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Solid sago waste is a potential source of producing renewable energy in the form of biogas. This study
investigated the effects of solid sago waste particle size, biological pretreatment using a microbial
consortium of lignocelluloses, pretreatment with NaOH, and the ratio between solid sago waste and
cow rumen based on the biogas production rate. Several variations of these conditions were used to
achieve this. The anaerobic digestion process was conducted over two months at 30.42°C + 0.05°C, and
the biogas production rate was measured every two days. The 1:1 ratio showed better results
compared to the 2:1, because it allows the bacteria to achieve metabolic balance. The highest
cumulative biogas production (27.91 mL/g TS) was generated when the sago waste underwent milling
(1 mm), pretreatment with 4% NaOH g/g TS, and treatment with microbial consortium 5% v/v ata 1:1
ratio of solid sago waste to the rumen. © 2021 by the authors. Licensee MDPI, Basel, Switzerland.

Cited by 1 document

Biogas production from coffee
pulp and chicken feathers using
liquid-and solid-state anaerobic
digestions

Sumardiono, S. , Jos, B.,
Dewanti, A.A.E.
(2021) Energies

View details of this citation

Inform me when this document
is cited in Scopus:

Set citation alert >

Related documents

Biogas Production from Palm Oil
Fruit Bunch in Anaerobic
Biodigester through Liquid State
(LS-AD) and Solid State (SS-AD)
Method

Jos, B., Farhan, H., Ayu, N.D.
(2018) MATEC Web of
Conferences

Study of C/N Ratio Effect on
Biogas Production of Carica Solid
Waste by SS-AD Method and LS-
AD

Jos, B., Hundagi, F., Pindy
Wisudawati, R.

(2018) MATEC Web of
Conferences

Production of Biogas from
Organic Fruit Waste in Anaerobic
Digester using Ruminant as the
Inoculum

Budiyono , Manthia, F., Amalin,
N.

(2018) MATEC Web of
Conferences

View all related documents based
on references

Find more related documents in
Scopus based on:

Authors >  Keywords >

BH


https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fsu13137491&locationID=1&categoryID=4&eid=2-s2.0-85110317733&issn=20711050&linkType=ViewAtPublisher&year=2021&origin=recordpage&dig=443bfcafe17357ffef1d345fc443104d
https://www.scopus.com/sourceid/21100240100
mailto:siswo.sumardiono@che.undip.ac.id
mailto:gebyaradi7@gmail.com
mailto:muthiahanif@gmail.com
mailto:budiyono@live.undip.ac.id
mailto:hericahyono@che.undip.ac.id
https://www.scopus.com/record/display.uri?origin=citedby&eid=2-s2.0-85112616470&noHighlight=false&relpos=0
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=9638261600&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=6504829936&zone=
https://www.scopus.com/authid/detail.uri?origin=citedby&authorId=57226777111&zone=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85110317733&src=s&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85044356765&noHighlight=false&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6504829936&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201335672&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201340406&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85044381380&noHighlight=false&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6504829936&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201332563&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201340163&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85044353864&noHighlight=false&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55191250000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201337885&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57201334008&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85110317733&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85110317733&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85110317733&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
http://digilib.undip.ac.id/
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=authorLookup
https://www.scopus.com/sources.uri?zone=TopNavBar&origin=recordpage
https://www.scopus.com/results/storedList.uri?listId=myDocList&origin=recordpage&zone=TopNavBar
https://www.scival.com/home?dgcid=ScopusHeader
https://www.scopus.com/alert/form/MyAlerts.uri?&origin=recordpage&zone=TopNavBar
asus
Highlight

asus
Highlight

asus
Highlight

asus
Highlight


< sustainability 198

Trends in Ecosystem Services
across Europe Due to
Land-Use/Cover Changes

Volume 13 - Issue 13 | July () 2021

mpl mdpi.com/journal/sustainability
e ISSN 2071-1050



Editorial Board

https://www.mdpi.com/journal/sustainability/sectioneditors/energy sustainability

.com/journal/sustainability/sectioneditors/energy_sustainability Q
m\w 25th Anniversary Journals Information Author Services Initiatives About

