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Probo Y. Nugrahedi <probo@unika.ac.id>

Submission received for Food Reviews International (Submission ID: 247748891)
1 message

journalshelpdesk@taylorandfrancis.com <journalshelpdesk@taylorandfrancis.com> Tue, Dec 3, 2024 at 8:13 AM
To: probo@unika.ac.id

Dear Probo Nugrahedi,

Thank you for your submission.

Submission ID 247748891

Manuscript Title Moisture migration and its prevention in multi-domain bakery products: a
review

Journal Food Reviews International

If you made the submission, you can check its progress and make any requested revisions on the Author
Portal

Thank you for submitting your work to our journal.
If you have any queries, please get in touch with journalshelpdesk@taylorandfrancis.com.

Kind Regards,
Food Reviews International Editorial Office

10/29/25, 8:56 AM Soegijapranata Catholic University Mail - Submission received for Food Reviews International (Submission ID: 247748891)
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Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954.
Registered office: 5 Howick Place, London, SW1P 1W.
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Probo Y. Nugrahedi <probo@unika.ac.id>

Reminder: Food Reviews International
1 message

Food Reviews International <onbehalfof@manuscriptcentral.com> Wed, Mar 26, 2025 at 1:38 PM
Reply-To: LFRI-peerreview@journals.tandf.co.uk
To: probo@unika.ac.id

26-Mar-2025

Dear Dr Probo Nugrahedi:

Recently, you received a decision on Manuscript ID LFRI-2024-0996, entitled "Moisture migration and its prevention in multi-domain bakery products: a review." This e-mail is
simply a reminder that your revision is due in two weeks.  If it is not possible for you to submit your revision within two weeks, we will consider your paper as a new submission.

Please see a copy of the decision letter below which contains details of how to submit your revision and any comments from the editor/reviewers:

08-Jan-2025

Dear Dr Probo Nugrahedi:

Your manuscript entitled "Moisture migration and its prevention in multi-domain bakery products: a review" which you submitted to Food Reviews International, has been
reviewed. The reviewer comments are included at the bottom of this letter.

The reviewer(s) would like to see some revisions made to your manuscript before publication. Therefore, I invite you to respond to the reviewer(s)' comments and revise your
manuscript.

When you revise your manuscript please highlight the changes you make in the manuscript by using the track changes mode in MS Word or by using bold or colored text.

To submit a revision, go to https://rp.tandfonline.com/submission/flow?submissionId=247748891&step=1. If you decide to revise the work, please submit a list of changes or a
rebuttal against each point which is being raised when you submit the revised manuscript.

If you have any questions or technical issues, please contact the journal's editorial office at LFRI-peerreview@journals.tandf.co.uk.

Because we are trying to facilitate timely publication of manuscripts submitted to Food Reviews International, your revised manuscript should be uploaded as soon as possible.
If it is not possible for you to submit your revision in a reasonable amount of time, we may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to Food Reviews International and I look forward to receiving your revision.

Sincerely,
Dr Wu
Associate Editor, Food Reviews International
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https://mail.google.com/mail/u/0/?ik=3c2149dd0c&view=pt&search=all&permthid=thread-f:1827637657105457882&simpl=msg-f:1827637657105457882 1/2

Page 9 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 9 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

https://rp.tandfonline.com/submission/flow?submissionId=247748891&step=1
https://rp.tandfonline.com/submission/flow?submissionId=247748891&step=1
https://rp.tandfonline.com/submission/flow?submissionId=247748891&step=1
mailto:LFRI-peerreview@journals.tandf.co.uk
mailto:LFRI-peerreview@journals.tandf.co.uk


jwu3@ualberta.ca

Comments from the Editors and Reviewers:
There are serious concerns about this manuscript. The authors should sufficiently introduce prior work in the field, improve clarity of the work especially to remove repetitive
description, improve comprehensiveness and critique, add necessary figures to help readability.

Reviewer: 1

Comments to the Author
The texture and value of baked products can be affected by moisture migration, making the study of the mechanisms of moisture migration and preventive measures critically
important. This review summarizes the mechanisms of moisture migration in baked products, the impact of moisture migration on these products, and strategies to prevent
moisture migration. The content of the manuscript is valuable in the field of food science. However, the review section of the article is insufficient, and the number of cited
references is relatively limited. In summary, I believe that this manuscript is not suitable for publication in Food Reviews International.

1.      Introduction: Insufficient introduction to previous literature research and failure to demonstrate the importance of the content in this article.
2.      Moisture migration for multi-domain bakery products: Please provide some figures to help readers better understand the mechanism of moisture migration in baked
products.
3.      Moisture migration for multi-domain bakery products: Please cite more references. For example, the manuscript cites relatively few references when describing the
factors influencing moisture migration, which fails to adequately reflect the key concept of multi-domain baking ( includes breads, pastries, cookies, pies, tarts, and cakes) as
you mentioned in the Introduction.
4.      Please simplify the conclusion.
5.      Please add the comparison results between different models and actual experiments in Table 1.

Reviewer: 2

Comments to the Author
It's suggested to add some figures in the text. For example for declaring moisture migration models a schematic fig is highly suggested.
Page 17 line 16: insert Fick's equation in the text.

Reviewer: 3

Comments to the Author
This study reviewed the moisture migration and prevention evaluation in multi-domain bakery products. The paper's repeated paragraphs in more than one place are
noteworthy. Other possible changes are shown in the PDF file.

If you have any questions or experience any difficulties submitting your revised manuscript, please contact the journal's editorial office at LFRI-peerreview@journals.
tandf.co.uk.

This e-mail is simply a reminder that your revision is due in two weeks.  If it is not possible for you to submit your revision within two weeks, we will consider your paper as a
new submission.

Sincerely,
Haritha Ravichandiran
Food Reviews International Editorial Office
LFRI-peerreview@journals.tandf.co.uk

10/29/25, 8:57 AM Soegijapranata Catholic University Mail - Reminder: Food Reviews International
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Probo Y. Nugrahedi <probo@unika.ac.id>

247748891 (Food Reviews International) A revise decision has been made on your submission
8 messages

Food Reviews International <onbehalfof@manuscriptcentral.com> Thu, Jan 9, 2025 at 3:30 AM
Reply-To: jwu3@ualberta.ca
To: probo@unika.ac.id

08-Jan-2025

Dear Dr Probo Nugrahedi:

Your manuscript entitled "Moisture migration and its prevention in multi-domain bakery products: a review" which you submitted to Food Reviews International, has been
reviewed. The reviewer comments are included at the bottom of this letter.

The reviewer(s) would like to see some revisions made to your manuscript before publication. Therefore, I invite you to respond to the reviewer(s)' comments and revise your
manuscript.

When you revise your manuscript please highlight the changes you make in the manuscript by using the track changes mode in MS Word or by using bold or colored text.

To submit a revision, go to https://rp.tandfonline.com/submission/flow?submissionId=247748891&step=1. If you decide to revise the work, please submit a list of changes or a
rebuttal against each point which is being raised when you submit the revised manuscript.

If you have any questions or technical issues, please contact the journal's editorial office at LFRI-peerreview@journals.tandf.co.uk.

Because we are trying to facilitate timely publication of manuscripts submitted to Food Reviews International, your revised manuscript should be uploaded as soon as possible.
If it is not possible for you to submit your revision in a reasonable amount of time, we may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to Food Reviews International and I look forward to receiving your revision.

Sincerely,
Dr Wu
Associate Editor, Food Reviews International
jwu3@ualberta.ca

Comments from the Editors and Reviewers:
There are serious concerns about this manuscript. The authors should sufficiently introduce prior work in the field, improve clarity of the work especially to remove repetitive
description, improve comprehensiveness and critique, add necessary figures to help readability.

Reviewer: 1

10/29/25, 8:58 AM Soegijapranata Catholic University Mail - 247748891 (Food Reviews International) A revise decision has been made on your submission
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Comments to the Author
The texture and value of baked products can be affected by moisture migration, making the study of the mechanisms of moisture migration and preventive measures critically
important. This review summarizes the mechanisms of moisture migration in baked products, the impact of moisture migration on these products, and strategies to prevent
moisture migration. The content of the manuscript is valuable in the field of food science. However, the review section of the article is insufficient, and the number of cited
references is relatively limited. In summary, I believe that this manuscript is not suitable for publication in Food Reviews International.

