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and Sudip Chakraborty *afg

A novel casting method for producing plasticised PLA films, intended for food packaging and biomedical

applications, is presented in this current work. This method involves air-induced, temperature-controlled

phase separation (AITCPS), which enables the formation of highly dense PLA matrices. A broad study is

provided to understand the effects of glycerol used as a plasticizer on various physiochemical properties

including morphological, thermal, mechanical, and interfacial properties, as well as water vapor

transmission rates and antimicrobial activities. The results demonstrate how the plasticizer ratio has

a minimal impact on the thermal properties of the films, although it simultaneously enhances the

mechanical and interfacial properties of the material.
Introduction

Worldwide plastic consumption has increased since its intro-
duction to the industrial world, making plastic essential across
various industries, particularly in the packaging sector, which
accounts for 40% of total plastic use in industrial production1

around the world. The advantages of plastic materials include
but are not limited to their low cost, light weight, and ease of
manipulation. However, the sources and the inherent recycla-
bility of most plastics are considered unsustainable.2,3

The growing demand for polymers is partially addressed by
the production of biocompatible plastics as alternatives to non-
renewable materials.4 These plastics oen meet market
requirements while being highly biodegradable or compo-
stable, which prevents environmental accumulation.5 Similar to
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conventional petroleum-based plastics, many bioplastics can be
recycled, thus extending their lifecycle beyond single-use
applications.

In this context, poly(lactic acid) (PLA) stands out as one of
the most promising polymers among renewable and biode-
gradable options.6 PLA is an aliphatic polyester that can be
derived from renewable food waste sources, such as starch-
containing materials.7 However, the synthesis methods
involving waste biomass are still under development. It is worth
mentioning that PLA's production cost remains high, making it
less competitive for use as a general-purpose polymer.8 One
solution to this issue is to blend PLA with other less expensive
polymers or llers, but a far more impactful criterion is to
impart to the material advanced features so as to increase its
inherent value.

Regulatory compliance issues continue to arise when using
PLA in the food industry, with safety approvals primarily
focused on material composition, processing methods, and the
use of additives and solvents. Additionally, PLA's inherent
thermal limitations restrict its application to cold food pack-
aging only.9

In the biomedical eld, PLA is commonly used for implants,
scaffolding, and drug delivery systems due to its degradation
into lactic acid, a monomer naturally metabolized by the
human body. However, it still faces challenges, such as low
mechanical strength, high hydrophilicity, and slow degradation
rates, which can limit its effectiveness in certain
applications.10,11

In this context, this paper aims to present a new method for
casting bioplastic lms to produce highly dense PLA compos-
ites. Such materials can potentially nd their way to a vast range
of applications, from the food packaging industry to the
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 1 PLA/G sample percentages

Sample PLA/EA [wt/wt%] G/PLA [wt/wt]

S00 10.0 0.00
S05 10.0 0.05
S10 10.0 0.10
S15 10.0 0.15
S20 10.0 0.20
S40 10.0 0.40
S50 10.0 0.50
S60 10.0 0.60
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biomedical world (e.g.: controlled release, prosthetic coatings)
by potentially overcoming the current limits of PLA. In this
context, this work investigates how this method, together with
varying plasticiser-to-PLA ratios, affects the physical properties
of the resulting lms.

PLA lms produced through solvent casting are oen uti-
lised solvents with high affinity for PLA, such as chloroform,
methylene chloride, and acetonitrile, which can be used at
room temperature.12 To explore a safer procedure, this study
uses ethyl acetate, a food-safe ester solvent, as an alternative to
the standard solvents, which are generally considered unsuit-
able for food and physiological use.13,14

The novel air-induced temperature-controlled phase sepa-
ration (AITCPS) solvent casting technique is introduced in this
study for the rst time, as it offers advantages over traditional
extrusion casting, specically in producing lms with desired
denseness and thickness. The impact of the plasticiser on these
properties is discussed in subsequent sections.

