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Preface: 1% International Conference on Material Science and
Engineering for Sustainable Rural Development (ICMSE-SURE)

The I*' International Conference on Material Science and Engineering for Sustainable Rural
Development ICMSE-SURE) was held in Java Heritage Hotel, Purwokerto, Indonesia. This two-
day conference was held on 14-15 November 2018 with a theme of Science and Engineering for
Rural Innovation. This conference in conjunction with ICLAS-SURE for life and applied science
and ICAH-SURE for Arts and Humanities together in the topic for Rural Innovation.

The purposes of the conference are:

e to provide a forum for scientific discussion, professional networking, research
collaboration, education, and dissemination of scientific research, innovation and industrial
products.

e to increase the quality of research and development in the multidisciplinary approach for
sustainable rural development.

e to encourage the local and regional young scientists to attend and present their works at the
international level.

The success of the Conference would not have been attained without strong supports from
contributing scientists and as well as Research and Society Service of Universitas Jenderal
Soedirman Committee. I would like to thank all of them for helping to make a very successful
conference.

We hope that you will enjoy a pleasant and valuable conference at Purwokerto, organized by the
Research and Society Service Institute, Jenderal Soedirman University.

Thank you

Amin Fatoni, Ph.D.
ICMSE-SURE Chairman
Universitas Jenderal Soedirman
Purwokerto, Indonesia

Ist International Conference on Material Science and Engineering for Sustainable Rural Development
AIP Conf. Proc. 2094, 010001-1-010001-1; https://doi.org/10.1063/1.5097469
Published by AIP Publishing. 978-0-7354-1824-0/$30.00

010001-1



55 MENU SIGN IN/REGISTER & Q

Author Services

English Language Editing
High-quality assistance from subject specialists

/4 él!llzlishing Conference Proceedings

HOME BROWSE MORE ¥

. Table of Contents

1ST INTERNATIONAL CONFERENCE ON < PREV|NEXT >
MATERIAL SCIENCE AND ENGINEERING
FOR SUSTAINABLE RURAL
DEVELOPMENT

Conference date: 14-15 November 2018

Location: Central Java, Indonesia

ISBN: 978-0-7354-1824-0

Editors: Amin Fatoni, Yusril Yusuf, Retno Supriyanti, Hitoshi Habe, Jae-Suk Choi, Uyi
Sulaeman, Wahyu Tri Cahyanto, Mohd Marsin Sanagi, Wahyu Widanarto and Jas Raj
Subba

Volume number: 2094

Published: Apr 17, 2019

DISPLAY: 20 50 100 all

PRELIMINARY

& BROWSE VOLUMES


https://images.scitation.org/redirect.spark?MID=176720&plid=1937482&setID=376303&channelID=5843&CID=710709&banID=520831929&PID=0&textadID=0&tc=1&adSize=728x90&mt=1675344925494546&sw=1440&sh=900&spr=1&referrer=https://aip.scitation.org/toc/apc/2094/1&hc=f992f1380a35be64038c0a160e1b9d1c7f44ca57&location=
https://aip.scitation.org/action/showLogin?uri=/toc/apc/2094/1
https://aip.scitation.org/action/showCart
https://aip.scitation.org/
https://aip.scitation.org/journal/apc
https://aip.scitation.org/journal/apc
https://aip.scitation.org/toc/apc/current
https://aip.scitation.org/toc/apc/2093/1
https://aip.scitation.org/toc/apc/2101/1
https://aip.scitation.org/action/showLargeCover?doi=10.1063/apc.2019.2094.issue-1
https://aip.scitation.org/author/Fatoni,+Amin
https://aip.scitation.org/author/Yusuf,+Yusril
https://aip.scitation.org/author/Supriyanti,+Retno
https://aip.scitation.org/author/Habe,+Hitoshi
https://aip.scitation.org/author/Choi,+Jae-Suk
https://aip.scitation.org/author/Sulaeman,+Uyi
https://aip.scitation.org/author/Cahyanto,+Wahyu+Tri
https://aip.scitation.org/author/Sanagi,+Mohd+Marsin
https://aip.scitation.org/author/Widanarto,+Wahyu
https://aip.scitation.org/author/Subba,+Jas+Raj
https://aip.scitation.org/toc/apc/2094/1?size=20
https://aip.scitation.org/toc/apc/2094/1?size=50
https://aip.scitation.org/toc/apc/2094/1?size=100
https://aip.scitation.org/toc/apc/2094/1?size=all

a No Access . April 2019
Preface: 1st International Conference on Material Science and
Engineering for Sustainable Rural Development (ICMSE-SURE)

AIP Conference Proceedings 2094, 010001 (2019); https://doi.org/10.1063/1.5097469

ARTICLES

a No Access . April 2019
Visual surveillance for collective behavior analysis: From human

to fish
Hitoshi Habe

AIP Conference Proceedings 2094, 020001 (2019); https://doi.org/10.1063/1.5097470

