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BACKGROUND  
 
 
 

Environmental Information System (ENVIS) is established in the year 1984 as a network of 

Information Centres. It is planned by the Ministry of Environment Forest & Climate Change, 

Govt. of India. Aim of this centre is to provide descriptive and environmental subject related 

numerical data.  

 

This ENVIS Centre is established in the focal theme area - Environmental Biotechnology at 

the Department of Environmental Science, University of Kalyani, Nadia-741235, West Bengal 

in the year 2002.  To buildup more awareness to safe the environment as well as  for the 

betterment of livelihood for each and every classess of people in India, now the centre is 

revump  as Environmental Information Awareness, Capacity building and livelihood 

programme (EIACP) Programme center – Resource Partner 

 

The objective of this centre is to collect data related to the above mentioned subject, from 

different major libraries mainly in West Bengal and also from other states in India, through 

consultation with different journals, Annual Reviews, Internet and to generate a database and 

create a website uploaded with these information. Besides, we publish biannualy Abstract 

Volume on our thematic area Environmental Biotechnology under fifteen sub-heads. The 

volume contains abstracts of scientific articles from relavent national and international 

journals. Viewpoint of this abstract volume is to help the interested research workers, 

scientists, administrators and the general people. 

 

This is the 42nd publication of Abstract Volume of this EIACP Centre. This contains the 

abstracts of research papers collected from the various areas of Environmental Biotechnology 

from different journals published in last six months upto June 2023. In this issue, various 

topics like Bioenergy, Bioengineering, Bio-degradation, Bio-remediation, Bio-transformation 

etc. have been covered.  We are grateful to the various libraries and their staff for their 

cooperation extended to us during the collection of the articles. 
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Abstract Format 
 
 
 

The format of the abstract is as follows: 
 
 
 
Abstract:      The abstracts are arranged in different subheads. 
 
 
Author: Name of the authors are given in the order in which they appear 

in the original document. These names are given in succession.  
 
 
Address of Authors:  Address of the author is given in parenthesis at the end of the 

author’s name. When the address of any other author is found, it 
is written after wards delimited by stop(.). 

 
 
Locus:   The name of the journal is followed by the volume number, issue 

number, year of publication and the page no. 
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GENERAL INFORMATION 
 
 

Abstract have been taken directly from source documents like research report, 
journals, internet, seminar proceedings, standards and patents. All the resources 
are published within last six months. 

 
Abstract are broadly classified and arranged under the following 16 heads: 

 
Bioaccumulation: Bioaccumulation means an increase in the concentration of a chemical 

in a biological organism over time, compared to the chemical's concentration in 
the environment. Compounds accumulate in living things whenever they are 
taken up and stored at a rate faster than they are broken down (metabolized) or 
excreted. Understanding the dynamic process of bioaccumulation is very 
important in protecting human beings and other organisms from the adverse 
effects of chemical exposure, and it has become a critical consideration in the 
regulation of chemicals. 

 
Bioremediation: It is a clean-up technology that uses naturally occurring microorganisms 

to degrade hazardous substances into less toxic or nontoxic compounds. The 
microorganisms may: 

1.  Ingest and degrade organic substances as their food and energy source, 

2. Degrade organic substances, such as chlorinated solvents or petroleum 
products, that are hazardous to living organisms, including humans, and 
degrade the organic contaminants into inert products. 

As the microorganisms occur naturally in the environment they are likely to pose 
little risks of contamination. 

 
Bio-Transformation: This is a process of Biological changes of complex compounds to 

simpler one or toxic to non-toxic and vice-versa. Several microorganisms are 
capable of transforming a varity of compounds found in nature but generally in 
case of synthetic compounds they are unable to show any appropriate action. 
Biotransfer appears to be one of the major detoxication methods known so far. 

 
Biomarker: It is a biological response to a chemical that gives a measurement of exposure and, 

sometimes, of toxic effect. It can be defined as  any kind of molecule which 
indicate the existence (past or present) of living organisms. In particular, in the 
fields of geology and astrobiology biomarkers are also known as biosignatures. 
However, in environmental science a bio-markers can also be used to indicate 
exposure to various environmental substances in epidemiology and toxicology. 

 
Biofertilizer: To reduce the impact of excess chemical fertilizers in the field of agriculture 

the biofertilizer is being considered as a potential tool; biologically fixed nitrogen 
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is such a source which can supply an adequate amount of Nitrogen to plants and 
other nutrients to some extent. Many free living and symbiotic bacteria, which fix 
atmospheric Nitrogen are used as biofertiliser material as a substitute for Nitrogen 
fertilizer. In general two types of biofertiliser are used 
 

1. Bacterial Biofertilizer 
 

2. Algal Biofertilizer 
Biocomposting: It involves combining organic materials under conditions that enables them 

to decompose more quickly than they would in nature. Think about logs and 
leaves on the ground in a forest. The leaves will break down and disappear within 
a year. Logs of course will take much longer to crumble away. Composting is the 
process of converting all biodegradable wastes into organic manure. In 
composting process certain input should be made into waste to convert the 
process in a short time. 

 

Biopesticide: Pest control by biological antagonism appears to be very useful tool in recent 
years. Bacterial pesticides are being developed. Heliothis complex, which lives in 
close association with plant roots, consists of two major crop pests budworm and 
ball warm. Biological  insecticides against both these insects are being prepared 
by transfer of a gene from  Bacillus thuringiensis 

 

Biodegradation: It is nature's way of recycling wastes, breaking down organic matter into 
nutrients that can be used by other organisms. "Degradation" means decay, and 
the "bio-" prefix means that the decay is carried out by a huge assortment of 
bacteria, fungi, maggots, worms, and other organisms that eat dead material and 
recycle it into new forms. 

In the nature, nothing is known as waste, because everything gets recycled. The 
waste products from one organism become the food for others, providing 
nutrients and energy while breaking down the waste organic matter. Some 
organic materials may break down much faster than others, but all will eventually 
decay. 

By harnessing these natural forces of biodegradation, people can reduce wastes 
and clean up some types of environmental contaminants. Through composting, 
we accelerate natural biodegradation and convert organic wastes to a valuable 
resource. 

 

Biosensor: Biosensor represents biophysical devices, which can detect the presence and 
measure the quantities of specific substances in a varity of environments. These 
specific substances may include sugars, proteins, or humas and varity of toxins in 
the industrial effluents. In designing a biosensor an enzyme or an antibody or 
even microbial cells are associated with microchip devices, which are used for 
quantitative estimate of a substance. 

 

Bioengineering: It is a developing speciality featuring a multidisciplinary approach to the 
solution of problems in medicine and biology, based on the application of 
advances in science, engineering and technology. It generally engineers the 
biological processes through biotechnological or genetic engineering 
interventions. It may also be a broad-based engineering discipline that involve 
product design, sustainability and analysis of biological systems. 
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Pollen-Biotechnology:  This is a new field of science dealing with the pollen chemistry 

and allerginicity of aerospora. This subject also covers genetic manipulation of 
pollen development of haploid culture. Such haploid plants have immense values 
in genetic research. 

 

Biotechnology Policy Issue:  Biotechnology appears to be an emerging science in 
present decades. Genetic manipulation and development of genetically modified 
organism in human welfare is now showed a potential prospect and risk. Thus, 
researches and application of Biotechnology in diverse field is a major policy 
issue in the present decades. 

 

Agricultural Biotechnology:  Over the years, tremendous success has been made in 
diverse field of agriculture by applying Biotechnology. It includes development 
of genetically modified crops, genetic improvement in sericulture practices, 
improvement in Biofertilizer development and similar other aspects. Production 
of pest and disease resistant crop is also being considered to be an emerging area 
of Agricultural Biotechnology. 

 

Bioenergy: In recent decades, efforts have been made for evolving were non-polluting 
bioenergy sources or energy generation from organic wastes and biomass. These 
are all ecofreindly solutions. Biomass energy supply-demand balances have 
become a component of energy sector analysis and planning and is propelled 
huge importance in the countries. Biomass, Biogas, Hydrogen are the example of 
Bioenergy. 

 

Nano Biotechnology: Bionanotechnology, nanobiotechnology, and nanobiology are terms 
that refer to the intersection of nanotechnology and biology. Given that the 
subject is one that has only emerged very recently, bionanotechnology and 
nanobiotechnology serve as blanket terms for various related technologies.  

This discipline helps to indicate the merger of biological research with various 
fields of nanotechnology. Concepts that are enhanced through nanobiology 
include: nanodevices, nanoparticles, and nanoscale phenomena that occurs within 
the disciple of nanotechnology. This technical approach to biology allows 
scientists to imagine and create systems that can be used for biological research 

Biomimicry: Biomimicry is an applied science that derives inspiration for solutions to human 
problems through the study of natural designs, systems and processes. 
Biomimicry on the other hand, which is not a science, is a more subtle way which 
we can benefit from nature. It is the modern, often high tech, equivalent of the 
historical practices of emulating nature. . The science of biomimicry is a newly 
developing field but the application of biomimicry has been around since the 
beginning of man. The biomimetic technologies (flight controls, bio-robotics, 
ventilation systems, etc.) and potential technologies (fin geometry, nacre 
materials, etc.) improve performance. The use of biomimicry as an approach to 
sustainable engineering, specifically the environmental components. 
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Bioaccumulation 

Asa J. Lewis, Xiaoyan Yun, Max G. Lewis, Erica R. McKenzie, Daniel E. Spooner, Marie 
J. Kurz, Rominder Suri, Christopher M. Sales. (aDepartment of Civil, Architectural, and 
Environmental Engineering, Drexel University, 3100 Market St., Philadelphia, PA, 19104, 
USA, bCivil and Environmental Engineering Department, Temple University, Philadelphia, 
PA, 19122, USA, cDepartment of Biology, Temple University, Philadelphia, PA, 19122, 
USA, dDepartment of Biology, Commonwealth University of Pennsylvania, Lock Haven 
University, Lock Haven, PA, 17745, USA, eAcademy of Natural Sciences of Drexel 
University, Philadelphia, PA, 19103, USA, fEnvironmental Sciences Division, Oak Ridge 
National Laboratory, Oak Ridge, TN, 37831, USA) Impacts of divalent cations (Mg2+ and 
Ca2+) on PFAS bioaccumulation in freshwater macroinvertebrates representing different 
foraging modes. Environmental Pollution, Volume 331, Part 2 (2023): 121938 

Per- and polyfluoroalkyl substances (PFAS) have extensively contaminated freshwater aquatic 
ecosystems where they can be transported in water and partition to sediment and biota. In this 
paper, three freshwater benthic macroinvertebrates with different foraging modes were exposed 
to environmentally relevant concentrations of eight perfluoroalkyl carboxylates (PFCA), three 
perfluoroalkyl sulfonates (PFSA), and three fluorotelomer sulfonates (FTS) at varying divalent 
cation concentrations of magnesium (Mg2+) and calcium (Ca2+). Divalent cations can impact 
PFAS partitioning to solids, especially to sediments, at higher concentrations. Sediment dwelling 
worms (Lumbriculus variegatus), epibenthic grazing snails (Physella acuta), and sediment-
dwelling filter-feeding bivalves (Elliptio complanata) were selected due to their unique foraging 
modes. Microcosms were composed of synthetic sediment, culture water, macroinvertebrates, 
and PFAS and consisted of a 28-day exposure period. L. variegatus had significantly higher 
PFAS bioaccumulation than P. acuta and E. complanata, likely due to higher levels of 
interactions with and ingestion of the contaminated sediment. “High Mg2+” (7.5 mM Mg2+) and 
“High Ca2+” (7.5 mM Ca2+) conditions generally had statistically higher bioaccumulation 
factors (BAF) than the “Reference Condition” (0.2 mM Ca2+ and 0.2 mM Mg2+) for PFAS with 
perfluorinated chain lengths greater than eight carbons. Long-chain PFAS dominated the PFAS 
profiles of the macroinvertebrates for all groups of compounds studied (PFCA, PFSA, and FTS). 
These results indicate that the study organism has the greatest impact on bioaccumulation, 
although divalent cation concentration had observable impacts between organisms depending on 
the environmental conditions. Elevated cation concentrations in the microcosms led to 
significantly greater bioaccumulation in the test organisms compared to the experimental 
reference conditions for long-chain PFAS. 

Keywords: Bioavailability; Uptake mechanism; Fate and transport; PFAS profiles; 
Environmental relevance 

A.J. Piro, S.J. Taipale, H.M. Laiho, E.S. Eerola, K.K. Kahilainen. (aLammi Biological 
Station, University of Helsinki, Pääjärventie 320, FI-16900, Lammi, Finland, bDepartment 
of Biological and Environmental Science, University of Jyväskylä, P.O. Box 35 (YA), FI-
40014, Jyväskylä, Finland). Fish muscle mercury concentration and bioaccumulation 
fluctuate year-round - Insights from cyprinid and percid fishes in a humic boreal lake. 
Environmental Research, Volume 231, Part 2(2023): 116187 
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Boreal lakes demonstrate pronounced seasonality, where the warm open-water season and 
subsequent cold and ice-covered season dominate natural cycles. While fish muscle total 
mercury concentration (mg/kg) [THg] is well documented in open-water summer months, there 
is limited knowledge on the ice-covered winter and spring mercury dynamics in fish from 
various foraging and thermal guilds. This year-round study tested how seasonality influences 
[THg] and its bioaccumulation in three percids, perch (Perca fluviatilis), pikeperch (Sander 
lucioperca), ruffe (Gymnocephalus cernua), and three cyprinids, roach (Rutilus rutilus), bleak 
(Alburnus alburnus), and bream (Abramis brama) in deep boreal mesotrophic Lake Pääjärvi, 
southern Finland. Fish were sampled and [THg] was quantified in the dorsal muscle during four 
seasons in this humic lake. Bioaccumulation regression slopes (mean ± STD, 0.039 ± 0.030, 
range 0.013–0.114) between [THg] and fish length were steepest during and after spawning and 
shallowest during autumn and winter for all species. Fish [THg] was significantly higher in the 
winter-spring than summer-autumn in all percids, however, not in cyprinids. The lowest [THg] 
was observed in summer and autumn, likely due to recovery from spring spawning, somatic 
growth and lipid accumulation. Fish [THg] was best described by multiple regression models 
(R2adj: 52–76%) which included total length and varying combinations of seasonally changing 
environmental (water temperature, total carbon, total nitrogen, and oxygen saturation) and biotic 
factors (gonadosomatic index, and sex) in all species. The seasonal variation in [THg] and 
bioaccumulation slopes across multiple species suggests a need for standardized sampling 
seasons in long-term monitoring to avoid any seasonality bias. From the fisheries and fish 
consumption perspective in seasonally ice-covered lakes, monitoring of both winter-spring and 
summer-autumn would improve knowledge of [THg] variation in fish muscle. 

Keywords: Growth dilution; Spawning; Starvation; Season; Mercury; Winter 

Abbi S. Brown, Xiaoyan Yun, Erica R. McKenzie, Christopher G. Heron, Jennifer A. 
Field, Christopher J. Salice. (aEnvironmental Science and Studies Program, Towson 
University, Towson, MD, USA, bCivil and Environmental Engineering Department, 
Temple University, Philadelphia, PA, USA, cDepartment of Environmental and Molecular 
Toxicology, College of Agricultural Sciences, Oregon State University, Corvallis, OR, 
USA). Spatial and temporal variability of per- and polyfluoroalkyl substances (PFAS) in 
environmental media of a small pond: Toward an improved understanding of PFAS 
bioaccumulation in fish .Science of The Total Environment,Volume 880(2023): 163149 

Per- and polyfluoroalkyl substances (PFAS) are highly fluorinated compounds with many 
industrial applications, for instance as ingredients in fire-suppressing aqueous film-forming 
foams (AFFF). Several PFAS have been demonstrated to be persistent, bioaccumulative and 
toxic. This study better characterizes the bioaccumulation of PFAS in freshwater fish through a 
spatial and temporal analysis of surface water and sediment from a stormwater pond in a former 
Naval air station (NAS) with historic AFFF use. We sampled environmental media from four 
locations twice per week for five weeks and sampled fish at the end of the sampling effort. The 
primary PFAS identified in surface water, sediment, and biota were perfluorooctane sulfonate 
(PFOS) and perfluorohexane sulfonate (PFHxS) followed by perfluorooctanoic acid (PFOA) in 
environmental media and perfluoroheptane sulfonate (PFHpS) in biota. We observed significant 
temporal variability in surface water concentrations at the pond headwaters following stochastic 
events such as heavy rainfall for many compounds, particularly PFHxS. Sediment concentrations 
varied most across sampling locations. In fish, liver tissue presented the highest concentrations 
for all compounds except PFHxS, which was highest in muscle tissue, suggesting the influence 
of fine-scale aqueous PFAS fluctuations on tissue distribution. Calculated log bioaccumulation 
factors (BAFs) ranged from 0.13 to 2.30 for perfluoroalkyl carboxylates (PFCA) and 0.29–4.05 
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for perfluoroalkane sulfonates (PFSA) and fluctuated greatly with aqueous concentrations. The 
variability of PFAS concentrations in environmental media necessitates more frequent sampling 
efforts in field-based studies to better characterize PFAS contamination in aquatic ecosystems as 
well as exercising caution when considering single time-point BAFs due to uncertainty of system 
dynamics. 

Keywords: Aquatic toxicology; AFFF; Perfluorooctane sulfonate (PFOS); Perfluorohexane 
sulfonate (PFHxS); Water; Sediment 

Tao Hu, Jiachao Zhang, Xueyan Xu, Xiaoli Wang, Changzhi Yang, Chao Song, Shuguang 
Wang, Shan Zhao. (aShandong Key Laboratory of Water Pollution Control and Resource 
Reuse, School of Environmental Science and Engineering, Shandong University, Qingdao, 
266237, China, bAnalysis and Test Center, Qilu University of Technology (Shandong 
Academy of Sciences), Jinan, 250014, China, cShandong Yellow River Delta National 
Nature Reserve Administration Committee, Dongying, 257091, China). Bioaccumulation 
and trophic transfer of antibiotics in the aquatic and terrestrial food webs of the Yellow 
River Delta. Chemosphere,Volume 323(2023): 138211 

Antibiotic pollution caused by aquaculture industries is a common problem in the wetland of the 
Yellow River Delta (YRD). Aquatic and terrestrial food webs coexist and interact in wetlands. 
However, there are few comparative studies on antibiotics in these two food webs. This study 
investigated the occurrence, bioaccumulation, and trophic transfer of 19 antibiotics in the aquatic 
and terrestrial food webs of the YRD, and discussed the effects of physicochemical parameters 
in different food webs. The total concentrations of antibiotics in aquatic organisms and terrestrial 
organisms ranged from 11.61 to 63.08 ng/g dry weight (dw) and 4.21–9.11 ng/g dw, 
respectively. BAF (bioaccumulation factor), BSAFa (biota sediment accumulation factor), and 
BSAFt (biota soil accumulation factor) were used to explore the bioaccumulation capacity of 
antibiotics. The calculation results of these three factors showed that fluoroquinolones (FQs) had 
the highest bioaccumulation capacity. As for the trophic transfer, the total concentrations of 
antibiotics were biodiluted in the aquatic food web while biomagnified in the terrestrial food 
web. Physicochemical parameters of the antibiotics showed that log Kow (octanol-water 
partition coefficient)/log Dow (pH-dependent distribution coefficient) and log Koa (octanol-air 
partition coefficient) were good predictors for antibiotic bioaccumulation in the aquatic and 
terrestrial organisms of the YRD, respectively. In addition, the increasing log Dow and log Koa 
led to a rise of TMF (trophic magnification factor) in the aquatic food web while a decrease of 
TMF in the terrestrial food web. Overall, these results provide insights into the mechanisms on 
bioaccumulation and trophic transfer of antibiotics in different food webs. 

Keywords: Antibiotics; Bioaccumulation; Trophic transfer; Terrestrial food web; Aquatic food 
web 

Robert P. Mason, Kate L. Buckman, Emily A. Seelen, Vivien F. Taylor, Celia Y. Chen. 
(aDepartment of Marine Sciences, University of Connecticut, Groton, CT 06340, USA, 
bDepartment of Biological Sciences, Dartmouth College, Hanover, NH 03755, USA, 
cUniversity of Southern California, LA, CA 90089, USA, dDepartment of Earth Sciences, 
Dartmouth College, Hanover, NH 03755, USA). An examination of the factors influencing 
the bioaccumulation of methylmercury at the base of the estuarine food web. Science of 
The Total Environment,Volume 886(2023): 163996 
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Estuarine systems have received ongoing mercury (Hg) inputs from both point sources and 
regional contamination and have high legacy Hg in sediments. This is an environmental concern 
given that coastal seafood is an important vector for human exposure to methylmercury (MeHg). 
The base of the food chain represents the most important trophic steps for MeHg 
bioaccumulation. The magnitude of the uptake by phytoplankton, and their consumers, is 
influenced by many factors, in addition to sediment and water MeHg concentrations, that impact 
MeHg assimilation into phytoplankton and the trophic transfer to higher trophic levels, both 
benthic and pelagic. For forage fish, such as mummichogs (Fundulus heteroclitus), abiotic and 
biotic (bioenergetic) factors can influence their MeHg content, and diet is also important as they 
feed both on benthic and pelagic prey. Given that the importance of sediment MeHg versus 
pelagic MeHg sources has been debated, we updated a phytoplankton bioaccumulation model, 
and coupled this with a bioaccumulation model for MeHg concentration in mummichog tissue to 
examine the controlling factors for sites, from Maine to Maryland, USA, ranging widely in their 
Hg concentrations and other variables. The study highlighted the importance of DOC in 
modulating uptake into the pelagic food web, but also demonstrated the importance of diet in 
controlling mummichog MeHg. Finally, the relative importance of MeHg source - sediment or 
water column – was correlated with the level of Hg contamination. Sediment-derived MeHg was 
a more important source for highly Hg contaminated systems. As water column and sediment 
MeHg are not strongly correlated for the studied ecosystems, their importance as a source of 
MeHg to mummichogs varies with location. The study highlights the differences across 
ecosystems in MeHg bioaccumulation pathways, and that uptake into phytoplankton is an 
important variable controlling forage fish concentration. 

Keywords: Mercury; Methylmercury; Phytoplankton; Forage fish; Mummichogs; 
Bioaccumulation; Model; Multi-estuary analysis 

Marco Parolini, Matteo Stucchi, Roberto Ambrosini, Andrea Romano. (Department of 
Environmental Science and Policy, University of Milan, via Celoria 26, I-20133 Milan, 
Italy). A global perspective on microplastic bioaccumulation in marine organisms. 
Ecological Indicators,Volume 149(2023): 110179 

Microplastic (MP) contamination of marine ecosystems has been confirmed as an environmental 
issue of global concern. A growing number of monitoring surveys has extensively documented 
the occurrence and distribution of a wide array of MPs of different sizes, shapes, colours, and 
polymeric compositions in seawater, sediments, and marine organisms worldwide. The presence 
of MPs in marine organisms has been explored in many species belonging to different taxonomic 
groups collected in diverse geographical locations. These studies have revealed the ingestion and 
the bioaccumulation of MPs in organisms at each trophic level, confirming the ubiquity of MP 
contamination in marine ecosystems. This systematic review aimed at summarizing the results of 
the vast literature concerning the bioaccumulation of MPs in marine organisms to 1) shed light 
on potential differences in MP body burden among different taxonomic groups and 2) investigate 
the spatial and temporal variation of MP bioaccumulation at the global level. Our analyses 
showed that, independently of the geographic origin of the sample, the MP body burden 
significantly differed among trophic levels and/or taxonomic groups. Zooplankton showed the 
lowest MP levels, while the highest levels were observed in vertebrates other than fish (i.e. 
mammals, birds and reptiles). In contrast, no temporal or geographical differences in MP 
bioaccumulation were noted, independently of the taxonomic groups. These results confirmed 
that all marine organisms can ingest and accumulate MPs, but the large variability in body 
burden within and among the taxonomic groups precludes the opportunity to identify global 
patterns of contamination. 
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Keywords: Body burden; Ecological indicators; Microplastics; Marine organisms; Oceans 

Mengru Fu, Jiaqi Tan, Shanqi Zhou, Peng Liu, Zhihua Qiao, Yanna Han, Wei Zhang, 
Cheng Peng.( aState Environmental Protection Key Laboratory of Environmental Risk 
Assessment and Control on Chemical Process, School of Resource and Environmental 
Engineering, East China University of Science and Technology, Shanghai 200237, China, 
bDepartment of Biological Sciences, Louisiana State University, Baton Rouge, LA 70803, 
USA, cXi'an Thermal Power Research Institute Co. Ltd., Suzhou branch, Suzhou 215000, 
China). Acrylonitrile butadiene styrene microplastics aggravate the threat of 
decabromodiphenyl ethane to Eisenia fetida: Bioaccumulation, tissue damage, and 
transcriptional responses. Science of The Total Environment, Volume 889(2023): 164303 

Little is known about how brominated flame retardants (NBFRs) and microplastics (MPs) co-
pollution influences soil organisms. Here, we investigated the impacts of acrylonitrile butadiene 
styrene (ABS)-MPs in soil on the 28-d dynamic bioaccumulation, tissue damage, and 
transcriptional responses of decabromodiphenyl ethane (DBDPE) in Eisenia fetida by simulating 
different pollution scenarios (10 mg kg−1 DBDPE, 10 mg kg−1 DBDPE accompanied by 0.1 % 
ABS-MPs, and 10 mg kg−1 DBDPE accompanied by 0.1 % ABS-resin). The results show ABS 
resin did not influence DBDPE bioaccumulation or distribution, but ABS-MPs, particularly 74–
187 μm size of MPs, prolonged DBDPE equilibrium time and significantly promoted DBDPE 
bioaccumulation in tissue (1.76–2.38 folds) and epidermis (2.72–3.34 folds). However, ABS-
MPs and ABS-resin reduced DBDPE concentrations of intestines by 22.2–30.6 % and 37.3 %, 
respectively. DBDPE-MPs caused more serious epidermis and intestines damages than DBDPE. 
Additionally, compared to the control, DBDPE significantly up-regulated 1957 genes and down-
regulated 2203 genes; meanwhile, DBDPE-MPs up-regulated 1475 genes and down-regulated 
2231 genes. DBDPE and DBDPE-MPs both regulated lysosome, phagosome, and apoptosis as 
the top 3 enriched pathways, while DBDPE-MPs specifically regulated signaling pathways and 
compound metabolism. This study demonstrated that the presence of ABS-MPs aggravated the 
biotoxicity of DBDPE, providing scientific information for assessing the ecological risks of MPs 
and additives from e-waste in soil. 