Regarding the mechanical properties, a common drawback
of PLA is its inherent brittleness, which poses challenges for its
broad use. Since polymer lms must exhibit signicant defor-
mation capability, various llers and plasticisers are commonly
added to improve their properties.15 In this study, glycerol (G)
was selected as the plasticiser due to its high biocompatibility,
low cost, and availability. Glycerol small molecular size and
multiple hydroxyl groups enable strong hydrogen bonding
with polar polymers such as PLA, reducing intermolecular
interactions and increasing chain mobility. As a result, glycer-
ol improves exibility at relatively low concentrations. In
addition, glycerol is food-grade, non-toxic, and generally
recognized as safe (GRAS), making it suitable for food-contact
applications. Its low volatility and good processability,
combined with low cost and wide availability, further support
its selection. Other plasticizers such as sorbitol and poly-
ethylene glycol (PE) could be also suitable for the scope, but
compared with glycerol, sorbitol has a higher molecular weight
and lower mobility, which generally results in reduced plasti-
cisation efficiency but improved resistance to migration. In
addition, sorbitol oen requires higher loadings or co-
plasticisers to achieve comparable exibility in PLA. PEG
offers tunable plasticisation depending on molecular weight,
typically showing high miscibility with PLA, providing an
effective balance between exibility and stability. However, low-
molecular-weight PEG may migrate, while higher-molecular-
weight PEG is less efficient in plasticity enhancement. Overall,
glycerol is ideal for its efficiency and safety, while sorbitol and
PEG may be preferred when improved moisture resistance is
required.

The casting method plays a crucial role in determining the
nal properties of the lms. In this study, PLA solutions with
different concentrations of G were prepared and cast using an
automatic lm casting machine employing the AITCPS tech-
nique. This approach guarantees precise control over lm
thickness and produces uniform G/PLA blends without defects,
ensuring consistent morphological and mechanical properties
across all samples.
© 2026 The Author(s). Published by the Royal Society of Chemistry
Experimental procedures and
characterization
Materials

Materials used for the sample preparation were PLA (3 mm
nominal granule size, biopolymer, large molecular weight
distribution centered at 230 000 g mol−1, melting point 172 °C,
tradename Goodfellow 459-898-81, purchased via Merck KGaA,
Darmstadt, Germany), ethyl acetate (EA) ACS, 99.5% (VWR
Chemicals) used as solvent, and glycerol ACS reagent $99.5%
(Sigma Aldrich) used as plasticiser.
Sample casting

PLA granules, before their use, were desiccated at 120 °C for 24
hours in a ventilated oven (Binder ED32) to remove any residual
water content.16 PLA granules were then solubilised in ethyl
acetate (EA). Initially, 3 g of PLA were added to 30 g of EA using
a 250 mL three-neck round ask to obtain. All samples were
prepared starting from. Different ratios of G were added to
create different composites, resulting in a series of samples with
a xed PLA content and increasing G concentrations, as sum-
marised in Table 1.

The ask was bathed in a shallow glass container lled with
water in contact with a heating and stirring plate. Furthermore,
the ask was equipped with a reux condenser kept at 12 °C
(Fig. 1) to prevent solvent loss. G was at this point added to the
prepared batch under continuous stirring at 400 rpm. The
system was then heated at 73 °C under continuous stirring and
kept at the same temperature for 60minutes to ensure complete
PLA dissolution. Heating was provided in order to overcome the
near insolubility of PLA in EA at room temperature.17 Temper-
ature monitoring was carried out using a thermocouple (TFA
Lab Thermometer IP65) in contact with the solution through
one of the secondary outputs of the ask (with the inlet sealed
to prevent leakage). Aer preparation, the solution was cooled
down to 45 °C while stirring.

Film casting was carried out using an automatic casting
machine (Porometer Memcast). The prepared solutions were
poured into the reservoir of the casting knife, set to a 500 mm
gap.

The casting plate temperature was maintained at 35 °C,
ensuring a temperature difference of 10 °C between the casting
solution and the plate. This was done to avoid excessive
S70 10.0 0.70
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Fig. 1 Scheme of the sample preparation method.
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temperature gradients that could lead to unwanted diffusive
mass uxes and stress in the lm. The AITCPS casting velocity
was set to 1 cm s−1, slow enough to allow the viscous solution to
relax internal extrusion stresses during casting.18,19 The casting
machine was operated under controlled solvent evaporation
rates, which are crucial for forming a dense lm layer. Aer
casting, the lm was submerged in distilled water to remove any
residual solvent and then dried at ambient temperature
overnight.20

Sample characterization

Functional groups of the prepared lms were evaluated by col-
lecting infrared spectra of the membrane surface in Attenuated
Total Reection (ATR) mode using an FT-IR ATR Spectrometer
(PerkinElmer, Spectrum One).

Water contact angles (WCA) on the top surface of the casted
lms were measured using the sessile drop method at ambient
temperature with a CAM 200 contact angle meter (KSV Instru-
ments Ltd, Helsinki, Finland). A drop of water was deposited on
the membrane surface using an automatic micro syringe to
form the sessile drop. At least six measurements have been
taken at different random spots on the sample surface.

