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The increasing trend in the consumption of food flavoring compounds
has motivated the production of food flavors. Conventional
techniques for the production of flavoring compounds are not
sufficient in terms of quantity and variety due to the rising market
demand, pervaporation as a reliable membrane process has grown
rapidly compared to other conventional techniques for the recovery of
aromatic compounds from agro-food systems. Pervaporation is a
membrane separation process based on the use of non-porous
membranes that selectively regulates the transfer of target molecules
dissolved in the liquid feed mixture, and especially due to low energy
consumption, no addition of chemicals to achieve separation and
maintain the integrity of aromatic compounds. It has been welcomed.
More than 70 different types of aromatic compounds including esters,
ketones, aldehydes, alcohols, and hydrocarbons, such as ethyl acetate,
ethyl butyrate, hexanal, limonene, linalool, a-terpineol,
benzaldehyde, 1-3-l-octane hexanal and benzaldehyde from various
sources including coffee, strawberry, cashew, kiwi juice, orange juice,
plum, apple, black grape and cherry fruits, seashells were selectively
recovered using PV membranes and PDMS, PEBA and POMS
(hydrophobic/organophilic membranes) membranes were used for
recovery. Process parameters such as extraction efficiency, feed
composition, pressure, module type, feed flow rate, and feed
temperature, had different effects on the number of aromatic
compounds extracted from various investigated materials and most of
these studies have shown the successful results of this process.
However, there are still some other new membrane materials (such as
PU copolymer, P(VDF-co-HFP), SBS) that should be further
evaluated in this field.
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1-Introduction

Today, there is an increasing demand for
technological innovations in flavor and
fragrance ingredients intended for use in the
food, cosmetic, hygienic, and
pharmaceutical industries. Flavors and
fragrances constitute a broad group of
chemical substances (including more than
22,000 individual molecules), such as
short-chain alkanes and alkenes (with or
without oxygen, nitrogen, or sulfur),
alcohols, esters, ketones, and organic acids.
Terpenes are likely the most abundant class
of chemical compounds in nature,
responsible for the characteristic aromas of
plants, fruits, fungi, and animals. Typically,
these organic compounds are part of the
production processes of many food
products, perfumes, and cosmetic—hygienic
formulations [1]. To meet the current
demand for such compounds, their
production is commonly carried out
through chemical processes involving
multiple reaction steps that require costly
materials and catalysts. However, there is
now a strong need to replace such
chemically synthesized flavors and
fragrances with those extracted from
natural sources [2].

At this stage, two possible routes exist for
their  natural  production,  namely:
biosynthesis (through biotechnological
approaches) or extraction from natural
sources. The most feasible option is likely
the extraction/recovery of these compounds
from agricultural natural products (such as
fruits, vegetables, processed foods,
extracts, etc.) using appropriate separation
techniques. To date, several recovery
techniques have been proposed for this
purpose. Primarily, all these techniques
require the availability of target compounds
in aqueous or solvent systems to enable
separation. However, given the reactivity
and stability of selected flavor and
fragrance compounds, their recovery is not
straightforward; indeed, most of these
organic molecules are susceptible to
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hydrolysis, oxidation, radical reactions, and
thermal degradation [3].

In this context, pervaporation, based on the
use of a selective physical barrier
represented by a membrane, is considered a
cost-effective  alternative to  several
classical separation processes. It offers
strong potential for purifying thermally
sensitive compounds in the absence of
elevated temperatures or additional phases
required for extraction. Today, PV is
regarded as an emerging technology for
various applications, such as facilitating
biochemical and chemical reactions,
separating solvents near their boiling
points, purifying chemicals (e.g., ethanol,
isopropanol, MTBE), intensifying unit
operations, and isolating targeted organic
molecules [2]. To date, the use of PV has
expanded significantly due to its
advantages (e.g., operational simplicity,
high scalability, reduced number of process
steps, and energy savings) over traditional
extraction processes such as distillation and
solvent-based extraction. Most importantly,
the absence of chemical agents during
extraction helps preserve the functional
properties of aromatic compounds and
minimizes the risk of  potential
contamination.

The feasibility of using PV for recovering
natural aromatic compounds in the food
industry is widely recognized. PV is known
as a selective membrane-based process
designed to meet the requirements for
separating aromatic compounds. Efficient
selective separation of such organic
molecules from natural sources remains a
current challenge due to their thermal
sensitivity. Today, the research community
continues to explore various selective and
efficient techniques for the practical
production of aromatic compounds, among
which PV is a promising candidate. Several
studies have also documented the
successful recovery of aromatic compounds
from agricultural products and food waste
[3]. Therefore, the aim of this article is to
provide an overview of the application of
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the pervaporation technique for the
extraction of flavor and fragrance
compounds, as well as their derivatives,
from their primary natural sources using
pervaporation (PV).