Keywords: Acrylonitrile butadiene styrene microplastics; Decabromodiphenyl ethane; 
Bioaccumulation; Transcriptomics; Earthworm 

Carmen Martín-Franco, Jaime Terrón Sánchez, Paula Alvarenga, David Peña, Damián 
Fernández-Rodríguez, Luis Andrés Vicente, Ángel Albarrán, Antonio López-Piñeiro. 
(aÁrea de Edafología y Química Agrícola, Facultad de Ciencias – IACYS, Universidad de 
Extremadura, Badajoz, Spain, bÁrea de Producción Vegetal, Escuela de Ingenierías 
Agrarias – IACYS, Universidad de Extremadura, Badajoz, Spain, cLEAF - Linking 
Landscape, Environment, Agriculture and Food Research Center, Associate Laboratory 
TERRA, Instituto Superior de Agronomia, Universidade de Lisboa, Lisboa, Portugal, 
dÁrea de Edafología y Química Agrícola, Escuela de Ingenierías Agrarias– IACYS, 
Universidad de Extremadura, Ctra de Cáceres, 06071 Badajoz, Spain). Effects of fresh and 
field-aged holm-oak biochar on As, Cd and Pb bioaccumulation in different rice growing 
environments. Science of The Total Environment, Volume 887(2023): 164012 

Arsenic, Cd, and Pb environmental fate is influenced when the traditional permanent flooding 
rice production systems are replaced by water-saving and soil conservation practices, urging for 
additional strategies that avoid their bioaccumulation in rice grain. The aim of this two-years 
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field study was to evaluate the effects of fresh and field-aged biochar on As, Cd, and Pb 
bioaccumulation, and on As speciation, in rice grain produced in different growing environments 
(flooding versus sprinkler and conventional tillage versus direct seeding). Biochar produced 
from holm-oak pruning residues (pyrolysis at 550 °C, 48 h), in a single application 
(28 Mg ha−1), reduced As bioaccumulation in rice grain in the permanent flooding system to 
non-quantifiable concentrations (e.g., from 0.178 mg kg−1 to <0.04 mg kg−1, for inorganic-As, 
respectively), an effect which remained under field-aging conditions, increasing rice commercial 
value. When adopting sprinkler irrigation, the undesirable increase in Cd bioaccumulation in 
rice, relatively to the anaerobic system, was counteracted by biochar application, reducing its 
bioaccumulation in kernels between 32 and 80 %, allowing a simultaneous control of metals and 
metalloids bioaccumulation in rice. The bioaccumulation of Pb was also prevented with biochar 
application, with a reduction in its concentration four- to 13-times, in all the management 
systems, relatively to the non-amended plots, under fresh biochar effects. However, Pb 
immobilization decreased with biochar field-aging, indicating that the biochar application may 
have to be repeated to maintain the same beneficial effect. Therefore, the present study shows 
that the implementation of sprinkler irrigation with holm-oak biochar could reduce the risk of 
heavy metals(loids) bioaccumulation in rice grains and, thereby, ensuring food safety aspects, 
particularly under fresh biochar effects. 

Keywords: Oryza sativa L.; Toxic trace elements; Sprinkler irrigation; Flooding irrigation; 
Mediterranean environment; Soil amendments 

Liping Huang, Zijun Ye, Qianyu Zhao, Yujie Li, Zhi-Guo Yu, Wei Zhang. (aSchool of 
Environmental Science and Engineering, Guangzhou University, Guangzhou 510006, 
China, bSchool of Hydrology and Water Resources, Nanjing University of 
InformationScience and Technology, Nanjing, China). Role of microbial microbes in 
arsenic bioaccumulation and biotransformation in mice. Toxicology and Applied 
Pharmacology,Volume 464(2023): 116447 

Although gut microbes can affect the accumulation and metabolism of arsenic (As), the 
microbes contributing to these processes remain largely unknown. Therefore, this study aimed to 
investigate the bioaccumulation and biotransformation of arsenate [As(V)] and arsenobetaine 
(AsB) in mice with a disordered gut microbiome. We used cefoperazone (Cef) to construct a 
mouse model of gut microbiome disruption along with 16S rRNA sequencing to elucidate the 
effect of gut microbiome destruction on the biotransformation and bioaccumulation of As(V) 
and AsB. This revealed the role of specific bacteria in As metabolism. Gut microbiome 
destruction increased the bioaccumulation of As(V) and AsB in various organs and reduced the 
excretion of As(V) and AsB in the feces. Further, gut microbiome destruction was found to be 
important for the biotransformation of As(V). Interference with Cef can significantly decrease 
Blautia and Lactobacillus while increasing Enterococcus, leading to increase As accumulation in 
mice and enhanced methylation. We also identified Lachnoclostridium, Erysipelatoclostridium, 
Blautia, Lactobacillus, and Enterococcus as biomarkers involved in As bioaccumulation and 
biotransformation. In conclusion, specific microbes can increase As accumulation in the host, 
exacerbating its potential health risks. 

Keywords: Arsenic; Gut microbiome; Cefoperazone; Blautia; Lactobacillus; Enterococcus 

Patrícia V. Silva, Ana Rita R. Silva, Nathaniel J. Clark, Joanne Vassallo, Marta Baccaro, 
Neja Medvešček, Magdalena Grgić, Abel Ferreira, Martí Busquets-Fité, Kerstin 
Jurkschat, Anastasios G. Papadiamantis, Victor Puntes, Iseult Lynch, Claus Svendsen, 
Nico W. van den Brink, Richard D. Handy, Cornelis A.M. van Gestel, Susana Loureiro. 
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(aDepartment of Biology and CESAM, University of Aveiro, Campus Universitário de 
Santiago, 3810-193 Aveiro, Portugal, bSchool of Biological and Marine Sciences, University 
of Plymouth, Plymouth, UK, cDepartment of Toxicology, Wageningen University, 
Wageningen, the Netherlands, dDepartment of Biology, Biotechnical Faculty, University of 
Ljubljana, Večna pot 111, 1000 Ljubljana, Slovenia, eDepartment of Biology, Josip Juraj 
Strossmayer University of Osijek, Cara Hadrijana 8/A, 31000 Osijek, Croatia, fApplied 
Nanoparticles SL, C Alaba 88, 08018 Barcelona, Spain, gDepartment of Materials, Oxford 
University Begbroke Science Park, Begbroke, UK, hSchool of Geography, Earth and 
Environmental Sciences, University of Birmingham, Edgbaston, B15 2TT Birmingham, 
UK, iNovaMechanics Ltd., 1065 Nicosia, Cyprus, jInstitut Català de Nanociència i 
Nanotecnologia (ICN2), CSIC, The Barcelona Institute of Science and Technology (BIST), 
Campus UAB, Bellaterra, Barcelona, Spain, kInstitució Catalana de Recerca i Estudis 
Avançats (ICREA), 08010 Barcelona, Spain, lVall d'Hebron Institut de Recerca (VHIR), 
08035 Barcelona, Spain,mCentre of Ecology and Hydrology (CEH-NERC), Wallingford, 
UK, nAmsterdam Institute for Life and Environment (A-LIFE), Faculty of Science, Vrije 
Universiteit Amsterdam, the Netherlands). Toxicokinetics and bioaccumulation of silver 
sulfide nanoparticles in benthic invertebrates in an indoor stream mesocosm. Science of 
The Total Environment, Volume 873(2023): 162160 

Mesocosms allow the simulation of environmentally relevant conditions and can be used to 
establish more realistic scenarios of organism exposure to nanoparticles. An indoor mesocosm 
experiment simulating an aquatic stream ecosystem was conducted to assess the toxicokinetics 
and bioaccumulation of silver sulfide nanoparticles (Ag2S NPs) and AgNO3 in the freshwater 
invertebrates Girardia tigrina, Physa acuta and Chironomus riparius, and determine if previous 
single-species tests can predict bioaccumulation in the mesocosm. Water was daily spiked at 10 
μg Ag L−1. Ag concentrations in water and sediment reached values of 13.4 μg Ag L−1 and 0.30 
μg Ag g−1 in the Ag2S NP exposure, and 12.8 μg Ag L−1 and 0.20 μg Ag g−1 in the AgNO3. 
Silver was bioaccumulated by the species from both treatments, but with approximately 1.5, 3 
and 11 times higher body Ag concentrations in AgNO3 compared to Ag2S NP exposures in 
snails, chironomids and planarians, respectively. In the Ag2S NP exposures, the observed uptake 
was probably of the particulate form. This demonstrates that this more environmentally relevant 
Ag nanoform may be bioavailable for uptake by benthic organisms. Interspecies interactions 
likely occurred, namely predation (planarians fed on chironomids and snails), which somehow 
influenced Ag uptake/bioaccumulation, possibly by altering organisms´ foraging behaviour. 
Higher Ag uptake rate constants were determined for AgNO3 (0.64, 80.4 and 1.12 Lwater 
g−1organism day−1) than for Ag2S NPs (0.05, 2.65 and 0.32 Lwater g−1organism day−1) for 
planarians, snails and chironomids, respectively. Biomagnification under environmentally 
realistic exposure seemed to be low, although it was likely to occur in the food chain P. acuta to 
G. tigrina exposed to AgNO3. Single-species tests generally could not reliably predict Ag 
bioaccumulation in the more complex mesocosm scenario. This study provides 
methodologies/data to better understand exposure, toxicokinetics and bioaccumulation of Ag in 
complex systems, reinforcing the need to use mesocosm studies to improve the risk assessment 
of environmental contaminants, specifically NPs, in aquatic environments. 

Keywords: Nanomaterials; Uptake and elimination; Exposure routes; Sediments; Single-species 
tests; Risk assessment 
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Shanqi Zhou, Mengru Fu, Siyuan Ling, Zhihua Qiao, Kailun Luo, Cheng Peng, Wei 
Zhang, Juying Lei, Bingsheng Zhou. (aState Environmental Protection Key Laboratory of 
Environmental Risk Assessment and Control on Chemical Process, School of Resource and 
Environmental Engineering, East China University of Science and Technology, Shanghai 
200237, China, bState Environmental Protection Key Laboratory of Environmental Health 
Impact Assessment of Emerging Contaminants, Shanghai Academy of Environmental 
Sciences, Shanghai 200233, China, cState Key Laboratory of Freshwater Ecology and 
Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, 
China). Legacy and novel brominated flame retardants in a lab-constructed freshwater 
ecosystem: Distribution, bioaccumulation, and trophic transfer. Water Research (2023): 
120176 

The extensive utilization of both legacy and novel brominated flame retardants (BFRs) leads to 
high environmental concentrations, which would be bioaccumulated by organisms and further 
transferred through the food webs, causing potential risks to humans. In this study, five BFRs, 
that showed high detection frequencies and concentrations in sediments from an e-waste 
dismantling site in Southern China, namely 2,3,4,5,6-pentabromotoluene (PBT), 
hexabromobenzene (HBB), 1,2-bis(2,4,6-tribromophenoxy) ethane (BTBPE), 
decabromodiphenyl ethane (DBDPE), and decabromodiphenyl ether (BDE209), were selected as 
target pollutants in the lab-constructed aquatic food web as part of a micro-ecosystem, to 
investigate their distribution, bioaccumulation, and trophic transfer patterns. The significant 
correlations between different samples in the food web indicated that the dietary uptake appeared 
to influence the levels of BFRs in organisms. Significant negative correlations were observed 
between the trophic level of organisms and the lipid-normalized concentrations of BTBPE and 
DBDPE, indicating the occurrence of trophic dilution after 5-month exposure. However, the 
average values of bioaccumulation factors (BAFs) were from 2.49 to 5.17 L/kg, underscoring the 
importance of continued concern for environmental risks of BFRs. The organisms occupying 
higher trophic levels with greater bioaccumulation capacities may play a pivotal role in 
determining the trophic magnification potentials of BFRs. This research provides a helpful 
reference for studying the impacts of feeding habits on bioaccumulation and biomagnification, as 
well as for identifying the fate of BFRs in aquatic environment. 

Keywords: BFRs; Dietary uptake; Distribution, Bioaccumulation; Trophic transfer 

Klaudija Ivankovic, Karlo Jambrosic, Iva Mikac, Damir Kapetanovic, Marijan Ahel, 
Senka Terzic. (Division for Marine and Environmental Research, Ruder Boskovic 
Institute, Bijenicka 54, 10 000, Zagreb, Croatia). Multiclass determination of drug residues 
in water and fish for bioaccumulation potential assessment. Talanta, Volume 264(2023): 
124762 

In this work, a wide-scope liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
method for the quantitative determination of environmental levels of multiclass drugs and their 
metabolites in water and fish samples was developed. The method allowed the reliable 
determination of 44 drugs, covering a rather wide range of chemistries and physicochemical 
characteristics. In order to obtain a reliable and robust analytical protocol, different combinations 
of extraction and cleanup techniques were systematically examined. Aqueous samples were 
extracted using a simple Oasis HLB SPE enrichment protocol with pH-optimized sample 
percolation (pH 3). The extraction of cryo-homogenized biota samples was performed using 
double extraction with MeOH basified with 0.5% NH3, which allowed high extraction 
recoveries for all target analytes. The problem of the coextracted lipid matrix, which is known to 
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be the key obstacle for reliable biota analysis, was systematically examined in a series of model 
cleanup experiments. A combination of cryo-precipitation, filtration, and HLB SPE cleanup was 
proposed as a protocol, which allowed reliable and robust analysis of all target compounds at 
low ng/g levels. At the final conditions, the method which was validated at three concentration 
levels showed high extraction recoveries (68–97%), acceptable matrix effects (12 to −32%), 
accuracies (81–129%), and reproducibilities (3–32%) for all analytes. The developed method 
was used to determine drug concentrations in river water and in feral freshwater fish, including 
whole fish and muscle tissue, from the Sava River (Croatia), in order to estimate their 
corresponding bioaccumulation potential. With respect to bioaccumulation potential in whole 
fish and fish muscle, the most relevant drugs were lisinopril, sertraline, terbinafine, torsemide, 
diazepam, desloratadine, and loratadine with estimated bioaccumulation factors ranging from 20 
to 838 and from 1 to 431, respectively. 

Keywords: Pharmaceuticals; Biota; Surface water; Organic contaminants; Bioaccumulation 

Yiye Jiang, Yanhong Zeng, Ruifeng Lu, Yanting Zhang, Ling Long, Xiaobo Zheng, 
Xiaojun Luo, Bixian Mai. (aState Key Laboratory of Organic Geochemistry and 
Guangdong Key Laboratory of Environmental Protection and Resources Utilization, 
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, 
China, bUniversity of Chinese Academy of Sciences, Beijing 100049, China, cGuangdong-
Hong Kong-Macao Joint Laboratory for Environmental Pollution and Control, 
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, 
China, dCAS Center for Excellence in Deep Earth Science, Guangzhou 510640, China, 
eGuangdong Laboratory for Lingnan Modern Agriculture, Guangdong Provincial Key 
Laboratory of Agricultural & Rural Pollution Abatement and Environmental Safety, 
College of Natural Resources and Environment, South China Agricultural University, 
Guangzhou 510642, China). Application of amino acids nitrogen stable isotopic analysis in 
bioaccumulation studies of pollutants: A review. Science of The Total Environment, 
Volume 879(2023): 163012 

Accurately quantifying trophic positions (TP) to describe food web structure is an important 
element in studying pollutant bioaccumulation. In recent years, compound-specific nitrogen 
isotopic analysis of amino acids (AAs-N-CSIA) has been progressively applied as a potentially 
reliable tool for quantifying TP, facilitating a better understanding of pollutant food web transfer. 
Therefore, this review provides an overview of the analytical procedures, applications, and 
limitations of AAs-N-CSIA in pollutant (halogenated organic pollutants (HOPs) and heavy 
metals) bioaccumulation studies. We first summarize studies on the analytical techniques of 
AAs-N-CSIA, including derivatization, instrumental analysis, and data processing methods. The 
N-pivaloyl-i-propyl-amino acid ester method is a more suitable AAs derivatization method for 
quantifying TP. The AAs-N-CSIA application in pollutant bioaccumulation studies (e.g., Hg, 
MeHg, and HOPs) is discussed, and its application in conjunction with various techniques (e.g., 
spatial analysis, food source analysis, and compound tracking techniques, etc.) to research the 
influence of pollutant levels on organisms is summarized. Finally, the limitations of AAs-N-
CSIA in pollutant bioaccumulation studies are discussed, including the use of single empirical 
values of βglu/phe and TDFglu/phe that result in large errors in TP quantification. The weighted 
βglu/phe and the multi-TDFglu/phe models are still challenging to solve for accurate TP 
quantification of omnivores; however, factors affecting the variation of βglu/phe and 
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TDFglu/phe are unclear, especially the effect of pollutant bioaccumulation in organisms on 
internal AA metabolic processes. 

Keywords: Amino acid; Nitrogen isotopic composition; Trophic position; Bioaccumulation; 
Trophic magnification factors 

Wenhui Song, Yankun Du, Dengtan Li, Zongyuan Xiao, Bing Li, Jinling Wei, Xinjie 
Huang, Chuanwei Zheng, Jinhua Wang, Jun Wang, Lusheng Zhu. (College of Resources 
and Environment, Shandong Agricultural University, Key Laboratory of Agricultural 
Environment in Universities of Shandong, 61 Daizong Road, Taian 271018, China). 
Polyethylene mulch film-derived microplastics enhance the bioaccumulation of atrazine in 
two earthworm species (Eisenia fetida and Metaphire guillelmi) via carrier effects. Journal 
of Hazardous Materials, Volume 455(2023): 131603 

Microplastics (MPs) may significantly affect the bioavailability of coexisting pollutants in soil 
by adsorption-desorption behavior. However, the mechanisms underlying these interaction 
remain unclear. Herein, the influence of unused polythylene mulch film-derived MPs (MFMPs) 
and farmland residual polyethylene mulch film-derived MPs (MFMPs-aged) on the adsorption-
desorption behavior and bioavailability of atrazine (ATZ) in soil were investigated. The 
adsorption kinetics and the adsorption isotherms of ATZ on soil, MFMPs, and MFMPs-aged 
fitted well by the pseudo-second-order model and the Langmuir model, respectively. ATZ were 
easier to desorb from soil, MFMPs, and MFMPs-aged in the simulated earthworm digestive fluid 
than that in the CaCl2 solution. The adsorption and desorption capacities of MFMPs and 
MFMPs-aged for ATZ were higher than those of soil, especially for MFMPs-aged. The existence 
of MPs in soil strengthened the adsorption and desorption capacities of ATZ, and the 
strengthened effects were promoted by the addition amount and aging process of MPs. 
Moreover, the occurrence of MPs significantly increased the bioaccumulation of ATZ in 
earthworms, especially for MFMPs-aged. This study deepens the knowledge of the interaction 
mechanisms of mulch film-derived MPs and pesticide pollution. 

Keywords: Microplastics; Mulch film; Atrazine; Adsorption-desorption; Bioaccumulation 

Lu Qiao, Lu Chen, Zhen Yang, Jinhua Xu, Jinlong Song, Xingyang Li, Huiwu Sun, 
Yingchun Mu. (aKey Laboratory of Control of Quality and Safety for Aquatic Products, 
Ministry of Agriculture and Rural Affairs, Chinese Academy of Fishery Sciences, Beijing, 
100141, China, bCollege of Food Science and Engineering, Bohai University, Jinzhou, 
121000, China). Bioaccumulation and elimination, acute toxicity analysis and risk 
assessment of diflubenzuron in common carp (Cyprinus carpio). Chemosphere (2023): 
139154 

Diflubenzuron has been applied in agriculture and aquaculture, and its residues in ecological 
environment and food chain could result in chronic exposure and long-term toxicity effects for 
human health. However, limited information is available regarding diflubenzuron levels in fish 
and associated risk assessment. This study performed the analysis for dynamic bioaccumulation 
and elimination distribution of diflubenzuron in carp tissues. The results indicated that 
diflubenzuron was absorbed and enriched by fish body along with higher enrichment in lipid-
rich tissues of fish. The peak concentration in carp muscle reached 6-fold of diflubenzuron 
concentration in aquaculture water. The median lethal concentration (LC50) of diflubenzuron at 
96 h was 12.29 mg/L, presented low toxicity to carp. Risk assessment results showed that the 
chronic risk from dietary exposure to diflubenzuron through carp consumption for Chinese 
residents of children and adolescents, adults and elderly people were acceptable, while posed a 
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certain risk for young children. This study provided the reference for pollution control, risk 
assessment and scientific management of diflubenzuron. 

Keywords: Diflubenzuron; Bioaccumulation and elimination; Pharmacokinetic analysis; Acute 
toxicity; Risk assessment 

 

Bioremediation 
 

María Guirado, Carlos García-Delgado, Oscar Pindado, Beatriz Ortiz de la Torre, Olga 
Escolano, Enrique Eymar, Rocio Millán. (aCentro de Investigaciones Energéticas, 
Medioambientales y Tecnológicas (CIEMAT), Avenida Complutense 40, 28040 Madrid, 
Spain, bDepartment of Geology and Geochemistry, Universidad Autónoma de Madrid, 
Avenida Francisco Tomás y Valiente 7, 28049 Madrid, Spain, cDepartment of Agricultural 
Chemistry and Food Sciences, Universidad Autónoma de Madrid, Avenida Francisco 
Tomás y Valiente 7, 28049 Madrid, Spain). Bioremediation study of a hydrocarbon-
contaminated soil by profiling aromatic and aliphatic chains. Applied Soil Ecology, Volume 
190( 2023): 104983 

Efficient decontamination of oil contaminated soils is not always easy, especially when the 
contamination is aged. In this work, we have opted for bioremediation techniques, with a low 
environmental impact, whose treatments were selected according to the area and soil to be 
treated. Thus, an industrial area, which had had fuel oil spills for decades, was our 
decontamination target, using bioremediation techniques that included bioaugmentation with 
bacteria (autochthonous bacterial consortium), phytoremediation with a plant (Medicago sativa 
L.) and bioaugmentation with a fungus (Pleurotus ostreatus). These treatments were tested alone 
and in combination to observe any possible synergies. The evaluation of these treatments for the 
degradation of the total aliphatic and aromatic fractions of total petroleum hydrocarbons (TPH), 
showed a higher efficiency (18–48 %) in the degradation of the aliphatic fractions for all the 
treatments compared with natural attenuation (11 %). By contrast, lower efficiencies were 
obtained for the aromatic fractions (0–35 %) compared with natural attenuation, which did not 
decrease. The removal of these fractions was only effective in the combined treatment using all 
three organisms: the plant, the bacteria, and the fungus, where the bioaugmentation enhanced the 
plant-microorganism interaction in the root system. The selection of the biological treatments to 
a specific contaminated site and the evaluation of decontamination by the aromatic and aliphatic 
chain profiles, leads to a better understanding of the degradation of the different fractions of fuel. 

