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1 message

Журнал аналитиɱеской химии <]hakh@geokhi.rX> ThX, Mar 2, 2017 aW 3:02 PM
Repl\-To: ]hakh@geokhi.rX
To: aminfaWoni@gmail.com

Dear aXthors,
We receiYed¬ \oXr¬ neZ manXscript
The¬ registration¬¬ nXmber is 68

Thank \oX

Best¬ regards,¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬
Editor FilatoYa-- JoXrnal of Anal\tical Chemistr\
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Amin Fatoni <aminfatoni@gmail.com>

JoXrnal of Anal\Wical ChemisWr\
2 PeVVaJeV

Жɭɪнал аналиɬиɱеɫкой ɯимии <]KaNK@JeRNKL.UX> TXe, Ma\ 16, 2017 aW 2:20 PM
ReSO\-TR: ]KaNK@JeRNKL.UX
TR: aPLQIaWRQL@JPaLO.cRP

Dear aXWhors,

¬

1.We are sending \oX Whe manXscripW No 68 for Whe reYision . We ask \oX¬ Wo inWrodXce
Whe necessar\ amendmenWs¬ inWo Whe We[W of \oXr¬ manXscripW , Waking inWo
consideraWions Whe remarks of Whe reYieZer and reviewer and Guidelines of the
Journal of Anal\tical Chemistr\.

2. 2. Please include paper titles in the references list. This should be done for
all journal papers and collections of articles (see Authors' Guidelines at the
Journal site).

¬

¬

Sincerel\ \oXrs,

¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬ ¬

¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬¬EdiWor ¬FilaWoYa, JoXrnal of Anal\Wical ChemisWr\
 

 

 

N 68 Amin Fatoni.docx
102K

Amin Fatoni <aPLQIaWRQL@JPaLO.cRP> TXe, Ma\ 16, 2017 aW 7:39 PM
TR: ]KaNK@JeRNKL.UX

DeaU FLOaWRYa,
EdLWRU JRXUQaO RI AQaO\WLcaO CKePLVWU\

TKaQN \RX IRU WKe UeYLeZ UeVXOW. I ZLOO UeYLVe accRUdLQJO\ aQd VeQd bacN aV VRRQ aV SRVVLbOe.

ReJaUdV,
APLQ FaWRQL
[QXRWed We[W hiddeQ]
--
APLQ FaWRQL

https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=15c1020c281b7be8&attid=0.1&disp=attd&safe=1&zw
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Amin Fatoni <aminfatoni@gmail.com>

ManXscript No 68 ReYision
2 PHVVDJHV

Amin Fatoni <DPLQIDWRQL@JPDLO.FRP> 7XH, MD\ 23, 2017 DW 9:51 PM
7R: ]KDNK@JHRNKL.UX

DHDU FLODWRYD, 
EGLWRU JRXUQDO RI AQDO\WLFDO CKHPLVWU\

I KDYH UHYLVHG WKH PDQXVFULSW DFFRUGLQJ WR WKH EGLWRU DQG 5HYLHZHU VXJJHVWLRQ.
7KH IROORZLQJ ILOHV DUH DWWDFKHG:
1. 5HSOD\HG EGLWRU DQG 5HYLHZHU FRPPHQWV (N 68 APLQ FDWRQL - 5HSOD\HG)
2. 5HYLVHG PDQXVFULSW (FDWRQLBPDQXVFULSWB5HYLVLRQ)

BHVW UHJDUGV,  

--
APLQ FDWRQL

2 attachments

N 68 Amin Fatoni -Repla\ed.doc[
21K

Fatoni_manuscript_Revision.doc[
825K

ɀɭɪɧɚɥ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ <]KDNK@JHRNKL.UX> :HG, MD\ 24, 2017 DW 6:41 PM
5HSO\-7R: ]KDNK@JHRNKL.UX
7R: APLQ FDWRQL <DPLQIDWRQL@JPDLO.FRP>

Dear authors,
This is confirm that Ze receiYed  \our manuscript  ʋ 168 after  correction

Thank \ou

Best  regards,
Editor FilatoYa- Journal of Anal\tical Chemistr\
[QXRWed We[W hiddeQ]

https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=15c35ca6cc1803c3&attid=0.1&disp=attd&realattid=f_j31oeqvv0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=15c35ca6cc1803c3&attid=0.2&disp=attd&realattid=f_j31ofayb1&safe=1&zw
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Amin Fatoni <aminfatoni@gmail.com>

JoXrnal of Anal\Wical ChemisWr\
4 messages

Журнал аналитической химии <zhakh@geokhi.ru> Wed, Feb 13, 2019 at 8:30 PM
Reply-To: zhakh@geokhi.ru
To: aminfatoni@gmail.com
Cc: aminfatoni@gmail.com

DHaU AXWKRUV,

YRXU PaQXVcULSW ʋ 68(17) KaV bHHQ HGLWHG. WH aVN \RX WR cKHcN WKH cKaQJHV GRQH b\
WKH HGLWRU aQG UHSO\ WR WKH TXHVWLRQV (LI aQ\). AOO cKaQJHV aQG TXHVWLRQV aUH VKRZQ aV
QRWHV, JUHHQ cRORUHG WH[W aQG WH[W KLJKOLJKWHG LQ cRORU. TKH TUacN CKaQJHV RSWLRQ RI
MS WRUG PXVW bH "RQ". II \RX aJUHH ZLWK WKH cKaQJHV, SOHaVH "accHSW" WKHP. II \RX
GLVaJUHH, SOHaVH cUHaWH a cRPPHQW H[SOaLQLQJ ZK\ \RX caQQRW accHSW WKH cKaQJH.

