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ABSTRACT
The growing demand for environmentally sustainable food packaging has stimulated in-
terest in biodegradable alternatives to conventional materials, not only at an industrial
level but also for small-scale craft productions. This pilot study evaluated the feasibility
of using biodegradable and compostable poly-butylene adipate-coterephtalate (PBAT)-
based vacuum bags as an alternative to standard polyamide/polyethylene (PA/PE)
bags for fresh beef packaging under artisanal conditions. Beef steaks were vacuum-
packed, stored at 4 °C for 11 days, and packaging performance was evaluated over
time through measurements of pH, water activity, drip loss, microbiological quality, and
color of meat. Overall, biodegradable bags showed similar performances to those of
PA/PE throughout storage. No relevant differences were observed concerning all pa-
rameters under investigation, indicating that the biodegradable packaging adequately
preserved the quality of meat under the experimental conditions tested. Results sup-
port the feasibility of PBAT-based bags for vacuum-packaging of beef steaks in small-
scale production systems.
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INTRODUCTION

Food packaging plays a fundamen-
tal role in preserving product qual-
ity and safety by protecting foods
against physical damage, chemi-
cal deterioration, moisture loss, and
microbial contamination throughout
storage and distribution [1] [2]. In
fresh meat, packaging is particularly
important because meat provides
an ideal environment for microbial
growth and is highly susceptible
to quality deterioration, including
color changes, lipid oxidation, off-
flavour development, and spoilage
processes that ultimately limit shelf
life [3] [4] [5]. Consequently,
vacuum packaging and modified-
atmosphere packaging (MAP) have
become widely adopted technolo-
gies for preserving fresh meat qual-
ity and extending storage stability
[3] [6].

Conventional fossil-fuel-based plas-
tic polymers are widely used for
food packaging, due to their high
performance in terms of mechanical
properties, barrier protection, flexi-
bility, and low production costs [7].
Nevertheless, despite the advan-
tages, their persistence in the envi-
ronment raises concern. The food
packaging industry accounts for the
largest volume of plastic packag-
ing materials used globally [8], con-
tributing significantly to environmen-
tal plastic pollution [9]. There is
a growing awareness of these is-
sues within the broader context of
the bioeconomy, which aims to re-
duce waste, seek more sustainable
consumption patterns and reduce
CO2 emissions [10]. This has likely
promoted the development of bio-
based and biodegradable alterna-
tives in the food packaging sector.

Demand for sustainable food sys-
tems has increased significantly,
and consumers associate eco-
friendly packaging with reusabil-
ity, recyclability, and biodegrad-
ability [11], generally perceiving
it as a mark of higher food qual-
ity, especially in foods regarded as
healthy [12]. Studies have reported
that consumers are willing to pay
a premium for sustainable packag-
ing solutions, probably because of
the association between sustain-

ability and quality [12] [13]. How-
ever, there are still some significant
limitations: production costs are
generally higher than those of con-
ventional plastics, while the environ-
mental benefits depend on the ex-
istence of adequate waste manage-
ment infrastructure and on ensuring
that the product’s preservation is
comparable to that achieved with
standard packaging. Indeed, sus-
tainability assessments have high-
lighted that the environmental ben-
efits associated with biodegradable
materials may be offset if packag-
ing performance leads to increased
food losses through reduced shelf
life [14]. Therefore, the functionality
of biodegradable packaging mate-
rials must be assessed alongside
their environmental advantages.

Even in the sector of small-scale
artisan food production, there is
a growing focus on sustainabil-
ity, particularly given that packag-
ing labelled as sustainable is as-
sociated by consumers with qual-
ity and naturalness [12] [15]. Dif-
ferently from industrial packaging
settings, local farmers and small
meat processors frequently rely on
manual operations and domestic or
semi-professional packaging equip-
ment; furthermore, the environmen-
tal conditions may differ from indus-
trial ones. Studies conducted in
real-world processing environments
have shown that microbial con-
tamination and spoilage dynamics
are strongly influenced by handling
practices and surrounding environ-
mental conditions, with spoilage-
associated microbiota being closely
linked to processing environments
[5]. This highlights the importance
of evaluating packaging systems un-
der practical production conditions.