Thermal characterization of the samples was carried out
using thermal gravimetric analysis (TGA) and differential
scanning calorimetry (DSC). For TGA, approximately 10 mg of
each sample was cut from the specimens, placed into an Al2O3

crucible, and analysed using a TGA 209 F1 Libra (Netzsch). The
samples were heated from room temperature to 500 °C at a rate
of 10 °C min−1 under a nitrogen atmosphere (40 mL min−1).21

For DSC analysis, samples weighing between 5 and 10 mg
were cut from the specimens and placed in a sealed aluminium
pan. The analysis was performed using a DSC 300 Caliris
(Netzsch). The samples underwent a two-step thermal program:
rst, a heating step, followed by a cooling step, and then
a second heating step. The parameters were set as follows: the
starting temperature was 0 °C, with the samples heated at 10 °
Cmin−1 to 250 °C under a nitrogen atmosphere. Aer 2minutes
of stabilisation, the cooling rate was set to 10 °C min−1 back to
0 °C. The second heating stage, conducted under the same
conditions as the rst, was performed to examine the material's
properties without any thermal history.22 The glass transition
temperature (Tg), cold crystallisation temperature (Tcc), and
melting temperature (Tm) were determined from the rst and
second heating scans. The crystallinity (Xc) percentage was
calculated using eqn (1).23
11596 | RSC Adv., 2026, 16, 11594–11602
Xc % ¼ Hm

H id
m

� 100 (1)

In the proposed equation, DHm is the measured heat of fusion,
and DHid

m is the melting enthalpy of 100% crystalline PLA, which
is assumed to be 93.6 (J g−1).24

Mechanical tests were conducted to assess the tensile prop-
erties and tear resistance of the lms. Tensile testing was per-
formed according to ASTMD882-18 (ASTM International).25 PLA
sheets were cut into 9 mm-wide strips. The thickness of each
sample was determined through scanning electron microscope
(SEM) image analysis (Thermo Scientic Phenom Pure). Testing
was carried out using an electromechanical testing machine,
MTS Criterion Model 42 (MTS Corporation, USA), with a cross-
head displacement rate set to 12.5 mmmin−1, as recommended
for low-deformable lms (i.e., with elongation less than 20%).
The initial grip separation was xed at 10 mm. At least ve tests
were conducted on each sample.

The tensile tests provided the following mechanical proper-
ties: Young's modulus (E), maximum strength (s-max), and
elongation at break (3-brk). Strain measurements were obtained
using the Digital Image Correlation (DIC) technique. A high-
resolution camera (GigE, Prosilica GT) with a resolution of
2448 × 2050 pixels (pixel size: 3.45 mm × 3.45 mm) was used to
capture images of the samples during testing, through an
acquisition board (DAQ-STD-8D, National Instruments) with an
acquisition speed of 15 fps. Image analysis was performed using
the VIC-2D soware (Correlated Solutions).

Water vapour transmission rate (WVTR) tests were per-
formed to evaluate the effect of increasing plasticiser content in
the PLA matrix on water vapour permeation. This property is
particularly important for food packaging applications, as the
ability of the packaging to retain water vapour directly impacts
the spoilage rate of the enclosed food.

The WVTR tests are based on a gravimetric procedure:
samples were placed in a 100 mL aluminium cell with a sealed
top. The top had a central opening with an area of 10 cm2. The
cell was lled with 80 mL of distilled water to create the
necessary headspace for water vapour generation, while the
sample was positioned under the top (Fig. 8a). The entire setup
wasmaintained at 30 °C with controlled external humidity set at
30%, and the cell weight was recorded every 30 minutes over 6
hours. Steady-state evaporation values were obtained
throughout the evaporation period with minimal error.26

Since the focus of this study is the potential application of
the obtained material in the food and medical industry, anti-
microbial tests were also conducted at three different G ratios to
evaluate the efficacy of the composites in inhibiting bacterial
growth.27 In this study, the effects of the produced lms on
Staphylococcus aureus (SA) – a Gram-positive bacterium
responsible for acute infections. The antibacterial tests were
conducted – on three different samples for each G ratio – in
parallel, with each test including a control sample, where
bacterial growth was measured on the lm containing only PLA
with no G. The tests were performed for each repetition on two
initial inoculum dilutions: 1 × 10−2 CFU and 1 × 10−2 CFU.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Results and discussion

Some of the resulting samples are shown in Fig. 2, where
a decrease in transparency is evident in samples with higher G
content, in particular for samples S05, S10, and S20.