WKHQ XSGaWLQJ \RX PaQXVcULSW, SOHaVH, bH VXUH WR ZRUN ZLWK WKLV (HGLWHG) YHUVLRQ RI
WKH ILOH. DR QRW XVH \RXU ROGHU YHUVLRQV.

IW LV aOVR YHU\ LPSRUWaQW WR cRUUHcW WKH FLJXUHV accRUGLQJ WR HGLWRU¶V cRPPHQWV (VHH
aWWacKHG SGI ILOH).

WH aVN \RX WR JLYH a VHULRXV cRQVLGHUaWLRQ WR WKLV ZRUN, aV WKLV LV WKH OaVW VWHS ZKHQ
\RX caQ PaNH cKaQJHV LQ WKH PaQXVcULSW. AW WKH VWHS RI WKH JaOOH\ SURRIV, QR
cRUUHcWLRQV aJaLQVW WKH RULJLQaO ZLOO bH accHSWHG.

WH aVN \RX WR VHQG WKH PaQXVcULSW aV MS WRUG ILOH aV VRRQ aV SRVVLbOH WR
]hakh@geRkhi.UX. TKLV VKRXOG bH RQH MS-WRUG ILOH cRQWaLQLQJ WKH VHcWLRQV LQ WKH
IROORZLQJ RUGHU.

1.     TH[W

2.     CaSWLRQV IRU FLJXUHV

3.     RHIHUHQcHV

4.     TabOHV

5.     FLJXUHV (aOO WKH ILJXUHV VKRXOG bH LQ bOacN-aQG-ZKLWH).

On Whe WiWle page of Whe     Cop\righW TranVfer AgreemenW    indicaWe
Whe nameV and VXrnameV of all aXWhorV
WLWK bHVW UHJaUGV,

EGLWRULaO OIILcH RI WKH JRXUQaO RI AQaO\WLcaO CKHPLVWU\
 

3 attachments

mailto:zhakh@geokhi.ru
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68(17) figures Fatoni.pdf
1147K

68(17) Fatoni_manuscript_Revision ED.doc
1060K

Форма лицензионного договора v25-3новɵй-.doc
176K

Amin Fatoni <aminfatoni@gmail.com> Thu, Feb 14, 2019 at 7:38 AM
To: zhakh@geokhi.ru

Dear Editor of the Journal of Analytical Chemistry,

Thank you for the article proof.
I will revise accordingly and return to you as soon as possible.

Best regards,
Amin Fatoni 
[QXRWed We[W hiddeQ]
--
Amin Fatoni

Amin Fatoni <aminfatoni@gmail.com> Fri, Feb 15, 2019 at 8:49 AM
To: zhakh@geokhi.ru

Dear Editor of the Journal of Analytical Chemistry,

I have checked the article, revise accordingly, fix the references and figure (attached).
I have also filled and sign the copyright form.

Please contact me if any other information is needed.

Best regards,
Amin Fatoni

On Wed, Feb 13, 2019 at 8:30 PM Жɭɪɧаɥ аɧаɥиɬиɱеɫкɨй ɯиɦии <zhakh@geokhi.ru> wrote:
[QXRWed We[W hiddeQ]

--
Amin Fatoni

2 attachments

Форма лицензионного договора v25-3новɵй-.doc
190K

68(17) Fatoni_manuscript_Revision ED.doc
5076K

Журнал аналитической химии <zhakh@geokhi.ru> Fri, Feb 15, 2019 at 3:45 PM
Reply-To: zhakh@geokhi.ru
To: Amin Fatoni <aminfatoni@gmail.com>

Dear aXWhorV,

We¬ receiYed Whe Ànal YerVion of manXVcripW ¬ǔ 68(17( and a Cop\righW
TranVfer

Thank \oX¬

https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=168e70d6c04e0961&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=168e70d6c04e0961&attid=0.2&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=168e70d6c04e0961&attid=0.3&disp=attd&safe=1&zw
mailto:zhakh@geokhi.ru
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=168eeda141935aa4&attid=0.1&disp=attd&realattid=f_js5e81e11&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=168eeda141935aa4&attid=0.2&disp=attd&realattid=f_js5e7y6h0&safe=1&zw
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BeVW¬ regardV,
EdiWor FilaWoYa- JoXrnal of Anal\Wical ChemiVWr\
[QXRWed We[W hiddeQ]
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Amin FaWRni <aminfaWRni@gmail.cRm>

PURRf_AQChem9_19(21.07.19)
2 PHVVDJHV

ced <FHGJUDSK@SOHLDGHVRQOLQH.FRP> 7KX, JXO 18, 2019 DW 2:53 PM
7R: DPLQIDWRQL@JPDLO.FRP

Dear Author,

Please find attached the proofs of your article which will be published in
Journal of Analytical Chemistry № 9_19.

PLEASE read the instructions attached to this e-mail message (Instr_Rus.pdf in Russian or Instr_Eng.pdf in English).
ATTENTION: OUR INSTRUCTIONS ARE PERIODICALLY UPDATED. The instructions contain guidelines and
recommendations, without the compliance of which your reply letter will be lost during automatic processing.