Search for Articles: K f Al Article Types v

Journals | Sustainabiity / Editorial Board

J‘r sustainability
Section Editors

[ Submit to Sust l
«  Editorial Board . Pay v of and
[ Review for Sustainabil l *  Environmental Sustainability and Applications Section Development Section
+ Social Ecology and Sustainability Section * Resources and Sustainable Utilization Section

Economic and Business Aspects of Sustainability Sectior Air, Climate Change and Sustainability Section

Journal Menu

Sustainability, Biediversity and Conservation Section

Sustainable Engineering and Science Section

Sustainable Food Section

Energy Sustainability Section
Sustainable Urban and Rural Development Section * Health and Sustainability Section
Hazards and Sustainability Section

Sustainable Materizls Section

Sustainsbiiity Home

fims & Scope

Editorial Soard

Sustainable Agriculture Section
Reviewer Board . i

and App: Section
Topics Board

Sustainable Management Section

Tourism, Culture, and Heritage Section
nstructions for Authors

Sustainable Chemical Engineering and Technology Green Building Section

Special Issues Section

Soil Conservation and Sustainal

Sections & Collections

Sustainable Transportation Section Waste and Recycling Section

Article Prosessing Charga

Geography and Sustainability Section Sustainable Oceans Section

ndzsing & Archiving
Editor's Choice Articles
Mest Cied & Viswed Section Board for 'Energy Sustainability' (145)
Journal Statistics
Journal History Please see the section webpage for more information on this section
Journal Awards _ - [ ]
Saciety Callaboratons Frof. br. Tomonobu Senyu  Website  SciProfiles
o Section Editor.in-Chief
onferences N of Electnical and Elecironics Enginesring, University of Ihe Ryukyus, Mishinars, Okinawa S03-0213,
Editorial Office

+ high-efficiency energy conversion sysiem, fenewable energy in small islands, optimization of power <«
Journal Browser syslem operation and control
Special Issues and Collections in MDPI journals
velume . Special Issue in Appliad Sciences: Renewable Energy
Special Issue in Applied Sciences: Photovoltaic Generation
Special Issue in Sustainability: Sustainable Electric Power Systems Research
issue v

Special Issue in Energies: Emerging Power Electronics Technologies for Power Systems and Machine
Drives
Special Issue in Appliad Sciences: Renewable Energy 2018
Special Issue in Applied Sciences: Emerging Power Electronics Technologies
Special Issue in Energies: Advanced Techniques for Electronic Power and Energy Systems
> Currentissue Topical Collection in Sustainability: Sustainable Electric Power Systems Research
Special Issue in Applid Sciences: Voltage Stability

> Forthcoming issue

Vol. 13 (2021) Vol. B (2014) Special Issue in Applied Sciencas: Novel Power Electronics Technologies in Power Systems

Vol. 12 (2021 Vol. 5 (2013) Special Issue in Energies: Electronic Power and Energy Systems

Vol. 11 (2018) Vol. 4 (2012) Special Issue in Sustainability: Smart City and Zero Energy House/Building

Wol. 10 (2018) Vol. 3 (2011) Special Issue in Sustainability: Shaping Sustainability as a Lifestyle through Designing Agile Energy
Wol. 8 (2017) Vol. 2 (2010) Strategies: Acting Responsibly and Thinking Sustainably

Vol. 8 (2016) Vol. 1 (2008) Special Issue in Energies: Fault Analysis and Protection Scheme for Multi-terminal HVDC Transmission
Vol. 7 (2015) Networks

Special Issue in Energies: Power System Planning and Quality Control
Special Issue in Energies: State-of-the-Art Energy Related Technologies in Japan 2021
Special Issue in Sustainability: Feature Papers in Energy Sustainability
Special Issue in Appliad Sciencas: Renewable-Based Microgrids: Design, Control and Optimization
Affiliated Society:
Special Issue in Applied Sciences: Renewable-Based Microgrids: Design, Control and Optimization
OUTSTANDING
REVIEWER . Dr, Nadia MAIZY_Website

Applied Mathematics, PSL Research University, Rue Claude Daunesse, CS 10207, 06904 Sophia

Interests: prosy ‘temm planning; emission miligation, energy transition, energy system; human behavior. decision
mathematics; policy makers

