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Bacillus Coagulans Ma-13: A Promising Thermophilic Strain for Production 
of Bioactive Molecules from Agri-Food and Lignocellulolose Biomasses

M. Aulitto1,2*, S. Fusco3, A. Strazzulli1, F. Sansone1, F. Cozzolino4,5, M. Monti4,5, 
M. Moracci1, C. J. Franzén6, D. B. Nickel6, G. Fiorentino1, D. Limauro1, S. Bartolucci1, 
P. Contursi1*

1Department of Biology – University of Naples FEDERICO II – VIA CINTHIA, 80126 ITALY
2Division of Biological Systems and Engineering, Lawrence Berkeley National Laboratory, Berkley, United States 
of America
3Department of Biotechnology, University of Verona, Strada Le Grazie 15, 37134 Verona, Italy
4Department of Chemical Sciences, University of Naples Federico II, Naples, Italy
5CEINGE Advanced Biotechnologies, University of Naples Federico II, Naples, Italy
6Division of Industrial Biotechnology, Department of Biology and Biological Engineering, Chalmers University of 
Technology, 412 96 Gothenburg, Sweden

Lignocellulosic biomasses represent an alternative to the finite nature of fossil fuels as promising 
and suitable energy source. In this regard, the industrial processes based on lignocellulose 

degradation exploit the hydrolytic enzymatic cocktails for the treatment of biomass. Recently, a 
novel thermophilic B. coagulans strain, designed as MA-13, has been isolated from canned beans 
manufacturing and shown to be able to produce lactic acid from lignocellulose biomass(1,2). 
B. coagulans MA-13 turned out to be exceptionally resistant to extreme conditions, such as 
toxic compounds derived from the thermo-acidic treatment of lignocellulose, thus pointing to this 
microorganism as an appealing candidate for the production of LA from lignocellulosic biomasses. 
Moreover, it was demonstrated that pre-exposure of B. coagulans MA-13 to hydrolysate supports 
adaptation to the fermentation medium. This strategy leads to lower process water requirements 
and combines cost-effective seed cultivation with physiological pre-adaptation of the production 
strain, resulting in reduced lactic acid production costs(3).
Furthermore, B. coagulans strains are generally recognized as safe (GRAS). One of the most 
challenging food consumption issues is how to ameliorate the digestibility of foods containing 
some not-digestible galactosides, associated with intestinal gas and discomfort. To this aim, 
the intra  and extra cellular glycosyl hydrolase (GH) repertoire of MA-13 was biochemically 
analyzed. The most prevalent enzymatic activities were unambiguously identified as a β  and 
α galactosidases. A full biochemical characterization of  of the β galactosidase (named BcGalB), 
revealed that the enzyme was able to produce GOS in homo  and hetero condensation reactions 
from artificial and natural substrates, thus proving the ability of B. coagulans MA¬13 to eco¬friendly 
produce prebiotics from dairy food waste (4). Finally, to expand our understanding of the intra-
strains genomic diversity of B. coagulans and to provide new insights on its genetic potential in 
biotechnological applications, a pangenomic study is under way.
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Microbial Electrohydrogenesis Cell and Dark Fermentation Integrated System 
Enhances Biohydrogen Production from Lignocellulosic Agricultural Wastes: 
Substrate Pretreatment Towards Optimization

Zhisheng Yu*, Fabrice Ndayisenga, Bobo Wang
College of Resources and Environment, University of Chinese Academy of Sciences, 19 A Yuquan Road, Beijing, 
100049, PR China

The continuous surge in global energy demand, fossil fuel depletion, and related climate 
change issues have oriented the worldwide researchers’ endeavors to the investigation 

