over the entire measured surface, and Rq, which is 

the square root of the height distribution on the surface and is considered more sensitive than Ra to large 

deviations from the mean plane [13]. 

 

Table 3. Roughness of solvent-cast and pressed films before and after 70 days of hydrolytic degradation 

at 37 and 70 °C. 

Sample Solvent-cast 

PBAT/PLA film 

Solvent-cast 

PBAT/PLA/RM-

β-CD film 

Pressed 

PBAT/PLA film 

Pressed 

PBAT/PLA/RM-

β-CD film 

Before degradation 
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Rq [nm] 763 ± 145 795 ± 176 208 ± 199 87 ± 16 

Ra [nm] 581 ± 123 628 ± 153 119 ± 96 59 ± 8 

Image Z range* 

[nm] 

4754 ± 913 5368 ± 1035 1941 ± 1741 1525 ± 500 

After degradation at 37 °C 

Rq [nm] 483 ± 42 80 ± 4 760 ± 32 271 ± 28 

Ra [nm] 383 ± 34 62 ± 4 571 ± 56 194 ± 2 

Image Z range* 

[nm] 

3542 ± 127 721 ± 141 5799 ± 501 2520 ± 536 

After degradation at 70 °C 

Rq [nm] 505 ± 99 88 ± 8 642 ± 213 467 ± 40 

Ra [nm] 408 ± 35 70 ± 3 342 ± 76 346 ± 21 

Image Z range* 

[nm] 

3549 ± 345 711 ±133 5047 ± 4951 4574 ± 645 

* Image Z range corresponds to the maximum roughness 

 

Solvent-cast films exhibit poor miscibility and phase separation, as indicated by high roughness values. 

On the other hand, the roughness of the films after pressing decreases significantly. The solvent-cast 

PBAT/PLA pure film before and after degradation exhibits a similar rough surface with RMS roughness 

of 763 nm (before degradation), slightly lower 483 and 505 nm (after degradation at 37 and 70 °C, 

respectively, Table 3, Figure 3). In blended systems, miscibility is one of the most important factors 

influencing the final material properties and its degradation [37,38]. In less miscible blends, there is a 

phase separation of the components and therefore the roughness is high, and the temperature during 

degradation may facilitate miscibility. When combined with a more stable polymer such as PBAT, the 

roughness decreased slightly after 70 days of degradation due to the partial degradation of the PLA 

component, especially at 70 °C. 
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The addition of RM-β-CD in combination with an increased temperature improved the miscibility of the 

components of the PBAT/PLA blend, which significantly (10-fold) reduced the roughness. It is well 

known that CD forms insoluble crystalline host-guest inclusion complexes in water at high temperatures 

with many (bio)degradable polyesters. Inclusion complexes as well as the direct addition of CD can 

increase nucleation and promote crystallisation of these polyesters, depending on the amount of CD used. 

In the structure of inclusion complexes, some of the polymer chains are located inside the CD cavity, and 

the presence of hydrophilic and hydrophobic moieties helps to improve the miscibility of the inclusion 

complexes within the polymer matrix. However, when the inclusion complex is not formed, the outer 

sides of the structure of β-CD molecules can interact with the polymer chains [14]. 

During pressing, the films significantly lose their roughness, and again in the case of RM-β-CD addition, 

pressing and high temperature promote a greater reduction in roughness. However, during incubation in 

water, the roughness of pressed films evolves to higher values than in the case of solvent-cast films. 

Unfortunately, the roughness caused by phase separation makes it impossible to topographically assess 

the progress of film degradation. Also in the case of two or more polymers in a blend, when there is no 

thermodynamic barrier separating the phases, it can be observed spinodal decomposition into two 

coexisting phases, each of which is rich in one component and poor in the other. Characteristic intertwined 

structures are formed, which gradually become coarsen, which resembles the wrinkled surface visible in 

AFM topography images. The domains formed spontaneously as a result of spinodal decomposition then 

constitute the interfaces on which heterogeneous nucleation of the crystallisable component occurs with 

a significantly lower energy barrier. A shorter spinodal decomposition evolution time or, equivalently, a 

greater tendency towards heterogeneous nucleation, results in faster crystallisation, especially in the case 

of PBAT/PLA-based films with the addition of RM-β-CD [39]. 

In summary, no significant surface changes were observed after degradation at 37 °C. The pressed films 

degraded at 70 °C are less transparent after degradation, which may indicate material ordering. Solvent-

cast films show poor miscibility and phase separation, as evidenced by high roughness values. During 

incubation in water, the roughness of pressed films evolves to higher values than in the case of solvent-
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cast films. In the case of two components of the blend, a spinodal decomposition into two coexisting 

phases can be observed. In the resulting system, heterogeneous nucleation of the crystallisable component 

occurs, which results in faster crystallisation, especially in the case of PBAT/PLA-based films with RM-

β-CD. 

3.2.2. Assessment of the hydrolytic degradation progress 

Data from the DSC analysis of PBAT/PLA-based films during degradation is presented in Table 4.  

 

Table 4. Calorimetric parameters of solvent-cast and pressed (P) films before and after 70 days of 

hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD. 

Sample Tg1 [°C] Tg2 [°C] cp1 [J/g°C] cp2 [J/g°C] Tcc [°C]* ΔΗcc [J/g] Tm1 [°C]* Tm2 [°C] ΔHm [J/g] 

Commercial 

PBAT/PLA 

pellet 

−31.5 58.1 0.25 0.1 105.5 4.82 132.3 154.2 5.16/0.76 

Before degradation 

EV −37.0 41.0 0.32 0.24 72.9/95.0 2.04 129.7 155.2 7.85/0.07 

EVCD −28.0 47.4 0.27 0.21 91.5 5.39 130.6 155.9 8.58 

PEV −35.1 43.0 0.33 0.41 99.3 1.15 131.1 155.6 9.90/0.55 

PEVCD −33.0 45.4 0.33 0.41 102.2 7.46 134.6 155.2 7.78/0.11 

After degradation at 37 °C 

EV37 −31.8 62.1 0.34 0.13 102.7 2.14 131.4 - 8.97 

EVCD37 −31.4 15.8/59.2 0.32 0.05/0.04 108.6 4.03 138.0 152.4 9.88 

PEV37 −30.1 61.2 0.29 0.11 103.9 1.58 136.5 149.7/155.0 11.15 

PEVCD37 −29.2 13.1/61.3 0.32 0.08/0.12 103.9 3.74 138.9 154.5 10.99 

After degradation at 70 °C  

EV70 −34.9 8.1/39.8 0.36 0.21/0.14 77.6 3.52 131.6 138.4 16.31 

EVCD70 −35.0 15.8/40.7 0.39 0.08/0.11 75.3 6.10 127.0 136.0 13.09 

PEV70 −29.8 22.1 0.35 0.31 78.3 4.03 137.2 - 18.20 

PEVCD70 −34.9 40.3 0.35 0.20 81.4/111.9 6.75 135.2 138.2 12.72 

Tg1 and Tg2 – glass transition temperature of PBAT and PLA, respectively; cp1 and cp2 – the increment 

of heat capacity at the glass transition of PBAT and PLA, respectively; Tcc – the maximum of the 
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exothermic peak of the cold crystallisation temperature; ΔΗcc – cold crystallisation enthalpy; Tm1 and Tm2 

– melting temperature of PBAT and PLA, respectively; ΔHm – melting enthalpy; *Tm PBAT and Tcc PLA 

regions may overlap. 