PLEASE NOTE: After your reply has been received (or after the indicated deadline has expired) the camera-ready copy of your
paper will be sent to the printing house without any further proofing stages.

Changes and notes should be made in the PDF file of the paper. The PDF file with changes should be send to us as a reply to this
message no later than 21.07.19. This reply should either contain the file with changes or state that there are no corrections.

These files can be read and edited using Adobe Reader (version 9 or higher), which can be downloaded for free from
KWWS://JHW.DGREH.FRP/UHDGHU/.

Sincerely,
****************************
LLC «PBC «AKADEMKNIGA»

ǨȖȔȚȔșȠȯȝ АȖȦȢȤ,

ǢȔȣȤȔȖȟȓșȠ ВȔȠ Șȟȓ ȢțȡȔȞȢȠȟșȡȜȓ ȞȢȤȤșȞȦȧȤȧ ВȔȬșȝ ȥȦȔȦȰȜ, ȞȢȦȢȤȔȓ ȗȢȦȢȖȜȦȥȓ Ȟ ȣȧȕȟȜȞȔȪȜȜ Ȗ ȚȧȤȡȔȟș
Journal of Analytical Chemistry № 9_19.

ǨБǚǙǝǧǚǠǱǢǣ ǤǥǣǦǝǡ ВȔȥ ȣȢȥȟș ȣȢȟȧȫșȡȜȓ ȘȔȡȡȢȗȢ ȣȜȥȰȠȔ ȣȤȢȫȜȦȔȦȰ ȜȡȥȦȤȧȞȪȜȲ Ȗ ȣȤȜȟȢȚșȡȜȜ (ȨȔȝȟ Instr_Rus.pdf
ȥ ȜȡȥȦȤȧȞȪȜșȝ ȡȔ ȤȧȥȥȞȢȠ ȓțȯȞș ȜȟȜ ȨȔȝȟ Instr_Eng.pdf ȥ ȜȡȥȦȤȧȞȪȜșȝ ȡȔ ȔȡȗȟȜȝȥȞȢȠ ȓțȯȞș). ǣБǥАǮАǚǡ ВǢǝǡАǢǝǚ:
ǢАǭǝ ǝǢǦǧǥǨǟǫǝǝ ǤǚǥǝǣǙǝǬǚǦǟǝ ǣБǢǣВǠǴǳǧǦǴ. ǝȡȥȦȤȧȞȪȜȓ ȥȢȘșȤȚȜȦ ȣȤȔȖȜȟȔ ȢȨȢȤȠȟșȡȜȓ Ȝ
ȤșȞȢȠșȡȘȔȪȜȜ, ȕșț ȖȯȣȢȟȡșȡȜȓ ȞȢȦȢȤȯȩ ВȔȬș ȥȢȢȕȭșȡȜș ȕȧȘșȦ ȣȢȦșȤȓȡȢ ȣȤȜ ȔȖȦȢȠȔȦȜȫșȥȞȢȝ ȢȕȤȔȕȢȦȞș ȢȦȖșȦȢȖ.

ǣБǥАǧǝǧǚ ВǢǝǡАǢǝǚ, ȫȦȢ ȣȢȥȟș ȣȢȟȧȫșȡȜȓ ВȔȬșȗȢ ȢȦȖșȦȔ (ȜȟȜ șȗȢ ȢȦȥȧȦȥȦȖȜȓ ȣȢ ȜȥȦșȫșȡȜȜ ȧȞȔțȔȡȡȢȗȢ ȡȜȚș ȥȤȢȞȔ)
ȢȤȜȗȜȡȔȟ-ȠȔȞșȦ ВȔȬșȝ ȥȦȔȦȰȜ ȕȧȘșȦ ȢȦȣȤȔȖȟșȡ Ȗ ȦȜȣȢȗȤȔȨȜȲ ȕșț ȘȔȟȰȡșȝȬȜȩ ȥȦȔȘȜȝ ȣȤȢȖșȤȞȜ Ȝ ȥȢȗȟȔȥȢȖȔȡȜȓ.

ǝȥȣȤȔȖȟșȡȜȓ Ȝ țȔȠșȫȔȡȜȓ ȘȢȟȚȡȯ ȕȯȦȰ Ȗȡșȥșȡȯ ȡșȣȢȥȤșȘȥȦȖșȡȡȢ Ȗ PDF-ȨȔȝȟ ȥȦȔȦȰȜ. PDF-ȨȔȝȟ ȥ ȜȥȣȤȔȖȟșȡȜȓȠȜ ȣȤȢȥȜȠ
ȖȯȥȯȟȔȦȰ ȢȦȖșȦȢȠ ȡȔ ȘȔȡȡȢș ȣȜȥȰȠȢ ȡș ȣȢțȘȡșș 21.07.19. В ȢȦȖșȦȡȢȠ ȣȜȥȰȠș ȘȢȟȚșȡ ȕȯȦȰ ȟȜȕȢ ȨȔȝȟ ȥ ȜȥȣȤȔȖȟșȡȜȓȠȜ, ȟȜȕȢ
ȥȢȢȕȭșȡȜș Ȗ ȦșȞȥȦș ȣȜȥȰȠȔ Ȣȕ ȢȦȥȧȦȥȦȖȜȜ țȔȠșȫȔȡȜȝ.