1.      Introduction: Insufficient introduction to previous literature research and failure to demonstrate the importance of the content in this article.
2.      Moisture migration for multi-domain bakery products: Please provide some figures to help readers better understand the mechanism of moisture migration in baked
products.
3.      Moisture migration for multi-domain bakery products: Please cite more references. For example, the manuscript cites relatively few references when describing the
factors influencing moisture migration, which fails to adequately reflect the key concept of multi-domain baking ( includes breads, pastries, cookies, pies, tarts, and cakes) as
you mentioned in the Introduction.
4.      Please simplify the conclusion.
5.      Please add the comparison results between different models and actual experiments in Table 1.

Reviewer: 2

Comments to the Author
It's suggested to add some figures in the text. For example for declaring moisture migration models a schematic fig is highly suggested.
Page 17 line 16: insert Fick's equation in the text.

Reviewer: 3

Comments to the Author
This study reviewed the moisture migration and prevention evaluation in multi-domain bakery products. The paper's repeated paragraphs in more than one place are
noteworthy. Other possible changes are shown in the PDF file.
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Maspro, piye yo corone men kita iso ngedit file together. Ono onedrive ora? Men aku iso mbukak seko kene.. edit.. terus ketok langsung neng gonmu. Iki aku coba ngrengreng
comment to Editor & reviewer. Untunge ora akeh. Kita coba ae. 

Nha manuskripe aku urung rampung evaluate. 

Sayange nek nangango account kantor aku raiso sher file via onedrive-e kantor :(.

Cheers, J
[Quoted text hidden]

Comments from the Editors and Reviewers.docx
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Probo Y. Nugrahedi <probo@unika.ac.id> Thu, Mar 27, 2025 at 7:22 PM
To: Jimmy Perdana <perdana.jimmy@gmail.com>

Aku wis suwe banget ora nganggo onedrive.
Ketoke ono, nganggo akun sibobbobis@gmail.com
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Jimmy Perdana <perdana.jimmy@gmail.com> Fri, Mar 28, 2025 at 5:54 AM
To: "Probo Y. Nugrahedi" <probo@unika.ac.id>

maspro.. monggo niki aku cek. 

Tinggal nambai figure. 
J
[Quoted text hidden]
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Probo Y. Nugrahedi <probo@unika.ac.id> Fri, Mar 28, 2025 at 8:02 AM
To: Jimmy Perdana <perdana.jimmy@gmail.com>

Matur nuwun
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[Quoted text hidden]
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Probo Y. Nugrahedi <probo@unika.ac.id>

Revised submission received for Food Reviews International (Submission ID: 247748891.R1)
1 message

journalshelpdesk@taylorandfrancis.com <journalshelpdesk@taylorandfrancis.com> Tue, Apr 8, 2025 at 1:44 AM
To: probo@unika.ac.id

Dear Probo Nugrahedi,

Thank you for submitting your revised manuscript.

Submission ID 247748891

Manuscript Title Moisture migration and its prevention in multi-domain bakery products: a
review

Journal Food Reviews International

If you made the submission, you can check its progress and make any requested revisions on the Author
Portal.

Thank you for submitting your work to our journal.
If you have any queries, please get in touch with journalshelpdesk@taylorandfrancis.com.

Kind Regards,
Food Reviews International Editorial Office
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Probo Y. Nugrahedi <probo@unika.ac.id>

Food Reviews International - 247748891.R1 - changes required to your submission
1 message

Food Reviews International <onbehalfof@manuscriptcentral.com> Tue, Apr 8, 2025 at 7:24 PM
Reply-To: LFRI-peerreview@journals.tandf.co.uk
To: probo@unika.ac.id

08-Apr-2025

Dear Dr Probo Nugrahedi:

Your above referenced manuscript, entitled "Moisture migration and its prevention in multi-domain bakery products: a review" requires some further changes before it is ready
for reviewing in Food Reviews International.

Please be informed that we require both clean and tracked version of the manuscript. Hence, please upload both version of the manuscript in the system for further processing.

Your submission has been returned to you and is located in your author dashboard, so that you can make the required changes to it and submit it again.

To re-submit your manuscript, please go to your author dashboard at https://rp.tandfonline.com/dashboard/, locate the manuscript and click 'Resume'.

You may contact the Editorial Office if you have further questions.

Sincerely,
Food Reviews International Editorial Office
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Probo Y. Nugrahedi <probo@unika.ac.id>

Submission received for Food Reviews International (Submission ID: 247748891)
1 message

journalshelpdesk@taylorandfrancis.com <journalshelpdesk@taylorandfrancis.com> Tue, Apr 8, 2025 at 9:08 PM
To: probo@unika.ac.id

Dear Probo Nugrahedi,

Thank you for your submission.

Submission ID 247748891

Manuscript Title Moisture migration and its prevention in multi-domain bakery products: a
review

Journal Food Reviews International

If you made the submission, you can check its progress and make any requested revisions on the Author
Portal

Thank you for submitting your work to our journal.
If you have any queries, please get in touch with journalshelpdesk@taylorandfrancis.com.

Kind Regards,
Food Reviews International Editorial Office
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Probo Y. Nugrahedi <probo@unika.ac.id>

Revised submission received for Food Reviews International (Submission ID: 247748891.R2)
1 message

journalshelpdesk@taylorandfrancis.com <journalshelpdesk@taylorandfrancis.com> Wed, Sep 24, 2025 at 9:26 AM
To: probo@unika.ac.id

Dear Probo Nugrahedi,

Thank you for submitting your revised manuscript.

Submission ID 247748891

Manuscript Title Moisture migration and its prevention in multi-domain bakery products: a
review

Journal Food Reviews International

If you made the submission, you can check its progress and make any requested revisions on the Author
Portal.

Thank you for submitting your work to our journal.
If you have any queries, please get in touch with journalshelpdesk@taylorandfrancis.com.

Kind Regards,
Food Reviews International Editorial Office
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Probo Y. Nugrahedi <probo@unika.ac.id>

Food Reviews International - Decision on Manuscript ID 247748891.R2
1 message

Food Reviews International <onbehalfof@manuscriptcentral.com> Fri, Sep 26, 2025 at 9:42 PM
Reply-To: jwu3@ualberta.ca
To: probo@unika.ac.id
Cc: jwu3@ualberta.ca

26-Sep-2025

Dear Dr Probo Nugrahedi:

Ref: Moisture migration and its prevention in multi-domain bakery products: a review

Our referees have now considered your paper and have recommended publication in Food Reviews International.  We are pleased to accept your paper in its current form
which will now be forwarded to the publisher for copy editing and typesetting. The reviewer comments are included at the bottom of this letter.

You will receive proofs for checking and copyright transfer instructions directly from the publisher in due course. The publisher also requests that proofs are checked and
returned within 48 hours of receipt.

Thank you for your contribution to Food Reviews International and we look forward to receiving further submissions from you.

Sincerely,
Dr Wu
Associate Editor, Food Reviews International
jwu3@ualberta.ca

Reviewer(s)' Comments to Author:

Have you considered open access? When you complete your Author Publishing Agreement you will be asked whether you wish to publish your article open access via our
Open Select publishing program. Open access offers greater accessibility, visibility and impact for your research. Articles published Open Select with Taylor & Francis typically
receive 35% more citations* and over 5 times as many downloads** compared to those that are not published Open Select. If you select the option to make your article open
access you will receive an invoice for the article publishing charge (APC). Some funders mandate open access publishing, and your research funder or institution may be able
to cover the cost of the APC. Visit our Author Services website at https://authorservices.taylorandfrancis.com/publishing-open-access/?utm_source=broadcast&utm_medium=
email&utm_campaign=JRG29545 to find out more about open access policies and to view the APC for this journal. Please also read our guide to sharing different versions of
your article available at https://authorservices.taylorandfrancis.com/research-impact/sharing-versions-of-journal-articles/. Note that an embargo period usually applies if you
want to deposit your Accepted Manuscript (the version of your article that’s been accepted for publication) in a repository. We recommend that you keep a copy of your
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Accepted Manuscript for this purpose. *Citations received up to 7th August 2024 for articles published in 2019-2023. Data obtained on 7th August 2024, from Digital Science's
Dimensions platform, available at https://app.dimensions.ai **Usage in 2021-2023 for articles published in 2019-2023.
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Probo Y. Nugrahedi <probo@unika.ac.id>

Your article has been accepted for publication DOI - 10.1080/87559129.2025.2570469
1 message

LFRI-production@journals.taylorandfrancis.com <LFRI-production@journals.taylorandfrancis.com> Wed, Oct 1, 2025 at 11:21 AM
To: probo@unika.ac.id

Dear P Y Nugrahedi,

Congratulations! We are pleased to share that your article "Moisture migration and its prevention in multi-domain bakery products: a
review" has been accepted for publication in Food Reviews International.

