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d PBS/PBAT biocomposites:
influence of composition and filler content on
injection molded properties

Susanna Miescher, Florine Schleiffer, Eliane Wegenstein and Selçuk Yildirim *

The growing demand for sustainable materials has intensified interest in bio-based and biodegradable

polymers as alternatives to fossil-based plastics. This study investigated the development of injection-

molded biocomposites based on poly(butylene succinate) (PBS), poly(butylene adipate-co-terephthalate)

(PBAT), and their blends, reinforced with 30–70 wt% potato peels (PP), an abundant by-product of food

processing. The effects of filler content and polymer composition on thermal, mechanical, and

moisture-related properties were systematically evaluated. All composites remained thermally stable

below 228 °C, confirming the suitability of PP for melt processing. FTIR spectroscopy showed no

evidence of chemical bonding between filler and polymer matrices, although weak physical interactions

were observed, particularly in PBS-rich systems. In contrast, blending PBS with PBAT indicated polymer–

polymer interactions, suggesting partial compatibilization, as reflected in a 1.8-fold increase in elongation

at break. PP addition consistently altered composite structure and significantly enhanced stiffness, with

the elastic modulus increasing from 698 to 1825 MPa for PBS (+162%) and from 77 to 1161 MPa for PBAT

(+1418%) at 70 wt% PP. Conversely, tensile strength decreased from 35.0 to 10.6 MPa (PBS) and from

17.1 to 6.5 MPa (PBAT), and elongation at break dropped below 3% for all composites containing

$40 wt% PP. Overall, PBS/PBAT-potato peel composites exhibited more balanced mechanical

performance compared to neat PBS or PBAT composites. DSC analysis revealed that PP acted as

a nucleating agent in PBS and PBS-rich blends, increasing crystallization temperature with only minor

impact on overall crystallinity. Collectively, these findings demonstrate the feasibility of producing high-

filler-content biocomposites for sustainable packaging and agricultural materials.
Sustainability spotlight

In light of the growing demand for sustainable material solutions, this study investigates the use of the biodegradable polymers poly(butylene succinate) (PBS)
and poly(butylene adipate-co-terephthalate) (PBAT) in combination with an underutilized by-product from the food industry, potato peels (PP). By partially
substituting the polymer content with PP, the approach aims to improve resource efficiency, reduce the reliance on virgin polymer input, and create added value
from industrial waste streams. This material strategy contributes to the advancement of circular economy principles and aligns with key sustainability targets,
including responsible resource use and climate change mitigation as outlined in the United Nations Sustainable Development Goals (SDG 12 and SDG 13).
1 Introduction

Plastics offer numerous functional and economic advantages,
but their widespread use has raised growing concerns regarding
environmental sustainability.1,2 With global plastic demand
projected to increase, continued reliance on fossil-based poly-
mer systems remains a major challenge. In response, bi-
oplastics have been identied as a promising alternative, with
the potential to reduce fossil resource consumption, lower
carbon emissions, and support the development of a circular
plastics economy.1,3–6 Research and development in bio-based
nces, Institute of Food and Beverage

E-mail: selcuk.yildirim@zhaw.ch

025, 3, 2308–2320
and/or biodegradable polymers have gained increasing atten-
tion, particularly in the eld of aliphatic polyesters such as
poly(butylene succinate) (PBS), poly(butylene adipate-co-tere-
phthalate) (PBAT), poly(lactic acid) (PLA), poly(3-caprolactone)
(PCL), and polyhydroxyalkanoates (PHAs), among others.7–10

Due to differences in their physicochemical and mechanical
properties, these polymers vary in their suitability for specic
applications.11

PBS is a biodegradable aliphatic polyester synthesized via the
polycondensation of succinic acid (or dimethyl succinate) and
1,4-butanediol, combining a relatively low melting temperature
of approximately 115 °C with good thermal stability and favor-
able melt processability.7,12–14 Its semi-crystalline structure,
particularly the degree of crystallinity, inuences its mechanical
© 2025 The Author(s). Published by the Royal Society of Chemistry
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performance, resulting in moderate stiffness and hardness,
with overall properties comparable to those of poly-
propylene.13,15 PBAT, on the other hand, is an aliphatic-aromatic
polyester synthesized from adipic acid, 1,4-butanediol and ter-
ephthalic acid.16 Due to the aromatic units present in the
polymer's structure, PBAT exhibits enhanced toughness and
thermal resistance,17–19 and is characterized by high ductility
with greater elongation at break than most other biodegradable
polyesters.16,20

While both polymers are considered promising materials,
their individual limitations restrict their applicability in
unmodied form.9,21 PBS is characterized by low melt
viscosity,12 slow crystallization kinetics,12 and brittle mechanical
behavior,14,19,22,23 whereas PBAT is primarily limited by its low
stiffness and tensile strength.14 To modify their properties and
broaden the range of potential applications, various strategies,
such as polymer blending, have been employed to enhance
performance and reduce production costs.24,25 Binary blends of
PBS and PBAT, in particular, have gained increasing recognition
due to their complementary characteristics. Blending has been
reported to result in more balanced mechanical properties,
including increased ductility, improved impact strength and
toughness,9,23,26,27 enhanced processability with higher melt ow
index (MFI) values,26 and good polymer compatibility.26,28 The
improved compatibility has been attributed to enhanced inter-
phase interactions, including dipole interactions and hydrogen
bonding, which may naturally occur between the two compo-
nents depending on their relative concentrations.5,9,21,29

In addition to polymer blending, the incorporation of
various llers, such as rice husks,30 lignin,23 coffee husks,31

walnut shell powder,2,24 and starch,18,19,24 into PBS/PBAT
matrices has also been investigated. These llers not only
reinforce the polymer matrix and tailor functional performance
of the composites, but also reduce material costs.23

Consequently, increasing efforts have been directed toward
the use of natural llers derived from readily available agricul-
tural and food industry by-products. Among these, potato peels
have attracted growing interest due to their abundance. With
global potato production exceeding 383 million tons annually,32

and industrial processing continuing to rise, substantial
quantities of potato peels are generated as waste streams,
amounting to 16–25% of the original crop mass.33 Potato peels
therefore represent a renewable and largely untapped resource
with considerable potential for valorization in material-based
applications. The peels are composed of starch (16–51%),
non-starch polysaccharides (22–27%), including pectin, cellu-
lose, and hemicellulose, as well as lignin (5.8–21.6%), proteins
(6–26%), and minerals (6–11.1%).34–36 Due to this composition
and their thermal processability, potato peels have previously
been identied as a promising ller material for biocomposite
production. The incorporation of 40–60 wt% potato peels into
PBS for the production of extruded lms has already been
investigated.37 In contrast, injection-molded applications have
thus far only been studied with other polymer matrices.
Specically, potato peel powder was incorporated at concen-
trations of 10–40 wt% into polypropylene38 and linear low-
density polyethylene (LLDPE),39 each with and without
© 2025 The Author(s). Published by the Royal Society of Chemistry
a compatibilizer, and at a constant concentration of 10 wt% into
PLA, with individual formulations prepared using distinct
particle size fractions.40 In all cases, the resulting composites
were evaluated with respect to their thermal, mechanical, and
physicochemical properties. In all cases, the resulting
composites were evaluated with respect to their thermal,
mechanical, and physicochemical properties. Although these
studies demonstrated the potential of potato peels as a renew-
able ller capable of increasing material stiffness, they also
revealed limitations such as reduced tensile strength and
elongation, poor interfacial adhesion, and high moisture
sensitivity, primarily due to incompatibility between hydro-
philic llers and hydrophobic matrices.38,39 These challenges
underscore the need for further optimization and tailored
formulation strategies.