 

PBAT/PLA blends typically exhibit two distinct Tg and Tm, similar to their pure counterparts. The Tg values 

remain around −30 and 61 °C, while the Tm are around 120 and 152 °C, respectively, corresponding to the 

PBAT and PLA components of the blend. This behaviour is due to the immiscibility of the two polymers, 

which leads to the coexistence of separate domains with distinct thermal properties. Furthermore, opposite 

cold crystallisation (Tcc) process of PLA and melting process of PBAT occurring simultaneously in the 

same temperature range make it not possible to accurately determine the degree of crystallinity of PLA 

[40]. 

It can be seen that the Tg and Tcc of the PBAT and PLA components of the blend increase after the addition 

of RM-β-CD. Additionally, pressing the samples increased the Tg of PLA component and effect of Tcc and 

Tm. The DSC traces of the PBAT/PLA-based films before degradation are shown in Figure 4. 

 

 

Figure 4. Representative DSC traces of solvent-cast and pressed (P) films before hydrolytic degradation 

(I-heating run); EV – PBTA/PLA, CD – RM-β-CD. 
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The I-heating run displays the Tg of PBAT and PLA, respectively, as well as the exothermic and 

endothermic peaks from the Tcc and the melting temperatures (see Figure 4). The presence of RM-β-CD 

in the films shifts the Tg towards slightly higher values compared to films without RM-β-CD. The 

combined nucleation effect and the fact that the PBAT component of the blend accelerates the 

crystallisation rate of PLA [5] led to an increase in the Tg of PLA component of the blend in the presence 

of RM-β-CD. In addition, the combination of the pressing effect causing some order and the addition of 

RM-β-CD as an effective nucleating agent enhanced the ordering effect and promoted the crystallisation 

kinetics. Furthermore, solvent-cast PBAT/PLA-based films had lower Tcc. These results are in agreement 

with studies showing that, due to the presence of β-CD, the internal molecular arrangement of the films 

becomes more compact as a result of their increased crystallisation [13,17,21]. 

The Tg of PLA component of the blend for the initial pellet was 58.1 °C, while for the films ranged from 

41.0 to 47.4 °C. After 70 days of incubation in water at 37 °C (see Table 4), a higher Tg value (close to 

that in the pellet) was observed for the PLA component of the blend, but at a much lower cp, which may 

indicate the plasticising effect on the film by the solvent (chloroform) used for solvent casting of the films 

and which lowered the Tg of these films. During the incubation process at 37 °C and leaching of 

degradation products from the polymer matrix (lower cp), the solvent evaporates and the Tg increases as 

degradation is low at this temperature. Whereas, for PBAT/PLA-based films with RM-β-CD, two Tg 

values were observed for the PLA component of the blend, which may indicate degradation of the polymer 

matrix as a result of the addition of RM-β-CD. This acceleration may be due to the presence of a fine 

powder, such as RM-β-CD, which may have facilitated water penetration into the polymer matrix and due 

to the more hydrophilic outer surface of RM-β-CD than PBAT/PLA-based films. As mentioned in a 

previous publication [13], RM-β-CD/polymer mixture with slightly water-soluble molecules improves the 

solubility of these molecules. CDs in particular have the ability to increase the solubility of chemical 

compounds, which may also improve their (bio)degradability. The introduction of water-soluble CD into 

the polymers not only improves their hydrophilicity, but also affects the crystallisation, degradation and 

thermal stability, because hydrophobic cavities limit the motion of macromolecular chains. Additionally, 
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if polymer CD complexes are formed, the interactions between polymer chains are decreased, due to an 

isolation effect, which affects the crystallinity [41]. 

After 70 days of incubation in water at 70 °C, the Tg value of the PLA component in the blend decreased 

as well as the Tm value due to partial degradation, which correlates with AFM analyses. A slight decrease 

in the Tg value for the PBAT component in the blend was also observed. 

Typical XRD patterns obtained for all PBAT/PLA-based films are presented in Figure 5, and the 

crystallinity of those films is listed in Table 5.  

 

Figure 5. XRD patterns of: (A) solvent-cast PBAT/PLA films (EV70, EV37 and EV); (B) solvent-cast 

PBAT/PLA/RM-β-CD films (EVCD70, EVCD37 and EVCD); (C) pressed PBAT/PLA films (PEV70, 

PEV37 and PEV); and (D) pressed PBAT/PLA/RM-β-CD films (PEVCD70, PEVCD37, and PEVCD) 

before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD, P 

– pressed. 
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Table 5. Crystallinity by XRD of solvent-cast and pressed films before and after 70 days of hydrolytic 

degradation at 37 and 70 °C. 

Sample Crystallinity [%] 

Solvent-cast 

PBAT/PLA film 

Solvent-cast 

PBAT/PLA/RM-

β-CD film 

Pressed 

PBAT/PLA film 

Pressed 

PBAT/PLA/RM-

β-CD film 

Before degradation 30 33 34 35 

After deg. at 37 °C 33 36 37 43 

After deg. at 70 °C 49 42 43 53 

 

The results show that in PBAT/PLA-based films, the impact of the fabrication method is clearly visible, 

due to the fact that the pressed films show higher initial crystallinity than solvent-cast ones. In pressed 

films, some small fraction of PLA crystals are present, while in solvent-cast ones PLA is in the amorphous 

state. Likewise, the RM-β-CD-containing films also show higher crystallinity compared to pressed films 

without RM-β-CD. In PBAT/PLA-based films, the RM-β-CD fine powder acts as a nucleation agents.  

It should also be noted that all films after 70 days of degradation have higher crystallinity than the 

PBAT/PLA-based films before degradation as the amorphous phase is more susceptible to degradation, 

leading to increased crystallinity. The degree of crystallinity also depends on the method of film 

fabrication and generally all pressed films have higher crystallinity than solvent-cast ones. The 

degradation temperature plays an important role as well, due to films degraded at 37 °C having lower 

crystallinity compared to those incubated at 70 °C. This phenomenon is strongly visible, especially for 

films degraded at higher temperatures. However, based on DSC results, it should be mentioned that the 

higher degradation temperature (70 °C) is quite close to the Tg of the PLA component of the blend. XRD 

patterns show that the peaks full-width at half maximum (FWHM) for solvent-cast PBAT/PLA film after 

degradation in 70 °C decrease (see Figure 5), therefore the crystallite size increases, according to the 
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Scherrer formula. The presence of RM-β-CD in solvent-cast films strongly limits the crystallisation of 

polymer in the initial state and after degradation in examined conditions. It might be a result of blocking 

phenomena of the amorphous phase degradation by RM-β-CD fine powder particles, due to the formation 

of some arranged distribution of RM-β-CD. This possibly is related to the partial adsorption of chloroform 

on the surface of RM-β-CD fine powder particles, which might hinder the crystallisation of polymer 

around particles. 