To move forward with publication, we need you to review and accept the terms and conditions of an author publishing agreement.

We'll start with some questions that will inform the details we include in your agreement.

Why choose Open Access?

✓ Increase Accessibility as OA articles are freely available to anyone, anywhere
✓ Enhance Visibility and Citations as OA articles are more widely read and cited
✓ Make a Real-World Impact and reach new readers, not just those with library access
✓ Increase Collaboration through making research accessible across fields and institutions
✓ Comply with Funding Mandates and meet the requirements of your institution, employer or funder

Open Access offers greater accessibility, visibility and impact for your research. Articles published Open Access with Taylor &
Francis typically receive 35% more citations and over 5 times as many downloads. Read more about these benefits in our Open
Access Information pages.

START AGREEMENT PROCESS
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Additionally, internal research suggests article extenders double the amount of downloads. Taylor & Francis Editing Services can
help you create extenders such as infographics, video abstracts and other article promotion materials. Learn more

If you have questions about publishing your article, don't hesitate to contact us directly at LFRI-production@journals.
taylorandfrancis.com

We look forward to seeing your article published, and we are pleased to have you in our authorship community.

Kind regards,

Food Reviews International Production Team
Taylor & Francis Group

© 2025 Taylor & Francis Group, a business owned by Informa PLC

5 Howick Place, London SW1P 1WG.
Registered in England and Wales.

Number 3099067.
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Probo Y. Nugrahedi <probo@unika.ac.id>

Your completed Author Publishing Agreement DOI - 10.1080/87559129.2025.2570469
1 message

LFRI-production@journals.taylorandfrancis.com <LFRI-production@journals.taylorandfrancis.com> Wed, Oct 1, 2025 at 6:31 PM
To: probo@unika.ac.id

Dear P Y Nugrahedi,

Your Author Publishing Agreement for "Moisture migration and its prevention in multi-domain bakery products: a review" has been
completed.

If you need a copy of your agreement you can access this below.

ACCESS MY AGREEMENT

If you have questions about publishing your article, please don't hesitate to contact us directly at LFRI-production@journals.
taylorandfrancis.com

Kind regards,

Food Reviews International Production Team
Taylor & Francis Group

© 2025 Taylor & Francis Group, a business owned by Informa PLC

5 Howick Place, London SW1P 1WG.
Registered in England and Wales.
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Probo Y. Nugrahedi <probo@unika.ac.id>

Welcome to Taylor & Francis Production: Food Reviews International 2570469
1 message

WMS <LFRI-production@journals.taylorandfrancis.com> Thu, Oct 2, 2025 at 7:50 PM
To: probo@unika.ac.id

Article: Moisture migration and its prevention in multi-domain bakery products: a review

Journal: Food Reviews International LFRI

Article ID: LFRI (2570469)

Dear P Y Nugrahedi

We are delighted that you have chosen to publish your article in Food Reviews International.

We expect proofs will be ready for you to check on 06 October 2025. We will be sending proofs to you through our online
proofing system. You will receive notification when your proofs are available and the link to access them from the email
address: iproof@integra.co.in.

The DOI of your paper is: 10.1080/87559129.2025.2570469. Once your article has published online, it will be available at
the following permanent link: https://doi.org/10.1080/87559129.2025.2570469.

Any copyrighted material reproduced in your paper must include an accompanying attribution. Brief extracts of third-party
material may be cleared for use under the fair use / fair dealing policy, and don't require full copyright clearance from the
Rightsholder. For further information and to access a template form for requesting permission, please see
https://authorservices.taylorandfrancis.com/publishing-your-research/writing-your-paper/using-third-party-material/ . Please
keep copies of all correspondence.

Please visit our Author Services website for more information about the production process or for guidance on authors'
rights, promoting your article, and other useful topics.
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Best wishes,
Food Reviews International Production Team
Email: LFRI-production@journals.tandf.co.uk

©2025 Taylor & Francis Group, a business owned by Informa PLC.

5 Howick Place, London SW1P 1WG.
Registered in England and Wales.

Number 3099067.
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11 Moisture migration and its prevention in multi-domain bakery 

12 products: a review

13 Multi-domain bakery products are susceptible to moisture migration that 

14 potentially poses risk of softening, chemical reactions, and microbial growth. 

15 Various models have been developed to elucidate the dynamic of moisture 

16 migration between the components. These models help assess the influence of 

17 factors such as the presence of an edible barrier, air gap, surrounding air, 

18 permeable packaging, and contact conditions, leading to enhanced strategies for 

19 mitigating moisture migration. This review aims to summarize the mechanisms 

20 and key factors of moisture migration, compare recent models, discuss the impact 

21 of moisture migration on product quality, and to evaluate different prevention 

22 methods and their applicability to multi-domain bakery products.

23 Keywords: moisture migration, multi-domain, bakery products, water activity, 

24 models

25

26 Introduction

27 Bakery products are considered fundamental staples widely consumed worldwide.[1] 

28 The global bakery products market size was valued at USD 480.23 billion in 2024 and it 

29 is projected to grow from USD 504.78 billion in 2025 to USD 731.69 billion by 2032, 

30 growing at a CAGR of 5.45% during the forecast period.[2] Another market research 

31 reported the market size reached USD 532.6 billion in 2024 and it is expected to 

32 reach USD 701.1 billion by 2033, exhibiting a growth rate CAGR of 3.1% during 2025-

33 2033.[3] A diverse range of bakery goods includes breads, pastries, cookies, pies, tarts, 

34 and cakes.[4] Initially, bakery products consisted of a single component. Subsequently as 

35 they evolved, products began to incorporate two or more components with varying 

36 appearances, textures, tastes, and other characteristics, resulting in combinations that 

37 offer a diverse array of sensory experiences.[5, 6] These products fall under the category 
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787 Unlike other prevention methods, lowering storage temperatures can be 

788 implemented in conjunction with other prevention methods, as it indirectly influences 

789 moisture migration.[40] However, caution is required when selecting the storage 

790 temperature, as it may lead to quality changes in bakery products and affect the overall 

791 supply chain cost and complexity. Lowering the storage temperature can also have 

792 adverse effects on product quality, particularly in relation to accelerated bread 

793 staling.[69] 

794 Thoughtfully combining different prevention methods may be the best approach 

795 to optimize effectiveness in slowing moisture migration with minimal impact on the 

796 quality of bakery products. For instance, a strategy that combines a thin edible barrier, a 

797 gradual increase in fat content, and a slight reduction in the aw of wet components may 

798 have a lesser impact on product characteristics while offering comparable or even 

799 improved moisture barrier properties compared to applying a single prevention method. 

800 Nevertheless, a feasibility study should be performed thoroughly to optimize the shelf-

801 life extension in accordance with sensorial acceptance, technical and manufacturing 

802 capability, and cost-effective deliberation.

803 Conclusion

804 Moisture migration occurs in every multi-domain bakery product with water activity 

805 disparity between components. This can lead to significant quality changes, such as 

806 softening, chemical and microbial transformations, and eventually decreasing product 

807 shelf life. Mechanisms contributing to migration include capillary action, liquid 

808 diffusion, and vapor diffusion, as influenced by a thermodynamic factor, product 

809 composition and structure, and external elements. 

810 The moisture migration models for multi-domain bakery products can reveal the 

811 mechanisms by incorporating various factors, such as an edible barrier, air gap, 
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812 surrounding air and permeable packaging, as well as contact conditions. Moreover, 

813 various methods including product formulation modification, porosity reduction, edible 

814 barrier application, and storage temperature reduction, can be employed to reduce 

815 moisture migration in multi-domain bakery products. Among these, the application of 

816 an edible barrier extends shelf life at the most. However, a combination of the methods 

817 may be preferred to maintain product quality while optimizing shelf life.

818 Further studies are necessary to validate moisture migration models on different 

819 multi-domain bakery products, including the fillings and constructions. Further studies 

820 on the physical, chemical, and microbial quality attributes of multi-domain bakery 

821 products could also be performed.

