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Abstract
High pressure processing (HPP) is an emerging non-thermal food processing technology, which inhibits pathogenic and spoilage
microorganisms without significantly compromising the nutritional and organoleptic quality of the food. Flexible petroleum-
basedmaterials are often selected as packaging for HPP food, but they pose great threats to the environment. Packagings based on
biopolymers are proposed as promising alternatives to address the associated environmental issues. Some studies have investi-
gated the effect of HPP on the morphology, mechanical, thermal, and mass transport properties of the biopolymers. Therefore, it
is important to consolidate available information and provide a better understanding of the effects of HPP parameters and the time
it applied in the material fabrication process. The main objective of this study is to make a critical literature review on the
performance change of biopolymer packaging materials undergoing HPP treatments before and after film-forming and the
current knowledge of the effects of different processing conditions on their properties, making the use of biopolymer-based
films for HPP food packaging applications feasible.
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Abbreviations
HPP High pressure processing
RET Ready-to-eat
PET Polyethylene terephthalate
PE Polyethylene
PP Polypropylene

EVOH Ethylene-vinyl alcohol
SPI Soy protein isolate
PVA Polyvinyl alcohol
PLA Poly(lactic acid)
TiO2 Titanium dioxide
SiOx Silicon oxide
USDA The United States Department of Agriculture
FDA Food and Drug Administration
FSIS Food Safety and Inspection Service

Introduction

In the last decades, a growing demand for hygienic food prod-
ucts with natural flavor and taste with minimal processing has
prevailed in the food industry (Joaquín [1]). High pressure
processing (HPP), one of the most successful non-thermal
technologies in commercial applications, has received intense
attention for its potential to inactivate microorganisms without
significantly compromising nutritional and organoleptic char-
acteristics [2]. This novel technology applies to the product
ranging from 100 to 1000 MPa using pressure-transmitting
medium [3], leading to microbial and enzyme inactivation as
well as protein denaturation (Kyung Won [4]). It was first
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commercially introduced in Japan in 1992 and widely applied
in fruit juice and jam production [2]. Additionally, HPP has
been accepted as a post-intervention process in ready-to-eat
(RTE) meat production by the United States Department of
Agriculture-Food Safety and Inspection Service (USDA-
FSIS) [5]. Nowadays, a wide range of HPP products, includ-
ing RTE meats, tomato salsa, apple sauce, orange juice, and
oysters, has appeared in the market in Europe, the USA,
Japan, and elsewhere including China [6].

Commercial HPP systems are available in batch, semi-con-
tinuous, and continuous formats. Compared to the latter two,
one of the unique features of the batch HPP system is that food
products need to be pre-packaged in the sealed packages and
then immersed in the pressure-transmitting medium. It is esti-
mated that approximately 90% of commercial HPP food prod-
ucts are processed in batch systems, where flexible or partially
rigid material was used for primary packaging [7]. These
packages must withstand changes induced by HPP and main-
tain their integrity as well as barrier properties to protect
enclosed food products from contamination [8, 9]. The addi-
tional desire for mechanical strength is also required to avoid
damages to the packages in the processing and distribution of
the products [10].

Petroleum-based polymers have been widely used as packag-
ing materials for HPP food products due to their excellent
thermo-mechanical properties and commercial availability [11],
among which PET, PE, PP, and EVOH are the most common
materials used [7]. For example, M J Galotto et al. [12] devel-
oped a PE/EVOH/PEmultilayer packaging film and submitted it
to 400 MPa HPP at 20 °C for 30 min, with no detrimental effect
observed. The PP/EVOH/PP structured film manufactured by
The Nippon Synthetic Chemical Industry Co. Ltd. can endure
HPP treatments up to 800MPa andmaintain its physical integrity
[13]. Although it exhibited excellent suitability for HPP,
polymeric-based packaging is non-biodegradable and non-
renewable [14]. It is estimated that 150 million tons of plastic
wastes are produced annually around the world [15], as resource
exhaustion and difficulty in natural degradation poses a great
challenge to the environment [16].