In pressed PBAT/PLA films, except for an increase in crystallinity, usually the crystallisation of PLA 

occurs in the form of high spherulites, according to FWHM and the Scherrer equation. The presence of 

RM-β-CD additionally promotes the crystallisation of the polymer matrix, resulting in the further growth 

of polymer crystals. Comparing both pressed films after degradation, one can see that the addition of RM-

β-CD changes the relative crystallinity by 6 and 10 % for lower and higher temperatures, respectively. 

Analysis of the degradation progress using the GPC method showed that no significant changes were 

observed in the degradation of the pressed films at low temperature (37 °C, Figure 6B and D). However, 

there was a small loss of molar mass for solvent-cast films (11%) and a slightly larger loss for solvent-

cast films with RM-β-CD (26%). There is also a slight decrease in pH, which may indicate slow 

degradation of PBTA/PLA-based films as well as leaching of acidic film additives (Figure 7C). 
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Figure 6. Overlay of selected GPC chromatograms of solvent-cast and pressed (P) films before 

degradation (A), after 70 days of hydrolytic degradation at 37 °C (B) and at 70 °C (C); dashed line – films 

with RM-β-CD. Molar mass changes of films as a function of degradation time at 37 and 70 °C (D); EV 

– PBTA/PLA, CD – RM-β-CD. 
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Figure 7. (A) Mass change of solvent-cast and pressed (P) films as a function of degradation time within 

70 days of hydrolytic degradation at 70 °C; (B) pH change of the degradation medium during 70 days of 

hydrolytic degradation at 70 °C of solvent-cast and pressed (P) films; (C) pH change of the degradation 

medium after 70 days of hydrolytic degradation at 37 °C of solvent-cast and pressed (P) films; EV – 

PBTA/PLA, CD – RM-β-CD. 

 

During incubation at 70 °C there is a clear shift of GPC curves after degradation. The hydrolytic 

degradation at 70 °C in demineralised water caused a continuous decrease in molar mass of all 

PBAT/PLA-based films (Figure 6C and D). Although the effect of pressing on film degradation is more 

pronounced in the case of degradation at lower temperatures, at 70 °C it can also be seen that solvent-cast 

films start to degrade more quickly (Figure 6C). In the case of solvent-cast films, the influence of RM-β-

CD on slightly faster degradation is also visible. Typically, differences in degradation are more noticeable 

at lower temperatures because they occur more slowly [42]. In semicrystalline PBTA/PLA-based films, 

hydrolytic degradation initiates more readily in the amorphous domains due to their less ordered structure, 

which allows for easier water penetration and facilitates the scission of ester bonds. Conversely, the 
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crystalline domains, being more tightly packed and ordered, present a barrier to water access, thus 

delaying the degradation process in the more ordered pressed films. The higher the order of the polymer, 

the slower the hydrolytic degradation process. When the amorphous domains of a polymer degrade, its 

structural integrity can be significantly weakened, resulting in compromised performance and increased 

susceptibility to fragmentation. This deterioration typically leads to a loss of flexibility and strength, 

making the polymer more prone to breaking down into smaller pieces under stress or strain. 

After 42 days of incubation degradation slows down (see Figure 6D, 7A and B), due to the partial 

degradation of the PLA component of the PBAT/PLA blend. The remaining PBAT component with longer 

segments and aromatic units degrades more slowly [43]. 

The larger mass losses (Figure 7A) were observed in the pressed films, which may be due to their greater 

brittleness (higher crystallinity than the solvent-cast films), which promoted easier disintegration of the 

film and leaching of blend components as well as degradation products into the degradation medium. 

While, the lowest mass loss for the solvent-cast PBAT/PLA/RM-β-CD film after degradation in 70 °C 

(Figure 7A) may have been due to the entrapment of degradation products in the polymer matrix, where 

RM-β-CD improved the miscibility of the polymer components of the blend and thus the distribution of 

PLA throughout the polymer matrix. 

4. Conclusion 

In this research, PBAT/PLA-based films (without and with RM-β-CD) were prepared using solvent-

casting and pressing techniques. These films were evaluated for their physiochemical and degradation 

properties. The results revealed that the addition of RM-β-CD was found to accelerate the crystallisation 

rate of PBAT/PLA-based films. For the PBAT and PLA blend components, the presence of RM-β-CD in 

the films shifts the Tg towards slightly higher values compared to films without RM-β-CD. Solvent-cast 

films are characterised by poor miscibility and phase separation, which results in their high roughness. 

The higher temperature during degradation facilitates miscibility as does the addition of RM-β-CD. Both 

factors (temperature and RM-β-CD) improved the miscibility of the PBAT/PLA blend components and 

reduced their roughness by 10-fold. The roughness caused by phase separation makes it impossible to 
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topographically assess the progress of film degradation. The analysis of the degradation progress at 37 °C 

indicates that the tested films exhibited a small loss of molar mass for solvent-cast films and a slightly 

larger loss for solvent-cast films with RM-β-CD. After 70 days of incubation in water at 37 °C for 

PBAT/PLA-based films with RM-β-CD, two Tg values were observed for the PLA blend component, 

indicating some degradation of the polymer matrix as a result of the addition of RM-β-CD. The hydrolytic 

degradation caused a continuous decrease in the molar mass of all PBAT/PLA-based films during 

incubation at 70 °C. After incubation at 70 °C, the Tg and Tm values of the PLA blend component decreased 

due to its partial degradation. An increase in crystallinity was observed in pressed PBAT/PLA films. The 

presence of RM-β-CD further promotes the crystallisation of the polymer matrix, which results in further 

growth of polymer crystals. In pressed films, greater mass losses were observed, which may be due to 

their higher brittleness, while in the case of solvent-cast films, RM-β-CD improved the miscibility and 

distribution of the blend components causing smaller mass loss of solvent-cast PBAT/PLA/RM-β-CD 

film. Although the solvent-cast films started to degrade faster and in their case, the effect of RM-β-CD on 

slightly faster degradation is also visible results in the greatest molar mass loss during incubation period. 

Comparing both pressed films after degradation, it can be seen that the addition of RM-β-CD also 

increases the relative crystallinity during degradation, depending on degradation temperature. The 

creation of (bio)degradable and bio-based materials capable of carrying hydrophobic molecules will 

enable new applications of polymers in the area of food and pharmaceutical packaging. Additionally, RM-

β-CD as an environmentally friendly nucleating agent can expand polymer applications to the medical 

sector. Furthermore, antimicrobial activity and cytotoxicity studies performed did not reveal any risks for 

their potential applications. 
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	ABSTRACT 
	The poly(butylene adipate-co-butylene terephthalate)/polylactide (PBAT/PLA) have attracted a great deal of attention in recent years due to their excellent (bio)degradability. In this study, the PBAT/PLA-based films with and without randomly methylated β-cyclodextrin (RM-β-CD) were prepared using solvent-casting and pressing techniques to evaluate the physiochemical and degradation properties of the obtained films. The characterisation of PBAT/PLA-based films was conducted by using microscopes (optical and 
	performed did not reveal any risks for their possible applications. Analysis of the degradation progress showed that at 37 °C a slight molar mass loss for solvent-cast films and a slightly higher loss for solvent-cast films with RM-β-CD were noticed. No changes were observed in the more ordered pressed films. Hydrolytic degradation of all PBAT/PLA-based films during incubation at 70 °C resulted in a continuous decrease in the molar mass. Solvent-cast films are characterised by poor miscibility and phase sep
	Keywords: Randomly methylated β-cyclodextrin, Poly(butylene adipate-co-butylene terephthalate), Polylactide, PBAT/PLA, Ecovio®, Hydrolytic degradation 
	 
