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AIMS AND SCOPE

Bulletin of Chemical Reaction Engineering & Catalysis, a reputable international journal, provides a forum for
publishing the novel technologies related to the catalyst, catalysis, chemical reactor, kinetics, and chemical reac-
tion engineering. Scientific articles dealing with the following topics in chemical reaction engineering, catalysis
science, and engineering, catalyst preparation method and characterization, novel innovation of chemical reactor,
kinetic studies, etc. are particularly welcome. However, articles concerned on the general chemical engineering
process are not covered and out of the scope of this journal.

This journal encompasses Original Research Articles, Review Articles (only selected/invited authors), and Short
Communications, including: fundamentals of catalyst and catalysis; fundamentals of chemical reaction engineer-
ing; kinetics studies of chemical reaction engineering; materials and nano-materials for catalyst; photocatalyst
and photocatalysis; chemistry of catalyst and catalysis; applied chemical reaction engineering; applied catalysis;
applied bio-catalysis; applied bio-reactor; membrane bioreactor; chemical reactor design (not process parameter
optimization); catalyst regeneration; catalyst deactivation; surface chemistry of catalyst; bio-catalysis; enzymatic
catalytic reaction (not process parameter optimization); kinetic studies of enzymatic reaction (not process parame-
ter optimization); the industrial practice of catalyst; the industrial practice of chemical reactor engineer-
ing; application of plasma technology in catalysis and chemical reactor; and advanced technology for chemical
reactors.

The manuscript articles should be submitted by online in MS Word / Open Office / PDF file format to Editorial
Office through Online Submission interface at: htips:/ejournal2.undip.ac.id/index.php/berec. The Author
must read the author guidelines of this journal first before submitting a manuscript.

PUBLICATION INFORMATION

Bulletin of Chemical Reaction Engineering & Catalysis (e-ISSN: 1978-2993).
Short journal title: Bull. Chem. React. Eng. Catal.

For year 2020, 3 issues (Volume 15, Issue 1 (April), Issue 2 (August), and Issue 3 (December)) are scheduled for
publication with 23-30 articles per issue. Commencement of publication: January 2008.

Bulletin of Chemical Reaction Engineering & Catalysis, initialized as BCREC, is published freely open access of
fulltext PDF articles via journal website (https://berec.id). The BCREC journal is published by Department of
Chemical Engineering, Diponegoro University jointly with Masyarakat Katalis Indonesia - Indonesian Catalyst
Society (MKICS).

The BCREC journal has been indexed and abstracted by: Elsevier Products (Scopus, Compendex/Engineering
Village), Web of Science (Emerging Source Citation Index) by Clarivate Analytics, Chemical Abstract Services,
CABI, ASEAN Citation Index, DOAJ, Digital Dimensions, Microsoft Academics, and other reputable indexers.

Fulltext PDF of this journal has also been distributed around the world by EBSCO Publishing (Academic Search

Complete, Academic Search Premiere, and Academic Search R&D packages) and ProQuest Engineering
Databases started from Volume 4 Number 1 Year 2009 to present.

Copyright © 2020, BCREC, e-ISSN: 1978-2993, CODEN: BCRECO




CREC

Available online at BCREC website: https://bcrec.id

Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2), 2020, ii

BCREC

JOURNAL CITATIONS AND IMPACT FACTOR ANALYSIS (2020)

H-index in Scimago (2019)
Scopus ID
CiteScore (2019)

Google Scholar Citation (total)

EE S S SR R R R

Journal Impact Factor in Scimago (2019)

CiteScore Scopus Tracker (per 7 July 2020)
Google Scholar (h-index / h5-index / 110-index)

Google Scholar Citation (5 years)

Profile of BCREC in SCIMAGO JOURNAL RANKING

\

Bulletin of Chemical Reaction Engineering
and Catalysis

Scopus coverage years: from 2009 to Present
Publisher: Diponegoro University

ISSN: 1978-2993

Bulletin of Chemical
Reaction Engineering and...