SHOW ABSTRACT

a No Access . April 2019
The effect of compaction method on compressive strength of

self compacting concrete (SCC) in laboratory
Agus Maryoto

AIP Conference Proceedings 2094, 020002 (2019); https://doi.org/10.1063/1.5097471

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097469
https://doi.org/10.1063/1.5097469
https://aip.scitation.org/doi/10.1063/1.5097470
https://aip.scitation.org/author/Habe,+Hitoshi
https://doi.org/10.1063/1.5097470
https://aip.scitation.org/doi/10.1063/1.5097471
https://aip.scitation.org/author/Maryoto,+Agus
https://doi.org/10.1063/1.5097471

SHOW ABSTRACT

a No Access . April 2019
Petrology and trace element study of igneous rock at Ayah,
Karangbolong Dome, Kebumen, Central Java

Fadlin, Gentur Waluyo, Sekar Ramadhani Ruslan, Wildan Nur Hamzah and Arifudin Idrus

AIP Conference Proceedings 2094, 020003 (2019); https://doi.org/10.1063/1.5097472

SHOW ABSTRACT

a No Access . April 2019

Gravity anomalies and regional geological studies between
Slamet Volcano, Buaran and Bantarkawung Areas for
geothermal energy exploration and development

Sachrul Iswahyudi, Sukmaji Anom Raharjo, Indra Permanajati, Rachmad Setijadi, Riza

Aditya Pratama and Baniarga Prabowo

AIP Conference Proceedings 2094, 020004 (2019); https://doi.org/10.1063/1.5097473

SHOW ABSTRACT

a No Access . April 2019
Cattle feed concentrate automatization system based on

internet of things
Bangun Wijayanto, Swahesti Puspita Rahayu and Dadang Iskandar

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097472
https://aip.scitation.org/author/Fadlin
https://aip.scitation.org/author/Waluyo,+Gentur
https://aip.scitation.org/author/Ruslan,+Sekar+Ramadhani
https://aip.scitation.org/author/Hamzah,+Wildan+Nur
https://aip.scitation.org/author/Idrus,+Arifudin
https://doi.org/10.1063/1.5097472
https://aip.scitation.org/doi/10.1063/1.5097473
https://aip.scitation.org/author/Iswahyudi,+Sachrul
https://aip.scitation.org/author/Raharjo,+Sukmaji+Anom
https://aip.scitation.org/author/Permanajati,+Indra
https://aip.scitation.org/author/Setijadi,+Rachmad
https://aip.scitation.org/author/Pratama,+Riza+Aditya
https://aip.scitation.org/author/Prabowo,+Baniarga
https://doi.org/10.1063/1.5097473
https://aip.scitation.org/doi/10.1063/1.5097474
https://aip.scitation.org/author/Wijayanto,+Bangun
https://aip.scitation.org/author/Rahayu,+Swahesti+Puspita
https://aip.scitation.org/author/Iskandar,+Dadang

AIP Conference Proceedings 2094, 020005 (2019); https://doi.org/10.1063/1.5097474

SHOW ABSTRACT

a No Access . April 2019
Classification model for graduation on time study using data

mining techniques with SVM algorithm
Mulki Indana Zulfa, Ari Fadli and Yogi Ramadhani

AIP Conference Proceedings 2094, 020006 (2019); https://doi.org/10.1063/1.5097475

SHOW ABSTRACT

a No Access . April 2019
Quantitative relationship analysis of anionic surfactan

structures of sulfate group based on large ab initio calculations
Eva Vaulina Yulistia Delsy, Senny Widyaningsih and Dwi Kartika

AIP Conference Proceedings 2094, 020007 (2019); https://doi.org/10.1063/1.5097476

SHOW ABSTRACT

a No Access . April 2019
Validated method for direct determination of Cathechins by
high performance liquid chromatography

BROWSE VOLUMES


https://doi.org/10.1063/1.5097474
https://aip.scitation.org/doi/10.1063/1.5097475
https://aip.scitation.org/author/Zulfa,+Mulki+Indana
https://aip.scitation.org/author/Fadli,+Ari
https://aip.scitation.org/author/Ramadhani,+Yogi
https://doi.org/10.1063/1.5097475
https://aip.scitation.org/doi/10.1063/1.5097476
https://aip.scitation.org/author/Delsy,+Eva+Vaulina+Yulistia
https://aip.scitation.org/author/Widyaningsih,+Senny
https://aip.scitation.org/author/Kartika,+Dwi
https://doi.org/10.1063/1.5097476
https://aip.scitation.org/doi/10.1063/1.5097477

Andreas Andreas, Dian Muzdalifah, Linar Z. Udin, Hendris H. Kurniawan, Oman Zuas, Sri
Handayani and Euis Filaila

AIP Conference Proceedings 2094, 020008 (2019); https://doi.org/10.1063/1.5097477