and development of sustainable and coeffective technology to satisfy the global energy needs. 
Referring to the non-toxic properties of hydrogen, it isconsidered as a suitable renewable energy 
source that could replace fossil fuel-based energy. It is the cleanest energy carrier, combustible 
with high calorific value, high energy yield. Producing biohydrogen energy from renewable 
resources such as lignocellulosic agricultural residues could be a sustainable carbon-neutral 
most costeffective approach. Dark fermentation has been widely applied as a promising eco-
friendly technique to produce biohydrogen from agricultural residues. However, it has shown 
drawbacks owing to the recalcitrance of lignocellulose structure, and the accumulation of acid-
rich intermediate by-products. Microbial electrolysis cells use bio-electrochemical reactions 
to upgrade H2 production in a dark fermentation reactor by promoting further decomposition 
of the generated volatile fatty acids. Therefore, integrating microbial electrohydrogenesis with 
dark fermentation can be a promising strategy to optimize the straw biomass conversion to 
biohydrogen. This review aims in delineating the structural composition and recalcitrance of 
the agricultural residues and their major effects on biohydrogen production. It summarizes all 
possible pre-treatment methods of the lignocellulosic agricultural residues; elucidates the stable 
operational conditions of microbial electrolysis cell and dark fermentation integrated system and 
discusses its performance for biohydrogen production. This study also reviewed the current 
technical challenges of this integrated system application and suggested sustainable solutions 
towards its industrial implementation.
Keywords: Biohydrogen production, MEC-DF integrated System, Lignocellulosic agricultural 
residues, Biomass pretreatment, Methanogens,Hydrogen-producing bacteria
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Students’ Life Under COVID-19

LO Siu Chee Amelia, KEUNG Mei Wan and LEE Albert
Centre for Health Education and Heatlh Promotion, The Chinese University of Hong Kong

COVID-19 pandemic has impact globally in macro and micro level. As school has been 
suspended for months and students were recommended to stay home as much as possible, 

their lifestyle especially on eating and physical activity has changed. Our team is interested on 
how’s their life under COVID-19. Five primary schools and eleven secondary schools joined 
health interventions of our Centre have been selected and students in Primary 6 and Secondary 
1 to 3 were invited to complete an online questionnaire on health habits and attitude. The data 
was collected for baseline in 2017/18 in primary school and 2018/19 in secondary school  and 
follow up in 2019/20. A total of 385 and 1,102 valid questionnaires were collected from primary 
and secondary school students respectively. Findings showed that due to the lengthened home 
time during the pandemic, the proportion of P6 students who could achieve the amount of 
exercise recommended by the World Health Organization decreased from over 20% to 10%. 
In secondary school, the proportion of students engaged in 60 minutes moderate to vigorous 
exercise decreased from around 40% to under 30%; the proportion of students spending time on 
various types of electronic media (not for academic purpose) has increased with increased impact 
on concentration, emotion and back discomfort. Students also reported that more takeaway food 
has been consumed. However, result showed their awareness and practice on hygiene has been 
enhanced. We would see life is a lot different under COVID-19, but as Albert Einstein said, “in 
the middle of difficulty, lies opportunity”, we will look forward to make wise move with the positive 
impacts on students while preparing for full resumption of school in-person lessons.
Keywords: eating habit, physical activity, COVID-19, students’ wellness, Health Promoting 
School, school resumption
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Real-time Optimization of a Microbial Electrolysis Cell for Hydrogen 
Production via Extremum-Seeking Control

Gerardo Lara-Cisneros* and Alejandro Vargas
Instituto de Ingeniería, Universidad Nacional Autónoma de México. 
Blvd. Juriquilla 3001, 76230, Querétaro, Mexico.

The current challenges on energy transition and global warming policies promote the 
development of sustainable energy technologies around the world. In this way the production 

of biofuels via anaerobic decomposition of organic waste has been gained more attention due to 
its high potential as sustainable energy processes. Hydrogen has high energy content and can 
be produced from renewable sources. However, the renewable hydrogen production processes 
via dark fermentation or photofermentation offer low efficiency to successful industrial-level 
applications. In this framework the application of microbial electrochemical technologies to 
conventional anaerobic digestion (AD) can accelerate notably the degradation of organic matter 
altering the microbial community in order to improve the hydrogen production rate and the global 
stability of the process. In this paper we design an extremum-seeking control (ESC) scheme in 
order to optimize the performance of a microbial electrolysis cell (MEC) for biohydrogen production 
from organic waste. By considering a simplified mathematical model for a MEC system the 
optimal applied voltage is analyzed taking into account the energy generated by the hydrogen 
production and the energy supplied to the cell by the electrical current. Since the optimal applied 
voltage depends of the MEC’s operating conditions (temperature, feedstock composition, pH and 
the hydrogen partial pressures) a perturbation-based ESC scheme is designed to reach the real-
time optimization of the bioelectrochemical system. For the ESC design, the applied voltage is 
considered as the control action and the net energy produced is the maximized output. Numerical 
simulations show that the ESC control scheme is able to drives the bio-electrochemical process 
to its optimal operating conditions where the total energy is maximized. 
Keywords: extremum-seeking control, microbial electrolysis cells, biohydrogen, anaerobic  
digestion, real-time optimization.
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Unraveling the influence of microwave chemical pretreatment of biomass on 
properties of bio-oil and biochars