The proposed method is suitable for scaling up to a contin-
uous casting process, as illustrated in Fig. 3. The process
consists of several stages: a solution tank, a break-up tank
where the solution temperature is reduced to the pouring
temperature, a pouring and rollers chamber with controlled
solvent vapour concentration, a solvent recovery unit, and
a nal water bath for residual solvent removal.
FT-IR analysis

FT-IR analyses were performed to conrm the presence of the
plasticiser in the plasticised lms. In Fig. 4 the obtained spectra
for different prepared samples are shown.
Fig. 3 Proposed scale up to a continuous casting process.

Fig. 4 FT-IR spectra of samples S10, S20, S70, S80 (a–d).

Fig. 2 Transparency of three of the PLA/G films prepared: S05 (a), S10
(b), S20 (c).

© 2026 The Author(s). Published by the Royal Society of Chemistry
FT-IR analysis of the pristine PLA lm reveals a peak at
1755.57 cm−1, corresponding to the stretching vibration of the
C]O bond in the ester groups. Additionally, the band at
1454.92 cm−1 is attributed to the deformation of C–H bonds in
the methyl group.21 Peaks at 1180 cm−1 and 1080 cm−1 are
associated with C–O–C bond stretching.16 These peaks were also
observed in the plasticised samples. The presence of the plas-
ticiser is indicated by a band around 3500 cm−1, which corre-
sponds to the stretching vibration of O–H bonds, likely due to
intermolecular or intramolecular hydrogen bonding. Further-
more, a less pronounced peak around 3000 cm−1 is attributable
to the –CH groups in the plasticiser.28

Water contact angle (WCA)

The water contact angle (WCA) of the pure PLA lm, which is
reported in the literature to fall within the range of 75°–85°, was
measured to be 87.5° ± 1.8.29,30 The addition of the plasticiser
resulted in a reduction in the WCA as shown in Fig. 5, likely due
to the introduction of hydrophilic surface groups that enhance
the interaction between water and the lm surface.

Contact angle values refer to stable angle values aer an
initial drop spreading, which was witnessed during an initial
Fig. 5 WCA values of the PLA/G samples plotted against samples G
content.

Fig. 6 SEM images (cross sections) of samples with thickness quotes
at increasing plasticizer content. Figures (A) to (D) are respectively
relative to samples S00, S20, S40 and S60.

RSC Adv., 2026, 16, 11594–11602 | 11597
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time span of 60–80 seconds. As mentioned previously, the
addition of the plasticiser led to a signicant reduction in the
water contact angle (WCA) due to the interaction of the –OH
groups with water; this effect is more pronounced at lower
plasticiser ratios: WCA values decrease as the plasticiser content
increases, with an asymptotic trend observed at higher ratios.
The WCA value stabilises at approximately 63° at the highest
plasticiser ratio, following a monotonic trend throughout the
entire range.
Scanning electron microscopy (SEM)

SEM imaging was conducted using a ZEISS Cross Beam 350
(Fig. 6). Cross-sectional images of the samples reveal that the
addition of higher plasticiser amounts signicantly impacts the
morphology, resulting in a less dense polymer matrix and an
increase in sample thickness. As discussed in the following
sections, this morphological change plays a crucial role in the
other characterisations. SEM cross-sectional imaging clearly
shows that higher plasticiser content leads to the formation of
a polymer matrix with increased void ratios, particularly when
Fig. 7 TGA analysis results on PLA/G samples, pure plasticiser and PLA
powder (a); DSC analysis results on PLA/G samples and PLA powder
(b); total mass loss (TGA analysis) at 250 °C in comparison to G mass
percentage used for sample preparation (c).

11598 | RSC Adv., 2026, 16, 11594–11602
compared to the neat PLA sample, which appears much denser.
Notably, the addition of plasticiser did not affect the casting
procedure in terms of solvent evaporation rates or result in
stratication, as no evidence of inner layers with different
morphologies and void ratios was observed.31

Thermal stability

Thermal gravimetric analysis (TGA) and differential scanning
calorimetry (DSC) were conducted to investigate the effect of
plasticiser addition on the crystallinity and thermal degrada-
tion behaviour of the polymer matrix. The results are presented
in Fig. 7 and are discussed in the following section. For a better
comparison, TGA and DSC were also performed on pure plas-
ticiser and the pristine PLA granules.