Prof. Dr. Vincenzo Franzitta_ Website _SciProfiles
nicrests: FVAC, encigy elcency, encrgy saving in el 0
Special Issues and Collections in MDPI journals
Special Issue in Sustainabiiity: Renewable Energy from the Sea

Special Issue in Energies: Life Cycle Assessment of Renewable Energy Sources

Special Issue in Energies: High-Efficiency Energy Harvesting and Saving

e Public Transport

Special Issue in Sustainability: Energy-Saving Approaches in Non-Residential Buildings

Dr. Boyun Guo __Website
| Department of Petroleum Enginzering, University of Louisiana af Lafayette, Lafayette. LA705. |
Interests: shale ol fracturing; optmization

rave: renewable energy

Dr. Akbar Maleki Website

Faculty of Mechanical Engineering, Shahrood University of Technology, Shahrood 3619995161, Iran
Interests: hybrid energy syslem; renewable energy: solar energy; energy optimization

Special Issues and Collections in MDPI journals

Special Issue in Sustainability: Recent Optimization Methodologies of Energy Systems Based on
Renewable Energy

Dr. Kasun N. Hewage Website

School of Engineering, University of British Golumbia (Okanagan), 3333 University Way, Kelowna, BC VAVIVT,
Canaca

Interests: green consiruction; smart energy; life cycle thinking

Dr. loanna Ntaikou Website  SciProfiles
Institute of Chemical Engineering Sciences (ICE-HT/FORTH), Patra, Greece .
Interests: fermentation: biofuels and biomolecules production via microbial processes (biohydragen, bioethanal 7 b
poiyh biological and of recovery of
nuirients from wastes; risk assessment .
Special Issues and Collections in MDPI journals

Special Issue in Sustainability: Exploitation of Wastes and Residues via Biological Processes in the
Concept of Bioeconomy

Prof. Dr. Luca Cioccolanti  Website  SciProfiles

Centro di Ricerca per FEnergia, Universita eCampus, 22060 Novedrate, ltaly

Interests: distributed generation; combined cosling heating and power; solar energy; cancentrated solar powsr.
renewable energy technologies integraled into the built environment; organic Rankine cycle sysiems. Stiriing
engines: novel energy conversion technologies

Special lssues and Collections in MDPI journals

Special Issue in Sustainability: Advances in Renewable Energy Technologies for Distributed Generation
Special Issue in Energies: Solar Collectors and Photovoltaics as Combined Heat and Power Systems


https://www.mdpi.com/journal/sustainability/sectioneditors/energy_sustainability
OPTION
Rectangle

OPTION
Rectangle

OPTION
Rectangle

OPTION
Rectangle

asus
Highlight

asus
Highlight

asus
Highlight

asus
Highlight


Table of content

https://www.mdpi.com/2071-1050/13/13

e

c

& mdpi.com/2071-1050/13/13

25th Anniversary

aw @ =B » @ :

Joumnals Information Author Services Initiatives About Sign In/ Sign Up m

Joumals | Sustainabifty / Volume 13 / lssue 13

sustainabilit)

Sustainability, Volume 13, Issue 13 (July-1 2021) - 533
articles

Journal Menu

Sustainability Home
#ims & Scope

Editorial Board

Reviewsr Board

Tapics Board

nstructions for Authors
Special Issues

Sections & Colleciions
Arficie Processing Charge
nexing & Archiving
Editor's Choice Articles
Most Cited & Viewed
Journal Statistics

Journal History

Journal Awards

Saciety Collaborations

Journal Browser
wolume v

izsue v

> Forthcoming issue
> Currentissue

Sustainability. £

Cover Story [view full-size image). Langscap=s provide many ecosy e (25) Dut e
growing pressure on society due to glabal changs requires 3 betier integration of ES into decision
making. Hance. 1o suopen management and poiicy making, changes in 18 £5 were mapped and
quantfied scross Europe batween 2000 and 2013, The results depict partly canirasting rends in £5
for differant groups of ecoragions. For example, provisioning ES mainly inzressed in the forest-
dominated region but dacreased in the region with agricultural mixed systems. Reguisting E5
slightly decreasad in nearnatural grassland region but inoreased in forest-dominated region

Cuttural ES; had mostly low negative trends. The resuis also revesled outliers with differing frends
n £5, suggesting that ragional decisions lesd o significantly different developments. View this
paper

e usinabity @

® lssues are regarded as officially publisned sher their ralesss i anncunced to the table of contents alert mailing list
= You may sign up for e-mail alerts to receive table of contents of newly released ssues.