Driven by the growing demand for green consumerism,
considerable research efforts have been conducted to develop
biopolymer-based materials as environment-friendly alterna-
tives (J. [17]). As HPP food packaging materials, biopoly-
mers, including polysaccharides, proteins, and lipids, are
regarded as potential candidates to replace conventional plas-
tics due to their safety, biocompatibility, and rapid biodegra-
dation rates [18]. These biopolymers can be obtained from
fishing, agricultural, and cattle farming byproducts, making
them sustainable materials (J. [17]).

According to Swain andMohanty [19], polymers and poly-
mers bio-derived from monomer units or produced by micro-
organisms can be defined as biopolymers. Previous studies
have highlighted that while polysaccharides and proteins are

good film-forming material with moderate gas barrier and
mechanical properties, they were highly sensitive to moisture
as a result of their hydrophilic nature, leading to inferior water
vapor barrier properties [20–22]. According to Le Chatelier’s
principle, any state favoring volume reduction will be promot-
ed. Hence, when films were subjected to the HPP, the en-
hancement of mechanical strength and barrier property can
be achieved by denser structure. Therefore, HPP has been
proposed as an effective technique to address these problems
as it could modify the functional properties of macromolecu-
lar, including protein denaturation, starch gelatinization, and
the interactions between food components [23]. As a result,
much denser and finer biopolymer-based films with better
performance have been developed using HPP. Wei et al.
[24] reported that soy protein isolate (SPI) films developed
using HPP exhibited a more compact structure, resulting in
water resistance and mechanical performance enhancement.

So far, HPP has been successfully applied in polysaccha-
ride (Sujin [25]) and protein [26] film preparation, which may
be a promising approach to broaden the range of biopolymer-
based packaging applications. The effect of HPP on the char-
acteristics of biopolymer-based films can be categorized into
two major types based on when the HPP was applied. As
shown in Fig. 1(A), HPP can be used to modify the film-
forming solution before the film was fabricated.
Alternatively, it can be applied directly to pre-formed packag-
ing films (Fig. 1(B)). The sequence of HPP treatment and
processing conditions resulted in the discrepancy in the mor-
phology, mechanical, thermal, and mass transport properties
of the film. Many articles have summarized the feasibility of
polymeric-based material for the HPP packaging application.
However, to our best knowledge, no reviews have focused on
the application of biopolymer-based packaging materials for
HPP food. The main objective of this study is to make a
critical literature review on the performance change of bio-
polymer packaging material undergoing HPP treatments be-
fore and after film-forming and the current knowledge of the
effects of different processing conditions on their properties.

Effect of HPP When Applied
Before Film-Forming

Biopolymers such as polysaccharides and proteins as potential
alternatives to synthetic polymer for their good film-forming
ability have been evaluated [18]. The properties of these bio-
macromolecules can be modified by physical intervention.
HPP has been efficiently utilized to modify macromolecules
such as protein denaturation and starch gelatinization, which
may influence the properties of resulting films [23]. However,
the interaction mechanism between the film-forming solution
and HPP vary with chemical structure (as summarized in
Table 1).
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Polysaccharides

The excellent film-forming ability of polysaccharides has
been extensively demonstrated in the case of cellulose, chito-
san, starch, pectin, alginate, carrageenan, pullulan, and kefira
[31]. Among them, starch is one of the most promising poly-
saccharides for food packaging due to its low cost, excellent
renewability, and superior biodegradability [32, 33]. The pri-
mary effects of HPP on starch-based films were directly relat-
ed to its ability to induce starch gelatinization at ambient tem-
perature when the pressure applied was sufficiently intensive.
Conventional thermal gelatinization of starch has two main
stages. In the first stage, the amorphous phase was reversibly
hydrated, leading to the swelling of starch granules and dis-
tortion of the crystalline phase. In the second stage, irrevers-
ible hydration occurs in the crystalline phase, leading to the
disruption of granule [34]. Compared to conventional heat
gelatinization, pressurized starch granules retain a more intact
structure with almost no leaching of amylose [35]. Thus, pres-
surized starch is more resistant to moisture, and a higher de-
gree of crystallinity is obtained.