SHOW ABSTRACT

a No Access . April 2019
New paradigm to understanding turbidite sediment in

Banyumas basin
Eko Bayu Purwasatriya, Sugeng Sapto Surjono and D. Hendra Amijaya

AIP Conference Proceedings 2094, 020009 (2019); https://doi.org/10.1063/1.5097478

SHOW ABSTRACT

a No Access . April 2019
Resistivity and induced polarize (IP) approach for polymetallic
vein distributions of Bukit Pondok mineralization (Ex-VOC

mining in 1902), Tana Tidung, East Kalimantan

Fadlin, Wildan Nur Hamzah, Eko Bayu Purwasatriya, Arifudin Idrus, Nita Ariyanti and Sekar
Ramadhani Ruslan

AIP Conference Proceedings 2094, 020010 (2019); https://doi.org/10.1063/1.5097479

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/author/Andreas,+Andreas
https://aip.scitation.org/author/Muzdalifah,+Dian
https://aip.scitation.org/author/Udin,+Linar+Z
https://aip.scitation.org/author/Kurniawan,+Hendris+H
https://aip.scitation.org/author/Zuas,+Oman
https://aip.scitation.org/author/Handayani,+Sri
https://aip.scitation.org/author/Filaila,+Euis
https://doi.org/10.1063/1.5097477
https://aip.scitation.org/doi/10.1063/1.5097478
https://aip.scitation.org/author/Purwasatriya,+Eko+Bayu
https://aip.scitation.org/author/Surjono,+Sugeng+Sapto
https://aip.scitation.org/author/Amijaya,+D+Hendra
https://doi.org/10.1063/1.5097478
https://aip.scitation.org/doi/10.1063/1.5097479
https://aip.scitation.org/author/Fadlin
https://aip.scitation.org/author/Hamzah,+Wildan+Nur
https://aip.scitation.org/author/Purwasatriya,+Eko+Bayu
https://aip.scitation.org/author/Idrus,+Arifudin
https://aip.scitation.org/author/Ariyanti,+Nita
https://aip.scitation.org/author/Ruslan,+Sekar+Ramadhani
https://doi.org/10.1063/1.5097479

A review of LoRa technology and its potential use for rural

development in Indonesia
Eko Murdyantoro, Azis Wisnu Widhi Nugraha, Arief Wisnu Wardhana, Ari Fadli and Mulki

Indana Zulfa

AIP Conference Proceedings 2094, 020011 (2019); https://doi.org/10.1063/1.5097480

SHOW ABSTRACT

& No Access . April 2019

Ontology model for tourism information in Banyumas
Lasmedi Afuan and Nurul Hidayat

AIP Conference Proceedings 2094, 020012 (2019); https://doi.org/10.1063/1.5097481

SHOW ABSTRACT

a No Access . April 2019
Measuring usability scale and factors that influence the
implementation of internship information system in

engineering faculty of Jenderal Soedirman University
Swahesti Puspita Rahayu, Bangun Wijayanto and Dadang Iskandar

AIP Conference Proceedings 2094, 020013 (2019); https://doi.org/10.1063/1.5097482

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097480
https://aip.scitation.org/author/Murdyantoro,+Eko
https://aip.scitation.org/author/Nugraha,+Azis+Wisnu+Widhi
https://aip.scitation.org/author/Wardhana,+Arief+Wisnu
https://aip.scitation.org/author/Fadli,+Ari
https://aip.scitation.org/author/Zulfa,+Mulki+Indana
https://doi.org/10.1063/1.5097480
https://aip.scitation.org/doi/10.1063/1.5097481
https://aip.scitation.org/author/Afuan,+Lasmedi
https://aip.scitation.org/author/Hidayat,+Nurul
https://doi.org/10.1063/1.5097481
https://aip.scitation.org/doi/10.1063/1.5097482
https://aip.scitation.org/author/Rahayu,+Swahesti+Puspita
https://aip.scitation.org/author/Wijayanto,+Bangun
https://aip.scitation.org/author/Iskandar,+Dadang
https://doi.org/10.1063/1.5097482

a No Access . April 2019
Liquefaction potential of sandfill with various grain size

distribution on peat with shaking table
Soewignjo Agus Nugroho, Agus lka Putra, Muhamad Yusa and Syawal Satibi

AIP Conference Proceedings 2094, 020014 (2019); https://doi.org/10.1063/1.5097483

SHOW ABSTRACT

a No Access . April 2019
Stepper motor control with DRV 8825 driver based on square

wave signal from AVR microcontroller timer
Arief Wisnu Wardhana and Daru Tri Nugroho

AIP Conference Proceedings 2094, 020015 (2019); https://doi.org/10.1063/1.5097484
SHOW ABSTRACT
a No Access . April 2019

Fiber optic as embedded sensors to failure detection of beam
green concrete

Farida Asriani, Gandjar Pamudji and Hesti Susilawati

AIP Conference Proceedings 2094, 020016 (2019); https://doi.org/10.1063/1.5097485