ǩȔȝȟȯ ȠȢȚȡȢ ȣȤȢȫȜȦȔȦȰ Ȝ ȢȦȤșȘȔȞȦȜȤȢȖȔȦȰ ȥ ȣȢȠȢȭȰȲ ȣȤȢȗȤȔȠȠȯ Adobe Reader (ȖșȤȥȜȜ 9 Ȝ ȖȯȬș), ȞȢȦȢȤȧȲ ȠȢȚȡȢ
ȕșȥȣȟȔȦȡȢ ȥȞȔȫȔȦȰ ȫșȤșț ȜȡȦșȤȡșȦ: KWWS://JHW.DGREH.FRP/UHDGHU/

Ǧ ȧȖȔȚșȡȜșȠ,
****************************
ǣǣǣ «ǝǟǫ «АǟАǙǚǡǟǢǝГА»

3 aWWachmenWV
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300K
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95K

http://get.adobe.com/reader/
http://get.adobe.com/reader/
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=16c04125d510931f&attid=0.1&disp=attd&safe=1&zw
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AnChem1909002AminFaWRniKOR.Sdf
2130K

Amin FaWRni <DPLQIDWRQL@JPDLO.FRP> SDW, JXO 20, 2019 DW 7:25 AM
7R: FHG <FHGJUDSK@SOHLDGHVRQOLQH.FRP>

DHDU JRXUQDO RI AQDO\WLFDO CKHPLVWU\ EGLWRU,

7KDQN \RX IRU \RXU HPDLO.
I KDYH WZR FRPPHQW RQ WKH DUWLFOH (FRPPHQWHG PDF ILOH DWWDFKHG) DV IROORZV:

1. SXJJHVWLRQ WR SXW WKH CRnclXViRnV VHVVLRQ DIWHU WKH Fig. 7
2. RHPRYH WKH XQXVHG ZRUG LQ WKH HQG RI WKH DUWLFOH.

BHVW UHJDUGV,
APLQ FDWRQL

[QXRWed We[W hiddeQ]
--
APLQ FDWRQL

AnChem1909002AminFaWRniKOR-SURRfed.Sdf
2138K

https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=16c04125d510931f&attid=0.3&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=e524182baa&view=att&th=16c0cc52eb72f0b7&attid=0.1&disp=attd&realattid=f_jyasecfl0&safe=1&zw


We would like to thank the reviewers and the editor for the suggestions and 

comments. The manuscript has been revised accordingly and the responses to the 

queries are as follows. 

 

Editor Comment: 

1.We are sending you the manuscript No 68 for the revision . We ask you  to 

introduce the necessary amendments  into the text of your  manuscript , taking into 

considerations the remarks of the reviewer and reviewer and Guidelines of the 

Journal of Analytical Chemistry. 

Reviewer question and suggestion have been applied to revise the manuscript. 

2. 2. Please include paper titles in the references list. This should be done for all 

journal papers and collections of articles (see Authors' Guidelines at the Journal 

site). 

All references have been added their title 

 

 

Review Comment: 

“Easy and Low-Cost Chitosan Cryogel based Colorimetric Biosensor for Detection 

of Glucose” 

Amin Fatoni  et. al.  

 

The article corresponds to the profile of the Journal of Analytical Chemistry and can 

be published after corrections in accordance with the following remarks. 

 

1. The first subsection of the section "Results and their discussion" should be 

moved to the "Experimental part". 

I have move the first subsection of “Results and their discussion" to the 

"Experimental part", the correction was mark in green text. 

 

2. It is necessary to justify the choice of titanium (IV) oxysulfate as reagent. The 

matter is that the compounds of titanium (IV) in aqueous solutions undergo 

hydrolysis and pass into polymeric forms of complex composition and 

structure. 

The titanium sulfate method for H2O2 detection was selected due to their 

instantaneous reaction, forming yellow-colored complex which is stable for at least 

6 hours [1]. The method is specific to H2O2 and there are no interferences from other 

compounds present in water [2]. The reaction working under strong acidic 

conditions would make it independent to the pH[1]. 



This reasons have been added to the discussion, mark in green text. 

 

3. In scheme (1) on page 7, the non-existing Ti4 + cation should be replaced by 

the real Ti (IV) form present in the solution under these conditions. The 

hydrated Ti4 + ion can not exist due to a large charge in solutions. 

Thank you for the correction, since Ti4 + would not occur in ion form of aqueous 

solution, we change the scheme with a Ti – ligand complex form of Ti(IV)OSO4 

(Titanium(IV)oxysulfate. 

 

4. It is useful in the "Introduction" section to formulate the research objective. 

The research objective has been added in the “Introduction”, the additional was 

mark in green.   

 

5. The authors characterize the developed sensor as a "diagnostic and accurate 

instrument" (p.3). However, the term accuracy typically refers to a technique 

for determining by an instrument, rather than to an analyte detection device. 

Thank you for the suggestion. We have change the term “diagnostic and accurate 

tool” to “diagnostic and promising detection device”. The change was marked in 

green text. 

 

     6. Reference should be made to the literature source, in which the "Wilcoxon 

signed-rank" methodology is described. 

 

Wilcoxon signed-rank is a nonparametric test procedure for the analysis of matched-

pair data [3]. It can be used for comparing two related sample (new method vs 

standard methods for example) as an alternative to the paired Student's t-test when 

the population cannot be assumed to be normally distributed [4] (only few sample 

tested, much lower than 30 samples). 