822 Declaration of Interest

823 No conflict of interest to disclose.

824 Funding Sources

825 The authors thank to Faculty of Agricultural Technology, Soegijapranata Catholic 

826 University for the funding under the internal funding scheme.

827 References

828 [1] Cappelli, A.; Cini, E. Challenges and Opportunities in Wheat Flour, Pasta, Bread, 

829 and Bakery Product Production Chains: A Systematic Review of Innovations and 

830 Improvement Strategies to Increase Sustainability, Productivity, and Product 

831 Quality. Sustain., 2021, 13 (5), 1–16. https://doi.org/10.3390/su13052608.

832 [2] Fortune Business Insights. Bakery Products Market Size, Share & Industry 

833 Analysis, By Product Type (Bread, Cakes and Pastries, Biscuits and Cookies, and 

834 Other Bakery Products), By Form (Frozen and Fresh), By Product Range 

835 (Specialty {Gluten-free, Organic, and Others} and Convention 

Page 35 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

12

15

Page 46 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 46 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

36

836 https://www.fortunebusinessinsights.com/industry-reports/bakery-products-

837 market-101472 (accessed Jul 18, 2025).

838 [3] imarc. Bakery Products Market Size, Share, Trends and Forecast by Product 

839 Type, Distribution Channel, and Region, 2025-2033 

840 https://www.imarcgroup.com/bakery-products-market (accessed Jul 18, 2025).

841 [4] Bijlwan, M.; Naik, B.; Sharma, D.; Singh, A.; Kumar, V. Recent Developments 

842 in Dough Based Bakery Products: A Mini Review. Pharma Innov. J., 2019, 8 (5), 

843 654–658.

844 [5] Gulati, T.; Datta, A. K.; Doona, C. J.; Ruan, R. R.; Feeherry, F. E. Modeling 

845 Moisture Migration in a Multi-Domain Food System: Application to Storage of a 

846 Sandwich System. Food Res. Int., 2015, 76, 427–438. 

847 https://doi.org/10.1016/j.foodres.2015.06.022.

848 [6] Afolabi, I. S. Moisture Migration and Bulk Nutrients Interaction in a Drying 

849 Food Systems: A Review. Food Nutr. Sci., 2014, 05 (08), 692–714. 

850 https://doi.org/10.4236/fns.2014.58080.

851 [7] Zhang, L.; Taal, M. A.; Boom, R. M.; Chen, X. D.; Schutyser, M. A. I. Effect of 

852 Baking Conditions and Storage on the Viability of Lactobacillus Plantarum 

853 Supplemented to Bread. LWT - Food Sci. Technol., 2018, 87, 318–325. 

854 https://doi.org/10.1016/j.lwt.2017.09.005.

855 [8] Hao, F.; Lu, L.; Wang, J. Finite Element Analysis of Moisture Migration of 

856 Multicomponent Foods during Storage. J. Food Process Eng., 2017, 40 (1). 

857 https://doi.org/10.1111/jfpe.12319.

858 [9] Mauer, L. J.; Forny, L.; Meunier, V. D. M.; Taylor, L. S. Optimizing the Quality 

859 of Food Powder Products: The Challenges of Moisture-Mediated Phase 

860 Transformations. Annu. Rev. Food Sci. Technol., 2019, 10, 457–478. 

Page 36 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

8

22

23

Page 47 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 47 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

37

861 https://doi.org/10.1146/annurev-food-032818-121224.

862 [10] Hartel, R. W.; von Elbe, J. H.; Hofberger, R. Water. In Confectionery Science 

863 and Technology; Springer, Cham, 2018; pp 69–83. https://doi.org/10.1007/978-3-

864 319-61742-8_3.

865 [11] Labuza, T. P.; Hyman, C. R. Moisture Migration and Control in Multi-Domain 

866 Foods. Trends Food Sci. Technol., 1998, 9 (2), 47–55. 

867 https://doi.org/https://doi.org/10.1016/S0924-2244(98)00005-3.

868 [12] Bourlieu, C.; Guillard, V.; Vallès-Pamiès, B.; Guilbert, S.; Gontard, N. Edible 

869 Moisture Barriers: How to Assess of Their Potential and Limits in Food Products 

870 Shelf-Life Extension? Crit. Rev. Food Sci. Nutr., 2009, 49 (5), 474–499. 

871 https://doi.org/10.1080/10408390802145724.

872 [13] Ghosh, V.; Ziegler, G. R.; Anantheswaran, R. C. Fat, Moisture, and Ethanol 

873 Migration through Chocolates and Confectionary Coatings. Crit. Rev. Food Sci. 

874 Nutr., 2002, 42 (6), 583–626. https://doi.org/10.1080/20024091054265.

875 [14] Yuan, L.; Lu, L.; Chen, Y.; Pan, L. Moisture Diffusion Model of Two-

876 Component Food under Different Contact Conditions in Impermeable Package. 

877 Heat Mass Transf., 2019, 55 (5), 1337–1345. https://doi.org/10.1007/s00231-

878 018-2518-9.

879 [15] O’Connor, L. J.; Favreau-Farhadi, N.; Barrett, A. H. Use of Edible Barriers in 

880 Intermediate Moisture Food Systems to Inhibit Moisture Migration. J. Food 

881 Process. Preserv., 2018, 42 (2), 1–6. https://doi.org/10.1111/jfpp.13512.

882 [16] Gaikwad, K. K.; Singh, S.; Ajji, A. Moisture Absorbers for Food Packaging 

883 Applications. Environ. Chem. Lett., 2019, 17 (2), 609–628. 

884 https://doi.org/10.1007/s10311-018-0810-z.

885 [17] Kim, S. S.; Kim, S. Y.; Kim, D. W.; Shin, S. G.; Chang, K. S. Moisture Sorption 

Page 37 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

9

22

Page 48 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 48 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

38

886 Characteristics of Composite Foods Filled with Chocolate. J. Food Sci., 1999, 64 

887 (2), 300–302. https://doi.org/https://doi.org/10.1111/j.1365-2621.1999.tb15887.x.

888 [18] Kim, S. S.; Kim, S. Y.; Kim, D. W.; Shin, S. G.; Chang, K. S. Moisture Sorption 

889 Characteristics of Composite Foods Filled with Strawberry Jam. LWT - Food Sci. 

890 Technol., 1998, 31 (4), 397–401. 

891 https://doi.org/https://doi.org/10.1006/fstl.1998.0368.

892 [19] Zardetto, S.; Martello, A. D.; Pasini, G. Moisture Migration Model of Packed 

893 Fresh-Filled Pasta during Storage under Different Humidity Conditions. Innov. 

894 Food Sci. Emerg. Technol., 2025, 100, 103930. 

895 https://doi.org/https://doi.org/10.1016/j.ifset.2025.103930.

896 [20] Zhu, P.; Li, J.; Zhao, Q.; Ye, H.; Zeng, D.; Xu, X.; Wu, F. Quality Variation and 

897 Mechanisms during Storage between Meat inside Rice Dumplings and Regular 

898 Cooked Meat and the Ameliorative Effect of Hydrophilic Colloids. Int. J. Food 

899 Sci. Technol., 2025, 60 (1), vvaf075. https://doi.org/10.1093/ijfood/vvaf075.

900 [21] Thirunathan, P.; Arnz, P.; Husny, J.; Gianfrancesco, A.; Perdana, J. 

901 Thermogravimetric Analysis for Rapid Assessment of Moisture Diffusivity in 

902 Polydisperse Powder and Thin Film Matrices. Food Chem., 2018, 242, 519–526. 

903 https://doi.org/https://doi.org/10.1016/j.foodchem.2017.09.089.

904 [22] Jinning Qi; Jinsheng Zhang; Fei Yu; Roger Ruan; Paul Chen; Yun Li and Chris 

905 Doona. Study of Moisture Diffusion between Bread and Cheese. In ASABE 

906 Annual International Meeting; 2006; p Paper Number: 066111. 

907 https://doi.org/10.13031/2013.21501.

908 [23] Guillard, V.; Broyart, B.; Bonazzi, C.; Guilbert, S.; Gontard, N. Modelling of 

909 Moisture Transfer in a Composite Food: Dynamic Water Properties in an 

910 Intermediate Aw Porous Product in Contact with High Aw Filling. Chem. Eng. 

Page 38 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

18

36

Page 49 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 49 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

39

911 Res. Des., 2003, 81 (9), 1090–1098. 

912 https://doi.org/https://doi.org/10.1205/026387603770866236.

913 [24] Romani, S.; Rocculi, P.; Tappi, S.; Dalla Rosa, M. Moisture Adsorption 

914 Behaviour of Biscuit during Storage Investigated by Using a New Dynamic 

915 Dewpoint Method. Food Chem., 2016, 195, 97–103. 

916 https://doi.org/10.1016/j.foodchem.2015.06.114.