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097483
https://aip.scitation.org/author/Nugroho,+Soewignjo+Agus
https://aip.scitation.org/author/Putra,+Agus+Ika
https://aip.scitation.org/author/Yusa,+Muhamad
https://aip.scitation.org/author/Satibi,+Syawal
https://doi.org/10.1063/1.5097483
https://aip.scitation.org/doi/10.1063/1.5097484
https://aip.scitation.org/author/Wardhana,+Arief+Wisnu
https://aip.scitation.org/author/Nugroho,+Daru+Tri
https://doi.org/10.1063/1.5097484
https://aip.scitation.org/doi/10.1063/1.5097485
https://aip.scitation.org/author/Asriani,+Farida
https://aip.scitation.org/author/Pamudji,+Gandjar
https://aip.scitation.org/author/Susilawati,+Hesti
https://doi.org/10.1063/1.5097485

a No Access . April 2019
The protein content and protease activity of local green fly,
Chloroprocta sp., maggot crude extracts

Dwi Utami Anjarwati, Rizka Hidayati, Dian Kristiantoro, I. D. S. A. P. Peramiarti and Ari

Asnhani

AIP Conference Proceedings 2094, 020017 (2019); https://doi.org/10.1063/1.5097486

SHOW ABSTRACT

a No Access . April 2019
Design of the aluminum compensating filter to improve the

image quality in the lateral projection of lumbosacral vertebrae
Mukhtar Effendi, Ratna Umi Fatimah, Agus Sholeh and Wiwiek Fatchurohmah

AIP Conference Proceedings 2094, 020018 (2019); https://doi.org/10.1063/1.5097487

SHOW ABSTRACT

a No Access . April 2019
The impact of lowering speed limit on mobility and the
environment

Gito Sugiyanto, Jajang and Mina Yumei Santi

AIP Conference Proceedings 2094, 020019 (2019); https://doi.org/10.1063/1.5097488

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097486
https://aip.scitation.org/author/Anjarwati,+Dwi+Utami
https://aip.scitation.org/author/Hidayati,+Rizka
https://aip.scitation.org/author/Kristiantoro,+Dian
https://aip.scitation.org/author/Peramiarti,+I+D+S+A+P
https://aip.scitation.org/author/Asnani,+Ari
https://doi.org/10.1063/1.5097486
https://aip.scitation.org/doi/10.1063/1.5097487
https://aip.scitation.org/author/Effendi,+Mukhtar
https://aip.scitation.org/author/Fatimah,+Ratna+Umi
https://aip.scitation.org/author/Sholeh,+Agus
https://aip.scitation.org/author/Fatchurohmah,+Wiwiek
https://doi.org/10.1063/1.5097487
https://aip.scitation.org/doi/10.1063/1.5097488
https://aip.scitation.org/author/Sugiyanto,+Gito
https://aip.scitation.org/author/Jajang
https://aip.scitation.org/author/Santi,+Mina+Yumei
https://doi.org/10.1063/1.5097488

a No Access . April 2019
Road safety audit at black spot area: Case study in Tlahab Lor,

Karangreja, Purbalingga
Gito Sugiyanto, Ari Fadli, Rizki Suciningtyas, Eva Wahyu Indriyati and Mina Yumei Santi

AIP Conference Proceedings 2094, 020020 (2019); https://doi.org/10.1063/1.5097489

SHOW ABSTRACT

a No Access . April 2019
Urea biosensor development using immobilized urease and

light dependent resistor
Amin Fatoni, Zusfahair, Siti Nurfiah, Mekar Dwi Anggraeni and Abdullah Nur Aziz

AIP Conference Proceedings 2094, 020021 (2019); https://doi.org/10.1063/1.5097490

SHOW ABSTRACT

a No Access . April 2019
Effect of banana peel extract on serotonin immunoreactivity

and stool consistency in colon of healthy male Wistar rat
Wiwiek Fatchurohmah, Andreanyta Meliala and Rita Cempaka Sulistyoningsih

AIP Conference Proceedings 2094, 020022 (2019); https://doi.org/10.1063/1.5097491

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097489
https://aip.scitation.org/author/Sugiyanto,+Gito
https://aip.scitation.org/author/Fadli,+Ari
https://aip.scitation.org/author/Suciningtyas,+Rizki
https://aip.scitation.org/author/Indriyati,+Eva+Wahyu
https://aip.scitation.org/author/Santi,+Mina+Yumei
https://doi.org/10.1063/1.5097489
https://aip.scitation.org/doi/10.1063/1.5097490
https://aip.scitation.org/author/Fatoni,+Amin
https://aip.scitation.org/author/Zusfahair
https://aip.scitation.org/author/Nurfiah,+Siti
https://aip.scitation.org/author/Anggraeni,+Mekar+Dwi
https://aip.scitation.org/author/Aziz,+Abdullah+Nur
https://doi.org/10.1063/1.5097490
https://aip.scitation.org/doi/10.1063/1.5097491
https://aip.scitation.org/author/Fatchurohmah,+Wiwiek
https://aip.scitation.org/author/Meliala,+Andreanyta
https://aip.scitation.org/author/Sulistyoningsih,+Rita+Cempaka
https://doi.org/10.1063/1.5097491

a No Access . April 2019

A colorimetric sensor for formalin determination

Saluma Samanman and Surkunai Suding

AIP Conference Proceedings 2094, 020023 (2019); https://doi.org/10.1063/1.5097492