	1. Introduction 
	Much effort has been made in recent years to design and develop a suitable replacement for non-biodegradable polymers as a way to address the pressing issue of plastic pollution and its management [1–3]. It was through this research work that led to the creation of the poly(butylene adipate-co-butylene terephthalate) (PBAT) copolymer. This is a versatile random copolymer consisting of butylene adipate (BA) and butylene terephthalate (BT) units and has attracted significant interest due to its green, environ
	packaging [5,8–10]. A particular polymer often used as a component of the blends is polylactide (PLA), which is very brittle and stiff, and this imperfection can be improved by blending it with PBAT without compromising the (bio)degradability of the obtained material [11]. Therefore, the polymer blend of PBAT/PLA is promising due to the combination of the flexibility of PBAT and the mechanical strength of PLA. 
	The use of crystallisation nucleating agents is common in the polymerisation of PBAT, especially in the final stage of the manufacturing process. This is to improve the crystallisation properties of PBAT and thus avoid the formation of adhesions. A recent study showed that the properties of PBAT/PLA nanocomposite films obtained by twin-screw melt extrusion together with the melt-blowing process were enhanced by the inclusion of 0.5–5 wt% epoxy functionalised oligomeric silsesquioxane [12]. Talc (Mg3Si4O10(O
	There are previous reports on β-CD and its wide application in polymer chemistry where different polymers have been mixed with it, but not many reports using PBAT/PLA. Recently, PBAT/PLA-based films were investigated as a base material for the β-CD embedded Elsholtzia Willd. essential oil, and the antibacterial properties and their application in extending the shelf life of food products were evaluated [18]. The interaction between poly(L-lactide) (PLLA) and cyclodextrin (CD) derivatives was investigated in
	conical structure of CD, with a hydrophobic central cavity and a hydrophilic outer surface, by adding it to PLLA, a mask based on nanofiber membranes was obtained, capable of filtering ultrafine particles and volatile organic compounds [20]. CDs have also been shown to form inclusion complexes with poly(-caprolactone) to give crystalline compounds [21–23]. There have also been reported studies on the incorporation of β-CD into other polymers, e.g. poly(butylene succinate) [24]. High molar mass polymer incl
	The medical and pharmaceutical applications of PBAT/PLA are limited despite the fact that this blend has great potential for much wider industrial applications. However, it has been investigated for use in medical purposes [26–28]. PBAT/PLA electrospun mats loaded with cerium(IV) oxide nanoparticles as active agents were reported. The potential application of these mats as antibiotic carrier agents against Staphylococcus aureus and Escherichia coli was investigated [29]. 
	In the present work, the objective was to investigate the influence of RM-β-CD on the morphology, thermal properties, and crystallinity of PBAT/PLA blend. In particular, the study examined the potential of RM-β-CD to improve the stability of PBAT/PLA-based materials during degradation. Although the PBAT/PLA blends have been widely studied for various applications, to our knowledge, the effect of adding native CDs or CD derivatives to this polymer blend was not reported. The PBAT/PLA blend with RM-β-CD was c
	2. Materials and methods 
	2.1. Materials 
	Random methyl-β-cyclodextrin (RM-β-CD) with degree of substitution DS ~12 from CycloLab Ltd (Budapest, Hungary) was used as received. Poly(1,4-butylene adipate-co-1,4-butylene terephthalate)/polylactide (PBAT/PLA) commercial blend (Ecovio®F Mulch C2311) containing 47 mol% of aromatic segments and 25 mol% of PLA (determined by 1H NMR [30]) granules from BASF Ludwigshafen, Germany were used to prepare solvent-cast films.  
	2.2. Film preparation 
	The investigated films were first prepared by solvent casting method. PBAT/PLA pellet or PBAT/PLA pellet with 0.5 wt% RM-β-CD was dissolved in chloroform to obtain a concentrated solution of polymer (10 wt%), which was then used to cast the films onto Teflon discs. Obtained PBAT/PLA or PBAT/PLA with 0.5 wt% RM-β-CD films had a diameter of around 11 cm ± 0.5 cm and thickness of 0.30 ± 0.05 mm. Films were cut into pieces with an average mass m = 0.08 ± 0.02 mg and a diameter of 2.0 ± 0.02 cm. Two pieces of th
	2.3. Antimicrobial activity test 
	Stock cultures of both microorganisms, Gram-negative Escherichia coli (K12W-T) and Gram-positive Staphylococcus aureus (NCIMB 6571) obtained from the culture collection of the University of Wolverhampton, were freeze-dried and kept at −20 °C. Before experiments, both cultures were resuscitated and grown on tryptone soya agar (TSA, Lab M, Lancashire, UK) and incubated for 48 h at 37 °C. Then, prior to the experiments, cultures were grown overnight in tryptone soya broth (TSB, Lab M, Lancashire, UK) using the
	Pressed PBAT/PLA and PBAT/PLA/RM-β-CD films (3 replicates for each organism) were aseptically placed on TSA plates previously spread with overnight microbial cultures and incubated at 37 °C for 24 h. The results were presented as a zone of inhibition [mm] after 24 h of incubation. 
	2.4. In vitro cytocompatibility test 
	The effect of the pressed PBAT/PLA and PBAT/PLA/RM-β-CD films on cell viability was studied using mammalian fibroblasts, MRC-5 (Medical Research Council cell strain 5, fetal lung fibroblasts). Fibroblasts were cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 4.5 g/L glucose, supplemented with fetal bovine serum (10 %), antibiotic antimycotic (1 %), L-glutamine (2 mM) and incubated at 37 °C in a humidity incubator with 5 % carbon dioxide (CO2). The procedure is described in [33]. The cytotoxi
	2.5. Abiotic degradation 
	The abiotic degradation test was conducted in demineralised water at 37 and 70 °C (± 0.5 °C) according to International Standard ISO 13781:2017 [31] or 70 days as described elsewhere [26]. The samples were incubated in screw-top bottles containing 25 ml of demineralised water. Following the specified period of degradation, the samples were removed from the medium and dried at room temperature. 
	2.6. Optical microscopy 
	The morphology of all the pressed films was observed with a Zeiss optical microscope (Opton-Axioplan, Oberkochen, Germany) equipped with a Nikon Coolpix 4500 (Tokyo, Japan) colour digital camera. The samples were placed on a microscope slide with a cover slip. Microscopic observations were performed at a magnification of 120×. 
	2.7. Atomic force microscopy (AFM) AFM measurements were conducted using a Dimension ICON AFM microscope equipped with a NanoScope V controller (BRUKER Corporation, Santa Barbara, CA, US) operating in a soft tapping mode in air, utilising a standard 125 μm long and 10−15 μm high tip and a single-crystal doped silicon cantilever with a flexural stiffness of 10−130 N m−1 (Model PPP-NCH 10, NANOSENSORS, Neuchatel, Switzerland). Images were obtained with a piezoelectric scanner having a nominal size of 85 μm × 
	2.8. Gel permeation chromatography (GPC) analysis 
	The molar mass and molar-mass dispersity of the films were determined using GPC conducted in chloroform solution at 35 °C with an eluent flow rate of 1 mLmin−1 with a set of two PL-gel 5 μm MIXED-C ultrahigh efficiency columns (Polymer Laboratories) with a mixed bed and a linear range of Mw = 200–2000000 gmol−1. A Nexera HPLC/UHPLC Pump − LC-40DXR (Shimadzu, Kyoto, Japan) as the solvent delivery system with differential refractive index detector Shodex SE 61 was applied. 10 μL of 0.3 % mV−1 of sample sol
	2.9. Mass change studies 
	For mass change studies, the tested films were weighed before and after specific degradation times at both temperatures. The percentage mass loss [%] was calculated through equation (1): 
	 