917 [25] McMinn, W. A. M.; McKee, D. J.; Magee, T. R. A. Moisture Adsorption 

918 Behaviour of Oatmeal Biscuit and Oat Flakes. J. Food Eng., 2007, 79 (2), 481–

919 493. https://doi.org/10.1016/j.jfoodeng.2006.02.009.

920 [26] Guillard, V.; Broyart, B.; Guilbert, S.; Bonazzi, C.; Gontard, N. Moisture 

921 Diffusivity and Transfer Modelling in Dry Biscuit. J. Food Eng., 2004, 64 (1), 

922 81–87. https://doi.org/10.1016/j.jfoodeng.2003.09.014.

923 [27] Guillard, V.; Broyart, B.; Bonazzi, C.; Guilbert, S.; Gontard, N. Moisture 

924 Diffusivity in Sponge Cake as Related to Porous Structure Evaluation and 

925 Moisture Content. J. Food Sci., 2003, 68 (2), 555–562. 

926 https://doi.org/10.1111/j.1365-2621.2003.tb05711.x.

927 [28] Roca, E.; Broyart, B.; Guillard, V.; Guilbert, S.; Gontard, N. Controlling 

928 Moisture Transport in a Cereal Porous Product by Modification of Structural or 

929 Formulation Parameters. Food Res. Int., 2007, 40 (4), 461–469. 

930 https://doi.org/10.1016/j.foodres.2006.07.015.

931 [29] Bourlieu, C.; Guillard, V.; Powell, H.; Vallès-Pàmies, B.; Guilbert, S.; Gontard, 

932 N. Modelling and Control of Moisture Transfers in High, Intermediate and Low 

933 Aw Composite Food. Food Chem., 2008, 106 (4), 1350–1358. 

934 https://doi.org/10.1016/j.foodchem.2007.03.079.

935 [30] Roudaut, G.; Debeaufort, F. Moisture Loss, Gain and Migration in Foods and Its 

Page 39 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

8

15

16

16

Page 50 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 50 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

40

936 Impact on Food Quality. In Chemical Deterioration and Physical Instability of 

937 Food and Beverages; Skibsted, L. H., Risbo, J., Andersen, M. L., Eds.; 

938 Woodhead Publishing Series in Food Science, Technology and Nutrition; 

939 Woodhead Publishing, 2010; pp 143–185. 

940 https://doi.org/https://doi.org/10.1533/9781845699260.2.143.

941 [31] Perdana, J.; Van Der Sman, R. G. M.; Fox, M. B.; Boom, R. M.; Schutyser, M. 

942 A. I. Measuring and Modelling of Diffusivities in Carbohydrate-Rich Matrices 

943 during Thin Film Drying. J. Food Eng., 2014, 122 (1), 38–47. 

944 https://doi.org/10.1016/j.jfoodeng.2013.08.033.

945 [32] Van Der Sman, R. G. M. Predicting the Solubility of Mixtures of Sugars and 

946 Their Replacers Using the Flory-Huggins Theory. Food Funct., 2017, 8 (1), 360–

947 371. https://doi.org/10.1039/c6fo01497f.

948 [33] Labuza, T. P.; Altunakar, B. Diffusion and Sorption Kinetics of Water in Foods. 

949 In Water Activity in Foods: Fundamentals and Applications; G.V. Barbosa-

950 Cánovas, A.J. Fontana Jr., S.J. Schmidt, T. P. L., Ed.; John Wiley & Sons, Ltd, 

951 2020; pp 287–309. https://doi.org/10.1002/9781118765982.ch12.

952 [34] Chu, Z.; Lu, L.; Wang, J. Mathematical Model for Water Transfer in 

953 Multidomain Food Packed in Permeable Packaging. Packag. Technol. Sci., 2013, 

954 26 (S1), 11–22. https://doi.org/10.1002/pts.1992.

955 [35] Roca, E.; Broyart, B.; Guillard, V.; Guilbert, S.; Gontard, N. Predicting Moisture 

956 Transfer and Shelf-Life of Multidomain Food Products. J. Food Eng., 2008, 86 

957 (1), 74–83. https://doi.org/https://doi.org/10.1016/j.jfoodeng.2007.09.012.

958 [36] Cauvain, S. P.; Young, L. S. Chemical and Physical Deterioration of Bakery 

959 Products. In Chemical Deterioration and Physical Instability of Food and 

960 Beverages; Leif H. Skibsted, Jens Risbo, M. L. A., Ed.; Woodhead Publishing 

Page 40 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

15

29

Page 51 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 51 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

41

961 Limited, 2010; pp 381–412. https://doi.org/10.1533/9781845699260.3.381.

962 [37] Ramos-Cabrer, P.; Van Duynhoven, J. P. M.; Timmer, H.; Nicolay, K. 

963 Monitoring of Moisture Redistribution in Multicomponent Food Systems by Use 

964 of Magnetic Resonance Imaging. J. Agric. Food Chem., 2006, 54 (3), 672–677. 

965 https://doi.org/10.1021/jf052246z.

966 [38] Guillard, V.; Broyart, B.; Bonazzi, C.; Guilbert, S.; Gontard, N. Evolution of 

967 Moisture Distribution During Storage in a Composite Food Modelling and 

968 Simulation. J. Food Sci., 2003, 68 (3), 958–966. 

969 https://doi.org/https://doi.org/10.1111/j.1365-2621.2003.tb08271.x.

970 [39] Mavrou, P.; Thorpe, R.; Frith, W.; Lian, G.; Chen, T. Mathematical Modelling of 

971 Moisture Migration in Confectionery Multicomponent Food Systems. In 

972 Computer Aided Chemical Engineering; Anton Friedl, Jiří J. Klemeš, Stefan 

973 Radl, Petar S. Varbanov, T. W., Ed.; Elsevier Masson SAS, 2018; Vol. 43, pp 

974 1625–1630. https://doi.org/10.1016/B978-0-444-64235-6.50283-7.

975 [40] Guillard, V.; Broyart, B.; Bonazzi, C.; Guilbert, S.; Gontard, N. Effect of 

976 Temperature on Moisture Barrier Efficiency of Monoglyceride Edible Films in 

977 Cereal-Based Composite Foods. Cereal Chem., 2004, 81 (6), 767–771. 

978 https://doi.org/10.1094/CCHEM.2004.81.6.767.

979 [41] Guillard, V.; Broyart, B.; Bonazzi, C.; Guilbert, S.; Gontard, N. Preventing 

980 Moisture Transfer in a Composite Food Using Edible Films: Experimental and 

981 Mathematical Study. J. Food Sci., 2003, 68 (7), 2267–2277. 

982 https://doi.org/10.1111/j.1365-2621.2003.tb05758.x.

983 [42] Smith, J. P.; Daifas, D. P.; El-Khoury, W.; Koukoutsis, J.; El-Khoury, A. Shelf 

984 Life and Safety Concerns of Bakery Products—A Review. Crit. Rev. Food Sci. 

985 Nutr., 2004, 44 (1), 19–55. https://doi.org/10.1080/10408690490263774.

Page 41 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

8

9

18

38

Page 52 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 52 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

42

986 [43] Gomes, F.; Patient, D.; Roberts, D. G.; Thomason, S. A. Effect of Moisture 

987 Migration on Sandwich Texture. J. Consum. Stud. Home Econ., 1996, 20 (2), 

988 163–174. https://doi.org/10.1111/j.1470-6431.1996.tb00245.x.

989 [44] Pecukonis, L. J.; Barrett, A. H.; Farhadi, N. Use of Edible Laminate Layers in 

990 Intermediate Moisture Food Rations to Inhibit Moisture Migration; 2016. 

991 https://doi.org/10.21236/ADA632390.

992 [45] Barrett, A.; Cardello, A.; Maguire, P.; Peleg, M. Moisture Redistribution and 

993 Textural Changes in Stored Model Sandwiches. J. Texture Stud., 2005, 36 (5–6), 

994 569–588. https://doi.org/10.1111/j.1745-4603.2005.00032.x.

995 [46] Curti, E.; Carini, E.; Tribuzio, G.; Vittadini, E. Bread Staling: Effect of Gluten on 

996 Physico-Chemical Properties and Molecular Mobility. LWT - Food Sci. Technol., 

997 2014, 59 (1), 418–425. https://doi.org/10.1016/j.lwt.2014.04.057.