SHOW ABSTRACT

ﬁ No Access . April 2019
Detection of reef scale thermal stress with Aqua and Terra

MODIS satellite for coral bleaching phenomena

R. D. Putra, M. P. Suhana, D. Kurniawn, M. Abrar, R. M. Siringoringo, N. W. P. Sari, H. Irawan,
E. Prayetno, T. Apriadi and A. Suryanti

AIP Conference Proceedings 2094, 020024 (2019); https://doi.org/10.1063/1.5097493

SHOW ABSTRACT

a No Access . April 2019

Cryogel based sensor for sodium hydrosulfite determination

Fateehah Baru, Saluma Samanman and Amin Fatoni

AIP Conference Proceedings 2094, 020025 (2019); https://doi.org/10.1063/1.5097494

SHOW ABSTRACT

BROWSE VOLUMES


https://aip.scitation.org/doi/10.1063/1.5097492
https://aip.scitation.org/author/Samanman,+Saluma
https://aip.scitation.org/author/Suding,+Surkunai
https://doi.org/10.1063/1.5097492
https://aip.scitation.org/doi/10.1063/1.5097493
https://aip.scitation.org/author/Putra,+R+D
https://aip.scitation.org/author/Suhana,+M+P
https://aip.scitation.org/author/Kurniawn,+D
https://aip.scitation.org/author/Abrar,+M
https://aip.scitation.org/author/Siringoringo,+R+M
https://aip.scitation.org/author/Sari,+N+W+P
https://aip.scitation.org/author/Irawan,+H
https://aip.scitation.org/author/Prayetno,+E
https://aip.scitation.org/author/Apriadi,+T
https://aip.scitation.org/author/Suryanti,+A
https://doi.org/10.1063/1.5097493
https://aip.scitation.org/doi/10.1063/1.5097494
https://aip.scitation.org/author/Baru,+Fateehah
https://aip.scitation.org/author/Samanman,+Saluma
https://aip.scitation.org/author/Fatoni,+Amin
https://doi.org/10.1063/1.5097494

72
o)
=
O
0
O
¥,
o
e
o
O
%]
c
o
e
L
c
o
O
=
<

Urea biosensor development using
immobilized urease and light dependent
resistor

Cite as: AIP Conference Proceedings 2094, 020021 (2019); https://doi.org/10.1063/1.5097490
Published Online: 17 April 2019

Amin Fatoni, Zusfahair, Siti Nurfiah, Mekar Dwi Anggraeni, and Abdullah Nur Aziz

pran
& &

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Cryogel based sensor for sodium hydrosulfite determination
AIP Conference Proceedings 2094, 020025 (2019); https://doi.org/10.1063/1.5097494

Detoxification of cadmium on the levels of urea and creatinine on Rattus norvegicus with tea
mistletoe (Scurrula atropurpurea)
AIP Conference Proceedings 2094, 020026 (2019); https://doi.org/10.1063/1.5097495

The properties of edible film made of Tapioca, canna and arrowroot as affected by application

of various concentration of plasticizer
AIP Conference Proceedings 2094, 020033 (2019); https://doi.org/10.1063/1.5097502

e Proceedings

Get 30% off all -hi';rPromotion Code | /' '] at checkout
print proceedings!

AIP Conference Proceedings 2094, 020021 (2019); https://doi.org/10.1063/1.5097490 2094, 020021

© 2019 Author(s).


https://printorders.aip.org/?utm_source=Scitation&utm_medium=banner&utm_campaign=PDF%20Cover%20Page%20POD
https://doi.org/10.1063/1.5097490
https://doi.org/10.1063/1.5097490
https://aip.scitation.org/author/Fatoni,+Amin
https://aip.scitation.org/author/Zusfahair
https://aip.scitation.org/author/Nurfiah,+Siti
https://aip.scitation.org/author/Anggraeni,+Mekar+Dwi
https://aip.scitation.org/author/Aziz,+Abdullah+Nur
https://doi.org/10.1063/1.5097490
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5097490
https://aip.scitation.org/doi/10.1063/1.5097494
https://doi.org/10.1063/1.5097494
https://aip.scitation.org/doi/10.1063/1.5097495
https://aip.scitation.org/doi/10.1063/1.5097495
https://doi.org/10.1063/1.5097495
https://aip.scitation.org/doi/10.1063/1.5097502
https://aip.scitation.org/doi/10.1063/1.5097502
https://doi.org/10.1063/1.5097502