Reference has been added to the methodology section. 

 

     7. References to literature in the text should be enclosed in square brackets. 

The references have been revise according to the suggestion 

 

     8. It is necessary to explain what the authors mean by the LOQ and LOD. 

Reference to Fig. 7 is not enough for this. 

The explanation of LOQ and LOD have been added, mark in green text. 

 

     9. In many places in the text it is necessary to edit the English language. 

Some corrections have been made, mark in blue font color. 
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Abstract 

 

A colorimetric biosensor for glucose detection has been studied based on chitosan cryogel 

supporting material for enzyme immobilization. The detection was based on the glucose 

conversion to hydrogen peroxide by glucose oxidase, which then a titanium (IV) oxysulfate 

was used to measure the hydrogen peroxide, indicated by yellow color formed. The color 

change with the concentration then recorded by a commercial scanner and analyzed using 

ImageJ software. The fabricated biosensor allows easy to prepare by in-tips enzyme 

immobilization and user-friendly operation using micropipette by the suck-hold-release method 

to detect glucose. The enzyme immobilization has been optimized including enzyme amount 

and reaction time. The biosensor showed a high operational stability up to 56 analysis in a single 

immobilized enzyme, with a wide linearity (0.3 to 3.0 mM glucose), high specificity, and also 

agreed with the standard method used in the hospital to detect blood glucose (Wilcoxon signed-

rank, P > 0.05). 

Keywords: cryogel, glucose biosensor, chitosan, colorimetric. 
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INTRODUCTION 

Early detection and diagnostic require less treatment and are less cost of diseases 

management. Glucose detection in the blood is the most feasible approach for early detection 

of diabetes mellitus. Several methods to detect blood glucose level have been reported, 

including chemical, enzymatic and affinity-based detection principles. A biosensor that utilized 

biosensing element to detect glucose showed advantages of their high selectivity due to the 

nature of the biosensing, for example, enzyme glucose oxidase, catalyze a high specific 

substrate of glucose. Many strategies have been reported to improve the glucose biosensor 

performances, which mainly performed to increase the sensitivity, selectivity, and stability or 

to decrease the analysis time analysis cost. 

High stability biosensor could be achieved by maintenance the enzyme activity by 

the use of natural polymers as a supporting material such as chitosan [1], agarose [2] and 

alginate [3]. Chitosan could be prepared in cryogel form, which provided a high surface area, 

high stability and also high sensitivity in the biosensor development to detect glucose [1], sialic 

acid [4], microalbumin [5], and carcinoembryonic antigen [6]. However, the use of 

electrochemical detection in the previous chitosan cryogel based biosensors showed some 

disadvantages such as a high-cost instrument, a laborious electrode preparation, and a relative 

complex operation.  

On the other hand, colorimetric based sensors have received considerable attention 

due to their simplicity, high sensitivity, and low cost. The rapid growth of digital imaging device, 

proposed cost-effective methods in the analysis based on the color change with the analyte 

concentration, for example, the use of smartphone camera [7], web-cam [8], digital camera [9] 

and scanner [10]. The ability of such devices to take digital images have been reported as 

function as a spectrophotometer with a wavelength resolution of 5 nm [11] which wide range 

application such as flow immunoassay [12], quantum-dot labeling bacteria [13] and label-free 
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photonic crystal biosensor [14].   

The aimed of this work was to develop simple preparation and low-cost colorimetric 

glucose biosensor using chitosan cryogel as supporting material. The proposed biosensor was 

easy to prepare by growing chitosan cryogel in a micropipette tip and immobilizing the glucose 

oxidase in the chitosan cryogel measured by a commercial document scanner. The biosensor 

was also easy to operate by a suck-hold-release method using a micropipette, similar to daily 

used of the micropipette in the liquid sample handling. This biosensor would be a user-friendly 

diagnostic and promising detection device, compared to the standard methods to detect glucose.   

 

EXPERIMENTAL 

Chemicals and Materials 

Glucose oxidase (GOD) (EC 1.1.3.4, Type II-S, 15-50 unit mg-1), chitosan from crab shell, 

titanium (IV) oxysulfate (≥29%), glutaraldehyde (Grade II, 25% in H2O) were from Sigma 

(Steinheim, Germany). D-(+)-glucose anhydrous, hydrogen peroxide (30%), acetic acid (96%), 

sodium dihydrogen phosphate monohydrate and di-sodium hydrogen phosphate di-hydrate 

were from Merck (Germany). 

Apparatus and measurements 

Scanning electron microscopy (JEOL JSM-6510, Japan) was used to characterize the 

chitosan cryogel surface. Shimadzu Biospec 1601 UV-Vis spectrophotometer (Shimadzu, 

Japan) was used to measure the sample color change in the preliminary study. Commercial 

document scanner (Canon LiDE 120, Vietnam) was used to capture the digital image of samples 

color changes. An ImageJ software (https://imagej.nih.gov/ij/) was used to analyze the digital 

imaging into RGB (red, green, blue) intensity. Flat bottom 96 well plate (Iwaki, Japan) was 

used as sample holder for reaction and measurement.  
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Biosensing Element Preparation 

The biosensing element was based on the immobilized glucose oxidase in the chitosan 

cryogel (Figure 1). Chitosan solution was prepared by dissolving 2 g in 80 ml of 1% (v/v) of 

acetic acid, stirred gently with heating and adjust with 1% acetic acid solution to make 100 ml 

of solution. The chitosan solution was then filtered and kept at 4°C when not in use. Chitosan 

cryogel has been prepared by simultaneously polymerization and freezing of chitosan solution 

using glutaraldehyde as a crosslinker. Chitosan solution of 100 L was mixed with five L 

glutaraldehyde solution of 2.5%. This mixture was then added to a micropipette tip of 1000 L 

(blue tip), with a stainless rod as a hollow template. The chitosan polymerization was performed 

in sub-zero temperature (-20 °C) for six h to allow the cryogelation process. Chitosan polymers 

have been crosslinked, while water solvent was frozen allowed porous cryogel backbone build. 