Chemical
Engineering
(miscellaneous)

: SJR = 0.256; SNIP = 0.808
: 14 (2019)

: 19900191860

: 1.6

: 1.8

:22/19/70

: 2528

12147

Profile of BCREC journal in Web of Science - ESCI

Bulletin of Chemical Reaction Engineering and Catalysis
Publisher: Diponegoro University; ISSN: 1978-2993
Covered in: Emerging Sources Citation Index (ESCI)

SIR2019 o

0.26

g (miscellaneous)

/

Quartiles

Profile of BCREC journal in ARJUNA-SINTA

Bulletin of Chemical Reaction Engineering and Catalysis
Accredited S1 by ARJUNA-SINTA

24 reb2020

EVALUASI DOKUMEN

.

24 Feb2020

USULAN JURRAL

LN

SERTIFIKAT

—e

-ISSN : 19782993
p-ISSN:

Skor: 95

Peringkat : Peringkat 1

1 9 Mar 2020

PROSES PENILAIAN

20 |

PENETAPAN AKREDIT

| Webol 2 Clarivate
Group Analytics

Journal Impact-Factor [IIF) Tracker on Web of Science Data-per 18 March 2020
pBET of articles (2017-2018) : 122 articles

itation in 2019 to articles of 2017-2018 : 130 citations
Tracking Journal Impact Factor (JIF) 2019: 130/122 = 1.066

h-index of documents (2017-2018) : 6

>
Hasil: 94 /1

/

L d
Tanggal Mulai Penilaian :
19 Mar 2020
Tanggal Akhir penilaian :

\\&Citaﬁons per item of documents (2017-2018) : 1.78

/ Profile of BCREC in SCOPUS Database

Bulletin of Chemical Reaction Engineering and Catalysis
Scopus coverage years: from 2009 to Present

Publisher: Diponegoro University 1T
ISSN: 1978-2993 ; Scopus Source ID: 19900191860

Add CiteScore to your site)

SJR 2019

0.256 Scopus

SNIP 2019

s|l| CiteScoreTracker 2020 ®
Z ’§ 344 Citations to date
2 1.6 -

d

CiteScore 2019

1 6 390 Citations 2016 - 2019 2
*~ 7 241 Documents 2016 - 2019 || ©5

CiteScore rank 2019 ®©

216 Documents to date

Last updated on 10 Junc, 2020 - Updated monthly

_

Copyright © 2020, BCREC, e-ISSN: 1978-2993, CODEN: BCRECO




A Available online at BCREC website: https://bcrec.id T ——
BCREC
CREC - Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2), 2020, iii =~ ————

INDEXING AND ABSTRACTING

Bulletin of Chemical Reaction Engineering & Catalysis (e-ISSN: 1978-2993) has been covered (indexed and ab-
stracted) by following indexing services:
1. Scopus - (Elsevier)

2. EI-Compendex - Engineering Village

3.  EnCompassLIT - Engineering Village

4. Scimago Journal Ranking (https://scimagojr.com/journalsearch.php?q=+19782993&tip=iss)
5.  Emerging Source Citation Index (ESCI) (by Web of Science - Clarivate Analytics)

6. Dimensions - Digital Science

7. ASEAN Citation Index (ACI)

8. SINTA Grade S1

9. ProQuest (Fulltext) Databases

10. EBSCO (Fulltext) Databases

11. Google Scholar (https://scholar.google.com/citations?hl=en&user=PadKS_wAAAAJ)
12. Directory of Open Access Journal (DOAJ)
13. Microsoft Academic

14. ResearchGate

15. ROAD ISSN

16. WorldCat OCLC

17. CiteULike

18. Mendeley

19. SHERPA/RoMEO -

20. CrossRef Member)

21. Index Copernicus

22. CABI Direct

23. SCIRUS - for scientific information

24. Chemical Abstract Service.

25. ULRICHSWEB Global Serial Directory

For detail please visit here: https://ejournal2.undip.ac.id/index.php/bcrec/pages/view/indexing.