The use of potato peels as a reinforcing ller in PBS, PBAT, or
their blends has so far received limited attention. Therefore,
this study investigated the incorporation of potato peels (PP) at
concentrations ranging from 30 to 90 wt% into the biopolymers
PBS and PBAT. Particular emphasis was placed on assessing the
inuence of ller content on the thermal, mechanical, and
physicochemical properties of the resulting composites. In
addition, the effect of polymer composition, including binary
blends of the two polymers, on material properties and inter-
facial compatibility was examined. Evaluating the suitability of
this agro-industrial by-product as a ller in biocomposite
formulations was intended to promote the development of
more sustainable and cost-effective biopolymer systems.
2 Materials and methods
2.1 Materials

Fresh steam-peeled potato peels of the Agria and Fontane
varieties were sourced from industrial potato processing (Fresh
Food & Beverage Group AG, Bischofszell, Switzerland) and
stored at −20 °C until use. Poly(butylene succinate) (PBS; PBI
003, NaturePlast, Mondeville, France) with a density of
1.26 g cm−3and a MFI of 22 g per 10 min (190 °C, 2.16 kg) and
poly(butylene adipate-co-terephthalate) (PBAT; Biopolyester
purge, BASF SE, Ludwigshafen, Germany) with a density of
1.25–1.29 g cm−3 and a MFI of 2.5–4.5 g per 10 min (190 °C, 2.16
kg) were used for composite preparation. Prior to processing,
the polymers were dried at 60 °C for approximately 10 h.
2.2 Preparation of potato peel powder

Drying of the thawed potato peels was performed using
a vacuum drum dryer (HTC-VTE 140, BHS-Sonthofen GmbH,
Herrsching, Germany) at a product temperature of 50 °C and
a pressure of 6–10 mbar, followed by post-drying in a drying
chamber (FED 260, Binder GmbH, Tuttlingen, Germany) at 45 °
C. The dried peels were ground to a particle size below 500 mm
using a beater rotor mill (SR 300, Retsch GmbH, Haan, Ger-
many) operating at 3000 rpm. The resulting potato peel powder
had a nal moisture content of 3.4 ± 0.14% and a starch
content of 23.6 ± 2.4%.
Sustainable Food Technol., 2025, 3, 2308–2320 | 2309
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2.3 Compounding of biocomposites

The inuence of potato peel content on the properties of the
neat PBS and PBAT matrices was investigated using a wide ller
range of 30–90 wt%, while the effect of PBS/PBAT blending on
composite behavior was examined at a xed ller content of
30 wt%. The composites were compounded according to the
formulations shown in Table 1 using a co-rotating twin screw
extruder (ZE 18 HMI, Three-Tec GmbH, Seon, Switzerland)
equipped with a single-screw feeder (ED 20, Three-Tec GmbH,
Seon, Switzerland). Processing was conducted with a screw
diameter of 18 mm and a barrel length of 380 mm, at a screw
speed of 30 rpm and using a 2 mm nozzle. A consistent
temperature prole of 50/100/130/150/150 °C was applied to all
formulations. The extruded laments were subsequently gran-
ulated to a size of 4 mm using a pelletizer (DN89-1M ECO,
Three-Tec GmbH, Seon, Switzerland).
2.4 Injection molding of potato peel-based specimens

Dog bone test specimens of Type 1BA, conforming to DIN EN
ISO 527-2, were produced from the pellets using a laboratory
injection molding machine (S/N 21 822, Three-Tec GmbH,
Seon, Switzerland). The specimens had a total length of $ 75
mm, a width of 5.0 ± 0.5 mm and a thickness of $ 2 mm.
Injection molding was performed in batches at a melt
temperature of 150 °C. An injection pressure of 425 bar was
applied for 8 s (increased to 680 bar at 60 wt% PP, 790 bar at
70 wt% PP, and 1415 bar at 80–90% PP), and a holding pres-
sure of 142 N was maintained for 8 s. The mold temperature
was set to 60 °C. The injection-molded specimens were
conditioned in a climate chamber (VP600, Vötsch Industri-
etechnik, Balingen, Germany) at 23 °C and 50% RH for at least
24 hours prior to analyses.
Table 1 Composition of PBS, PBAT, their blends, and the corresponding

Polymer matrix Sample

PBS PBS
PBS 70_PP 30
PBS 60_PP 40
PBS 50_PP 50
PBS 40_PP 60
PBS 30_PP 70
PBS 20_PP 80

PBAT PBAT
PBAT 70_PP 30
PBAT 60_PP 40
PBAT 50_PP 50
PBAT 40_PP 60
PBAT 30_PP 70
PBAT 10_PP 90

PBS/PBAT PBS 70/PBAT 30
PBS 50/PBAT 50
PBS 30/PBAT 70
(PBS 70/PBAT 30) 70_PP 30
(PBS 50/PBAT 50) 70_PP 30
(PBS 30/PBAT 70) 70_PP 30

2310 | Sustainable Food Technol., 2025, 3, 2308–2320
2.5 Characterization of sample properties

2.5.1 Fourier transform infrared spectroscopy (ATR-FTIR).
ATR-FTIR spectra of the pure components and of the cross-
sections of the injection-molded composites were recorded
using a FTIR spectrometer (Frontier, PerkinElmer, USA) in the
range of 600–4000 cm−1 with a resolution of 4 cm−1 and an
average of 20 scans.

2.5.2 Thermogravimetric analysis (TGA). The thermal
stability of PP, neat PBS, neat PBAT, and their corresponding
composites was evaluated by thermogravimetric analysis (TGA)
using a TGA 1/SF system (Mettler Toledo, Greifensee, Switzer-
land). Approximately 10 mg of samples were placed in an
aluminum crucible, and measurements were carried out from
25 °C to 600 °C at a heating rate of 15 °Cmin−1 under a constant
nitrogen ow of 40 mL min−1.