2- Principles of Pervaporation

Pervaporation (PV) is a membrane
separation process in which a liquid
mixture (feed stream) comes into direct
contact with a dense membrane. The
components of the mixture, according to the
selective properties of the membrane, first
undergo selective sorption and then diffuse
across the membrane thickness, after which
the permeating component (permeate) is
removed as vapor on the downstream side

of the membrane (permeate stream) by
means of an inert gas or by applying
vacuum [4].

The transport of feed components through
the membrane results from the pressure
difference between the feed solution and
the permeate vapor. This pressure
difference can be induced in several ways.
In laboratory studies, a vacuum pump is
commonly used to create a pressure drop on
the permeate side, whereas in industrial
scale operations, cooling of the permeate
vapor and generation of vacuum through its
condensation is economically more
feasible. A schematic representation of the
PV process is shown in Figure 1 [5].

Liqud
Feed o——=> ‘ : >> Retentate
! |
Y N Y N ' Permeate
Vapor
Vacuum pump
Figure 1 - Schematic of the PV process [6]
Indeed, the independence of this process
from the liquid—vapor equilibrium
Selective  liquid ~ separation in  the relationships ~ that govern common

pervaporation process results from the
preferential sorption of components as well
as the diffusion of the selected component
through the membrane thickness. In other
words, unlike conventional non-membrane
separation processes, separation in this
method is based on the differences in
sorption rates and diffusivities of the feed
components  within the membrane.
Although, in theory, PV is capable of
separating various liquid mixtures, in
practice this process is widely applied in
industry today for the separation of
azeotropic mixtures, mixtures with close
boiling points, and thermally sensitive
organic compounds, as well as for the
removal of trace impurities and, ultimately,
for shifting equilibrium reactions toward
completion [6].
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processes such as distillation has made PV
a superior alternative to earlier separation
technologies. In this process, the diffusion
of components through the membrane is
accompanied by a phase change from liquid
(feed side) to wvapor (permeate side),
distinguishing PV from other liquid—liquid
separation methods. When valuable solutes
are being recovered, PV offers several
advantages over conventional
separation/purification techniques (such as
distillation, evaporation, adsorption,
absorption, and solvent extraction),
including relatively simple operation,
improved scalability, reduced number of
process steps, and low energy consumption

[7].

In general, the applications of the PV
process include dehydration of organic
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solvents, removal or recovery of small
amounts of volatile organic compounds
from mixtures, and the separation of
organic—organic  mixtures. Figure 2
provides a graphical representation of a
typical PV setup in which the recovery of

(4)
Feed

(1)

Permy

8 .

Retentate

eate

(5)

aromatic compounds can be performed. In
this configuration, the feed solution, which
is in direct contact with the membrane, is
separated due to the physical barrier and
driving force (vacuum pressure) [8].
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Figure 2 - Graphical illustration of a typical PV setup [4]

3-Parameters Affecting the Separation
Performance of the PV Process

The degree of separation in the
pervaporation process, in addition to the
characteristics of the feed solution, depends
on the membrane used and the operational
variables of the process.

Operational conditions: Since the driving
force in the PV process is the chemical
potential difference, operational variables
such as feed concentration, permeate
pressure, and feed temperature directly
influence the chemical potential. Therefore,
the effect of these operational variables will
alter the overall performance of the PV
process [9].

Feed concentration: The term “feed
concentration” refers to the concentration
percentage of that component of the feed
which has a higher tendency to permeate

17

through the membrane. Changes in feed
concentration directly influence diffusion at
the feed—membrane interface. Because both
sorption and diffusion depend on the
concentration of the mixture components,
the composition of the mixture has a

significant impact on these two
mass-transfer steps.
Feed temperature: The effect of

temperature on flux can be described using
the Arrhenius equation:

Eyi

]l— l p( RT

In this equation, J; is the flux of component
i, R is the gas constant, and E,; is the
activation energy for permeation. If the
activation energy is positive, the flux

increases with increasing temperature.
Moreover, as the feed temperature
increases, the vapor pressure of the
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components on the feed side also increases,
while the vapor pressure on the permeate
side remains unchanged. Consequently, the
vapor pressure difference which constitutes
the driving force for mass transfer in the PV
process increases [8].

Permeate pressure: The downstream
pressure of the membrane, or permeate
pressure, is directly related to the partial
vapor pressure of the components, and for
this reason the performance of PV strongly
depends on permeate pressure. If the
downstream pressure is maintained at its
minimum value, the maximum driving
force will be achieved. With increasing
downstream pressure of the membrane, the
permeate flux decreases significantly due to
the reduction in driving force, while
depending on the relative volatility of the
permeating components, selectivity may
either decrease or increase [3].

the

4- Suitable Membranes for

Pervaporation Process

The membrane is the core of any membrane
separation process. For laboratory research,
homogeneous and symmetric membranes
are typically used because their fabrication
is simple and they reflect the intrinsic
properties of the polymers. However, at the
industrial ~ scale, those  laboratory
membranes that demonstrate acceptable
performance are utilized in composite or
asymmetric structures. These
configurations, having a thin selective
layer, are able to provide high flux while
simultaneously maintaining their
mechanical strength. The characteristics of
an ideal PV membrane are as follows [10]:

1. The selective layer should be as thin
as possible and free of structural

2. When in contact with the feed
mixture, it should exhibit high
selectivity in sorption and diffusion
for the target component.