= PDOF is the official format for papers published in both, html and pdf forms. To view the papers in pdf format, olick on the "PDF
Fullext” ink, and use the free Adobe Reader g to open them.

Order rasults Resut detsls

Publication Date v Normal *

Open Access.

Impact Assessment Analysis of Sea Level Rise in Denmark: A Case Study of Falster Island,
Guldborgsund
ity 2021,

B A

hitps:

doi.org/10.3390/5u1313750:

Patterns of Urban Shrinkage: A Systematic Analysis of Romai
ldoi.org10.3390/5u 13137514 - 0

n Cities (1992-2020)

Historical Assessments of Inorganic Pollutants in the Sinkhole Region of Winkler County,

Texas, USA
Sustainability 2021, 1313

Open Access.
School Refusal Behaviour Profiles and Academic Self-Attributions in Language and
Literature

2021, 1313
—
Open Agoess.
The Circular Economy: A Study on the Use of Airbnb for Sustainable Coastal Development
in the Vietnam Mekong Delta
Sust iy 2021, 13(12), 7403, hitps iidoiorgi0 3390isu13137483
Change in Learning Motivation Observed through the Introduction of Design Thinking in a
Mobile Application Programming Course
stainability 20241, 1313
Effects of Pretreatment and Ratio of Solid Sago Waste to Rumen on Biogas Production
through Solid-State Anaerobic Digestion
5 ity 2024, 13(13). T421; hittps:iidoi.orgH0.3390/sui31 37491 - 0
Potential Toxic Effects of Airport Runoff Water Samples on the Envil
Su ity 2021 3 hitps iidoiorg/10_3390/5u1313745C
Impact of Climate Change on Wine Tourism: An Approach through Social Media Data
Sustainabifity 2021, 1313 9. hitps /doi orgi0 3390isu13137488 - 05 Jul 202
Effects of Biochar on Sediment Transport and Rill Erosion after Two Consecutive Years of
Seasonal Freezing and Thawing
Su ity 2021, 131 4; hitps-i/doi_org/10 3390/su13136984 - 22 Jun
Estimating the Preservation Value of Wuyishan National Park from the Perspective of
Bounded Rational Decision Making
Su ity 2021, 3. hitps-i/doiorg/0 3390/5u13136883 - 22
Open Access.
Assessing the Impact of Nonprofit Organizations on Multi-Actor Global Governance
Initiatives: The Case of the UN Global Compact
ity 2021, hitps:idoi.orgHD.3390isu 1313698
Show expart options +
Displaying articies 1523
Disclaimer RSS Content Alert



https://www.mdpi.com/2071-1050/13/13
OPTION
Rectangle

OPTION
Rectangle

asus
Highlight


<@ sustainability

Article

Effects of Pretreatment and Ratio of Solid Sago Waste to Rumen
on Biogas Production through Solid-State Anaerobic Digestion

Siswo Sumardiono *©/, Gebyar Adisukmo, Muthia Hanif, Budiyono Budiyono and Heri Cahyono

check for

updates
Citation: Sumardiono, S.; Adisukmo,
G.; Hanif, M.; Budiyono, B.; Cahyono,
H. Effects of Pretreatment and Ratio
of Solid Sago Waste to Rumen on
Biogas Production through
Solid-State Anaerobic Digestion.
Sustainability 2021, 13, 7491.
https:/ /doi.org/10.3390/su13137491

Academic Editors: Marc A. Rosen

and Farooq Sher

Received: 23 April 2021
Accepted: 1 July 2021
Published: 5 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Chemical Engineering, Faculty of Engineering, Universitas Diponegoro,

Semarang 50239, Indonesia; gebyaradi7@gmail.com (G.A.); muthiahanif@gmail.com (M.H.);
budiyono@live.undip.ac.id (B.B.); hericahyono@che.undip.ac.id (H.C.)