2.5.3 Differential scanning calorimetry (DSC). The thermal
properties of the neat polymers, their blends, and all
composite formulations were analyzed by differential scan-
ning calorimetry (DSC) on pelletized samples. Approximately 7
± 0.5 mg of each sample was placed in a Tzero aluminum
hermetic pan with a pierced lid and subjected to a heating–
cooling–heating cycle under a nitrogen atmosphere. The
temperature program ranged from −90 to 250 °C with heating
and cooling rates of 10 °C min−1, including isothermal holds
of 1 min at 250 °C and 5 min at −90 °C (DSC Q2000, TA
Instruments, Waters GmbH, Eschborn, Germany). The crys-
tallization temperature (Tc) and crystallization enthalpy (DHc)
werde derived from the cooling run, while the glass transition
temperature (Tg), cold crystallization temperature (Tcc), cold
crystallization enthalpy (DHcc), melting temperature (Tm), and
melting enthalpy (DHm) werde determined from the second
heating run. The degree of crystallinity (Xc) was calculated
using eqn (1):
composites containing potato peels (PP)

PBS [wt%] PBAT [wt%] PP [wt%]

100
70 30
60 40
50 50
40 60
30 70
20 80

100
70 30
60 40
50 50
40 60
30 70
10 90

70 30
50 50
30 70
49 21 30
35 35 30
21 49 30

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Xc ¼
�
DHm � DHcc

f � DHm100%

�
� 100 (1)

where DHm is the melting enthalpy, DHcc is the cold crystalli-
zation enthalpy, f is the weight fraction of PBS, PBAT or PBS/
PBAT blends in the composite, and DHm100% is the theoretical
melting enthalpy of 100% crystalline polymer, taken as 200 J g−1

for PBS41,42 and 114 J g−1 for PBAT.14

2.5.4 Mechanical properties. The mechanical properties of
the dog bone test specimens were evaluated by tensile and
exural testing, with eight replicates performed per material.
Tensile properties, including tensile modulus Et [MPa], tensile
strength sm [MPa] and elongation at break 3b [%] were deter-
mined according to DIN EN ISO 527-2 using a material testing
machine (ProLine Z005 TH, ZwickRoell GmbH & Co. KG, Ulm,
Germany) equipped with a 5 kN load cell, pneumatic grips rated
to 2.5 kN, and an extensometer with a gauge length of 25 mm. A
clamping length of 60 mm was used, with a test speed of 1
mm min−1 for the determination of tensile modulus and 50
mm min−1 for the determination of yield stress. Flexural
properties, specically exural modulus Ef [MPa] and exural
strength sfM [MPa], were measured in accordance with DIN EN
ISO 178 using a three-point bending test using a material
testing machine (Zwicki Z0.5 TH, ZwickRoell GmbH & Co. KG,
Ulm, Germany) equipped with a 500 N load cell and a support
span of 64 mm. The crosshead speed was set to 50 mm min−1.

2.5.5 Water contact angle (WCA). The wetting behavior of
the sample surfaces was evaluated by static water contact angle
(WCA) measurements using the sessile drop method.
Measurements were carried out using a goniometer (OCA15pro,
DataPhysics Instruments GmbH, Filderstadt, Germany),
equipped with automated image acquisition soware (Data-
physics SCA20). A 10 ml droplet of ultrapure water was dispensed
onto the surface of each of ve replicate specimens, and the
contact angle was determined using the Young–Laplace tting
method.

2.5.6 Water uptake capacity (WUC). The water uptake
capacity of the biocomposites was determined according to EN
ISO 62:2008, with a deviation from the standard by using
complete dog bone specimens. The samples were dried in
a drying chamber (FED 260, Binder GmbH, Tuttlingen, Ger-
many) at 50 °C for 24 h to determine the initial dry weight (m1).
Subsequently, the specimens were fully immersed in 300 mL of
distilled water at 23 °C, and the wet weight (m2) was recorded
aer 24 h, following gentle blotting of surface water with lter
paper. The nal dry weight (m3) was determined aer re-drying
at 50 °C for more than 24 h. All measurements were performed
in ve replicates. Water uptake capacity (WUC) and soluble
matter loss (SML) were calculated using eqn (2) and (3).

WUCð%Þ ¼ m2 �m3

m1

� 100 (2)

SMLð%Þ ¼ m1 �m3

m1

� 100 (3)

2.5.7 Statistical analysis. Statistical evaluation was per-
formed for data on mechanical properties, water contact angle,
© 2025 The Author(s). Published by the Royal Society of Chemistry
and water uptake capacity. Results are presented as mean ±

standard deviation. Data were tested for normality using the
Shapiro–Wilk test and for homogeneity of variances using
Levene's test. If both assumptions were met, a one-way analysis
of variance (ANOVA) followed by Tukey's HSD post hoc test was
conducted. If at least one assumption was violated, the non-
parametric Kruskal–Wallis test followed by the Conover–Iman
post hoc test was applied. A p-value < 0.05 was considered
statistically signicant.
3 Results & discussion

Potato peels (PP) were incorporated into PBS, PBAT, and their
blends at loadings ranging from 30 to 90 wt%. While com-
pounding was technically feasible across this range, formula-
tions containing 80–90 wt% ller exhibited pronounced
brittleness, which compromised their processability and
hindered further fabrication into injection-molded specimens.
Consequently, only formulations containing up to 70 wt% PP
were considered for subsequent analyses. The injection-molded
dog bone specimens of the various composite formulations are
presented in Fig. 1. The incorporation of PP resulted in
a pronounced brown coloration, irrespective of the polymer
matrix, with slightly increased intensity at higher ller contents.
Additionally, specimens with elevated ller loadings exhibited
a brous texture and visible inhomogeneities.
3.1 Fourier transform infrared spectroscopy (ATR-FTIR)

The chemical composition of PBS, PBAT, potato peels, and the
corresponding composite materials was analyzed by Fourier-
transform infrared (FTIR) spectroscopy. The spectra of neat
PBS and PBAT (Fig. 2a) exhibited characteristic absorption
bands representative of the respective polymers. Peaks at 2946/
2955, 1711/1713, and 1149/1163 cm−1 were assigned to the
asymmetric stretching of C–H groups, the C]O stretching of
carbonyl groups within polyester structures, and the C–O–C
stretching vibrations of ester linkages, respectively.14,43,44 In the
carbonyl stretching region between 1700 and 1740 cm−1,
however, a distinction between crystalline and amorphous
regions in the semicrystalline polymers14,43 could only be iden-
tied by a weak shoulder (∼1727 cm−1) due to overlapping
signals. The weak absorptions observed around 3400 cm−1 may
be attributed to hydroxyl-containing species, including chain-
end functionalities and residual moisture.14,43,45 Additionally,
the out-of-plane bending vibration of aromatic C–H bonds at
726 cm−1 in PBAT conrmed the presence of phenylene
rings.14,43