When buckwheat starch film-forming solution was subject-
ed to HPP at 600 MPa for 20 min and subsequent casting, the
resulting packaging film showed a reduction of water solubil-
ity by more than 40% (Sujin [25]). Besides, buckwheat starch
films prepared with HPP-induced gelatinization exhibited
higher water vapor barrier and superior mechanical properties
compared to those obtained by thermal processing (90 °C/
20 min), reflecting their higher moisture content and more
intact crystalline structure. The effect of HPP on tapioca starch
films was less evident when identical processing conditions
were employed, which might be related to the structural dis-
crepancy between starch types used. The extent of gelatiniza-
tion also varied depending on the type of starch, water con-
centration, and processing parameters, such as pressure level,

holding time, and processing temperature [34]. Generally,
starch can be categorized into “A” (cereal starches), “B” (le-
gume starches, and “C” (tuber starches) in terms of their X-ray
diffraction pattern. Among them, type A starch is most sensi-
tive to HPP, causing more pronounced characteristic changes
in the packaging materials obtained [36].

Another commonly used polysaccharides for packaging is
chitosan, a β-1,4 linked glucosamine and N-acetyl glucos-
amine biopolymer. It is the product of the deacetylation of
chitin, which can be obtained from invertebrates and fungi
or collected from industrial shellfish processing [37, 38].
The growing concern about shellfish waste disposal and the
unique antimicrobial characteristics of chitosan makes it an
excellent material for food packaging and edible films. To
improve the properties of edible chitosan film, HPP was used
to modify the film-forming solution. Niu et al. [15] investigat-
ed the effect of HPP on chitosan films and found that HPP
could enhance the film’s tensile strength and lower the elon-
gation percentage, water vapor permeability, and oxygen per-
meability when the applied pressure increased up to 400MPa.
HPP could also be used to improve the mechanic properties of
chitosan film when blended with polyvinyl alcohol (PVA). A
more compact structure was obtained after the HPP (600MPa/
25 °C/15 min) was applied to the mixture due to new hydro-
gen bonds formed between PVA and chitosan, improving the
film barrier property and tensile strength. The tensile strength
of films prepared with HPP-modified PVA–chitosan was dou-
ble compared to those from PVA–chitosan with no HPP
treatment.

HPP treatment can also influence the migration of active
film ingredients. For example, the hydrophilic nature of the
film promotes the TiO2 migration into the food in PVA-
chitosan films enriched with TiO2 for performance enhance-
ment.When the active films were used for packaging olive oil,
only trace amounts of TiO2 were detected after immersing the

Fig. 1 A graphical summary of the methodology of applying high pressure processing (HPP) on the films. (A) HPP applied before film-forming; (B)
HPP applied after film-forming
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HPP-treated films for 11 h, whereas the migration test could
not be performed on films used for water packaging due to
swelling and deformation of films after 3 h, which would pose
a health risk. When HPP treated the same films, the resulting
compact structure effectively delayed the migration of TiO2

into olive oil, which would substantially increase the safety of
the food packaging material [27].

Protein

Pressure-induced starch gelatinization mainly depends on the
hydration of granule, whereas gel formation of protein is pri-
marily associated with protein denaturation, including molec-
ular unfolding, dissociation-association, and aggregation.
During HPP treatments, functional groups in the unfolded
protein are exposed and interacted with each other, and a more
compact network structure is eventually achieved [39]. The
effect of HPP on the protein-based films is summarized in
Table 1.

Huimin et al. [28] was the first to use HPP to treat SPI film-
forming solution and demonstrated that HPP (400 MPa/25 °C/
10 min) enhanced the oxygen barrier property and tensile
strength of the resulting film by more than 50%, likely reflecting
a denser structure. Similar HPP-induced mechanic and barrier
property improvements were observed in nisin-SPI [24], wheat
gluten film [30], pigskin gelatin [26], and amaranth protein film
[29]. As expected, the water solubility of amaranth protein film
decreased with pressures up to 600MPa as a consequence of the
higher crosslinking of proteins induced by HPP [29].
Nevertheless, changes in the secondary structures were found
to be primarily responsible for such performance improvement.
Wei et al. [24] discovered that more random coils and β-turns in
the SPI appeared after HPP treatment, indicating the occurrence
of protein unfolding. In addition, elevated interactions between
polypeptide resulted in a tougher structure formation to keep the
system energy to a minimum. There is no doubt that hydrogen
and disulfide bonds play a crucial role in these processes as well,
which can be detected by differential solubility of films [29].
Consequently, a positive association between film performance
and HPP treatment has been established. When HPP is applied
before film-forming, significant improvement of mechanical
property, barrier property, and water resistance can be achieved,
which is facilitated by hydrogen and disulfide bonds.