Keywords: Old-polluted soil; Environmentally friendly bioremediation; Autochthonous 
bacterial consortium; Bioaugmentation; Phytoremediation; Mycoremediation 

Aswin Thacharodi, Saqib Hassan, Tripti Singh, Ramkrishna Mandal, Jeganathan 
Chinnadurai, Hilal Ahmad Khan, Mir Ashiq Hussain, Kathirvel Brindhadevi, Arivalagan 
Pugazhendhi. (aDepartment of Biochemistry, University of Otago, Dunedin, 9054, New 
Zealand, bDivision of Non-Communicable Diseases, Indian Council of Medical Research 
(ICMR), New Delhi, 110029, India, cDepartment of Microbiology, School of Life Sciences, 
Pondicherry University, Puducherry, 605014, India, dDepartment of Biotechnology, Jaypee 
Institute of Information Technology, Noida, Uttar Pradesh, 201309, India, eDepartment of 
Chemistry, University of Otago, Dunedin, 9054, New Zealand, fDepartment of Research 
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and Development, Dr. Thacharodi's Laboratories, No. 24, 5th Cross, Thanthaiperiyar 
Nagar, Ellapillaichavadi, Puducherry, 605005, India, gDepartment of Chemistry, 
Pondicherry University, Puducherry, 605014, India, hSchool of Engineering, Lebanese 
American University, Byblos, Lebanon, iCenter for Transdisciplinary Research (CFTR), 
Department of Pharmacology, Saveetha Dental College, Saveetha Institute of Medical and 
Technical Sciences, Saveetha University, Chennai, India, jUniversity Centre for Research 
& Development, Department of Civil Engineering, Chandigarh University, Mohali,140103, 
India) Bioremediation of polycyclic aromatic hydrocarbons: An updated microbiological 
review. Chemosphere, Volume 328 (2023): 138498 

A class of organic priority pollutants known as PAHs is of critical public health and 
environmental concern due to its carcinogenic properties as well as its genotoxic, mutagenic, and 
cytotoxic properties. Research to eliminate PAHs from the environment has increased 
significantly due to awareness about their negative effects on the environment and human health. 
Various environmental factors, including nutrients, microorganisms present and their abundance, 
and the nature and chemical properties of the PAH affect the biodegradation of PAHs. A large 
spectrum of bacteria, fungi, and algae have ability to degrade PAHs with the biodegradation 
capacity of bacteria and fungi receiving the most attention. A considerable amount of research 
has been conducted in the last few decades on analyzing microbial communities for their 
genomic organization, enzymatic and biochemical properties capable of degrading PAH. While 
it is true that PAH degrading microorganisms offer potential for recovering damaged ecosystems 
in a cost-efficient way, new advances are needed to make these microbes more robust and 
successful at eliminating toxic chemicals. By optimizing some factors like adsorption, 
bioavailability and mass transfer of PAHs, microorganisms in their natural habitat could be 
greatly improved to biodegrade PAHs. This review aims to comprehensively discuss the latest 
findings and address the current wealth of knowledge in the microbial bioremediation of PAHs. 
Additionally, recent breakthroughs in PAH degradation are discussed in order to facilitate a 
broader understanding of the bioremediation of PAHs in the environment. 

Keywords: Polycyclic aromatic hydrocarbons; Bioremediation; Bacteria; Algae; Fungi; 
Biodegradation 

Eric A. Seagren. ( Department of Civil, Environmental, and Geospatial Engineering, 
Michigan Technological University, Houghton, MI, United States). Bioremediation, 
Reference Module in Biomedical Sciences. Elsevier (2023): https://doi.org/10.1016/B978-0-
12-824315-2.00413-9 

Bioremediation uses biodegradation processes to either eliminate environmental contaminants or 
reduce their risks. Biodegradation processes transform organic contaminants, sometimes 
resulting in complete conversion to inorganic products (mineralization), or alter the transport of 
inorganic contaminants. In some cases, naturally-occurring intrinsic bioremediation is sufficient 
for risk reduction; however, numerous factors can limit biodegradation in the environment. 
Engineered bioremediation strategies focus on promoting biodegradation and overcoming 
limitations. In situ bioremediation approaches treat the contamination in place, and are classified 
by the technique for adding stimulating amendments. Ex situ bioremediation technologies 
involve excavation of the contaminated materials and treatment in different types of bioreactors. 

Keywords: Bioaugmentation; Biodegradation; Bioremediation; Biostimulation; 
Biotransformation; Cometabolism; Engineered bioremediation; Ex situ bioremediation; In situ 
bioremediation; Intrinsic bioremediation; Mineralization; Monitored Natural Attenuation; 
Phytoremediation 
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Auwalu Hassan, Fauziah S. Hamid, Agamuthu Pariatamby, Nurul Shamsinah M. Suhaimi, 
Noor Maiza binti M. Razali, Kimberly N.H. Ling, Priya Mohan. (aInstitute of Biological 
Sciences, Faculty of Science, University of Malaya, 50603 Kuala Lampur, Malaysia, 
bCenter for Research in Waste Management, Faculty of Science, University of Malaya, 
50603 Kuala Lampur, Malaysia, cDepartment of Biological Sciences, Faculty of Science, 
Federal University of Kashere, Gombe State, Nigeria, dJeffrey Sachs Center on Sustainable 
Development, Sunway University, Sunway, Malaysia). Bioaugmentation-assisted 
bioremediation and biodegradation mechanisms for PCB in contaminated environments: A 
review on sustainable clean-up technologies. Journal of Environmental Chemical 
Engineering, Volume 11, Issue 3(2023): 110055 

This review aims to give a detailed overview of various bioremediation technologies used for the 
decontamination of polychlorinated biphenyl (PCB)-polluted environments; discuss the 
bioaugmentation approaches employed to treat PCB-polluted soil, sediment, and wastewater; 
explore the limitations of bioaugmentation and the strategies to improve its efficiency; give an 
update on the current state of biodegradation studies on PCB and their mechanisms; explore the 
future research prospects on bioremediation based on the articles discussed in the current review. 
Extensive analysis of original works has revealed that the various bioremediation strategies 
displayed varying efficiencies with most found to be efficient. Coupling of treatment methods 
has been found effective in the decontamination of polluted sites. The biodegradation of PCB 
revealed that the concentrations of highly-chlorinated PCB can be substantially reduced under 
sequential anaerobic and aerobic processes. The study revealed that the concentrations of PCB in 
contaminated media declined largely due to the degradation of congeners with one or more 
chlorine atoms. Various enzymes participated in the degradation of PCB and include 
multicomponent dioxygenase (bphA, E, F, and G), dehydrogenases (bphB), second dioxygenase 
(bphC), and hydrolase (bphD). The review provides novel biological treatment strategies for the 
management of PCB-contaminated sites. 

Keywords: Bioaugmentation; Biodegradation; Polychlorinated biphenyls; PCB-degrading 
genes; Bioremediation technologies 

F. Martínez-Rabelo, L.A. Gómez-Guzmán, D.R. García-Segura, E. Villegas-García, J. 
Rodriguez-Campos, J.B. Velázquez-Fernández, B. Hernández-Castellanos, I. Barois, S.M. 
Contreras-Ramos. (aUnidad de Tecnología Ambiental, Centro de Investigación y Asistencia 
en Tecnología y Diseño del Estado de Jalisco A.C. (CIATEJ), Av. Normalistas No. 800, Col. 
Colinas de la Normal, 44270, Guadalajara, Jalisco, Mexico, bRed de Ecología Funcional, 
Instituto de Ecología A.C. (INECOL), Carretera Antigua a Coatepec 351, El Haya, Xalapa 
91070, Veracruz, Mexico, cServicios Analíticos y Metrológicos, Centro de Investigación y 
Asistencia en Tecnología y Diseño del Estado de Jalisco A.C. (CIATEJ), Av. Normalistas 
No. 800, Col. Colinas de la Normal, 44270, Guadalajara, Jalisco, Mexico, dConacyt- Unidad 
de Tecnología Ambiental, Centro de Investigación y Asistencia en Tecnología y Diseño del 
Estado de Jalisco A.C. (CIATEJ), Av. Normalistas No. 800, Col. Colinas de la Normal, 
44270, Guadalajara, Jalisco, Mexico,eFacultad de biología, Universidad Veracruzana, 
Circuito Gonzalo Aguirre Beltrán s/n, Zona Universitaria, 91090 Xalapa, Veracruz, 
Mexico). Hydrocarbon bioremediation in a pilot-scale: A combination of bioaugmentation, 
phytoremediation, and vermiremediation. Environmental Technology & Innovation, 
Volume 31( 2023): 103210 
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This work aimed to validate the removal of total petroleum hydrocarbons (TPH) in a pilot 
system (on-site). Six piles of oil-contaminated soil were treated with 1) bioremediation (BIO) by 
three simultaneous technologies (bioaugmentation (bacterial consortium), phyto- (Panicum 
maximum) and vermiremediation (Pontoscolex corethrurus)), and compared with 2) natural 
attenuation (NA). Removal of alkanes, polycyclic aromatics (PAH), total petroleum 
hydrocarbons (TPH), and bacterial diversity were evaluated at 0, 35, 70, and 112 days. Biomass 
and number of shoots of P. maximum, the secondary vegetation, and the abundance of meso and 
macrofauna were measured initially and at the end. After 112 days, BIO significantly removed 
more alkanes (76%), PAH (68%), and TPH (76%) than NA treatment (23%, 19%, 24%). P. 
maximum biomass increased significantly (300%), with 97.3 ± 11.8 shoots m−2. After 112 days, 
the secondary plants Lippia dulcis, Taraxacum officinale, Bidens pilosa and bacterial phylum 
Actinobacteria (18%) were the most abundant. The abundance of the earthworm Protozapotecia 
australis was reduced, while the most abundant group of mesofauna was Acari (56%–71%). This 
combination of technologies improved the development of grass and secondary plants, which 
generated a more favorable microhabitat for soil organisms to remove TPH more efficiently. 

Keywords: Bacterial consortium; Field bioremediation; Panicum maximum; Pontoscolex 
corethrurus; Oil contamination 

Ashok Kumar, Sai Prakash Naroju, Mrinalini Langthasa, Itishree Behera, Sachin Tyagi, 
Navneet Sharma, Rishi Kumar Gautam. (aSchool of Life Science and Technology, IIMT 
University, Meerut, Uttar Pradesh, India, bDepartment of Genetics and Plant Breeding 
(Plant Biotechnology), Rajiv Gandhi South Campus, Banaras Hindu University, Mirzapur, 
Uttar Pradesh, India,cDepartment of Microbiology, Assam University, Silchar, India, 
dDepartment of Botany, Ravenshaw University, Cuttack, Odisha, India). Bioremediation 
potential of green wastes and plant growth promoting rhizobacteria and its enhancement 
by their combination: A review. Environmental Advances, Volume 12 ( 2023): 100379 

The increasing anthropogenic and technogenic activities to compensate the raising population 
and unending demands of humans ended in severe pollution and detrimental damage to the 
environment. This environmental pollution due to lethal pollutants, toxic heavy metals and 
organic wastes has been drastically affecting the ecosystem of the living organisms. These are 
forced to enter into the food chain as they tend to accumulate in the agricultural soils. In order to 
eliminate these pollutants from the soils the bioremediation will be an efficient tool and this can 
be achieved by plant growth promoting rhizobacteria and by green wastes. In this study the plant 
growth promoting rhizobacteria (PGPR) and green wastes are evaluated for their effectiveness in 
bioremediating the toxic contaminants. Green wastes are rich sources of naturally occurring 
polyphenols which are potential eliminating agents of these pollutants, they can perform metal 
chelation, reduction, antibiotic properties, adsorption, complexation and by supplying the 
nutrients. However, PGPRs are well known plant life saviors from various biotic and abiotic 
stresses; they are also the bioremediating agents as they perform heavy metal elimination by 
various methods. In this study, it is also depicted that the combined application of PGPR and 
green wastes result in the significant method to bioremediate the contaminated sites. The 
bioremediation by PGPRs and green wastes is the prominent effective way to terminate the 
pollutants compared to phytoremediation. 

Keywords: Bioremediation; Bioresources; Green waste; Heavy metals; PGPR 

Vera Analise Schommer, Ana Paula Vanin, Mateus Torres Nazari, Valdecir Ferrari, Aline 
Dettmer, Luciane Maria Colla, Jeferson Steffanello Piccin. (aGraduate Program in Civil 
and Environmental Engineering (PPGEng), University of Passo Fundo (UPF), Passo 



EIACP-Program Centre on Environmental Biotechnology  

 

 Abstract Vol. No. 42, June 2023 

  27 

Fundo, RS, Brazil, bGraduate Program in Mining, Metallurgical and Materials 
Engineering (PPGE3M), Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, 
RS, Brazil, cGraduate Program in Food Science and Technology (PPGCTA), University of 
Passo Fundo (UPF), Passo Fundo, RS, Brazil). Biochar-immobilized Bacillus spp. for heavy 
metals bioremediation: A review on immobilization techniques, bioremediation 
mechanisms and effects on soil. Science of The Total Environment, Volume 881(2023): 
163385 

Heavy metals contamination present risks to ecosystems and human health. Bioremediation is a 
technology that has been applied to minimize the levels of heavy metals contamination. 
However, the efficiency of this process varies according to several biotic and abiotic aspects, 
especially in environments with high concentrations of heavy metals. Therefore, microorganisms 
immobilization in different materials, such as biochar, emerges as an alternative to alleviate the 
stress that heavy metals have on microorganisms and thus improve the bioremediation 
efficiency. In this context, this review aimed to compile recent advances in the use of biochar as 
a carrier of bacteria, specifically Bacillus spp., with subsequent application for the 
bioremediation of soil contaminated with heavy metals. We present three different techniques to 
immobilize Bacillus spp. on biochar. Bacillus strains are capable of reducing the toxicity and 
bioavailability of metals, while biochar is a material that serves as a shelter for microorganisms 
and also contributes to bioremediation through the adsorption of contaminants. Thus, there is a 
synergistic effect between Bacillus spp. and biochar for the heavy metals bioremediation. 
Biomineralization, biosorption, bioreduction, bioaccumulation and adsorption are the 
mechanisms involved in this process. The application of biochar-immobilized Bacillus strains 
results in beneficial effects on the contaminated soil, such as the reduction of toxicity and 
accumulation of metals in plants, favoring their growth, in addition to increasing microbial and 
enzymatic activity in soil. However, competition and reduction of microbial diversity and the 
toxic characteristics of biochar are reported as negative impacts of this strategy. More studies 
using this emerging technology are essential to improve its efficiency, to elucidate the 
mechanisms and to balance positive and negative impacts, especially at the field scale. 

Keywords: Immobilization; Bacillus; Heavy metals; Biochar; Microorganism carriers 

Lei Ren, Liyun Weng, Danni Chen, Hanqiao Hu, Yang Jia, John L. Zhou. (aCollege of 
Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China, 
bNational and Local Joint Engineering Research Center of Ecological Treatment 
Technology for Urban Water Pollution, Zhejiang Provincial Key Lab for Subtropical 
Water Environment and Marine Biological Resources Protection, Wenzhou University, 
Wenzhou 325035, China, cCentre for Green Technology, University of Technology Sydney, 
15 Broadway, NSW 2007, Australia). Bioremediation of PAEs-contaminated saline soil: 
The application of a marine bacterial strain isolated from mangrove sediment. Marine 
Pollution Bulletin, Volume 192 (2023): 115071 

Phthalic acid esters (PAEs) are known as the most widely used plasticizer as well as one of the 
ubiquitously distributed emerging pollutants. Biodegradation and bioremediation via application 
of PAEs-degrading microbes is promising. In this study, a novel marine microbe, Gordonia 
hongkongensis RL-LY01, was isolated from mangrove sediment showing high di-(2-ethylhexyl) 
phthalate (DEHP) degradation capacity. Strain RL-LY01 could degrade a wide range of PAEs 
and the degradation kinetics of DEHP followed the first-order decay model. Meanwhile, good 
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environmental adaptability, preference to alkaline conditions and good tolerance to salinity and 
metal ions was shown. Further, metabolic pathway of DEHP in strain RL-LY01 was proposed, 
with di-ethyl phthalate, phthalic acid, benzoic acid and catechol as intermediates. Additionally, 
one known mono-alkyl phthalate hydrolase gene (mehpH) was identified. Finally, the excellent 
performance during bioremediation of artificial DEHP-contaminated saline soil and sediment 
indicated strain RL-LY01 employs great application potential for the bioremediation of PAE-
contaminated environments. 

Keywords: Phthalic acid esters; Gordonia hongkongensis; Biodegradation; Bioremediation; 
Saline soil 

Vinícius de Matos Tavares Crecca, Joaquim Manoel da Silva, Paulo Augusto Ramalho de 
Souza. (aFederal University of Mato Grosso, UFMT, Intellectual Property and Technology 
Transfer for Innovation, PROFNIT, Av. Fernando Correa da Costa, 2.367, Boa Esperança, 
78060-900, Cuiabá, MT, Brazil, bMato Grosso State University, UNEMAT, Vila da FAB, 
78690-000, Nova Xavantina, MT, Brazil, cFederal University of Mato Grosso (UFMT), Av. 
Fernando Correa da Costa, 2.367, Boa Esperança, 78060-900, Cuiabá, MT, Brazil). 
Technological prospecting: Patent mapping of bioremediation of soil contaminated with 
agrochemicals using fungi. World Patent Information, Volume 73 (2023): 102196 

The purpose of this study was to investigate the development of biotechnologies related to the 
bioremediation of soil contaminated by agrochemicals using fungi through technological 
prospecting with patent mapping and analysis of scientific products. Due to the high complexity 
of biotechnologies involving microorganisms, it is observed that the state of the art is still in 
development, with several technological advantages already elucidated and important challenges 
to be overcome. Patent mapping revealed that the number of granted or pending patents showed 
a positive trend. In this context, a high number of patent documents were observed that describe 
processes and methods aimed at the preparation and application of fungi in soil bioremediation, 
as well as biotechnologies that use consortia of different strains of fungi or fungi and bacteria 
and advanced approaches involving genetic engineering. In short, it was found that inventions 
related to the investigated biotechnology have been protected mainly in China, the USA, Japan, 
and the European Union, with emphasis on the technological impact of patents in India. Finally, 
the findings indicated that soil bioremediation with the use of fungi presents a potential for 
development due to a series of technological and environmental aspects. 

Keywords: Bioremediation; Fungi; NVivo; Patents; Patent mapping; Technological prospecting 

Guofang Xu, Siyan Zhao, Jinting Liu, Jianzhong He. (Department of Civil and 
Environmental Engineering, National University of Singapore, 117576, Singapore). 
Bioremediation of organohalide pollutants: progress, microbial ecology, and emerging 
computational tools. Current Opinion in Environmental Science & Health, Volume 
32(2023): 100452 

Organohalide chemicals such as polychlorinated biphenyls (PCBs), polybrominated diphenyl 
ethers (PBDEs), and polyfluoroalkyl substances (PFASs) are prevalent contaminants in the 
environment. Recent findings that certain microbes could attenuate these pollutants suggest the 
potential to develop bioremediation technologies using functional microorganisms to combat this 
pollution crisis. A timely review on bioremediation progress and emerging tools that can be used 
to facilitate bioremediation design is needed. Thus far, bioremediation of PCBs and PBDEs is at 
the developing stage from laboratory investigation to field application, whereas exploring potent 
microbes remains the central task for PFASs. Successful bioremediation is underpinned by a 
collection of interactive microbes; however, relevant microbial ecology questions affecting 
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bioremediation performance are underexplored. Machine learning, quantum chemistry, and 
biomolecular modeling are prospective tools to optimize system operation, predict 
environmental fate of chemicals, and explore functional enzymes, but their application in 
bioremediation only emerged recently. This review summarizes recently discovered microbes 
and genes involved in biodegradation of organohalide pollutants, highlights practical and 
ecological questions, and discusses potential application of computational tools in 
bioremediation of organohalide pollutants. 

Keywords: Bioremediation; Organohalide pollutants; Microbial ecology; Machine learning; 
Quantum chemistry; Biomolecular modelling 

Jarosław Chwastowski, Paweł Staroń. (Department of Engineering and Chemical 
Technology, Cracow University of Technology, 24 Warszawska St., 31-155 Cracow, 
Poland). Immobilization of Phaffia rhodozyma cells in biopolymer for enhanced Cr(VI) 
bioremediation. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 
Volume 672 (2023): 131698 

The presented study investigated the use of Phaffia rhodozyma cells immobilized in natural 
biopolymer for improved bioremediation of toxic chromium compounds from aqueous solutions. 
Cells were immobilised in the shape of spheres (PRS) and flat coatings (PRC) with the use of 
sodium alginate. The bioremediation process was conducted through sorption and the reduction 
of Cr(VI). The biosorption was best described by the Langmuir isotherm model (R2 = 0.982, 
0.985, 0.992 for Free cells, PRS and PRC, respectively) and for the kinetics, the Weber-Morris 
for unmodified cells and pseudo-second order model for PRS/PRC was the best fit according to 
the correlation coefficient (R2 >0.9). Fourier-transform infrared spectroscopy (FTIR) analysis 
showed that the sorption process is probably of chemical nature. The reduction of Cr(VI) to 
Cr(III) was carried out by the result of the difference between values obtained from colorimetry 
with the 1,5-diphenylcarbazide (DPC)–Cr(VI) complex and overall Cr concentration obtained 
from atomic absorbance spectrometry. The P. rhodozyma was able to detoxicate chromate up to 
99%. The comparison of immobilization shapes showed that PRC has higher bioremediation 
properties than PRS by about 15% in terms of chromium removal from aqueous solutions. The 3 
cycles of adsorption/desorption without decrease in efficiency showed that the PRS and PRC can 
be used multiple times for the removal of chromium ions from environment. 

Keywords: Chromium; Toxicity; Bioremediation; Yeast cells; Immobilization 

Shivananda Behera, Surajit Das. (Laboratory of Environmental Microbiology and Ecology 
(LEnME), Department of Life Science, National Institute of Technology, Rourkela 769 008, 
Odisha, India). Potential and prospects of Actinobacteria in the bioremediation of 
environmental pollutants: Cellular mechanisms and genetic regulations. Microbiological 
Research, Volume 273(2023): 127399 

Increasing industrialization and anthropogenic activities have resulted in the release of a wide 
variety of pollutants into the environment including pesticides, polycyclic aromatic 
hydrocarbons (PAHs), and heavy metals. These pollutants pose a serious threat to human health 
as well as to the ecosystem. Thus, the removal of these compounds from the environment is 
highly important. Mitigation of the environmental pollution caused by these pollutants via 
bioremediation has become a promising approach nowadays. Actinobacteria are a group of 
eubacteria mostly known for their ability to produce secondary metabolites. The morphological 
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features such as spore formation, filamentous growth, higher surface area to volume ratio, and 
cellular mechanisms like EPS secretion, and siderophore production in Actinobacteria render 
higher resistance and biodegradation ability. In addition, these bacteria possess several 
oxidoreductase systems (oxyR, catR, furA, etc.) which help in bioremediation. Actinobacteria 
genera including Arthrobacter, Rhodococcus, Streptomyces, Nocardia, Microbacterium, etc. 
have shown great potential for the bioremediation of various pollutants. In this review, the 
bioremediation ability of these bacteria has been discussed in detail. The utilization of various 
genera of Actinobacteria for the biodegradation of organic pollutants, including pesticides and 
PAHs, and inorganic pollutants like heavy metals has been described. In addition, the cellular 
mechanisms in these microbes which help to withstand oxidative stress have been discussed. 
Finally, this review explores the Actinobacteria mediated strategies and recent technologies such 
as the utilization of mixed cultures, cell immobilization, plant-microbe interaction, utilization of 
biosurfactants and nanoparticles, etc., to enhance the bioremediation of various environmental 
pollutants. 