Copyright © 2020, BCREC, e-ISSN: 1978-2993, CODEN: BCRECO




CREC Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2), 2020, iv

A Available online at BCREC website: https://bcrec.id

BCREC

TABLE OF CONTENTS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A Novel Green Synthesis Method of Poly (3-Glycidoxypropyltrimethoxysilane) Catalyzed by Treated Bentonite (Embarek, N.,

QAL IN.) o eeveeeee e e e et e e e et et e e e e e et s e s et e e e e s e (290— 303)
Synergistic Effect of Microwave Calcination and Sonophotocatalytic Activity of TiO2-Montmorillonite on The Degradation of Di-

rect Yellow 106 and Disperse Violet 1 (Labib, I., Boutoumi, H., KRQIQf, H.) ......cuueuuiineiiiiniieiieiieiieeieiie e eie e sieseeneennennenesnnns (304 - 318)
UV Irradiation and Ozone Treatment of k-Carrageenan: Kinetics and Products Characteristics (Prasetyaningrum, A., Widayat,

W., Jos, B., Dharmawan, Y., RAEMAQUALT, R.) «....cuueiueiinieie ittt et e et et eete e eseteteteaataenetatsnstetsnstessnetesesaenesesneseresnesaes (319 - 330)
Enhanced Long-term Stability and Carbon Resistance of Ni/Mn0y-Al2O3 Catalyst in Near-equilibrium CO2 Reforming of Me-

thane for Syngas Production (Djebarri, B., Touahra, F., Aider, N., Bali, F., Sehailia, M., Chebout, R., Bachari, K., Halliche, D.) (331 - 347)
One-Pot Access to Diverse Functionalized Pyran Annulated Heterocyclic Systems Using SCMNPs@BPy-SOzH as a Novel

Magnetic Nanocatalyst (Chen, K., He, G., Tang, Q., YOUSIf, Q.A.) ..ccccceeviiriiiiiiiiieiiiieeeeitt ettt et ettt saae bt e ssaesbeessaessseensaensbeens (348 - 366)
Mesoporous Ce-doped Ti:Ash Photocatalyst Investigation in Visible Light Photocatalytic Water Pretreatment Process (Suliman,

A.A.M., Isha, R., Seman, M.N.A., Ahmad, A.L., ROSIAN, e].) ...ccciuuiuiiieiiieeie ettt te e et e et e e e e e te b et e aaeetesaaaaeaans (367 - 378)
Immobilised Chlorella vulgaris as An Alternative for The Enhancement of Microalgae Oil and Biodiesel Production (Rushan,

N.H., Mat Yasin, N.H., Said, F.M., RAMESA, IN.) ...cc.ittumieiiiiieetiie ettt e ettt s et e ettt e e et e et e e e e e e et e eeann e eeeannes (379 - 389)
Totally-green Fuels via CO2 Hydrogenation (Spadaro, L., Palella, A., ATena, F.) .....ccccocoiuiueniuiiiiieniieiienieieiieesaesesesseenseessseenseens (390- 404)

Synthesis of 1-butoxy-4-tert-butylbenzene under The Effect of Multi-site Phase Transfer Catalysis System — A Kinetic Study
(SAtRIYATaj, M., VERRALESA, P.) ..cccueeiuvieieeiieiiiieeiiesitetie sttt ete ettt eete e satesseesate s st e estessseensseesste s beesseenseeesbesaseeesbeeabeeeasteesbeesssaenbaenssensseensnas (405 - 414)

Selective Production of Green Hydrocarbons from the Hydrotreatment of Waste Coconut Oil over Ni- and NiMo-supported on
Amine-functionalized Mesoporous Silica (Trisunaryanti, W., Larasati, S., Triyono, T., Santoso, N.R., Paramesti, C.) .................. (415 - 431)

Product Distribution of Chemical Product Using Catalytic Depolymerization of Lignin (Damayanti, D., Wulandari, Y.R., Wu, H.-
P 7 PO PP PP OO PPPPPPOPRON (432 - 453)

Experimental and Theoretical Studies of Eosin Y Dye as Corrosion Inhibitors for Carbon Steel in Perchloric Acid Solution (Attar,
T., Benchadli, A., Messaoudi, B., Benhadria, N., CROURCROU-BraRam, E.) ........ccccccoooeeiiieiiiiiieniisiienie st siiestvesiee e sesesbeessaessesssnens (454 - 464)

Modeling, Evaluating and Scaling up a Commercial Multilayer Claus Converter Based on Bench Scale Experiments (Sadighi, S.,
Mohaddecy, S.R.S., RASHIAZAACH, L) .......c..ccceeeueeeieeeeeeeeee et eeete et e et e e e et e et e e ae e stae e aeesaaesaeesaseease e st e sassensaeeasseseseenbeeseeesaeeareeesees (465 - 475)