* Correspondence: siswo.sumardiono@che.undip.ac.id; Tel.: +62-0247460058; Fax: +62-24-76480675

Abstract: Solid sago waste is a potential source of producing renewable energy in the form of biogas.
This study investigated the effects of solid sago waste particle size, biological pretreatment using a
microbial consortium of lignocelluloses, pretreatment with NaOH, and the ratio between solid sago
waste and cow rumen based on the biogas production rate. Several variations of these conditions
were used to achieve this. The anaerobic digestion process was conducted over two months at
30.42 °C £ 0.05 °C, and the biogas production rate was measured every two days. The 1:1 ratio
showed better results compared to the 2:1, because it allows the bacteria to achieve metabolic balance.
The highest cumulative biogas production (27.91 mL/g TS) was generated when the sago waste
underwent milling (&1 mm), pretreatment with 4% NaOH g/g TS, and treatment with microbial
consortium 5% v/v at a 1:1 ratio of solid sago waste to the rumen.

Keywords: anaerobic digestion; biogas; pretreatment; solid-state anaerobic digestion method; solid
sago waste

1. Introduction

Renewable energy sources, e.g., biogas, are alternatives to fossil fuels and are used
to overcome the energy crisis [1,2]. Biogas can be obtained from various organic wastes,
such as animal wastes (manures), various byproducts from human activities (sewage
sludge, wet market waste, and municipal solid waste), and plants (agricultural waste),
through anaerobic digestion in which the microorganisms degrade the organic matter in
four main steps hydrolysis, acidogenesis, acetogenesis, and methanogenesis. The product
gas is then used as a renewable energy source [1-3]. Typically, biogas consists of methane
(CH4, 55-70%) and carbon dioxide (CO,, 30-45%) as well as some impurities, such as
H,S (0-0.5%), NH3 (0-0.05%), water vapor (1-5%), and N (0-5%) [4]. Biogas can be used
to produce heat and electricity or as a fuel for transportation after being subjected to a
special treatment such as the process of removing impurities and the process of increasing
heating value, causing high-quality biomethane and resulting in a significant reduction
in greenhouse gas emissions and other pollutants and reducing the dependence on fossil
fuels [1,5,6].

Solid sago waste is a readily available organic material that contains enough lignocel-
lulose as raw materials in biogas production. Co-digestion of different types of biomasses,
such as cattle dung with solid sago waste, offers great potential to increase the volume
of biogas. Co-digestion has many advantages, such as a C/N ratio optimization and
eliminates the accumulation of toxic compounds for microorganisms [6,7]. Additionally,
pretreatment can increase biogas productivity by removing lignin and hemicellulose, which
are difficult for microorganisms to digest. Several types of pretreatments, including physi-
cal; chemical; and biological pretreatments, can be used in biogas production [8]. Grinding
is the most common physical pretreatment [9]. Chemical pretreatments include alkali [10]
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Abstract: In this experimental study, the performance of the diesel engine was analyzed for biodiesel
derived from Calophyllum inophyllum. The impact of the addition of additives such as N-octanol and
N-butanol with Calophyllum inophyllum biodiesel has been assessed. Impact of the application of
hybrid N-octanol and N-butanol with biodiesel on emission profile used for the engine performance
has also been demonstrated. Response surface analysis of alcohol additives-biodiesel blend was
performed separately in this study for the engine efficiency and emission profile. A combination of
N-octanol and N-butanol presented the highest brake thermal efficiency (BTE) and lowest carbon
monoxide (CO) emission among the ternary blends of octanol. N-butanol-biodiesel blend presented
the lowest hydrocarbon (HC) emission among the blends of N-butanol. N-octanol with 5 and 10%
addition with biodiesel showed the lowest HC emissions among the blends of octanol. The response
surface methodology (RSM) optimization revealed that the optimized thermal efficiency and emission
were obtained at full load and minimum load, respectively. The addition of N-octanol hindered the
emission at all loads, while N-butanol reduced it at higher loads. A strong correlation between the
load and alcohol additives on the engine performance and emission profile has been obtained using
the RSM optimization approach. The R-squared value obtained from the RSM was 0.92 and emission
profile has been characterized.