The chitosan cryogel was then thawed at 4 °C to allow crystal water melt, continued with 

removing the stainless steel rod to produce the hollow chitosan cryogel in the micropipette tips 

(hChiCryo). The developed hChiCryo inside a blue micropipette tip (100-1000 L) was easy 

to prepare, which this tip had a double function, as a shield of the hChiCryo from physically 

damage and also as enzyme reactor to allow glucose conversion, assisted by micropipette. The 

chitosan cryogel was then activated using 100 ml of 2.5 % (v/v) glutaraldehyde solution for 20 

min and rinsed with deionized water. Glucose oxidase enzyme was prepared in the phosphate 

buffer solution (50 mM, pH of 7.0) with the enzyme concentration of 0.2 U/L. This enzyme 

solution of 50 L was immobilized in the activated hollow chitosan cryogel for six h at 4 °C. 

This hChiCryo-GOD was kept in 4°C when it was not in use. 

Fig. 1 here 

Glucose Detection 

Glucose detection in the fabricated biosensor was based on the enzymatic reaction of 
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glucose and GOD enzyme. The GOD convert glucose into gluconolactone and hydrogen 

peroxide. Series concentration (0.6 – 1.4 mM) of glucose solutions of 100 L were first tested. 

The glucose and GOD reaction was performed in the chitosan cryogel inside the micropipette 

tip, by sucking the glucose solution using the micropipette, holding the glucose solution to 

allow the enzymatic reaction, continued by releasing the solution to a flat bottom 96 well plate. 

Titanium(IV)oxy sulfate solution (2.5% b/v in 2 M of sulfuric acid ) of 50 L was then added 

to each solution. The well plate was then placed in the document scanner, scanned and analyzed 

the RGB intensity using ImageJ software. The RGB intensity related to the hydrogen peroxide 

concentration was analyzed. As a comparison, the color change of the hydrogen peroxide and 

indicator were also analyzed using a spectrophotometer.     

Enzymatic Optimization 

This study was performed similarly to the glucose detection with the various enzyme 

modification. The biosensor optimization including the enzyme amount and the enzymatic 

reaction time. The enzyme amount studied were 2.5 to 20 U of GOD enzyme immobilized in 

the hChiCryo. The optimum amount of the GOD was then used to study the enzymatic reaction 

time of 0.5 to 10 minutes. Under the optimal conditions, the fabricated glucose biosensor was 

used to detect standard glucose solution from the lowest concentration to the highest 

concentration to obtain the linear range, limit of detection and limit of quantification. 

Stability Study 

One of the advantages in the use of an immobilized enzyme, such in this fabricated 

biosensor, is the reusability. The reusability of the biosensor in the glucose detection was studied 

by measuring 3.0 mM standard glucose solutions uninterrupted. Good stability of the glucose 

biosensor was determined by the given responses for more than 90% of the initial response.  

Selectivity Study 

Common interferences of glucose detection in the blood sample are ascorbic acid and uric 
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acid [15]. These interferences could result in positive false in some glucose detection based on 

the use of glucose oxidase, as a reducing agent, similar to the hydrogen peroxide resulted in the 

conversion of glucose by such enzyme. In this study, the ascorbic acid and uric acid were added 

to the standard glucose solution. The standard glucose solution of 3.0 mM (normal blood 

glucose level) was mixed with the various concentrations of ascorbic acid and uric acid.  

Real Sample Analysis  

The glucose biosensor performance tested to detect glucose concentration in the blood sample 

collected from a local hospital. The glucose level obtained from the proposed biosensor was 

compared to the glucose concentration of the blood plasma analyzed using a standard method 

of hexokinase (spectrophotometry). Those results were statistically compared using Wilcoxon 

signed-rank test [16]. 

 

RESULTS AND DISCUSSION  

Chitosan Cryogel Preparation and Morphological Study 

SEM image of the fabricated chitosan cryogel showed pores diameters of 10-100 µm (Figure 2 

a,b). The pores size of this chitosan cryogel were slightly larger than chitosan-albumin cryogel 

of 5-20 µm previously reported [1]. It has also been confirmed that the non-cryogel chitosan, 

polymerization at 4 °C, did not show a porous structure (Figure 2, c,d). 

Fig. 2. here 

Glucose Detection 

This biosensor was designed as user-friendly operate called the suck-hold-release method. First, 

glucose solution was sucked using micropipette armed with hChiCryo-GOD tip, and then the 

glucose was held in the tip as enzyme reactor to allow glucose conversion. Finally, the resulted 

hydrogen peroxide was released from the micropipette tip, and it was reacted with the indicator 

according to the reaction below. Glucose was first converted to gluconic acid and hydrogen 
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peroxide by glucose oxidase enzyme immobilized in the chitosan cryogel (1). The resulted 

hydrogen peroxide was then reacted with titanium(IV) oxysulfate to produce a yellow color of 

pertitanic acid (2).  