The selection of biodegradable
packaging requires consideration
of its suitability for the intended ap-
plication, its availability, and its en-
vironmental impact. As comprehen-
sively reviewed by Siddiqui et al. [8],
the main biodegradable alternatives
to conventional plastics investigated
for the packaging of fresh and
processed meat products include
polysaccharide-based materials,
such as cellulose, starch, and chi-

tosan; as well as protein-based ma-
terials, including collagen, gelatin,
wheat gluten, and soy proteins; and
biodegradable polyesters, such as
polylactic acid (PLA), polyhydrox-
yalkanoates (PHA), polycaprolac-
tone (PCL), polybutylene succinate
(PBS), polybutylene succinate adi-
pate (PBSA), and polybutylene
adipate-coterephthalate (PBAT).
However, some of these materi-
als may present limited mechanical
and barrier properties, which may
require improvement through blend-
ing, crosslinking, or the incorpora-
tion of reinforcing fillers. Among
these PBAT-based bags were cho-
sen because, despite being PBAT
a fossile fuel-based copolyester, it
is of particular interest for meat
packaging due to its high flexibility,
excellent mechanical performance,
and compostability [16] [17].

In this context, the objective of the
study was to evaluate the feasibil-
ity of using biodegradable PBAT-
based vacuum bags as an alterna-
tive to conventional PA/PE ones un-
der condition designed to simulate
those found in a small-scale produc-
tion setting. To simulate the op-
erating conditions typically encoun-
tered by small farms and artisanal
meat processors, beef steaks were
manually prepared and vacuum-
packaged using a professional man-
ual vacuum-sealing machine. The
performance of biodegradable and
conventional packaging systems
was compared over 11 days of re-
frigerated storage at 4 °C through
the assessment of physicochemical
parameters (pH, water activity, and
drip loss), microbiological counts,
and instrumental color characteris-
tics. The study aimed to provide
preliminary evidence regarding the
suitability of biodegradable vacuum
packaging for small-scale meat pro-
duction systems and to identify po-
tential limitations affecting its practi-
cal adoption.

MATERIALS AND METHODS

PACKAGING MATERIALS

The packaging materials used in
this study consisted of two vac-
uum packaging systems: a conven-
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tional multilayer polyamide/polyethy-
lene system (VP) and a biodegrad-
able PBAT-based system (BioVP).
The conventional packaging con-
sisted of transparent PA/PE side-
seal vacuum pouches manufac-
tured by allfo GmbH & Co. KG (Wal-
tenhofen, Germany), with a nomi-
nal film thickness of 90 µm and a
tolerance of ±10%. The biodegrad-
able packaging consisted of PBAT-
based vacuum pouches supplied by
VAMA Maschinenbau GmbH (Wild-
poldsried, Germany), with a nomi-
nal film thickness of 75 µm. Both
packaging systems were purchased
through a local retailer. The
main barrier properties relevant to
meat preservation, including oxy-
gen transmission rate (OTR), wa-
ter vapor transmission rate (WVTR),
and temperature range for use, are
summarized in table 1. Values
were obtained from the manufactur-
ers’ technical documentation.

SAMPLE PREPARATION AND
MEASUREMENT

The sirloin tip beef cut was pur-
chased from a local butcher shop
(Macelleria Matha, Bolzano, Italy)
and cut with a meat slicer (GL 30,
Van Berkel International S.r.l., Italy)
into 15 slices approximately 1 cm
thick. Slices were taken from the
whole cut and allocated among the
experimental groups so that each
group included portions from differ-
ent anatomical positions, thereby
reducing variability related to het-
erogeneity within muscles. Three
slices were analyzed immediately
after cutting, considered as time-
point 0 (T0). The remaining 12
slices were assigned to two packag-
ing treatments (six to VP, and six to

BioVP).

Vacuum packaging was performed
using a professional chamber
vacuum-sealing machine (Komet
Modell Plus Vac 23) under iden-
tical operating conditions for both
packaging systems. All packaged
samples were stored at 4 °C. Three
samples from each packaging con-
dition were analyzed after 4 days
(T1) and after 11 days (T2).

At each time-point, pH, water activ-
ity (aw), drip loss, instrumental color,
photos collection and microbiologi-
cal quality were assessed.