Effect of HPP on Prepared Biopolymer
Material

In a typical batch HPP system, the food products are sealed in
their final primary packages in advance before being subjected
to HPP. Therefore, in order to effectively transmit pressure,
the food packages should have at least one side flexible
enough to withstand the volume changes up to 12% without

compromising their integrity and performance [40].
Additionally, the food packages should be strong enough to
maintain their barrier and mechanical properties after HPP
processing. Industrial norms suggest that the deviation of bar-
rier andmechanical property within 12% and 25%, respective-
ly, is generally considered acceptable [7]. Numerous efforts
have been made to estimate the impact of HPP on petroleum-
based food packaging. The research results revealed that HPP
had almost no adverse effect on petroleum-based polymer
materials when the processing temperature is near ambient,
except for the possible delamination in packages containing
metal layers. The significant compression difference between
the metal and polymer layers is responsible for delamination
and the subsequent loss in their barrier property. The adverse
effects are more severe after exposure to high-pressure–high-
temperature treatments, and only a few materials could sur-
vive these harsh conditions [10]. Compared to the extensive
literature on petroleum-based food packaging materials, little
has been reported on the feasibility of biopolymer-based ma-
terial for HPP food packages. In this section, the effect of HPP
on prepared biopolymer-based packaging material was
reviewed and summarized in Table 2.

The most popular and thoroughly studied biopolymer-
based material for the HPP applications is poly(lactic acid)
(PLA). As the most close-to-market biodegradable polymer
derived from agricultural byproducts, PLA has gained exten-
sive attention for its universal processability, resilient mechan-
ical properties, and superior intrinsic gas and water barrier
properties, which makes PLA competitive with petroleum-
derived plastics [47]. Based on the current literature, no sig-
nificant effects on PLA were observed even after being sub-
mitted to HPP treatments up to 700 MPa and 40 °C for 5 min
[9]. HPP treatments with an initial temperature equal or below
60 °C did not decrease the glass transition temperature and
crystallinity nor compromise the mechanical properties of
PLA pouches. Consequently, PLA is a potential candidate to
manufacture packages for minimally processed carrots, carrot
juices, and puree treated by HPP.

Biopolymer-based packages usually have inadequate water
resistance, which severely limits its applications in liquid
food. HPP can moderately enhance the water resistance of
PLA films as the result of structural modifications.
However, PLA showed significantly elevated water vapor
permeability after HPP treatment compared to commercial
plastic packages based on PE and PP. M.J. Galotto et al.
[41] reported that HPP increased the water vapor permeability
of PLA films by up to 2170% due to the plasticization effect of
water on PLA. A substantial increase of oxygen permeability
was also displayed on the HPP-treated PLASiOx/PLA mate-
rial, making it unsuitable for HPP packaging applications. On
the contrary, much smaller changes were observed when the
films were in contact with olive oil. It was estimated that the
oxygen and water vapor barrier properties of the film only
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decreased by 31% and 71%, respectively, after HPP, suggest-
ing PLA might be ideal for packaging HPP food with high-fat
content. Therefore, although slight changes occurred after
films being subjected to HPP, it is crucial to evaluate their
performance in the context of specific food packaging
applications.

Additionally, the integrity of packaging also plays a vital
role in food safety, which can be characterized by adsorption
and migration [7]. Mauricio-Iglesias et al. [44] assessed the
migration of Uvitex OB®, a packaging additive, and found
that the migration was so low that no change was detected
after PLA films submitted to 800 MPa at mild temperatures
ranging from 20 to 40 °C. The following study found that
0.05% Uvitex OB® in respect to dry basis detected after stor-
age at 40 °C for 10 days, which is far from a specific migration
limit of 0.6 mg/kg [45]. Interestingly, HPP treatment

(800 MPa/40 °C/5 min) favored the decrease of free volume
in PLA films, resulting in a significant reduction of aroma
adsorption exceeding a 50% reduction when compared to
PLA film at atmospheric pressure [46]. However, PLA film
reinforced by nano-Ag displayed a profound increase in mi-
gration of nano-Ag when subjected to 400 MPa for 10 min,
along with unsatisfactory mechanical properties [42]. Such
performance posed a threat to the application of active
biopolymer-based films enriched with inorganic material,
and thus investigating film property changes under HPP is
necessary. Nevertheless, biopolymer-based materials appear
to be a promising alternative packaging for HPP products.