3. To maintain selectivity and
structural stability, it should not
undergo swelling.

4. It should possess acceptable
mechanical strength as well as
chemical and thermal stability.

5. It should provide optimal selectivity
while maintaining high flux.

The criterion for selecting a polymer for
membrane fabrication is based on the
solubility and diffusivity data of the
different components of the mixture within
the membrane polymer [11, 12].

Target Feed Mixture

Depending on the type of feed mixture
intended to be separated, the membrane
must be selected accordingly so that the PV
process ultimately demonstrates superior
performance. In PV processes, if the goal is
to separate water from organic compounds,
hydrophilic membranes must be used so
that the major component of the permeate is
water. Likewise, if the objective is to
separate organic materials from water,
hydrophobic membranes are considered
suitable ~ for  membrane  selection.
Furthermore, for the separation of organic
compounds from one another, the process
requires organophilic membranes that can
distinguish and separate the components
through selective sorption and dissolution.
In Table 1, the most widely used polymers
categorized into three main groups based on
membrane type and application in the PV
process are presented [13, 14].

defects.
Table 1- Division of PV process based on the type of membrane and its application
Membrane Hydrophilic Hydrophobic Organophilic
type
Polyvinyl alcohol (PVA) Polydimethylsiloxane Polydimethylsiloxane
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Polyacrylonitrile (PAN)

Cellulose acetate
Polysulfone
Carboxylmethyl-cellulose

(PDMS)

Polyoctylsiloxane (POMS) (PDMS)
Polyether-block-amide Polyether-block-
(PEBA) polyamide
Ethylene-propylene diene (PEBA)
terpolymers (EPDM) Polypropylene (PP)

Poly-1-trymetylsilyl-1-

Polyetherimide (PEI) propylene Polyethylene (PE)
Chitosan (PTMSP) Polyvinyl alcohol (PVA)
Polypropylene (PP) Polyetherimide (PEI)
membrane Polybutadiene (PB)
type
Hydrophobic zeolites
o ) Separation of methanol
Applications Removal of organic matter from MTBE
Breaking the azeotropes of from water Separation of benzene and
binary mixtures Removal of alcohol from cyclohexane
alcoholic beverages
Recovery of aromatic
compounds from food products
5- Chemistry of Aromatic candidates for their recovery, since some of

Compounds and Their Role in
Separation via PV

As previously stated, the chemistry and
nature (hydrophilic or hydrophobic) of the
target molecules play a crucial role in
aroma recovery through PV. For example,
lactones with fruity notes, due to their high
carbon content and the presence of an
oxygen-containing heterocycle, are among
the most hydrophobic molecules. These
molecules are, in fact, preferentially
recovered by organophilic membranes.
Similarly, esters, which provide primary
fruity notes, are well known to exhibit a
highly hydrophobic nature [15]. These
molecules, containing fewer than eight
carbon atoms and oxygen atoms, are highly
volatile in aqueous solutions. In addition,
esters represent hydrophobic molecules that
exhibit almost non-hydrogen-bonding
characteristics.

Alcohols and especially aldehydes are
generally classified as hydrophilic organic
molecules based on the presence of polar
functional groups. Nevertheless,
hydrophobic membranes are still good
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these molecules contain a benzene ring,
such as benzyl alcohol, o-cresol, linalool,
thymol, 2,5-xylenol, and benzaldehyde.
Their relatively low hydrophobicity may be
associated with the polar balance between
the hydrophobic benzene group and the
hydrophilic alcohol or aldehyde group [16].

On the other hand, sulfur compounds are
more hydrophobic than their
oxygen-containing counterparts. Certainly,
the sulfur atom i1s more polarizable than
oxygen, as it possesses an additional
electron shell (around the atomic nucleus)
compared to oxygen. In fact, hydrophobic
membranes have effectively recovered
certain sulfur-based compounds, including
mercaptans, isobutyl thiazole, and
thiobutyrate. When dealing with ketones,
hydrophobic membranes have shown low
selectivity for ketones with small carbon
chains. This can be attributed to the
pronounced hydrophilic nature of such
compounds, for example, diacetyl and
acetoin. Conversely, hydrophobic PV
membranes (also known as organophilic
membranes) are highly effective for the
recovery of larger hydrophobic ketones, for
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example, those containing more than six
carbon atoms. Finally, there are other
aromatic molecules that also exhibit
hydrophilic character but can nevertheless
be recovered using PV, for example,
pyrazines, which provide top notes of

roasted or nutty aromas [5, 17].