The blends exhibited a more complex pattern of carbonyl
group vibrations, including a shi of the peak mainly in PBS 70/
PBAT 30 to 1717 cm−1, whichmay indicate interactions between
the polyester chains. This effect has been previously interpreted
as evidence of a chemical reaction, such as the formation of
PBS-PBAT copolyesters through ester–ester interchange reac-
tions, which may serve as a compatibilizer within the
system.9,29,43,46 However, the extent of this transesterication
was reported to decrease with increasing PBAT content.9
Sustainable Food Technol., 2025, 3, 2308–2320 | 2311
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Fig. 1 Injection-molded dog bone specimens of (a) PBS and its composites containing 30, 40, 50, 60, and 70wt% potato peels (PP); (b) PBAT and
its composites with 30, 40, 50, 60, and 70 wt% PP; and (c) PBS/PBAT blends with mass ratios of 70/30, 50/50, and 30/70, each containing 30 wt%
PP.
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Potato peels, characterized by a complex composition of
starch, cellulose, hemicellulose, lignin, and protein, displayed
a broad range of overlapping absorption bands in the FTIR
spectrum (Fig. 2b), assignable to various functional groups. The
broad band observed between 3600–3000 cm−1 resulted from
overlapping O–H stretching vibrations, primarily originating
from carbohydrates such as cellulose and starch,36,47,48 as well as
N–H stretching vibrations associated with proteins.36 A distinct
peak at 2919 cm−1 was attributed to C–H stretching of methyl
and methylene groups,36,47,48 as typically found in lipids, lignin,
and polysaccharides. Peaks in the region of 1600–1400 cm−1

were associated with C]C stretching vibrations of aromatic
rings attributed to lignin,36 as well as C]O stretching vibrations
related to protein content.36,47 Furthermore, the band at
1240 cm−1 was tentatively assigned to C–O–C stretching, likely
linked to the presence of lipids and suberin in potato peels.36

The strong and broad absorption around 1020 cm−1 was
attributed to C–O–C vibrations of pyranose sugar rings and is
characteristic of polysaccharide-rich matrices.36,48
Fig. 2 FTIR absorption spectra of (a) neat PBS, PBAT and their blends, and
PBS 70/PBAT 30 at 30 wt% PP content, measured in the range of 600–

2312 | Sustainable Food Technol., 2025, 3, 2308–2320
The incorporation of PP did not alter the spectral proles,
indicating that no chemical interactions occurred between the
ller and the polymer matrices. Therefore, of the polymer
blends investigated, only the compound PBS 70/PBAT 30 is
included in Fig. 2b as a representative example. However, minor
peak shis and changes in intensity, particularly upon incor-
poration into PBS, may suggest weak physical interactions, such
as hydrogen bonding,49 or slight alterations in ller dispersion
or crystallinity. The observation that ller and matrix largely
remain chemically distinct has also been reported for the
incorporation of PP into PLA40 and for the use of starch in PBS
and PBAT.18,50
3.2 Thermal properties

3.2.1 Thermogravimetric analysis (TGA). The thermal
stability of PBS, PBAT, and their blends, as well as the effects of
potato peel incorporation, were evaluated using thermogravi-
metric analysis (TGA). The corresponding decomposition
behaviors are shown in Fig. 3, including derivative
(b) potato peels (PP) and its composites with PBS, PBAT and the blend
4000 cm−1.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 TGA (a) and DTG curves (b) of PBS and its composites containing 30–60 wt% potato peels (PP), TGA (c) and DTG curves (d) of PBAT and its
composites containing 30–60 wt% PP, and TGA (e) and DTG curves (f) of PBS/PBAT blends and its composites containing 30 wt% PP.
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thermogravimetry (DTG) curves for enhanced interpretation of
the degradation steps; key TGA parameters are summarized in
Table S1 (SI). The neat polymers exhibited a single-step degra-
dation, with maximum decomposition rates observed at 409.5 °
C for PBS and 415.75 °C for PBAT. The onset of thermal
degradation indicated a slightly higher thermal stability for
PBAT compared to PBS, consistent with literature data.5,9,14 Due
to the similar degradation proles of PBS and PBAT, their
blends likewise exhibited single-step degradation proles, with
the peak degradation temperature shiing according to the
respective polymer ratios. Accordingly, and in agreement with
previous ndings, melt blending did not adversely affect the
thermal stability of the polymers.5,9

In contrast, potato peels exhibited a multi-step degradation
prole comprising four distinct stages. The peak observed
© 2025 The Author(s). Published by the Royal Society of Chemistry
around 78 °C is commonly attributed to the evaporation of
moisture and other volatile compounds.38,51 The most prom-
inent decomposition event, with a maximum at 314.5 °C,
corresponds to the thermal degradation of polysaccharides,
including starch (280–350 °C),36,51 cellulose (275–400 °C),25,36,51

hemicellulose (220–315 °C)36 and pectin (150–350°).25 Addi-
tional minor peaks at 385 °C and 438 °C are associated with the
degradation of more thermally stable constituents such as
lignin and suberin (250–500 °C)25,36 Furthermore, the degrada-
tion of lipids and proteins occurs across the entire temperature
range (200–600 °C),25 contributing to the broad and overlapping
degradation prole.

The incorporation of potato peels into PBS and PBAT led to
a progressive reduction in thermal stability in both polymer
systems, directly correlated with ller concentration, as
Sustainable Food Technol., 2025, 3, 2308–2320 | 2313
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evidenced by the shi in T5% values, from 364.00 to 235.50 °C
for PBS and from 378.25 to 228.75 °C for PBAT, observed at
70 wt% PP content. With increasing ller loading, the degra-
dation proles of the biocomposites gradually transitioned
toward that of PP itself. In parallel, the residue content
increased from 4.13 to 22.08% for PBS and 8.32 to 23.78% for
PBAT at 600 °C with 70 wt% ller loading, reecting the pres-
ence of higher amounts of thermally stable inorganic or ash-
forming components derived from the potato peels. A similar
trend was already reported by Sugumaran et al. (2015)38 for the
incorporation of potato peels into polypropylene. Comparable
changes in thermal stability were observed in the PBS/PBAT
blends upon addition of potato peels, including a shi toward
lower degradation temperatures and the emergence of a multi-
step degradation prole, attributable to the higher ller
content. Overall, the reduced thermal stability of the compos-
ites necessitates processing at temperatures below 228 °C.
However, this remains feasible given the relatively low melting
and processing temperatures of PBS and PBAT, and the result-
ing biocomposites remained thermally stable under the applied
conditions.

3.2.2 Differential scanning calorimetry (DSC). To investi-
gate the thermal behavior of PBS, PBAT, and their blends, as
well as the effects of potato peel incorporation, DSC was
employed to determine the crystallization temperature (Tc),
crystallization enthalpy (DHc), glass transition temperature (Tg),
cold crystallization temperature (Tcc), cold crystallization
enthalpy (DHcc), melting temperature (Tm), melting enthalpy
(DHm), and the degree of crystallinity (Xc) of the polymer phase
(Table 2).