Urea Biosensor Development using Immobilized Urease and
Light Dependent Resistor

Amin Fatoni'%?, Zusfahair'?, Siti Nurfiah'-®, Mekar Dwi Anggraenild) and
Abdullah Nur Aziz*®

'Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Jenderal Soedirman,
Purwokerto, Jawa Tengah 53123, Indonesia.
2Center for Maritime Biosciences Studies, Universitas Jenderal Soedirman, Purwokerto, Jawa Tengah 53123,
Indonesia.
3Department of Nursing, Faculty of Health Sciences, Universitas Jenderal Soedirman, Purwokerto, Jawa Tengah
53123, Indonesia .
*Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Jenderal Soedirman,
Purwokerto, Jawa Tengah 53123, Indonesia.

3Corresponding author: aminfatoni@unsoed.ac.id
Yzusfahair@gmail.com
 nurfiah001@gmail.com
Ymekar.dwi@gmail.com
® abd.nur.aziz@gmail.com

Abstract. The existence of urea in human’s body becomes an important biological parameter for kidney disease
identification. Development of urea analysis methods are widely studied, including the using a biosensor. This study was
developed a urea biosensor using immobilized urease in alginate matrix and a light dependent (LDR) as continuous color
change detector. The color detection was based in the reaction of urea with urease to produce ammonia which finally
identified using bromothymol blue as color indicator. The LDR, a cheap electronic component was controlled by Arduino
microcontroller to monitor the color change related to urea concentration. The result showed the optimum reaction time
was 4 minutes with the best linearity was obtained by red color change with urea concentration (y = 0.42x + 39.34, R2 =
0.991). Furthermore, the limit of detection of this developed urea biosensor was 0.35 mM and the limit of quantification
was 1.17 mM. The linear range of the urea biosensor was 1.17 mM to 42.65 mM. The immobilized urease in alginate bead
could be used up to 11 times. Urea detection in blood samples showed no significant differences between the results of the
clinical analysis with the results of developed urea biosensor with a correction value of 1.3.

INTRODUCTION

Urea is an organic compound that can be formed biologically in the living body as an final product of the nitrogen
cycle in the liver [1]. The presence of urea in the body commonly used as an important biological parameters for
identification of kidney disease [2]. Kidney disease characterized by increasing the levels of urea in serum above
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normal levels. The normal limit of urea levels in the blood ranges from 5-25 mg/dL. When the urea level in the body
exceeds the normal level it will indicate an imbalance in the body that is not normal such as having kidney failure [3].

Determination of urea in the blood or urine as an indicator in the diagnosis of a disease in the hospital usually use
standard method including the use of expensive equipment such as UV-Vis spectrophotometer. Recently, may studies
have been developed to measure levels of urea with a simple and low-cost equipment such as the biosensor. Biosensor
is an analytical method that uses of biological components (e.g. microbial cells, tissues, bacteria, proteins, enzymes,
antibodies) integrated with an electronic equipment to convert the analyte-sensing interaction into measurable signal
[4]. The biological sensing element widely used in the biosensor fabrication is the enzyme. Various enzymes have
been applied in biosensor development such as the use of glucose oxidase for glucose biosensor [5], urease for urea
biosensor [6], n-acetylneuraminidase for sialic acid biosensor [7] and cholesterol oxidase for cholesterol biosensor
[8].

Urea biosensor could be developed by the uses of urease enzyme as a biological sensing element to convert the
urea into measurable product. Urease is an enzyme catalyzing the hydrolysis of urea to form ammonia and carbon
dioxide. This enzyme can be found in bacteria, fungi, and plants plays an important role in the circulation of nitrogen
in nature [9]. The complexity of enzyme isolation and purification tend to increase the cost of the use of enzyme and
their derivative methods. The high cost of enzymes could be reduced by reuse of enzyme through immobilization. The
enzyme immobilization was also widely use in the biosensor development to improve the efficient method by
repeatedly use. Immobilized urease showed a high stability, can be used repeatedly and can retain its activity [10].

Urea biosensors have been widely developed recently using electrochemical detectors. However, the use of
colorimetric methods in urea biosensor still interesting, especially the use of digital image processing for easy
operation and reduce the biosensor cost. The digital image processing for analytical method could be performed using
several daily equipment such as smartphone [11], document scanner [12] and pocket camera [13].

This study reported the development of urea biosensors using immobilized urease on calcium alginate (Ca-
alginate) and a detector of LDR (Light Dependent Resistor. The LDR is a light sensor or an electronic component that
can change the resistant according to changes in light intensity which could be related to the color of sample. The data
recording used was Arduino microcontroller to convert the color change of the sample to digital signal. Determination
of urea by the enzymatic reaction of urea with a urease selectively produces ions NHs" and CO3*. The NH4" ion
formed change the color of an indicator bromothymol blue (BTB). The analytical performance of the biosensor was
determined. The use of cheap and easy build detector could be applied in future color based analytical technique.

