
Contributor Publication Agreement
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland

Contributor Metadata Approval Sheet/ 
Contributor Contract/Proof

Dear Contributor(s),

Thank you for publishing with us! Please find enclosed your contributor proof. In order for your contribution 
to be published, it is essential to fill out the enclosed metadata form and then confirm the Contributor Con-
tract by placing check marks and data in the marked places. Any special written agreements with us stay valid 
beyond that.

Finally, please correct the proof of your contribution.

Thank you for your cooperation!

De Gruyter

Appendices

-	 Title page of the Contributor Contract
-	 Contributor Metadata Form
-	 General Terms and Conditions for Contributor Contract
-	 Proof



Contributor Publication Agreement
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland

CONTRIBUTOR CONTRACT
Between

De Gruyter

and

Corresponding Contributor
Roberto Castro-Muñoz

Regarding

Chapter Title:
Pervaporation in food processing

Chapter DOI:
10.1515/9783110742992-009

Book Title:
Membrane Systems in the Food Production

Creative-Commons- License:
---

a Contributor Contract has been concluded. Details regarding the Contributor Contract are specified in the 
attached General Terms and Conditions for Contributor Contract.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Contributor Publication Agreement 
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland

3

Contributor Metadata Approval Sheet
Book title: Membrane Systems in the Food Production
Chapter DOI: 10.1515/9783110742992-009
Chapter title: Pervaporation in food processing

Please check the metadata in the second column carefully and update/add information in the third column. Even if you 
have already submitted this information to the publisher.

Contributor 1

Corresponding address according to available information To be changed
Salutation* (Mr/Ms/other)

Title*
Surname* Castro-Muñoz

First Name* Roberto
E-Mail*

Corresponding Author* (yes/no) yes

The given address is a(n)	    affiliation.	   private address.

Institution Gdansk University of Technology

Department Faculty of Chemistry, Department of Process 
Engineering and Chemical Technology

Number*
Street*

ZIP Code*
City* Gdansk
State

Country* Poland
*required

The data from this form will only be used to enable internal processes! This includes sending a notification via e-mail 
as soon as your contribution is published on the De Gruyter website. You can then download a PDF for personal use 
using the registration information provided therein. If free copies are part of the agreement with De Gruyter, the postal 
address listed here will be used to send the copies.

(For private address omit Institution and Department!)

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Contributor Publication Agreement 
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland

4

Contributor Metadata Approval Sheet
Book title: Membrane Systems in the Food Production
Chapter DOI: 10.1515/9783110742992-009
Chapter title: Pervaporation in food processing

Please check the metadata in the second column carefully and update/add information in the third column. Even if you 
have already submitted this information to the publisher.

Contributor 2

Corresponding address according to available information To be changed
Salutation* (Mr/Ms/other)

Title*
Surname* Boczkaj

First Name* Grzegorz
E-Mail*

Corresponding Author* (yes/no) no

The given address is a(n)	    affiliation.	   private address.

Institution Gdansk University of Technology

Department Faculty of Chemistry, Department of Process 
Engineering and Chemical Technology

Number*
Street*

ZIP Code*
City* Gdansk
State

Country* Poland
*required

The data from this form will only be used to enable internal processes! This includes sending a notification via e-mail 
as soon as your contribution is published on the De Gruyter website. You can then download a PDF for personal use 
using the registration information provided therein. If free copies are part of the agreement with De Gruyter, the postal 
address listed here will be used to send the copies.

(For private address omit Institution and Department!)

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


5

Contributor Publication Agreement
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland

Checked and confirmed:

Contributor Metadata and Contributor Contract

(By inserting the check mark you confirm the conclusion of the Contributer Contract for your contribution. In case of 
technical problems with the check mark, you can agree to the contract by typing “Confirmed” in the date field, e.g.: 
“Confirmed, 17.4.2020”.)

Date ____________________

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Contributor Publication Agreement 
Walter de Gruyter GmbH · Genthiner Str. 13 · 10785 Berlin · Deutschland
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vidual details of your agreement with us can be found on the sheet titled Contributor Contract.

Our goal as a publisher is to be a competent partner to our contributors and to facilitate the quality,
reach, reputation, and validity of their work. In order to do so, both parties must commit to a set
of rules as follows:

1	 Definitions

You: You as the Contributor of the Work. When there is more than one Contributor, the term “You” 
shall apply collectively and the provisions set out in these terms and conditions apply equally to 
all Contributors.

We: the Walter De Gruyter GmbH Publisher named in your Contributor Contract.

Work: the content to be published as printed and electronic edition. 

Contributor Contract: the actual agreement, which is issued to you as a cover page to these terms 
and conditions.

2	 Your Rights and Obligations

2.1	 Grant of Rights: As a publisher, we take copyright very seriously. We must make sure that we 
have the right to use all parts of your Work. You warrant that you own the manuscript, and 
that you are free to assign the rights without restriction and have acquired the rights to any 
content as necessary. This applies to all parts, including any illustrations, indices, tables, tex-
tual excerpts, multimedia components, etc. Further, you warrant that you have not assigned 
any rights that would conflict with the rights granted to us in this contract. You guarantee that 
your work, including all parts, does not infringe on any rights such as copyrights, performing 
rights, trademarks, rights of privacy, or other third-party rights. You agree to reimburse us for 
any costs or liabilities resulting from a breach of these warranties.

2.2	 Publication Elsewhere: In order to support the marketing strategy for your Work, you agree 
not to publish the Work (or a substantially equivalent work) or make it otherwise available 
to the public without first obtaining our written consent.

2.3	 Repository Policy: You are free to self-archive up to 10% of the Work (with the exception 
of textbooks and databases) on your own website or in the repository of your university 
or institution. In addition, you may place a link to the product page of your Work on our 
website www.degruyter.com in public repositories that allow a redirect. You can find a 
complete list in the Rights and Licenses section of our website. 

2.4	 VG Wort: As the laws regarding the German collecting society VG Wort are subject to 
frequent change, we include here a translation of the recommended wording for contributor 
agreements provided by the German Publishers and Booksellers Association on exercising 
your rights through VG Wort. In the following paragraphs, you assign to us the right to 
exercise our rights with VG Wort. In order for you to profit from the copyright-holder share 
of the VG Wort distribution, you must sign an agreement directly with VG Wort as well as 
register your Work upon publication. You may then decide if you would like to let us, as a 
publisher, participate in the distribution of those proceeds as well. We will provide more 
detailed information in a separate communication when your Work is published. We retain 
the right to make changes to the following paragraphs as a result of court rulings or changes 
to the law. 

The Author grants to the Publisher, for the duration of the contract, all usage rights that may be 
exercised at collecting societies such as VG Wort and VG Bild-Kunst according to their contrac-
tual stipulations. The granting of these rights serves the purpose of registration at the collection 
societies for mutual exercising of rights. The proceeds from the exercising of rights are distributed 
by the collecting societies according to §27 Abs. 2 VGG and according to the shares defined in 
their distribution plan, and are distributed directly to copyright holders and publishers. The Au-
thor agrees that he or she must conclude an agreement directly with the collecting society in order 
to receive the (copyright-holder) share of the distribution. 

With regard to the statutory reimbursement claims stated in §63a Satz 1 UrhG, the following ap-
plies if the Author is registered to exercise rights through the VG Wort: the Author can, according 
to §27a VGG, either upon registration or at a later time following publication, grant consent at the 
collecting society for the Publisher to participate in the proceeds from the statutory reimbursement 
claims. The amount of the publisher share is based on the current distribution plan of the individual 
collecting society. If the Author is not registered to exercise rights, the Publisher can receive a 
share of the distribution from collecting societies (publisher share) for the statutory reimbursement 
claims stated in §63a Sentence 1 UrhG only in the case that the Author has transferred these claims 
to the Publisher after the publication of the work.