The neat polymers each exhibited characteristic crystalliza-
tion and melting behaviors. PBS showed a crystallization
Table 2 Thermal properties of PBS, PBAT and PBS/PBAT blends, as we
(PP). Shown are the glass transition temperature (Tg), crystallization
temperature (Tcc), cold crystallization enthalpy (DHcc), melting tempera
polymer phase (Xc). Values in parentheses are normalized to the polyme

Polymer matrix Sample Tg [°C] Tc [°C] DH

PBS PBS −29.38 66.89 58.
PBS 70_PP 30 −25.81 83.32 47.
PBS 60_PP 40 −26.45 83.36 43.
PBS 50_PP 50 −22.79 83.49 29.
PBS 40_PP 60 −18.46 83.58 27.
PBS 30_PP 70 −22.70 83.22 19.

PBAT PBAT −25.85 43.47 16.
PBAT 70_PP 30 −33.10 85.55 5.3
PBAT 60_PP 40 −25.81 76.75 2.1
PBAT 50_PP 50 −28.91 77.18 4.9
PBAT 40_PP 60 −27.40 76.47 2.7
PBAT 30_PP 70 −26.19 75.37 0.9

PBS/PBAT PBS −29.38 66.89 58.
PBAT −25.85 43.47 16.
PBS 70/PBAT 30 −28.78 69.46 45.
PBS 50/PBAT 50 −31.11 63.43 27.
PBS 30/PBAT 70 −32.71 50.23 7.4
(PBS 70/PBAT 30) 70_PP 30 −36.22 71.22 36.
(PBS 50/PBAT 50) 70_PP 30 −35.58 69.06 26.
(PBS 30/PBAT 70) 70_PP 30 −31.32 72.38 16.

2314 | Sustainable Food Technol., 2025, 3, 2308–2320
temperature of 66.89 °C, a cold-crystallization peak at 97.34 °C,
and a distinct melting peak at 115.01 °C, all of which are
consistent with its semicrystalline nature. In contrast, PBAT,
due to its predominantly amorphous character, displayed
a lower crystallization temperature of 43.47 °C, along with
a broad and weak melting area centered around 121.83 °C,
without evidence of cold crystallization. The incorporation of
potato peels led to altered, yet distinct, thermal behavior in both
polymer systems. In the case of PBS, ller addition resulted in
a pronounced increase in crystallization temperature to
approximately 83 °C, irrespective of its concentration. Simul-
taneously, the crystallization enthalpy, normalized to the poly-
mer content, increased proportionally with PP loading. This
observation aligns with previous ndings indicating that
dispersed ller particles at low concentrations can act as
heterogeneous nucleation sites, thereby promoting crystalliza-
tion within the polymer matrix.2,52 In the present study, this
nucleating effect was still evident at a ller content of 70 wt%.
The increased degree of primary crystallization upon cooling,
accompanied by a concurrent reduction in cold crystallization,
suggests a rearrangement within the crystallization process,
however, the overall degree of crystallinity of the PBS-PP
composites showed only a moderate increase at intermediate
ller loadings, with the effect plateauing or even declining at
higher concentrations.

In the case of PBAT, the incorporation of potato peels led to
an even more pronounced shi in crystallization toward higher
temperatures, reaching 85.55 °C at 30 wt% PP with aminor drop
to 75.37 °C observed at 70 wt% PP. Simultaneously, however,
a reduction in the crystallization enthalpy was observed. This
suggests that while PP promoted nucleation, the extent of
crystallization was limited, possibly due to restricted chain
ll as their corresponding composites containing 30–70% potato peels
temperature (Tc), crystallization enthalpy (DHc), cold crystallization
ture (Tm), melting enthalpy (DHm), and degree of crystallinity of the
r or polymer blend content

c [J g
−1] Tcc [°C] DHcc [J g

−1] Tm [°C] DHm [J g−1] Xc

41 97.34 9.09 115.01 63.26 27.09
94 (68.49) 103.12 4.98 (7.11) 114.88 45.30 (64.71) 28.80
57 (72.62) 104.50 3.50 (5.83) 115.24 41.21 (68.68) 31.43
58 (59.16) 105.21 1.51 (3.02) 116.88 28.15 (56.30) 26.64
85 (69.63) 105.50 1.62 (4.05) 117.10 25.96 (64.90) 30.43
29 (64.30) 106.08 0.98 (3.28) 117.43 18.52 (61.73) 29.23
70 — — 121.83 5.90 5.18
9 (7.70) — — 124.98 1.86 (2.66) 2.33
2 (3.53) — — 125.29 1.13 (1.89) 1.66
7 (9.93) — — 125.19 1.79 (3.59) 3.15
6 (6.89) — — 126.55 0.91 (2.28) 2.00
0 (2.99) — — 126.48 0.75 (2.49) 2.19
41 97.34 9.09 115.01 63.26 —
70 — — 121.83 5.90 —
50 97.67 — 114.92 45.48 —
67 98.30 — 113.55 27.74 —
4 — — 113.04 0.78 —
44 (52.06) 96.46 6.70 112.84 37.38 (53.40) —
64 (38.06) 97.29 4.15 112.84 25.30 (36.14) —
74 (23.91) 95.96 4.05 114.50 17.24 (24.63) —

© 2025 The Author(s). Published by the Royal Society of Chemistry
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mobility and reduced crystalline order. It has already been re-
ported in the literature that ller incorporation may reduce
crystal growth and crystallization rates by hindering polymer
chain mobility.2,19,53 Pivsa-Art et al. (2016) further demonstrated
that the inuence of a ller is not uniform across different
polymer systems; for instance, talc enhanced the crystallization
of PLA while simultaneously suppressing the crystallinity of
PBS.54 In the present study, inhibition of crystallization was
supported by a marked decrease in melting enthalpy, from 5.90
to 2.49 J g−1, and a corresponding reduction in Xc.

