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https://susy.mdpi.com/user/manuscripts/review_info/d2a205ec74661eb0dbfeb3de68f58a43

Best regards,
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Email:chenxi.wei@mdpi.com

If you are interested in reviewing articles for our journals, please fill in
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Dear Dr. Khasanah,
Thank you again for your manuscript submission:
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Your manuscript has now been reviewed by experts in the field. Please find
your manuscript with the referee reports at this link:

https://susy.mdpi.com/user/manuscripts/resubmit/d2a205ec74661eb0dbfeb3de68f58a43

Please revise the manuscript according to the referees' comments and upload
the revised file within 10 days.

Please use the version of your manuscript found at the above link for your
revisions.

(I) Please check that all references are relevant to the contents of the
manuscript.

(I1) Any revisions to the manuscript should be marked up using the “Track
Changes” function if you are using MS Word/LaTeX, such that any changes can
be easily viewed by the editors and reviewers.

(1) Please provide a cover letter to explain, point by point, the details

of the revisions to the manuscript and your responses to the referees’
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comments.

(IV) If you found it impossible to address certain comments in the review
reports, please include an explanation in your rebuttal.

(V) The revised version will be sent to the editors and reviewers.

If one of the referees has suggested that your manuscript should undergo
extensive English revisions, please address this issue during revision. We
propose that you use one of the editing services listed at
https://www.mdpi.com/authors/english or have your manuscript checked by a
native English-speaking colleague.

Do not hesitate to contact us if you have any questions regarding the
revision of your manuscript. We look forward to hearing from you soon.

Kind regards,

Alex Wei

Assistant Editor
Email:chenxi.wei@mdpi.com

If you are interested in reviewing articles for our journals, please fill in
your information at the following link:
https://susy.mdpi.com/volunteer_reviewer/step/1

Ms. Alex Wei
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Komentar Reviewer (dari system/web jurnal),
Manuscript ID: ChemEngineering-1828050
Reviewer 1

Open Review
() lwould not like to sign my review report
(x) lwould like to sign my review report
English language and style
() Extensive editing of English language and style required
(x) Moderate English changes required
( ) English language and style are fine/minor spell check required
()

| don't feel qualified to judge about the English language and style

Can be Must be Not
Yes improved | improved | applicable

Does the introduction provide
sufficient background and include () (x) () ()
all relevant references?

Are all the cited references
relevant to the research?

Is the research design
appropriate?

Are the methods adequately
described?

Comments and Suggestions for Authors

The authors have presented the use of imprinted zeolite electrode for detection of blood glucose.
They recommend this methodology for routine analysis of blood glucose in the medical industry. They
have published a similar idea in Indonesian Journal of Chemistry in June 2020. The idea is apparently
not intended for non-invasive glucose detection.

The following is a list of discovered issues which should be corrected before publication:

1) In the introduction section, the last paragraph that reads "The introduction should briefly place the
study in a broad context and highlight ......... for further details on references.” should be removed.

2) In the introduction section, | found it very hard to read the last sentence of the 4th paragraph. How
about breaking it into multiple statements? Also, Also, the authors should explain how avoidance of
swelling can lead to increase in sensitivity and selectivity:

"The suitability of the IZ pore size with the glucose molecule.....makes it not prone to experience
swelling in water so that it can provide high sensitivity and selectivity in detecting glucose."

3) Figure 4 of this article and Figure 1 of your previously published paper in Indonesian Journal of
Chemistry [1] are almost identical. Strictly, this can be considered as a figure plagiarism. The authors
should either further modify Figure 4, or indicate clearly in the caption that Figure 4 was reproduced
from [1].

4) The results and discussion section is Section 3. The conclusion is Section 5. Where is Section 4?

5) In the PDF version of the manuscript available for peer review, Column 1 of Table 1 was filled with
line numbers. | am not sure if this would potentially affect the published version.



6) In Figure 6, the yellow and grey curves have not been labelled.
7) Can the authors give more explanation for Figure 8?

8) | have read the authors' previously published paper in Indonesian Journal of Chemistry [1]. It is
unclear what the major innovations in this paper are. ldeally, the authors should come up with a list of
novelties in the introduction section.

References

[1] Khasanah, M.; Widati, A.A.; Handajani, U.S.; Harsini, M.; limiah, B.; Oktavia, I.D. Imprinted Zeolite
Modified Carbon Paste 575 Electrode as a Selective Sensor for Blood Glucose Analysis by
Potentiometry. Indones. J. Chem. 2020, vol 20, pp 1301-1310
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Date of this review
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Reviewer 2

() lwould not like to sign my review report
(x) lwould like to sign my review report

Moderate English changes required

—~ e~~~
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Extensive editing of English language and style required

English language and style are fine/minor spell check required
| don't feel qualified to judge about the English language and style

English language and style

Open Review

results?

Yes Can be Must be Not
improved | improved |applicable
Does the introduction provide sufficient
background and include all relevant () (%) () ()
references?
Are all the cited references relevant to
(%) () () ()
the research?
Is the research design appropriate? (x) () () ()
Are the methods adequately described? () (x) () ()
Are the results clearly presented? () (x) () ()
Are the conclusions supported by the () () (%) ()

Comments and Suggestions for Authors

The manuscript by Miratul Khasanah, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura, and
Eka Yunicha Sari has detailed the experimental setup to demonstrate that imprinted Zeolite X based
Sensor can be used for non-enzymatic detection of blood glucose by potentiometry. This was confirmed
by testing the electrode response time in a glucose solution at 0.0004-0.01 M concentration range. In
summary, the contributions in this work can be separated into two separate topics, which consist of (1)
synthesis of an imprinted zeolite X based Sensor and (2) evaluation of the performance characteristic
of the above Sensor. However, the manuscript is not very well written although the results are carefully
presented. Therefore, the authors are encouraged to address the following editorial issues.

For lines 44-45, the authors should consider replacing the word “disturbed” with “complicated”.

For lines 52-54, the authors should consider revising the two sentences for clarity.

For lines 50, the authors should consider defining the term “I1Z” the first time it appears and retain the

initialisation throughout the manuscript.

For lines 87-95, the authors should consider replacing or deleting the entire paragraph it is appears to

be instructions cut and pasted.

For lines 317-321, 335-338 and 354-359 the authors should consider revising the sentence
construction for clarity and to remove repetition.



6) For Figure 6, please include legends to indicate the degree of variation of electrode potential with
glucose concentration.

7) The authors should consider revising the sentence construction of lines 371-374 for clarity.
8) For line 378, the authors should consider replacing the word “greater” with “higher”.

9) For lines 393-396, the authors should consider revising the sentence construction for clarity.
10) For lines 407-411, the authors should consider revising the sentence construction for clarity.
11) For lines 427-430, the authors should consider revising the sentence construction for clarity.
12) For lines 443-451, the authors should consider revising the sentence construction for clarity.

13) For line 498, the authors should consider revising the title to remove the term "results" as this is part of
the result section.

14) The authors are encouraged to include a discussion part that is very well thought out and provides depth
analysis of the presented results.

15) The authors should consider revising the conclusion to provide sharp focus to the manuscript.

16) The authors should consider revising the manuscript so that there is consistent referencing style.

Submission Date
06 July 2022
Date of this review
21 Jul 2022 10:19:32



Reviewer 3

Open Review

(x) lwould not like to sign my review report
( ) lwould like to sign my review report

English language and style
() Extensive editing of English language and style required
(x) Moderate English changes required
() English language and style are fine/minor spell check required
() ldon'tfeel qualified to judge about the English language and style

Can be Must be Not
Yes improved improved |applicable

Does the introduction provide
sufficient background and include all () () (%) ()
relevant references?