3	 Grant of Rights

3.1	 Rights of Use: You assign to us, for the purpose of ensuring the optimal distribution and 
availability of your work the right:
a)	 To reproduce, distribute, and make available your Work in printed form including as 

print-on-demand;
b)	 To produce machine-readable forms of your Work (including digitization) and to 

store it electronically in all storage media, including in our own databases and those 
of third parties, such as Amazon or Google;

c)	 To make your Work available in part with “look inside” functionality, for example 
on Amazon or Google;

d)	 To reproduce and make available your Work in electronic form, particularly as 
eBook, database, and/or other forms of electronic media and within the scope of 
internet services or other online uses or in interactive multimedia production;

e)	 To make your Work available in public or closed user groups at the location and time 
of their choice (for example, eBook use in libraries) as well as reproducing it on mo-
nitors or other scanners and to be printed by the user as many times as the user wishes, 
in whole or in part, including as prepublication or in excerpt;

f)	 To reproduce and distribute your Work on any and all data carriers, for example 
DVD, CD-Rom, flash drive. 

3.2	 Ancillary Rights: You also assign to us, for the purpose of optimally exercising the rights 
to your Work, the right:
a)	 To translate it into other languages and to use the translation;
b)	 To print it in whole or in part as a prepublication and/or as subsequent reprint, inclu-

ding in newspapers and periodicals (for example in reviews);
c)	 To publish it in whole or in part in our other publications or publications of another 

publisher, including in abridged form;
d)	 To produce or license as a paperback, or as a popular or special or reprint edition;
e)	 To reproduce and distribute it in a collected works edition and in compilations, even 

after 20 years have elapsed since the first publication of the Work;
f)	 To reproduce and distribute it by all other means, including photocopying, photome-

chanical reprinting, or as Braille embossing;
g)	 Of rendition, including rights to recitation, performances, and broadcast in radio or 

television media or internet;
h)	 To transfer it, in full or in part, to sound recordings, image or image-sound recor-

dings as well as the right to their reproduction, distribution, and reproduction to the 
public;

i)	 To use it in collections for use in church, school, or instructional settings.
3.3	 Extension of Rights: Unless otherwise specified in the provisions for contributors in the au-

thors section of our website you grant all usage rights and ancillary rights to us as exclusive 
rights without any restriction as to content or territory for the duration of the copyright. We 
may exercise these rights but are under no obligation to do so to the extent described here.

3.4	 Unknown Types of Use: You grant us the exclusive and permanent rights without any res-
triction as to content and territory for all forms of media of expression now known or that 
will be developed in the future. The granting of rights extends to the exercising of rights 
through us or through the granting of these rights to a third party.

3.5	 Transferral to Third Parties: You grant us the right to transfer all rights listed here to third 
parties and/or to license the Work to third parties. We require these rights in order to fulfil 
certain sales models such as online use through aggregators (platforms that curate content 
for specific usage by customers and give us a share of the proceeds). We naturally require 
that all licensees provide appropriate attribution to you, the copyright holder..

4	 Open Access

In the case that we have mutually agreed to publish your Work as Open Access, the following 
conditions apply in addition:

4.1	 You are free to publish your Work according to a Creative Commons license (https://cre-
ativecommons.org), as of a date agreed upon with us. You choose the appropriate license 
when discussing the contractual details with us (see Contributor Contract). You have the 
choice between:
a)	 CC-BY (Attribution)
b)	 CC-BY-NC-ND (Attribution-NonCommercial-NoDerivatives).

4.2	 We will provide you with the final version of your Work as a PDF file. This is the version 
that is published Open Access.

4.3	 We will publish your Work as a freely available eBook on our website under the license you 
have chosen and which is shown in the Contributor Contract.

4.4	 According to the license stated in 6.1, you are of course free to put the eBook version of 
your Work on your own homepage, a university or institutional repository, or any website 
of your choice.

5	 Manuscript / Content

5.1	 General:
a)	 We and the editors are authorized to change your Work after prior discussion with 

you, or to ask you to make changes in order to maintain the consistency of the series, 
the volume, or the database.

b)	 In addition, to ensure quality of your Work before final acceptance, we are authori-
zed to ask a third party to review the Work. Should revisions be necessary, you will 
be asked to perform these. Should you be unable or unwilling to do so, we reserve 
the right to deny acceptance or publication of your Work.

c)	 Our customers and readers are interested in the most precise information possible 
regarding your Work. Please inform us immediately as soon as you become aware 
that you will not be able to deliver by the date agreed upon in the Contributor Con-
tract or that the manuscript deviates by more than 10% of the length agreed upon.

d)	 If your Work contains an index, you are required to create an index according to our 
technical specifications. If the publication date is delayed by more than 6 weeks as 
a result of index preparation, we reserve the right to publish the Work without an 
index. In the electronic version of the Work, the full-text search replaces the need for 
a separate index.

e)	 If you cannot adhere to the manuscript length or the submission deadlines agreed 
upon with you in your Contributor Contract (e. g. delayed delivery of the Work), 
we reserve the right to set a new deadline or to plan a different form of publication. 
If the second deadline also cannot be kept, we reserve the right to deny publication 
or to reduce your royalty.
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5.2	 Manuscript for Typesetting
a)	 This option is for manuscripts that will be professionally typeset. You submit the 

manuscript to be typeset as an electronic file, usually in the format docx, tex, rtf, 
or indd. Formulas and tables should not be anchored in the manuscript as images. 
In addition, we require a PDF file or a definitive printout for comparison including 
reproducible copies of illustrations / high-resolution image files.

b)	 After the manuscript has been prepared by our typesetter, we provide you with pro-
ofs for corrections. In most cases, you will receive proofs in electronic format as a 
PDF file or via a web-based online proofing system. We ask for your understanding 
that we generally provide one set of proofs for correction and a second set of proofs 
for your approval for printing (imprimatur).

c)	 The first set of proofs is provided for you to check the manuscript conversion to 
typesetting. Please check these proofs carefully for any mistakes (e. g., word breaks) 
that may have occurred during the process. Kindly note that only minor content cor-
rections can be done at this late stage. If the index entries were not already anchored 
in the manuscript, we will ask you to do this during the first correction stage.

d)	 The second set of proofs is simply to check that any corrections marked in the first 
proof run have been carried out, and for you to provide your approval for printing 
(imprimatur), if need be under the condition that final corrections be carried out 
before the work is printed. We will check these final corrections internally in order 
to ensure punctual publication of your Work. We retain the right to decide when the 
manuscript is ready to print from a technical and typographical point of view.

e)	 We ask for your cooperation in keeping the number of corrections at a reasonable 
and necessary level. Changes to the Work after the submission of the final manu-
script are very costly. We cover the cost of corrections up to two per printed page, 
and reserve the right to charge you if changes made beyond that result in excessive 
costs and/or if these changes require additional print runs. This does not apply if 
corrections are required due to errors in the typesetting process or due to new acade-
mic findings or legal decisions. Writing and Submitting via a Content Management 
System (CMS)

f)	 Particularly in the case of encyclopedias, dictionaries and reference works, which 
are often published “ahead of print,” we may use a so-called Content Management 
System (CMS), which is individually configured for each Work.

g)	 We provide the CMS to you, and we request that you use it to write and submit your 
Work. You will receive an invitation to the system and all relevant supporting guide-
lines and documentation.

h)	 Reviews by the series or volume editors or in-house editors as well as manuscript 
revision and corrections are done directly in the CMS. Please follow the style and 
content guidelines to avoid unnecessary delays.

i)	 At the relevant point in the process, you will be contacted to provide your approval for 
publication of the content (not the form). Please make only those corrections which 
are absolutely necessary at this time. Changes to content are no longer possible, as 
they can no longer be reviewed. If you do not respond to the call for approval by the 
given deadline, approval will be assumed.

j)	 We support your work in the CMS with detailed instructions and guidelines, and are 
personally available if there are problems. Any decisions regarding bug fixes or other 
technical issues will be made solely by us.