998 [47] Węglarz, W. P.; Hemelaar, M.; van der Linden, K.; Franciosi, N.; van Dalen, G.; 

999 Windt, C.; Blonk, H.; van Duynhoven, J.; Van As, H. Real-Time Mapping of 

1000 Moisture Migration in Cereal Based Food Systems with Aw Contrast by Means 

1001 of MRI. Food Chem., 2008, 106 (4), 1366–1374. 

1002 https://doi.org/10.1016/j.foodchem.2007.04.077.

1003 [48] De Pilli, T.; Lopriore, G.; Montemitro, M.; Alessandrino, O. Effects of Two 

1004 Sweet Cherry Cultivars (Prunus Avium L., Cvv. ‘Ferrovia’’ and ‘Lapins’) on the 

1005 Shelf Life of an Innovative Bakery Product.’ J. Food Sci. Technol., 2019, 56 (1), 

1006 310–320. https://doi.org/10.1007/s13197-018-3491-5.

1007 [49] Jakubczyk, E.; Marzec, A.; Lewicki, P. P. Relationship Between Water Activity 

1008 of Crisp Bread and Its Mechanical Properties and Structure. Polish J. Food Nutr. 

1009 Sci., 2008, 58 (1), 45–51.

1010 [50] Primo‐Martín, C.; Van Vliet, T. Sensory Crispness of Crispy Rolls: Effect of 

Page 42 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

16

42

Page 53 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 53 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

43

1011 Formulation, Storage Conditions, and Water Distribution in the Crust. J. Food 

1012 Sci., 2009, 74 (8). https://doi.org/10.1111/j.1750-3841.2009.01318.x.

1013 [51] Mandala, I. G.; Daouaher, M. Effect of Addition of Low Sugar Raisins (LSR) on 

1014 Physical Properties of Cakes during Storage. J. Food Process Eng., 2004, 27 (4), 

1015 229–245. https://doi.org/10.1111/j.1745-4530.2004.00375.x.

1016 [52] Barden, L.; Decker, E. A. Lipid Oxidation in Low-Moisture Food: A Review. 

1017 Crit. Rev. Food Sci. Nutr., 2016, 56 (15), 2467–2482. 

1018 https://doi.org/10.1080/10408398.2013.848833.

1019 [53] Kong, F.; Singh, R. P. Chemical Deterioration and Physical Instability of Foods 

1020 and Beverages. In Food and beverage stability and shelf life; Kilcast, D., 

1021 Subramaniam, P., Eds.; Woodhead Publishing Limited, 2011; pp 29–62. 

1022 https://doi.org/10.1533/9780857092540.1.29.

1023 [54] Kilara, A.; Sengupta, T. Multi-Textured Foods. In Food Texture Design and 

1024 Optimization; Y.L. Dar, J. M. L., Ed.; John Wiley & Sons, Ltd, 2014; pp 159–

1025 221. https://doi.org/https://doi.org/10.1002/9781118765616.ch8.

1026 [55] Fontana Jr., A. J. Appendix D: Minimum Water Activity Limits for Growth of 

1027 Microorganisms. In Water Activity in Foods; 2007; p 405. 

1028 https://doi.org/https://doi.org/10.1002/9780470376454.app4.

1029 [56] Beuchat, L. R.; Mann, D. A. Survival of Salmonella in Cookie and Cracker 

1030 Sandwiches Containing Inoculated, Low–Water Activity Fillings. J. Food Prot., 

1031 2015, 78 (10), 1828–1834. https://doi.org/10.4315/0362-028X.JFP-15-142.

1032 [57] Del Nobile, M. A.; Muratore, G.; Conte, A.; Incoronato, A. L.; Panza, O. An 

1033 Integrated Approach to Extend the Shelf Life of a Composite Pastry Product 

1034 (Cannoli). J. Food Prot., 2009, 72 (12), 2553–2560. 

1035 https://doi.org/10.4315/0362-028X-72.12.2553.

Page 43 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

17

Page 54 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 54 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

44

1036 [58] Park, S. K.; Bae, D. H. Antimicrobial Properties of Wheat Gluten-Chitosan 

1037 Composite Film in Intermediate-Moisture Food Systems. Food Sci. Biotechnol., 

1038 2006, 15 (1), 133–137.

1039 [59] Rivera, J.; Shivaprasad, D. P.; Sabillón, L.; Siliveru, K. Enteric Pathogen 

1040 Survival, Food Safety Incidents, and Potential Mitigation  Strategies to Address 

1041 Microbial Contamination in Wheat-Based Foods: A Review. Crit. Rev. Food Sci. 

1042 Nutr., 2025, 65 (23), 4476–4487. 

1043 https://doi.org/10.1080/10408398.2024.2387766.

1044 [60] Roca, E.; Guillard, V.; Guilbert, S.; Gontard, N. Moisture Migration in a Cereal 

1045 Composite Food at High Water Activity: Effects of Initial Porosity and Fat 

1046 Content. J. Cereal Sci., 2006, 43 (2), 144–151. 

1047 https://doi.org/10.1016/j.jcs.2005.08.008.

1048 [61] Roca, E.; Adeline, D.; Guillard, V.; Guilbert, S.; Gontard, N. Shelf Life and 

1049 Moisture Transfer Predictions in a Composite Food Product: Impact of 

1050 Preservation Techniques. Int. J. Food Eng., 2008, 4 (4). 

1051 https://doi.org/10.2202/1556-3758.1336.

1052 [62] Barrett, A.; Sajjad, U.; Kaletunç, G. Z. Effect of Bread Crumb Structure and 

1053 Composition on Rate of Moisture Sorption in Sandwich Composites. J. Food 

1054 Process. Preserv., 2010, 34 (3), 460–475.

1055 [63] Hao, F.; Lu, L.; Ge, C. Effect of Fat Content on Water Sorption Properties of 

1056 Biscuits Studied by Nuclear Magnetic Resonance. J. Food Nutr. Res., 2014, 2 

1057 (11), 814–818. https://doi.org/10.12691/jfnr-2-11-9.

1058 [64] Babu, A. S.; Parimalavalli, R. Impact of the Addition of RS-III Prepared from 

1059 Sweet Potato Starch on the Quality of Bread. J. Food Meas. Charact., 2017, 11 

1060 (3), 956–964. https://doi.org/10.1007/s11694-017-9469-6.

Page 44 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

28

41

Page 55 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 55 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

45

1061 [65] Esveld, D. C.; Van Der Sman, R. G. M.; Witek, M. M.; Windt, C. W.; Van As, 

1062 H.; Van Duynhoven, J. P. M.; Meinders, M. B. J. Effect of Morphology on Water 

1063 Sorption in Cellular Solid Foods. Part II: Sorption in Cereal Crackers. J. Food 

1064 Eng., 2012, 109 (2), 311–320. https://doi.org/10.1016/j.jfoodeng.2011.08.023.

1065 [66] Bravin, B.; Peressini, D.; Sensidoni, A. Development and Application of 

1066 Polysaccharide–Lipid Edible Coating to Extend Shelf-Life of Dry Bakery 

1067 Products. J. Food Eng., 2006, 76 (3), 280–290. 

1068 https://doi.org/10.1016/j.jfoodeng.2005.05.021.

1069 [67] Jeya Jeevahan, J.; Chandrasekaran, M.; Venkatesan, S. P.; Sriram, V.; Britto 

1070 Joseph, G.; Mageshwaran, G.; Durairaj, R. B. Scaling up Difficulties and 

1071 Commercial Aspects of Edible Films for Food Packaging: A Review. Trends 

1072 Food Sci. Technol., 2020, 100, 210–222. 

1073 https://doi.org/https://doi.org/10.1016/j.tifs.2020.04.014.

1074 [68] Kumar, N.; Pratibha; Prasad, J.; Yadav, A.; Upadhyay, A.; Neeraj; Shukla, S.; 

1075 Petkoska, A. T.; Heena; Suri, S.; et al. Recent Trends in Edible Packaging for 

1076 Food Applications — Perspective for the Future. Food Eng. Rev., 2023, 15 (4), 

1077 718–747. https://doi.org/10.1007/s12393-023-09358-y.

1078 [69] Gray, J. A.; Bemiller, J. N. Bread Staling: Molecular Basis and Control. Compr. 

1079 Rev. Food Sci. Food Saf., 2003, 2 (1), 1–21. 

1080 https://doi.org/https://doi.org/10.1111/j.1541-4337.2003.tb00011.x.