Are all the cited references relevant to

the research? ¢) () ¢) )

66Is the research design appropriate? (%) () () ()
Are the methods adequately

described? () ¢ ¢ ¢

Are the results clearly presented? () (x) () ()

Are the conclusions supported by the
results?

Comments and Suggestions for Authors

This work aimed at detecting blood glucose concentration via Zeolite X-based sensors. They studied
the material properties, working mechanism and device performance. Overall, | think this manuscript
presented an effective method for future glucose detection. However, the research background in
their introduction part is weak and insufficient, and must be improved. In addition, the following issues
should be addressed before being accepted.

-page 2, line 84. Chemical formula should be corrected, such as Al,Os, not Al203 as presented in
their manuscript. Please correct them all.

-page 2, line 87-95. This paragraph should be removed before submission.

-The authors should demonstrate the structure of Zeolite X, as well as other types of Zeolite as a new
figure to provide direct information.

-Previous works on Zeolite X, as well as the main problem/obstacle of this strategy must be
discussed. Please include them.

-For non-enzymatic glucose detection, there are some other alternate strategies that the authors may
need to introduce. Some nice references are also recommended to be cited, such as
https://doi.org/10.1021/acs.analchem.0c02218, https://doi.org/10.3390/cryst10030186.

-page 5. Standard XRD pattern should also be added in Figure 2 to make better comparison. In
addition, what is the impurity in the sample?

-The format and quality of Figure 5 should be improved.
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RESPONS FOR REVIEWER’S REPORT

Manuscript ID : ChemEngineering-1828050

Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura,
Eka Yunicha Sari
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose

by Potentiometry

Dear Dr. Alex Wei,
Assistant Editor, ChemEngineering

We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow
the further process to publish in ChemEngineering

Response to Comments From Reviewer :

= FIRST REVIEWER

1. Reviewer’s comments : In the introduction section, the last paragraph that reads "The introduction
should briefly place the study in a broad context and highlight ......... for further details on references."
should be removed.

Response : Thank you for your correction. We have removed it.

2. Reviewer’s comments : In the introduction section, | found it very hard to read the last sentence of the
4th paragraph. How about breaking it into multiple statements? Also, Also, the authors should explain
how avoidance of swelling can lead to increase in sensitivity and selectivity:

"The suitability of the IZ pore size with the glucose molecule.....makes it not prone to experience
swelling in water so that it can provide high sensitivity and selectivity in detecting glucose."

Response : Thank you for your suggestion. In the revised manuscript, we have added the explaination
about the characteristics of zeolit, including the stability of zeolite toward swelling behaviour.

About the english language and style, we have repaired all of sentences by multiple breaking, avoid
repetition, etc. We apologize for this any inconvenience.

Location of response in revised manuscript : page 2, line 58-65.

3. Reviewer’s comments : Figure 4 of this article and Figure 1 of your previously published paper in
Indonesian Journal of Chemistry [1] are almost identical. Strictly, this can be considered as a figure
plagiarism. The authors should either further modify Figure 4, or indicate clearly in the caption that
Figure 4 was reproduced from [1].

Response : We appreciate for this suggestion. In the revised manuscript, there is a change the number of
figure. Consequently, Figure 1 change to be Figure 2 and Figure 4 become Figure 5. We cited our previous
publication in Indonesian Journal of Chemistry in the Figure 2. For the Figure 4, we redraw it to avoid
plagiarims issue.

Location of response in revised manuscript : page 4, line 151; page 7, line 258.

4, Reviewer’s comments : The results and discussion section is Section 3. The conclusion is Section 5.
Where is Section 4?

Response : The conclusion should be Section 4. Thank you.
Location of response in revised manuscript : page 13, line 448

5. Reviewer’s comments : In the PDF version of the manuscript available for peer review, Column 1 of
Table 1 was filled with line numbers. | am not sure if this would potentially affect the published version.



Response : Thank you. We have revised it.
6. Reviewer’s comments : In Figure 6, the yellow and grey curves have not been labelled.

Response : Now, Figure 6 change to be Figure 7. We have complete all of curves with label and error bar.
Thank you.
Location of response in revised manuscript : page 9, line 314

7. Reviewer’s comments : Can the authors give more explanation for Figure 8?

Response : We sincerely thank for the constructive comment. We have given more explanation about
adsorption to support the Figure 8 (Now this figure was numbered of 9). We explained about the
optimum of contact time of IZ and zeolit. The explanation also delivered about the reason why the
adsorption of IZ was higher than zeolite.

Location of response in revised manuscript : page 12, line 429-443

8. Reviewer’s comments : | have read the authors' previously published paper in Indonesian Journal of
Chemistry [1]. It is unclear what the major innovations in this paper are. Ideally, the authors should
come up with a list of novelties in the introduction section.

Response : We thank the reviewer for asking us to explain the novelty of this research in this manuscript.
The novelty of this research is the use of zeolite x as a modifier. The main idea of this manuscript is
zeolite x has bigger pore geometry than the another type of zeolite. The preparation of imprinted zeolite
involved the interaction was occurred between the O atom of Si-O-Al in zeolite with OH of glucose. The
larger pore geometry, the more the number of Si-O-Al, therefore zeolite with largest ring tend to serve
more active site to bind with glucose.

We have added this explanation in the Introduction part.

Location of response in revised manuscript : page 2, line 74-87

Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish
in ChemEngineering Thank you for your attention.
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Manuscript ID : ChemEngineering-1828050

Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura,
Eka Yunicha Sari
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose

by Potentiometry

Dear Dr. Alex Wei,
Assistant Editor, ChemEngineering

We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow
the further process to publish in ChemEngineering

Response to Comments From Reviewer :

= SECOND REVIEWER

1. Reviewer’s comments : For lines 44-45, the authors should consider replacing the word “disturbed”
with “complicated”.

Response : We have replaced it. Thank you.
Location of response in revised manuscript : page 2, line 45

2. Reviewer’s comments : For lines 52-54, the authors should consider revising the two sentences for
clarity.

Response : We appreciate for this correction. We have revised become one sentence and cited about 2
reference to strengthen the statement.
Location of response in revised manuscript : page 2, line 53-54

3. Reviewer’s comments : For lines 50, the authors should consider defining the term “IZ” the first time it
appears and retain the initialisation throughout the manuscript.

Response : Thank you for this correction, however, does the reviewer mean is line 59? We have insert the
term IZ in the first time it appears.
Location of response in revised manuscript : page 2, line 61

4. Reviewer's comments : For lines 87-95, the authors should consider replacing or deleting the entire
paragraph it is appears to be instructions cut and pasted.

Response : We have deleted this paragraphy. We apologize for this carelessness.

5. Reviewer’s comments : For lines 317-321, 335-338 and 354-359 the authors should consider revising
the sentence construction for clarity and to remove repetition.

Response : As suggested reviewer, we have revised them. We also revised all off sentences to avoid the
ambigous and unclear meaning through remove repetition and multiple breaking the sentences.
Location of response in revised manuscript : page 9-10, line 317-339

6. Reviewer’s comments : For Figure 6, please include legends to indicate the degree of variation of
electrode potential with glucose concentration.

Response : We thank for this correction. Now, Figure 6 change to be Figure 7 because we add one new
figure in the introduction part. We have added the legends and error bars in this figure to express the
number of used electrode



Location of response in revised manuscript : page 9, line 313

7. Reviewer’s comments : The authors should consider revising the sentence construction of lines 371-374
for clarity.

Response : We sincerely thank for this suggestion. We have revised the sentences.
Location of response in revised manuscript : page 9, line 273-280

8. Reviewer’s comments : For line 378, the authors should consider replacing the word “greater” with
“higher”.

Response : We have replaced it. Thank you.
Location of response in revised manuscript : page 9, line 326

9. Reviewer’'s comments : For lines 393-396, the authors should consider revising the sentence
construction for clarity.

Response : We have revised it. Thank you for this correction
Location of response in revised manuscript : page 9, line 330-339

10.Reviewer’s comments : For lines 407-411, the authors should consider revising the sentence
construction for clarity.