	    %mass loss = (m1 – m2)/m2 x 100,     (1) 
	where m1 and m2 represent the initial and final mass of the sample, respectively. 
	2.10. pH analysis 
	The pH of the degradation media was measured at room temperature using a Mettler Toledo SevenMultiS40 pH-meter (Schwerzenbach, Switzerland; resolution: ± 0.1 mV, ± 0.001 pH units) equipped with anInLab®Science Pro 3-in-1 electrode with reference system ARGENTHAL™ and Agþ trap and 3 mol/L KCl inner reference electrolyte (Metrohm, Switzerland) calibrated with buffers of pH = 4.01 ± 0.02, pH = 7.00 ± 0.02 and pH = 9.21 ± 0.02 (Mettler Toledo, Switzerland) at room temperature. 
	2.11. Differential scanning calorimetry (DSC) 
	Thermal characteristic of the pressed films was obtained using the TA-DSC Q2000 apparatus (TA Instruments, Newcastle, DE, US). The instrument was calibrated with high-purity indium. DSC studies were carried out at a temperature from −70 to 200 °C with a rate of 20 °Cmin−1 (I-heating run and II-heating run after rapid cooling). All of the experiments were performed under a nitrogen atmosphere with a nitrogen flow rate of 50 mLmin−1, using aluminium standard sample pans. The melting temperature (Tm) was tak
	2.12. X-Ray diffraction studies (XRD) 
	XRD studies were performed using the D8 Advance diffractometer (Bruker AXS, Karlsruhe, Germany) with Cu-Kα cathode (λ=1.54 Å) operating at 40 mA current and 40 kV voltage. The collection of data has been performed by LYNXEYE XE-T linear detector. The scan rate was 2.4°/min with scanning step 0.02° in the range of 5° to 50° 2θ. 
	All experiments and measurements were performed in triplicate. 
	3. Results and discussion 
	3.1. Antimicrobial activity and cell viability studies 
	As the RM-β-CD/polymer mixture may have antimicrobial activity [34], the antimicrobial properties of pressed PBAT/PLA films without and with the addition of RM-β-CD were assessed. After 24 h of incubation, no zone of inhibition was observed for the tested microorganisms. These findings confirmed that the tested films show no antimicrobial activity against both tested bacteria Gram-negative, Escherichia coli and Gram-positive, Staphylococcus aureus (Table 1). 
	 
	Table 1. Antimicrobial activity assessment of PBAT/PLA and PBAT/PLA/RM-β-CD films. 
	Sample 
	Sample 
	Sample 
	Sample 
	Sample 

	Staphylococcus aureus – zone of inhibition [mm] 
	Staphylococcus aureus – zone of inhibition [mm] 

	Escherichia coli – zone of inhibition [mm] 
	Escherichia coli – zone of inhibition [mm] 



	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 

	Not detected 
	Not detected 

	Not detected 
	Not detected 


	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 

	Not detected 
	Not detected 

	Not detected 
	Not detected 


	Penicillin G (control) 
	Penicillin G (control) 
	Penicillin G (control) 

	5.00 (± 1) 
	5.00 (± 1) 

	Not detected 
	Not detected 




	 
	The cytocompatibility of pressed PBAT/PLA films was also tested because, as (bio)degradable polymers, they should be environmentally friendly and non-toxic, as are their additives such as RM-β-CD. In vitro MTT assays were performed on pressed films without and with the addition of RM-β-CD (Table 2). 
	 
	Table 2. MTT assay results after 24, 96 and 192 h of exposure to pressed PBAT/PLA and PBAT/PLA/RM-β-CD films. 
	Sample 
	Sample 
	Sample 
	Sample 
	Sample 

	Time [h] 
	Time [h] 



	TBody
	TR
	24 
	24 

	96 
	96 

	192 
	192 


	TR
	Mean cell viability [%] 
	Mean cell viability [%] 


	TR
	Mean 
	Mean 

	Std. deviation 
	Std. deviation 

	Mean 
	Mean 

	Std. deviation 
	Std. deviation 

	Mean 
	Mean 

	Std. deviation 
	Std. deviation 


	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 

	102.0 
	102.0 

	8.3 
	8.3 

	105.3 
	105.3 

	11.1 
	11.1 

	84.1 
	84.1 

	6.3 
	6.3 


	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 

	98.8 
	98.8 

	8.4 
	8.4 

	84.1 
	84.1 

	5.5 
	5.5 

	77.7 
	77.7 

	5.2 
	5.2 




	 
	The pressed PBAT/PLA film demonstrated a mean cell (MRC-5) viability of 102.0 ± 8.3 % at 24 h (Table 2). The pressed PBAT/PLA film with RM-β-CD also demonstrated high cytocompatibility (98.8 ± 8.4 %) at 24 h. Furthermore, the cytocompatibility at 96 h for pure PBAT/PLA film was still high, but in the case of the PBAT/PLA/RM-β-CD film a slightly reduction in cytocompatibility was recorded (Table 2). After 192 h, a decrease of cytocompatibility was observed in both the tested films. The overall results indica
	 
	Figure
	Figure 1. In vitro cytocompatibility test results. Representative optical photomicrographs of cells captured at 10× magnification after exposure for 24 h to pressed PBAT/PLA and PBAT/PLA/RM-β-CD films. 
	 
	3.2. Abiotic degradation study 
	Hydrolytic degradation of polyesters occurs through the absorption of water and subsequent hydrolysis of the ester bonds. In this study, temperatures of 37 and 70 °C were chosen for the degradation experiment. High-temperature tests serve as a predictor of long-term stability. The hydrolytic degradation of PBAT/PLA and PBAT/PLA/RM-β-CD, processed as solvent-cast or pressed films, was carried out in laboratory conditions for a period of 70 days. The progress investigation of the hydrolytic degradation of PBA
	(microscopic observations of the film surfaces), XRD, antimicrobial activity and cytocompatibility studies. 
	3.2.1. Failure analysis of PBAT/PLA-based films 
	The surface morphology of the films before and after degradation was characterised using optical and atomic force microscopy. Before degradation, the films had a flat and smooth surface (Figure 2). There are no obvious surface changes after degradation at 37 °C. After degradation at 70 °C, cracks were observed after 70 days. It also appears that pressed films are less transparent after degradation, which may be indicative of material ordering [35,36]. 
	 
	Figure
	Figure 2. Selected digital micrographs (120×) of solvent-cast and pressed (P) films before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD. 
	 