PH, AW, AND DRIP LOSS

The pH of the meat was measured
on each steak at each sampling
time using a penetration pH meter
(PHT 810, Ebro, Ingolstadt, Ger-
many), after calibration with a buffer
solution at pH of 4.01 and 7.00.

Aw was measured at each sam-
pling time using an AQUALAB wa-
ter activity meter (Addium Inc., Pull-
man, WA, USA). Several portions
were collected from different areas
of each steak and finely minced
with a knife to obtain a representa-
tive composite sample. The minced
meat was then transferred into an
AQUALAB sample cup and anal-
ysed, after instrument calibration.

Drip loss was determined gravimet-
rically for samples stored until T1
and T2. Each steak was weighed
immediately before vacuum packag-
ing and again after storage. Drip
loss was expressed as the percent-
age weight loss relative to the initial
sample weight and calculated as fol-
lows:
Drip loss (%) = [(initial weight – final
weight) / initial weight] x 100.

COLOR ASSESSMENT AND IM-
AGE ACQUISITION

Images were acquired using a digi-
tal camera (EOS 850D, Canon Inc.,
Japan) equipped with an EF-S 18-
135 mm lens and operated in man-
ual exposure mode. Acquisition set-
tings were: exposure time 1/100 s,
aperture f/6.3, ISO 125, focal length
18 mm, and automatic white bal-
ance. The flash was disabled. Sam-
ples were photographed inside a
photo box equipped with integrated
LED lighting to provide diffuse and
uniform illumination. The distance
between the camera lens and the
sample surface was fixed at 44 cm.

Instrumental color was measured
directly on the surface of each
steak using a portable colorimeter
(Chroma Meter CR-400, Konica Mi-
nolta, Tokyo, Japan). Color was ex-
pressed according to the CIE L*a*b*
system, where L* represents light-
ness, a* the red-green coordinate,
and b* the yellow-blue coordinate.

At each sampling time, a minimum
of 15 measurements were taken
evenly across the exposed meat
surface to account for color hetero-
geneity. Mean L*, a*, and b* values
were calculated for each steak.

The mean color coordinates of the
three T0 steaks were used as a
common color starting point. The
total color difference was calculated
comparing T0 with T1 and T2 ac-
cording to the following equation:

∆E∗
ab =

[
(L∗

2 − L∗
1)

2 + (a∗2 − a∗1)
2

+ (b∗2 − b∗1)
2
]1/2

Tab. 1: Main barrier properties of the vacuum packaging materials.

Packaging type Material Thickness
[µm]

OTR
[cm³/(m²·24 h·bar)]

WVTR
[g/(m²·24 h)]

Temperature
range for use

[°C]

VP PA/PE 90 ≤56 at 50% RH; ≤80 at 75% RH ≤3 at 85% RH -25 to +70

BioVP PBAT-based 75 1.46 19.65 -25 to +90

For VP, OTR values were calculated based on tests according to ISO 15105-2/DIN 53380-3.
For VP, WVTR values were calculated based on tests according to ISO 15106-2/DIN 5312.
Test methods for BioVP were not reported in the available technical documentation.
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Tab. 2: pH, aw, drip loss % and microbial counts of sample during refrigerated storage (4°C).

Packaging Timepoints Microbial counts (log10 CFU/g ± SD), pH and aw during storage

pH aw Mesophilic Psychrotrophic LAB Staphylococcus
and

Micrococcus
spp.

Enterobacteriaceae Yeast/molds

VP/BioVP 0 5.65±0.02 a 1.000±0.005 a 5.49±0.33 a 5.97±0.29 a 3.45±0.21 a 3.18±0.02 a 2.52±0.01 a 1.42±0.39 a

VP 1 5.57±0.01 a 0.991±0.003 b 6.63±0.21 b 7.66±0.21 b 4.71±0.05 b 3.38±0.70 a 3.24±0.67 ab 1.49±0.60 a

BioVP 1 5.57±0.02 a 0.991±0.003 b 6.57±0.40 b 7.39±0.43 b 4.63±0.29 b 3.02±0.35 a 3.44±0.74 ab 0.93±0.89 a

VP 2 5.28±0.06 b 0.988±0.002 b 7.92±0.37 c 7.91±0.27 b 7.35±0.09 c 3.04±0.49 a 4.65±0.34 b 1.36±0.39 a