6	 Publication Subsidy / Open Access Fee

6.1	 A publication subsidy may be required for some works to be paid plus VAT if not mutually 
agreed in the Contributor Contract.

6.2	 If we have come to a mutual agreement to publish your Work as Open Access, an Open 
Access fee is generally required.

6.3	 The payment of the publication subsidy or the Open Access Fee is generally due upon 
publication of the work. The publication subsidy or the Open Access fee is not subject to 
reimbursement.

6.4	 We will be happy to support you in applying for any outside funding by providing any 
necessary calculations or paperwork, and will fulfil funder requirements.

7	 Free Copies

If you provide us with your e-mail address you can download a PDF of your contribution from our 
website. The number of free print copies is agreed upon in the contract concluded with your editor. 
You may acquire further non-German copies of your own Work as well as all book titles from the 
publisher, including eBooks, at a discount of 30% off the retail price. You are also entitled to a 
discount of 20% off the retail price of individual subscriptions and single issues of journals. You 
may not sell free copies or copies purchased at a discount.

8	 Subsequent Editions, Revised Editions

8.1	 A number of factors are relevant when considering a subsequent or revised edition, for 
example, the economic feasibility of the work, as well as the topicality or the accuracy of 
the scientific findings.

8.2	 Should you wish to publish a new edition of your Work, please inform us and we will 
review your suggestion in light of the criteria above.

8.3	 Should we decide against publishing a new edition of your Work, we will contact you to 
discuss alternative options. 

8.4	 Should we decide to publish a new edition of your Work, we will communicate to your our 
decision and negotiate with you a publication plan. You agree to revise the Work according 
to the current state of the academic discussion and submit it to us for publication.

8.5	 Should you not be willing or able to perform the revisions yourself, you may suggest a third 
party to us. We agree not to reject this suggestion without good reason. If you do not wish 
to make a suggestion, we are authorized to assign the revision to a third party.

8.6	 In the case of revision by one or more third party/parties, we are entitled but not obligated 
to continue to use your name in the title of the Work.

9	 Remainders

Because our warehouse capacities are limited, we regularly check if our printed stock can be re-
duced. Through digitisation and print-on-demand, we can keep the majority of our titles available 
and in print without keeping physical stock on hand. We reserve the right to pulp or sell any remai-
ning stock at a reduced price.

10	 Legal Succession

10.1	 The legal situation must be defined in case of succession. Our obligations and duties accor-
ding to the Contributor Contract will transfer for your heirs in full, with the exception of 
paragraph 11.

10.2	 In the event of death before the first edition of the Work is completed, we are entitled to 
withdraw from this agreement with no claims from your heirs. We may take over the partial 
manuscript and have it completed by a third party, taking your personal rights into account.

11	 Termination

11.1	 We are entitled to terminate the Contributor Contract in writing with immediate effect if 
our cooperation on the Work cannot be completed as planned, e. g. if you are unwilling or 
unable to complete the Work. If we have made substantial investments at the time of ter-
mination, all rights assigned remain with us. We reserve the right to reclaim any payments 
already made to you.

11.2	 You are also entitled to terminate the agreement in writing with immediate effect, e. g. if we 
are liquidated. In this case, all rights revert back to you.

11.3	 In the case of termination, we retain the right to continue to distribute any copies of the 
Work that have already been produced. We may continue to make the electronic version of 
your Work available on our platform in order to fulfil obligations to customers who have 
purchased those versions.

11.4	 If your Work is published as part of a series or as a contribution to a volume or database, 
we are entitled to terminate the Contributor Contract with immediate effect if the contract 
with the editor expires or is terminated, or if the series or database has been terminated. In 
this case, we will do our utmost to publish your Work as a stand-alone volume or to include 
it in another series.

11.5	 You agree to forgo your extraordinary termination option according to German law for 
the non-publication of a contribution in a periodical, e. g. yearbook (§45 Para. 1 Ver
lagsgesetz).

12	 Data Protection

We are committed to the responsible handling and processing of the personal data we collect from 
you. Details can be found in our data protection policy for authors and editors on our website 
(https://www.degruyter.com/dg/page/privacy/datenschutzerklrung). A printed copy will be provi-
ded to you upon request.

13	 General Provisions

13.1	 Unless otherwise agreed upon, all provisions of this agreement are valid and binding for 
both your legal successors as well as our legal successors.

13.2	 Revisions and amendments to the agreement must be made in writing. Oral agreements and 
declarations have not been made.

13.3	 Should individual provisions of this agreement become invalid or unenforceable, this shall 
not affect the validity of the remaining provisions. You and we are bound to replace the in-
valid provision with a valid one that corresponds to the purpose and meaning of the invalid 
one. The same shall be applicable to any gaps in this agreement.

13.4	 The laws of the Federal Republic of Germany apply to this agreement, particularly the 
German Civil Code, German Copyright Law, and German Publishing Law.

13.5	 Place of fulfilment and jurisdiction is the location of our headquarters in Berlin, Germany, 
to the extent legally possible.

Version last revised: 18.10.2019
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Roberto Castro-Muñoz, Grzegorz Boczkaj

Chapter 9
Pervaporation in food processing

9.1 Introduction

Over the last years, there is a challenging need in finding and developing new suitable
technologies for food processing. This need relies on implementing more efficient man-
ufacture protocols, high quality food products together with less elaboration/process-
ing times and costs [1, 2]. Therefore, several technologies are being developed to create
new alternative processes for the processing and formulation of diverse food systems.
When dealing with the manufacture of foods, the proposed methods should minimally
interact with the specific food ingredients and molecules contained in the products
[3, 4], such as bioactive, nutraceutical, and functional compounds. Among all these
biomolecules, specific targeted molecules present high added value, such as aromas,
essentials, and alcohols, among others, due to their importance on the applicability
and functionality within the biological processes as well as the physicochemical quali-
ties of the products [5], the latest playing an important role in costumer’s attention. For
example, aromas, essentials, and fragrances influence customers’ positive emotions in
terms of attributes, perception, and thus driving food acceptance [6]. Such food ingre-
dients are normally recognized as volatile compounds which are naturally present in a
wide variety of fruits and vegetables, being part of the entire plant organs [7]. Aromas,
essentials, and fragrances are categorized and formed by esters, aldehydes, ketones,
alcohols, lactones, terpenoids, and carotenoid-based derivatives [8, 9]. Such solutes
display excellent stability in the original food system (e.g., fruits and vegetables) since
they are linked to sugars in the way of glycosides [10, 11], that is, bound volatile mole-
cules or glycosylated aroma molecules, and hence they do not release any aroma.
Therefore, their extraction from the natural source requires physical extraction proto-
cols (e.g., temperature), chemical agents (e.g., acidification), and biochemical methods
(e.g., enzymes), which are identified as the most effective [5]. Once aromas are released
by glycoside hydrolysis, aromas are present in their volatile form, resulting in a chal-
lenging recovery due to their low thermal stability, reactivity, and volatility. Herein,
pervaporation (PV) has become a promising way to recover and selectively separate