Keywords: Actinobacteria; Pollutants; Bioremediation; Cellular mechanism; Genetic regulation 

Xiao Kong, Tomislav Cernava, Yanhui Wang, Decai Jin. (aSchool of Public Health, 
Qingdao University, Qingdao 266021, China, bInstitute of Environmental Biotechnology, 
Graz University of Technology, Petersgasse 12, Graz 8010, Austria, cSchool of Biological 
Sciences, Faculty of Environmental and Life Sciences, University of Southampton, 
Southampton SO17 1BJ, United Kingdom, dGuangxi Key Laboratory of Biology for Crop 
Diseases and Insect Pests, Plant Protection Research Institute, Guangxi Academy of 
Agricultural Sciences, Nanning 530007, China, eKey Laboratory of Environmental 
Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of 
Sciences, Beijing 100085, China). Native fungal community remains resilient during 
bioremediation of DBP pollution by exogenous Gordonia phthalatica QH-11T. Science of 
The Total Environment (2023): 164532 

Microbial bioremediation is a highly effective method to degrade phthalates in the environment. 
However, the response of native microbial communities to the exogenously introduced 
microorganism remains unknown. In this study, the native fungal community was monitored by 
amplicon sequencing of the fungal ITS region during the restoration process of the di-n-butyl 
phthalate (DBP)-contaminated soils with Gordonia phthalatica QH-11T. Our results showed that 
the diversity, composition, and structure of the fungal community in the bioremediation 
treatment did not differ from the control, and no significant correlations were found between 
number of Gordonia and variation of fungal community. It was also observed that DBP pollution 
initially increased the relative abundance of plant pathogens and soil saprotrophs first, but their 
proportions returned to the initial level. Molecular ecological network analysis showed that DBP 
pollution increased the network complexity, while the network was not significantly altered by 
bioremediation. Overall, the introduction of Gordonia was shown to not have a long-term impact 
on the native soil fungal community. Therefore, this restoration method can be considered safe 
in terms of soil ecosystem stability. The present study provides a deeper insight into the effect of 
bioremediation on fungal communities and provides an extended basis to further explore the 
ecological risks of introducing exogenous microorganisms. 

Keywords: Phthalate esters; Bioremediation; Gordonia sp.; Fungal community; Microbiome 

Tan Phat Chau, Laura Bulgariu, Mythili Saravanan, R. Rajkumar, Arunachalam 
Chinnathambi, Saleh H. Salmen, G.K. Jhanani. (aFaculty of Applied Technology, School of 
Technology, Van Lang University, Ho Chi Minh City, Vietnam, b“Cristofor Simionescu” 
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Faculty of Chemical Engineering and Environmental Protection, Technical University 
Gheorghe Asachi of Iasi, Romania, cDepartment of Pharmaceutical Sciences, North 
Carolina Central University, USA, dDepartment of Livestock Products Technology, (Meat 
Science) Veterinary College and Research Institute, Namakkal, Tamil Nadu, India, 
eDepartment of Botany and Microbiology, College of Science, King Saud University, PO 
Box-2455, Riyadh, 11451, Saudi Arabia, fUniversity Centre for Research & Development, 
Chandigarh University, Mohali, 140103, India). Bioremediation efficiency of free and 
immobilized form of Aspergillus niger and Aspergillus tubigenesis biomass on tannery 
effluent. Environmental Research, Volume 231, Part 3 (2023): 116275 

Untreated tannery effluent discharge, which causes severe environmental pollution. This 
research was performed to assess the bioremediation (multi-pollutant adsorption) potential of 
pre-identified and multi metal tolerant Aspergillus niger and Aspergillus tubigenesis through a 
stirred tank bioreactor in free and immobilized form. Physicochemical property analysis results 
showed that most of the tannery effluent properties were beyond the permissible limits. These A. 
niger and A. tubigenesis effectively immobilized on corncob and coir solid support material. The 
stirred tank bioreactor based bioremediation study revealed that the fungal biomass (Aspergillus 
niger and Aspergillus tubigenesis) immobilized coir and corncob material demonstrated 
remarkable multi-pollutant (TSS: 22.5% & 13.5%, TS: 29% & 22%, BOD: 21% & 10%, TDS: 
28% & 19%, COD: 30% & 22%, Cr: 27% & 19%, Cu: 28% & 12%, and Pb: 48% & 29% 
respectively) adsorption potential in a week of treatment. Moreover, it reduced the toxicity of 
tannery effluent and promotes the sprouting of Oriza sativa seeds, as demonstrated by petri plate 
bioassay. These finding suggest that the metal-tolerant fungal isolates A. niger and A. 
tubigenesis demonstrated impressive bioremediation proficiencies in an immobilized state. A 
field investigation is required to assess the feasibility of this strategy on tannery effluent. 

Keywords: Tannery effluent; Aspergillus niger; Aspergillus tubigenesis; Immobilization; 
Bioremediation 

Farhad Mahmoudi Jalali, Benyamin Chahkandi, Mohammad Gheibi, Mohammad 
Eftekhari, Kourosh Behzadian, Luiza C. Campos. (aDepartment of Civil Engineering, 
Faculty of Engineering, Islamic Azad University, Tabriz Branch, Iran, bSchool of Civil 
Engineering, University of Tehran, Tehran, Iran, cAssociation of Talent Under Liberty in 
Technology (TULTECH), 10615, Tallinn, Estonia, dDepartment of Chemistry, Faculty of 
Sciences, University of Neyshabur, Neyshabur, Iran, eSchool of Civil Engineering, 
University of West London, London, UK, fDepartment of Civil, Environmental and 
Geomatic Engineering, University College London, Gower St, London, WC1E 6BT, UK). 
Developing a smart and clean technology for bioremediation of antibiotic contamination in 
arable lands. Sustainable Chemistry and Pharmacy,Volume 33 (2023): 101127 

This study presents a smart technological framework to efficiently remove azithromycin from 
natural soil resources using bioremediation techniques. The framework consists of several 
modules, each with different models such as Penicillium Simplicissimum (PS) bioactivity, soft 
computing models, statistical optimisation, Machine Learning (ML) algorithms, and Decision 
Tree (DT) control system based on Removal Percentage (RP). The first module involves 
designing experiments using a literature review and the Taguchi Orthogonal design method for 
cultural conditions. The RP is predicted as a function of cultural parameters using Response 
Surface Methodology (RSM) and three ML algorithms: Instance-Based K (IBK), KStar, and 
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Locally Weighted Learning (LWL). The sensitivity analysis shows that pH is the most important 
factor among all parameters, including pH, Aeration Intensity (AI), Temperature, 
Microbial/Food (M/F) ratio, and Retention Time (RT), with a p-value of <0.0001. AI is the next 
most significant parameter, also with a p-value of <0.0001. The optimal biological conditions for 
removing azithromycin from soil resources are a temperature of 32 °C, pH of 5.5, M/F ratio of 
1.59 mg/g, and AI of 8.59 m3/h. During the 100-day bioremediation process, RP was found to be 
an insignificant factor for more than 25 days, which simplifies the conditions. Among the ML 
algorithms, the IBK model provided the most accurate prediction of RT, with a correlation 
coefficient of over 95%. 

Keywords: Azithromycin; Bioremediation; Machine learning; Penicillium simplicissimum; 
Taguchi design 

Pooja Chauhan, Arfin Imam, Pankaj Kumar Kanaujia, Sunil Kumar Suman. (aAnalytical 
Sciences Division, Council of Scientific and Industrial Research - Indian Institute of 
Petroleum, Haridwar Road, Dehradun, 248005, Uttarakhand, India, bMaterial Resource 
Efficiency Division, Council of Scientific and Industrial Research - Indian Institute of 
Petroleum, Haridwar Road, Dehradun, 248005, Uttarakhand, India, cAcademy of 
Scientific and Innovative Research (AcSIR), Ghaziabad, 201002, India). Nano-
bioremediation: an eco-friendly and effective step towards petroleum hydrocarbon 
removal from environment. Environmental Research, Volume 231, Part 2 (2023): 116224 

Global concern about petroleum hydrocarbon pollution has intensified and gained scientific 
interest due to its noxious nature, high persistence in environmental matrices, and low 
degradability. One way to address this is by combining remediation techniques that could 
overcome the constraints of traditional physio-chemical and biological remediation strategies. 
The upgraded concept of bioremediation to nano-bioremediation in this direction offers an 
efficient, economical, and eco-friendly approach to mitigate petroleum contaminants. Here, we 
review the unique attributes of different types of nanoparticles and their synthesis procedures in 
remediating various petroleum pollutants. This review also highlights the microbial interaction 
with different metallic nanoparticles and their consequential alteration in microbial as well as 
enzymatic activity which expedites the remediating process. Besides, the latter part of the review 
explores the application of petroleum hydrocarbon degradation and the application of nano 
supports as immobilizing agents for microbes and enzymes. Further, the challenges and the 
future prospects of nano-bioremediation have also been discussed. 

Keywords: Enzymes; Immobilization; Microbes; Nanomaterial; Nanoparticles; Nanotoxicity 
 
 
 

Biotransformation 

Natalia Guevara, Marta Vázquez, Pietro Fagiolino. (Facultad de Química, Universidad de 
la República. Montevideo, Uruguay). Biotransformation/metabolism. Reference Module in 
Biomedical Sciences, Elsevier (2023): https://doi.org/10.1016/B978-0-12-824315-2.00336-5 

Lipophilic xenobiotics and endobiotics are converted in the body by enzymatic reactions to 
hydrophilic products that are readily excreted in urine and/or bile. For this purpose, sequential 
enzymatic reactions take place, and several enzymes are involved. In addition, efflux 
transporters also have an important role in metabolism. Owing to the importance of 
biotransformation in reducing xenobiotics concentration and blocking functional groups, the 
process is subject to transcriptional regulation. Nevertheless, there are multiple factors that 
account for intra and interindividual variability in biotransformation. 
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Keywords: Age; Biotransformation; Efflux transporters; Enzymatic reactions; Epigenetics; 
Genetics; Phases I–II enzymes; Sex; Transcriptional regulation; Xenobiotic and drug metabolism 

Zhao-Rong Li, Rui-Bo Jia, Xueyuan Cai, Donghui Luo, Chong Chen, Mouming Zhao. 
(aSchool of Food Science and Engineering, South China University of Technology, 
Guangzhou 510640, China, bCollege of Food Science and Technology, Guangdong Ocean 
University, Zhanjiang 524088, China, cChaozhou Branch of Chemistry and Chemical 
Engineering Guangdong Laboratory, Chaozhou 521000, China, dHainan Key Laboratory 
of Storage and Processing of Fruits and Vegetables, Agricultural Products Processing 
Research Institute, Chinese Academy of Tropical Agricultural Sciences, Zhanjiang 524001, 
China). Characterizations of food-derived ellagic acid-Undaria pinnatifida polysaccharides 
solid dispersion and its benefits on solubility, dispersity and biotransformation of ellagic 
acid. Food Chemistry, Volume 413(2023): 135530 

The current study was aimed to enhance the solubility, dispersibility and biotransformation 
efficacy of ellagic acid (EA) by preparing food-derived ellagic acid-Undaria pinnatifida 
polysaccharides solid dispersion (EA/UPP SD). The results demonstrated that the solubility of 
EA/UPP SD was improved from 0.014 mg/mL to 0.383 mg/mL, and the enhancement was 
related to converting to a more amorphous state and restraining its self-aggregation during the 
mechanochemical process. The structure of EA/UPP SDs was mostly maintained by hydrogen 
bonds and hydrophobic interactions between EA and UPP. Moreover, the result of in vitro 
anaerobic incubations showed the biotransformation process was improved with EA/UPP SD 
addition to substrate due to the advance of microbial accessibility in EA dispersion. Altogether, 
these results indicated that the EA/UPP SDs expanded the application of EA by increasing the 
solubility and dispersity, and provided a theoretical basis for bioconversion efficiency 
enhancement. 

Keywords: Ellagic acid; Undaria pinnatifida polysaccharides; Solid dispersion; Solubility; 
Dispersity; Biotransformation 

Zhuo Gao, Shujun Yi, Mengzhu Xue, Kecheng Zhu, Rongyan Yang, Tiecheng Wang, 
Hongwen Sun, Lingyan Zhu. (aCollege of Natural Resources and Environment, Northwest 
A&F University, Yangling, Shaanxi Province 712100, PR China, bKey Laboratory of Plant 
Nutrition and The Agri-environment in Northwest China, Ministry of Agriculture, 
Yangling, Shaanxi 712100, PR China, cCollege of Environmental Science and Engineering, 
Nankai University, Tianjin 300071, PR China). Microbial biotransformation mechanisms 
of PFPiAs in soil unveiled by metagenomic analysis. Journal of Hazardous Materials, 
Volume 448 (2023) : 130896 

As alternatives of long-chain PFASs (Poly- and perfluoroalkyl substances), perfluoroalkyl 
phosphinic acids (PFPiAs) are increasingly observed in the environment, but their environmental 
behaviors have not been well understood. Here, the microbial biotransformation of C6/C6 and 
C8/C8 PFPiA in two soils (Soil N and Y) was investigated. After 252 d and 330 d of incubation 
with PFPiAs in Soil N and Y respectively, the levels of PFPiAs decreased distinctly, 
accompanied by the increasing perfluorohexaphosphonic acid (PFHxPA) or 
perfluorooctanophosphonic acid (PFOPA) formation, magnifying PFPiAs were susceptible to C-
P cleavage, which was also confirmed by the density functional theory calculations. The half-
lives of the PFPiAs were longer than one year, while generally shorter in Soil N than in Soil Y 
and that of C6/C6 was shorter than C8/C8 PFPiA (392 d and 746 d in Soil N, and 603 and 1155 
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d in Soil Y, respectively). Metagenomic sequencing analysis revealed that Proteobacteria as the 
primary host of the potential functional genes related to CP bond cleavage might be the crucial 
phyla contributing to the biotransformation of PFPiAs. Meanwhile, the more intensive 
interactions between the microbes in Soil N consistently contribute to its greater capacity for 
transforming PFPiAs. 

Keywords: PFPiAs; Biotransformation; DFT; Potential functional gene; CP bond cleavage 

Chun-Hao Chang, Wen-Ya Peng, Wan-Hsin Lee, Tung-Yi Lin, Muh-Hwa Yang, Jeffrey 
W. Dalley, Tung-Hu Tsai. (aInstitute of Traditional Medicine, College of Medicine, 
National Yang Ming Chiao Tung University, Taipei 112, Taiwan, bInstitute of Clinical 
Medicine, College of Medicine, National Yang Ming Chiao Tung University, Taipei, 
Taiwan, cDepartment of Psychology, University of Cambridge, Cambridge CB2 3EB, UK, 
dDepartment of Psychiatry, University of Cambridge, Cambridge CB2 0SZ, UK, eGraduate 
Institute of Acupuncture Science, China Medical University, Taichung 404, Taiwan, 
fDepartment of Chemistry, National Sun Yat-Sen University, Kaohsiung 804, Taiwan, 
gSchool of Traditional Chinese Medicine, Chang Gung University, Taoyuan City 333, 
Taiwan). Biotransformation and brain distribution of the anti-COVID-19 drug 
molnupiravir and herb-drug pharmacokinetic interactions between the herbal extract 
Scutellaria formula-NRICM101. Journal of Pharmaceutical and Biomedical Analysis 
(2023) : 115499 

The aim of this study was to explore the effects of herbal drug pharmacokinetic interactions on 
the biotransformation of molnupiravir and its metabolite β-D-N4-hydroxycytidine (NHC) in the 
blood and brain. To investigate the biotransformation mechanism, a carboxylesterase inhibitor, 
bis(4-nitrophenyl)phosphate (BNPP), was administered. Not only molnupiravir but also the 
herbal medicine Scutellaria formula-NRICM101 is potentially affected by coadministration with 
molnupiravir. However, the herb-drug interaction between molnupiravir and the Scutellaria 
formula-NRICM101 has not yet been investigated. We hypothesized that the complex bioactive 
herbal ingredients in the extract of the Scutellaria formula-NRICM101, the biotransformation 
and penetration of the bloodbrain barrier of molnupiravir are altered by inhibition of 
carboxylesterase. To monitor the analytes, ultrahigh-performance liquid chromatography tandem 
mass spectrometry (UHPLCMS/MS) coupled with the microdialysis method was developed. 
Based on the dose transfer from humans to rats, a dose of molnupiravir (100mg/kg, i.v.), 
molnupiravir (100mg/kg, i.v.) + BNPP (50mg/kg, i.v.), and molnupiravir (100mg/kg, i.v.) + the 
Scutellaria formula-NRICM101 extract (1.27g/kg, per day, for 5 consecutive days) were 
administered. The results showed that molnupiravir was rapidly metabolized to NHC and 
penetrated into the brain striatum. However, when concomitant with BNPP, NHC was 
suppressed, and molnupiravir was enhanced. The blood-to-brain penetration ratios were 2% and 
6%, respectively. In summary, the extract of the Scutellaria formula-NRICM101 provides a 
pharmacological effect similar to that of the carboxylesterase inhibitor to suppress NHC in the 
blood, and the brain penetration ratio was increased, but the concentration is also higher than the 
effective concentration in the blood and brain. 

Keywords: molnupiravir; β-D-N4-hydroxycytidine; herb-drug interaction; NRICM101; 
pharmacokinetics 

Magdalena Ripoll, Jordy Alexis Lerma-Escalera, José Rubén Morones-Ramírez, Leonardo 
Rios-Solis, Lorena Betancor. (aLaboratorio de Biotecnología, Universidad ORT Uruguay, 
Mercedes 1237, 11100 Montevideo, Uruguay, bGraduate Program in Chemistry, Facultad 
de Química, Universidad de la República, Uruguay, cFacultad de Ciencias Químicas, 
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Universidad Autónoma de Nuevo León, UANL, San Nicolás de los Garza, Mexico, dCentro 
de Investigación en Biotecnología y Nanotecnología, Facultad de Ciencias Químicas, 
Parque de Investigación e Innovación Tecnológica, Universidad Autónoma de Nuevo León, 
Apodaca, Mexico, eInstitute for Bioengineering, School of Engineering, University of 
Edinburgh, Edinburgh EH9 3JL, United Kingdom, fSchool of Natural and Environmental 
Sciences, Group of Biotechnology and Molecular Biology, The University of Newcastle, 
Devonshire Building, NE1 7RU, United Kingdom, gDepartment of Bioengineering, Mc Gill 
University, McConnell Engineering Building, 3480 University, Room 350, Montreal, 
Quebec H3A 0E9, Canada). New perspectives into Gluconobacter-catalysed 
biotransformations. Biotechnology Advances, Volume 65 (2023): 108127 

Different from other aerobic microorganisms that oxidise carbon sources to water and carbon 
dioxide, Gluconobacter catalyses the incomplete oxidation of various substrates with regio- and 
stereoselectivity. This ability, as well as its capacity to release the resulting products into the 
reaction media, place Gluconobacter as a privileged member of a non-model microorganism 
class that may boost industrial biotechnology. Knowledge of new technologies applied to 
Gluconobacter has been piling up in recent years. Advancements in its genetic modification, 
application of immobilisation tools and careful designs of the transformations, have improved 
productivities and stabilities of Gluconobacter strains or enabled new bioconversions for the 
production of valuable marketable chemicals. In this work, the latest advancements applied to 
Gluconobacter-catalysed biotransformations are summarised with a special focus on recent 
available tools to improve them. From genetic and metabolic engineering to bioreactor design, 
the most recent works on the topic are analysed in depth to provide a comprehensive resource 
not only for scientists and technologists working on/with Gluconobacter, but for the general 
biotechnologist. 

Keywords: Gluconobacter; Biotransformations; Whole-cell immobilisation; Genetic 
engineering; Industrial biotechnology; Process intensification; Green chemistry 

Chiyu Chen, Guobao Wang, Mengyao Li, Xiaoting Chen, Daijie Chen, Zekai Feng, 
Yuanyuan Jiang, Hang Yu, Yuanqing Chao, Yetao Tang, Rongliang Qiu, Shizhong Wang. 
(aSchool of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 
510006, China, bGuangdong Provincial Key Laboratory for Environmental Pollution 
Control and Remediation Technology, Sun Yat-sen University, Guangzhou 510006, China, 
cGuangdong Provincial Key Laboratory of Agricultural & Rural Pollution Abatement and 
Environmental Safety, College of Natural Resources and Environment, South China 
Agricultural University, Guangzhou 510642, China, dGuangdong Laboratory for Lingnan 
Modern Agriculture, Guangzhou 510642, China). Mechanism of arsenic immobilization 
and biotransformation in the biological aqua crust of mine drainage. Science of The Total 
Environment, 

Volume 892 (2023): 164230 

Biological aqua crust (BAC), as a novel biological crust with high arsenic (As) immobilization 
capacity, might be an ideal nature-based solution for As removal in mine drainage. This study 
examined the As speciation, binding fraction and biotransformation genes in the BACs to find 
out the underlying mechanism of As immobilization and biotransformation. Results showed that 
the BACs could immobilize As from mine drainage up to 55.8 g/kg, and their As immobilization 
concentrations were 1.3–6.9 times higher than that of sediments. Extremely high As 
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immobilization capacity was attributed to the processes of bioadsorption/absorption and 
biomineralization driven by Cyanobacteria. The high abundance of As(III) oxidation genes 
(27.0 %) enhanced microbial As(III) oxidation, resulting in >90.0 % of As(V) with low toxicity 
and mobility in the BACs. The increase in abundances of aioB, arsP, acr3, arsB, arsC and arsI 
with As was the key process for microbiota in the BACs for resistance to the As toxicity. In 
conclusion, our findings innovatively confirmed the potential mechanism of As immobilization 
and biotransformation mediated by the microbiota in the BACs and highlighted the important 
role of BACs for As remediation in mine drainage. 

Keywords: Biological aqua crust; Arsenic remediation; Arsenic biotransformation genes; Mine 
drainage 

Jiye Zhang, Ying Huang, Youjun Pei, Yuyang Wang, Mingwan Li, Huihui Chen, Xuefang 
Liang, Christopher J. Martyniuk. (aInner Mongolia Key Laboratory of Environmental 
Pollution Control & Waste Resource Reuse, School of Ecology and Environment, Inner 
Mongolia University, Hohhot 010021, China, bState Key Laboratory of Lake Science and 
Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of 
Sciences, Nanjing 210008, China, cDepartment of Physiological Sciences and Center for 
Environmental and Human Toxicology, University of Florida Genetics Institute, 
Interdisciplinary Program in Biomedical Sciences Neuroscience, College of Veterinary 
Medicine, University of Florida, Gainesville, FL 32611, USA). Biotransformation, 
metabolic response, and toxicity of UV-234 and UV-326 in larval zebrafish (Danio rerio). 
Environment International, Volume 174 (2023): 107896 

Benzotriazole ultraviolet stabilizers (BUVSs) are emerging pollutants that are widely detected in 
aquatic ecosystems. While structure-dependent effects of BUVSs are reported, the relationship 
between biotransformation and toxicity outcomes remains unclear. In this study, zebrafish 
embryos were exposed to two common BUVSs (UV-234 and UV-326) at 1, 10, and 100 µg/L 
for up to 7 days. Comparison of their uptake and biotransformation revealed that the 
bioaccumulation capacity of UV-234 was higher than that of UV-326, while UV-326 was more 
extensively biotransformed with additional conjugation reactions. However, UV-326 showed 
low metabolism due to inhibited phase II enzymes, which may result in the comparable internal 
concentrations of both BUVSs in larval zebrafish. Both BUVSs induced oxidative stress while 
decreased MDA, suggesting the disturbance of lipid metabolism. The subsequent metabolomic 
profiling revealed that UV-234 and UV-326 exerted different effects on arachidonic acid, lipid, 
and energy metabolism. However, both BUVSs negatively impacted the cyclic guanosine 
monophosphate / protein kinase G pathway. This converged metabolic change resulted in 
comparable toxicity of UV-234 and UV-326, which was confirmed by the induction of 
downstream apoptosis, neuroinflammation, and abnormal locomotion behavior. These data have 
important implications for understanding the metabolism, disposition, and toxicology of BUVSs 
in aquatic organisms. 