6-

Aromatic

Compounds

Recovered by the PV Method

In the field of applying the PV method for
recovering aromatic compounds in the food
industry, various but still limited studies
have been conducted to date. Table 2
summarizes the main aromatic compounds
recovered by different PV membranes from
agricultural food products, such as fruit
juices, extracts, by-products, and several
processed products (such as beer, wine, and
dairy products).

Table 2. Some aromatic compounds recovered from different agricultural and food products using PV process

Aroma Source Membrane nature Membrane Operating Produc | Ref
Compounds material conditions tivity
perme
ate
Kg/m?
h
Isobutyl acetate Bi . Hydrophobic/organ POMS 30°C 0.003
ioconversion hilic 0.5 mbar [18]
culture broth opht '
S-methy] thio- Cauliflower Hydrophobic PDMS 30 °C 0.00
butyrate PEBA 06 [19]
Blanching 2.7 mbar
water 0.00
02
Linalool Blueberry Hydrophobic PDMS 30°C, 3.9 [20]
d-Limonene h
model mbar
1-Heptanol solution
1-Hexanol
Trans-2-hexenal
Ethyl acetate
cis-3-hexenol Tea extract Hydr@phoblc/organ POMS 30 °C 0.00 | [21]
ophilic 3
6 mbar
Ethyl acetate Model Hydrophobic PDMS 25°C, 3.9 0.00 [22]
solution mbar 8
2,3-butjgledione Model Hydrophﬁbli'c/organ Commercial 20°C, 2.5 043 | [20]
23 solution ophiliic PDMS mbar 2
pentanedione
Vanillin model Hydrophobic PEBA 50°C 0.39 [13]
solution 3 mbar
p-Pinene Lemon Juice Hydrophﬁpll'c/organ POMS 30°C 0.00 [23]
Limonene OPRTC 0 mbar 03
0.00
09
Isopentyl Pomegranate Hydrophobic PDMS 30°C 0.00 [24]
acetate juice 05
n-Hexanol 0 mbar
o -Ionone
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1-methyl-1-
pyrrole,
methylpyrazine,
Bergapten, Berge.lmot. Hydrophobic Commercial 25.40 °C 0.00 [25]
linalool, linalyl | €ssential oil GFT 1070 0 09
mbar
acetate,
limonene
Ethyl alcohol Sugarcane Hydrophobic Commercial 30°C 0.10 [26]
Ethyl acetate molasses Pervap '0
Isoamyl alcohol fermentation 4060 10 mbar
Isoamyl broth
acetate
Pentan-1-ol Plum, apple, Hydrophobic Commercial 60°C 0.00 [27]
Hexanal blackcurrant Pervap ECO .8
Butyl acetate and cherry 001 BP 3000 mbar
Heptan-1-ol hydrolysates
Benzgldehyde Coffee Hydrophobic PDMS 20, 30, and 40°C 0.00 [28]
acetic acid 270, 530, 800 6
Pa
Nergl Lemgn essential Hydrophobic PDMS/PVDF [29]
a-terpineol oil waste 30°C. 10 0.0003
linalool mbar’ 0.0009
0.0006
1-octen-3-ol Oyster Hydrophobic PDMS 30°C 0.00 [30]
hexanal 05
benzaldehyde 0 mbar
B-Ionone Black tea Hydrophobic MWCNT 30°C 0.00 [31]
PDMS 0 mbar 05
Linalool Blackberry juice Hydrophobic ZIF-8/PDMS 20°C 0.00 [32]
benzaldehyde 09
ethyl acetate 2.5 mbar
It}alool lavender Hydrophobic PDMS 40°C 025 [33]
terpinen-4-ol 484
a-terpineol 10 mbar
camphor

Isci et al. (2006) investigated the effect of
various operating parameters, including
feed temperature, concentration,
composition, and permeate pressure, on the
PV performance of a PDMS membrane
(PERVAP 1070) in the separation of
strawberry aroma compounds. The results
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showed that the mass flux and selectivity of
aqueous methyl butyrate solution increased
with increasing feed temperature or
decreasing downstream pressure. The
selectivity decreased with increasing feed
concentration of binary aqueous solutions
containing methyl butyrate and ethyl
butyrate [34].
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Figure 3- Integrated membrane production process for kiwifruit juice concentration UF, ultrafiltration; RO,
reverse osmosis; PV, pervaporation; OD, osmotic distillation

De Assis et al. (2007) evaluated the
performance of POMS membranes in the
recovery of aromatic compounds from
cashew apple pulp. The permeation flux
ranged between 0.11 and 0.17 kg-m™2-h™" at
25 °C and 35 °C, respectively. According to
the results of GC-MS analyses, the
concentration of aromatic compounds in the
permeate samples was significantly higher
than in the feed samples [35].

Hydroxyl-terminated polybutadiene
(HTPB)-based polyurethane—urea
copolymer membranes were highly

efficient in the extraction of ethyl acetate
from aqueous solution by PV, with a
separation factor and total flux of 655 and
256 g-m2-h7!, respectively [35].