1081

Page 45 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

13

18

40

Page 56 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 56 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

46

1082 Table 1. Moisture migration models for multi-domain bakery products

Type of 

Models

Conditions / Assumptions Validated on References

Model 1 ● Model for a 2-component food system 

placed side-by-side with the origin x-

axis at the interface

● aw equilibrium reached instantaneously

● 2 different cases: Non-rate limiting wet 

component and Rate limiting wet 

component

● Sorption isotherm uses Ferro-Fontan 

equation

Sponge-cake + 

agar gel & cheese 

filling. Result: The 

model is suitable 

for predicting 

moisture 

migration between 

the sponge cake 

and agar gel, 

sufficiently 

accurate in 

predicting 

moisture transfer; 

slightly 

underestimated the 

experimental data 

(cheese+sponge 

cake) near the 

interface

[38]

Page 46 of 66

URL: http:/mc.manuscriptcentral.com/lfri  Email: LFRI-peerreview@journals.tandf.co.uk

Food Reviews International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Page 57 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563

Page 57 of 77 - Integrity Submission Submission ID trn:oid:::28973:123986563



For Peer Review Only

47

Type of 

Models

Conditions / Assumptions Validated on References

Model 2 ● Adapt the 2-component food model by 

Guillard et al., [38] to consider the 

presence of an edible barrier at the 

interface

● Model for a 3-component food system 

placed side-by-side

● aw equilibrium reached instantaneously

● Non-rate limiting wet component, rate-

limiting barrier, and dry component

● The dry component is initially at a 

uniform concentration, and no moisture 

gradient exists at the end of the dry 

component

● Sorption isotherm uses Ferro-Fontan 

equation

Sponge-cake + 

edible film 

(Acetylated 

Monoglycerides, 

dark chocolate, 

wheat gluten) + 

agar gel. Result: 

The model can 

predict the local 

moisture content 

of the three-

component food 

system. 

[41]
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Type of 

Models

Conditions / Assumptions Validated on References

Model 3 ● Modify the 2-component food model 

[38] to consider the presence of an air 

gap of varying thickness.

● The model is composed of 3 finite 

cylindrical components placed in 

contact with each other

● The steady-state regime for vapor 

diffusion in the air gap was reached 

instantaneously

● aw at the interface is reached 

instantaneously 

● Wet components are non-rate limiting

● Sorption isotherm uses Ferro-Fontan 

equation

Sponge-cake + 

agar gel. Result: 

The simulated 

moisture profile of 

the sponge cake 

exhibited good 

agreement with 

the experimental 

data; a slight 

inaccuracy was 

observed at the 

agar gel near the 

interface.

[35]
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Type of 

Models

Conditions / Assumptions Validated on References

Model 4 ● Moisture migration model for a 2-

component food system in permeable 

packaging based on Ficks and Henry’s 

law

● Assumed homogeneous and isotropic 

food with unidirectional water diffusion 

between components. 

● Assumed instantaneous moisture 

equilibrium between the surface of the 

biscuit and the surrounding

● Assumed wet components have 

constant aw and aw at the interface of the 

dry and wet components were always in 

equilibrium

● Assumed that all water vapor from 

outside is absorbed by the dry 

components.

● Assumed the food components are in 

perfect contact and there is negligible 

external resistance to mass transference 

in the medium air

● Assumed that the product quality is 

determined by the dry component and 

critical moisture content is low 

Biscuit + pork & 

hawthorn sheet. 

Result: The model 

exhibited a good 

fit to the 

experimental 

results at time 

lower than 5 

hours. However, 

at above 5 hours it 

slightly 

overestimated the 

moisture content 

of the biscuits.

[34]
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Type of 

Models

Conditions / Assumptions Validated on References

Model 5 ● Moisture migration model on a 2-

component food system with imperfect 

contact conditions

● The model is developed based on a 

porous media framework, with the 

chicken and bread considered as a 

porous medium

● Assumed that all phases in the system 

(solid, liquid, and gas) are in continuum

● Assumed that the vapor pressure at the 

interfaces reached equilibrium 

instantaneously

● Any material deformation due to drying 

during storage are neglected

● Effects of gravity are ignored

● The ideal gas law applies to the gasses 

in the system

● Developed pressures because of 

evaporation are assumed insignificant, 

or the system maintains atmospheric 

conditions

Bread + chicken. 

Result: The model 

was in a good 

agreement with 

experimental data. 

There were 

discrepancies in 

the time to reach 

equilibrium, 

equilibrium 

moisture content, 

and equilibrium 

aw. It slightly 

underestimated the 

amount of water 

loss by the 

chicken and the 

gain by the bread

[5]
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Type of 

Models

Conditions / Assumptions Validated on References

Model 6 ● Moisture migration model for wet-dry 

component placed side-by-side 

● Model is made based on previous study 

[38]

● Uses Finite Element Method (FEM) to 

solve the moisture migration

● aw equilibrium at the interface is 

reached instantaneously

Biscuit + 

hawthorn sheet & 

agar gel. Result: 

Satisfactory 

correlation 

between the model 

and experimental 

data. The 

simulated 

moisture content 

exhibited good 

agreement with 

the experimental 

results

[8]
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Models

Conditions / Assumptions Validated on References

Model 7 ● Create a moisture migration model for 

2 component food systems with 

different contact conditions based on 

Fick’s second law

● Full Contact, No Contact, Partial 

contact

● Diffusion is unidirectional

● aw at the interface are reached 

instantaneously

● Impermeable packaging conditions

● The partial contact conditions are 

predicted using a combination of Xfull 

and Xnon

Cookie + agar gel. 

Result: The model 

accurately 

predicted the 

moisture content 

changes in diverse 

three contact 

conditions.

[14]
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1085 Table 2. Potential transformations due to moisture migration in multi-domain bakery 

1086 products

Changes Categories Possible Changes

Physical Changes Dry Component (Bakery Products):

● Softening, loss of firmness, or sogginess of the dry component [15, 37, 

43, 44]

● Loss of crispness in low aw bakery products [24, 48]

● Swelling of particles within the products [27, 49] resulting in reduced 

porosity

● Changes in density [38] due to weight redistribution and volume 

changes

Wet Component (Filling):

● Crystallization of  sugars within fillings [33]

Chemical Changes ● Increase in lipid oxidation rate above monolayer moisture content 

[33]

● Possible effects of non-enzymatic browning [33]

Microbiological 

Changes

● The increase in aw above growth limit can promote microbial 

growth. The minimum aw values for the growth of spoilage 

microorganisms[42, 55] are 0.60 – 0.70 for osmophilic yeasts, 

xerophilic molds, 0.80 – 0.90 for molds and yeasts, and 0.90 for 

bacteria

1087
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1088 Table 3. Prevention of moisture migration towards the shelf life of multi-domain bakery 

1089 products

No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

Low aw Bakery Products (aw<0.6)
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

a Thin, Porous 

Dry Biscuit (aw 

0.11) - Agar Gel 

(aw 0.99, 0.75, 

0.7, 0.6, 0.5) & 

Concentrated 

Strawberry Jam 

(aw 0.64)

1. Reduction in agar gel aw 

by humectant addition 

(FRUCTOR)

2. Application of an edible 

film from a commercial 

blend of white beeswax 

and Acetic Acid Ester of 

Mono- & Diglycerides 

(Wax/ACETEM) 

between the dry and wet 

component

1. Shelf lifea:

a. 0.11-0.99 aw 

System: 0.11 hours

b. 0.11-0.75 aw 

System: 2 hours

c. 0.11-0.70 aw 

System: 3 hours

d. 0.11-0.64b aw 

system: 4 hours

e. 0.11-0.60 aw 

system: 7 hours

f. 0.11-0.50 aw 

system: 43 hours

2. Shelf lifea:

a. 0.11-0.99 aw 

system: 300 hours

b. 0.11-0.75 aw 

system: 320 hours

c. 0.11-0.60 aw 

system: 1010 hours

[29]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

b Short dough 

sweet cookie (aw 

0.23) - Agar gel 

(aw 0.999) & 

Concentrated 

strawberry jam 

(aw 0.64)

1. Use of a lower aw wet 

component (aw 0.99 to 

0.64)

2. Addition of fat in the 

cookie formulation 

(0.34, 0.47, 0.53 g fat / 

d.b.)