Roberto Castro-Muñoz, Tecnologico de Monterrey, Campus Toluca. Avenida Eduardo Monroy
Cárdenas 2000 San Antonio Buenavista, 50110 Toluca de Lerdo, Mexico,
e-mail: food.biotechnology88@gmail.com; castromr@tec.mx; Faculty of Chemistry, Department
of Process Engineering and Chemical Technology, Gdansk University of Technology, 11/12
Narutowicza St., 80-233, Gdansk, Poland
Grzegorz Boczkaj, Faculty of Chemistry, Department of Process Engineering and Chemical
Technology, Gdansk University of Technology, 11/12 Narutowicza St., 80-233, Gdansk, Poland
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from the original source since this technology needs the membrane as the unique bar-
rier of separation together with a driving force (i.e., vacuum pressure) [12, 13]. PV has
seen its wide implementation in other fields of chemical engineering, such as purifica-
tion of solvents [14], improving the conversion of chemical reactants in chemical and
biochemical reactions [15, 16], salt removal for seawater desalination [17], and process
intensification [18]. In theory, PV partially vaporizes the components in the complex
mixture, which are preferentially separated based on their infinity [19]. Apart from the
membrane-solute affinity, diffusivity, and solubility properties of the target molecule
across the membrane are also fundamental for the mass transport [16].

Very recently, the research community has documented that PV meets the re-
quirements for the recovery of aromas [8]. Besides this, the author has highlighted
two relevant insights: (i) PV can efficiently extract more than 70 different types of
aroma solutes, and (ii) specific organophilic/hydrophobic membranes, such as polydi-
methylsiloxane (PDMS), polyether block amide (PEBA), and poly(octylmethylsiloxane)
(POMS), offer the best yield in recovering such volatile molecules from agro-food sys-
tems. Therefore, the purpose of this chapter is to introduce the reported cases of study
at extracting aromas from food systems and their derivatives, paying attention to the
type of source and the membrane concept used for the successful separation. Nonethe-
less, PV usage is not only limited to the separation of aromatic-base solutes, it has
been reported that this technique is also able to separate organic compounds at diluted
concentration in aqueous systems [20]. This permits to extend the application of the
technique into defined food manufacturing processes, for example, the production of
nonalcoholic drinks. Thus, this chapter also reveals the current evidence in removing
ethanol from traditional alcoholic beverages, aimed at producing alcoholic-free drinks.

9.2 Pervaporation in aroma separation

As it is well known, aromas, flavors, essentials, and fragrances are particularly im-
portant within the beverage and food industries since it is the first contact for the
consumer’s acceptance, together with the physical aspect of the food. Such accep-
tance is inherently a consequence of multiple biochemical reactions in the human
being, as illustrated in Figure 9.1. However, the interest of these high value-added sol-
utes not only deals with food processing but also in other commercialized products,
such as cosmetic and pharmaceutical, which definitely need an enrichment of aroma
compounds.

Most of the aromas are low-molecular-weight molecules, which may present either
cyclic or linear structure with reactive functional groups [22]. Table 9.1 enlists some of
the typical aromas contained in food systems. Since these molecules are generally or-
ganic compounds, they can be recovered by PV membranes, especially hydrophobic or
organophilic, which facilitate the transport of organics and less polar compounds [23],

272 Roberto Castro-Muñoz, Grzegorz Boczkaj

AU: Please check
the sentence “Apart
from the mem-
brane-solute affin-
ity, diffusivity, and
solubility . . .mem-
brane are also fun-
damental for the
mass transport” for
clarity.

AU: The cross refer-
ences to figures, ta-
bles and equations
are highlighted for
the author/editor to
check and confirm
its correct place-
ment. These high-
lights will be
removed in the
next stage. Please
make changes if
necessary.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

foodb
Highlight
Please, correct as follows:
Apart from the solute affinity to the membrane, diffusivity and solubility properties of the target molecule across the membrane are also fundamental for the mass transport

foodb
Highlight
We confirm all Figures and Tables have been placed correctly.

http://mostwiedzy.pl


O
lfa

ct
or

y 
ne

rv
e

O
lfa

ct
or

y 
bu

lb

R
ec

ep
to

r c
el

l i
n

ol
fa

ct
or

y 
m

em
br

an
e

O
do

ur
 m

ol
ec

ul
es

O
lfa

ct
or

y
re

ce
pt

or
 c

el
ls

(a
)

D
en

dr
iti

c 
kn

ob
(b

)

Ai
r w

ith
 o

da
ra

nt
m

ol
ec

ul
es

(C
)

O
R

G
G

G

AC III

C
N

G

cA
M

P
AT

P

AN
O

2

C
a2–

C
l–

Bo
ne

O
lfa

ct
or

y 
bu

lb

(g
) T

he
 s

ig
na

ls
 a

re
 tr

an
sm

itt
ed

   
   

   
to

 h
ig

he
r r

eg
io

ns
 o

f t
he

 b
ra

in
.

(f)
 T

he
 s

ig
na

ls
 a

re
 re

la
ye

d
 v

ia
 c

on
ve

rg
ed

 a
xo

ns
.

(e
) O

lfa
ct

or
y 

re
ce

pt
or

 c
el

ls
   

   
ar

e 
ac

tiv
at

ed
 a

nd
 s

en
d

   
   

el
ec

tri
ca

l s
ig

na
ls

.

(d
) O

do
ra

nt
s 

bi
nd

 to
 re

ce
pt

or
s.

O
do

ra
nt

re
ce

pt
or

s 
(O

R
)

Fi
gu

re
9.
1:
S
ch

em
at
ic
ill
us

tr
at
io
n
of

ol
fa
ct
or
y
tr
an

sd
uc

ti
on

m
ec
ha

ni
sm

[2
1]
.

Chapter 9 Pervaporation in food processing 273

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Table 9.1: Typical aroma solutes present in agro-food systems.

Aroma molecule: Molecular weight:
(g mol−)

Chemical structure:

,-Dimethyl-,-octadienal .

Allyl isothiocyanate .

Methional .

Furaneol .

-Methyl--furanthiol .

-Furfurylthiol .

Vanillin .

-Acetyl--pyrroline .

-Acetyl-,,,-
tetrahydropyridine

.
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as represented in Figure 9.2. Importantly, PV is widely used for the removal/recovery
of the minor components contained in a complex mixture, which is directly related to
the most permeating species across the membrane.

The overall performance of the PV process in recovering aromas depends directly
on the operating conditions (including feed composition, vacuum pressure, and
temperature) and the intrinsic properties of the membrane (e.g., structure and mor-
phology). However, both the chemistry and nature (hydrophilic or hydrophobic) of

Table 9.1 (continued)

Aroma molecule: Molecular weight:
(g mol−)

Chemical structure:

-Acetyl--thiazoline .

Glyoxal .

Methylglyoxal .

Hydrophilic Hydrophobic

O Polar O Non- polar

Feed

Permeate

Figure 9.2: Types of pervaporation membranes and their affinity toward molecules depending on
their polarity.
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the target organic aroma also influence the performance of the PV membrane and
thus their recovery efficiency. For example, lactones, characterized by fruity notes, are
identified as the most hydrophobic molecules according to their high carbon presence
together with oxygenated heterocycle [24]. While esters, also characterized by fruity
top-notes, possess a highly hydrophobic nature since they contain less than eight car-
bon atoms, and oxygen atoms. Finally, alcohols and aldehydes are characterized by
hydrophilic nature; this is thanks to the wide number of polar groups (e.g., hydroxyl)
[25, 26].