Keywords: Benzotriazole ultraviolet stabilizers; Biotransformation; Metabolomics; 
Neuroinflammation; Locomotion behavior 

Hefei Wang, Zeming Wang, Jibao Deng, Jian Wang, Yanzheng Gao. (Institute of Organic 
Contaminant Control and Soil Remediation, College of Resources and Environmental 
Sciences, Nanjing Agricultural University, Nanjing 210095, PR China).Conductive black 
carbon promoted biotransformation of undissolved 2, 2′-dinitrobiphenyl by mediating 
electron transfer. Science of The Total Environment, Volume 882(2023): 163619 
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With low bioaccessbility, persistence of the undissolved organic pollutants in soil and sediments 
poses threat to health of the resident. Although ubiquitous black carbon catalyzes a wide range 
of biogeochemical reactions in nature, its role in biotransformation of the compounds in non-
aqueous phase like 2, 2′-nitrobiphenyl remains unclear. Reduction rate constants of 2, 2′-
dinitrobiphenyl by Shewanella oneidensis MR-1 increased from 0.0044 h−1 by 7-fold to 
0.035 h−1 in the presence of black carbons produced at pyrolysis temperature of 250–900 °C. 
Accordingly, electrical conductivity of black carbon was enhanced from 0 to 5.56 S∙cm−1. The 
reactivity of black carbon for catalyzing the biotransformation positively correlated with its 
electrical conductivity (R2 > 0.89), which was strongly associated with conductive graphitic 
clusters in it. The surface oxygenated groups in black carbon were likely not involved in the 
bioreduction. This work attaches importance to role of the ubiquitous black carbon in natural 
biotransformation of the undissolved pollutants, and elucidates new mechanism for the 
biotransformation. 

Keywords: Black carbon; Shewanella oneidensis MR-1; Biotransformation; 2, 2′-nitrobiphenyl; 
electron transfer 

Camila L.V. Bastolla, Daína Lima, Jacó J. Mattos, Vera H.V. Dias, Bárbara P.H. Righetti, 
Carlos H.A.M. Gomes, Herculano Cella, Isis M.M. Reis, Miguel Saldaña-Serrano, Clarissa 
P. Ferreira, Márcia C. Bícego, Satie Taniguchi, Flávia L. Zacchi, Afonso C.D. Bainy. (a 

Laboratory of Biomarkers of Aquatic Contamination and Immunochemistry, LABCAI, 
Department of Biochemistry, Federal University of Santa Catarina, UFSC, Florianópolis, 
Santa Catarina, Brazil, bAquaculture Pathology Research Center, NEPAQ, Department of 
Aquaculture, Federal University of Santa Catarina, UFSC, Florianópolis, Santa Catarina, 
Brazil, cLaboratory of Marine Mollusks, LMM, Department of Aquaculture, Federal 
University of Santa Catarina, UFSC, Florianópolis, Santa Catarina, Brazil, dLaboratory of 
Marine Organic Chemistry, Oceanographic Institute, University of São Paulo, São Paulo, 
Brazil, eLaboratory of Algae Cultivation, LCA, Department of Aquaculture, Federal 
University of Santa Catarina, UFSC, Florianópolis, Brazil, fFishery Engineering and 
Biological Sciences Department, Santa Catarina State University, Laguna 88790-000, 
Brazil). Comparative biochemical and molecular responses of biotransformation and 
antioxidant systems in three species of Crassostrea (Sacco, 1897) oysters exposed to 
chrysene. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, 
Volume 270 (2023): 109642 

Chrysene (CHR) is among the most persistent polycyclic aromatic hydrocarbons (PAH) in water 
and a priority compound for pollutants monitoring, due to its carcinogenic, mutagenic and 
genotoxic potential. Aquatic animals exposed to CHR may present alterations of biomarkers 
involved in the biotransformation and oxidative stress-related parameters. The aim of this study 
was to investigate differences in antioxidant and biotransformation (phase I and II) systems of 
Crassostrea gigas, C. gasar and C. rhizophorae and its effects resulting from CHR exposure. 
Adult oysters of these species were exposed to 10 μg L−1 of CHR for 24 h and 96 h. In gills, the 
transcripts CYP1-like, CYP2-like, CYP2AU1-like, GSTO-like, MGST-like, SULT-like were 
evaluated after 24 h of exposure. The activity of SOD, CAT, GPx, GR and G6PDH were 
analyzed in gills and digestive glands after 96 h of exposure. CHR bioaccumulated in tissues. 
Differences in the remaining levels of CHR in water after 96 h were observed in aquaria 
containing C. gigas or C. gasar oysters and may be associated to the different filtration rates 
between these species. Downregulate of biotransformation genes were observed in gills of C. 
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gasar (CYP2AU1-like and GSTO-like) and C. rhizophorae (CYP1-like1, CYP2-like, MGST-like 
and SULT-like), suggesting that biotransformation responses may be species-specific. 
Differential activity of antioxidant enzymes were observed in gills and digestive gland of oysters 
exposed to CHR. Biochemical responses suggested that C. gigas and C. gasar are more 
responsive to CHR. Differential responses observed among the three Crassostrea species can be 
related to evolutionary differences, ecological niches and adaptation to environment. 

Keywords: PAH; Oyster; Biomarker; Oxidative stress; Cytochrome P450 

Carolin Seller, Laura Varga, Elizabeth Börgardts, Bernadette Vogler, Elisabeth Janssen, 
Heinz Singer, Kathrin Fenner, Mark Honti. (aEawag, Swiss Federal Institute of Aquatic 
Science and Technology, 8600 Dübendorf, Switzerland, bDepartment of Chemistry, 
University of Zürich, 8057 Zürich, Switzerland, cDepartment of Sanitary and 
Environmental Engineering, Budapest University of Technology and Economics, 1111 
Budapest, Hungary, dELKH-BME Water Research Group, 1111 Budapest, Hungary). Do 
biotransformation data from laboratory experiments reflect micropollutant degradation in 
a large river basin? Water Research, Volume 235(2023): 119908 

Identifying a chemical's potential for biotransformation in the aquatic environment is crucial to 
predict its fate and manage its potential hazards. Due to the complexity of natural water bodies, 
especially river networks, biotransformation is often studied in laboratory experiments, assuming 
that study outcomes can be extrapolated to compound behavior in the field. Here, we 
investigated to what extent outcomes of laboratory simulation studies indeed reflect 
biotransformation kinetics observed in riverine systems. To determine in-field biotransformation, 
we measured loads of 27 wastewater treatment plant effluent-borne compounds along the Rhine 
and its major tributaries during two seasons. Up to 21 compounds were detected at each 
sampling location. Measured compound loads were used in an inverse model framework of the 
Rhine river basin to derive k’bio,field values – a compound-specific parameter describing the 
compounds’ average biotransformation potential during the field studies. To support model 
calibration, we performed phototransformation and sorption experiments with all the study 
compounds, identifying 5 compounds that are susceptible towards direct phototransformation 
and determining Koc values covering four orders of magnitude. On the laboratory side, we used 
a similar inverse model framework to derive k’bio,lab values from water-sediment experiments 
run according to a modified OECD 308-type protocol. The comparison of k’bio,lab and 
k’bio,field revealed that their absolute values differed, pointing towards faster transformation in 
the Rhine river basin. Yet, we could demonstrate that relative rankings of biotransformation 
potential and groups of compounds with low, moderate and high persistence agree reasonably 
well between laboratory and field outcomes. Overall, our results provide evidence that 
laboratory-based biotransformation studies using the modified OECD 308 protocol and k’bio 
values derived thereof bear considerable potential to reflect biotransformation of micropollutants 
in one of the largest European river basins. 

Keywords: Biotransformation kinetics; Laboratory-field comparison; Micropollutants; Bayesian 
model frameworks 

Ivan Liakh, Darya Harshkova, Pavel Hrouzek, Kateřina Bišová, Anna Aksmann, Bartosz 
Wielgomas. (aDepartment of Toxicology, Faculty of Pharmacy, Medical University of 
Gdansk, Gdansk, Poland, bDepartment of Plant Physiology and Biotechnology, Faculty of 
Biology, University of Gdansk, Gdansk, Poland, cLaboratory of Algal Biotechnology, 
Centre Algatech, Institute of Microbiology of the Czech Academy of Sciences, Třeboň, 
Czech Republic, dLaboratory of Cell Cycles of Algae, Centre Algatech, Institute of 
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Microbiology of the Czech Academy of Sciences, Třeboň, Czech Republic). Green alga 
Chlamydomonas reinhardtii can effectively remove diclofenac from the water environment 
– A new perspective on biotransformation. Journal of Hazardous Materials, Volume 455, 
(2023): 131570 

The use of unicellular algae to remove xenobiotics (including drugs) from wastewaters is one of 
the rapidly developing areas of environmental protection. Numerous data indicate that for 
efficient phycoremediation three processes are important, i.e. biosorption, bioaccumulation, and 
biotransformation. Although biosorption and bioaccumulation do not raise any serious doubts, 
biotransformation is more problematic since its products can be potentially more toxic than the 
parent compounds posing a threat to organisms living in a given environment, including 
organisms that made this transformation. Thus, two questions need to be answered before the 
proper algae strain is chosen for phycoremediation, namely what metabolites are produced 
during biotransformation, and how resistant is the analyzed strain to a mixture of parent 
compound and metabolites that appear over the course of culture? In this work, we evaluated the 
remediation potential of the model green alga Chlamydomonas reinhardtii in relation to non-
steroidal anti-inflammatory drugs (NSAIDs), as exemplified by diclofenac. To achieve this, we 
analysed the susceptibility of C. reinhardtii to diclofenac as well as its capability to biosorption, 
bioaccumulation, and biotransformation of the drug. We have found that even at a relatively high 
concentration of diclofenac the algae maintained their vitality and were able to remove (37.7%) 
DCF from the environment. A wide range of phase I and II metabolites of diclofenac (38 
transformation products) was discovered, with many of them characteristic rather for animal and 
bacterial biochemical pathways than for plant metabolism. Due to such a large number of 
detected products, 18 of which were not previously reported, the proposed scheme of diclofenac 
transformation by C. reinhardtii not only significantly contributes to broadening the knowledge 
in this field, but also allows to suggest possible pathways of degradation of xenobiotics with a 
similar structure. It is worth pointing out that a decrease in the level of diclofenac in the media 
observed in this study cannot be fully explained by biotransformation (8.4%). The mass balance 
analysis indicates that other processes (total 22%), such as biosorption, a non-extractable residue 
formation, or complete decomposition in metabolic cycles can be involved in the diclofenac 
disappearance, and those findings open the prospects of further research. 

Keywords: Non-steroidal anti-inflammatory drug; Diclofenac; Biotransformation; 
Chlamydomonas reinhardtii 

Xin Wang, Qian Wu, Zhou-Zheng Wang, Wen-Jie Ma, Jun Qiu, Nian-Si Fan, Ren-Cun 
Jin. (aSchool of Engineering, Hangzhou Normal University, Hangzhou 310018, China, 
bSchool of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 
311121, China). Biotransformation-mediated detoxification of roxarsone in the anammox 
process: Gene regulation mechanism. Chemical Engineering Journal, Volume 467 (2023): 
143449 

Roxarsone is a common organoarsenic feed additive used in livestock and poultry breeding, 
while the ecotoxicity of organic arsenic remains a concern. Therefore, the effects of roxarsone on 
the anaerobic ammonium oxidation (anammox) process and responding mechanism were 
investigated in this study. The minimum nitrogen removal efficiency (NRE) of anammox 
process was 64.0% under roxarsone stress. Meanwhile, the reactive oxygen species (ROS) 
content increased by 1.5–2.3 times, and electron transport system activity (ETSA) decreased by 
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22.9±5.0%. The total antioxidant capacity (T-AOC) level first increased and then decreased, 
resulting in an imbalance between ROS production and antioxidant defense. The copy numbers 
of arsenic resistance genes significantly increased, indicating that roxarsone was transformed in 
the anammox system. Co-occurrence networks manifested that arsenic resistance genes were 
significantly positively correlated with dominant genera. The detoxification mediated by 
biotransformation mitigated the toxicity of roxarsone and the side effects of oxidative stress. 
This work provides insights into the response and mechanism of anammox consortia to 
roxarsone and promotes the efficient treatment of wastewater containing organic arsenic by the 
anammox process. 

Keywords: Anammox; Roxarsone; Arsenic biotransformation; ROS; Oxidative stress; Microbial 
community 

Hiep T. Nguyen, Tien H. Du, Jin Gi Hong, Seungdae Oh. (aDepartment of Civil 
Engineering, KyungHee University, Yongin-si, Gyeonggi-do, Republic of Korea, 
bDepartment of Civil Engineering and Construction Engineering Management, California 
State University, Long Beach, CA, United States). Cometabolic biotransformation mediates 
the detoxification of oxytetracycline in Flavobacterium-enriched microbiome. Journal of 
Environmental Chemical Engineering, Volume 11, Issue 3 (2023): 109932 

Oxytetracycline (OTC), a widely used antibiotic that is readily detectable in the environment, 
potentially has a number of negative ecological consequences. The present study revealed the 
key role of the cometabolic breakdown of OTC in activated sludge microbiomes, which led to a 
high removal efficiency and detoxification of both OTC and its derivatives. An AS bioreactor 
was established to treat environmentally relevant levels of OTC. The bioreactor achieved an 
overall OTC removal efficiency of 94–97% at the steady state, with cometabolic 
biotransformation as the primary contributor to this ahead of other removal routes such as direct 
metabolic biodegradation, biosorption, and phosphorolysis. A novel biotransformation pathway 
for OTC proposed in this study involved dehydration, hydroxylation, ring cleavage, and alcohol 
dehydrogenation, distinguishing it from previously reported pathways. Although transformation 
products with potentially higher toxicity than OTC formed during the biotransformation process, 
the AS microbiome eliminated the overall toxicity of both OTC and its derivatives, as illustrated 
by both molecular structure-based toxicity simulations and antimicrobial susceptibility testing. 
Analysis of microbiome sequence data revealed the bacterial populations potentially facilitating 
cometabolic (e.g., Tolumonas) and direct metabolic (e.g., Flavobacterium) biotransformation. 
Overall, our study provides new insights into the removal routes and kinetics for OTC in AS 
microbiomes and the key species that potentially promote OTC transformation and 
detoxification. 

Keywords: Oxytetracycline; Cometabolism; Direct metabolism; Biotransformation; 
Detoxification; Flavobacterium 

Donglin Wang, Quan Ma, Hui Lin, Jie Zhou, Suxia Yuan, Baiwen Ma, Yaohui Bai, Jiuhui 
Qu. (aKey Laboratory of Drinking Water Science and Technology, Research Center for 
Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China, 
bUniversity of Chinese Academy of Sciences, Beijing, 100049, China, cInstitute of 
Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing, 100081, 
China). Enhancement of micropollutant biotransformation by adding manganese sand in 
constructed wetlands. Heliyon, Volume 9, Issue 4 (2023): e15092 

Recent investigations have shown that the addition of manganese (Mn) sand to constructed 
wetlands (i.e., Mn-amended CWs) can improve the performance of organic micropollutants 
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(MPs) removal. In addition to the direct oxidation and adsorption of Mn oxides, the indirect role 
of Mn oxides in MP biotransformation is crucial to the removal of MPs but has seldom been 
referred to. Herein, we constructed lab-scale CWs with or without the addition of natural Mn 
sand (∼35% Mn oxides) to decipher the influence of Mn oxides on the biotransformation of the 
six selected MPs which commonly existed in the wastewater. The experimental results showed 
that the addition of Mn sand to CWs can improve the removal of MPs (8.48% atrazine, 13.16% 
atenolol, and 6.27% sulfamethoxazole [pairwise Wilcoxon test p < 0.05]). Combining the 
detection of transformation products and metagenomic sequencing, we found that the enhanced 
removal of atrazine in the Mn-amended CWs was mainly due to the bioaugmented hydroxylation 
process. The enrichment of biotransformation-related genes and associated microbes of atenolol 
and sulfamethoxazole in Mn-amended CWs indicated that the addition of Mn sand to CWs can 
strengthen the biotransformation of MPs. Furthermore, we found that these MP-biodegrading 
microbes were widely present in the full-scale CWs. Overall, our research provides fundamental 
information and insights for further application of Mn-amended CWs in MP removal. 

Keywords: Wetland treatment; Manganese oxides; Organic micropollutants; Metagenomic 
assembled genomes; Biodegradation 

Soyeon Jeon, Wang Sik Lee, Kyung Seuk Song, Jiyoung Jeong, Sinuk Lee, Songyeon Kim, 
Gyuri Kim, Ji-Su Kim, Jinyoung Jeong, Wan-Seob Cho. (aLab of Toxicology, Department 
of Health Sciences, The Graduate School of Dong-A University, 37, Nakdong-daero 550 
beon-gil, Saha-gu, Busan 49315, the Republic of Korea, bEnvironmental Disease Research 
Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), 125 Gwahak-
ro, Yuseong-gu, Daejeon 34141, the Republic of Korea, cKorea Conformity Laboratories, 
8, Gaetbeol-ro 145 beon-gil, Yeonsu-gu, Incheon 21999, the Republic of Korea, dPrimate 
Resources Center (PRC), Korea Research Institute of Bioscience and Biotechnology 
(KRIBB), Jeongeup 56216, the Republic of Korea, eKRIBB School, University of Science 
and Technology, 217 Gajeong-ro, Yuseong-gu, Daejeon 34113, the Republic of Korea). 
Differential particle and ion kinetics of silver nanoparticles in the lungs and 
biotransformation to insoluble silver sulfide. Journal of Hazardous Materials, Volume 452 
(2023): 131223. 

The measurement of nanoparticles (NPs) in a biological matrix is essential in various toxicity 
studies. However, the current knowledge has limitations in differentiating particulate and ionic 
forms and further identification of their biotransformation. Herein, we evaluate the 
biotransformation and differential lung clearance kinetics of particulate and ionic forms using 
PEGylated silver NPs (AgNP-PEGs; 47.51 nm) and PEGylated gold NPs (AuNP-PEGs; 
11.76 nm). At 0, 3, and 6 h and 1, 3, 7, and 14 days after a single pharyngeal aspiration in mice 
at 25 μg/mouse, half of the lung is digested by proteinase K (PK) to separate particulates and 
ions, and the other half is subjected to the acid digestion method for comparison. The 
quantitative and qualitative evaluation of lung clearance kinetics suggests that AgNP-PEGs are 
quickly dissolved and transformed into insoluble silver sulfide (Ag2S), which shows a fast-
clearing early phase (0 −6 h; particle T1/2: 4.8 h) and slow-clearing late phase (1 −14 days; 
particle T1/2: 13.20 days). In contrast, AuNP-PEGs were scarcely cleared or biotransformed in 
the lungs for 14 days. The lung clearance kinetics of AgNPs and biotransformation shown in this 
study can be informed by the PK digestion method and cannot be obtained using the acid 
digestion method. 
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Dandan Cao, Xiaomei Zhu, Jian Zhang, Xuedong Wang. (State Key Laboratory of 
Bioreactor Engineering, East China University of Science and Technology, 130 Meilong 
Road, Shanghai 200237, China). A combined strategy to enhance phytosterols 
biotransformation to 22-hydroxy-23,24-bisnorchol-4-ene-3-one by Mycobacterium 
neoaurum. Process Biochemistry, Volume 128 (2023): 94-97 

A combined strategy for the overexpression of cholesterol oxidase M2 (ChoM2) and in situ 
removal of inhibitory intermediates was applied to promote the production efficiency of 22-
hydroxy-23,24-bisnorchol-4-ene-3-one (HBC) from phytosterols (PS) biotransformation by 
Mycobacterium neoaurum (M. neoaurum). Firstly, the rate-limiting step of PS to phytostenones 
was overcome by increasing the activity of ChoM2. Under this condition, PS transformation 
period was reduced from 84 h to 72 h, and the productivity of HBC was increased by 17%, in 
g/L/d from 9.36 (84 h) to 10.92 (72 h). Meanwhile, the overexpressed ChoM2 caused an 
excessive accumulation of the inhibitory intermediates, phytostenones, which hindered PS 
biotransformation. Accordingly, in situ removal of the inhibitory intermediates through adding 
5 g/L of resin D101 (a macroporous styrene-divinylbenzene copolymer resin) at the beginning of 
the biotransformation further reduced the PS transformation time to 60 h, and the productivity 
was increased by 41% from 9.36 to 13.21 g/L/d. 

Keywords: Phytosterols biotransformation; Cholesterol oxidase (ChoM2); 22-Hydroxy-23,24-
bisnorchol-4-ene-3-one; Phytostenones; In situ removal 

 

Biomarker  

Rafael Paez, Michael N. Kammer, Nicole T. Tanner, Samira Shojaee, Brent E. Heideman, 
Tobias Peikert, Meridith L. Balbach, Wade T. Iams, Boting Ning, Marc E. Lenburg, 
Christopher Mallow, Lonny Yarmus, Kwun M. Fong, Stephen Deppen, Eric L. Grogan, 
Fabien Maldonado. (aDepartment of Medicine, Division of Allergy, Pulmonary and Critical 
Care Medicine, Vanderbilt University Medical Center, Nashville, TN, bDepartment of 
Medicine, Division of Hematology-Oncology, Vanderbilt University Medical Center, 
Nashville, TN, cDepartment of Thoracic Surgery, Vanderbilt University Medical Center, 
Nashville, TN, dDepartment of Medicine, Division of Pulmonary, Critical Care, Allergy and 
Sleep Medicine, Medical University of South Carolina, Charleston, SC, eDepartment of 
Medicine, Division of Pulmonary and Critical Care Medicine, Mayo Clinic, Rochester, 
MN, fVanderbilt University School of Medicine, Nashville, TN, gVanderbilt-Ingram Cancer 
Center, Nashville, TN, hDepartment of Medicine, Section of Computational Biomedicine, 
Boston University School of Medicine, Boston, MA, iDivision of Pulmonary, Critical Care 
and Sleep Medicine, University of Miami, Miami, FL, jDivision of Pulmonary and Critical 
Care Medicine, Johns Hopkins University, Baltimore, MD, kUniversity of Queensland 
Thoracic Research Centre, The Prince Charles Hospital, Brisbane, QLD, Australia, 
lTennessee Valley Healthcare System, Nashville, TN). Update on biomarkers for the 
stratification of indeterminate. pulmonary nodules, Chest, (2023): 
https://doi.org/10.1016/j.chest.2023.05.025 

Topic Importance: Lung cancer is the leading cause of cancer related deaths. Early detection and 
diagnosis are critical as survival decreases with advanced stages. Approximately 1.6 million 
nodules are incidentally detected every year on chest computed tomography in the United States. 
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This number of nodules identified is likely much larger after accounting for screening detected 
nodules. Most of these nodules, whether incidentally or screening-detected, are benign. Despite 
this, many patients undergo unnecessary invasive procedures to rule out cancer as our current 
stratification approaches are suboptimal, particularly for intermediate probability nodules. Thus, 
non-invasive strategies are urgently needed. 

Review Findings: Biomarkers have been developed to assist through the continuum of lung 
cancer care and include blood protein-based biomarkers, liquid biopsies, quantitative imaging 
analysis (radiomics), exhaled volatile organic compounds, bronchial or nasal epithelium 
genomic classifiers, among others. While many biomarkers have been developed, few have been 
integrated into clinical practice as they lack clinical utility studies demonstrating improved 
patient centered outcomes. 

Summary: Rapid technological advances and large network collaborative efforts will continue to 
drive the discovery and validation of many novel biomarkers, but ultimately, randomized clinical 
utility studies demonstrating improved patient outcomes will be required to bring biomarkers 
into clinical practice. 

Keywords: biomarkers; early detection; indeterminate pulmonary nodules; lung cancer 

Marco Garcia-Vaquero, Armin Mirzapour-Kouhdasht. (School of Agriculture and Food 
Science, University College Dublin, Belfield, Dublin 4, Ireland). A review on proteomic and 
genomic biomarkers for gelatin source authentication: Challenges and future outlook. 
Heliyon, Volume 9, Issue 6 (2023): e16621 

Biomarkers are compounds that could be detected and used as indicators of normal and/or 
abnormal functioning of different biological systems, including animal tissues and food matrices. 
Gelatin products of animal origin, mainly bovine and porcine, are currently under scrutiny 
mainly due to the specific needs of some sectors of the population related to religious beliefs and 
their dietary prohibitions, as well as some potential health threats associated with these products. 
Thus, manufacturers are currently in need of a reliable, convenient, and easy procedure to 
discern and authenticate the origin of animal-based gelatins (bovine, porcine, chicken, or fish). 
This work aims to review current advances in the creation of reliable gelatin biomarkers for food 
authentication purposes based on proteomic and DNA biomarkers that could be applied in the 
food sector. Overall, the presence of specific proteins and peptides in gelatin can be chemically 
analysed (i.e., by chromatography, mass spectroscopy, electrophoresis, lateral flow devices, and 
enzyme-linked immunosorbent assay), and different polymerase chain reaction (PCR) methods 
have been applied for the detection of nucleic acid substances in gelatin. Altogether, despite the 
fact that numerous methods are currently being developed for the purpose of detecting gelatin 
biomarkers, their widespread application is highly dependent on the cost of the equipment and 
reagents as well as the ease of use of the various methods. Combining different methods and 
approaches targeting multiple biomarkers may be key for manufacturers to achieve reliable 
authentication of gelatin's origin. 