MATERIALS AND METHODS

Materials

Urease from Canavalia ensiformis (34310 U/g) was purchased from Sigma-Aldrich (US). Ammonium hydroxide,
sodium alginate, calcium dichloride, disodium hydrogen phosphate, sodium dihydrogen phosphate, sodium hydroxide,
bromothymol blue and ascorbic acid were form Merck (Germany). Blood samples was collected from local hospital.

Apparatus and measurements

LDR-based color detector was built to measure the intensity of the color solution. The detector was made by
arranging LDR and red-green-blue LED lamp as light sources. This detector was connected to Arduino microcontroller
to control the LED light and to record the LDR reading. The microcontroller also converts the LDR resistant reading
to red, green and blue color intensity and send to USB port. The data was show and record using developed computer
software to easy analyze (Figure 1).
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FIGURE 1. Design of LDR-based color detector for urea biosensor

Color change measurement study
Ammonium color change measurement using the UV-Vis Spectrophotometer

Standard solution of NH4OH was used as simulation of enzymatic reaction of urea with a urease enzyme solution
which produces ammonium ion (NH4"). The color change was first measure using UV-Vis Spectrophotometer to
determine the maximum wavelength of sample solution with the addition of bromothymol blue. The NH4OH standard
solution used were 0.1; 0.2; 0.3; 0.4; and 0.5 mM of 5 ml and 250 mL of 0.04% (b/w) bromothymol blue. The standard
curve was then prepared by plotting the concentration of NH4OH and absorbance.

Ammonium color change measurement using the LDR-based color detector

The sample preparation and color measurement were similar to the measurement using UV-Vis spectrophotometer.
Sample of NH4OH standard solution at various concentration of 0.1; 0.2; 0.3; 0.4; and 0.5 mM and bromothymol blue
were mix and kept in 2.5 ml cuvette. The sample was then insert in the LDR color sensor connected to computer.
Color intensity were recorded and save for ten times measurement of each concentration. The obtained data of color
intensity and concentration were then analyzed to make the calibration curve between the color intensity (Red, Green,
Blue) and Ammonium concentrations. The three color of RGB calibration curve was the compare to get the best color
intensity (highest slope and highest coefficient of determination). The calibration curve was also compared to the
calibration curve by the UV-Vis Spectrophotometer.

Urease immobilization in calcium alginate

Urease immobilization was performed by trapping in calcium alginate. Sodium alginate solution was prepared by
dissolving 2.5 g sodium alginate in 100 ml of 0.1 M phosphate buffer (pH of 7.0). Enzyme solution of 500 uL was
then mixed with Na-alginat solution of 7500 uL and stir carefully. The mixture was then drooped on the crosslinking
solution of 0.2 M CaCl, and allowed for 30 minutes to complete the beads formation.
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Linearity study

The study was carried out by reacting urea solution with urease-alginate to produces NH4". Urea solution used
were 1, 2, 3, 4, and 5 mM, using similar procedure of ammonium measurement using spectrophotometer above. The
highest sensitivity results were selected from the color intensity obtained (Red, Green or Blue) from the highest slope
of calibration curve with the best coefficient of determination. The best color change was the used for further
procedures.

Optimization of the enzymatic reaction time

The enzymatic reaction duration required for the urease catalyze urea breakdown effectively. The urea solution
used was 5 mM reacted with alginate-urease bead at incubation time of 2, 4, 6, 8, 10, and 12 minutes. The highest
color intensity change in combination with the shortest reaction duration was then selected as optimum reaction time.

Linear range, limit of detection and limit of quantification study

The linear range was studied from the lowest concentration to the highest concentration of standard urea solution.
The series urea solution of 0.01; 0.05; 0.1; 0.5; 1,2, 3,4, 5,6, 7, 8,9, and 10 mM was reacted with alginate-urease
beads for optimized reaction time. The bromothymol blue was added to the resulted ammonium and measured using
LDR-based color detector. Linear range was determined by plotting the urea concentration and color change with the
coefficient of determination larger than 0.9. The limit of detection and limit of quantification were then calculated
from the linear equation obtained.

The stability of the immobilized Urease test

The immobilized urease in alginate beads was studied the recycle use to catalyze the 3 mM in the optimum reaction
time. The color change was measured using LDR-based color sensor up to the responses decrease to 50% of the first
use.

Determination of urea in blood serum samples

Urea determination was performed using blood serum samples previously measured by the standard method in the
hospitals. A series urea solution of 1, 2, 3, 4, and 5 mg/dL was used the standard to create a calibration curve. The
blood serum samples of 30 uL was diluted to 3 mL with phosphate buffer, and continued reacted with the alginate-
urease bead as described in the previous urea determination at the optimum time. Sample urea concentrations were
calculated and analyzed compare to the urea concentration by the hospital method.