In the blends, the thermal properties of the two polymers
appeared to be superimposed, with the respective behavior
largely dominated by the polymer present in higher proportion
(Fig. 4a and b). The crystallization temperature shied toward
an intermediate value between the neat polymers, exhibiting
a bimodal peak, particularly pronounced in the PBS 70/PBAT 30
formulation. In contrast to the ndings of de Matos Costa et al.
(2020), however, a distinct PBS-associated peak component was
observed in this system, exhibiting greater intensity than in
neat PBS.14 A previous study already demonstrated that the
crystallization of PBS can be promoted in the presence of PBAT,
possibly due to molecular interactions such as hydrogen
bonding.52 In the present study, crystallization was predomi-
nantly governed by the PBS component, except in the PBS 30/
PBAT 70 blend, suggesting that PBAT may act as a nucleating
agent for the PBS phase. At higher PBAT contents, PBS crystal-
lization appeared to be inhibited, consistent with ndings re-
ported by Nobile et al. (2018).55 This inhibitory effect was further
evidenced by the progressive decrease in cold crystallization
andmelting enthalpies with increasing PBAT content. A reliable
Fig. 4 DSC thermograms of PBS, PBAT, and PBS/PBAT blends showing
with 30 wt% potato peels (PP) showing (c) cooling and (d) second heatin

© 2025 The Author(s). Published by the Royal Society of Chemistry
determination of the degree of crystallinity was, however, not
feasible due to the overlapping peaks of PBS and PBAT.
Furthermore, the PBS-dominated crystallization behavior would
have skewed the values normalized to PBAT, resulting in inac-
curate representations of its individual contribution. Potato
peel addition (Fig. 4c and d) intensied the PBS-dominated
crystallization, resulting in elevated crystallization tempera-
tures and increased crystallization enthalpy, similar to the
behavior observed in the neat polymers, with both effects
attributable to the ller acting as a nucleating agent.2,52,53

Simultaneously, an intensied cold crystallization was
observed, even in the PBS 30/PBAT 70 blend, where the thermal
behavior without potato peels was predominantly governed by
PBAT and showed no apparent cold crystallization. While the
melting temperature remained stable in the range of 113–115 °
C, an increase was also observed in melting enthalpy, by factors
of 1.2, 1.3, and 32 for formulations PBS 70/PBAT 30, PBS 50/
PBAT 50, and PBS 30/PBAT 70, respectively, each normalized
to the total polymer content. This may indicate an increased
degree of crystallinity in all potato peels-containing blends.
However, the broadening of thermal transitions due to peak
overlap between the two polymers could have again distorted
the enthalpy values, particularly in blends with higher PBAT
content.

In the polymer blends, only a single glass transition
temperature was observed, which can be attributed to the close
proximity of the Tg values of PBS and PBAT. A slight shi toward
lower temperatures relative to the neat polymers was observed,
with Tg values decreasing from −29.38 °C (PBS) and −25.85 °C
(PBAT) to −28.78 °C, −31.11 °C and −32.71 °C in the 70/30, 50/
(a) cooling and (b) second heating curves; and PBS/PBAT composites
g curves.

Sustainable Food Technol., 2025, 3, 2308–2320 | 2315
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50 and 30/70 PBS/PBAT blends, respectively. Similar shis have
been reported in previous studies and may reect underlying
interchange reactions, potentially enhancing the compatibility
between the two polymer phases,9,46 as also suggested by the
FTIR results. The glass transition temperature was further
lowered upon incorporation of potato peels, indicating addi-
tional changes in interchain forces.46
3.3 Mechanical properties

The mechanical performance of the injection-molded speci-
mens was evaluated based on their tensile and exural prop-
erties. Particular attention was given to the effects of potato
peels (PP) as a ller and their concentration, as well as to the
polymer blend composition, on the elastic modulus, tensile
strength, elongation at break, exural modulus, and exural
strength (Table 3). Representative tensile stress–strain curves of
all composite formulations are provided in Fig. S2–S4 (SI) to
illustrate the deformation behavior. Incorporation of PP led to
modications in mechanical properties, notably a signicant
increase in the elastic modulus of both PBS- and PBAT-based
compounds, in direct proportion to the ller concentration.
Increases of 162% and 1418% were observed for PBS and PBAT
composites containing 70 wt% PP, respectively, compared to
their neat counterparts. This trend is consistent with previous
ndings, as natural llers are known to reduce the ductility of
polymer matrices by restricting chain mobility, thereby
enhancing the stiffness of the resulting composite mate-
rials.24,56,57 The reinforcing effect depends on the properties of
Table 3 Elastic modulus, tensile strength and elongation at break of inje
PBAT blends, as well as their corresponding composites containing 30
deviation (n = 8). Different superscript letters indicate statistically signific
same polymer matrix (p # 0.05)

Polymer
matrix Sample

Elastic modulus
[MPa]

Tensile streng
[MPa]

PBS PBS 697.9 � 7.1 A 35.0 � 1.2 A

PBS 70_PP 30 1171 � 18 B 20.81 � 0.31 B

PBS 60_PP 40 1469 � 19 C 18.13 � 0.24 C

PBS 50_PP 50 1532 � 20 D 15.60 � 0.24 D

PBS 40_PP 60 1780 � 43 E 12.18 � 0.34 E

PBS 30_PP 70 1825 � 34 E 10.61 � 0.31 F

PBAT PBAT 76.5 � 4.4 A 17.13 � 0.79 A

PBAT 70_PP 30 283.0 � 5.3 B 7.47 � 0.19 B

PBAT 60_PP 40 453 � 12 C 7.54 � 0.33 B

PBAT 50_PP 50 614 � 23 D 6.78 � 0.31 C

PBAT 40_PP 60 865 � 20 E 6.78 � 0.23 C

PBAT 30_PP 70 1161 � 42 F 6.46 � 0.32 C

PBS/PBAT PBS 697.9 � 7.1 A 35.0 � 1.2 A

PBAT 76.5 � 4.4 B 17.13 � 0.79 C

PBS 70/PBAT 30 441 � 22 C 24.6 � 1.1 B

PBS 50/PBAT 50 338 � 20 D 19.18 � 0.90 B

PBS 30/PBAT 70 222 � 23 E 23.1 � 6.6 BC

(PBS 70/PBAT 30) 70_PP
30

873 � 21 F 15.62 � 0.23 D

(PBS 50/PBAT 50) 70_PP
30

678 � 14 G 12.96 � 0.24 E

(PBS 30/PBAT 70) 70_PP
30

461 � 20 C 10.05 � 0.31 F

2316 | Sustainable Food Technol., 2025, 3, 2308–2320
both the ller and the polymer matrix, the ller concentration,
and its dispersion within the matrix.56,58 PBS/PBAT blends
exhibited elastic moduli intermediate to those of the neat
polymers, with values decreasing as the proportion of PBAT
increased. Similar behavior across a range of PBS/PBAT blend
compositions has been reported in prior research, suggesting
the presence of heterogeneous phase morphologies within the
system.5,14,21 Consistent with the results obtained for the neat
polymers, the elastic moduli of the blends increased upon
incorporation of 30 wt% PP, aligning between the correspond-
ing PBS and PBAT composite values at the same ller content.