Response : Thank for this suggestion. We have revised it.
Location of response in revised manuscript : page 10, line 347-349

11.Reviewer’s comments : For lines 427-430, the authors should consider revising the sentence
construction for clarity.

Response : We appreciate for this suggestion. We have replaced the sentences with the new one.
Location of response in revised manuscript : page 11, line 369-372

12.Reviewer’s comments : For lines 443-451, the authors should consider revising the sentence
construction for clarity.

Response : We thank for this suggestion. We have revised it
Location of response in revised manuscript : page 10, line 382-388

13.Reviewer’s comments : For line 498, the authors should consider revising the title to remove the term
"results" as this is part of the result section.

Response : Thank for your correction. We have revised it. We also revised the title of 3.1 and 3.3 with no
term of “results”
Location of response in revised manuscript : page 12, line 403; page 6, line 217; page 8, line 286

14.Reviewer’s comments : The authors are encouraged to include a discussion part that is very well
thought out and provides depth analysis of the presented results.

Response : We have taken the reviewer’s suggestion and completed the discussion part with the depth
analysis. We marked it with blue color.

15.Reviewer’s comments : The authors should consider revising the conclusion to provide sharp focus to
the manuscript.

Response : We sincerely thank for the constructive comments. In the conclusion part, we added the
information the sample which performed the best features. Thank you.



Location of response in revised manuscript : page 13, line 449-457

16.Reviewer’s comments : The authors should consider revising the manuscript so that there is consistent

referencing style.
Response : We have revised the manucript including the reference style as journal’s guideline. Thank

you.

Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish
in ChemEngineering Thank you for your attention.
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Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura,
Eka Yunicha Sari
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose

by Potentiometry

Dear Dr. Alex Wei,
Assistant Editor, ChemEngineering

We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow
the further process to publish in ChemEngineering

Response to Comments From Reviewer :

e THIRD REVIEWER

1. Reviewer’s comments : This work aimed at detecting blood glucose concentration via Zeolite X-based
sensors. They studied the material properties, working mechanism and device performance. Overall, |
think this manuscript presented an effective method for future glucose detection. However, the
research background in their introduction part is weak and insufficient, and must be improved.

Response : We sincerely thank for the constructive comments. We have added the research background
including the main reason of choosing the zeolite X as a modifier of electrode,
Location of response in revised manuscript : page 2, line 74-85

2. Reviewer’s comments : page 2, line 84. Chemical formula should be corrected, such as Al,0Os, not Al203
as presented in their manuscript. Please correct them all.
Response : We appreciate for this correction. We have corrected them all. We marked them with blue
color.

3. Reviewer’s comments : page 2, line 87-95. This paragraph should be removed before submission.
Response : We apologise for this carelessness. We have removed it.

4, Reviewer’s comments : The authors should demonstrate the structure of Zeolite X, as well as other
types of Zeolite as a new figure to provide direct information.

Response : We thank for this suggestion. We have added the structure of zeolite X, LTA, and TS-1 in
Figure 1. We also described the character of zeolite X in the text. We compared zeolite x with zeolite LTA
and TS-1 because we had report about the performance of modified electrode using them. We also
demonstrated the pore structure of zeolite X, LTA, and TS-1 in Figure 1.

Location of response in revised manuscript : page 2-3, line 76-94

5. Reviewer’s comments : Previous works on Zeolite X, as well as the main problem/obstacle of this
strategy must be discussed. Please include them.

Response : We sincerely appreciate with this suggestion. The development of zeolite x as a modifier
electrode through template/imprinted technique has not been reported yet. As a modifier electrode,
many researcher used the approach of cation exchange. We have explain this in the introduction part.
Location of response in revised manuscript : page 1, line 85



7. Reviewer’s comments : For non-enzymatic glucose detection, there are some other alternate strategies
that the authors may need to introduce. Some nice references are also recommended to be cited, such
as https://doi.org/10.1021/acs.analchem.0c02218, https://doi.org/10.3390/cryst10030186.

Response : Thank for your valuable information. We added this reference on number of 10 and 11

8. Reviewer’s comments : page 5. Standard XRD pattern should also be added in Figure 2 to make better
comparison. In addition, what is the impurity in the sample?

Response : We have compiled our diffractogram with (joint committee on powder diffraction) JCPDS of
zeolite X standard. The impurity of this sample are zeolite P. Preparation of zeolite X was involved the
transformation phase of zeolite P to zeolite X, so that in the certain conditions, the mixture of zeolite p
and zeolite x was yielded.

Location of response in revised manuscript : page 5-6, line 197-209

9. Reviewer’s comments : The format and quality of Figure 5 should be improved.

Response : We appreciate for this correction. In the revised manuscript, figure 5 changed to be Figure 6.
We have make a new format of this figure and tried increase the quality of image.
Location of response in revised manuscript : page 8, line 288

Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish
in ChemEngineering Thank you for your attention.
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<ekayunichasari@gmail.com>

Dear Dr. Khasanah,

Thank you very much for resubmitting the modified version of the following
manuscript:

Manuscript ID: ChemEngineering-1828050

Type of manuscript: Article

Title: Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood
Glucose by Potentiometry

Authors: Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin
Mastura, Eka Yunicha Sari

Received: 6 July 2022
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usreg-s-h@fst.unair.ac.id, akshin.mastura-2016@fst.unair.ac.id,
ekayunichasari@gmail.com
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A member of the editorial office will be in touch with you soon regarding
progress of the manuscript.

Kind regards,

ChemEngineering Editorial Office

Postfach, CH-4020 Basel, Switzerland

Office: St. Alban-Anlage 66, CH-4052 Basel

Tel. +41 61 683 77 34 (office)

E-mail: chemengineering@mdpi.com
https://www.mdpi.com/journal/ChemEngineering/
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<ekayunichasari@gmail.com>, ChemEngineering Editorial Office <chemengineering@mdpi.com>

Dear Dr. Khasanah,
Thank you very much for providing the revised version of your paper:

Manuscript ID: ChemEngineering-1828050

Type of manuscript: Article

Title: Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood
Glucose by Potentiometry

Authors: Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin
Mastura, Eka Yunicha Sari

Received: 6 July 2022

E-mails: miratul-k@fst.unair.ac.id, alfaakustia@fst.unair.ac.id,
usreg-s-h@fst.unair.ac.id, akshin.mastura-2016@fst.unair.ac.id,
ekayunichasari@gmail.com

https://susy.mdpi.com/user/manuscripts/review_info/d2a205ec74661eb0dbfeb3de68f58a43

We will continue processing your paper and will keep you informed about the
status of your submission.