To date, various agro-food systems, including fruit juices, extracts, and commer-
cial products (e.g., beer, wine, and dairy products), have been primarily explored as
potential sources of aromas. In 1989, Bengtsson and coworkers initiated the assay of
PV as a way of recovering organics from apple juice [27]. After the PV operation, a per-
meate sample enriched in alcohols, trans-2-hexenal, and esters was obtained. Thanks
to the use of hydrophobic PDMS membrane, the implemented process was able to
offer aroma recovery efficiencies ranging from 49% to 100% (see Table 9.2). It is im-
portant to note that PV is likely to offer very low permeation rates with the aroma sep-
aration (lower than 0.5 kg m−2 h−1); this is attributed to the nonporous structure in PV
membranes.

Methylthiobutanoate, which releases a characteristic cheesy odor and a musty
flavor, together with diacetyl were separated from a dairy solution [28]. At this time,
the authors applied an organophilic PV process utilizing PDMS and PEBA mem-
branes. Herein, it was identified that the membranes exhibited a low enrichment
(β) factor due to the hydrophilic nature of both flavor molecules. In a subsequent
research development, the same group reported the ability of PDMS membranes in
separating ethyl acetate with a β factor ranging from 230 to 280 [29]. Besides, these hy-
drophobic membranes concurrently recovered other valuable molecules [30, 31], in-
cluding isoamyl acetate, ethyl-2-methylbutanoate, and hexyl acetate. The membranes
eventually showed a recovery rate of approximately 80%. In the case of isoamyl ace-
tate, it is generally sought for its typical notes to banana fruit and jackfruit [32]. Interest-
ingly, other types of polymer membranes, such as hydroxy-terminated polybutadiene
(HTPB)-based polyurethaneurea (PU), have releveled a higher affinity in extracting
ethyl acetate [33, 34]. The obtained β factor (of about 655) toward the ester allows the
expectation of a higher recovery yield compared to that of the PDMS membrane. Ac-
cording to the authors’ remarks, HTPB-PU copolymer promotes the transport of the
ester due to the fact that it possesses apolar hydrophobic segments for the specific ab-
sorption of organics (like aromas). Especially, hydrophobic and flexible soft segments
(polyol) stand out for the facilitated organic diffusion [33]. This agrees based on
their permeation fluxes, for example, HTPB-PU had a permeation of 0.256 kg m−2 h−1,
which represents a higher value in comparison with PDMS membrane (maximum per-
meation of 0.012 kg m−2 h−1) [29]. Specific polymer, like poly(vinylidene fluoride-
co-hexafluoropropene), owns the suitable intrinsic properties to preferentially
permeate ethyl acetate faster compared to other organophilic polymer membranes [35],

276 Roberto Castro-Muñoz, Grzegorz Boczkaj

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ta
bl
e
9.
2:

V
ar
io
us

na
tu
ra
la

gr
o-
fo
od

sy
st
em

s
pr
oc

es
se

d
fo
r
ar
om

a
se

pa
ra
ti
on

vi
a
pe

rv
ap

or
at
io
n.

A
ro
m
a
so

lu
te
:

N
at
ur
al

so
ur
ce
:

M
em

br
an

e
m
at
er
ia
l:

Pr
od

uc
ti
vi
ty

(p
er
m
ea

te
fl
ux

,
kg

m
−

h−


)

En
ri
ch

m
en

t
fa
ct
or
:(
β)

R
ef
er
en

ce

Et
ha

no
l,
bu

ta
no

l,
is
op

en
ta
no

l,
he

xa
no

l,
he

xa
na

l,
tr
an

s-

-H
ex
en

al
,

bu
ty
la

ce
ta
te
,h

ex
yl
ac
et
at
e,

et
hy

la
ce
ta
te
,e

th
yl
bu

ta
no

at
e,

et
hy

l-

-

m
et
hy

lb
ut
an

oa
te
,b

ut
yl
bu

ta
no

at
e

A
pp

le
ju
ic
e
m
od

el
so

lu
ti
on

PD
M
S


.





–




[

]

M
et
hy

lt
hi
ob

ut
an

oa
te
,d

ia
ce
ty
l

D
ai
ry

m
od

el
so

lu
ti
on

PD
M
S


.






[

]

–



PE
B
A


.






–



Et
hy

la
ce
ta
te

M
od

el
so

lu
ti
on

PD
M
S


.







[

]


.







V
an

ill
in

B
io
co

nv
er
si
on

cu
lt
ur
e

br
ot
h

PE
B
A


.





.

[

]

Et
hy

la
ce
ta
te
,i
so

bu
ta
no

l,
is
oa

m
yl
al
co

ho
l,
m
et
hy

ll
ac
ta
te
,h

ex
an

ol
,

fu
ra
ld
eh

yd
e,


,
-b
ut
ha

ne
id
ol
,

-m
et
hy

l-
fu
ra
ld
eh

yd
e

M
us

ca
tw

in
e

PO
M
S


.





–




[

]

Et
hy

l-

-m

et
hy

lb
ut
an

oa
te

A
pp

le
ju
ic
e
m
od

el
so

lu
ti
on

PO
M
S

–





[

,


]

Et
hy

lb
ut
an

oa
te






Is
oa

m
yl
ac
et
at
e






H
ex
yl
ac
et
at
e






(c
on

ti
nu

ed
)

Chapter 9 Pervaporation in food processing 277

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ta
bl
e
9.
2
(c
on

ti
nu

ed
)

A
ro
m
a
so

lu
te
:

N
at
ur
al

so
ur
ce
:

M
em

br
an

e
m
at
er
ia
l:

Pr
od

uc
ti
vi
ty

(p
er
m
ea

te
fl
ux

,
kg

m
−

h−


)

En
ri
ch

m
en

t
fa
ct
or
:(
β)

R
ef
er
en

ce


-H
ex
en

al
A
pp

le
ju
ic
e
m
od

el
so

lu
ti
on

PD
M
S


.







[

]

PO
M
S


.







PE
B
A


.







Li
na

lo
ol

W
in
e
m
us

t
PO

M
S

–




[

]


-H
ex
an

ol




M
et
hy

la
nt
hr
an

ila
te
)

G
ra
pe

ju
ic
e
m
od

el
so

lu
ti
on

PD
M
S


.






[

]

D
im

et
hy

ld
is
ul
fi
de

M
od

el
so

lu
ti
on

PE
B
A


.




–
[

]

S
-M

et
hy

lb
ut
an

oa
te


.




D
im

et
hy

lt
ri
su

lf
id
e


.



Is
ob

ut
yl
ac
et
at
e

B
io
co

nv
er
si
on

cu
lt
ur
e

br
ot
h

PO
M
S


.







[

]

S
-M

et
hy

lt
hi
o-
bu

ty
ra
te

C
au

lif
lo
w
er

bl
an

ch
in
g

w
at
er

PD
M
S


.








[

]

PE
B
A


.









278 Roberto Castro-Muñoz, Grzegorz Boczkaj

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Li
na

lo
ol

B
lu
eb

er
ry

m
od

el
so

lu
ti
on

PD
M
S

–




[

]

d-
Li
m
on

en
e






-H
ep

ta
no

l





-H
ex
an

ol




tr
an

s-

-H
ex
en

al




Et
hy

la
ce
ta
te





ci
s-

-H
ex
en

ol
Te
a
ex
tr
ac
t

PO
M
S


.







[

]

Et
hy

la
ce
ta
te

M
od

el
so

lu
ti
on

PD
M
S


.



–
[

]

Et
hy

la
ce
ta
te

Tr
op

ic
al

fr
ui
tj
ui
ce

C
om

m
er
ci
al

Pe
rv
ap







.







[

]

Et
hy

lb
ut
an

oa
te


.







Et
hy

lh
ex
an

oa
te


.







M
en

th
on

e
M
od

el
so

lu
ti
on

PD
M
S


.