Concurrently with the increase in elastic moduli, the incor-
poration of PP resulted in signicant reductions in both tensile
strength and elongation at break. As suggested by FTIR analysis,
the absence of strong interfacial interactions between the ller
and the polymer matrices prevented any increase in tensile
properties. Tensile strength decreased progressively from
35.0 MPa and 17.13 MPa for neat PBS and PBAT, respectively, to
10.61 MPa and 6.46 MPa at 70 wt% PP, corresponding to
strength reductions of approximately 70% and 62%. These
strength reductions may be attributed to the weak interfacial
adhesion and limited compatibility between the hydrophobic
polymer matrices and the hydrophilic PP, which impairs effec-
tive stress transfer within the biocomposites.24,39,59,60 Moreover,
non-uniform ller geometry2 and the presence of voids or
cavities within the composite structure61 may have further
compromised the mechanical integrity of the material. Polymer
blending did not enhance the overall mechanical strength of
the materials. While the tensile strength of the blends remained
ction-molded dog bone specimens composed of PBS, PBAT and PBS/
–70% potato peels (PP). Values are presented as mean ± standard

ant differences per property (column) between formulations within the

th Elongation at break
[%]

Flexural modulus
[MPa]

Flexural strength
[MPa]

251 � 86 A 608 � 22 A 21.34 � 0.33 A

3.81 � 0.19 B 1126 � 20 B 33.35 � 0.13 B

2.78 � 0.16 C 1335 � 54 C 34.81 � 0.61 C

2.20 � 0.10 D 1466 � 115 D 31.42 � 0.79 D

1.39 � 0.17 E 1812 � 39 E 25.66 � 0.98 E

0.92 � 0.11 F 1952 � 50 F 21.78 � 0.96 A

299.20 � 0.78 A 84.7 � 4.8 A 2.92 � 0.12 A

89 � 31 B 273.2 � 7.8 B 8.55 � 0.23 B

11.9 � 2.1 C 422 � 12 C 11.31 � 0.25 C

6.8 � 1.3 D 571 � 21 D 12.33 � 0.32 D

3.51 � 0.23 E 808 � 20 E 13.14 � 0.32 E

2.20 � 0.64 F 1036 � 34 F 11.42 � 0.30 C

251 � 86 A 608 � 22 A 21.34 � 0.33 A

D 299.20 � 0.78 A 84.7 � 4.8 B 2.92 � 0.12 B

472 � 80 B 446 � 14 C 15.45 � 0.42 C

C 480 � 49 B 340 � 10 D 11.93 � 0.47 D

333 � 58 A 227 � 13 E 7.44 � 0.53 E

E 4.78 � 0.26 D 840 � 27 F 24.51 � 0.42 F

F 7.3 � 1.1 CD 652 � 17 G 19.23 � 0.42 G

12.7 � 2.3 C 461 � 23 C 14.01 � 0.40 H

© 2025 The Author(s). Published by the Royal Society of Chemistry
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within the bounds set by the neat polymers, the incorporation
of PP similarly led to a signicant reduction in tensile
performance.

The altered structure and reduced ductility resulting from
potato peel incorporation also led to a signicant decrease in
elongation at break. A substantial decline was already evident at
30 wt% ller loading, with 70 wt% resulting in reductions from
251 to 0.92% for PBS and from 299.20 to 2.20% for PBAT,
respectively.

While blending PBS and PBAT has previously been associ-
ated with reduced ductility in ller-free systems,14,21 the present
study observed a 1.8-fold increase in elongation at break, sug-
gesting enhanced interactions between the two polymer phases.
Previous research has shown that blending these inherently
immiscible polymers resulted in the formation of a two-phase
morphology, either as a droplet-matrix structure or a co-
continuous phase morphology.5,9,14,21,62 The absence of
a distinct interface between the phases has been attributed to
interactions and partial compatibility between the two poly-
mers,14 which have been linked to increased complex viscosity
and storage modulus5,9,21 as well as enhanced elastic
response.5,43 In the present study, possible interactions between
the polymer phases were also suggested by FTIR analysis,
particularly in the PBS 70/PBAT 30 blend. However, the
morphological structure formed has been reported to be
strongly inuenced by the blend ratio, processing temperature,
and shear rate.62 In this study, a slight decrease in elongation at
break was observed at 70 wt% PBAT content. However, the
incorporation of PP into the blends caused a similarly
pronounced decrease in ductility as observed in the neat poly-
mers. Overall, the extent of compatibilization appeared to be
limited5,9,21 and, consequently, may have been insufficient to
compensate for the weakening effect of ller addition.

In general, the effects of incorporating potato peels into PBS,
PBAT, and their blends were comparable to those reported for
their use as a ller in other polymer matrices. Similar trends,
namely, reductions in tensile strength and elongation at break,
along with an increase in elastic modulus, have also been
observed in composites based on polypropylene, linear low-
density polyethylene (LLDPE), and polylactic acid (PLA),
resulting in a corresponding reduction in matrix ductility and
an overall enhancement in stiffness.38–40 While the incorpora-
tion of PP into PBS/PBAT blends also induced pronounced
alterations in material behavior, the resulting composites
exhibited more balanced mechanical properties compared to
the individual polymer-based systems.

In parallel with the increase in elastic modulus, the exural
modulus was likewise enhanced upon incorporation of PP. This
stiffening effect was consistently observed across both the
individual polymers and their blends, indicating the reinforcing
role of the ller. Consistent with Sugumaran et al. (2015), no
material failures occurred at lower PP contents of up to 40 wt%,
resulting in greater exural deformation and increased exural
strength compared to the neat polymers and their blends.38 The
quality of the interface between the polymer matrix and the
ller was shown to have a less pronounced effect on exural
performance than on tensile properties.56 At higher PP
© 2025 The Author(s). Published by the Royal Society of Chemistry
concentrations, however, fracture occurred, accompanied by
a decrease in exural strength.
3.4 Surface wettability and water absorption behavior

Surface characteristics and water sensitivity of PBS, PBAT, and
their blends were evaluated in relation to 30–70% potato peel
content by measuring the water contact angle (WCA), water
uptake capacity (WUC), and soluble matter loss (SML) (Table 4).
In PBS, a gradual decrease inWCA was observed with increasing
PP content, from 87.4° in neat PBS to 72.2° at 70% loading.
Natural llers are known to exhibit a hydrophilic nature due to
their composition, which includes a high density of polar
functional groups such as hydroxyl and carboxyl groups,
commonly present in starch, cellulose, and hemicellulose.25,50,63

In addition, poor interfacial adhesion and limited compatibility
between PBS and PP, as already reected in the mechanical
performance, may lead to matrix disruption by the ller parti-
cles, promoting crack formation and the development of
interfacial microvoids, which in turn can facilitate water
uptake.25,64,65 These effects were further supported by the
increased water absorption and soluble matter loss observed in
PBS composites with higher ller contents. While the water
uptake of the neat polymer was found to be negligible (0.43 ±

0.05%), WUC values of up to 10.56% were measured in
composites containing 70% PP.