Keywords: engine; biodiesel; alcohols; efficiency; emission; properties

1. Introduction

Diesel engines have become the primary transport source, in this technologically
advanced era. Diesel fuel is used in a wide range of applications, from industry to au-
tomobiles. Diesel fuel is well known for improving engine performance and reducing
emissions in vehicles. However, this valuable resource has been exhausted due to the
rapid and excessive use of diesel and other fossil fuels. Additionally, the heavy use of
fossil fuels increased greenhouse gas (GHG) emissions that consequently increased the
global temperature contributing to the depletion of the ozone layer, thereby allowing
UV rays to penetrate the planet. In addition, due to the emissions of various noxious
pollutants such as sulfur oxides (SOx), hydrocarbons (HC), carbon mono-oxides (CO),
nitrogen oxides (NOx), particulate matter (PM) and smoke, excessive use of fossil fuels has
caused biohazards [1,2]. In addition, excessive use of fossil fuel has increased crude oil
demand and market price on the global market. In addition, strict government regulation
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Abstract: Ferric oxide-containing waterworks sludge can be used to reduce the formation of hydrogen
sulfide during anaerobic digestion. The ferric compound is reduced biochemically in the digester and
forms insoluble pyrite in digester sludge. Virgin ferric chloride is often used to solve the hydrogen
sulfide problem. Since 2013, Sydvatten AB has supplied a growing number of digestion plants
in Sweden with ferric-containing dewatered waterworks sludge derived from the drinking water
treatment plant Ringsjoverket to limit the formation of hydrogen sulfide. At the waterworks, ferric
chloride is added to enhance the coagulation of organic matter from the source water. The sludge
formed in this process is dewatered and landfilled, but also recycled in biogas production in order to
decrease the hydrogen sulfide concentration. In this study, the use of sludge for hydrogen sulfide
removal in digesters was technically and economically evaluated via case studies from 13 full-scale
digesters in Sweden. Compared with the use of fresh ferric chloride, the operational costs are reduced
by up to 50% by using sludge. The quality of the sludge is high and its content in metals is low or
very low, especially when compared with the requirements of different certification standards for
biosolid reuse applied in Sweden. The addition of waterworks sludge containing iron to a digester
for the removal of dissolved hydrogen sulfide is a technically and economically good alternative
when producing biogas. It is also one step closer to a circular economy, as replacing the use of virgin
chemicals with the by-product waterworks sludge saves energy and materials and reduces the carbon
footprint of the waterworks.

Keywords: biogas digestion; hydrogen sulfide; ferric oxide; waterworks sludge

1. Introduction

Biogas production is gaining increasing attention as a source for replacing fossil-based
fuels with renewable fuels in society. Biogas is typically produced in anaerobic digestion
plants (AD), where different substrates rich in organics are digested by methanogenic
bacteria. Most substrates also contain sulfur, which in anaerobic environments can be
microbiologically reduced to hydrogen sulfide, which negatively affects the metabolic
activity of the methanogens and eventually poisons the digester. Additionally, hydrogen
sulfide is a technical issue in plants and downstream when biogas is used, since hydrogen
sulfide corrodes pipes, generators and other equipment. It is also a health hazard, being
toxic to humans. Improving the quality and quantity of biogas usually requires pre-
treatment to maximize methane yields and/or post-treatment to remove hydrogen sulfide.
This requires considerable energy consumption and higher costs; hence there are needs for
better and more efficient measures to control hydrogen sulfide production [1].

One way to remove hydrogen sulfide as a gas is to add ferric salts to the substrate
or to the digester. Ferric salts can be reduced to ferrous iron and form pyrite (FeS,) as a
precipitate. Often, ferric chloride solution is dosed into the reactor to achieve this removal
effect on hydrogen sulfide. However, the addition of virgin ferric salts has an operational

Sustainability 2021, 13, 7416. https:/ /doi.org/10.3390/su13137416

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-2190-7758
https://doi.org/10.3390/su13137416
https://doi.org/10.3390/su13137416
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13137416
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13137416?type=check_update&version=1
OPTION
Highlight

OPTION
Highlight


<@ sustainability

Article

Changes in Reserve Mobilization Caused by Salinity Could
Interfere in the Initial Growth of Jatropha curcas