Keywords: Proteomic; Genomic; Biomarker; Gelatin; Halal; Kosher 

Jan Pańczak, Paweł Kosakowski, Adam Zakrzewski. (AGH University of Science and 
Technology, Faculty of Geology, Geophysics and Environmental Protection, 30 
Mickiewicza Av., 30-059 Krakow, Poland). Biomarkers in fossil resins and their 
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palaeoecological significance. Earth-Science Reviews, Volume 242 (2023): 
https://doi.org/10.1016/j.earscirev.2023.104455 

Fossil resins are the one of several fossil tree products, together with leaves, wood, seeds, or 
pollen. As an emanation of organic matter, resins are made of organic compounds, 
predominantly terpenes. Terpenes are broadly identified from various living organisms such as 
higher plants, fungi, or bacteria. In fossil resins, these compounds occur in several forms – 
usually mono-, sesqui-, di-, and tri-terpenes. Some terpenes present in fossil resins provide 
information about their ancestors and the paleoenvironmental conditions during the resin 
expulsion. These compounds, known as biomarkers, preserve the original shapes of molecules or 
occur as altered structures. Due to the chromatographic methods, insight into the chemical 
structure of fossil resins is enabled and biomarkers might be detected. In this study, information 
about the state-of-the-art chromatographic research concerning fossil resins was gathered. The 
biomarkers found in fossil resins were divided into compounds providing chemotaxonomic 
(botanical biomarkers) and environmental information (other biomarkers). Botanical biomarkers 
provide high utility in paleobotanical studies. The initial identification of a source tree, 
gymnosperm, or angiosperm is possible, due to certain chemical patterns of these types. 
Moreover, in chemotaxonomic studies, the restriction to more specific taxonomic levels, 
especially to the level of family, is usually possible, thanks to the occurrence of specific 
biomarkers. Many terpenes that are known to have an ecological function in extant plants are 
also found in fossil resins; however, their presence does not clearly indicate the ecological 
properties of trees due to the advanced alterations of the chemical structure. However, some 
specific environmental biomarkers found in fossil resins (e.g. succinic acid or rosane) might 
provide information about the paleoenvironment during the resin deposition. 

Keywords: Gas chromatography–mass spectrometry; Amber; Terpenes; Chemical structure; 
Chemotaxonomy 

Sheetal Rajpal, Ankit Rajpal, Manoj Agarwal, Virendra Kumar, Ajith Abraham, Divya 
Khanna, Naveen Kumar..(aDepartment of Computer Science, University of Delhi, Delhi, 
India, bDepartment of Computer Science, Hans Raj College, University of Delhi, Delhi, 
India, cDepartment of Nuclear Magnetic Resonance Imaging, All India Institute of Medical 
Sciences, New Delhi, India, dFaculty of Computing and Data Science, FLAME University, 
Lavale, Pune, Maharashtra, India, eFunctional Genomics Lab, Institute of Genomics and 
Integrative Biology, Delhi (IGIB), India), XAI-CNVMarker: Explainable AI-based copy 
number variant biomarker discovery for breast cancer subtypes, Biomedical Signal 
Processing and Control, Volume 84 (2023): 104979 

Breast cancer is a leading cause of cancer-related deaths among women. The multi-omic data has 
revolutionized the methodology to unravel molecular heterogeneity in breast cancer. As genetic 
variations captured from Copy Number Variation (CNV) data are considered the most stable 
amongst the multi-omic data, it leads to robust biomarkers. Thus, this paper targets the discovery 
of a set of CNV biomarkers for dissecting this heterogeneity. The existing algorithms yield 
biomarkers, too huge to be interpreted clinically. So, in this paper, we have proposed XAI-
CNVMarker—an explainable AI-based post-hoc biomarker discovery framework to discover a 
small set of interpretable biomarkers. We exploit the power of deep learning to build 
DLmodel—a deep learning model for breast cancer classification. Subsequently, the trained 
model is analyzed using different explainable AI methods to arrive at a set of 44 CNV 
biomarkers. Using 5-fold cross-validation, we obtained a classification accuracy of 0.712 (± 
0.048) at a 95% confidence interval. Gene set analysis revealed 37 subtype-specific enriched 
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Reactome and Kegg pathways, 21 druggable genes, and 13 biomarkers linked with the 
prognostic outcome. Finally, we validated the efficacy of the identified biomarkers on 
METABRIC. Thus, the proposed framework demonstrates the role of explainable AI in 
discovering clinically reliable biomarkers. 

Keywords: Explainable AI; CNV; Biomarker; Deep learning; Breast cancer subtypes; Gradient 

Rui Ji, Yue Li, Ruihao Huang, Jingkang Xiong, Xiaoqi Wang, Xi Zhang. ( aMedical Center 
of Hematology, Xinqiao Hospital, State Key Laboratory of Trauma, Burn and Combined 
Injury, Army Medical University, Chongqing 400037, China, bJinfeng Laboratory, 
Chongqing 400037, China) Recent advances and research progress in biomarkers for 
chronic graft versus host disease, Critical Reviews in Oncology/Hematology, Volume 186 
(2023): 103993 

Chronic graft-versus host disease (cGVHD) is a major risk for patients undergoing allogeneic 
hematopoietic stem cell transplantation. With the emergence of novel therapies and the increased 
understanding of the mechanisms underlying cGVHD, there are more options for cGVHD 
treatment. Regardless of improvements in treatment, diagnosis mainly depends on identification 
of symptoms, which makes precise treatment a challenge. Numerous biomarkers for cGVHD 
have been validated and have demonstrated strong associations with prognosis and response to 
treatment. The most common biomarkers mainly include critical types of immune cells, 
chemokines, cytokines, microRNAs, and autoantibodies, all of which play important roles in the 
development of cGVHD. Compared to traditional tools, biomarkers have several advantages, for 
example, they can be applied for early diagnosis, to identify cGVHD risk before onset, and 
predict which therapy is most likely to benefit patients. In this review, we summarize biomarkers 
with potential clinical value and discuss future applications. 

Keywords: Hematopoietic stem cell transplantation; Chronic graft-versus-host disease; Cellular 
biomarker 

Audrey Catteau, Antoine Le Guernic, Mélissa Palos Ladeiro, Odile Dedourge-Geffard, 
Marc Bonnard, Isabelle Bonnard, Laurence Delahaut, Anne Bado-Nilles, Jean-Marc 
Porcher, Christelle Lopes, Olivier Geffard, Alain Geffard. (aUniversité de Reims 
Champagne-Ardenne (URCA), UMR-I 02 SEBIO, UFR Sciences Exactes et Naturelles, 
Campus Moulin de La Housse, BP 1039, 51687, Reims, France, bInstitut National de 
L’Environnement et des Risques (INERIS), UMR-I 02 SEBIO (Stress Environnementaux 
et Biosurveillance des Milieux Aquatiques), BP 2, 60550, Verneuil-en-Halatte, France, 
cUniv Lyon, Université Lyon 1, CNRS, Laboratoire de Biométrie et Biologie Evolutive 
UMR 5558, 69622, Villeurbanne, France, dINRAE, UR RiverLy, Laboratoire 
D’écotoxicologie, F-69625, Villeurbanne, France) Integrative biomarker response - 
Threshold (IBR-T): Refinement of IBRv2 to consider the reference and threshold values of 
biomarkers, Journal of Environmental Management, Volume 341 (2023): 118049 

The Integrated Biomarker Response (IBR) is one of the most used index in biomonitoring, 
especially the IBRv2 integrating a reference condition. However, some limitations remain for its 
routine and large-scale use. The IBRv2 is proportional to the total number of biomarkers, is 
dependent on the nature of biomarkers and considers all biomarkers modulations, even small and 
biologically non-significant. In addition, IBRv2 relies on reference values but the references are 
often different between each study, making it difficult to compare results between studies and/or 
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campaigns. To overcome these limitations, the present work proposed a new index called IBR-T 
(“Integrated Biomarker Response – Threshold”) which considers the threshold values of 
biomarkers by limiting the calculation of the IBR value to biomarkers with significant 
modulations. The IBRv2 and the IBR-T were calculated and compared on four datasets from 
active biomonitoring campaigns using Dreissena polymorpha, a bivalve widely used in 
freshwater biomonitoring studies. The comparison between indices has demonstrated that the 
IBR-T presents a better correlation (0.907 < r2 < 0.998) with the percentage of biomarkers 
significantly modulated than the IBRv2 (0.002 < r2 < 0.759). The IBRv2 could not be equal to 0 
(0.915 < intercept <1.694) because the value was dependent on the total number of biomarkers, 
whereas the IBR-T reached 0 when no biomarker was significantly modulated, which appears 
more biologically relevant. The final ranking of sites was different between the two index and 
the IBR-T ranking tends to be more ecologically relevant that the IBRv2 ranking. This IBR-T 
have shown an undeniable interest for biomonitoring and could be used by environmental 
managers to simplify the interpretation of large datasets, directly interpret the contamination 
status of the site, use it to decision-making, and finally to easily communicate the results of 
biomonitoring studies to the general public. 

Keywords: Dreissena polymorpha; Biomonitoring; Integration; Diagnostic; Water quality; 
Caging 

Erica E. Fortune, Alexandra K. Zaleta, M. Claire Saxton. (aCancer Support Community, 
Research and Training Institute, Philadelphia, PA, USA, bCancer Support Community, 
Washington, DC, USA) Biomarker testing communication, familiarity, and informational 
needs among people living with breast, colorectal, and lung cancer, Patient Education and 
Counseling, Volume 112 (2023): 107720 

Objectives-This study aims to characterize patient experiences with biomarker testing, including 
history of biomarker testing, related communication and education, self-perceived familiarity 
and informational needs. 

Methods-436 U.S. adults diagnosed with lung (38%), colorectal (35%) or breast cancer (27%) 
from 2018 to 2022 completed a survey. Two logistic regressions were conducted to predict 
patients’ familiarity with biomarker testing and informational needs. 

Results-Despite high biomarker testing rates (85%), half of respondents reported low familiarity 
with biomarker testing and three-quarters reported outstanding informational needs. Regression 
models indicate those patients who have greater health literacy and report having conversations 
with their oncologists about biomarker testing have more familiarity with biomarker testing and 
less informational needs, even after controlling for important sociodemographic factors. 

Conclusions-There is an opportunity to improve patients’ familiarity with biomarker testing and 
decrease outstanding informational needs by focusing on factors such as health literacy and 
patient-provider communication, which could further cultivate patients’ understanding of the 
importance of biomarker testing in cancer care. 

Practice implications-These findings underscore the importance of patient-provider relationships 
and the need for additional tools that assist providers in assessing patients’ health literacy and 
facilitating conversations with patients, especially those focused on complex topics such as 
biomarker testing. 

Keywords: Biomarkers; Cancer; Communication; Health literacy; Patient education 
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Ross L Prentice, Sowmya Vasan, Lesley F Tinker, Marian L Neuhouser, Sandi L Navarro, 
Daniel Raftery, GA Nagana Gowda, Mary Pettinger, Aaron K Aragaki, Johanna W 
Lampe, Ying Huang, Linda Van Horn, JoAnn E Manson, Robert B Wallace, Yasmin 
Mossavar-Rahmani, Jean Wactawski-Wende, Simin Liu, Linda Snetselaar, Barbara V 
Howard, Rowan T Chlebowski, Cheng Zheng. (1Division of Public Health Sciences, Fred 
Hutchinson Cancer Center, Seattle, WA, United States, 2School of Public Health, 
University of Washington, Seattle, WA, United States, 3Department of Anesthesiology and 
Pain Medicine, University of Washington, Seattle, WA, United States, 4Department of 
Preventive Medicine, Northwestern University, Chicago, IL, United States, 5Department of 
Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, United 
States, 6College of Public Health, University of Iowa, Iowa City, IA, United States, 
7Department of Epidemiology and Population Health, Albert Einstein College of Medicine, 
Bronx, NY, United States, 8Department of Epidemiology and Environmental Health, 
University of Buffalo, Buffalo, NY, United States, 9Department of Epidemiology, School of 
Public Health, Brown University, Providence, RI, United States, 10Department of Medicine, 
Georgetown University Medical Center, and MedStar Health Research Institute, 
Hyattsville, MD, United States, 11The Lundquist Institute, Torrance, CA, United States, 
12Department of Biostatistics, University of Nebraska Medical Center, Omaha, NE, United 
States) Metabolomics Biomarkers for Fatty Acid Intake and Biomarker-Calibrated Fatty 
Acid Associations with Chronic Disease Risk in Postmenopausal Women, The Journal of 
Nutrition (2023): 2663-2677 

Background-A substantial observational literature relating specific fatty acid classes to chronic 
disease risk may be limited by its reliance on self-reported dietary data. 

Objectives-We aimed to develop biomarkers for saturated (SFA), monounsaturated (MUFA), 
and polyunsaturated (PUFA) fatty acid densities, and to study their associations with 
cardiovascular disease (CVD), cancer, and type 2 diabetes (T2D) in Women’s Health Initiative 
(WHI) cohorts. 

Methods-Biomarker equations were based primarily on serum and urine metabolomics profiles 
from an embedded WHI human feeding study (n = 153). Calibration equations were based on 
biomarker values in a WHI nutritional biomarker study (n = 436). Calibrated intakes were 
assessed in relation to disease incidence in larger WHI cohorts (n = 81,894). Participants were 
postmenopausal women, aged 50–79 when enrolled at 40 United States Clinical Centers (1993–
1998), with a follow-up period of ∼20 y. 

Results-Biomarker equations meeting criteria were developed for SFA, MUFA, and PUFA 
densities. That for SFA density depended somewhat weakly on metabolite profiles. On the basis 
of our metabolomics platforms, biomarkers were insensitive to trans fatty acid intake. 
Calibration equations meeting criteria were developed for SFA and PUFA density, but not for 
MUFA density. With or without biomarker calibration, SFA density was associated positively 
with risk of CVD, cancer, and T2D, but with small hazard ratios, and CVD associations were not 
statistically significant after controlling for other dietary variables, including trans fatty acid and 
fiber intake. Following this same control, PUFA density was not significantly associated with 
CVD risk, but there were positive associations for some cancers and T2D, with or without 
biomarker calibration. 



Department of Environmental Science (DESKU), KU                            

48                                                             Abstract Vol. No. 42, June 2023 

Conclusions-Higher SFA and PUFA diets were associated with null or somewhat higher risk for 
clinical outcomes considered in this population of postmenopausal United States women. Further 
research is needed to develop even stronger biomarkers for these fatty acid densities and their 
major components. This study is registered with clinicaltrials.gov identifier: NCT00000611. 

Keywords: biomarker; cancer; cardiovascular disease; type 2 diabetes; metabolomics; saturated 
fatty acids; monounsaturated fatty acids; polyunsaturated fatty acids 

Xiaohan Chen, Shuo Zhou, Yunjiao Wang, Ling Zheng, Sarah Guan, Deqiang Wang, 
Liang Wang, Xiyun Guan. (a Chongqing Institute of Green and Intelligent Technology, 
Chinese Academy of Sciences, Chongqing, 400714, China, bChongqing School, University 
of Chinese Academy of Science, Chongqing, 400714, China, cSchool of Pharmacy and 
Bioengineering, Chongqing University of Technology, Chongqing, 400054, China, 
dHinsdale Central High School, Hinsdale, IL, 60521, USA, eChongqing Key Laboratory of 
Intelligent Medicine Engineering for Hepatopancreatobiliary Diseases, University of 
Chinese Academy of Sciences, Chongqing, 401147, China, fDepartment of Chemistry, 
Illinois Institute of Technology, Chicago, IL, 60616, USA) Nanopore single-molecule 
analysis of biomarkers: Providing possible clues to disease diagnosis, TrAC Trends in 
Analytical Chemistry, Volume 162 (2023): 117060 

Biomarker detection has attracted increasing interest in recent years due to the minimally or non-
invasive sampling process. Single entity analysis of biomarkers is expected to provide real-time 
and accurate biological information for early disease diagnosis and prognosis, which is critical to 
the effective disease treatment and is also important in personalized medicine. As an innovative 
single entity analysis method, nanopore sensing is a pioneering single-molecule detection 
technique that is widely used in analytical bioanalytical fields. In this review, we overview the 
recent progress of nanopore biomarker detection as new approaches to disease diagnosis. In 
highlighted studies, nanopore was focusing on detecting biomarkers of different categories of 
communicable and noncommunicable diseases, such as pandemic COVID-19, AIDS, cancers, 
neurologic diseases, etc. Various sensitive and selective nanopore detecting strategies for 
different types of biomarkers are summarized. In addition, the challenges, opportunities, and 
direction for future development of nanopore-based biomarker sensors are also discussed. 

Keywords: Nanopore; Biomarkers; Analytical bioanalytical methods; Single-molecule analysis; 
Human diseases; Lab assays and diagnosis 

Matthew Luebke, Manisha Parulekar, Florian P. Thomas. ( a Hackensack Meridian School 
of Medicine, Nutley, NJ, USA, bDepartment of Medicine, Hackensack University Medical 
Center, Hackensack, NJ, USA, cDepartment of Neurology, Hackensack University Medical 
Center, Hackensack, NJ, USA, dCenter for Memory Loss and Brain Health, Hackensack 
University Medical Center, Hackensack, NJ, USA) Fluid biomarkers for the diagnosis of 
neurodegenerative diseases, Biomarkers in Neuropsychiatry, Volume 8 (2023): 100062 

In this review, we evaluate the role of fluid biomarkers related to neurodegenerative diseases. 
Such conditions present diagnostic challenges due to phenotypic heterogeneity, longitudinal 
evolution, overlap between diagnostic entities, and variability in progression. Biomarkers can 
potentially provide insight into diagnosis, progression, prognostication, and treatment efficacy. 
This review covers recent advances in fluid biomarkers including beta-amyloid, tau protein, 
neurofilament light chain, alpha-synuclein and glial fibrillary protein, and briefly touches upon 
imaging biomarkers. For each biomarker, we discuss the pathophysiological correlates, clinical 
uses, accuracy, and limitations. 
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Keywords: Biomarkers; Neurodegenerative Disease; Alzheimer’s Disease; Cerebrospinal Fluid; 
Plasma; Diagnosis 

Anna D. Barker, Mario M. Alba, Parag Mallick, David B. Agus, Jerry S.H. Lee. 
(1Lawrence J. Ellison Institute for Transformative Medicine, Los Angeles, California, USA. 
2Complex Adaptive Systems Initiative and School of Life Sciences, Arizona State 
University, Tempe, Arizona, USA. 3Department of Pharmacology and Pharmaceutical 
Sciences, USC Alfred E. Mann School of Pharmacy, University of Southern California, Los 
Angeles, California, USA. 4Canary Center at Stanford for Cancer Early Detection, 
Stanford University, Stanford, California, USA, 5Department of Radiology, Stanford 
University, Stanford, California, USA, 6Keck School of Medicine, University of Southern 
California, Los Angeles, California, USA, 7Viterbi School of Engineering, University of 
Southern California, Los Angeles, California, USA) An Inflection Point in Cancer Protein 
Biomarkers: What Was and What’s Next, Molecular & Cellular Proteomics (2023): 100569 

Biomarkers remain the highest value proposition in cancer medicine today – especially protein 
biomarkers. Yet despite decades of evolving regulatory frameworks to facilitate the review of 
emerging technologies, biomarkers have been mostly about promise with very little to show for 
improvements in human health. Cancer is an emergent property of a complex system and 
deconvoluting the integrative and dynamic nature of the overall system through biomarkers is a 
daunting proposition. The last two decades have seen an explosion of multi-omics profiling and 
a range of advanced technologies for precision medicine, including the emergence of liquid 
biopsy, exciting advances in single cell analysis, artificial intelligence (machine and deep 
learning) for data analysis and many other advanced technologies that promise to transform 
biomarker discovery. Combining multiple omics modalities to acquire a more comprehensive 
landscape of the disease state, we are increasingly developing biomarkers to support therapy 
selection and patient monitoring. Furthering precision medicine, especially in oncology, 
necessitates moving away from the lens of reductionist thinking towards viewing and 
understanding that complex diseases are, in fact, complex adaptive systems. As such, we believe 
it is necessary to re-define biomarkers as representations of biological system states at different 
hierarchical levels of biological order. This definition could include traditional molecular, 
histologic, radiographic, or physiological characteristics, as well as emerging classes of digital 
markers and complex algorithms. To succeed in the future, we must move past purely 
observational individual studies and instead start building a mechanistic framework to enable 
integrative analysis of new studies within the context of prior studies. Identifying information in 
complex systems and applying theoretical constructs, such as information theory, to study cancer 
as a disease of dysregulated communication could prove to be “game changing” for the clinical 
outcome of cancer patients. 

Stine Andersen, Alexander Lynge Reese-Petersen, Natalia Braams, Mads Jønsson 
Andersen, Søren Mellemkjær, Asger Andersen, Harm Jan Bogaard, Federica Genovese, 
Jens Erik Nielsen-Kudsk. (a, Department of Cardiology, Aarhus University Hospital, 
Denmark, bNordic Bioscience, Denmark, cDepartment of Pulmonology, Amsterdam 
University Medical Center, the Netherlands) Biomarkers of collagen turnover and wound 
healing in chronic thromboembolic pulmonary hypertension patients before and after 
pulmonary endarterectomy. International Journal of Cardiology, Volume 384 (2023): 82-
88 
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Background-In chronic thromboembolic pulmonary hypertension (CTEPH), fibrotic remodeling 
of tissue and thrombi contributes to disease progression. Removal of the thromboembolic mass 
by pulmonary endarterectomy (PEA) improves hemodynamics and right ventricular function, but 
the roles of different collagens before as well as after PEA are not well understood. 

Methods-In this study, hemodynamics and 15 different biomarkers of collagen turnover and 
wound healing were evaluated in 40 CTEPH patients at diagnosis (baseline) and 6 and 
18 months after PEA. Baseline biomarker levels were compared with a historical cohort of 40 
healthy subjects. 

Results-Biomarkers of collagen turnover and wound healing were increased in CTEPH patients 
compared with healthy controls, including a 35-fold increase in the PRO-C4 marker of type IV 
collagen formation and a 55-fold increase in the C3M marker of type III collagen degradation. 
PEA reduced pulmonary pressures to almost normal levels 6 months after the procedure, with no 
further improvement at 18 months. There were no changes in any of the measured biomarkers 
after PEA. 

Conclusions-Biomarkers of collagen formation and degradation are increased in CTEPH 
suggesting a high collagen turnover. While PEA effectively reduces pulmonary pressures, 
collagen turnover is not significantly modified by surgical PEA. 

Keywords: Chronic thromboembolic pulmonary hypertension; Biomarkers; Collagen; Right 
heart failure 

Paul D. Wagner, Sudhir Srivastava. (Cancer Biomarkers Research Group, Division of 
Cancer Prevention, National Cancer Institute, Bethesda, USA). National Cancer Institute's 
early detection research network: A model organization for biomarker research, Journal 
of the National Cancer Center (2023): 93-99 

For many cancers a primary cause of poor survival is that they are detected at a late stage when 
therapies are less effective. Although screening methods exist to detect some types of cancer at 
an early stage, there are currently no effective methods to screen for most types of cancer. 
Biomarkers have the potential to improve detection of early-stage cancers, risk stratification, and 
prediction of which pre-cancerous lesions are likely to progress and to make screening tests less 
invasive. Although thousands of research articles on biomarkers for early detection are published 
every year, few of these biomarkers have been validated and shown to be clinically useful. This 
reflects both the inherent difficulty in detecting early-stage cancers and a disconnect between the 
process of discovering biomarkers and their use in the clinic. To overcome this limitation the US 
National Cancer Institute created the Early Detection Research Network. It is a highly 
collaborative program that brings together biomarker discoverers, assay developers, and 
clinicians. It provides an infrastructure that is essential for developing and validating biomarkers 
and imaging methods for early cancer detection and has successfully completed several 
multicenter validation studies. 