TGA results reveal that the plasticiser degrades completely at
temperatures below 250 °C, In Fig. 7a, TGA mass losses up to
250 °C are reported. TGA mass loss data at 250 °C for different
samples (Fig. 7c) demonstrate a direct relationship between
mass loss and plasticiser concentration (in weight fractions). A
comparison with a 1 : 1 correlation indicates that, with minimal
deviation, all mass loss occurring below 250 °C can be attrib-
uted to plasticiser degradation alone, conrming that the entire
plasticiser content in the samples degrades under these
conditions. Another notable effect is the stripping of water from
the plasticiser at higher ratios, evident in samples with plasti-
ciser ratios above 50%.

DSC results, shown in Fig. 7b, indicate that the presence of
plasticiser did not affect the crystallisation ratio of the samples.
Specically, no signicant changes were observed in the area
under the main peak around 150 °C. The crystallinity of all
samples remained close to 30 ± 5%.

More specically, values for Tcc, Tm and Xc resulting from the
DSC tests are respectively 107.4 ± 1.2 °C, 150 ± 2.5 °C and 44.9
± 3.8% for all samples; while the inclusion of plasticiser
resulted in a slight increase of Tg of approximately 8 °C (from
47.3 °C to 65.0 ± 2.6 °C). This change appears independent of
the plasticiser ratios, suggesting that the presence of G does not
substantially affect the mobility of the polymer chains in the
amorphous state or the melting temperature.

Mechanical properties

The inuence of plasticiser addition on the mechanical prop-
erties of PLA samples was investigated, and the main mechan-
ical properties derived from the load–displacement curves are
presented in Table 2. Samples fabricated with neat PLA exhibit
Table 2 Mechanical properties of PLA samples

Sample E [GPa] smax [MPa] 3brk [mm mm−1]

S00 2.97 � 0.20 52.48 � 7.14 0.022 � 0.005
S10 2.16 � 0.12 32.82 � 0.92 0.049 � 0.008
S20 1.80 � 0.05 28.32 � 0.99 0.052 � 0.011
S30 1.28 � 0.19 19.78 � 0.56 0.050 � 0.008
S40 1.28 � 0.10 17.57 � 0.41 0.035 � 0.013
S50 1.11 � 0.04 16.22 � 0.59 0.018 � 0.005
S60 0.87 � 0.07 11.34 � 1.18 0.016 � 0.007

© 2026 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra07926h


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 3

/1
0/

20
26

 4
:5

6:
49

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
brittle behaviour, characterised by sudden failure, yet show
good mechanical properties.

The mechanical properties of neat PLA samples are consis-
tent with those reported in other studies (Sharma et al., 2021).32

Specically, Sharma et al. (2021) reported the following values
for tensile modulus, elongation at break, and maximum
strength: 2.4 GPa, 5%, and 47 MPa, respectively. Any slight
differences in the obtained results can be attributed to varia-
tions in the raw materials.

In terms of failure mechanisms, neat PLA samples exhibit
brittle behaviour, characterised by sudden fracture and an
abrupt load drop. The failure mechanisms of the plasticised
samples remain similar to those of the neat PLA.

The addition of plasticiser consistently alters the mechanical
properties of the PLA samples: it reduces the Young's modulus
and maximum strength, while elongation at break is improved.
The reduction in mechanical properties is strongly linked to the
increased channelling and higher porosity observed at higher G
ratios, resulting in a weaker matrix overall.33 Samples with
higher G content show an increased elongation at break, with
an optimal peak observed for samples with intermediate G
ratios—those that do not experience the aforementioned strip-
ping effect. This result aligns with the expected plasticising
effect, which generally improves ductility but tends to reduce
other mechanical properties.34 The best compromise between
ductility and mechanical properties was achieved with low G
ratio samples, while samples with intermediate plasticiser
ratios exhibited the highest deformations and thus the best
performance in terms of elongation.
Water vapour transpiration rate (WVTR)

WVTR test results reported in Fig. 8 demonstrate that, up to
a certain level, an increase in the plasticiser concentration leads
to higher vapour transpiration.35 The value for the control
sample S00 aligns well with literature data, showing a value of
1.73 mg (h cm2)−1, compared to the 1.52 mg (h cm2)−1 reported
by Shogren.36 Two distinct behaviours were observed: a steep
increase at lower plasticiser concentrations and a slower
increase at higher concentrations, resulting in a sigmoid-like,
non-linear dependency across the entire concentration range.
To accurately capture the WVTR prole in the region with the
Fig. 8 WVTR results at 30 °C plotted against plasticizer percentages,
a scheme of the test cell is reported in the low right angle of the graph.