In general, commercial HPP is carried out at a pressure
ranging from 100 to 600 MPa and a temperature between 5
and 65 °C, which is insufficient to achieve bacterial spore
inactivation. Thus, the HPP treatment with an initial

Table 2 The effect of HPP on the characteristics of the biopolymer-based packaging materials

Test films Max pressure/initial
temperature/time
(MPa/°C/min)

Food simulant Main results Reference

PLASiOx/PLA 500 MPa/ 50 °C/15 min Olive oil
Distilled water

HPP induced a significant reduction of tensile
strength and percent elongation in films. When
packaging olive oil, the oxygen and water vapor
barrier properties of the film decreased by 31%
and 71%, respectively. The water vapor
permeability of the film increased by 2170%
when in contact with distilled water, and a clear
whitish area could be observed.

M.J. Galotto et al. [41]

PLA/nano-Ag 400 MPa/23 °C/30 min Isooctane The nano-Ag uniformly dispersed inside PLA after
HPP, while it enhanced the migration amount of
nano-particles, worsening film performance.

Fan et al. [42]

PLA 700 MPa/25 °C/20 min Tap water
Solid carrots
Carrot puree
Carrot juice

No significant changes induced by HPP occurred in
structural and functional properties regardless of
foodstuff packaged, whereas film water vapor
permeability decreased.

Sansone et al. [9]

700 MPa/90 °C/25 min Unacceptable embrittlement and opacification of
the films occurred. Permeability tests could not
be performed after HPP.

PLA/cinnamon oil 300 MPa/20 °C Chicken The mechanical, thermal, and rheological
properties of the film were maintained after HPP
except for oxygen permeability, which was
significantly reduced.

Ahmed et al. [43]

PLA/Uvitex OB® 800 MPa/20 °C/5 min Distilled water
3% acetic acid
15% ethanol
Olive oil

The migration of Uvitex OB® induced by HPP was
too low to be detected.

Mauricio-Iglesias et al. [44]

800 MPa/90 °C/5 min The packages appeared whitish, translucent, and
brittle after HPP.

Wheat gluten
nanocomposite
film/Uvitex OB®

800 MPa/20 °C/5 min Distilled water
3% acetic acid
15% ethanol
Olive oil

No effect of HPP on the migration behavior was
observed.

Mauricio-Iglesias et al. [45]

800 MPa/90 °C/5 min The films melted after HPP.

PLA 800 MPa/20 °C/5 min Distilled water
3% acetic acid
15% ethanol
Olive oil

The absorption of aroma compounds significantly
decreased, and the losses of ethyl hexanoate were
up to 17%.

Mauricio-Iglesias et al. [46]

800 MPa/90 °C/5 min The uptake of aroma compounds was profoundly
enhanced, and the losses of ethyl hexanoate were
up to 60%.
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temperature above 60 °C and elevated working temperature
up to 120 °C has been applied to low-acid foods, which was
also referred to as the HPP sterilization or pressure-assisted
thermal sterilization (PATS) [48]. However, none of the
existing biopolymer-based materials could survive such ex-
treme processing conditions. Significant opacification of
PLA was observed for pressure treatments at 90 to 110 °C,
which could be explained by re-crystallization induced by
hydrolysis [9]. Wheat gluten nanocomposite films could not
withstand HPP sterilization as they melted after being subject-
ed to 800 MPa at 90–115 °C for 5 min [45].

Moreover, the glass transition temperature of PLA is
around 60 °C, and the transition from glassy state to rubbery
state occurs at HPP sterilization conditions to form more free
volume. At this processing condition, the scalping of aroma
compounds was enhanced, which led to a detrimental effect
on food quality. It is noteworthy that ethyl hexanoate losses
were up to 60% at 800 MPa/115 °C, while only 17% of losses
were demonstrated at 800 MPa/40 °C [46]. Such deterioration
of food quality is unacceptable, especially when the con-
sumers generally expect HPP food to be fresh-like.