Dr. Prakash Binnal
Department Of Chemical Engineering, Siddaganga Institute Of Technology, India

Recently, desalination of sea and brackish water is gaining importance as an emerging 
technology, due to its lower power requirement and reduction in green house gases. Several 

researchers have reported various types of photo bioreactors, microalgae species and operating 
conditions to optimize the process. In the present lecture, a review of these technologies will be 
presented along with mechanisms involved in desalination. The major challenges, advantages and 
disadvantages will be elaborated. The comparison of desalination using algae with conventional 
methods (thermal desalination) will be presented.
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Assessing the Level of Airborne Polystyrene Microplastics using 
Thermogravimetry-Mass Spectrometry: Results for an Agricultural Areas

Rosa Peñalver1, Isabel Costa-Gómez2, Natalia Arroyo-Manzanares1, José María Moreno2, 
Ignacio López-García1, Stella Moreno-Grau2, Manuel Hernández Córdoba1

1Department of Analytical Chemistry, Faculty of Chemistry, Regional Campus of International Excellence “Campus 
Mare Nostrum”, University of Murcia, E-30100 Murcia, Spain
2Department of Chemical and Environmental Engineering, Regional Campus of International Excellence “Campus 
Mare Nostrum”, Technical University of Cartagena, Dr. Fleming sn, 30202, Cartagena, Spain

The usage of plastic materials may generate small plastic fragments known as microplastics 
(MPs) which affect the quality of the air we breathe. Pollution due to micro- and nanoplastics 

has become a global concern due to their ubiquity and potential effects on health and ecosystems. 
In this study, a procedure based on thermogravimetry coupled to mass spectrometry (TGA-
MS) has been developed to quantify polystyrene (PS) microplastics found in the atmosphere 
nearby an agricultural area. The quantification of PM10 fractions of airborne PS microplastics 
has been scarcely studied. For this purpose, around 50 mg of the fiberglass filters used for the 
airborne sample collection were pyrolyzed on the TGA instrument (40-800 ºC) at 10 ºC min-1 
under nitrogen atmosphere. At the same time, sample mass loss and MS signal intensity of 
typical PS pyrolysis compounds (m/z 78 and m/z 104) were recorded. Limits of detection and 
quantification were 7.7 and 25.8 ng m-3, respectively. PS microplastic has been found in the 
studied atmosphere area at an average of 35.97 ng m-3, the potential contamination source 
being mainly related to agricultural activities. This works shows the potential of the hyphenated 
TGA-MS capability for the quantification of low levels of MPs in the air, making this technique 
suitable for the investigation of MPs in different environments. Knowing the concentrations of 
airborne PS-MPs will allow the extrapolation to human exposure and risk analysis studies which 
in turn allow the development of air quality policies and other regulatory instruments.
Keywords: Thermogravimetry-mass spectrometry; airborne microplastic; polystyrene; emerging 
pollutants; health risk; PM10.
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Application of Using Ultrasonic and Hydrodynamic Cavitation in Biodiesel 
Production from High Free Fatty Acid Crude Palm Oil

Assoc.Prof.Dr.Krit Somnuk
Department of Mechanical and Mechatronics Engineering, Faculty of Engineering, Prince of Songkla University, 
Hat Yai, Songkhla, Thailand