	AFM topography images (Figure 3) provide information on surface morphology, thereby characterising the extent of defects and surface roughness parameters such as grain size or one of the most commonly used parameters – RMS roughness/value (root mean square deviation, Rq), and three-dimensional (3D) roughness average (arithmetic mean deviation, Ra) [13]. 
	 
	Figure
	Figure 3. Selected representative AFM height sensor images with a scan size of 10 × 10 μm of solvent-cast and pressed (P) films before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD. 
	 
	Table 3 shows Ra, which is the mean height calculated over the entire measured surface, and Rq, which is the square root of the height distribution on the surface and is considered more sensitive than Ra to large deviations from the mean plane [13]. 
	 
	Table 3. Roughness of solvent-cast and pressed films before and after 70 days of hydrolytic degradation at 37 and 70 °C. 
	Sample 
	Sample 
	Sample 
	Sample 
	Sample 

	Solvent-cast PBAT/PLA film 
	Solvent-cast PBAT/PLA film 

	Solvent-cast PBAT/PLA/RM-β-CD film 
	Solvent-cast PBAT/PLA/RM-β-CD film 

	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 

	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 


	Before degradation 
	Before degradation 
	Before degradation 




	Rq [nm] 
	Rq [nm] 
	Rq [nm] 
	Rq [nm] 
	Rq [nm] 

	763 ± 145 
	763 ± 145 

	795 ± 176 
	795 ± 176 

	208 ± 199 
	208 ± 199 

	87 ± 16 
	87 ± 16 


	Ra [nm] 
	Ra [nm] 
	Ra [nm] 

	581 ± 123 
	581 ± 123 

	628 ± 153 
	628 ± 153 

	119 ± 96 
	119 ± 96 

	59 ± 8 
	59 ± 8 


	Image Z range* [nm] 
	Image Z range* [nm] 
	Image Z range* [nm] 

	4754 ± 913 
	4754 ± 913 

	5368 ± 1035 
	5368 ± 1035 

	1941 ± 1741 
	1941 ± 1741 

	1525 ± 500 
	1525 ± 500 


	After degradation at 37 °C 
	After degradation at 37 °C 
	After degradation at 37 °C 


	Rq [nm] 
	Rq [nm] 
	Rq [nm] 

	483 ± 42 
	483 ± 42 

	80 ± 4 
	80 ± 4 

	760 ± 32 
	760 ± 32 

	271 ± 28 
	271 ± 28 


	Ra [nm] 
	Ra [nm] 
	Ra [nm] 

	383 ± 34 
	383 ± 34 

	62 ± 4 
	62 ± 4 

	571 ± 56 
	571 ± 56 

	194 ± 2 
	194 ± 2 


	Image Z range* [nm] 
	Image Z range* [nm] 
	Image Z range* [nm] 

	3542 ± 127 
	3542 ± 127 

	721 ± 141 
	721 ± 141 

	5799 ± 501 
	5799 ± 501 

	2520 ± 536 
	2520 ± 536 


	After degradation at 70 °C 
	After degradation at 70 °C 
	After degradation at 70 °C 


	Rq [nm] 
	Rq [nm] 
	Rq [nm] 

	505 ± 99 
	505 ± 99 

	88 ± 8 
	88 ± 8 

	642 ± 213 
	642 ± 213 

	467 ± 40 
	467 ± 40 


	Ra [nm] 
	Ra [nm] 
	Ra [nm] 

	408 ± 35 
	408 ± 35 

	70 ± 3 
	70 ± 3 

	342 ± 76 
	342 ± 76 

	346 ± 21 
	346 ± 21 


	Image Z range* [nm] 
	Image Z range* [nm] 
	Image Z range* [nm] 

	3549 ± 345 
	3549 ± 345 

	711 ±133 
	711 ±133 

	5047 ± 4951 
	5047 ± 4951 

	4574 ± 645 
	4574 ± 645 




	* Image Z range corresponds to the maximum roughness 
	 
	Solvent-cast films exhibit poor miscibility and phase separation, as indicated by high roughness values. On the other hand, the roughness of the films after pressing decreases significantly. The solvent-cast PBAT/PLA pure film before and after degradation exhibits a similar rough surface with RMS roughness of 763 nm (before degradation), slightly lower 483 and 505 nm (after degradation at 37 and 70 °C, respectively, Table 3, Figure 3). In blended systems, miscibility is one of the most important factors inf
	The addition of RM-β-CD in combination with an increased temperature improved the miscibility of the components of the PBAT/PLA blend, which significantly (10-fold) reduced the roughness. It is well known that CD forms insoluble crystalline host-guest inclusion complexes in water at high temperatures with many (bio)degradable polyesters. Inclusion complexes as well as the direct addition of CD can increase nucleation and promote crystallisation of these polyesters, depending on the amount of CD used. In the
	During pressing, the films significantly lose their roughness, and again in the case of RM-β-CD addition, pressing and high temperature promote a greater reduction in roughness. However, during incubation in water, the roughness of pressed films evolves to higher values than in the case of solvent-cast films. Unfortunately, the roughness caused by phase separation makes it impossible to topographically assess the progress of film degradation. Also in the case of two or more polymers in a blend, when there i
	In summary, no significant surface changes were observed after degradation at 37 °C. The pressed films degraded at 70 °C are less transparent after degradation, which may indicate material ordering. Solvent-cast films show poor miscibility and phase separation, as evidenced by high roughness values. During incubation in water, the roughness of pressed films evolves to higher values than in the case of solvent-
	cast films. In the case of two components of the blend, a spinodal decomposition into two coexisting phases can be observed. In the resulting system, heterogeneous nucleation of the crystallisable component occurs, which results in faster crystallisation, especially in the case of PBAT/PLA-based films with RM-β-CD. 
	3.2.2. Assessment of the hydrolytic degradation progress 
	Data from the DSC analysis of PBAT/PLA-based films during degradation is presented in Table 4.  
	 
	Table 4. Calorimetric parameters of solvent-cast and pressed (P) films before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD. 
	Sample 
	Sample 
	Sample 
	Sample 
	Sample 

	Tg1 [°C] 
	Tg1 [°C] 

	Tg2 [°C] 
	Tg2 [°C] 

	cp1 [J/g°C] 
	cp1 [J/g°C] 

	cp2 [J/g°C] 
	cp2 [J/g°C] 

	Tcc [°C]* 
	Tcc [°C]* 

	ΔΗcc [J/g] 
	ΔΗcc [J/g] 

	Tm1 [°C]* 
	Tm1 [°C]* 

	Tm2 [°C] 
	Tm2 [°C] 

	ΔHm [J/g] 
	ΔHm [J/g] 



	Commercial PBAT/PLA pellet 
	Commercial PBAT/PLA pellet 
	Commercial PBAT/PLA pellet 
	Commercial PBAT/PLA pellet 