Applications of HPP and Biopolymer
Packaging for Food Preservation

As aforementioned, currently developed biopolymer-based
materials are not suitable for HPP food packaging applications
when processing temperature exceeds 60 °C or at extremely
high working pressures. Low-temperature–low-pressure HPP
is not applicable for low-acid food, such as RTE meat and
seafood. In order to broaden the application of biopolymer-
based packaging for HPP, antimicrobial agents are often in-
fused in the packaging to provide an additional hurdle to lower
the processing pressure and temperature. Since sublethally
injured cells resulted from HPP are more susceptible to anti-
microbial agents [49], many efforts have been contributed to
decreasing HPP intensity by using antimicrobial-enriched bio-
polymer-based packaging, especially in meat products and
solid food simulants preservation, as summarized in Table 3.

Ahmed et al. [43] found that synergism of HPP and PLA
films enriched with cinnamon oil could achieve similar path-
ogen reduction at reduced pressure intensity, which did not
compromise thermal and mechanical performance at all, indi-
cating that antimicrobial packagingmay be a promising tool to
maintain biopolymer-based packaging integrity under HPP.
Comparedwith adding preservative directly, the incorporation
of antimicrobials into packaging material could be in contact
with the food surface where contamination frequently occurs
[54], while avoiding a reduction of antimicrobial activity due
to the interaction between active agents and food constituents
[55]. A synergistic antimicrobial effect between antimicrobial
packaging and HPP has been demonstrated by Ahmed et al.

[50]. They found that a reduction of 6 log10 CFU/g Listeria
monocytogenes (L. monocytogenes) incubated on chicken
could be achieved via a combination of HPP (150 MPa/
20 °C/10 min) and PLA films enriched with cinnamon oil,
whereas the same reduction was achieved at 350 MPa when
only the HPP was applied. Raouche et al. [51] also demon-
strated that no growth of Botrytis cinereawas observed during
10 days of storage at 22 °C when potato dextrose agar media
(PDA) packed in PLA-based antimicrobial films were subject-
ed to 300 MPa HPP for 5 min. It was more effective than an
800 MPa HPP treatment used alone, which only extended the
lag phase for 3.3 days. A similar result was obtained when
treating trout fillets. Albertos et al. [52] reported that a remark-
able synergistic effect of HPP (300 MPa/12 °C/10 min) and
chitosan films with clove essential oil on the reduction of
mesophilic aerobics and coliforms.

Biopolymer-based active packaging could also prevent mi-
croorganism recovery after HPP treatment (Joaquín [1]).
Cold-smoked sardine wrapped with edible films kept micro-
bial counts and oxidation indices far below those in other
groups during refrigerated storage over 2 weeks after a
300 MPa treatment at 20 °C for 15 min (J. [53]).
Furthermore, antimicrobial packaging could protect food
products during temperature abuse if the cold chain is com-
promised. Marcos et al. [5] assessed the effect of HPP and
en t e r o c i n - i n f u s e d a l g i n a t e p a c k a g i n g on t h e
L. monocytogenes during the storage of cooked ham and re-
ported that HPP alone (400MPa/17 °C/10 min) could achieve
a complete reduction around the detection limit at 1 °C for
60 days. However, both antimicrobial packaging and HPP
were necessary to maintain microorganisms stable when
cooked hams subjected to temperature abuse at 20 °C for
24 h, which was 6.78 log10 CFU/g lower than that treated by
HPP alone after storage for a month. The combination of
biopolymer-based antimicrobial packaging and HPP not only
reduces processing intensity but also prevents sublethally in-
jured cell from recovering during storage.

Future Research Needs

As mentioned above, a much denser biopolymer-based pack-
aging can be prepared after HPP treatment since compression
promotes any state favoring volume reduction. However, only
a few studies were conducted to evaluate the interaction be-
tween HPP and biopolymer-based packaging, and most of
them focused on the effect of HPP on film fabricated with a
single material. In theory, the HPP may alter the non-covalent
bonds between different materials and cause significant
changes in the performance of the treated films. As a result,
the biopolymer films made with two or evenmore compounds
need to be further investigated.
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Numerous researches have been carried out on polymer-
based packaging to explore the feasibility of HHP treatment,
while limited information is available on biopolymer-based
materials. Since reported research results obtained from dif-
ferent works of literature are not all consistent, a thorough
understanding of the biopolymer’s performance changes after
HPP remains nearly impossible. More details on integrity,
barrier properties, mechanical properties, and migration as
well as scalping of aroma should be evaluated, and further
studies need to be performed in a pilot plant or industrial scale
in order to provide the foundation for the optimization of
packaging materials.