Cassano et al. (2006) evaluated the
performance of a commercial PDMS-based
membrane in the extraction of aromatic
compounds from ultrafiltered kiwi juice. In
all PV experiments, the enrichment factors
of alcohols (between 10 and 40) were lower
than those of esters, such as ethyl butanoate
and methyl butanoate (around 100).
Moreover, for most aromatic solutes, the
enrichment factor in the permeate from
depectinized juice was higher than that
from clarified and concentrated juice, with
the exception of 3-hexen-1-ol and hexanal.
Based on these findings, an integrated
membrane process for the production of
high-quality = concentrated juice was
proposed (Figure 3). The proposed scheme
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suggests the use of PV after the
depectinization step, thereby minimizing
the loss of aromatic molecules during the
clarification and concentration steps. The
recovered aroma compounds can be added
back to the juice concentrated by osmotic
distillation (OD) [36].

In contrast to the study by Cassano et al., in
which commercial PDMS-based
membranes were used, Figoli et al. (2010)
employed composite membranes with an
active layer made of
styrene-butadiene-co-styrene (SBS) for the
recovery of aroma compounds from kiwi
juice [25]. Such membranes exhibited low
aroma permeation fluxes that were strongly
temperature-dependent. On the other hand,
their selectivity toward (E)-2-hexenal,
(E)-2-hexen-1-ol, 1-octen-2-ol, and
I-hexanol was higher than that of
PDMS-based membranes. Moreover, the
recovery of volatile compounds was
influenced by temperature during the
process. In fact, the authors concluded that
30°C was 1identified as the optimal
recovery temperature.

Several volatile flavor-aroma compounds
(such as ethyl acetate, ethyl butyrate,
hexanal, limonene, linalool, and
a-terpineol) were also extracted from
orange juice using PV. Specifically, the
PDMS membrane exhibited a higher
enrichment factor for ethyl butyrate and
hexanal when the vacuum pressure was
increased.
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In a different approach, 3-methylbutanal
and isopentyl acetate were recovered from
another juice (pomegranate juice) using two
different membranes. Notably, POMS, as
an organophilic membrane, exhibited
higher p-values for these compounds
compared to PDMS. Furthermore, the
authors analyzed the effect of temperature
on the PV recovery process using the

Arrhenius  relationship. The analysis
revealed positive activation energy values
for the components, meaning that

increasing the feed temperature may lead to
higher flux. Importantly, the activation
energies of the aromatic compounds were
higher than that of water, indicating that the
diffusion of aromatic compounds through
the membrane is more
temperature-dependent than that of water.
Generally, when the activation energy is
high, the flux becomes more sensitive to
temperature changes; therefore, aromatic
compounds tend to exhibit higher
temperature sensitivity [37].

In the fruit sector, there also exists an
aromatic solution recovered from fruit juice
known as fruit-water hydrolate or aromatic
water. These hydrolates are highly diluted
aqueous  solutions in  which the
concentration of volatile aroma compounds
does not exceed 1 wt%. Such trace-level
aromatic compounds are well suited for
separation by PV. Dawiec-Lisniewska et al.
(2018) investigated the concentration of
natural aromatic = compounds  from
fruit-water hydrolates by PV at the
laboratory scale, in which both process
optimization and the economic feasibility
of aroma recovery were extensively
examined and analyzed.

The hydrolates originated from plum,
apple, blackcurrant, and cherry, each
containing a wide spectrum of aromatic
components. The authors identified and
quantified approximately 38 compounds in
blackcurrant hydrolate, while 20 and 14
different compounds were found in apple
and cherry hydrolates, respectively. The
commercial ~ hydrophobic =~ membrane
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Pervap 4060 exhibited very high B-values
for several compounds, such as pentan-1-ol
(B = 5800), hexanal (B = 3678), butyl
acetate (f = 8602), and heptan-1-ol (B) [27].

In contrast to natural products and their
by-products, some processed products from
the beverage industry have also been
considered for the recovery of aromatic
compounds, such as beer and wine.
Catarino et al. (2009) proposed beer as a
potential source of specific alcohols (such
as propanol, isobutanol, isoamyl alcohol),
esters (such as isoamyl acetate, ethyl
acetate), and aldehydes (such as
acetaldehyde). Initially, the recovery of
these aromatic compounds was required to
meet the organoleptic criteria  of
alcohol-free beer, which are typically
compromised during ethanol removal [38].

Extensive studies have also been conducted
on coffee aroma. In these studies, the
performance of the PV process for the
recovery of aromatic compounds has been
evaluated using coffee beverages and
industrial instant coffee. Hernandes et al.
(2020) aimed to assess the PV process in
diluted aqueous solutions of two coffee
aroma compounds. The effects of
temperature, concentration, feed
composition, and permeate pressure on
permeation flux and selectivity were
investigated. The selected compounds were
benzaldehyde and acetic acid, which have
both positive and negative impacts on the
sensory quality of coffee. According to the
results, all permeation fluxes increased with
temperature, following an Arrhenius-type
relationship, in which temperature has a
stronger effect on diffusion than on
sorption.