Kind regards,

Alex Wei

Assistant Editor
Email:chenxi.wei@mdpi.com

If you are interested in reviewing articles for our journals, please fill in
your information at the following link:
https://susy.mdpi.com/volunteer_reviewer/step/1

Ms. Alex Wei
MDPI Branch Office, Room 201,
Building No. 4, Zijin Digital Park, No. 18,

https://mail.google.com/mail/u/1/?ik=81d8372f19&view=pt&search=all&permmsgid=msg-f: 1742462209036044048&simpl=msg-f:1742462209036044048 12


mailto:miratul-k@fst.unair.ac.id
mailto:alfaakustia@fst.unair.ac.id
mailto:usreg-s-h@fst.unair.ac.id
mailto:akshin.mastura-2016@fst.unair.ac.id
mailto:ekayunichasari@gmail.com
https://susy.mdpi.com/user/manuscripts/review_info/d2a205ec74661eb0dbfeb3de68f58a43
mailto:Email%3Achenxi.wei@mdpi.com
https://susy.mdpi.com/volunteer_reviewer/step/1

5/22/23, 9:01 PM Airlangga University Mail - [ChemEngineering] Manuscript ID: ChemEngineering-1828050 - Revised Version Received

Nansi Avenue, Zhongguancun, Haidian District,
100190 Beijing, China

ChemEngineering Editorial Office

Tel. +86 10 62800830; Fax +86 10 62800830
E-mail: ChemEngineering@mdpi.com
http://www.mdpi.com/journal/ChemEngineering/

MDPI
Postfach, CH-4020 Basel, Switzerland

https://mail.google.com/mail/u/1/?ik=81d8372f19&view=pt&search=all&permmsgid=msg-f: 1742462209036044048&simpl=msg-f:1742462209036044048 2/2


mailto:ChemEngineering@mdpi.com
http://www.mdpi.com/journal/ChemEngineering/

3/25/23, 11:05 AM Airlangga University Mail - [ChemEngineering] Manuscript ID: ChemEngineering-1828050 - Accepted for Publication

. " MART miratul khasanah <miratul-k@fst.unair.ac.id>

[ChemEngineering] Manuscript ID: ChemEngineering-1828050 - Accepted for Publication

ChemEngineering Editorial Office <chemengineering@mdpi.com> Tue, Aug 30, 2022 at 9:47 AM
Reply-To: Chenxi Wei <chenxi.wei@mdpi.com>, ChemEngineering Editorial Office <chemengineering@mdpi.com>

To: Miratul Widati <miratul-k@fst.unair.ac.id>

Cc: Alfa Akustia Widati <alfaakustia@fst.unair.ac.id>, Usreg Sri Handajani <usreg-s-h@fst.unair.ac.id>, Akhsin Mastura <akshin.mastura-2016@fst.unair.ac.id>, Eka Yunicha Sari
<ekayunichasari@gmail.com>, ChemEngineering Editorial Office <chemengineering@mdpi.com>, Chenxi Wei <chenxi.wei@mdpi.com>

Dear Dr. Khasanah,

Congratulations on the acceptance of your manuscript, and thank you for
submitting your work to ChemEngineering:
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Type of manuscript: Article
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We will now edit and finalize your paper, which will then be returned to you
for your approval. Within the next couple of days, an invoice concerning the
article processing charge (APC) for publication in this open access journal
will be sent by email from the Editorial Office in Basel, Switzerland.

If, however, extensive English edits are required to your manuscript, we will
need to return the paper requesting improvements throughout.

We encourage you to set up your profile at SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as other academic contributions.

We also invite you to contribute to Encyclopedia (https://encyclopedia.pub),
a scholarly platform providing accurate information about the latest research
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Alirio E. Rodrigues
Editor-in-Chief
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Dear Dr. Khasanah,

We invite you to proofread your manuscript to ensure that this is the final
version that can be published and confirm that you will require no further
changes:

At MDPI, we believe in the fast dissemination of sound, valid scientific
knowledge. Once accepted for publication, we aim to ensure that research is
published as soon as possible.

Please upload the final proofed version of your manuscript within 24 hours,
and please remember that we are able to be flexible with this timeframe
should you alert us. If you need more time, please inform the Assistant
Editor of the expected date that you will be able to return the proofread
version.
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Please read the following instructions carefully before proofreading:
1) Download the manuscript from the link provided at the end of this message

and upload the final proofed version via the second link. If you experience
any difficulties, please contact the ChemEngineering Editorial Office.
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2) Please use Microsoft Word's built-in track changes function to highlight

any changes you make, or send a comprehensive list of changes in a separate
document. Note that this is the *last chance™* to make textual changes to the
manuscript. Some style and formatting changes may have been made by the
production team, please do not revert these changes.

3) All authors must agree to the final version. Check carefully that authors'
names and affiliations are correct, and that funding sources are correctly
acknowledged. Incorrect author names or affiliations are picked up by
indexing databases, such as the Web of Science or PubMed, and can be
difficult to correct.

After proofreading, final production will be carried out. Note that changes

to the position of figures and tables may occur during the final steps.

Changes can be made to a paper published online only at the discretion of the
Editorial Office.

Please confirm whether you would like to use the Open Review option already
selected, where the review reports and authors’ responses are published
alongside your paper. Reviewers can also choose to identify themselves along
with the published paper. We encourage authors to take advantage of this
option as proof of the rigorous peer review process used to publish your
research. Please confirm again that you approve the use of Open Review for
your paper via the uploading page.

Please download the final version of your paper for proofreading here:
https://susy.mdpi.com/user/manuscripts/proof/file/d2a205ec74661eb0dbfeb3de68f58a4 3
and upload here:
https://susy.mdpi.com/user/manuscripts/resubmit/d2a205ec74661eb0dbfeb3de68f58a43
This manuscript includes supplementary materials, which you can find at the

second link, above. Please note that citations and references in

Supplementary files are permitted provided that they also appear in the

reference list of the main text. Please ensure that you proofread your

supplementary materials and upload them together with the manuscript.

We look forward to hearing from you soon.

Kind regards,

Alex Wei

Assistant Editor

Email:chenxi.wei@mdpi.com

If you are interested in reviewing articles for our journals, please fill in

https://mail.google.com/mail/u/2/?ik=81d8372f19&view=pt&search=all&permmsgid=msg-f: 17427355466 31442198&simpl=msg-f:1742735546631442198 2/3


https://susy.mdpi.com/user/manuscripts/proof/file/d2a205ec74661eb0dbfeb3de68f58a43
https://susy.mdpi.com/user/manuscripts/resubmit/d2a205ec74661eb0dbfeb3de68f58a43
mailto:Email%3Achenxi.wei@mdpi.com

3/25/23, 11:04 AM Airlangga University Mail - [ChemEngineering] Manuscript ID: ChemEngineering-1828050 - Final Proofreading Before Publication

your information at the following link:
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Dear Dr. Khasanah,

Thank you very much for resubmitting the modified version of the following
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Sensor for Non-Enzymatic Detection of Blood Glucose by Potentiometry" has
been published in ChemEngineering and is available online:

Abstract: https://www.mdpi.com/2305-7084/6/5/71
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To encourage open scientific discussions and increase the visibility of
published articles, MDPI recently implemented interactive commenting and
recommendation functionalities on all article webpages (side bar on the
right). We encourage you to forward the article link to your colleagues and
peers.

We encourage you to set up your profile at www.SciProfiles.com, MDPI’s
researcher network platform. Articles you publish with MDPI will be linked to
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it quickly and make it useful for scientific communities.
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To order high quality reprints of your article in quantities of 25-1000,
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We support the multidisciplinary preprint platform /Preprints/, which
permanently archives full text documents and datasets of working papers in
all subject areas. Posting on the platform is entirely free of charge, and

full details can be viewed at http://www.preprints.org.
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invite you to complete our author satisfaction survey
https://www.surveymonkey.com/r/authorfeedbackmdpi. The survey contains 20
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To help us improve our Production and English editing service, provided as
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Production and English editing service).
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Abstract: The development of sensors based on imprinted zeolite X to detect blood glucose through
potentiometry was performed. In this study, the sensor was made of a mixture of carbon paste and
imprinted zeolite X. Zeolite X was synthesized using a sol-gel-hydrothermal method at a temperature
of 100 °C with basic materials of NaAlO,, NaOH, TEOS, and distilled water. The characterization
results of XRD showed the presence of specific peaks, which were confirmed with standard zeolite
X. Imprinted zeolite X exhibited a 20 times greater adsorption capacity size, and an adsorption
efficiency 3 times greater than that of zeolite X. This is thought to be due to the presence of a
molecular template within it. The [Z—carbon paste electrode showed optimum performance due
to a mass ratio of carbon, paraffin, and imprinted zeolite X of 12:7:1. The electrode performance
was expressed by the Nernst factor value of 30 mV /decade, the measuring range of 1074-1072 M,
the upper detection limit of 1.38 x 10~2 M, and the lower detection limit of 1.28 x 10~% M, so this
electrode can be used for glucose analysis with a normal concentration (70-110 mg/dL or equivalent
t0 3.8 x 1073-6.1 x 1073 M), as well as the glucose concentration of people with diabetes mellitus
(>200 mg/dL or about 10~2 M). This electrode showed precision values of 97.14-99.02%, accuracy
values of 98.65-99.39%, and electrode response times of 10-13 s. The electrodes showed high stability
for more than 5 weeks with 141 uses. The electrodes also showed high selectivity for glucose in the
matrix of uric acid, urea, NaCl, and KCI. Therefore, its use as an alternative electrode for routine
glucose analysis in the medical field is recommended.