In Thailand, crude palm oil (CPO) was used as a raw material for biodiesel production. However, 
the presence of a high free fatty acid (FFA) level in CPO presents a significant challenge for 

biodiesel synthesis. Because, FFA level in oil should be decreased to less than 1%, followed by a 
transesterification reaction to form the ester, also known as the two-stage process. In the case of 
ultrasonic cavitation, which was employed in the application of biodiesel production. The cost of 
ultrasound was very high, and it was necessary to be maintained on an industrial scale. To address 
these concerns, a hydrodynamic reactor was utilized as a continuous reactor. Because, the high 
shear forces are produced, which are combined with shock waves generated by hydrodynamic 
cavitation. Therefore, a hydrodynamic cavitation reactor was effectively applied to reduce the FFA 
level in CPO, and produce the ester using the esterification and transesterification processes, 
respectively. The key part of this study is the rotor-stator type hydrodynamic cavitation reactor. 
Moreover, a new technology for biodiesel production, a 3D printing technology was used to 
create the 3D-printed rotor. In this talk, the presentation will introduce the biodiesel production 
process using static mixer and ultrasonic reactors, and provide an update on the possibility of 
utilizing a cost-effective 3D printed rotor in the continuous hydrodynamic cavitation reactor for 
biodiesel production from high FFA oil.
Keywords: hydrodynamic cavitation, ultrasound, biodiesel, high free fatty acid oil, 3D printing
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Alternative Solutions to Solving the Problem of Accumulating Municipal 
Solid Waste and Sewage Sludge

Sanette Marx, Roelf J Venter, LC Muller, Jonedine van der Merwe, Christine Dewah, 
Martinus Nel 
DSI/NRF Research Chair in Biofuels and Other Clean Alternative Fuels, Centre of Excellence Carbon-based 
Fuels, Faculty of Engineering, North-West University, Potchefstroom, South Africa. 

The world generated 2.01x109 tons of municipal solid waste (MSW) in 2018 and as the global 
population is increasing, it is expected that that MSW generation will increase by approximately 

43x106 tons per year. About 44% of the generated MSW in the world consists of organic and green 
waste. Current solid waste management strategies include composting (5.5 %), incineration (11.1 
%), sanitary landfill with gas collection (7.7%) and recycling (13.5 %). In total 33 % of generated 
solid waste is disposed of by dumping and 25.2 % is disposed of on uncontrolled open landfill 
sites. Despite mitigating strategies such as biogas capture at landfill sites, emissions from MSW is 
responsible for almost 5% of the world’s annual greenhouse gas (GHG) emissions. Many countries 
struggle to keep pace with treating the ever-increasing volume of MSW and increasing volumes of 
sewage that is generated in concentrated areas due to global urbanization. A new strategy is thus 
necessary to alleviate pressure on inadequate and outdated treatment facilities by lowering the 
volumes of both MSW and primary sewage sludge. We propose one such strategy that will not only 
reduce the volume of MSW and sewage sludge but will also contribute towards the UN sustainable 
development goals of sustainable cities, clean water and clean, affordable energy. In our work, we 
have developed an MSW-based biorefinery, using hydrothermal liquefaction (HTL) as the main 
waste treatment step. HTL is a thermochemical process that converts organic material into bio-
based liquid and solid fuels using the unique properties of water under subcritical conditions. It is 
ideal to treat MSW using primary sewage sludge as a solvent, thus reducing the volume of both of 
these waste types. 
In this paper, HTL is used to produce bio-crude oil, hydrochar, process gas and an aqueous product. 
All reported product yields and quality is based on real-time experimental data. Considering the 
volume of organic waste generated, it is estimated from our research that about 1.1x1011 L of 
biodiesel (2% of global consumption), 2.8x108of GreenCoal (3.3 % of global consumption), 
7.751x1010 m3 of pure CO2 gas (66.2% of global demand), 3.6 TWh of biogas electricity, 1.1x107 
ton of platform chemicals, 1.8x107 ton of biodegradable polyurethane foam and 975 GL of clean 
water can be produced from the HTL products. Some of the hydrochar product (0.004 mass %) 
was used as an adsorbent for recovery of the alkali and alkali earth metals and phenolic platform 
chemicals present in the aqueous product. The carbon and nitrogen mass balance recovery of the 
HTL unit was 91.2 % and 76.9 %respectively. Furthermore, with an energy consumption rate of 
0.142, the HTL unit will require 212 GWh to produce the products with a total average bulk market 
value of $365 billion. The methane in the processed biogas thus provides enough energy for the 
HTL unit to be run independently from the electricity grid. Furthermore, since excess electricity is 
generated, the biorefinery can be a stable source of electricity supply to an electricity grid. 
Keywords: solid waste, sewage, bio-refinery, hydrothermal liquefaction, bio-based products
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