D-Glucose + O2
𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝑜𝑥𝑦𝑑𝑎𝑠𝑒
→            Gluconic acid + H2O2   (1) 

TiOSO4 +  H2O2 + 2 H2O
                                
→          H2TiO4   ( yellow) +  4 H

+ + SO4
-   (2) 

 

The use of titanium sulfate method for H2O2 detection was selected due to their instantaneous 

reaction and forming a yellow-colored complex which was stable for at least 6 hours [17]. The 

method was also highly specific to H2O2 detection without any interferences responses [18]. 

Furthermore, the strongly acidic solution would make it independent of the pH [17]. 

This mixture was prepared in the 96 well plate flat bottom to easy capture the color change 

using a scanner, with further analyzed using ImageJ software. Similar software was also could 

be used to extract the color intensity from the digital imaging such as Adobe PhotoshopTM 

(Adobe Inc, Windows-based application)[19] and Color Grab (Loomatix, Android-based 

application) [20]. The result showed a high correlation between glucose concentration and color 

change, described as color intensity of red, green and blue (RGB) (Figure 3). The three color 

intensity (R, G, and B) showed a high correlation, with the highest sensitivity (slope) was the 

decreasing of blue color intensity. Both red and green intensities were increased with a lower 

sensitivity than that of blue intensity. Therefore, for further study would use the blue color 

intensity. Furthermore, the colorimetric detection using scanner was also playing an important 

role to reduce the analysis cost, by avoiding the high cost of spectrophotometer or colorimeter. 

This detection method was also easy to replace using daily devices with their ability to record 

digital imaging such as mobile phone camera, pocket camera or DSLR camera. 

Fig. 3. here 
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Enzymatic Optimization 

This study including the amount of enzyme immobilized in the chitosan cryogel and the 

enzymatic reaction time. More enzyme used would result in a better biosensor response due to 

the high enzymatic product. However, this condition should be limited by the surface area of 

the chitosan cryogel as supporting material in the enzyme immobilization. Therefore, excess 

enzyme over the supporting material capacity would not increase the biosensor responses. This 

study was used 50 L of enzyme solution with a various concentration of 2.5 to 20 unit of 

glucose oxidase enzyme. The result showed the increasing glucose biosensor responses with 

the increasing of glucose oxidase amount of 2.5 to 15. However, an additional enzyme of 15 to 

20 unit resulted in a relatively similar glucose biosensor responses (Figure 4). Thus the 15 unit 

of glucose oxidase was used for further fabrication.     

Fig. 4. here 

Fig. 5. here 

Besides enzyme amount, it is also important to study the enzymatic reaction time. Longer 

contact between enzyme and substrate allowed a complete reaction, resulting in a better glucose 

biosensor responses. However, a longer reaction also increased the analysis time. The result 

showed an increasing biosensor responses from 1 to 5 minutes reaction time (Figure 5), and 

relatively stable after that. Thus, a reaction time of 5 min was used for further study.  

Stability Study 

Chitosan cryogel showed superior stability in the biosensor development, which has been 

reported previously in the amperometric glucose biosensor [1], the sialic acid biosensor [4] and 

microalbumin biosensor [5]. The fabricated glucose biosensor showed a high stability of the 

immobilized glucose oxidase with uninterrupted analysis of 3.0 mM glucose solution for up to 

56 analysis with an RSD of 5,47% (Figure 6). The fabricated biosensor stability was much 

better than that of our previous work using alginate of 10 analysis[21]. The better stability may 
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due to the chitosan cryogel had better enzyme activity maintenance then the alginate cryogel. 

The use of chitosan to improve the enzyme activity was agreed with another study of urease 

immobilization, where using chitosan remains higher activity than alginate during reusability 

study[22].  The fabricated hollow chitosan cryogel was also much better than chitosan bead 

of 12 analysis[23]. The higher stability may due to the hollow chitosan cryogel was strongly 

attached to the micropipette tip wall, whereas the chitosan cryogel beads were freely physical 

contact each other during operational of suck-hold-release the analyte solution. This physical 

contact may effect to the losses of immobilized enzyme on the bead surface resulted in the 

lower activity remains during reusability. The excellent reusability of the fabricated glucose 

biosensor would also be much lower cost compared to the commercial glucose biosensor with 

disposable glucose oxidase strip.  

Fig. 6. here 

Linear Range 

Other analytical performances of the fabricated glucose biosensor have also been studied 

including linear range, limit of detection and limit of quantification. The fabricated glucose 

biosensor showed a linear response in the glucose detection from 0.5 mM to 3.0 mM with 

regression equation of y = 38,31x – 3,08 and R2 of 0.992. The plotted data were the color 

intensity change of 0 mM glucose compared to a series glucose concentrations additions. For 

example, the solution of 0 mM glucose concentration showed the blue color intensity of 140 

and the solution of 1.0 mM glucose showed the blue color intensity of 105. Thus, the color 

intensity change was 35. By plotting this data, the color intensities change increased with the 

glucose concentrations. Limit of detection (LOD) is the lowest amount of an analyte in a sample 

which can be detected but not necessarily quantified an exact value [24], whereas limit of 

quantification (LOQ) is the concentration or amount of analyte quantifiable with a variation 

coefficient not higher than 10% [25]. The calculated LOD was 0.26 mM and calculated LOQ 
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was 0.87 mM (Figure 7). 