RESULTS AND DISCUSSION

Color change measurement

The color change was first studied using ammonium hydroxide (NH4OH) as simulated urease reaction product
with indicator of bromothymol blue. The maximum wavelength was obtained at about 620 nm using
spectrophotometer (Figure 2a). Furthermore, the color change showed a linear relationship with the concentration of
ammonium hydroxide for 0.1 to 0.5 mM (Figure 2b).
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FIGURE 2. Ammonium hydroxide and BTB measurement using spectrophotometer

Color change measurement using LDR-based color detector

LDR color changes using the detector as well as it did in testing the changes by using UV-Vis Spectrophotometry.
The output signals were Red, Green and Blue value corresponding to the resistant change of LDR when the reflected
of the three LED light (red, green and blue) turned on alternately. The sequence of LED light on and off were set for
150 milliseconds. for 0.5 The result showed a linear response between increasing of ammonium concertation and color
intensity change with the increasing of ammonium hydroxide concentration for all Red, Green and Blue color.
However, the best sensitivity (slope) was the red color intensity (Figure 3).
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FIGURE 3. Ammonium hydroxide and BTB measurement using LDR based color detector.
Linearity study of urea detection using immobilized urease-alginate beads
Urea standard solution of 1.0 to 5.0 were reacted with urease-alginate beads for 15 minutes. The reaction results

were then separated from the beads and added the bromothymol blue indicator. The color changes were measured
using LDR-based color detector and Color Sensor Reader Software. The result showed linear responses of color
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change with the increasing of urea concentrations (Figure 4). The best sensitivity was obtained of the red color
intensity change, similar to those the detection of ammonium hydroxide on the previous procedure. The change of red
color intensity was then used for further procedures.
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FIGURE 4. Urea linearity study using developed urea biosensor

Optimization of enzymatic reaction time

The optimum time was studied to determine the enzyme-substrate reaction to get the combination of highest
product with the lowest duration. The urea and alginate-urease beads were studied for 2, 4, 6, 8, 10, and 12 minutes
reaction. The red color changes were increase from 2 to 4 minutes reaction and afterward no significant increasing
found (Figure 5). Therefore, the optimum reaction time of 4 minutes was the used for further study.
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FIGURE 5. Effect of reaction duration on color intensity change
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Linear range, LOD and LOQ determination

Under the optimum reaction time, linear range was studied from the lowest concentration could be detected to the
highest concentration of urea which show the linear responses. The results showed the developed urea biosensor linear
to detect urea from 0.5 mM to 6 mM, with the regression equation of y = 6.14x + 7.03 and coefficient of correlation
coefficient (r) of 0.998. Furthermore, the calculated LOD and LOQ were 0.35 mM and 1.18 mM respectively.

The reusability of alginate-urease beads

The main purpose of the use of immobilized urease was to reduce to enzyme cost by the recycle use them. The
study of reusability cycles were performed using urea standard solution of 3 mM under the optimum condition. The
red color change was then measured using LDR-based color detector. The result showed recycle use of immobilized
urease decrease with the cycle used, up to 50% after 11 using cycle (Fig).
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FIGURE 6. Reusability cycle of fabricated urea biosensor using alginat-urease beads

Urea determination in blood samples

The urea determination in blood samples was performed to verify the analytical performance of developed urea
biosensor. Standard curve of urea was first prepared using urea solution of 1, 2, 3, 4, and 5 mg/dL. Furthermore, six
blood serum sample was the analyze using urea biosensor in the same way of standard curve, with three repetition.
The result showed that urea concentration in the samples obtained by biosensor method showed higher values than
urea concentration from standard method use in the hospital. However, there were a similar ratio value of biosensor
method to standard hospital method with the average of 1.3 (Table 1). Therefore, for real sample application, the
biosensor results should be divided by 1.3 to get the equal value as standard method results. By using the constant
value of 1.3 to divide the biosensor results, the calculated urea level in the samples were then no significant difference
between biosensor and standard hospital method (Wilcoxon Signed-rank Test, p < 0.05).
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TABLE 1. Blood urea determination using urea biosensor compared to standard hospital method.

Urea concentration (mg/dL)

Hospital method Biosensor constant
: 44 56.56 129
2 27 33.90 126
3 24 28.69 120
N 22 27.95 127
> 21 27.02 1.29
6 19 2451 1.29
Constant everage = 1.3
CONCLUSION

Urea biosensor has been developed using alginate-urease beads combined with an LDR-based color detector. The
biosensor saw good linearity and sensitivity, with a linear range of 1.18 to 42.64 mm and calculated LOD and LOQ
0.35 mM and 1.18 mM respectively. The immobilized urea in alginate bead showed a recycle used up to 11 times
(remained activity > 50%). Furthermore, the fabricated urea biosensor has been applied to detect urea in blood serum
sample with no significant different compare to standard method use in the hospital.
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