Effective TiO2-Sulfonated Carbon-derived from Eichhornia crassipes in The Removal of Methylene Blue and Congo Red Dyes
from Aqueous Solution (Widiyowati, I.1., Nurhadi, M., Hatami, M., YUQI, L.S.) ccccooeeviiiiiiiiiiieiieeeiieenieesteesieeseesie e aeesseesnesneesenesnes (476 - 489)

Simultaneous Catalytic Oxidation of a Lean Mixture of CO-CH4 over Spinel Type Cobalt Based Oxides (Neha, N., Prasad, R.,
STGR, S. VL) oottt bkttt h et h e ket h et E ek eh b sttt R bt Rt b et etk et e Rt e Rt b at Rt e b ebe bt e he e b et en e eben et et e (490- 500)

Selective Reduction of Southeast Sulawesi Nickel Laterite using Palm Kernel Shell Charcoal: Kinetic Studies with Addition of
Na2SO4 and NaCl as Additives (Shofi, A., Supriyatna, Y.I, Prasetyo, A.B.) ...t iiieeneseeiieeeeieeienee st eeeeesieeeeeeseeseennenns (501 - 513)

Sulfonated Hydrothermal Carbon-Based Catalyzed Esterification under Microwave Irradiation: Optimization and Kinetic Study
(Tumkot, L., Quitain, A.T., Kida, T., Laosiripojana, N., Shotipruk, A., BOORNOUT, P.) ....c..cccccceeiiieiiiiaiieniesiieniiessieenieeseeesseesne s (514 - 524)

CuAl LDH/Rice Husk Biochar Composite for Enhanced Adsorptive Removal of Cationic Dye from Aqueous Solution (Palapa, N.R.,
Taher, T., Rahayu, B.R., Mohadi, R., Rachmat, A., LeSDAMNL, A.) ....cccceeciiiiieiiiiiieeei ettt ete vt e et e ete e este s te e aeesbaessaessseenbeaessaensees (525 - 537)

Graphitization of Coconut Shell Charcoal for Sulfonated Mesoporous Carbon Catalyst Preparation and Its Catalytic Behavior in
Esterification Reaction (Fahmi, F., Widiyastuti, W., SetyQuan, H.) .......c.cccccoiueriiiimieniinineteniest ettt ettt ettt st (538 - 544)

Sodium Periodate as a Selective Oxidant for Diclofenac Sodium in Alkaline Medium: A Quantum Chemical Approach (Gupta, M.,
SPIVASEAVA, A., STIUGSEAUA, S.) c.vveeueeieeieeeeeeeeeeeee et et e et e eeteeeaeeeteeeae e eereeesteeeseeeseeeseessease e sseesseeasseessseasaeesssenssessssennesessserseesnsesnseessrennns (545 - 560)

Preliminary Synthesis of Calcium Silicates using Oil Palm Leaves and Eggshells (Yudha S, S., Falahudin, A., Kaus, N.H.M.,
Thongmee, S., IRTAM, S., ASAIIM, A.) c.c.oovueiiieeiieeeiteeitee et eete et e e ettt e tt e et e e s bt e esbeesteeassaesbeeassaesbeessbeesbaesbseessaesbseesseesseeessssenssesssesrsaesnseenseenns (561 - 567)

Dehydrogenation of Cyclohexanol to Cyclohexanone Over Nitrogen-doped Graphene supported Cu catalyst (Mageed, A.K., Radi-
ah, D.A.B., Salmiaton, A., Izhar, S., Razak, ML.A., AYodele, B.V.) .....uuuiiuiiiiiieiiisiie e eie e e et eie et et et eaeaseaesie et ateaseanennennns (568 - 578)

Investigation on the Removal of Carbon Dioxide Exhausted from Industrial Units in a Lab-Scale Fluidized Bed Reactor (Nejad,
P.M.G., HGtAMIDPOUT, M.S.) veueueiein ittt e iie ettt eete vt e e tteeete et e e s bt e taeetb e e baeesse e beeesseesaeeasseeaseesabeeessessseesssasabeensbensbeensseenteensbaeessaenssaannes (579 - 590)