BioVP 2 5.31±0.06 b 0.991±0.003 b 8.06±0.01 c 7.99±0.09 b 7.47±0.07 c 3.58±0.37 a 4.48±0.30 b 1.59±0.11 a

*Different letters (a-c) within the same column indicate statistically significant differences between time points (p < 0.05).
a ̸= b - statistically significant difference (sd = p < 0.05)
ab - no significant difference (ns)
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MICROBIOLOGICAL ANALYSES

Meat samples were aseptically col-
lected and analyzed according to
ISO 4833-1:2013. Results were
expressed as log10 CFU/g. All
analyses were performed in tripli-
cate (one sampling for each steak).
Ten grams of sample were collected
from different points of the beef
steak and transferred into sterile
bags containing 90 mL of sterile
saline solution (0.85% NaCl, 0.1%
peptone). Samples were homog-
enized for 2 min using a stom-
acher (BagMixer® 400, P, Inter-
science, Saint Nom la Breteche,
France). The homogenate was se-
rially diluted in the same saline solu-
tion, and appropriate dilutions were
plated.

Total mesophilic and psychrotrophic
aerobic bacteria were enumerated
on Plate Count Agar (PCA) after in-
cubation at 30 °C for 72 h and 7 °C
for 10 days, respectively. Lactic acid
bacteria (LAB) were enumerated on
de Man, Rogosa and Sharpe (MRS)
agar, after incubation under anaero-
bic conditions at 30 °C for 72 h. En-
terobacteriaceae were enumerated
on Violet Red Bile Glucose Agar
(VRBGA) after incubation at 30 °C

for 48 h. Staphylococcus spp. and
Micrococcus spp. were enumer-
ated on Mannitol Salt Agar (MSA)
after incubation at 30 °C for 72 h.
Yeasts and molds were enumerated
on Rose Bengal agar at 20 °C for
5 days.

STATISTICAL ANALYSIS

All experimental data, including
plate counts, aw, pH, drip loss, and
colorimetric measurements, were
analysed using IBM SPSS Statistics
for Windows, Version 29.0.1.0 (IBM
Corp., Armonk, NY, USA). A one-
way analysis of variance (ANOVA),
followed by Tukey’s honestly signifi-
cant difference (HSD) post hoc test
for multiple comparisons was ap-
plied for the comparison of the three
time-points. Student’s t-test for in-
dependent samples was applied for
the comparison of the two packag-
ing conditions. Differences were
considered statistically significant at
p < 0.05.

RESULTS

PHYSICO-CHEMICAL AND MI-
CROBIOLOGICAL ANALYSES

Values of pH, aw, drip loss, and mi-
crobial counts for samples stored
under VP and BioVP are reported
in table 2.

The initial pH of the samples was
on average 5.65 and remained sta-
ble after 4 days of storage in both
packaging systems. A significant
decrease in pH was observed at T2,
reaching 5.28 ± 0.06 for VP and
5.31 ± 0.06 for BioVP.

Water activity slightly decreased
during storage from an initial aver-
age value of 1.000 to values be-
tween 0.988 and 0.991 after 4 and
11 days. However, no significant
differences were observed between
T1 and T2 for both packaging sys-
tems. No significant differences be-
tween packaging systems were de-
tected for either pH or aw at any
time point. Drip loss did not exceed
2% over storage, with no significant
differences between packaging sys-
tems or storage times (p > 0.05).

Microbial counts tended to increase
over storage in both packaging sys-
tems. Total mesophilic bacteria

Fig. 1: Total color difference (∆E) of beef steaks stored at 4 °C under two packaging conditions: bio-based vacuum packaging
(BioVP) and conventional vacuum packaging (VP). Representative photographs show the samples before storage (T0) and
after 4 (T1) and 11 days (T2) of storage, together with examples of steaks packaged in the two types of bags.



08/2026 Laimburg Journal Feasibility of biodegradable bags for vacuum-packaging of beef: a small-scale study

showed a significant increase from
5.49 ± 0.33 log10 CFU/g at T0 to
approximately 6.6 log10 CFU/g at
T1, reaching 8.0 log10 CFU/g at
T2. Similarly, psychrotrophic bacte-
ria increased significantly between
T0 and T1, followed by no further
significant changes between T1 and
T2.