© 2026 The Author(s). Published by the Royal Society of Chemistry
steepest changes, samples with very low G ratios (0.05 and 0.15
wt/wt PLA) were included in the study. The observed trend
corresponds with SEM observations, where higher G ratios lead
to greater matrix void ratios and more extensive channelling, so
that the increased channelling creates easier pathways for water
vapour to permeate through the lm. This effect is clearly
tunable through the casting methodology and plasticiser
content.
Antimicrobial activity

To evaluate the antibacterial properties of the samples,
a quantitative test using Gram-positive bacteria Staphylococcus
aureus (SA) was conducted. Some of the microbial counting
plates, tested at 10−2 CFU are shown in Fig. 9. Results of the
antimicrobial tests showed that for the control sample, the
culture counts were approximately 6.8 × 103 ± 2.2 × 103 CFU
cm−2.

The lms containing different G concentrations (5, 10 and
20% wt) showed signicant bacterial growth inhibition (see
Table 3). Higher cell growth reduction (z99%) was obtained
with a G ratio of 20%wt. Therefore, the addition of the plasti-
ciser, provides excellent antibacterial properties against the SA
strains, in accordance with previous literature data.37

Antimicrobial tests results are reported in Table 3. Results
here are expressed in terms of logarithmic CFU reduction in
respect to S00 samples, for each of the samples analysed and for
the two inoculum dilutions tested.
Fig. 9 Microbial count plates for control sample S00 (a), sample S10
(b) and sample S20 (c).

Table 3 Staphylococcus aureus antimicrobial test results

Sample 10−2 CFU 10−3 CFU

S20 99% 93%
S10 95% 90%
S05 92% 78%

RSC Adv., 2026, 16, 11594–11602 | 11599

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra07926h


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 3

/1
0/

20
26

 4
:5

6:
49

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Conclusions

PLA is a valuable polymer for both food packaging and
biomedical applications. To meet food safety standards, PLA
lms were cast using amore food-safe green solvent, as opposed
to the commonly used standardised solvents for PLA. A novel
casting method, Air Induced Temperature Controlled Phase
Separation (AITCPS), resulted in a plasticised dense PLA
composite with highly tunable properties.

Plasticisers are essential for achieving the desired mechan-
ical properties in polymer lms. In this study, glycerol proved to
be an effective alternative to more traditional additives, partic-
ularly due to its high compatibility with food and physiological
environments. A key feature of the study is the interaction
between glycerol and PLA during the casting process: varying
fractions of plasticiser lead to signicantly different results,
particularly in terms of lm morphology. Higher glycerol
concentrations result in highly porous lms, which critically
affect the mechanical properties, leading to lower yields and
higher elongation at break.

The effect of the plasticiser ratio on the thermal properties of
the lms was minimal, while its inuence on the mechanical
and interfacial properties was dramatic. Specically, WCA
values decreased as the glycerol ratio increased, exhibiting an
asymptotic trend at higher ratios, which imparted a more
hydrophilic character to the material.

WVTR tests showed that increasing glycerol concentrations
raised transpiration, with a steep change observed around 10–
20% wt ratios of G. This resulted in a sigmoid-like relationship
across the entire range of concentrations.

Mechanical testing conrmed the expected plasticising
effect: improved ductility (elongation at break) together
with a decrease in elastic modulus and yield stress. The best
balance between ductility and other mechanical properties was
achieved with low glycerol ratio samples, while samples with
intermediate plasticiser ratios performed best in terms of
deformation.

Antimicrobial tests show how even minimal amounts of G
have a huge impact on the activeness of the material, this result
being very critical in sight of a protable use of the composite as
active food packaging, prosthetic coating or controlled release
medium. Further developments of this study should cover
antimicrobial tests performed against multiple microbial
strains, to be chosen between those relevant for food packaging
and biomedical applications.

Still, to access the effective employment of the material,
a strict assessment of the activation of the inammatory
response for biomedical applications should be tackled,
together with the development of active mechanisms – inherent
in the material itself – to control it.

Another aspect worth investigating soon is the modelling of
the binary interactions between the material and the inam-
matory response actors, as well as the nemodelling of material
decay in the application environment, to acquire predictive
abilities which allow further optimisation of the material and of
the casting method.
11600 | RSC Adv., 2026, 16, 11594–11602
In conclusion, the AITCPS methodology demonstrates
strong potential, offering excellent opportunities for product
optimisation and the tunability of key material features.
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