In contrast, a signicant increase in water contact angle was
observed for both PBAT and the PBS/PBAT blends, occurring at
30–40% and 30% PP content, respectively. The complex
composition of PP, along with varying interactions between the
ller and different polymer matrices, may contribute to the
observed differences in surface properties. Miller et al. (2024)
reported that injection-molded PLA samples containing 10% PP
exhibited a polymer-dominated surface characterized by
a smooth layer free of PP constituents.40 Conversely, the incor-
poration of lignin66 and polyphenols67 into PBAT-based
composites has been associated with increased WCA values.
Several components of PP, such as proteins, lignin/suberin, and
lipids, may contribute to more hydrophobic surface character-
istics due to their intrinsic hydrophobicity.25 If these compo-
nents migrate to, or agglomerate at, the surface, they may
reduce the overall surface polarity of the composite. Addition-
ally, surface roughness is known to amplify a material's
intrinsic wettability, thereby potentially inuencing the water
contact angle.68 Thus, an increase in hydrophobicity indicated
by higher contact angles may reect surface effects rather than
a fundamental reduction in water sensitivity. This is supported
by WUC values, which showed that water absorption still
signicantly increased with ller addition in PBAT and blend
composites, from 0.53% to 12.42% at 70% loading in PBAT, and
from 0.36–0.43% to 1.96–2.08% at 30% PP in the blends.

The degree of crystallinity is known to inuence the water
absorption behavior of polymers. The larger proportion of
amorphous regions in PBAT makes it more accessible to water
uptake compared to PBS, which exhibits a higher degree of
crystallinity.30 This structural factor aligns with the observed
Sustainable Food Technol., 2025, 3, 2308–2320 | 2317
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Table 4 Water contact angle (WCA), water uptake capacity (WUC) and soluble matter loss (SML) of injection-molded dog bone specimens
composed of PBS, PBAT and PBS/PBAT blends, as well as their corresponding composites containing 30–70% potato peels (PP). Values are
presented as mean ± standard deviation (n = 5). Different superscript letters indicate statistically significant differences between formulations
within the same polymer matrix (p # 0.05)

Polymer matrix Sample WCA [°] WUC [%] SML [%]

PBS PBS 87.4 � 2.6 A 0.43 � 0.05 A 0.03 � 0.01 A

PBS 70_PP 30 78.5 � 2.6 A 1.99 � 0.04 B 0.35 � 0.04 B

PBS 60_PP 40 74.0 � 2.2 B 2.88 � 0.05 C 0.33 � 0.03 B

PBS 50_PP 50 72.8 � 2.2 B 4.34 � 0.10 D 0.54 � 0.05 C

PBS 40_PP 60 74.3 � 1.5 B 7.37 � 0.25 E 1.00 � 0.07 D

PBS 30_PP 70 72.2 � 1.9 B 10.56 � 0.24 F 1.58 � 0.12 E

PBAT PBAT 87.7 � 1.7 AB 0.53 � 0.01 A 0.04 � 0.01 A

PBAT 70_PP 30 94.4 � 1.9 C 2.43 � 0.02 B 0.11 � 0.02 B

PBAT 60_PP 40 92.1 � 1.9 C 3.55 � 0.22 C 0.22 � 0.09 B

PBAT 50_PP 50 88.8 � 2.4 B 5.39 � 0.15 D 0.39 � 0.04 C

PBAT 40_PP 60 83.7 � 5.8 A 7.42 � 0.25 E 0.56 � 0.09 C

PBAT 30_PP 70 83.7 � 3.4 A 12.42 � 0.51 F 1.33 � 0.16 D

PBS/PBAT PBS 87.4 � 2.6 A 0.43 � 0.05 B 0.03 � 0.01 C

PBAT 87.7 � 1.7 A 0.53 � 0.01 CD 0.04 � 0.01 C

PBS 70/PBAT 30 75.1 � 3.0 B 0.39 � 0.01 AB 0.00 � 0.01 A

PBS 50/PBAT 50 75.8 � 4.5 B 0.36 � 0.01 A 0.00 � 0.00 A

PBS 30/PBAT 70 86.4 � 1.8 A 0.43 � 0.01 BC 0.01 � 0.00 B

(PBS 70/PBAT 30) 70_PP 30 96.1 � 1.5 C 1.96 � 0.06 DE 0.19 � 0.03 E

(PBS 50/PBAT 50) 70_PP 30 96.2 � 1.3 C 2.04 � 0.04 E 0.15 � 0.01 E

(PBS 30/PBAT 70) 70_PP 30 96.2 � 1.2 C 2.08 � 0.07 E 0.13 � 0.01 D
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trend, in which PBS consistently exhibited slightly lower water
uptake than PBAT.

Overall, although wettability and water absorption are
important factors in the biodegradability of biocomposites,65 an
increase in these properties associated with higher ller content
negatively affects material performance and limits the applica-
bility of the materials.24 Therefore, water sensitivity remains
a critical parameter in the optimization of biocomposite
formulations.
Conclusions

This study demonstrates that potato peel powder, an abundant
and underutilized agricultural by-product, can be effectively
employed as a reinforcing ller in PBS, PBAT, and PBS/PBAT
blend-based biocomposites. The successful incorporation of
high ller contents of up to 70 wt% via injection molding not
only validates the processability of these systems but also
represents a promising approach to reducing fossil-based
polymer content. The observed increases in stiffness and the
ability to tailor mechanical performance through polymer
blending highlight the potential of these formulations for
application-specic development in the bio-based materials
sector.

A key contribution of this study lies in deepening the
understanding of interfacial behavior in biocomposites
comprising hydrophilic lignocellulosic llers and hydrophobic
biodegradable polymer matrices. The pronounced reductions in
ductility and moisture resistance observed at higher ller
loadings reect interfacial incompatibility, a known limitation
in such heterogeneous systems. However, the inherent partial
miscibility between PBS and PBAT, combined with their
2318 | Sustainable Food Technol., 2025, 3, 2308–2320
compositional tunability, offers a promising framework for
optimizing phase morphology, interfacial adhesion, and overall
composite performance through targeted formulation and
reactive processing strategies. Thermal analysis further revealed
that potato peels act as heterogeneous nucleating agents,
particularly enhancing crystallization in PBS and PBS-rich
blends. However, the overall degree of crystallinity was only
moderately affected overall, with non-linear trends suggesting
a balance between nucleation promotion and chain mobility
restriction.

Future research should focus on the development of com-
patibilization strategies, including the use of reactive additives,
surface functionalization of the ller, or compatibilizer poly-
mers, to enhance interfacial bonding and reduce water uptake.
Moreover, further investigations into thermal stability, barrier
properties, long-term performance, and biodegradability under
realistic conditions will be essential for evaluating the full
application potential of these materials in packaging, agricul-
ture, or low-load consumer goods.

Overall, the ndings contribute to the advancement of
circular bioeconomy approaches by demonstrating how food
processing by-products can be converted into value-added
composite materials that combine reduced environmental
impact with functional performance.
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