LAB exhibited a pronounced growth
throughout storage, increasing from
3.45 ± 0.21 log10 CFU/g at T0 to
values above 7.3 log10 CFU/g at
T2. Significant differences were ob-
served between all-time points.

Enterobacteriaceae counts tended
to increase during storage and was
statistically significant only between
T0 and T2. Staphylococcus spp.
and Micrococcus spp. counts re-
mained relatively stable during stor-
age, with no significant differences
between time points.

Yeasts and molds showed no sig-
nificant changes over time in VP or
BioVP samples, and no significative
differences were observed between
the two packaging systems at either
storage time.

Overall, comparable trends in mi-
crobial dynamics were observed
in both VP and BioVP systems
throughout storage, indicating sim-
ilar performance under the tested
conditions.

COLORIMETRIC ANALYSIS AND
VISUAL APPEARANCE OF SAM-
PLES

Figure 1 shows the changes in
∆E, representative images compar-
ing the samples over storage for
the two packaging systems, and pic-
tures of samples packaged in the
two types of bags. BioVP samples
showed a trend to have lower ∆E

values than VP samples at both T1
(2.42 ± 0.79 vs. 3.31 ± 1.71) and T2
(3.51 ± 1.36 vs. 3.64 ± 1.02); how-
ever, these differences were not sta-
tistically significant (p > 0.05).

Table 3 reports the mean L*, a*,
and b* values for each experimental
group.

Among the three color coordinates,
a* showed the greatest variation,
decreasing during shelf life and in-
dicating a progressive loss of red-
ness.

Figure 1 also shows the clear visual
difference between the two types of
packaging.

DISCUSSION

INFLUENCE OF PACKAGING
SYSTEM ON MICROBIAL ECOL-
OGY, PH, AW, DRIP LOSS, AND
COLOR

In the present study, VP and BioVP
showed similar microbial growth pat-
terns, indicating that the packag-
ing material had a slight influence
on microbial development. The
comparable microbial behaviour ob-
served in both systems can be ex-
plained by the selective conditions
created by vacuum packaging. It
is well known that reduced oxy-
gen availability, as occurs under VP
and MAP conditions, inhibits aero-
bic spoilage organisms while allow-
ing the growth of facultative anaer-
obes [18]. In most cases, this,
combined with a low storage tem-
perature, promotes a microbiome
charaterized by psychrotrophic bac-
teria, particularly LAB, which com-
monly become dominant during re-
frigerated storage [18] [19]. Con-
sequently, the decrease in pH dur-
ing storage is consistent with LAB

growth and organic acid production
[19] [20].

Water activity remained high and
did not differ significantly between
treatments, suggesting that both
packaging materials provided com-
parable barrier properties and stor-
age conditions.

The mean ∆E values ranged from
2.42 to 3.64 and were therefore
within a range that may be percep-
tible to the human eye [21]. How-
ever, a barely perceptible color dif-
ference does not necessarily im-
ply lower consumer acceptability
[22]. The representative pho-
tographs also showed broadly sim-
ilar color changes in the two pack-
aging systems, in agreement with
the absence of significant differ-
ences in the instrumental measure-
ments. These changes are charac-
teristic of vacuum-packaged meat
and are associated with the forma-
tion of deoxymyoglobin under low-
oxygen conditions [3] [23] [24]. The
absence of noticeable color differ-
ences further supports the compa-
rable performance of both packag-
ing systems. Nevertheless, the two
materials used for packaging are
clearly different in terms of their vi-
sual appearance (Fig. 1). This is
due to the low transparency of PBAT
which, together with its high produc-
tion costs, represents a significant
disadvantage for this material [25]
[26].

Overall, the present findings are
consistent with previous studies re-
porting similar preservation perfor-
mance of biodegradable and con-
ventional meat packaging systems
[27] [28].

Tab. 3: Effect of packaging material and storage time on CIELAB color parameters and total color difference of beef slices.

Packaging Time (days) L* a* b*

VP/BioVP 0 40.62±2.52 19.58±0.40 9.60±0.79

VP 4 40.66±2.01 17.12±2.24 8.95±0.76

BioVP 4 40.05±2.10 18.48±0.71 8.45±0.45

VP 11 39.60±1.64 17.08±0.32 7.58±1.05

BioVP 11 38.88±1.84 18.20±0.33 7.14±0.52
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CONCLUSION

The present study demonstrates
that BioVP performs comparably to
conventional VP during refrigerated
storage of fresh beef. No sig-
nificant differences were observed
in microbial development, pH, drip
loss, water activity, or color stability,
indicating similar preservation per-
formance between packaging sys-

tems.