3. Application of a sprayed 

edible barrier 

(Commercial blend of 

white beeswax and 

Acetic Ester of Mono- 

and Diglycerides or 

Wax-ACETEM) on the 

surface of the cookie

1. Shelf lifec:

a. 0.23-0.99 aw 

system (no fat, 

untreated): <1 day

b. 0.23-0.64 aw 

system (no fat, 

untreated): 6 days

2. Shelf lifec:

a. High-fat cookie 

(0.53 g fat / d.b.): 8 

days

3. Shelf lifec:

a. Barrier treated 

cookie: 14 days

[61]

c Dry Biscuit (aw 

0.18) - Agar 

gels (aw 0.90)

Application of an 

Acetylated Monoglyceride 

film (TSED619) between 

the dry and wet component

Shelf lifed:

a. Control cookie: a 

few hours

b. With edible film 

(316.1±14.5μm): > 

3 days

[26]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

d Dry Biscuit - 

Agar Gel (aw 

0.75)

1. Application of nine 

lipid-based edible 

barriers (white 

chocolate, milk 

chocolate, dark 

chocolate, white 

beeswax, two 

commercial blend of 

white beeswax and 

Acetic Acid Ester of 

Mono- and Diglycerides 

[ACETEM 1 & 

ACETEM 2], Acetylated 

Monopalmitine [AMP], 

two commercial fat 

barriers based on 

hydrogenated and 

fractionated vegetable 

fat (Barrier fat 1 & 

Barrier fat 2) with the 

thickness of ±300 μm 

between the dry and wet 

components. 

2. Variations of film 

thickness for several 

barriers

1. Shelf lifea:

a. Control: <2 hours

b. White chocolate 

(310 μm): 40 hours

c. Milk chocolate 

(327 μm): 35 hours

d. Dark chocolate 

(330 μm): 40 hours

e. AMP (333 μm): 

107 hours

f. Wax/ACETEM 1 

(278 μm): 101 

hours

g. Wax/ACETEM 2 

(270 μm): 330 

hours

h. White beeswax 

(272 μm): 320 

hours

i. Barrier Fat 1 (275 

μm): 42 hours

j. Barrier Fat 2 (376 

μm): 50 hours

2. Shelf lifea:

a. Milk chocolate 

(656 μm): 87 hours

b. Wax/ACETEM: 2 

(477 μm): 580 

hours

c. Wax/ACETEM 2 

(697 μm): 870 

hours

[29]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

Intermediate to High aw Bakery Products (aw>0.6)

e Cannoli - 

Ricotta Based 

Filling

Use of a Zein based coating 

(1, 2, and 3 layers) to coat 

the inside of the cannoli, an 

antimicrobial compound in 

the filling,

Shelf lifee:

a. Control A (No 

coating and 

antimicrobial 

compound, pack 1 

packaging): 

1.65±0.501 days

b. Treated A (pack 1 

packaging): 

3.29±0.293 days

c. Control B (No 

coating and 

antimicrobial 

compound, pack 2 

packagings): 

1.48±0.256 days

d. Treated B (pack 2 

packaging): 

4.82±0.401 days

[57]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

f White Pan 

Bread (aw 0.88) 

- Processed 

Cheese (aw 0.92)

1. Bread structure 

modification by yeast 

content (1%, 3%, 6%) 

and proofing time

2. Adjustment in bread oil 

content (0%, 5%, 10%, 

15%)

3. Increase in bread crumb 

crystallinity by resistant 

starch (0%, 5%, 10%) 

addition to replace flour

4. Increase in bread crumb 

intermolecular 

interaction by gluten 

(0%, 5%, 10%) addition 

1. An increase in bulk 

density (porosity 

reduction) reduces 

moisture sorption by 

the bread

2. An increase in oil 

content significantly 

reduce added 

moisture and total 

moisture absorbed

3. The highest resistant 

starch content (20%) 

primarily shows 

significant moisture 

sorption reduction, up 

to half the no-added-

starch sample (0%)

4. An increase in gluten 

content promotes 

moisture migration 

into the bread

[45]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

g Sponge Cake 

(aw 0.85) - Agar 

gel (aw 0.99)

1. Reduction in sponge 

cake porosity (67% and 

52%) by reduced beating 

time

2. Addition of fat in the 

sponge cake (0 and 0.30 

g/g d.b.)

1. Shelf lifef:

a. 67% porosity 

sponge cake: 2.2 

days

b. 52% porosity 

sponge cake: 4.7 

days

2. Shelf lifef:

a. 0 g/g d.b. fat 

content sponge 

cake (67% 

porosity): 2.2 days

b. 0.30 g/g d.b. fat 

content sponge 

cake (65% 

porosity): 4.2 days

[60]
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No

Components/RH 

difference 

between 

components

Prevention method applied
Results/Shelf life 

extension
References

h Sponge cake (aw 

0.84) - Agar gel 

(aw 0.99)

1. Application of two 

Acetylated 

Monoglyceride films 

(ACETEM 50.00 & 

TSED619) between the 

dry and wet component 

2. Modification of storage 

temperatures (5℃ & 

35℃)

3. The combined effect of 

edible barrier and 

storage temperature

4. Effect of fluctuating 

temperature (5℃-20℃-

35℃)

1. Shelf life (20℃)g:

a. No film: 6 hours

b. ACETEM film: 6 

days

c. TSED619 film: 9 

days

2. Shelf life (No film)g:

a. 5℃ storage: 1 day

b. 20℃ storage: 6 

hours

3. Shelf lifeg:

a. ACETEM at 5℃: 

>15 days

b. TSED619 at 5℃: 

>15 days

c. ACETEM at 35℃: 

1.5 day

d. TSED619 at 35℃: 

Not measuredh

4. Shelf lifeg:

a. No film: 10 hours

b. ACETEM film: 4.3 

days

c. TSED619 film: 5.5 

days

[40]
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1090

1091 aTime to reach critical aw of 0.4 (20℃) based on sensory quality

1092 bConcentrated jam wet component, other variable uses agar gels as the wet component

1093 cTime to reach 5g/100g w.b. critical moisture content based on texture

1094 dTime to reach 10% w.b. critical moisture content based on texture

1095 eShelf life based on microbial quality threshold

1096 fTime to reach critical aw of 0.92 based on texture, results are simulated based on models with 

1097 input parameters from experimental results

1098 gTime to reach critical aw of 0.87 or critical moisture content of 30g/100g w.b. based on yeast 

1099 growth limit

1100 hDue to the low melting point of TSED619 (30℃)

1101
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1102 Table 4. Strength and weakness of moisture migration prevention method in multi-

1103 domain bakery products

Prevention 

Method

Strength Weakness

Reduction in 

aw difference 

(addition of 

humectants in 

the wet 

component)

Maintain the soft texture of 

the wet component [33] and 

reduce the effective moisture 

diffusivity [29]  

● Humectants can cause unwanted 

flavor changes [33]

● Humectants can negatively impact 

textural properties [42]

● Limited by the toxicity of the aw 

lowering substance[33]

● Possible effect on chemical 

reactions[33]

● May cause the need for complete 

reformulation to reach the desired 

aw reduction[61]
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Prevention 

Method

Strength Weakness

Increase in 

fat content

Fat globules hinder moisture 

migration and reduce the 

effective moisture 

diffusivity[61]

● Significant addition of fat is needed 

to obtain a significant extension in 

shelf life[61]

● Technological and sensory 

limitations, as high-fat content, can 

cause changes in texture (such as 

loss in crispiness and sandy texture 

in cookies)[61]

● Can negatively impact nutritional 

value if used at large amount [61]

Reduction in 

porosity

● Can be performed 

relatively easily without 

significant changes to the 

formulation/processing 

method

● Will result in a denser product[45], 

which may impact consumer’s 

sensory acceptance
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Prevention 

Method

Strength Weakness

Application 

of an edible 

barrier

● Significantly higher 

extension in shelf life than 

other prevention methods 

(i.e. reduction in aw 

difference and increase in 

fat content) [29, 61]

● May have a lower impact 

on nutritional value than 

other prevention methods, 

i.e. fat addition [61]

● Can slow microbial 

growth by addition of 

natural antimicrobial in 

the barrier [58]

● Can improve components 

adherence [15]

● May have an impact on consumers 

sensory perception, especially in 

thick barriers [61]

● A fat-based edible barrier may 

impart a greasy texture [15, 61]

● May cause separation from 

components that negatively affect 

consumer’s sensory experience [15]

● Fluctuation in temperature may 

affect barrier efficiency and/or 

permanently damage the barrier [40]

● Defects on the barrier’s structure 

can significantly reduce the 

barrier’s effectiveness [29]

Reduction in 

storage 

temperature

● Can be used in 

combination with other 

prevention methods

● May cause faster deterioration of 

bakery product’s quality[35] 

1104 Figure caption

1105 Figure 1. Mechanism of moisture migration in multi domain bakery products
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