Kinetics of Starch Degradation during Extrusion Cooking of Steady State Flow Konjac (Amorphophallus oncophyllus) Tuber
Flour in a Single Screw Extruder (Kumoro, A.C., Retnowati, D.S., Ratnawati, R.) .........ccccoviiuieiiiiiiiniiineiiieeieeieeiieeiineeieens (591 - 602)

Correction to: Studies on Hz-Assisted Liquefied Petroleum Gas Reduction of NO over Ag/Al20s Catalyst (Singh, P., Yadav, D.,
Thakur, P., Pandey, dJ., PPASQ, R.) .......ccccccuiiiieiiiiiieeeiteeiteette st esaseeseeesesssvesesseesseassesseaassessessssessseesssensseesseessesesseeessesassaessessseessesssnes (603 - 603)

Copyright © 2020, BCREC, e-ISSN: 1978-2993, CODEN: BCRECO



mahfudin
Highlight

mahfudin
Highlight


A Available online at BCREC website: https://bcrec.id e —
Tics \ \
BCREC
CREC - Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2) 2020, 591-602 — . .

Research Article

Kinetics of Starch Degradation during Extrusion
Cooking of Steady State Flow Konjac (Amorphophallus
oncophyllus) Tuber Flour in a Single Screw Extruder

Andri Cahyo Kumorol2*, Diah Susetyo Retnowatil, Ratnawati Ratnawatil

1Department of Chemical Engineering, Faculty of Engineering, Universitas Diponegoro, Semarang
50275, Indonesia.
2Institute of Food and Remedies Biomaterials (INFARMA), Department of Chemical Engineering,
Faculty of Engineering, Universitas Diponegoro, Semarang 50275, Indonesia.

Received: 11t June 2020; Revised: 19 July 2020, Accepted: 20t July 2020;
Available online: 30t July 2020, Published regularly: August 2020

Abstract

The presence of glucomannan in Konjac (Amorphophallus oncophyllus) tuber flour has promoted its
various applications, especially in the food, drink, drug delivery and cosmetics. Starch is the main im-
purity of Konjac tuber flour. Although the common wet refining method may result in a high purity
Konjac tuber flour, it is very tedious, time consuming and costly. This research aimed to study the ki-
netics of starch degradation in the extrusion cooking process of dry refining method to produce high
quality Konjac tuber flour. In this research, Konjac tuber flour with 20% (w/w) moisture was extruded
in a single screw extruder by varying screw speeds (50, 75, 100, 125, 150 and 175 rpm) and barrel tem-
peratures (353, 373, 393, 413 and 433 K). The results showed that the starch extrusion cooking obeys
the first reaction order. The reaction rate constant could be satisfactorily fitted by Arrhenius correla-
tion with total activation energy of 6191 J.mol-! and pre-exponential factor of 2.8728x10-1 s~1. Accord-
ingly, thermal degradation was found to be the primary cause of starch degradation, which shared
more than 99% of the energy used for starch degradation. Based on mass Biot number and Thiele mod-
ulus evaluations, chemical reaction was the controlling mechanism of the process. The results of this
research offer potential application in Konjac tuber flour refining process to obtain high quality flour
product. Copyright © 2020 BCREC Group. All rights reserved

Keywords: dry process; extrusion cooking; starch; reaction kinetics; glucomannan; refining
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1. Introduction emulsifier, gelling agent, and stabilizer in many
types of food, drink and cosmetic products [1].
This is because Konjac flour is rich in glucoman-
nan content (50 to 70% w/w) and being a sus-
tainable resource [2]. A premium quality konjac
tuber flour should contain no less than 90%
* Corresponding Author. (w/w) of glucomannan. The impurities present

E-mail: andrewkomoro@che.undip.ac.id (A.C. Kumoro); in the crude Konjac tuber flour are usually orig-
Telp: +62-24-7460058, Fax: +62-24-76480675

Due to its specific rheological and gelling
properties, Konjac (Amorphophallus oncophyl-
lus) flour is commonly used as a thickener,

berec_8125_2020 Copyright © 2020, BCREC, ISSN 1978-2993
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Abstract