Keywords: Biomarkers; Early detection; Validation; Collaboration; Data sharing 

Maciej L. Goniewicz. (Department of Health Behavior, Roswell Park Comprehensive 
Cancer Center, Elam and Carlton Streets, Buffalo NY 14226, United States). Biomarkers 
of Electronic Nicotine Delivery Systems (ENDS) use, Addiction Neuroscience, Volume 6 
(2023):100077 

This perspective summarizes available evidence on biomarkers of exposure in electronic nicotine 
delivery system (ENDS) users to aid the overall assessment of the health consequences of using 
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ENDS. Identification of novel biomarkers of exposure specific to ENDS use remains challenging 
because chemicals emitted from ENDS devices have many familiar sources. The biomarker 
levels of many tobacco-related toxicants measured in biological samples collected from ENDS 
users did not differ significantly from non-users, except for nicotine metabolites and a small 
number of biomarkers of exposure to volatile organic compounds and tobacco-specific tobacco 
nitrosamines. Several studies have shown that while exposed to nicotine, long-term exclusive 
ENDS users showed significantly lower levels of toxicant biomarkers than cigarette smokers. 
Studies have also shown that concurrent users of ENDS and combustible cigarettes (‘dual users’) 
are not reducing overall exposure to harmful toxicants compared to exclusive cigarette smokers. 
Because of an absence of validated ENDS-specific biomarkers, we recommend combining 
several biomarkers to differentiate tobacco product user groups in population-based studies and 
monitor ENDS compliance in randomized controlled trials. Using a panel of biomarkers would 
provide a better understanding of health effects related to ENDS use. 

Keywords: Electronic Nicotine Delivery Systems; ENDS; E-cigarettes; Vaping; Biomarkers; 
Exposure 

Ningtao Cheng, Bin Lou, Hongyang Wang. (aSchool of Medicine, Zhejiang University, 
Hangzhou, Zhejiang 310058, China, bDepartment of Laboratory Medicine, the First 
Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang 310003, 
China, cInternational Cooperation Laboratory on Signal Transduction, Eastern 
Hepatobiliary Surgery Hospital, Shanghai 200438, China, dNational Center for Liver 
Cancer, Shanghai 201805, China) Discovering the digital biomarker of hepatocellular 
carcinoma in serum with SERS-based biosensors and intelligence vision, Colloids and 
Surfaces B: Biointerfaces, Volume 226 (2023):113315 

By its many virtues, non-biomarker-reliant molecular detection has recently shown bright 
prospects for cancer screening but its clinical application is hindered by the shortage of 
measurable criteria that are analogous to biomarkers. Here, we report a digital biomarker, as a 
new-concept serum biomarker, of hepatocellular carcinoma (HCC) found with SERS-based 
biosensors and a deep neural network “digital retina” for visualizing and explicitly defining 
spectral fingerprints. We validate the discovered digital biomarker (a collection of 10 
characteristic peaks in the serum SERS spectra) with unsupervised clustering of spectra from an 
independent sample batch comprised normal individuals and HCC cases; the validation results 
show clustering accuracies of 95.71% and 100.00%, respectively. Furthermore, we find that the 
digital biomarker of HCC shares a few common peaks with three clinically applied serum 
biomarkers, which means it could convey essential biomolecular information similar to these 
biomarkers. Accordingly, we present an intelligent method for early HCC detection that 
leverages the digital biomarker with similar traits as biomarkers. Employing the digital 
biomarker, we could accurately stratify HCC, hepatitis B, and normal populations with linear 
classifiers, exhibiting accuracies over 92% and area under the receiver operating curve values 
above 0.93. It is anticipated that this non-biomarker-reliant molecular detection method will 
facilitate mass cancer screening. 

Keywords: Digital biomarker; Surface-enhanced Raman scattering; Biosensor for cancer 
detection; Intelligent Detection for cancer; Hepatocellular carcinoma 

Mina Adampourezare, Mohammad Hasanzadeh, Behzad Nikzad. (aDepartment of Biology, 
Faculty of Natural Science, University of Tabriz, Tabriz, Iran, bResearch Center of 
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Bioscience and Biotechnology, University of Tabriz, Tabriz, Iran, cPharmaceutical 
Analysis Research Center, Tabriz University of Medical Sciences, Tabriz, Iran). Recent 
progress and challenges in the application of molecularly imprinted polymers for early-
stage screening of neurodegenerative diseases-related protein biomarkers, Microchemical 
Journal (2023): 108931 

Proteomics is an essential technology in medicine and biotechnology. Protein profiling and its 
application in disease diagnosis have attracted a lot of attention from scientists. Highly selective 
detection of target proteins will be beneficial in clinical diagnosis, treatment of diseases, 
therapeutic monitoring, control of bioreactors, and the detection of microorganisms/toxins. In 
recent years, researchers have paid much attention to developing biosensors for the monitoring 
of proteins as biomarkers of neurodegenerative diseases. In this review, essential protein 
biomarkers of neurodegenerative diseases are mentioned. This review reports the use of 
molecularly imprinted polymer (MIPs)-based biosensors for the recognition of protein 
biomarkers of neurodegenerative diseases. The major emphasis is based on immune-, geno-, and 
enzyme-based sensors. Also, the critical role of various types of MIPs and innovative/efficient 
methods integrated with optical and electrical biosensing systems, micro/nano-electromechanical 
systems, lateral flow, and microfluidic platforms were surveyed. Importantly, the advantages and 
the limitations of MIPs-based biosensors are investigated, critically. The advantages of using 
smartphones in data analysis and integration of lateral flow tests with MIPs-based biosensors in 
increasing the sensitivity of target proteins monitoring are discussed. Hope, the critical 
discussions of this review provide new perspectives for the scientists to overcome limitations of 
traditional methods in the early-stage diagnosis of neurodegenerative diseases. Also, discussion 
about the critical role of MIPs in the biosensing of protein biomarkers opens a new horizon for 
the point of care analysis of neurodegenerative disease in near future. 

Keywords: Protein biomarkers; Neurodegenerative disease; Molecularly imprinted polymer; 
Bioanalysis 

Alan S.L. Yu, Douglas P. Landsittel. (Division of Nephrology and Hypertension and the 
Jared Grantham Kidney Institute, University of Kansas Medical Center, Kansas City, KS, 
2Department of Epidemiology and Biostatistics, School of Public Health, Indiana 
University Bloomington, Bloomington, IN). Biomarkers in Polycystic Kidney Disease: Are 
We There?, Advances in Kidney Disease and Health, Volume 30, Issue 3 (2023): 285-293 

This article describes the use of prognostic, predictive, and response biomarkers that have been 
developed for autosomal dominant polycystic kidney disease and their use in clinical care or 
drug development. We focus on biochemical markers that can be assayed in patients' blood and 
urine and their association with the outcome of decreased glomerular filtration rate. There have 
been several studies on prognostic biomarkers. The most promising ones have been markers of 
tubular injury, inflammation, metabolism, or the vasopressin-urinary concentration axis. So far, 
none have been shown to be superior to kidney volume-based biomarkers. Several biomarkers 
are additive to kidney volume and genotype in prognostic models, but there have been few direct 
comparisons between the biochemical markers to identify the best ones. Moreover, there is a 
lack of uniformity in the statistical tools used to assess and compare biomarkers. There have 
been few reports of predictive and response biomarkers, and none are suitable surrogate 
endpoints. The U.S. Food and Drug Administration's Biomarker Qualification Program provides 
a regulatory pathway to approve biomarkers for use across multiple drug-development programs. 

Keywords: Biomarker; Prognosis; Surrogate endpoint; Polycystic kidney disease; Clinical trial 
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Marina Tsoli, Anna Koumarianou, Anna Angelousi, Gregory Kaltsas. ( Neuroendocrine 
Tumour Unit, ENETS Centre of Excellence, 1st Department of Propaedeutic and Internal 
Medicine, Laiko Hospital, National and Kapodistrian University of Athens, 11527, Greece, 
bHaematology-Oncology Unit, Fourth Department of Internal Medicine, Attikon Hospital, 
National and Kapodistrian University of Athens, 12462, Greece, cUnit of Endocrinology, 
First Department of Internal Medicine, Laiko Hospital, National and Kapodistrian 
University of Athens, 11527, Greece). Established and novel circulating biomarkers for 
diagnostic, predictive and prognostic use, Best Practice & Research Clinical Endocrinology 
& Metabolism (2023): 101785 

The management of neuroendocrine tumors (NETs) represents a clinical challenge due to 
heterogeneity of their clinical behaviour, molecular biology and response to treatment. Over the 
years, several circulating biomarkers have been developed for the early diagnosis and follow-up 
of NETs. The specific secretory products of tumors associated with a secretory syndrome 
(functioning tumors) may be used as diagnostic and/or prognostic biomarkers while the most 
common non-specific circulating biomarkers, that may be increased in both functioning and non-
functioning tumors, are chromogranin A and the neuron specific enolase. However, the 
diagnostic accuracy as well as the prognostic and predictive value of these biomarkers are 
limited and novel techniques of multianalyte analysis of regulators of tumor biology have been 
developed. The NETest has been most extensively studied and proved to be useful in NET 
diagnosis, early detection of post-operative recurrence and prediction of response to treatment 
but further investigation establishing higher level of evidence is required for implementation in 
clinical practice. 

Keywords: Neuroendocrine; biomarker; predictive; prognostic; chromogranin A; 5-HIAA; 
NETest 

Micha Kaiser, Jan M. Bauer, Steffen Otterbach, Lucia A. Reisch, Alfonso Sousa-Poza. (aEl-
Erian Institute of Behavioural Economics and Public Policy, University of Cambridge, 
Trumpington Street, Cambridge CB2 1QA, United Kingdom, bDepartment of 
Management, Society and Communication, Copenhagen Business School, Dalgas Have 15, 
Frederiksberg 2000, Denmark, cInstitute for Health Care & Public Management, 
University of Hohenheim, Fruwirthstrasse 48, Stuttgart 70599, Germany). The association 
between commuting and cardiovascular disease: A biomarker-based analysis of cross-
sectional cohort data from the UK Biobank, Preventive Medicine, Volume 172 (2023): 
107521 

This study used cross-sectional UK Biobank data to estimate the influence of active and passive 
commuting modes and commuting distance on cardiovascular disease (CVD) -related 
biomarkers as measures of health outcomes. The analysis applied logistic regression to assess the 
risk of exhibiting individual biomarker values outside a predefined reference interval and 
standard linear regression to estimate the relation between commuting practices and a composite 
CVD index. The study sample comprised 208,893 UK Biobank baseline survey participants aged 
40 to 69 who use various modes of transport to commute to work at least once a week. 
Participants were recruited and interviewed between 2006 and 2010 at 22 centers geographically 
dispersed across England, Scotland, and Wales. The data set included these participants' 
sociodemographic and health-related information, including lifestyle indicators and biological 
measures. The primary outcome was a shift from low to high-risk blood serum levels in eight 
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cardiovascular biomarkers: total cholesterol, low density lipoprotein, high density lipoprotein, 
triglycerides, apolipoprotein A and B, C-reactive protein, and lipoprotein (a). Our results 
indicated a small negative association between the composite risk index for CVD biomarkers 
and weekly commuting distance. Although estimates for active commuting modes (cycling, 
walking) may admittedly be sensitive to different covariate adjustments, our specifications show 
them to be positively associated with select CVD biomarkers. Commuting long distances by car 
is negatively associated with CVD-related biomarkers, while cycling and walking might be 
positively associated. This biomarker-based evidence, although limited, is less susceptible to 
residual confounding than that from distant outcomes like CVD mortality. 

Keywords: Active commuting; Biomarker; cardiovascular disease risk; Cycling; Physical 
activity 

Preston N. Wolfe, Aaron M. Stoker, Brett D. Crist, Emily Leary, Chantelle C. Bozynski, 
James L. Cook. (aDepartment of Orthopaedic Surgery, University of Missouri, Columbia, 
MO, United States, bThompson Laboratory for Regenerative Orthopaedics, University of 
Missouri, Columbia, MO, United States, cArthrex, Inc, Naples, FL, United States) 
Evaluation of serum and urine biomarker panels for developmental dysplasia of the hip 
prior to onset of secondary osteoarthritis, Journal of Orthopaedics (2023): 24-29 

Objective-Evaluate serum and urine biomarker panels for their capabilities in discriminating 
between individuals (13–34-years-old) with healthy hips versus those with developmental 
dysplasia of the hip (DDH) prior to diagnosis of secondary hip osteoarthritis (OA). 

Design-Urine and serum were collected from individuals (15–33 years old) with developmental 
dysplasia of the hip, prior to and following diagnosis of hip osteoarthritis (OA), and from age-
matched healthy-hip controls. Samples were analyzed for panels of protein biomarkers with 
potential for differentiation of hip status using receiver operator characteristic curve (area under 
curve (AUC)) assessments. 

Results-Multiple urine and serum biomarker panels effectively differentiated individuals with 
DDH from healthy-hip controls in a population at risk for developing secondary hip OA with the 
best performing panel demonstrating an AUC of 0.959. The panel comprised of two serum and 
two urinary biomarkers provided the highest combined values for sensitivity, 0.85, and 
specificity, 1.00, while a panel of four serum biomarkers provided the highest sensitivity, 0.93, 
while maintaining adequate specificity, 0.71. 

Conclusion-Results of this indicate that panels of protein biomarkers measured in urine and 
serum may be able to differentiate young adults with DDH from young adults with healthy hips. 
These data suggest the potential for clinical application of a routine diagnostic method for cost-
effective and timely screening for DDH in at-risk population. Further development and 
validation of these biomarker panels may result in highly sensitive and specific tools for early 
diagnosis, staging, and prognostication of DDH, as well as treatment decision making and 
monitoring capabilities. 

Keywords: Dysplasia; Osteoarthritis; Biomarker; Mechanism 

Elena Fountzilas, Henry Hiep Vo, Peter Mueller, Razelle Kurzrock, Apostolia-Maria 
Tsimberidou. (aDepartment of Medical Oncology, St Luke's Clinic, Thessaloniki, Greece, 
bEuropean University Cyprus, Limassol, Cyprus, cThe University of Texas MD Anderson 
Cancer Center, Department of Investigational Cancer Therapeutics, Houston, TX, USA, 
dDepartment of Statistics and Data Science, The University of Texas at Austin, Austin, TX, 
USA, eWIN Consortium for Precision Medicine, Paris, France, fMedical College of 
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Wisconsin, Milwaukee, WI, USA). Correlation Between Biomarkers and Treatment 
Outcomes in Diverse Cancers: A Systematic Review and Meta-Analysis of Phase I and II 
Immunotherapy Clinical Trials, European Journal of Cancer (2023): 112927 

Background-Many immuno-oncology (IO) trials are conducted without biomarker selection. We 
performed a meta-analysis of phase I/II clinical trials evaluating immune checkpoint inhibitors 
(ICIs) to determine the association between biomarkers and clinical outcomes, if any. 

Methods-A PubMed search for phase I/II clinical trials with drugs approved by the Food and 
Drug Administration (labeled, off-label, combined with investigational ICIs or other treatment 
modalities) from 2018 to 2020 was performed. The objective response rate (ORR), progression-
free survival (PFS), and overall survival (OS) were compared between biomarker-positive and 
biomarker-negative groups, using studies that explored the correlation of biomarkers with 
outcomes. 

Results-Overall, 174 clinical studies that included 19,178 patients were identified and 132 
studies investigated >30 correlative biomarkers, that included PD-L1 expression (≥1%, 111 
studies), tumor mutational burden (20 studies), and microsatellite instability/mismatch repair 
deficiency (10 studies). Overall, 123, 46, and 30 cohorts (drugs, tumor types, or biomarkers) 
with 11,692, 3,065, and 2,256 patient outcomes for ORR, PFS, and OS, respectively, were 
analyzed in correlation with biomarkers. Meta-analyses demonstrated that ICIs in patients with 
biomarker-positive tumors were associated with higher ORR (odds ratio 2.15 [95% CI, 1.79-
2.58], p<0.0001); and longer PFS (hazard ratio [HR] 0.55 [95% CI, 0.45-0.67], p<0.0001), and 
OS (HR 0.65 [95% CI, 0.53-0.80], p<0.0001) compared with those with biomarker-negative 
tumors. Significance for ORR and PFS was retained in multivariate analysis (p<0.001) (OS, not 
included owing to the small number of trials reporting OS). 

Conclusion-Our data suggest that IO biomarkers should be used in patient selection for ICIs. 
Prospective studies are warranted. 

Keywords: Immune checkpoint inhibitor; Immunotherapy; Meta-analysis; Tumor biomarker 

B. Villanueva, P. Cerdà, R. Torres-Iglesias, J.L. Rocamora, A. Figueras, F. Viñals, A. 
Riera-Mestre. (aHHT Unit. Internal Medicine Department, Hospital Universitari Bellvitge, 
Barcelona, Spain, bBellvitge Biomedical Research Institute (IDIBELL), Barcelona, Spain, 
cProgram Against Cancer Therapeutic Resistance, Institut Catala d'Oncologia, Hospital 
Duran i Reynals, Barcelona, Spain, dOncobell Program, Bellvitge Biomedical Research 
Institute (IDIBELL), Barcelona, Spain, eFaculty of Medicine and Health Sciences, 
Universitat de Barcelona, Barcelona, Spain). Potential angiogenic biomarkers in hereditary 
hemorrhagic telangiectasia and other vascular diseases, European Journal of Internal 
Medicine (2023):10-17 

Biomarkers are new tools framed in precision and personalized medicine. Hereditary 
hemorrhagic telangiectasia (HHT) is a rare genetic vascular disease with disturbances in the 
angiogenic pathways. Descriptive evidence supports that some angiogenesis-related molecules 
are differently detected in HHT patients compared to healthy subjects. These molecules are also 
related to diagnosis, prognosis, complications and therapy monitoring in other common vascular 
diseases. Despite the need for improving knowledge before applying them in daily clinical 
practice, there are good candidates to be considered as potential biomarkers in HHT and other 
vascular diseases. In the present review, the authors aim to summarize and discuss current 
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evidence regarding the main putative angiogenic biomarkers by describing the biological role of 
each biomarker, the evidence related to HHT and their potential use in this and other common 
vascular diseases from a clinical point-of-view. 

Keywords: Hereditary hemorrhagic telangiectasia; Biomarkers; Translational medicine; 
Angiogenesis; Rare diseases 

 

Biofertilizer 

G.S. Rieder, D.C. Zamberlan, L.F.O. Silva, B.C. Borin, A.P. Schuch, J.B.T. da Rocha. 
(aPrograma de Pós-Graduação em Ciências Biológicas: Bioquímica Toxicológica, 
Departamento de Bioquímica e Biologia Molecular, Universidade Federal de Santa Maria, 
Santa Maria, RS, Brazil, bDepartment of Civil and Environmental, Universidad De La 
Costa, Calle 58 #55-66, 080002 Barranquilla, Atlantico, Colombia). Toxicological and 
behavioral analyses indicates the safety of a biofertilizer in the non-target D. melanogaster. 
Science of The Total Environment, Volume 873 (2023): 162150 

The demand for food to feed the growing world population has been promoting the 
indiscriminate use of chemical fertilizers, which can be detrimental to the environment. In order 
to maintain high crop productivity without damaging the ecosystem, biofertilizers have emerged 
as alternative to reduce the use of chemical fertilizers. So, environmentally safer biofertilizer can 
replace the exploitation of more toxic chemical fertilizer. Here, the fly Drosophila melanogaster 
was used to study the potential toxicity of the biofertilizer Beifort®. Flies were exposed to high 
concentrations of Beifort® in the diet (1.8 mL/L, 9.0 mL/L and 18 mL/L), and morphological 
and behavioral endpoints of toxicity were analyzed (development from egg to adult age, flies 
longevity, climbing performance, memory and learning of an associative learning, larvae 
digestive tract damage and plasmid DNA break). Beifort® did not modify flies development, 
survival, digestive track cell damage, locomotor activity or memory. Beifort® did not induce 
DNA breakage in vitro and had no toxicity to the non-target D. melanogaster after in vivo 
exposure. Thus, in addition of promoting the sustainable use of agricultural wastes, the 
exploitation of Beifort® can contribute to decrease the use of chemical fertilizers. 

Keywords: Biofertilizer; Toxicity; Drosophila melanogaster; Beifort; Behavior; Development 

Sonu Saini, Ramesh Chander Kuhad, Krishna Kant Sharma. ( aLaboratory of Enzymology 
and Recombinant DNA Technology, Department of Microbiology, Maharshi Dayanand 
University, Rohtak 124001, Haryana, India, bD P G Institute of Technology and 
Management, Sector-34, Gurugram, Haryana, India) Valorization of rice straw biomass 
for co-production of bioethanol, biopesticide and biofertilizer following an eco-friendly 
biorefinery process, Process Safety and Environmental Protection, Volume 173 (2023): 
823-836 

Combustion and depletion of fossil fuels, open burning of agricultural wastes, and use of 
hazardous chemicals in biofuels production route are some major challenges among scientific 
community. In the present study these obstacles were mitigated simultaneously. Initially, rice 
straw biomass was delignified using a combined eco-friendly laccase-assisted sodium chlorite 
(LASC) pretreatment. The combined pretreatment strategy of rice straw biomass reduced 55.6% 
lignin and increased the total available carbohydrate by 1.43 fold. Further, enzymatic digestion 
of LASC pretreated rice straw using a formulated cellulase cocktail from Aspergillus flavus 
MDU-5 and Trichoderma citrinoviride MDU-1 liberated 526.68 mg/g sugars with high 
saccharification yield (84.0%). The enzymatic hydrolysates thus obtained were found to contain 
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7.43–16.78 g/L sugars. The cellulolytic hydrolysates when fermented with Saccharomyces 
cerevisiae NCIM-3640 produced 3.02–7.28 g/L bioethanol, with high yield (72.96–85.31% of 
the theoretical value). Parallelly, lignin extracted from waste pretreatment stream showed 
biopesticidal activity against the larvae of H. armigera; whereas, the evaluation of residual 
material (after hydrolysis and fermentation) exhibited biofertilizer properties. These findings 
suggests that the environmentally benign LASC pretreatment, cellulase cocktail, and utilization 
of waste stream for the production of biopesticide and biofertilizer may provide a promising 
strategy in the development of holistic lignocellulosic biorefinery process. 

Keywords: Rice straw; Biorefinery; Pretreatment; Bioethanol; Biopesticide; Biofertilizer 

Thanh Ngoc-Dan Cao, Hussnain Mukhtar, Linh-Thy Le, Duyen Phuc-Hanh Tran, My Thi 
Tra Ngo, Mai-Duy-Thong Pham, Thanh-Binh Nguyen, Thi-Kim-Quyen Vo, Xuan-Thanh 
Bui. ( aDepartment of Bioenvironmental Systems Engineering, National Taiwan University, 
No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan, ROC, bFaculty of Public Health, 
University of Medicine and Pharmacy at Ho Chi Minh City (UMP), Ward 11, District 5, 
Ho Chi Minh city 72714, Viet Nam, cDepartment of Civil Engineering, Chung Yuan 
Christian University, Taoyuan 32023, Taiwan, ROC, dKey Laboratory of Advanced Waste 
Treatment Technology & Faculty of Environment and Natural Resources, Ho Chi Minh 
City University of Technology (HCMUT), 268 Ly Thuong Kiet Street, District 10, Ho Chi 
Minh City 700000, Viet Nam, eVietnam National University Ho Chi Minh (VNUT.HCM), 
Linh Trung ward, Ho Chi Minh City 700000, Viet Nam, fInstitute of Aquatic Science and 
Technology, National Kaohsiung University of Science and Technology, Kaohsiung City 
81157, Taiwan, ROC, gFaculty of Biology and Environment, Ho Chi Minh City University 
of Food Industry (HUFI), 140 Le Trong Tan street, Tan Phu district, Ho Chi Minh city 
700000, Viet Nam). Roles of microalgae-based biofertilizer in sustainability of green 
agriculture and food-water-energy security nexus, Science of The Total Environment, 
Volume 870 (2023): 161927 

For years, agrochemical fertilizers have been used in agriculture for crop production. However, 
intensive utilization of chemical fertilizers is not an ecological and environmental choice since 
they are destroying soil health and causing an emerging threat to agricultural production on a 
global scale. Under the circumstances of the increasing utilization of chemical fertilizers, 
cultivating microalgae to produce biofertilizers would be a wise solution since desired 
environmental targets will be obtained including (1) replacing chemical fertilizer while 
improving crop yields and soil health; (2) reducing the harvest of non-renewable elements from 
limited natural resources for chemical fertilizers production, and (3) mitigating negative 
influences of climate change through CO2 capture through microalgae cultivation. Recent 
improvements in microalgae-derived-biofertilizer-applied agriculture will be summarized in this 
review article. At last, the recent challenges of applying biofertilizers will be discussed as well as 
the perspective regarding the concept of circular bio-economy and sustainable development 
goals (SDGs). 