Emannuella Lira !, Joilma Souza 2, Lucas Galdino 2, Cristiane Macédo 3, Anselmo Silva !, Yuri Melo !,

Ivanice Santos 1, Nair Arriel 4, Carlos Meneses

check for

updates
Citation: Lira, E.; Souza, J.; Galdino,
L.; Macédo, C.; Silva, A.; Melo, Y.;
Santos, I.; Arriel, N.; Meneses, C.;
Maia, J. Changes in Reserve
Mobilization Caused by Salinity
Could Interfere in the Initial Growth
of Jatropha curcas. Sustainability 2021,
13,7446. https://doi.org/10.3390/
sul3137446

Academic Editors: Zhong-Hua Chen,
Wenying Zhang, Fanrong Zeng and
Fenglin Deng

Received: 28 May 2021
Accepted: 30 June 2021
Published: 2 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

11 and Josemir Maia 1-*

Programa de P6s-Graduagao em Ciéncias Agrdrias, Campus I, Universidade Estadual da Paraiba, Campina
Grande 58429-500, PR, Brazil; emannuellahayanna@gmail.com (E.L.); anselmoferreiras@hotmail.com (A.S.);
yurimelo86@gmail.com (Y.M.); ivaniceagrarias@gmail.com (I.S.); chmeneses@gmail.com (C.M.)

Laboratério de Tecnologias da Produgao Vegetal, Departamento de Agrarias e Exatas, Campus IV,
Universidade Estadual da Paraiba, Catolé do Rocha 58880-000, PR, Brazil; joilmasouzal7@hotmail.com (J.S.);
lucas-pb2007@hotmail.com (L.G.)

Labotatério de Estudos em Biotecnologia Vegetal, Departamento de Biologia Celular e Genética,
Universidade Federal do Rio Grande do Norte, Natal 59078-970, RN, Brazil; cristianemacedo@ufrnet.br
Embrapa Algodao, Campina Grande 58428-095, PR, Brazil; nair.arriel@embrapa.br

*  Correspondence: jmouram@servidor.uepb.edu.br; Tel.: +55-83-99668-1458

Abstract: Salinity in soil can affect Jatropha seedling metabolism, interfering with plant establishment.
In this study, the effect of salinity on the mobilization of reserves during the development of Jatropha
seedlings was tested. Two genotypes of Jatropha were used and three concentrations of NaCl were
applied between the 4th and 8th days after germination. The effects of salinity on seedling growth, in
terms of fresh and dry phytomass, ionic partition, and sugar quantification, starch, proteins, amino
acids, and lipids were evaluated in cotyledon leaves, hypocotyls, and roots. There was an increase in
the content of all classes of macromolecules analyzed in at least one of the organs. It is hypothesized
that the hypocotyls acted as an accumulating organ of Na*. The accumulations of amino acids and
protein in roots suggest that metabolic responses occurred in response to the ionic and osmotic
effects of NaCl, although this accumulation did not appear to prevent biomass losses in seedlings.
Furthermore, the findings of this study demonstrate that salinity inhibits the mobilization of lipids
and carbon stocks from cotyledon leaves to the rest of the plant, and together with the synthesis of
proteins and amino acids that occurred primarily in roots, contributed to response of these plants
to salinity.

Keywords: germination; seedling metabolism; partition of macromolecules; salinity

1. Introduction

Excess soil salts are among the main problems faced by world agriculture [1,2]. In
Brazil, and especially in its semi-arid northeast, soil salinization becomes even more serious
due to its association with the low precipitation and the high rate of evapotranspiration
which are characteristic of this region [3]. Thus, salinized areas are no longer profitable for
farmers and are consequently abandoned [4].

One potential alternative for the reuse of such areas is the selection and introduction
of species tolerant to adverse environmental conditions [5]. In this context, perennial
oleaginous plants, such as Jatropha curcas L., are compatible with the edaphoclimatic
conditions of the Brazilian semiarid region due to their moderate resistance to drought and
salinity [6]. In addition, this species has great economic importance, due to its medicinal
and ornamental use and for biodiesel production [7].

Excess salts compromise the physiological and biochemical functions of plants, caus-
ing osmotic stress which results in disturbances of water conductance. They also cause
changes in the absorption and utilization of essential nutrients and intensify the ionic
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