Keywords: imprinted zeolite X; potentiometric sensor; blood glucose; medical

1. Introduction

High levels of glucose in the body are generally associated with diabetes mellitus.
Diabetes mellitus is a chronic disease that affects approximately 150 million people in the
world and is the sixth leading cause of death in the non-communicable disease category.
Indonesia occupies the fourth position in the world ranking, with the highest number of
people with diabetes mellitus. The number of people with this disease continues to increase
every year. Diabetes mellitus is often referred to as “the silent killer” because this disease
can attack all organs of the body and slowly kill the body itself.

Glucose levels in the blood are indicators of diabetes mellitus. The current WHO diag-
nostic criteria for non-diabetic fasting plasma glucose levels is <7.0 mmol/L (<126 mg/dL).
Frequent cases of abnormal glucose levels in the body have captured the attention of
researchers in the fields of biomedical and biochemical analysis. The most commonly
used method for determining glucose levels is spectrophotometry, applying chemical or
enzymatic reagents [1,2]. This method has fairly good accuracy, but blood glucose analysis
using this method is complicated by the presence of ketones and other monosaccharides,
such as fructose and galactose.

In recent years, some methods for analyzing glucose levels have been developed,
including electrochemical methods using enzymatic and non-enzymatic sensors [3-11],
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high-performance liquid chromatography (HPLC) [12], and liquid chromatography—mass
spectroscopy (LC-MS) [13]. These methods are generally less selective, require a rela-
tively large number of samples and complex sample treatment, and have a relatively high
detection limit.

Several researchers have developed a method of analyzing glucose by electrometry
through the modification of electrodes [14,15]. A potentiometric method using zeolite-
modified electrodes has been developed for blood glucose analysis. Zeolite is an inorganic
compound with a porous crystalline structure that has a three-dimensional framework
where the structure makes the zeolite easy to modify [16]. It has a large surface area, high
ion exchange capacity, and high thermal and chemical stability. It is not easy to swell
because zeolites have a fixed upper hydration limit and undergo only limited structural
expansion upon hydration [17]. Due to its unique properties, zeolite is very suitable for
use as a molecular template on electrochemical sensors [18]. An imprinted zeolite (IZ) is
a zeolite in which there is a template in the pores of the molecule to be analyzed. The
suitability of the IZ pore size with the glucose molecule increases the capacity of zeolite
adsorption, while the rigid nature of the zeolite means that it is not prone to swelling in
water, so it can provide high sensitivity and selectivity in detecting glucose.

The potentiometric analysis using the IZ-modified electrode showed Nernstian over a
wide measurement range and have a low detection limit; hence, it required a low blood
volume. It also has a fast response, and it is stable over time. The glucose analysis
utilizing sensors is unaffected by urea, uric acid, creatinine, KCl, and NaCl matrices of
varied concentrations. When compared to the usual method of spectrophotometry for
determining blood glucose levels, this method has a high level of accuracy. As a result,
in the medical field, potentiometry with IZ-modified electrodes is recommended as an
alternate sensor for the routine measurement of blood glucose levels.

Imprinted zeolite TS-1 [19] and imprinted zeolite LTA [20] have been used to modify
the electrode as a potentiometric sensor in the glucose analysis in blood serum. This
research used an FAU-type zeolite, namely, zeolite X, to modify the electrode. As an
aluminosilicate material, the main difference between zeolite LTA, TS-1, and zeolite X is
the pore geometry. Zeolite LTA, TS-1, and X have pore geometries of approximately 8-,10-,
and 12-membered rings, respectively. Meanwhile, the preparation of the imprinted zeolite
involves the interaction that occurrs between the O atom of Si-O-Al in zeolite and the OH
of glucose. The larger the pore geometry, the higher the number of Si-O-Al; therefore,
the zeolite with the largest ring tends to serve as a more active site to bind with glucose.
The structure of zeolite LTA, X, and TS-1 is shown in Figure 1. For this reason, zeolite x
was chosen as a modifier of the electrode because many interactions between glucose and
zeolite occurred, which showed the good performance of the electrode. The development
of zeolite x as a modifier electrode through the template/imprinted technique has also not
been reported to date. As a modifier electrode, many researchers still use the approach of
cation exchange.
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Figure 1. The pore geometry of (a) zeolite LTA, (b) zeolite TS-1, and (c) zeolite Y.
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Zeolite X has the ability to attract other molecules that touch the surface of the
zeolite [21]. Zeolite X has a large Si/ Al ratio, so it has thermal and chemical stability [22].
Zeolite X is a type of zeolite that has an a-cage (supercage) diameter of 13 A, a B-cage (so-
dalite frame) diameter of 6.6 A, and a pore diameter of 7.4 A that form a three-dimensional
structure with an Si/ Al ratio of 1.0-1.5 [23]. Zeolite X has a unique crystalline structure,
large adsorption capacity, and selective adsorption. Therefore, zeolite X has been widely
used as an adsorbent. In this study, the development of an imprinted-zeolite-X-based
sensor was carried out as a sensor for the detection of glucose in the blood. Zeolite X
was synthesized with a ratio of molar composition of NayO, Al,O3, TEOS, and H,O of
4.5:1:3:315, using the sol-gel-hydrothermal method at 100 °C [24]. The parameter that was
studied was the composition of the electrode.

This study also reports the mechanism of adjusting the pore size of the imprinted
zeolite according to the result of the nitrogen physisorption isotherm. This provides a more
in-depth explanation of the performance of the IZ as a potentiometric sensor.

2. Materials and Methods
2.1. Materials

The chemicals used in this study were glucose (Sigma Aldrich, St. Louis, MO, USA,
99.5%) and uric acid (Fluka, Buchs, Switzerland, 99%), tetraethyl orthosilicate (Merck,
Rahway, NJ, USA, 99%), sodium aluminate (Sigma Aldrich, 50%), sodium chloride (Merck,
99.99%), potassium chloride (Merck, 99.5%), isopropanol (Merck, 98%), and paraffin pellet
(Merck, 99%). Potassium chloride, urea, sodium chloride, and glucose solutions were
prepared using distilled water. The 10~2 M uric acid solution was prepared by dissolving
the uric acid powder in 1:1 NaOH (w/w). Acetate buffer was prepared by mixing sodium
acetate trihydrate (Merck, 99.5%) and the glacial acetic acid (Merck 100%). Phosphate
buffers were prepared by mixing sodium hydrogen phosphate dihydrate (Merck, 99%) and
sodium dihydrogen phosphate dihydrate (Merck, 98.5%) in distilled water. The chemical
activation of carbon powder was achieved by immersing it in n-hexane and 0.1 M H3zPOy,
respectively. Furthermore, the carbon powder was heated to 300 °C for 2 h [5] and produced
activated carbon with a surface area of 587.5106 m?/g. The carbon paste and potentiometer
were connected via a Ag wire.