Importantly, BioVP was successfully
applied under conditions represen-
tative of small-scale meat produc-
tion systems without negatively af-
fecting product stability. In addi-
tion, biodegradable packaging may
help address increasing consumer
demand for more sustainable food
systems. Although economic and
waste-management challenges re-

main, the present findings indicate
that BioVP represents a promis-
ing packaging option for small-scale
and regional meat producers seek-
ing to improve packaging sustain-
ability while maintaining product
quality and shelf life. Further stud-
ies involving larger sample size and
economic analyses are needed to
support their broader use in meat
supply chain.

ZUSAMMENFASSUNG
Die steigende Nachfrage nach ökologisch nach-
haltigen Lebensmittelverpackungen hat das Inte-
resse an biologisch abbaubaren Alternativen zu
herkömmlichen Materialien verstärkt, und zwar nicht
nur auf industrieller Ebene, sondern auch für
handwerkliche Kleinproduktionen. In dieser Pilot-
studie wurde die Eignung biologisch abbaubarer
und kompostierbarer Vakuumbeutel auf Basis von
Polybutylenadipat-co-terephthalat (PBAT) als Al-
ternative zu herkömmlichen Polyamid/Polyethylen-
Beuteln (PA/PE) für die Verpackung von frischem
Rindfleisch unter handwerklichen Bedingungen un-
tersucht. Die Rindersteaks wurden vakuumver-
packt und 11 Tage lang bei 4 °C gelagert. Die
Leistung der Verpackungen wurde im Verlauf der
Lagerung anhand des pH-Werts, der Wasserak-
tivität, des Tropfsaftverlusts, der mikrobiologischen
Qualität und der Farbe des Fleisches beurteilt. Ins-
gesamt zeigten die biologisch abbaubaren Beutel
während der gesamten Lagerungsdauer eine mit
den PA/PE-Beuteln vergleichbare Leistung. Bei
keinem der untersuchten Parameter wurden rele-
vante Unterschiede festgestellt. Dies deutet dar-
auf hin, dass die biologisch abbaubare Verpackung
die Qualität des Fleisches unter den getesteten
Versuchsbedingungen angemessen bewahrte. Die
Ergebnisse zeigen, dass PBAT-basierte Beutel für
die Vakuumverpackung von Rindersteaks in kleinbe-
trieblichen Produktionssystemen eingesetzt werden
können.

RIASSUNTO
La crescente domanda di imballaggi alimentari
ecosostenibili ha stimolato l’interesse verso alterna-
tive biodegradabili ai materiali convenzionali, non
soltanto a livello industriale, ma anche nelle pro-
duzioni artigianali su piccola scala. Questo stu-
dio pilota ha valutato la fattibilità dell’impiego di
sacchetti biodegradabili e compostabili a base di
polibutilene adipato-co-tereftalato (PBAT), come al-
ternativa ai comuni sacchetti in poliammide/polieti-
lene (PA/PE), per il confezionamento sottovuoto di
carne bovina fresca in condizioni artigianali. Le
bistecche di manzo sono state confezionate sot-
tovuoto e conservate a 4 °C per 11 giorni. Le
prestazioni degli imballaggi sono state valutate nel
corso della conservazione attraverso la misurazione
del pH, dell’attività dell’acqua, della perdita di li-
quidi (drip loss), della qualità microbiologica e del
colore della carne. Nel complesso, i sacchetti
biodegradabili hanno mostrato prestazioni compara-
bili a quelle dei sacchetti in PA/PE durante l’intero
periodo di conservazione. Non sono state osservate
differenze rilevanti per nessuno dei parametri ana-
lizzati, indicando che, nelle condizioni sperimentali
adottate, l’imballaggio biodegradabile ha preservato
adeguatamente la qualità della carne I risultati sup-
portano la fattibilità dell’impiego di sacchetti a base
di PBAT per il confezionamento sottovuoto di carne
bovina in sistemi produttivi su piccola scala.
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