The enrichment factor of benzaldehyde
increased with temperature at 270 Pa but
remained nearly constant between 30 and
40 °C at 530 and 800 Pa. Therefore, the PV
process for benzaldehyde should be
operated at lower pressures and higher
temperatures. As the feed concentration
increased, the individual fluxes of the
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organic compounds increased linearly;
however, the enrichment factors of both
compounds remained nearly constant. For
the ternary system benzaldehyde—acetic
acid—water, a reduction in flux and
enrichment factors was observed for both
benzaldehyde and acetic acid, and this
reduction was more pronounced at higher
concentrations. This suggests that the
presence of another organic molecule
negatively influences the pervaporation
performance  of  both  compounds.
Benzaldehyde was more sensitive to
changes in feed composition across all
studied concentrations [28].

Opysters, with an annual global production
exceeding 600,000 tons, represent an
important portion of shellfish consumption
worldwide. These bivalve mollusks have
high commercial value but are highly
perishable due to their high microbial load,
including pathogens that can cause illness
or even death when consumed raw.
Therefore, heat treatments are used to
increase the safety of this seafood for
human consumption. However, some steps
in this process can generate wastewater
such as the water used in cooking that is
rich in volatile organic compounds
originating from oysters. After recovery
and concentration, these compounds can be
used as natural seafood flavorings.

Autoclave

In a study, Soares et al. (2020) evaluated the
application of the pervaporation membrane
process for the recovery of aromatic
compounds from oysters (Figure 4). The
characteristic aromatic compounds
I-octen-3-o0l, hexanal, and benzaldehyde
were selectively concentrated from oysters,
demonstrating the practical applicability of
this technology for the food industry, as
they can be used as natural flavorings in
processed  seafood  products. Feed
temperature had little effect on the
permeation flux of trichloromethane and
hexanal, whereas higher enrichment factors
for benzaldehyde and 1-octen-3-ol were
obtained at 30 °C and 40 °C, respectively.

Computational fluid dynamics (CFD)
simulation of flow inside the permeation
module showed that the flow regime was
laminar at all flow rates and temperatures
used in the study. Although higher fluxes
were obtained at lower permeate pressures,
the highest enrichment factors (35 for
1-octen-3-o0l) were achieved at intermediate
permeate pressures (1750 Pa), which may
positively influence process economics.
Ultimately, the results of this study
demonstrated that the pervaporation
process is highly promising for adding
value to a waste stream in the seafood
industry [30].

lpevvdpurullon module

Qyster boiling juice

\

1’

Volatile organic compounds I:,'): b,

Figure 4- Schematic of the recovery process of aromatic compounds from oysters by PV method [30].
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7- Conclusion

In this article, the potential of the
pervaporation process for the recovery of
aromatic compounds was examined, and
most of the studies reviewed demonstrated
the successful performance of this process.
In fact, more than 70 different types of
compounds (including esters, ketones,
aldehydes, alcohols, and hydrocarbons)
have already been separated and selectively
recovered from various sources using PV
membranes. To date, it appears that PDMS,
PEBA, and POMS have been the most
widely used hydrophobic/organophilic
membranes for such recovery tasks.
However, several other emerging
membrane materials (such as PU
copolymers, P(VDF-co-HFP), and SBS)
still require further evaluation in this field.

Certainly, membrane specialists are
actively working on the development of
new membrane materials or the
improvement of existing ones to overcome
the trade-off limitations between selectivity
and permeation flux. Research is currently
being conducted on the implementation of
PV technology as a primary tool for
recovering aromatic compounds.
Moreover, the apparent global increase in
demand for these volatile and aromatic
compounds in the food, cosmetic, and
pharmaceutical industries may further
promote the adoption of this technology.

Conflict of Interest
There are none to declare.
Funding Statement

This research has not received any specific financial
support from government, commercial, or non-profit
institutions.

Author Contributions

All authors have contributed to the design, analysis,
writing, and approval of the final manuscript in this
manner

8-References

[1] Alharbi, W.N., et al., Extraction of organic
volatile pollutants in over-saturated water by

25

pervaporation  technique using a  poly
(dimethylsiloxane)-based sealer as a membrane.
Water, 2021. 13(8): p. 1049.

[2] Manshad, S., et al., Membranes with favorable
chemical materials for pervaporation process: A
review. Journal of Membrane Science &
Technology, 2016. 6(4).

[3] Silvestre, W., et al., Pervaporation in the
separation of essential oil components: A review.
Trends in food science & technology, 2019. 93 :p.
42-52.

[4] Castro-Mufioz, R., M.Z. Ahmad, and A.
Cassano, Pervaporation-aided processes for the
selective separation of aromas, fragrances and
essential (AFE) solutes from agro-food products
and wastes. Food Reviews International, 2023.
39(3): p. 1499-1525.

[5] Pereira, M., C. Brazinha, and J. Crespo,
Pervaporation recovery of valuable aromas from
by-products of the seafood industry: Modelling of
fractionated condensation for off-flavour removal.
Separation and Purification Technology, 2022.
286: p. 1204-1241.