The following instruments were used in this study: Cyberscan 510 potentiometers
with Ag/AgCl as a reference electrode, the Gas Sorption Quantachrome ASIQwin, X-ray
diffraction (Shimadzu, Kyoto, Japan), a Fourier transform infrared (FTIR) spectrophotome-
ter (Shimadzu), a double-beam spectrophotometer (Shimadzu UV-1800 Pharmaspec), an
analytical balance (Mettler AE 200, Columbus, OH, USA), a centrifuge (HETTICH EBA 20,
Westphalia, Germany), a hotplate (Termolyne 546410-2, Rockland, MA, USA), a vacuum
oven (NAPCO Model 5851, Amityville, NY, USA), a pH meter (Cyberscan Eutech pH 510,
Frankfurt, Germany), a polypropylene bottle, a 1000 uL micropipette tip (NescoLab, Jakarta,
Indonesia), a magnetic stirrer (Heidolph, Schwabach, Germany), an agate mortar (RRC,
China), and laboratory glassware (Iwaki Glass Indonesia, Jakarta, Indonesia).

2.2. Experimental Procedure
2.2.1. Synthesis of Imprinted Zeolite (IZ) X

The synthesis of zeolite X was accomplished by combining NaAlO,, NaOH, TEOS,
and distilled water in a polypropylene bottle with a molar composition of NayO: Al,O3:
Si0;: HyO = 4.5:1:315 [24]. It was heated hydrothermally to 100 °C for 45 h. An amount of
2/3 of the mixture was added to a glucose solution (0.1034 g of glucose dissolved in 1 mL of
distilled water) and stirred for 30 min; it was then left for 3 h so that the glucose molecules
could be trapped into the pores of the zeolite and produce non-imprinted zeolites. The
mixture had a glucose/Si mole ratio of 0.0306. Next, the mixture was divided into two
parts. One part of the mixture was centrifuged for 10 min to separate the filtrate and the
solids. The solids were dried at 105 °C in the oven. Hot water (80 °C) was added into the
other part of the mixture and centrifuged for £10 min repeatedly to extract glucose from
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the zeolite pores. The obtained solids were dried at 80 °C for 5 h. These solids are called
imprinted zeolites.

2.2.2. Fabrication of IZ-Carbon Paste Sensor

The preparation of the IZ—carbon paste was conducted by mixing activated carbon, 1Z,
and solid paraffin. The composition variation of activated carbon, IZ, and paraffin can be
seen in Table 1. The micropipette tip was inserted with a Ag wire, then filled with solid
paraffin as much as possible, and the rest was filled with IZ—carbon paste. The construction
of the sensor is shown in Figure 2. Furthermore, the prepared electrode was conditioned by
rubbing the surface using paper and being immersed in a 1072 M glucose solution for 24 h.

Table 1. The composition of activated carbon, solid paraffin, and 1Z.

Sensor Code Mass of Activated Carbon:Paraffin:1Z
E1l 13:7:0
E2 12:7:1
E3 11:7:2
E4 10:7:3
E5 9:7:4
E6 8:7:5

b—» Ag Wire

Micropipette tip

Solid paraffin

IZ carbon paste

Figure 2. The construction of the IZ—-carbon paste sensor [19] (Source: please see reference [19]).

2.2.3. Sensor Performance and Validity of Analysis Method

The sensor performance test and the validity of the analysis method were carried out to
determine the feasibility of the analysis method used. The sensor performance and method
validity studied in this research were the Nernst factor, measurement range, detection limit,
precision, accuracy, response time, and lifetime. The Nernst factor value was obtained
from the slope of the linear regression equation of the glucose standard curve, without the
addition of buffer obtained from the relationship between the log [glucose] and electrode
potential (mV). The measurement range was determined based on the concentration range
of the 1078-10~! M glucose solution, which showed a straight line (linear) on the glucose
standard curve and had a similar slope to the theoretical Nernst factor. The detection
limit was calculated by intersecting the linear regression line with a non-linear line on
the log [glucose] relationship curve with electrode potential. The accuracy score was
calculated by measuring the potential of a 1072-10~* M glucose solution, analogizing
the electrode potential value to the y value, and substituting it into the linear regression
equation for the glucose solution standard curve. From the substitution, the concentration
of the measured glucose was obtained. Accuracy was calculated through the relative error
value in Equation (1):

E, = Wi ¥l 4000, )
Yt
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where E, is the relative error, y; is the potential of the measurement result, and y; is the
actual potential of the analyte. The determination of precision was performed by calculating
the coefficient of variation (CV) and standard deviation (SD) of the respective potential
values of the 1072-10* M glucose solution, each of which was measured three times with
IZ—carbon paste electrodes. SD and CV calculations were carried out in sequence using
Equations (2) and (3):

Y1 (x - %)
cv = 5P« 100% 3)
X

where SD is the standard deviation, x; is the result of every ith measurement, x is the
average value of the measurement results, # is the number of measurements, and CV is
the coefficient of variation. The electrode response time was determined by measuring the
potential of a standard 1078-10~! M glucose solution using IZ-carbon paste electrodes
until a constant potential value was obtained. The response time is the time required for
the electrode, starting from when the electrode is immersed in the solution, to obtain a
constant potential value [25]. The electrode lifetime was determined from the time the
electrode was used for measurement and showed good performance. The investigation
was stopped until the electrode showed a significant decrease in performance, which was
indicated by the deviation of the Nernst factor value or measurement range. The selectivity
of the sensor is expressed by the value of the selectivity coefficient studied through the
effect of the addition of uric acid, urea, NaCl, and KCl on glucose analysis. The selectivity
coefficient was calculated using the matched potential method (MPM) [26].

3. Results and Discussion
3.1. Identification the Structure of Synthesized Zeolite

The structure of the synthesized zeolite was characterized using XRD, as shown in
Figure 3. Based on the diffractogram pattern and the data in Table 2, it can be seen that
the peak of synthesized zeolite X is close to the standard peak. The purity of synthesized
zeolite X was studied by comparing the diffractogram of the standard zeolite X, whereas
zeolite X has an FAU-type framework (JCPDS No. 00-011-0672).

XRD analysis indicated that the sample has a similar diffractogram to the standard
zeolite X; therefore, it could be stated the sample was zeolite X. However, it was found
that there were peaks at the other position of zeolite X. These peaks were similar to those
of zeolite P. The preparation of zeolite X involved the transformation phase of zeolite
P to zeolite X; therefore, in certain conditions, a mixture of zeolite p and zeolite x was
yielded [27].

1 | " | . 1 A
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Figure 3. Diffractogram pattern of zeolite X.
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Table 2. Data on the peak positions on the diffractogram of synthesized zeolite and standard zeolite X.

20 (°) Position

Synthesized Zeolite Standard Zeolite X
18.44 18.42
23.35 23.58
24.69 24.64
27.32 27.32
29.91 29.21
30.32 30.30
47.02 47.06

3.2. The Preparation of Imprinted Zeolite X

IZ was obtained from half of the NIZ, before the centrifugation process. Trapped
glucose in NIZ was extracted with hot water (heated at 80 °C) through centrifugation. The
extraction process was carried out until glucose had been extracted from the pores of the
zeolite. To ensure that the glucose was successfully extracted, the filtrate was identified
using Benedict’s test. Benedict’s test results on the standard glucose solution, the filtrate of
NIZ after washing, and the filtrate of the IZ after washing are shown in Figure 4.

Figure 4. Results of Benedict’s test of (a) glucose solution, (b) filtrate of NIZ after washing, and
(c) filtrate of IZ after washing.