	−31.5 
	−31.5 

	58.1 
	58.1 

	0.25 
	0.25 

	0.1 
	0.1 

	105.5 
	105.5 

	4.82 
	4.82 

	132.3 
	132.3 

	154.2 
	154.2 

	5.16/0.76 
	5.16/0.76 


	Before degradation 
	Before degradation 
	Before degradation 


	EV 
	EV 
	EV 

	−37.0 
	−37.0 

	41.0 
	41.0 

	0.32 
	0.32 

	0.24 
	0.24 

	72.9/95.0 
	72.9/95.0 

	2.04 
	2.04 

	129.7 
	129.7 

	155.2 
	155.2 

	7.85/0.07 
	7.85/0.07 


	EVCD 
	EVCD 
	EVCD 

	−28.0 
	−28.0 

	47.4 
	47.4 

	0.27 
	0.27 

	0.21 
	0.21 

	91.5 
	91.5 

	5.39 
	5.39 

	130.6 
	130.6 

	155.9 
	155.9 

	8.58 
	8.58 


	PEV 
	PEV 
	PEV 

	−35.1 
	−35.1 

	43.0 
	43.0 

	0.33 
	0.33 

	0.41 
	0.41 

	99.3 
	99.3 

	1.15 
	1.15 

	131.1 
	131.1 

	155.6 
	155.6 

	9.90/0.55 
	9.90/0.55 


	PEVCD 
	PEVCD 
	PEVCD 

	−33.0 
	−33.0 

	45.4 
	45.4 

	0.33 
	0.33 

	0.41 
	0.41 

	102.2 
	102.2 

	7.46 
	7.46 

	134.6 
	134.6 

	155.2 
	155.2 

	7.78/0.11 
	7.78/0.11 


	After degradation at 37 °C 
	After degradation at 37 °C 
	After degradation at 37 °C 


	EV37 
	EV37 
	EV37 

	−31.8 
	−31.8 

	62.1 
	62.1 

	0.34 
	0.34 

	0.13 
	0.13 

	102.7 
	102.7 

	2.14 
	2.14 

	131.4 
	131.4 

	- 
	- 

	8.97 
	8.97 


	EVCD37 
	EVCD37 
	EVCD37 

	−31.4 
	−31.4 

	15.8/59.2 
	15.8/59.2 

	0.32 
	0.32 

	0.05/0.04 
	0.05/0.04 

	108.6 
	108.6 

	4.03 
	4.03 

	138.0 
	138.0 

	152.4 
	152.4 

	9.88 
	9.88 


	PEV37 
	PEV37 
	PEV37 

	−30.1 
	−30.1 

	61.2 
	61.2 

	0.29 
	0.29 

	0.11 
	0.11 

	103.9 
	103.9 

	1.58 
	1.58 

	136.5 
	136.5 

	149.7/155.0 
	149.7/155.0 

	11.15 
	11.15 


	PEVCD37 
	PEVCD37 
	PEVCD37 

	−29.2 
	−29.2 

	13.1/61.3 
	13.1/61.3 

	0.32 
	0.32 

	0.08/0.12 
	0.08/0.12 

	103.9 
	103.9 

	3.74 
	3.74 

	138.9 
	138.9 

	154.5 
	154.5 

	10.99 
	10.99 


	After degradation at 70 °C 
	After degradation at 70 °C 
	After degradation at 70 °C 

	 
	 


	EV70 
	EV70 
	EV70 

	−34.9 
	−34.9 

	8.1/39.8 
	8.1/39.8 

	0.36 
	0.36 

	0.21/0.14 
	0.21/0.14 

	77.6 
	77.6 

	3.52 
	3.52 

	131.6 
	131.6 

	138.4 
	138.4 

	16.31 
	16.31 


	EVCD70 
	EVCD70 
	EVCD70 

	−35.0 
	−35.0 

	15.8/40.7 
	15.8/40.7 

	0.39 
	0.39 

	0.08/0.11 
	0.08/0.11 

	75.3 
	75.3 

	6.10 
	6.10 

	127.0 
	127.0 

	136.0 
	136.0 

	13.09 
	13.09 


	PEV70 
	PEV70 
	PEV70 

	−29.8 
	−29.8 

	22.1 
	22.1 

	0.35 
	0.35 

	0.31 
	0.31 

	78.3 
	78.3 

	4.03 
	4.03 

	137.2 
	137.2 

	- 
	- 

	18.20 
	18.20 


	PEVCD70 
	PEVCD70 
	PEVCD70 

	−34.9 
	−34.9 

	40.3 
	40.3 

	0.35 
	0.35 

	0.20 
	0.20 

	81.4/111.9 
	81.4/111.9 

	6.75 
	6.75 

	135.2 
	135.2 

	138.2 
	138.2 

	12.72 
	12.72 




	Tg1 and Tg2 – glass transition temperature of PBAT and PLA, respectively; cp1 and cp2 – the increment of heat capacity at the glass transition of PBAT and PLA, respectively; Tcc – the maximum of the 
	exothermic peak of the cold crystallisation temperature; ΔΗcc – cold crystallisation enthalpy; Tm1 and Tm2 – melting temperature of PBAT and PLA, respectively; ΔHm – melting enthalpy; *Tm PBAT and Tcc PLA regions may overlap. 
	 
	PBAT/PLA blends typically exhibit two distinct Tg and Tm, similar to their pure counterparts. The Tg values remain around −30 and 61 °C, while the Tm are around 120 and 152 °C, respectively, corresponding to the PBAT and PLA components of the blend. This behaviour is due to the immiscibility of the two polymers, which leads to the coexistence of separate domains with distinct thermal properties. Furthermore, opposite cold crystallisation (Tcc) process of PLA and melting process of PBAT occurring simultaneou
	It can be seen that the Tg and Tcc of the PBAT and PLA components of the blend increase after the addition of RM-β-CD. Additionally, pressing the samples increased the Tg of PLA component and effect of Tcc and Tm. The DSC traces of the PBAT/PLA-based films before degradation are shown in Figure 4. 
	 
	 
	Figure
	Figure 4. Representative DSC traces of solvent-cast and pressed (P) films before hydrolytic degradation (I-heating run); EV – PBTA/PLA, CD – RM-β-CD. 
	 
	The I-heating run displays the Tg of PBAT and PLA, respectively, as well as the exothermic and endothermic peaks from the Tcc and the melting temperatures (see Figure 4). The presence of RM-β-CD in the films shifts the Tg towards slightly higher values compared to films without RM-β-CD. The combined nucleation effect and the fact that the PBAT component of the blend accelerates the crystallisation rate of PLA [5] led to an increase in the Tg of PLA component of the blend in the presence of RM-β-CD. In addit
	The Tg of PLA component of the blend for the initial pellet was 58.1 °C, while for the films ranged from 41.0 to 47.4 °C. After 70 days of incubation in water at 37 °C (see Table 4), a higher Tg value (close to that in the pellet) was observed for the PLA component of the blend, but at a much lower cp, which may indicate the plasticising effect on the film by the solvent (chloroform) used for solvent casting of the films and which lowered the Tg of these films. During the incubation process at 37 °C and le
	if polymer CD complexes are formed, the interactions between polymer chains are decreased, due to an isolation effect, which affects the crystallinity [41]. 
	After 70 days of incubation in water at 70 °C, the Tg value of the PLA component in the blend decreased as well as the Tm value due to partial degradation, which correlates with AFM analyses. A slight decrease in the Tg value for the PBAT component in the blend was also observed. 
	Typical XRD patterns obtained for all PBAT/PLA-based films are presented in Figure 5, and the crystallinity of those films is listed in Table 5.  
	 