[

]

β-
Io
no

ne
–



C
it
ro
ne

lla
l


.






Et
hy

la
ce
ta
te

D
ilu

te
d
fl
av
or

sy
st
em

s
PO

M
S


.







[

]

Et
hy

lb
ut
yr
at
e





-H
ex
en

al



B
en

za
ld
eh

yd
e




H
ex
an

ol




-M

et
hy

l-

-b
ut
an

ol



(c
on

ti
nu

ed
)

Chapter 9 Pervaporation in food processing 279

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ta
bl
e
9.
2
(c
on

ti
nu

ed
)

A
ro
m
a
so

lu
te
:

N
at
ur
al

so
ur
ce
:

M
em

br
an

e
m
at
er
ia
l:

Pr
od

uc
ti
vi
ty

(p
er
m
ea

te
fl
ux

,
kg

m
−

h−


)

En
ri
ch

m
en

t
fa
ct
or
:(
β)

R
ef
er
en

ce

M
et
hy

lb
ut
yr
at
e

S
tr
aw

be
rr
y
m
od

el
so

lu
ti
on

C
om

m
er
ci
al

Pe
rv
ap







.





[

]

Et
hy

lb
ut
yr
at
e


.





M
et
hy

lb
ut
an

oa
te

C
la
ri
fi
ed

ki
w
if
ru
it
ju
ic
e

C
om

m
er
ci
al

Pe
rv
ap







.






[

]


-H
ex
en

-
-o
l




(E
)-

-H
ex
en

-
-o
l





-H
ex
an

ol



Et
hy

lb
ut
an

oa
te





B
er
ga

pt
en

,l
in
al
oo

l,
lin

al
yl
ac
et
at
e,

lim
on

en
e

B
er
ga

m
ot

pe
el

oi
ls

C
om

m
er
ci
al

G
FT






–
–

[

]

(E
)-

-H
ex
en

al
K
iw
if
ru
it
ju
ic
e

S
B
S
co

m
po

si
te


.






[

]

(E
)-

-H
ex
en

-
-o
l





-O
ct
en

-
-o
l





-H
ex
an

ol



Et
hy

la
ce
ta
te

M
od

el
so

lu
ti
on

H
TP

B
-P
U


.







[

]

Li
m
on

en
e,

et
hy

lb
ut
an

oa
te
,m

et
hy

lh
ex
an

oa
te
,e

th
yl
be

nz
oa

te
,

he
xa

na
l,
he

pt
an

al
,b

en
za
ld
eh

yd
e,


-o
ct
en

-
-o
l,
m
et
hy

la
ce
ta
te

C
as

he
w
ap

pl
e
fr
ui
t

PD
M
S


.


–
[

]

280 Roberto Castro-Muñoz, Grzegorz Boczkaj

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Et
hy

la
ce
ta
te

O
ra
ng

e
ju
ic
e

PD
M
S


.







[

]

Et
hy

lb
ut
yr
at
e


.






H
ex
an

al

.






Li
m
on

en
e


.







Li
na

lo
ol


.






α-
Te
rp
in
eo

l

.






E-

-H
ex
en

-
-o
l

B
ilb

er
ry

ju
ic
e

PD
M
S

–



.

[

]

n-
H
ex
an

ol



.

E-

-H
ex
en

-
-a
l



.

Li
na

lo
ol



.

Ph
en

yl
ac
et
al
de

hy
de


.

B
en

zy
la

lc
oh

ol

.

Z-

-H
ex
en

-
-o
l



.

tr
an

s-
H
ex
-
-e
n-

-o
l

B
ilb

er
ry

ju
ic
e

PD
M
S

–




[

]

Li
na

lo
ol

B
er
ga

m
ot

es
se

nt
ia
lo

il
C
om

m
er
ci
al

Pe
rv
ap







.





[

]

Li
na

ly
la

ce
ta
te


.






-M

et
hy

lb
ut
an

al
Po

m
eg

ra
na

te
ju
ic
e

PD
M
S


.






[

]

Is
op

en
ty
la

ce
ta
te


.






n-
H
ex
an

ol

.






α-
Io
no

ne

.





(c
on

ti
nu

ed
)

Chapter 9 Pervaporation in food processing 281

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ta
bl
e
9.
2
(c
on

ti
nu

ed
)

A
ro
m
a
so

lu
te
:

N
at
ur
al

so
ur
ce
:

M
em

br
an

e
m
at
er
ia
l:

Pr
od

uc
ti
vi
ty

(p
er
m
ea

te
fl
ux

,
kg

m
−

h−


)

En
ri
ch

m
en

t
fa
ct
or
:(
β)

R
ef
er
en

ce


-M

et
hy

lb
ut
an

al
Po

m
eg

ra
na

te
ju
ic
e

PD
M
S


.







[

]

Is
op

en
ty
la

ce
ta
te


.







n-
H
ex
an

ol

.







α-
Io
no

ne

.







-M

et
hy

l-

-p
yr
ro
le
,m

et
hy

lp
yr
az
in
e,

fu
rf
ur
al
,

-m
et
hy

l-

-

fu
ra
nc

ar
bo

xy
al
de

hy
de

,
-f
or
m
yl
-
-m

et
hy

lp
yr
ro
le
.

C
of
fe
e
ex
tr
ac
t

PD
M
S


.



–
[

]

Pr
op

an
ol

B
ee

r
PO

M
S


.



.

[

]

Is
ob

ut
an

ol

.

Is
oa

m
yl
al
co

ho
l


.

Et
hy

la
ce
ta
te



.

Is
oa

m
yl
ac
et
at
e



.

A
ce
ta
ld
eh

yd
e


.

282 Roberto Castro-Muñoz, Grzegorz Boczkaj

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Pr
op

an
ol

B
ee

r
PO

M
S


.



.

[

]

Is
ob

ut
an

ol

.

Is
oa

m
yl
al
co

ho
l


.

Et
hy

la
ce
ta
te


.

Is
oa

m
yl
ac
et
at
e



.

A
ce
ta
ld
eh

yd
e


.

α-
Pi
ne

ne
Le
m
on

Ju
ic
e

PO
M
S


.







[

]

β-
Pi
ne

ne

.







Li
m
on

en
e


.







V
an

ill
in

Re
ac
ti
on

sy
st
em

PE
B
A


.



.

[

]


-(

H
)-
Is
ob

en
zo

fu
ra
no

ne
B
ro
w
n
cr
ab

bo
ili
ng

ju
ic
e

C
om

m
er
ci
al

Pe
rv
ap






–


.

[

]


,
-D
ib
ut
yl
fu
ra
n



.

ci
s-
G
er
an

yl
ac
et
on

e


.


-M

et
hy

l-

-p
en

ta
no

ne


.


,
-D
im

et
hy

ln
ap

ht
ha

le
ne



.


-M

et
hy

lt
hi
az
ol
e



.

i-
A
m
yl
al
co

ho
l

Pi
ne

ap
pl
e
ju
ic
e

C
om

m
er
ci
al

PD
M
S

Pe
rv
ap

te
ch

B
V


.







[

]

M
et
hy

l
-m

et
hy

lb
ut
an

oa
te


.






M
et
hy

lh
ex
an

oa
te


.







Et
hy

la
ce
ta
te


.








(c
on

ti
nu

ed
)

Chapter 9 Pervaporation in food processing 283

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Ta
bl
e
9.
2
(c
on

ti
nu

ed
)

A
ro
m
a
so

lu
te
:

N
at
ur
al

so
ur
ce
:

M
em

br
an

e
m
at
er
ia
l:

Pr
od

uc
ti
vi
ty

(p
er
m
ea

te
fl
ux

,
kg

m
−

h−


)

En
ri
ch

m
en

t
fa
ct
or
:(
β)

R
ef
er
en

ce

Et
hy

la
ce
ta
te

M
od

el
so

lu
ti
on

C
om

m
er
ci
al

Pe
rv
ap







.