Based on Figure 4a, Benedict’s test of the standard solution of glucose produced
a reddish-brown precipitate. These results indicate that the solution contains a high
concentration of glucose. In Figure 4b, Benedict’s test on the NIZ filtrate produced a
light-brown precipitate. This indicates that glucose was extracted from the non-imprinted
zeolite. The light-brown color of this filtrate from Benedict’s test was indicated by the
small concentration of glucose in the filtrate compared to the standard glucose solution.
In Figure 4c, Benedict’s test on the filtrate of the IZ after washing and after the extraction
process is blue. It shows that the filtrate contained no glucose, which means that the
extraction process had successfully removed the glucose trapped in the NIZ.

Meanwhile, the precipitate resulting from the centrifugation was dried at 80 °C for
24 h to obtain IZ. White powder of the IZ was then used as a mixture to modify the carbon
paste electrode.

3.3. The Pore Formation of the Imprinted Zeolite

The pore formation of the imprinted zeolite was investigated using a nitrogen ph-
ysisorption isotherm. Figure 5 shows the BJH pore size distribution of zeolite X and IZ. The
pore size and pore distribution changed after the imprinting process. According to the data,
zeolite had the two main peak pore sizes of 1.69 and 8.22 nm. After the imprinting step,
the results of the IZ showed a change in the main peak pore size to approximately 1.50 nm.
The pore size of approximately 8.22 nm was not found as a high peak. This indicates that
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there was a shrinkage of the pores according to the template. It also proves that the process
of imprinting successfully modified the pores of zeolite.
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Figure 5. The BJH pore size distribution of zeolite and IZ.

By analyzing the correlation of the highest pore distribution of the IZ and the size of
the glucose molecule as a template, it was found that the highest pore distribution of the
IZ was 1.50 nm, whereas the size of the glucose molecule was approximately 0.9 nm. This
indicates that the imprinting process did not only involve the glucose molecule. In the
aqueous solution, glucose tended to solvate with water. The water molecules were also
predicted to be trapped in the pores. The molecular size of the water was approximately
0.27 nm. It can be assumed that one glucose molecule and two water molecules were
trapped in the same pore of zeolites. The formation process of the 1Z is illustrated in
Figure 6.
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Figure 6. Illustration of the formation process of IZ.
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3.4. Effect of Sensor Material Composition

The IZ—carbon paste sensor was prepared using a mixture of activated carbon, paraffin,
and the IZ. Activated carbon conducted the potential responses from the analyte to the
Ag wire. The IZ was responsible for increasing the selectivity of the electrode toward the
glucose molecule. Paraffin served as an adhesive between carbon and the IZ so that the
mixture was stable under the measurement process. The effect of composition-activated
carbon, paraffin, and the IZ on the Nernst factor, measurement range, and linearity of
glucose analysis data are displayed in Table 3. The measured pH of the glucose solution at
a concentration of 1072, 1073, and 10~* M was 2.62, 4.10, and 6.90, respectively.

Table 3. Data on the Nernst factor, measurement range, and linearity of glucose solution variations in
sensor composition.

Sensor Mass of Activated Nernst Factor Measurement Linearity ()
Code Carbon:Solid Paraffin:IZ (mV/Decade) Range (M)
E1 13:7:0 26 10~4-102 0.9980
E2 12:7:1 30 10~4-10-2 0.9868
E3 11:7:2 26.5 104-102 0.9740
E4 10:7:3 27 10~4-102 0.9695
E5 9:7:4 22,5 10~4-10~2 0.9556
E6 8:7:5 21 10~4-102 0.9162

Potentiometric electrodes have a good performance if they produce a Nernstian factor
close to the theoretical calculation (% mV /decade). In this research, the Nernst factor of
glucose measurement was 29.6 mV /decade because glucose is a divalent molecule. Glucose
can be oxidized to form gluconic acid by releasing two electrons [5]. Based on Table 3, the
electrode that had the Nernst factor closest to the theoretical value was E2.

The Nernst factor of E2 was also exposed in the calibration curve of glucose (Figure 7).
It was obtained from the linear regression slope, which was 30 mV/decade. It was closer to
the Nernstian than the previous studies using zeolite LTA [19] and zeolite TS-1 [20]. Sensor
performance can also be determined from the linearity of the calibration curve of glucose.
The linearity value close to 1 showed a good correlation between the log [glucose] and y
potential of electrode. The E2 electrode had linearity close to 1, which was 0.9868. In addi-
tion, the wider the measurement range, the better the electrode performance. Interestingly,
all of the electrodes had the same range of measurement of 10~#~10~2 M. Regarding these
results, the optimum composition of electrode was found using the E2 electrode.
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Figure 7. The correlation of log [glucose] with electrode potential (inset: the linearity curve of the
E2 electrode).
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3.5. The Performance of Electrode and Analysis Method Validity

Furthermore, the zeolite-modified carbon paste electrode (EZ) and non-imprinted
zeolite-modified carbon paste electrode (ENIZ) were prepared using a similar composition
to the E2 electrode. EZ and ENIZ were used to measure the electrode potential at various
concentrations of glucose solution. By comparing potential electrodes, the effect of the
addition of the IZ on the electrode performance was determined. The method validity of EZ,
ENIZ, and E2, including the range of measurement, Nernst factor, and linearity, is shown
in Table 4. The correlation of the electrode potential with the log [glucose] concentration
is also expressed in Figure 8. The zeolite-modified electrode showed a sub-Nernstian
response, while ENIZ performed a super-Nernstian response caused by the presence of
binding between glucose molecules and the zeolite; thus, there was no diffusion of the
glucose molecule from ENIZ to the free molecule in the solution.

Table 4. Data on E1, E2, EZ, and ENIZ performances.

Sensor Mass Ratio of Activated Nernst Factor Measurement Linearity (1)
Code Carbon, Paraffin, Modifier * (mV/Decade) Range (M) y
E1 13:7:0 26 10—%-102 0.9980
E2 12:7:1 30 10~4-102 0.9868
EZ 12:7:1 25.5 10—4-102 0.9884
ENIZ 12:7:1 32 10—4-102 0.9720
* modifier = 1Z/Z/NIZ.
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Figure 8. The correlation of electrode potential toward log [glucose] in the various compositions of
the electrode.

A good working electrode has a wide measurement range. The range of measurement
is the range of concentrations, which shows the linear and Nernstian potential responses.
The developed electrode has a measurement range between 10~* and 10~2 M. This value
is narrower than that of the zeolite TS-1-modified carbon paste electrode, which was
previously developed [19].

Potentiometric sensors can have upper and lower limits of detection. The upper
detection limit of the IZ—-carbon paste electrode was 1.38 x 10~2 M, and the lower detection
limit was 1.28 x 10~* M. The lower detection limit of this IZ X-carbon paste electrode was
higher than that of the IZ TS-1-carbon paste electrode (4.79 x 10~° M) [19] and the carbon
paste electrode IZ LTA (1.21 x 107> M) [20]. Although the limit of detection was higher than
that in previous studies, it can still be used to measure glucose in blood serum samples with
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a normal concentration (70-110 mg/dL, equivalent to 3.8 x 1073-6.1 x 1073 M), as well as
glucose concentrations in diabetes mellitus (>200 mg/dL or equivalent to 1072 M) [28].

The determination of precision was conducted through the measurement of the glucose
solution of 10~4-10~2 M using E2. The precision value was expressed as the coefficient of
variation (CV) value. The obtained CV of the 10~4-10~2 M glucose solution was 0.98-2.86%.
In other words, this method had a precision of approximately 97.14-99.02%, as shown in
Table 5. If a method has good precision, the solution with a concentration of 10~4-10"2 M
should have a CV value of less than 7.3% [29]. The smaller the CV value, the higher
the precision because the standard deviation is also smaller. Thus, the potentiometric
method for measuring glucose using this developed IZ X-carbon paste electrode has good
precision. This precision was better than the IZ TS-1-carbon paste electrode which have
been previously developed [19].