[6] Sun, X., et al., Production of alcohol-free wine
and grape spirit by pervaporation membrane
technology. Food and Bioproducts Processing,
2020. 123: p. 262-273.

[7] Schifer, T. and J.G. Crespo, reactors by
pervaporation.  Integration of  Membrane
Processes into Bioconversions, 2012: p. 177.

[8] Castro-Muiioz, R. and J. Gonzalez-Valdez, New
trends in biopolymer-based membranes for
pervaporation. Molecules, 2019. 24(19): p. 3584.

[9] Du, C., et al., Green extraction of perilla volatile
organic compounds by pervaporation. Separation
and Purification Technology, 2021. 261: p.
118281.

[10] Crespo, J. and C. Brazinha, Fundamentals of
pervaporation, in  Pervaporation,  vapour
permeation and membrane distillation. 2015,
Elsevier. p. 3-17.

[11] Chandane, V.S., A.P. Rathod, and K.L.
Wasewar, Enhancement of esterification
conversion using pervaporation membrane
reactor. Resource-Efficient Technologies, 2016.
2: p. S47-S52.

[12] Molnar, M., E. Marki, and G. Vatai, Preparation
of apple spirit by ceramic pervaporation
membrane. Acta Alimentaria, 2016. 45(4): p. 551-
557.

[13] Camera-Roda, G., et al., A pervaporation
photocatalytic reactor for the green synthesis of
vanillin. Chemical engineering journal, 2013. 224:
p. 136-143.

[14] Olmo, A.d., et al., Setting up of a method of
pervaporation for improving alcohol-free beer.
Procedia Engineering, 2012. 44: p. 1005-1006.

[15] Unlu, D., Concentration of aroma compounds
by pervaporation process using polyvinyl chloride



Iranian journal of food science and industry

Number 175, Volume 23, September 2026

membrane. Flavour and Fragrance Journal, 2019.
34(6): p. 493-505.

[16] Overington, A., et al., Concentration of dairy
flavour compounds using  pervaporation.
International dairy journal, 2008. 18(8): p. 835-
848.

[17] Gernat, D., E. Brouwer, and M. Ottens,
Aldehydes as wort off-flavours in alcohol-free
beers—origin and control. Food and Bioprocess
Technology, 2020. 13: p. 195-216.

[18] Bluemke, W. and J. Schrader, Integrated
bioprocess for enhanced production of natural
flavors and fragrances by  Ceratocystis
moniliformis. Biomolecular Engineering, 2001.
17(4-5): p. 137-142.

[19] Souchon, I., et al., Pervaporation as a
deodorization process applied to food industry
effluents: recovery and valorisation of aroma
compounds from cauliflower blanching water.
Desalination, 2002. 148(1-3): p. 79-85.

[20] Weschenfelder, T.A., et al ,.Concentration of
aroma compounds from an industrial solution of
soluble coffee by pervaporation process. Journal
of Food Engineering, 2015. 159: p. 57-65.

[21] Kanani, D.M., et al., Recovery of valuable tea
aroma components by pervaporation. Industrial &
engineering chemistry research, 2003. 42(26): p.
6924-6932.

[22] Ribeiro Jr, C. and C. Borges, Using
pervaporation data in the calculation of vapour
permeation hollow-fibre modules for aroma
recovery. Brazilian journal of chemical
engineering, 2004. 21: p 629-640.

[23] Raisi, A. and A. Aroujalian, Aroma compound
recovery by hydrophobic pervaporation: the effect
of membrane thickness and coupling phenomena.
Separation and Purification Technology, 2011. 82:

p. 53-62.

[24] Raisi, A., A. Aroujalian, and T. Kaghazchi,
Multicomponent  pervaporation process for
volatile aroma compounds recovery from

pomegranate juice. Journal of Membrane Science,
2008. 322(2): p. 339-348.

[25] Figoli, A., et al., Bergamot essential oil

extraction by pervaporation. Desalination, 2006 .
:(V-7)Y4¥p. 160-165.

[26] Rossi, S.C., et al., Use of pervaporation process
for the recovery of aroma compounds produced by
P. fermentans in sugarcane molasses. Bioprocess
and biosystems engineering, 2017. 40: p. 959-967.

[27] Dawiec, A., et al., Mathematical modeling of
sorption step in pervaporative aroma compounds
recovery from the multicomponent solution.
Chemical Engineering Science, 2015. 129: p. 78-
90.

[28] Hernandes, E., T. Weschenfelder, and A.
Scheer, Pervaporation process of coffee volatile
compounds with PDMS membrane. International
Food Research Journal, 2020. 27(3): p. 487-496.

26

[29] Rui, L., et al., Improving the Pervaporation
Separation of Aromatic Components from Lemon
Oil Processing Waste Liquid by the Synergistic
Effect of Ethanol. Modern Food Science &
Technology, 2022. 38(11.(

[30] Soares, L.S., et al., Pervaporation as an
alternative for adding value to residues of oyster
(Crassostrea gigas) processing. Separation and
Purification Technology, 2020. 232: p. 115968.