Fig. 7. here 

Selectivity Study 

Glucose detection based on the use of glucose oxidase enzyme could interfere by redox 

interferences such as ascorbic acid and uric acid [15]. In this study, various ascorbic acid and 

uric acid have been added to standard glucose solution of 3.0 mM. The result showed there 

were no significant glucose biosensor responses change in the present of ascorbic acid and uric 

acid (Figure 8), even in the high concentration of 1000 µM which were higher than their highest 

level found in the blood for uric acid of 500 µM and ascorbic acid of 250 µM. The high 

selectivity of this glucose biosensor supported by the use of titanium (IV) oxysulfate which was 

specific to H2O2 detection [17]. 

Fig. 8. here 

Fig. 9. here 

 

Blood Glucose Analysis 

The analytical performance of the fabricated glucose biosensor was also studied in the blood 

sample glucose detection. Six samples of blood plasma were collected from a local hospital. 

The samples have been diluted three times with phosphate buffer (50 mM, pH of 7) before 

analysis. The glucose detection of the blood plasma samples by the fabricated biosensor showed 

similar results (Figure 9) to the standard spectrophotometric method performed by the hospital. 

Furthermore, statistical analysis of Wilcoxon Signed Rank test was used to compare the glucose 

concentration of those two methods. Statistical analysis indicated that the glucose concentration 

obtained by the fabricated biosensor compare to the standard method of the hospital used were 

not significantly different (P = 0.225, P>0.05).  
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CONCLUSIONS 

 

The colorimetric glucose biosensor has been easy to prepare by immobilizing GOD in the 

chitosan cryogel growth in the micropipette tip. This biosensor used a relative cheap 

instrumentation of micropipette and commercial scanner, which could be applied in the low-

income area. Furthermore, the use of chitosan cryogel resulted in a high stability biosensor with 

a single preparation can be used up to 56 analysis, which would also reduce the analysis cost. 

The analytical performance of the fabricated biosensor showed a good linear range, low limit 

of detection and high selectivity to common interferences found in the blood glucose analysis 

of ascorbic acid and uric acid. Furthermore, blood glucose analysis using the biosensor compare 

to the standard method used in the hospital did not show a significantly different (Wilcoxon 

signed-rank, P > 0.05)  
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Figure Captions 

Figure. 1 Hollow chitosan cryogel modified biosensing element preparation. The chitosan 

cryogel was developed inside a micropipette tips, continued by immobilization of 

GOD, which finally easy to use for glucose detection colorimetrically. 

Figure. 2 SEM images of chitosan cryogel surface at x250(a) and x2000(b) showed a porous 

structure. The SEM image of non-cryogel chitosan showed a flat surface at x250(c) 

and rough surface without pores at x2000(d). 

Figure. 3 Color intensity (red, green, blue) change with the glucose concentration. Inset the 

example of yellow color produced by resulted hydrogen peroxide reaction with 

titanium(IV) oxysulfate. 

Figure. 4 Enzyme amount effect on the glucose biosensor response. Low blue color intensity 

was a better response, inverted of formed yellow color visually. 

Figure. 5 Enzymatic reaction time effect on the glucose biosensor response. Lower blue color 

intensity represented a better response of visually yellow color formed. 

Figure. 6 Glucose biosensor operational stability performed by uninterrupted analysis of 3.0 

mM glucose 

Figure. 7 Glucose biosensor responses showed linearly with the glucose concentration of 0.5 to 

3.0 mM 

Figure. 8 Ascorbic acid and uric acid effect on the glucose biosensor responses. 

Figure. 9 Blood glucose analysis using fabricated biosensor (gray bar) compare to the 

spectrophotometric method of the hospital (dark blue bar). 
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Fig. 1 Hollow chitosan cryogel modified biosensing element preparation. The chitosan cryogel was 

developed inside a micropipette tips, continued by immobilization of GOD, which finally easy to use 

for glucose detection colorimetrically. 
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Fig. 2 SEM images of chitosan cryogel surface at x250(a) and x2000(b) showed a porous structure. The 

SEM image of non-cryogel chitosan showed a flat surface at x250(c) and rough surface without pores 

at x2000(d). 
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Fig. 3 Color intensity (red, green, blue) change with the glucose concentration. Inset the example of 

yellow color produced by resulted hydrogen peroxide reaction with titanium(IV) oxysulfate. 

 

Fig. 4 Enzyme amount effect on the glucose biosensor response. Low blue color intensity was a better 

response, inverted of formed yellow color visually. 
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Fig. 5 Enzymatic reaction time effect on the glucose biosensor response. Lower blue color intensity 

represented a better response of visually yellow color formed.  

 

Fig. 6 Glucose biosensor operational stability performed by uninterrupted analysis of 3.0 mM glucose 
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Fig. 7 Glucose biosensor responses showed linearly with the glucose concentration of 0.5 to 3.0 mM.  
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Fig. 8 Ascorbic acid and uric acid effect on the glucose biosensor responses.    
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Fig. 9 Blood glucose analysis using fabricated biosensor (white bar) compare to the spectrophotometric 

method of the hospital (grey bar). 

 