Table 5. Precision value when measuring glucose solution using E2.

Electrode Potential

[Glucose] (mV, vs. Ag/AgCD SD  CV(%)  Precision (%)
M) 1 2 3
10 255 266 252 737 2.86 97.14
10-3 278 286 274 611 218 97.82
102 311 315 309 305 098 99.02

The accuracy of this method was found to be between 98.65 and 99.29%. It was catego-
rized as having good accuracy because the accuracy range permitted for the 1074-10"2 M
solution is 80-110% [29]. The response time is the required time for an electrode to respond
to an analyte. The response time was measured from the immersion time of the electrode in
solution until it produced a constant potential. The response time of the electrode correlates
with the sensitivity of the electrode. The quicker the response time, the more sensitive the
electrode to the detection of an analyte [24]. The response times of electrodes in a glucose
solution are shown in Table 6.

Table 6. Data of E2 electrode response time in glucose solution measurement.

Potential .
[Glucose] (M) (mV, vs. Ag/AgCl) Response Time (Second)
1074 274 13
1073 293 11
1072 302 10

The higher the glucose solution concentration, the faster the response time. This is
because the number of molecules is greater in large concentrations, and the movement
between molecules is faster, so the movement of molecules in the solution to the electrode
is also faster. In the IZ—carbon paste electrode, a change in potential occurred because
there was an equilibrium between IZ-glucose and glucose molecules. The presence of
glucose in the analyte solution disrupts the equilibrium diffusion between glucose and
the IZ in the electrode. The equilibrium mechanism that causes the potential difference in
potentiometric measurements is shown in Figure 9.
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Figure 9. Mechanism of glucose equilibrium, which results in potential difference on the electrode
surface in potentiometry.

Interestingly, the response time of the prepared electrode was faster than electrodes
that were modified using TS-1 [19] and LTA [20]. This fast response showed that the method
demonstrated high sensitivity towards the glucose molecule. It can be an advantageous
method as it can be applied in routine analysis in a laboratory.

In this study, the lifetime of the electrode was expressed by the number of electrode
usages, which still showed good performance. The performance was measured using the
Nernst factor value. The data for determining the lifetime of the electrode are shown in
Table 7.

Table 7. Data of Nernst factor and measurement range in the determination of sensor lifetime.

The _st Measurement Nernst Factor (mV/Decade) Measurement Range (M)
41 30 1074-102
111 30 1074_1072
141 285 1074-10-2

Table 7 illustrates that the electrode still showed a good performance when it was
used 141 times (within a period of 5 weeks). It was found that there was a change in
the Nernst factor value after 141 measurements. This lifetime was shorter than that of
the IZ TS-1-modified carbon paste electrode [19] and the IZ-LTA-modified electrode [20].
The lifetime of the electrode was influenced by the mechanical properties of the electrode
material, such as the solubility of the material, the pH of the measured solution, and the
flexibility of the material [30]. An electrode that is frequently used forms holes on its surface
and is vulnerable to some of its components being dissolved. If more components of the
electrode dissolve, the performance of the electrode decreases.

Selectivity is the ability of a method to measure the analyte accurately in the presence
of other components [26]. The selectivity of the electrode can be expressed by the value
of the selectivity coefficient (Kj) of glucose in the presence of the interfering matrix. The
interference compounds were uric acid, urea, NaCl, and KCL

Uric acid and urea in the blood could interfere with the analysis of glucose because they
have a similar structure to glucose. They have a carbonyl group (C=0) and amine groups
(—NH), which can form hydrogen bonds with zeolites. NaCl and KCl are hygroscopic,
which means that they can increase blood viscosity. Thus, this affects the measured electrode
potential value. The potential of the 10~#~10~2 M uric acid solution was measured using
the carbon paste electrode and the IZ—carbon paste electrode to determine the selectivity
coefficient of glucose in the uric acid matrix. Table 8 shows the selectivity coefficient value
of the electrode in uric acid, urea, NaCl, and KCl solutions.
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Table 8. Data on the Kj; value of carbon paste and IZ-carbon paste electrodes.
. Selectivity Coefficient (Kj;)
Solution Concentration (M)
Carbon Paste IZ-Carbon Paste
104 3.86 x 1072 404 x 1073
Urea 103 2.84 x 1072 7.02 x 1073
102 1.85 x 1072 2.09 x 1073
1074 4.80 437 x 1072
Uric acid 103 3.01 1.16 x 1072
102 0.33 494 x 1072
104 8.05 1.21 x 101
NaCl 103 291 2.66 x 1071
102 456 1.98 x 1071
10—4 1.33 3.30 x 101
KCl 103 1.02 6.46 x 1071
102 9.67 341 x 1071

Based on the data on the value of Kj; in Table 8, it can be concluded that the presence
of uric acid, urea, NaCl, and KCl did not interfere with the potentiometric analysis of
glucose using IZ—carbon paste electrodes. This is because the pores of the electrode already
contained glucose templates, so the electrode only recognized glucose molecules. However,
the selectivity of the IZ X-carbon paste electrode is lower than that of the LTA-type 1Z-
modified electrode [20].

3.6. The Adsorption Performance of IZ

Table 4 shows that the IZ—carbon paste electrode produced a stable curve compared to
the electrode without modification, as well as the zeolite or NIZ. To date, there has been
no research reporting the mechanism of IZ in improving the performance of carbon paste
electrodes. In terms of the suitability of the pore sizes of zeolite and glucose molecules, and
the unique properties of zeolite as an adsorbent, this research conducted an adsorption
ability test of zeolites and 1Zs in relation to glucose molecules.

Figure 10 displays the relationship curve between the contact time and adsorption
ability of the zeolite and IZ in relation to glucose molecules. The presence of templates in
zeolite X caused the adsorption to increase by more than 20 times, while the adsorption
efficiency increased by approximately 3 times.
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Figure 10. Relationship curve of zeolite X and IZ X contact time toward adsorption of glucose.

The maximum adsorption of glucose was determined within a varied time period,
between 0 and 60 min, with an adsorbent dosage of 2 g/L of 10 mL 10~2 M glucose solution.
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The results demonstrated that the glucose adsorption time increased to 1.5 min for the I1Z
and 2 min for the zeolite. After this, there was a decrease in the uptake of glucose because
the pores of the adsorbent became enclosed, and desorption occurred. Thus, IZ improves
the performance of the carbon paste sensor through the adsorption mechanism.

The principle of imprinting zeolite was adopted from the technique of the mesoporous
zeolite. The mesoporosity was introduced after the zeolite was formed. It is important
to note that the pore directing agent can control the pores of the zeolite if the framework
strength of the zeolite is weak or medium. Zeolites can be modified before aging or after
the hydrothermal process. When the zeolite has high crystallinity, it is necessary to break
the Si—-O-5i bonds to offer some flexibility in the crystalline structure [31]. The hydrogen
interaction between -OH of glucose molecules and O from Si-O-Al bonds on the zeolite
caused the crystal structure to rearrange and form a specific pore size. In the removal
process of glucose, the bonding sites left by glucose molecules increased the adsorption
ability of the IZ in terms of glucose.

4. Conclusions

The imprinted zeolite X showed good performance as an electrode modifier for carbon
paste in its application as a sensor for glucose detection by potentiometry. The sensor
shows the Nernstian response, a wide measurement range, a low detection limit, and high
precision and accuracy. The sensor also exhibited a fast response; therefore, it can be used
in routine analysis. The developed method had a high economical value because it showed
a long usage lifetime. The performance of the IZ—carbon paste electrode did not interfere
with the presence of uric acid, urea, KCl, and NaCl. According to the method validity and
stability in terms of interference, this method is highly recommended as a non-enzymatic
sensor in the routine analysis of blood glucose concentration in the medical field.
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