[

]

Et
hy

la
ce
ta
te

B
ee

r
C
om

m
er
ci
al

PD
M
S

Pe
rv
ap

te
ch

B
V


.







[

]

Is
ob

ut
yl
al
co

ho
l


.







Is
oa

m
yl
ac
et
at
e


.







,
-B
ut
an

ed
io
ne

S
ol
ub

le
co

ff
ee

so
lu
ti
on

C
om

m
er
ci
al

PD
M
S

Pe
rv
ap

te
ch

B
V


.






[

]


,
-P
en

ta
ne

di
on

e



-M

et
hy

lb
ut
an

al


B
en

za
ld
eh

yd
e



A
ce
ta
ld
eh

yd
e



Fu
rf
ur
al




-
-D
im

et
hy

lp
yr
az
in
e





-M

et
hy

lf
ur
fu
ra
l



B
en

za
ld
eh

yd
e,


-h
ex
an

ol
,i
so

am
yl
al
co

ho
l,
he

xa
na

l,
be

nz
yl
al
co

ho
l,

-

ph
en

yl
et
ha

no
l

G
ra
pe

m
us

t
C
om

m
er
ci
al

PD
M
S

Pe
rv
ap

te
ch

B
V


.




–

[

]

284 Roberto Castro-Muñoz, Grzegorz Boczkaj

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Et
hy

la
lc
oh

ol
S
ug

ar
ca
ne

m
ol
as

se
s

fe
rm

en
ta
ti
on

br
ot
h

C
om

m
er
ci
al

Pe
rv
ap







.




[

]

Et
hy

la
ce
ta
te

<
.





Is
oa

m
yl
al
co

ho
l


.




.

Is
oa

m
yl
ac
et
at
e


.





Pe
nt
an

-
-o
l

Pl
um

,a
pp

le
,

bl
ac
kc
ur
ra
nt

an
d

ch
er
ry

hy
dr
ol
ys
at
es

C
om

m
er
ci
al

Pe
rv
ap

EC
O




B
P


.








[

]

H
ex
an

al





B
ut
yl
ac
et
at
e






H
ep

ta
n-

-o
l






Chapter 9 Pervaporation in food processing 285

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


for example, this membrane had an ester permeation rate in the range of 2 kg m−2 h−1.
This permeation rate is tremendously high for PV membranes focused on the separa-
tion of organic aromas [36].

Fruits are likely the natural agro-food products that contain a major variety of
aromas and fragrances; this is the case of kiwifruit, in which more than 50 aromas
have been determined [77]. Specific compounds, such as 3-penten-2-ol, 3-hydroxy-2-
butanone, 3-methyl-2-butenal, 2-hexanol, nonanal, 3-methyl-1-butanol, 2-methyl-1-
butanol, 3-methyl-2-butanone, 3-methyl 3-buten-2-one, and octane [78], are among
the key organics present in this natural product. Based on its potential for different
aroma notes, the kiwifruit was proposed by Cassano’s group, who extracted methyl
butanoate, ethyl butanoate, 1-hexen-1-ol, (E)-2-hexen-1-ol, and 1-hexanol from kiwi-
fruit juice, which was previously clarified by ultrafiltration [54]. Cassano and cow-
orkers at this time used a Pervap 1060 membrane which exhibited β factors of 120,
100, 20, 20, and 50, respectively. Once such solutes were extracted in a permeate,
they were blended into a concentrated kiwifruit juice to enrich such a minimally
processed product.

A few years later, a new membrane material was assayed by Figoli et al. [56] for the
separation of aroma molecules of kiwifruit juice. In this study, a thermoplastic elasto-
mer, like styrene–butadiene–co-styrene (SBS), was employed as a selective separation
layer exhibiting low permeation flux. The permeating molecules displayed a tempera-
ture dependency, which means that the permeation increases by temperature incre-
ment. Unlike Cassano’s approach, the selectivity in SBS membrane for (E)-2-hexenal,
(E)-2-hexen-1-ol, 1-octen-2-ol, and 1-hexanol was better than the PDMS membrane.

Orange is another important source of essences, which include acetaldehyde,
ethyl acetate, acetal, and ethyl butyrate, as the main aromatic components [79]. In
particular, ethyl acetate, ethyl butyrate, hexanal, limonene, linalool, and α-terpineol
were obtained from orange juice by Aroujalian en Raisi [58]. A PDMS membrane was
used in this study; this membrane apparently revealed a β increase toward ethyl buty-
rate as a function of vacuum pressure increase.

Chemicals representing the major components (identified as 3-methyl butanal,
isopentyl acetate, n-hexanol, and α-ionone) in aroma essence for pomegranate juice
were acquired using three POMS and two PDMS membranes [62]. At this point,
POMS were potentially able to offer higher β values in extracting the solutes than
PDMS. Similar to other studies, the results revealed that the permeate flux was di-
rectly dependent on the operating temperature according to the Arrhenius model;
in other words, an increase in temperature resulted in an enhanced permeation of
organics. The process analysis also proved that the apparent activation energy of
the aroma solutes was higher than that of water, concluding that the aroma trans-
port is more temperature sensitive than water [62, 80]. Apart from such analysis,
temperature greatly influences the solubility and diffusion coefficient of species
[81]; this means that both parameters tend to increase by temperature increment.
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Raisi and Aroujalian [63] analyzed the PV extraction process of aroma ingre-
dients from pomegranate juice. The authors found out that the affinity between a
PDMS membrane and aromas were given as: isopentyl acetate>3-methylebutanal>n-
hexanol>water. This membrane-aroma affinity resulted in a higher sorption ability
of the molecule in the membrane, and hence facilitated permeation. These findings
were in agreement with the Hansen solubility parameters [63].

Lemon is widely defined by its multiple aromas, fragrances, and essential oils. In
fact, lemon is recognized as one of the most enriched sources of essential oils together
with other citric products including bergamot, lime, sweet orange, tangerine, and man-
darin [82]. Among the wide range of aromas, lemon contains mainly terpenes, such as
limonene, ɣ-terpinene, p-cymene, and α-citral [83], to mention just a few of them.
Knowing its potentiality as a source of terpenes, lemon juice was subjected to pervapo-
tive separation of α-pinene, β-pinene, and limonene. Rafia and coworkers utilized a
POMS polymer membrane which showed an enhanced β and permeation values when
driving force increased [67]. Differently from PDMS membranes, temperature incre-
ment in POM membranes preferentially promoted water transport compared to aro-
mas, compromising the β factor. Therefore, the recovery of terpenes was recommended
to be done at low temperatures.

A large list of chemical solutes (e.g., carboxylic acids, pyrroles, pyridines, and
chlorogenic acids) is responsible for the characteristic taste and aroma of coffee [84].
This product is recognized, commercialized, and consumed worldwide. Of course, the
research has recently exerted interest in this typical product for the extraction of
chemicals. In this case, 2,3-butanedione and 2-5-dimethyl pyrazine were intentionally
separated via organophilic PV (PDMS Pervaptech BV membrane). Weschenfelder et al.
[73] notified that the commercial membrane demonstrated high selectivity for 2,3-
butanedione and 2-5-dimethyl pyrazine according to the β values of 45 and 42, respec-
tively. Together with the acceptable selectivity, the membrane also exhibited a suitable
permeate flux of about 0.432 kg m−2 h−1.