The SCMNPs@BPy-SOsH catalyst was prepared and characterized using Fourier Transform Infrared
Spectroscopy (FTIR), Thermogravimetric Analysis (TGA), Vibrating Sample Magnetometry (VSM), En-
ergy Dispersive X-ray Spectroscopy (EDX), X-ray Diffraction (XRD), and Scanning Electron Microscopy
(SEM). Afterwards, its capability was efficiently used to promote the one-pot, three-component synthe-
sis of pyrano[2,3-c]pyrazole and 2-amino-3-cyano-pyrano[3,2-c]Jchromen-5(4H)-one derivatives. The
strategy resulted in the desired products with excellent yields and short reaction times. The
SCMNPs@BPy-SOsH catalyst was readily recovered using a permanent magnetic field and it was re-
used in six runs with a slight decrease in catalytic activity. Copyright © 2020 BCREC Group. All rights
reserved

Keywords: Multicomponent reaction; Solvent-free conditions; Magnetic nanocatalyst; SCMNPs@BPy-
SOsH, pyrano[2,3-c]pyrazole; 2-amino-3-cyano-pyrano[3,2-c]Jchromen-5(4H)-one
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1. Introduction oxides) support surface on MNPs prevents these
nanomaterials from agglomeration due to the
strong dipole-dipole attraction; it also improves
their efficiency in terms of catalytic activity and
simplify separation [10-11]. Surface modifying
of FesO4 magnetic nanoparticles with silica lay-
er growth the available active sites and amelio-
rate the chemical stability [12]. Furthermore,
because of the presence of active hydroxyl
groups on the silica surfaces, a wide range of or-
ganic and inorganic linkers can be attached to
them and promote their application in many
chemical processes.

In the last decade, considerable attention has
been paid to the synthesis of FesO4 magnetic na-
noparticles (MNPs) in various fields of applica-
tions due to their unique features, such as: high
surface area, superparamagnetic behavior, low
toxicity, biocompatibility, suitability for large-
scale generation, simple recovery, and coupling
with organic and inorganic molecules [1-9].
Coating an organic (biowastes) or inorganic
(bentonite, alumina, silica, zeolite, and metal

* Corresponding Author.
E-mail: chenkechina@126.com (K. Chen)
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Abstract

Microalgae are a promising alternative for biodiesel production and a valuable source of fatty acid me-
thyl ester (FAME). In this research, Chlorella vulgaris has been chosen as the suitable microalgae be-
cause this species was able to produce highest oils for biodiesel processing. Previously, sodium alginate
(SA) was used to entrap the microalgae in the culturing process due to its low toxicity and high trans-
parency. However, SA have some disadvantages such as bead disruption which leading to the loss of
microalgae cell. Therefore, this research has been conducted to evaluate the oil production of immobi-
lised Chlorella vulgaris using different matric systems at different ratios which are 0.3:1, 1:1, and 2:1.
Currently, six matric systems have been developed, they are SA as a control, a combination of SA and
chitosan (SA+CT), SA and carrageenan (SA+CR), SA and gelatin (SA+GT), SA and calcium alginate
(SA+CA), and SA and sodium carboxymethylcellulose (SA+CMC). The microalgae was first cultivated,
harvested and extracted to produce oil, prior to use in the transesterification process. The SA+GT
showed the highest oil yield with 59.14% and a total FAME of 0.56 mg/g. The FAME profile of oil ex-
tracted microalgae showed high potential for biodiesel production as it consisted of palmitic acid
(C16:0), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3). The re-
sults proved that the combination of SA+GT had improved the oil yield and fatty acid composition as
compared to the other matric systems, which may have useful application for the biodiesel industry.
Copyright © 2020 BCREC Group. All rights reserved
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1. Introduction

In the current situation, air pollution are the
biggest challenge due to the consumption of fos-
sil fuels. Reducing the use of fossil fuels would
reduce the amount of carbon dioxide and other

* Corresponding Author.

E-mail: hidayahyassin@ump.edu.my (N.H. Mat Yasin);

Telp: +6095492853

pollutants being produced [1,2]. Renewable en-
ergy is a promising alternative solution because
it can fix COz in the atmosphere through photo-
synthesis [3-5]. Biodiesel production have be-
come one of the alternative source of renewable
energy due to the lubricating nature and eco-
friendly fuel produced from various feedstock
[6,7]. Based on the fuel problem scenario, aquat-
ic microorganisms such as microalgae have been
suggested as an alternative feedstock for bio-
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