	Figure
	Figure 5. XRD patterns of: (A) solvent-cast PBAT/PLA films (EV70, EV37 and EV); (B) solvent-cast PBAT/PLA/RM-β-CD films (EVCD70, EVCD37 and EVCD); (C) pressed PBAT/PLA films (PEV70, PEV37 and PEV); and (D) pressed PBAT/PLA/RM-β-CD films (PEVCD70, PEVCD37, and PEVCD) before and after 70 days of hydrolytic degradation at 37 and 70 °C; EV – PBTA/PLA, CD – RM-β-CD, P – pressed. 
	 
	Table 5. Crystallinity by XRD of solvent-cast and pressed films before and after 70 days of hydrolytic degradation at 37 and 70 °C. 
	Sample 
	Sample 
	Sample 
	Sample 
	Sample 

	Crystallinity [%] 
	Crystallinity [%] 



	TBody
	TR
	Solvent-cast PBAT/PLA film 
	Solvent-cast PBAT/PLA film 

	Solvent-cast PBAT/PLA/RM-β-CD film 
	Solvent-cast PBAT/PLA/RM-β-CD film 

	Pressed PBAT/PLA film 
	Pressed PBAT/PLA film 

	Pressed PBAT/PLA/RM-β-CD film 
	Pressed PBAT/PLA/RM-β-CD film 


	Before degradation 
	Before degradation 
	Before degradation 

	30 
	30 

	33 
	33 

	34 
	34 

	35 
	35 


	After deg. at 37 °C 
	After deg. at 37 °C 
	After deg. at 37 °C 

	33 
	33 

	36 
	36 

	37 
	37 

	43 
	43 


	After deg. at 70 °C 
	After deg. at 70 °C 
	After deg. at 70 °C 

	49 
	49 

	42 
	42 

	43 
	43 

	53 
	53 




	 
	The results show that in PBAT/PLA-based films, the impact of the fabrication method is clearly visible, due to the fact that the pressed films show higher initial crystallinity than solvent-cast ones. In pressed films, some small fraction of PLA crystals are present, while in solvent-cast ones PLA is in the amorphous state. Likewise, the RM-β-CD-containing films also show higher crystallinity compared to pressed films without RM-β-CD. In PBAT/PLA-based films, the RM-β-CD fine powder acts as a nucleation age
	It should also be noted that all films after 70 days of degradation have higher crystallinity than the PBAT/PLA-based films before degradation as the amorphous phase is more susceptible to degradation, leading to increased crystallinity. The degree of crystallinity also depends on the method of film fabrication and generally all pressed films have higher crystallinity than solvent-cast ones. The degradation temperature plays an important role as well, due to films degraded at 37 °C having lower crystallinit
	Scherrer formula. The presence of RM-β-CD in solvent-cast films strongly limits the crystallisation of polymer in the initial state and after degradation in examined conditions. It might be a result of blocking phenomena of the amorphous phase degradation by RM-β-CD fine powder particles, due to the formation of some arranged distribution of RM-β-CD. This possibly is related to the partial adsorption of chloroform on the surface of RM-β-CD fine powder particles, which might hinder the crystallisation of pol
	In pressed PBAT/PLA films, except for an increase in crystallinity, usually the crystallisation of PLA occurs in the form of high spherulites, according to FWHM and the Scherrer equation. The presence of RM-β-CD additionally promotes the crystallisation of the polymer matrix, resulting in the further growth of polymer crystals. Comparing both pressed films after degradation, one can see that the addition of RM-β-CD changes the relative crystallinity by 6 and 10 % for lower and higher temperatures, respectiv
	Analysis of the degradation progress using the GPC method showed that no significant changes were observed in the degradation of the pressed films at low temperature (37 °C, Figure 6B and D). However, there was a small loss of molar mass for solvent-cast films (11%) and a slightly larger loss for solvent-cast films with RM-β-CD (26%). There is also a slight decrease in pH, which may indicate slow degradation of PBTA/PLA-based films as well as leaching of acidic film additives (Figure 7C). 
	 
	Figure
	Figure 6. Overlay of selected GPC chromatograms of solvent-cast and pressed (P) films before degradation (A), after 70 days of hydrolytic degradation at 37 °C (B) and at 70 °C (C); dashed line – films with RM-β-CD. Molar mass changes of films as a function of degradation time at 37 and 70 °C (D); EV – PBTA/PLA, CD – RM-β-CD. 
	 
	Figure
	Figure 7. (A) Mass change of solvent-cast and pressed (P) films as a function of degradation time within 70 days of hydrolytic degradation at 70 °C; (B) pH change of the degradation medium during 70 days of hydrolytic degradation at 70 °C of solvent-cast and pressed (P) films; (C) pH change of the degradation medium after 70 days of hydrolytic degradation at 37 °C of solvent-cast and pressed (P) films; EV – PBTA/PLA, CD – RM-β-CD. 
	 
	During incubation at 70 °C there is a clear shift of GPC curves after degradation. The hydrolytic degradation at 70 °C in demineralised water caused a continuous decrease in molar mass of all PBAT/PLA-based films (Figure 6C and D). Although the effect of pressing on film degradation is more pronounced in the case of degradation at lower temperatures, at 70 °C it can also be seen that solvent-cast films start to degrade more quickly (Figure 6C). In the case of solvent-cast films, the influence of RM-β-CD on 
	crystalline domains, being more tightly packed and ordered, present a barrier to water access, thus delaying the degradation process in the more ordered pressed films. The higher the order of the polymer, the slower the hydrolytic degradation process. When the amorphous domains of a polymer degrade, its structural integrity can be significantly weakened, resulting in compromised performance and increased susceptibility to fragmentation. This deterioration typically leads to a loss of flexibility and strengt
	After 42 days of incubation degradation slows down (see Figure 6D, 7A and B), due to the partial degradation of the PLA component of the PBAT/PLA blend. The remaining PBAT component with longer segments and aromatic units degrades more slowly [43]. 
	The larger mass losses (Figure 7A) were observed in the pressed films, which may be due to their greater brittleness (higher crystallinity than the solvent-cast films), which promoted easier disintegration of the film and leaching of blend components as well as degradation products into the degradation medium. While, the lowest mass loss for the solvent-cast PBAT/PLA/RM-β-CD film after degradation in 70 °C (Figure 7A) may have been due to the entrapment of degradation products in the polymer matrix, where R
	4. Conclusion 
	In this research, PBAT/PLA-based films (without and with RM-β-CD) were prepared using solvent-casting and pressing techniques. These films were evaluated for their physiochemical and degradation properties. The results revealed that the addition of RM-β-CD was found to accelerate the crystallisation rate of PBAT/PLA-based films. For the PBAT and PLA blend components, the presence of RM-β-CD in the films shifts the Tg towards slightly higher values compared to films without RM-β-CD. Solvent-cast films are ch
	topographically assess the progress of film degradation. The analysis of the degradation progress at 37 °C indicates that the tested films exhibited a small loss of molar mass for solvent-cast films and a slightly larger loss for solvent-cast films with RM-β-CD. After 70 days of incubation in water at 37 °C for PBAT/PLA-based films with RM-β-CD, two Tg values were observed for the PLA blend component, indicating some degradation of the polymer matrix as a result of the addition of RM-β-CD. The hydrolytic de
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