In addition to the exploration of fruits and natural extracts for the extraction of
aromas and fragrances, different wastes, residues, and by-products from agro-foods
are pointed out as feasible feedstock of these high added value organics based on the
recent trends in food waste valorization for the manufacture of chemicals and materi-
als [15, 85]. These wastes are inherently the result of the various food treatments
(such as washing) and derived processing processes (such as peeling, and pressing)
[86, 87]. In 2002, Souchon and coworkers pioneered the use of food wastes for the
separation of organic molecules via PV technology [46]. They acquired characteristic
solutes, including S-methyl thio-butyrate, dimethyl trisulfide, and dimethyl disulfide,
from cauliflower blanching residues. These sulfur-based components were extracted
using PEBA and PDMS membranes, in which they were highly selective for methyl
thio-butyrate showing β factors of 1,200 and 307, respectively. The main lack of the
membranes was related to their low productivities in terms of permeation.

Chapter 9 Pervaporation in food processing 287

AU: Can the phrase
“Differently from
PDMS membranes,
temperature incre-
ment. . . ” be
changed to “Con-
trary to PDMS
membranes, tem-
perature increment
. . ..”?

AU: The term “de-
rived processing
processes” in the
sentence “These
wastes are inher-
ently the result of
. . .” seems redun-
dant. Please
rephrase.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

foodb
Highlight
Yes, Please, correct as follows:
Contrary to PDMS membranes, temperature increment in POM membranes preferentially promoted water transport compared to aromas, compromising the β factor

foodb
Highlight
Please, replace as follows:
These wastes are inherently the result of the various food processing treatments, such as washing, peeling, pressing, among others.

http://mostwiedzy.pl


Essences were successfully separated from the oil extract of bergamot peels [55].
To cope with the complex extraction from this waste, Figoli and coworkers applied an
enzyme treatment to preliminary extract bergapten, linalool, linalyl acetate, and lim-
onene. At this point, the properties of PDMS membranes were found adequate to re-
cover the aromas [61]; the study once again confirmed that temperature tends to
improve the transport of organic components and hence obtain higher β factors.

Martínez et al. [69] introduced the pervaporative separation of various categories
of chemicals from brown crab boiling juices. Several alcohols, aldehydes, esters, ke-
tones, furans, hydrocarbons, naphthalene derivates, sulfur compounds, and terpenes
were identified and quantified by the authors. The results denoted that Pervap 4060
membrane efficiently separated specific solutes, including 1-(3H)-isobenzofuranone,
cis-geranyl acetone, 2,5-dibutylfuran, 4-methyl-2-pentanone, 2,7-dimethylnaphthalene,
and 4-methylthiazole (see Table 9.2).

Very recently, fruit juice hydrolates were exploited by Dawiec-Liśniewska et al. [88]
as a source of aromatic compounds. The aromas are generally present in such by-
products around 1wt.% of the total extract. Based on this, the diluted organics are
frequently desired to carry out PV process. Dawiec-Liśniewska et al. [88] concentrated
diverse aromas from plum, apple, blackcurrant, and cherry fruit derivates employing
a laboratory and semi-technical scale PV setup [88, 89]. To sum up, the authors iden-
tified and quantified more than 30 different molecules in the blackcurrant hydrolates,
and around 20 and 14 types of molecules were analyzed in apple and cherry hydro-
lates, respectively. Using a hydrophobic Pervap membrane, impressive β factors for sev-
eral compounds were estimated of about 5800, 3678, 8602, and 1131 for pentan-1-ol,
hexanal, butyl acetate, and heptan-1-ol, respectively. As expected, the highly selective
properties of the membranes commonly bring low permeation properties, in this case,
themembrane had a flux of 0.180 kgm−2 h−1, and it could be raised (ca. 0.450 kgm−2 h−1)
when temperature increased.

When the target deals with the enrichment of commercial products, a good al-
ternative can be the extraction of aromas from particular processed food systems.
Beer, wine, and cider have been some of the explored at separating specific aromas
[65, 90, 91], however, the PV application has been also extended at producing novel
market products attending specific needs of the costumers, for example, the produc-
tion of nonalcoholic products. The following section compiles some case studies ad-
dressing such scope.

9.3 Pervaporation in the production of nonalcoholic
drinks

According to recent reports of the World Health Organization (WHO) [92], consump-
tion of typical alcoholic beverages has tremendously raised in society. A current
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report notifies that the global consumption of alcoholic beverages is calculated to
about 54.2 billion liters per year [93], in which beer and wine are found as the most
consumed products [94]. Since it has been argued that high consumption of alcoholic
beverages contributes to specific diseases, including pancreatitis, hepatitis, fatty deg-
radation of liver, cirrhosis, peptic ulcers, allergenic induction, among others [95–97],
there is a current trend in attending consumers’ necessity at producing products with
similar physicochemical properties but alcohol-free. To date, it has been demonstrated
that the best option for manufacturing such nonalcoholic beverages with the post-
fermentation removal of ethanol from the commercial products. In this way, PV has
been devoted at selectively removing the ethanol; for instance, Catarino and Mendes
[66] carried out the manufacture of low-alcohol content beer utilizing a hybrid indus-
trial plant. Figure 9.3 illustrates the developed process implementing PV; this system
comprised assisting distillation units with PV.

In this work, the authors extracted the aromas from conventional beer using a PV-
POMS membrane and subsequently blended into the dealcoholized beer. The indus-
trial protocol led to manufacturing an alcohol-free beer presenting less than 0.5 vol%
ethanol, meeting an acceptable flavor profile [66]. Similarly, PV was eventually uti-
lized by Catarino en Mendes [90] for the separation of the aromatic components from
wine. Here, the aroma extraction has been referred to meet the organoleptic attributes
of the dealcoholized wine.

Figure 9.3: PV assisting the production of nonalcoholic beer. Adapted from [98].
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More recently, PV acted as a fundamental unit operation in processing full-
flavored low alcohol white wines [74]. PV was able to separate targeted molecules,
for example, benzaldehyde, 1-hexanol, isoamylalcohol, hexanal, benzylalcohol, 2-
phenylethanol, from the grape must, and later embed them intentionally in the
fermentation stage. The blending step helped to produce nonalcoholic wines with
featured sensorial properties.

Commercial beers, such as special beer (presenting 5.5% ABV) and reserve beer
(presenting 6.5% ABV) were subjected to pervaporative processing to acquire aro-
mas and flavor ingredients (isobutyl alcohol, ethyl acetate, and isoamyl acetate).
Here, such organic were once again blended in low-alcohol beer (presenting<1%
ABV) and an alcohol-free beer (presenting < 0.1% ABV) to enhance their sensory at-
tributes [72]. By performing a sensory evaluation, the products proved to have good
acceptance.

9.4 Concluding remarks

In this chapter, new readers in the field have acquired an outlook of the most recent
developments at using pervaporation technology in food processing. In general, PV
has devoted to assisting extraction processes of aromas and fragrances from natural
food products, as well as their main derivatives (wastes, residues, and by-products)
produced with the manufacture and elaboration processes. When using organophilic
membranes (e.g., POMS, PEBA, and PDMS), PV has proven to meet the basic require-
ments as a promising technique in selectively separating more than 70 food aroma
ingredients from diverse complex agro-food systems. Apart from aroma extraction,
PV can be defined as an alternative method for the elimination of ethanol from alco-
holic drinks aiding to produce ethanol-free products. This is due to the fact that PV
can partially remove out the alcohol from the beverages. To finalize, the resulting en-
riched nonalcoholic products (like beer and wine) with aromas extracted via PV have
demonstrated to reach the quality attributes for potential commercialization.
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