[31] Li, J., et al., Fabrication of MWCNTs/PDMS
mixed matrix membranes for recovery of volatile
aromatic compounds from brewed black tea.
Separation and Purification Technology, 2021.
259: p. 118101.

[32] Rao, Y., et al., Efficient recovery of the volatile
aroma components from blackberry juice using a
ZIF-8/PDMS hybrid membrane. Separation and
Purification Technology, 2020. 230: p. 115844.

[33] Xu, S., et al., Enriching volatile aromatic
compounds of lavender hydrolats by
PDMS/ceramic composite membranes.
Separation and Purification Technology, 2022.
294:p. 121198.

[34] Isci, A., S. Sahin, and G. Sumnu, Recovery of
strawberry aroma compounds by pervaporation.
Journal of food engineering, 2006. 75(1): p. 36-42.

[35] Assis, A.v.R.d., et al, Recuperacio e
concentra¢do de componentes do aroma de caju
(Anacardium occidentale L.) por pervaporagao.
Food Science and Technology, 2007. 27: p. 349-
354.

[36] Cassano, A., et al., Nanofiltration and tight
ultrafiltration membranes for the recovery of
polyphenols  from agro-food by-products.
International Journal of Molecular Sciences, 2018.
19(2): p. 351.

[37] Raisi, A., A. Aroujalian, and T. Kaghazchi, A
predictive mass transfer model for aroma
compounds recovery by pervaporation. Journal of
food engineering, 2009. 95(2): p. 305-312.

[38] Catarino, M. and A. Mendes, Non-alcoholic
beer—A new industrial process. Separation and
Purification Technology, 2011. 79(3): p. 342-351.



\ee0 DA Y oy 95 IVO o leis LQ\J.')'l J\-Lo C‘L“AJ(’}\;‘U‘"‘“

Onl 213 mlio 5 psle alons -,
www.fsct.modares.ac.ir :dow Colw
@i mleo 53 hne SLS 5l Fanl 55 g Sl 5 Al s )l e p
"l ool < bl Lol

U.jil gd\;@i uuA)L,a\ be cli..i.}') uQU.:.E;J 9 (:}.L& .l>|) ‘Liib‘; @LM.D Lf‘”'w B r}lﬁ aj‘)f ‘LS‘):SJ 6}»2.:\3 =)

U.jil gd\;@i uuA)L,a\ be cli..i.}') uQU.:.E;J 9 (:}.L& .l>|) ‘Liib‘; @LM.D Lf‘”'w B r}lﬁ aj‘)f ‘LS‘):SJ 6}»2.:\2 -y
eJu:S.T Aju.ﬂ Q\PW‘
Glapab 5 55 0380 sl Lol e oz ab SIS 5 G peme (5 4 5, Ly, Pl sl b

S5m0 GLOE @ a5 L edasgal DS 5 A 5 0 s 0 GLSESS ol o 1S
e R TIL- e PP RCWC S SR
@ ot 5l e SLS S Gbb Gl g S e 4 cd
ol plas lulir wuTp (s ol ol azils m w Ldjy (30lES
o | s slad S50 JUinl sl sbay & ol Joidsize S8 glalis Sl esliza
03538 pde (oS (G551 D pan s w0354 5 ST e e 1) mle S|y bl s
Jhizal 3,50 Glane SLS 5 Sl Bis 5 3lultr 4 oliwd gln olend 3l
LSl (ol 58 ol zel a3 Jana S 5 3l e p i Ve 5l el B 513
g 50 I o sad JULRA g ol (bl 1 daip S ssd (e IS
el (S5 O o dhax Sl cilie mlbie 51 U DLl -JHT-Y SWSI e
tlos S (OS5 ol 5l i T Glao e S T (558 O (s
POMS ; PEBA PDMS) (s, 55 o5l glalis sl eslizal L bl 5 sba
OS5 el gl o33b Ao a T3 ol melb s b3k (b 58,1 5 SOl slalis)
SMie r alie Sl STy sles (ST Ok e JaSle g LiS (ST
OLas Sldllas ol ST L2305 s 2 3550 0SS 350 Sl ek gl Al Jlane DS 5
Ldr pLiE 3lpe 5l 2 S (bl il 035 AT bl el o go gl ains
wua ool 53 1L aS 5,05 545 (SBS P(VDF-co-HFP) PU L s 15b) Sos

2,8 53 bl sy i

VEYNNNG 3l s gyl
VYA 15505 sl

VELO/ VYY)l

1S olds
S5 s
(olis al s

e S 5

10.48311/f5ct.2026.83711.0
S J gt

Baharemirpourian@gmail.com

asmabasatil 726(@gmail.com

27


mailto:Baharemirpourian@gmail.com
http://www.fsct.modares.ac.ir/