Additionally, nanotechnology has been utilized to engineer
the structure of packaging materials at the molecular level to
obtain desired functions. However, the migration of

nanomaterials may pose a threat to human safety and packag-
ing performance. It is critical to develop reliable models to
evaluate the performance and safety of these novel materials
during their processing, storage, and distribution. Up to date,
several studies have focused on the microbial safety achieved
by the combination of HPP and antimicrobial packaging. The
release kinetics of active compounds under HPP are also in-
teresting fields to be further explored.

Conclusions

In brief, the effect of HPP on the characteristic changes of the
biopolymer-based films was reviewed, including HPP applied
before and after film-forming. HPP applied to the biopolymer

Table 3 The efficiency of combination of HPP and antimicrobial packaging in inactivating pathogenic and spoilage microorganism

Antimicrobial
packaging

Pressure/initial temperature/
time (MPa/°C/min)

Microorganism Culture media Main results Reference

PLA/cinnamon oil 150 MPa/20 °C/10 min Listeria
monocytogenes

Chicken Complete inhibition was
achieved at 350 MPa, while
similar results were obtained
at 150 MPa when
antimicrobial films were
applied.

Ahmed et al. [50]

PLA/allyl
isothiocyanate

300 MPa/20 °C/5 min Botrytis cinerea Potato
dextrose
agar

No growth of molds during
10-days storage was observed
when HPP was combined
with antimicrobial films.

Raouche et al. [51]

PLA/cinnamon oil 300 MPa/20 °C Listeria
monocytogenes

Salmonella
typhimurium

Chicken The combination of HPP and
antimicrobial films could keep
bacteria under the safe level.

Ahmed et al. [43]

Chitosan/clove oil film 300 MPa/12 °C/10 min Total aerobic
mesophilic

Lactic acid bacteria
Total coliform

Trout fillet The combination of HPP and
antimicrobial films achieved
more significant reductions in
lactic acid bacteria than HPP
alone. The additive effect was
found in aerobic, mesophilic,
and coliform bacteria.

Albertos et al. [52]

Gelatin/chitosan/clove
essential oil

250 MPa/7 °C/15 min Total viable bacteria
H2S-producing

microorganisms
Pseudomonas spp.
Luminiscent

microorganisms

Salmon
carpaccio

No increase in microbial counts
throughout storage after
treatment by a combination of
antimicrobial film and HPP.

Joaquín
Gómez-Estaca
et al. [1]

Gelatin/chitosan/extract
of oregano

300 MPa/20 °C/15 min Aerobic bacteria
Sulfide-reducing

microorganisms

Cold-smoked
sardine

Sardine wrapped with
antimicrobial films could keep
microorganisms lower than
other groups for 14-day
chilled storage without vacu-
um packaging.

J. Gómez-Estaca
et al. [53]

Alginate
films/enterocins

400 MPa/17 °C/10 min Listeria
monocytogenes

Cooked ham Complete inhibition without
recovery was achieved by a
combination of antimicrobial
packaging and HPP at 6 °C
for 60 days. Even if the cold
chain was broken, no recovery
was observed at 1 °C.

Marcos et al. [5]
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film-forming solutions resulted in more compact and uniform
materials with superior barrier and mechanical properties. On
the other hand, HPP treatments could cause reversible or irre-
versible changes when applied to pre-formed packages. When
the processing temperature is relatively low, packaging chang-
es induced by HPP are acceptable. However, significant
opacification in the packaging material could be observed
after HPP sterilization when the processing temperature was
higher than 60 °C, which limited their commercial applica-
tions. Antimicrobial packaging, a novel hurdle technology,
makes biopolymer-based packaging applications more feasi-
ble in the food industry by lowering the intensity of the HPP
parameters. All available evidence considered, the
biopolymer-basedmaterial may be a suitable and environmen-
tally friendly packaging alternative, but more complete studies
are required to pave the way to develop optimized packaging
for HPP food products.
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