Keywords: Biofertilizer; Carbon capture; Circular bioeconomy; Microalgae cultivation; 
Sustainable development goals 

Pankaj Kumar Singh, Abhishek Saxena, Rashi Tyagi, Raveendran Sindhu, Parameswaran 
Binod, Archana Tiwari. ( aDiatom Research Laboratory, Amity Institute of Biotechnology, 
Amity University, Noida, India, bDepartment of Food Technology, T K M Institute of 
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Technology, Kollam 691 505, Kerala, India, cMicrobial Processes and Technology Division, 
CSIR- National Institute for Interdisciplinary Science and Technology (CSIR-NIIST), 
Trivandrum 695 019, Kerala, India). Biomass valorization of agriculture wastewater 
grown freshwater diatom Nitzschia sp. for metabolites, antibacterial activity, and 
biofertilizer, Bioresource Technology, Volume 377 (2023): 128976 

The sustainable utilization of agricultural wastewater is a major global challenge. This study 
evaluated the impact of agricultural fertilizer on the biomass potential of Nitzschia sp. for 
metabolite production, antibacterial activity, and slow release biofertilizer. Cultivation of 
Nitzschia sp. in agriculture wastewater (0.5 mg ml−1) exhibited maximum cell density (12×105 
cells ml−1), protein content (10.0 mg g−1), and lipid content (14.96%). Carbohydrate and phenol 
content increases in a dose-dependent manner with 8.27 mg g−1 and 2.05 mg g−1 at a 
concentration of 2 mg ml−1 respectively. There was a 2.1-fold increment in chrysolaminarin 
content. Both gram-negative and gram-positive bacteria were susceptible to the antibacterial 
activity of the biomass. The effects of using diatom biomass as a biofertilizer were evaluated on 
the growth of periwinkle plants, which showed significant improvements in leaf development, 
branching at an early stage, flowering, and a marked increase in shoot length. Diatom biorefinery 
holds immense potential in addressing agriculture wastewater recycling and sustainable 
generation of high-value compounds. 

Keywords: Nitzschia sp.; Non-point pollution; Diatom; Catharanthus roseus; Agriculture 
fertilizer 

Sikudhani Yahaya Mponda, Joong Kyun Kim. ( aKOICA-PKNU International Graduate 
Program of Fisheries Science, Graduate School of Global Fisheries, Pukyong National 
University, Busan 48513, the Republic of Korea, bFisheries Education and Training Agency 
(FETA), PO. Box 83, Bagamoyo, Tanzania, cDepartment of Biotechnology, Pukyong 
National University, Busan 48513, the Republic of Korea). Sustainable, quality biofertilizer 
produced from Nile perch (Lates niloticus) wastewater using three Bacillus species: 
Demonstration in barley hydroponics, Journal of Environmental Chemical Engineering, 
Volume 11, Issue 3 (2023): 110037 

Although substantial quantities of Nile perch waste/wastewater are generated in Northeastern 
and Central Africa, only a small fraction of Nile perch waste is reutilized, with the resultant 
environmental pollution threatening aquatic life. Therefore, it was investigated whether Nile 
perch wastewater (NPWW) can be processed to produce a quality biofertilizer and thus 
completely reused. To achieve this purpose, NPWW degradation was conducted in a 1 L flask 
for 72 h using a microbial consortium of three Bacillus species. After 72 h biodegradation, the 
number of viable cells was 5.6 × 107 CFU/mL, the degree of protein hydrolysis was 48.7%, and 
the removal efficiency of chemical oxygen demand concentration and total nitrogen in NPWW 
was 52.5% and 44.0%, respectively, with C/N ratios of 5.5−6.4. Small molecules resulting from 
biodegradation comprised 52.9% hydrophilic amino acids and exhibited 73.9%, 98.9%, and 
93.3% of free radical-scavenging activity for DPPH, ABTS, and OH-, respectively. The resultant 
biofertilizer was non-phytotoxic beyond a 50-fold dilution, and a 1000-fold dilution of the 
biofertilizer in barley hydroponics resulted in significantly higher stem and leaf growth than the 
control and commercial fertilizer. The biofertilizer-fed barley leaves exhibited a higher 
production of photosynthetic pigments and significantly higher antioxidant activity (92.5% for 
DPPH and 91.8% for ABTS) than the leaves in the control and commercial fertilizer groups. 
These findings indicate that the biodegraded NPWW rich in small molecules can be used as a 
biostimulant for sustainable agriculture. 
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biofertilizer; Barley hydroponics 

Graciela Beatris Lopes, Ademir Goelzer, Tharyn Reichel, Mário Lúcio Vilela de Resende, 
Whasley Ferreira Duarte. ( aPostgraduate Program in Plant Biotechnology. University of 
Lavras (UFLA) – Campus Universitário, CEP 37200-900, Lavras, MG, Brazil, 
bDepartment of Plant Pathology, University of Lavras (UFLA) – Campus Universitário, 
CEP 37200-900, Lavras, MG, Brazil, cDepartment of Biology, University of Lavras (UFLA) 
– Campus Universitário, CEP 37200-900, Lavras, MG, Brazil). Potential of Desmodesmus 
abundans as biofertilizer in common bean (Phaseolus vulgaris L.), Biocatalysis and 
Agricultural Biotechnology, Volume 49 (2023): 102657 

Microalgae are source of macro- and micronutrients, phytohormones, lipids and carbohydrates, 
in addition to having an excellent adaptive capacity to the most diverse environments. Due to 
this, they have gained prominence in the biofertilizer industry. In this work, we evaluated the 
potential Desmodesmus abundans L2B Bold biofertilizer in bean cultivar “Pérola”. Microalgal 
biomass (107 cells mL−1) was applied to bean plants by manual irrigation starting at 15 days 
after sowing (DAS) and then every 10 days thereafter. The total number of pods and seeds, leaf 
fresh and dry mass, root dry mass, and total fresh and dry mass were positively influenced by 
microalgae biofertilizer. The leaf pigments were significantly (p < 0.05) increased with the use 
of D. abundans L2B Bold. This increase was of approximately 30% in chlorophyll a and b 
content with the application of biofertilizer 17 DAS and 7% in the middle of the crop cycle (37 
DAS). The biofertilizer also significantly (p < 0.05) impacted foliar enzymatic activity with 
superoxide dismutase (SOD) being increased during all the crop cycle. Phenylalanine ammonia-
lyase (PAL) presented higher activity under microalgae use, being increased approximately 
120%–1500% in biofertilized plants in the middle and at the end of the crop cycle, respectively. 
There were significant(p < 0.05) increases in K and Ca of seed beans contents with the 
application of biofertilizer. Based on our results, we conclude that D. abundans L2B Bold has 
great potential for use as a biofertilizer in bean crop. 

Keywords: Microalgae; Plant growth; Biofertilization; Bean mineral composition 

Mateusz Mącik, Agata Gryta, Lidia Sas-Paszt, Magdalena Frąc. ( aInstitute of Agrophysics, 
Polish Academy of Sciences, Doświadczalna 4, 20-290 Lublin, Poland, bInstitute of 
Horticulture in Skierniewice, Pomologiczna 18, 96-100 Skierniewice, Poland). New insight 
into the soil bacterial and fungal microbiome after phosphorus biofertilizer application as 
an important driver of regenerative agriculture including biodiversity loss reversal and soil 
health restoration, Applied Soil Ecology, Volume 189 (2023): 104941 

At present, the exploitation of biofertilizers is revealing the vast potential for the advancement of 
sustainable and organic agriculture and the improvement of arable soil quality. Therefore, we 
investigated the capacity of an innovative phosphorus biofertilizer to enhance the activity and 
diversity of the soil microbiome inhabiting chemically degraded soil (type Abruptic Luvisol). 
The two-year field experiment comprised a control treatment (FC) devoid of microbial 
enrichment, an optimal dose of fertilizer containing beneficial microorganisms (FA100) and a 
dose of fertilizer that was 40 % below this optimal level and contained microorganisms (FA60). 
Phosphorus biofertilizer increased soil enzymatic activity immediately after application and 
between the corresponding treatments in subsequent sampling times, it alleviated the effects of 
metabolic stress, improved phytoavailable phosphorus content and increased maize yield. 



Department of Environmental Science (DESKU), KU                            

60                                                             Abstract Vol. No. 42, June 2023 

Identification based on the terminal restriction fragments size revealed the presence of 
microorganisms important for soil health such as phosphorus solubilizers, nitrogen fixers, 
biological control agents, entomopathogens, mycorrhizal fungi, bioremediators and plant growth 
promoters. Next Generation Sequencing (NGS) showed that the application of phosphorus 
biofertilizer changed the relative abundance of different microbial phyla, classes and orders, 
increased the diversity of soil microorganisms and indicated that the composition of the soil 
microbiome was also dependent on the sampling time. The prediction of bacterial community 
function using PICRUSt demonstrated that the application of biofertilizer raised the number of 
functional sequences associated with metabolism and cell processes, including phosphorus 
compound pathways. FUNGuild showed that saprotrophic and symbiotrophic fungi were more 
abundant in microbiologically enriched treatments. Our results proved that the phosphorus 
biofertilizer used offers a sustainable and promising solution to the problem of reducing 
traditional mineral fertilizer inputs while ensuring soil microorganism welfare and enhancing 
land productivity, and, what is more, it can be effectively exploited in regenerative agriculture 
and as a factor used to enhance resilience to climate change. 

Keywords: Biofertilizer; Microbial diversity; Climate change; Sustainable agriculture; 
Degraded soil; Soil phosphorus 

Zhiping Zhang, Fuke Ai, Yameng Li, Shengnan Zhu, Qiyou Wu, Zhisai Duan, Hanchuan 
Liu, Liyang Qian, Quanguo Zhang, Yang Zhang. ( Key Laboratory of New Materials and 
Facilities for Rural Renewable Energy, MOA of China, Henan Agricultural University, 
Zhengzhou 450002, China) Co-production process optimization and carbon footprint 
analysis of biohydrogen and biofertilizer from corncob by photo-fermentation, Bioresource 
Technology, Volume 375(2023): 28814 

In this study, corncob was taken as substrate, the co-production process of biohydrogen and 
biofertilizer by photo-fermentation was investigated and its carbon footprint analysis was 
conducted to evaluate the carbon transfer pathway. Biohydrogen was produced by photo-
fermentation, and the hydrogen producing residues were immobilized by sodium alginate. 
Cumulative hydrogen yield (CHY) and nitrogen release ability (NRA) was taken as references, 
and the effect of substrate particle size on the co-production process was evaluated. Results 
showed that due to the porous adsorption properties, corncob size of 120 mesh was the optimal 
one. Under that condition, the highest CHY and NRA were 71.16 mL/g TS and 68.76%, 
respectively. The carbon footprint analysis indicted that 7.9% carbon element was released as 
carbon dioxide, 78.3% carbon element was immobilized in the biofertilizer, and 13.8% carbon 
element was lost. This work is significant of the biomass utilization and clean energy production. 

Keywords: Corncob size; Carbon footprint; Cumulative hydrogen yield; Nitrogen release 

Tianyu Du, Qufei Hu, Haiyun He, Wenjing Mao, Zhou Yang, Hong Chen, Linna Sun, 
Meizhi Zhai. ( aCollege of Forestry, Northwest A&F University, Yangling, Shaanxi, China, 
bTaiyuan State-Owned Forest Farm, Taiyuan, Shanxi, China, cShannxi Walnut 
Engineering Technology Research Center, Yangling, China). Long-term organic fertilizer 
and biofertilizer application strengthens the associations between soil quality index, 
network complexity, and walnut yield, European Journal of Soil Biology, Volume 116 
(2023): 103492 

Although various combinations of organic-inorganic fertilizers can enhance plant yields, the 
effects of different fertilization regimes on the associations between rhizosphere soil 
microorganisms and plant productivity are poorly understood. In this study, we investigated the 
rhizosphere soil microbial composition and structure and the relationships among rhizospheric 
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microorganisms, soil properties, and yield in a walnut (Juglans regia L.) orchard after 7 years of 
applying different fertilization regimes. The combinations of organic and inorganic fertilizers 
were found to enhance walnut yield, soil quality index (SQI), and soil biodiversity (bacterial and 
fungal) (P < 0.05). The soil microbial community composition and co-occurrence networks of 
rhizosphere soil (RS) and bulk soil (BS) showed different responses to fertilization. Bacillus and 
Pseudomonas were mainly enriched in RS, whereas Fusarium was significantly more abundant 
in BS (P < 0.05) under a combined chemical fertilizer, organic fertilizer, and biofertilizer 
treatment (F + O + BO). Network analysis revealed that organic fertilizer and biofertilizer 
reduced the competition and network complexity among rhizosphere microbial communities 
(edges: RS = 388, BS = 967; modularity: RS = 0.790, BS = 0.834). Furthermore, SQI, microbial 
diversity, and network complexity were significantly correlated with walnut yield (P < 0.01), 
among which SQI explained the highest proportion of the variation in yield (SOI: RS = 78.02%; 
BS = 81.18%). In addition, both yields and soil microbial community composition were 
significantly affected by pH, SOM, TN, and SMBN. Collectively, these findings have important 
implications for our understanding of the relationship between woody plants and rhizospheric 
microorganisms. 

Keywords: Long-term fertilization; Soil properties; Rhizosphere soil microorganism; Yield 

 

Biocomposting 

Ana Karolina de Souza Mendes, Maria do Perpetuo Socorro Progene Vilhena, Michele 
Velasco Oliveira Silva, José Francisco Berrêdo, Marcondes Lima da Costa, Maria José de 
Sousa Trindade. (aFederal Rural University of Amazon-UFRA, Campus Belém, PA, Brazil, 
bMuseum Goeldi, Coordination of Earth Sciences and Ecology, Avenue, Perimetral, 1901, 
CEP, 66077-530, Terra Firme, Belém, Para, Brazil, cFederal University of Pará-UFPA, 
Institute of Geosciences and Institute of Technology, Avenue Augusto Corrêa, 01, CEP, 
66075-110, Guamá, Belém, Para, Brazil). Solid bio-compost as a nutrient source for family 
farming. Journal of Agriculture and Food Research, Volume 12, (2023): 100575  

This study aimed to demonstrate the importance of goat manure, sawdust, and green waste 
(lettuce, potatoes, carrots, and cabbage) as nutrient sources for soil and crops in family farming. 
Macro and micronutrient concentrations were determined. Two bio-composts were formed, one 
with a mixture of goat manure, sawdust and agricultural waste and the other without manure 
only sawdust and agricultural waste. The physicochemical properties of the soil, residues, and 
bio-compost were measured. Sawdust had high total organic carbon (TOC) and low total 
nitrogen (TN), P, K, Ca, and Mg levels, whereas goat manure had high TOC, TN, K, Ca, Mg, 
and P levels. The soil treated with the solid bio-composts (with and without goat manure) had 
significant effects, with the pH value reaching 7.0, suggesting that the bio-composts were safe 
for agricultural use. The manure bio-compost was rich in TOC, TN, P, Ca, and K macronutrients 
but poor in Mg. The manure-free bio-compost had high TOC and TN levels. However, both bio-
composts had low C:N ratios. Finally, the experiments revealed high Fe and Mn and low Cu and 
Zn concentrations. These results clearly revealed that growth of maximum plant height (71 cm) 
were significantly influenced by bio-compost and suggest that the levels of TOC, TN, P, K, Ca, 
Mg, Fe, Mn, Cu, and Zn were reliable and thus do not present restrictions for agricultural use. 
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Golafarin Ghoreishi, Raquel Barrena, Xavier Font. (GICOM research group, Department 
of Chemical, Biological and Environmental Engineering, Universitat Autònoma de 
Barcelona, Edifici Q, Carrer de les Sitges, 08193 Bellaterra (Cerdanyola del Vallès), 
Barcelona, Spain). Using green waste as substrate to produce biostimulant and biopesticide 
products through solid-state fermentation, Waste Management, Volume 159 (2023): 84-92 

Although the use of green waste as a substrate in different types of microbial bioprocessing has a 
major impact on improving green waste valorization, very little information has been provided 
on this issue. The purpose of this paper is to study the feasibility of using green waste to produce 
a biostimulant (Indole-3-acetic acid (IAA)) and biopesticide (conidial spore) through solid-state 
fermentation. Trichoderma harzianum was selected as the inoculum of the process and the green 
waste was a mixture of grass clippings and pruning waste. An experiment was designed to study 
the effect of tryptophan concentration, proportion of grass and pruning waste, and substrate 
moisture on IAA and spore production. The results show that washing and using phosphate 
buffer has a beneficial effect on green waste quality in terms of bioproduction. The maximum 
IAA and spore productions reported in the current study were 101.46 µg g−1 dry matter and 
3.03 × 109 spore g−1 dry matter, respectively. According to the results, IAA production 
increases with a higher amount of tryptophan and grass. However, the number of spores 
increased with lower amounts of tryptophan and grass. The model suggested the following 
optimized parameters for the production of spores and IAA: tryptophan 0.45 %, grass 61 %, and 
moisture 74 %. The effect of fermentation time was also studied, and the results show that the 
maximum IAA and spore production was obtained on days 3 and 7, respectively. 

Keywords: Green waste; Solid-state fermentation; Trichoderma harzianum; Indole-3-acetic acid 

Regina W. Mwanauta, Patrick A. Ndakidemi, Pavithravani B. Venkataramana. (aSchool of 
Life Sciences and Bioengineering (LiSBE), Nelson Mandela African Institution of Science 
and Technology, P.O. Box 447, Arusha, Tanzania, bTanzania Plant Health and Pesticides 
Authority (TPHPA), P.O BOX 3024, Arusha, Tanzania). Biopesticide efficacy of four plant 
essential oils against papaya mealybug, Paracoccus marginatus Williams and Granara de 
Willink (Hemiptera: Pseudococcidae), Heliyon, Volume 9, Issue 3 (2023): e14162 

Worldwide, P. marginatus causes 75% of estimated economic loss in papaya farming, with an 
increase in production costs. The extract of plant essential oils (PEO) has the potential to control 
P. marginatus by degrading its wax coatings to death; however, it is less studied in the East 
African agroecosystem. Therefore, this study was conducted to evaluate the efficacy of four PEO 
from (neem, citrus, garlic, and castor) against P. marginatus at different concentrations (0.5%, 
1%, and 1.5%) with and without 0.2% adjuvants separately as a biopesticide. The experiment 
was conducted in a completely randomized design with four replications per treatment 
concentration. The papaya seeds (Carina variety) were used in the experiment. After 3 weeks 
from transplanting, 50 P. marginatus specimens were inoculated in each plant. Before treatment 
application, insect abundance, leaf curling, yellowing, and soot mold were assessed. Then, 24 h, 
48 h, and 72 h after biopesticide application, insect mortality was assessed. The results showed a 
significant difference (p = 0.001) for all assessment intervals in PEOs. However, for the PEOs in 
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combination with the adjuvants, the results were significantly different (p = 0.001) only at 24 h. 
It was found that among the biopesticides, neem oil (1.5%) + isopropyl alcohol was highly 
effective (95.5%) after 72 h followed by (Imidacloprid (91%), citrus oil 1.5% (90.7%) and neem 
oil (1.5%) + paraffin oil (81.0%). But also, there were significant differences among treatments 
on leaf curling, yellowing, and soot mold reduction in papaya plants 21 days after spray. We 
conclude that neem oil (1.5%) + 0.2% isopropyl alcohol, neem oil (1.5%) + paraffin oil, and 
citrus oil (1.5%) significantly controlled P. marginatus. Thus, we recommend adopting these 
formulations for papaya farmers to control P. marginatus in their farms; however, simple 
formulations which can be easily accessed by smallholder farmers are essential. 

Keywords: Adjuvants; Botanical pesticides; Carica papaya; Invasive pests; Pest management 
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Haitai Dong, Xingzu Wang, Shun Lu, Ye Ma, Cheng Song, Sha Wang, Hong Liu. 
(aChongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, 
Chongqing 400714, China, bChongqing School, University of Chinese Academy of Sciences, 
Chongqing 400714, China, cniversity of Chinese Academy of Sciences, Beijing 100049, 
China). Microbial fuel cell-based biosensor for monitoring anaerobic biodegradation of 
poly (3-hydroxybutyrate-co-4-hydroxybutyrate), Polymer Degradation and Stability, 
Volume 214 (2023): 110409 

Poly-3-hydroxybutyrate-co-4-hydroxybutyrate (P34HB) polymer, which is a common type of 
polyhydroxyalkanoates (PHAs), may provide alternative solutions to the white pollution issues. 
In this study, its anaerobic biodegradation was investigated through the microbial fuel cell 
(MFC) system, by monitoring several parameters, including the time-dependent changes in the 
electrical signals, the concentration of the P34HB degradation products, biogas production, the 
weight loss of P34HB films, and the morphological and chemical structure of the test materials 
during the degradation. Notably, the electrical signal was selected as an indicator to online 
monitor the anaerobic biodegradation of P34HB films. After 40 days of degradation, the 
coulombic yield biodegradability (Q-biodegradability) of P34HB films reached 37.59%. A linear 
relationship among the weight loss biodegradability of P34HB films and Q-biodegradability with 
high correlation coefficient of R2 = 0.998 was established. The results suggested that the 
anaerobic biodegradability of P34HB films can be efficient measured by using the Q-
biodegradability compared to conventional methods. Microbial community analysis also 
indicated that the genus Desulfovibrio and Enterobacter contributed to the biodegradation of 
P34HB films and the electrical signals production via the cooperation among other 
microorganisms. This study presented the online monitoring of the anaerobic biodegradation of 
P34HB films through MFC-based sensors, which provided an alternative approach to evaluate 
the anaerobic biodegradability of biodegradable plastics. 

Keywords: Microbial fuel cell (MFC); P34HB films; Anaerobic biodegradation; Electrical 
signals; Microbial community 

Aubrey Dickson Chigwada, Memory Tekere. (Department Environmental Sciences, 
College of Agriculture and Environmental Sciences, University of South Africa (UNISA), 
Florida Campus, Roodepoort, 1709, South Africa). The plastic and microplastic waste 
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menace and bacterial biodegradation for sustainable environmental clean-up a review, 
Environmental Research, Volume 231, Part 1 (2023): 116110 

Environment plastic litter accumulation is a significant concern, needing urgent advancements in 
plastic waste management. Recent investigations into plastic biodegradation by bacteria and 
their enzymes are creating exciting unique opportunities for the development of biotechnological 
plastic waste treatment methods. This review summarizes information on bacterial and 
enzymatic biodegradation of plastic in a wide range of synthetic plastics such as polyethylene 
terephthalate (PET), polyethylene (PE), polypropylene (PP), polystyrene (PS), polyurethane 
(PUR), polytetrafluoroethylene (PTFE) and polyvinyl chloride (PVC). Plastic biodegradation is 
facilitated by Acinetobacter, Bacillus, Brevibacillus, Escherichia, Pseudomonas, Micrococcus, 
Streptomyces, and Rhodococcus bacteria, and enzymes such as proteases, esterases, lipases, and 
glycosidases. Molecular and analytical procedures used to analyze biodegradation processes are 
outlined, as are the obstacles in verifying plastic breakdown using these methods. Taken 
together, the findings of this study will contribute significantly to the construction of a library of 
high-efficiency bacterial isolates and consortiums and their enzymes for use in plastic 
biosynthesis. This information is useful to researchers investigating plastic bioremediation and a 
supplement to the scientific and grey literature already accessible. Finally, the review focuses on 
expanding the understanding of bacterial capacity to break-down plastic utilizing modern 
biotechnological methods, bio-nanotechnological-based materials, and their future role in 
resolving pollution problems. 

Keywords: Biodegradation; Microbial consortium; Plastic waste; Plastic remediation 

Subramani Abilaji, Kuppusamy Sathishkumar, Jayaraman Narenkumar, Mohamad S. 
Alsalhi, Sandhanasamy Devanesan, Punniyakotti Parthipan, Balakrishnan Muthuraj, 
Aruliah Rajasekar. (aEnvironmental Molecular Microbiology Research Laboratory, 
Department of Biotechnology, Thiruvalluvar University, Vellore, 632 115, Tamil Nadu, 
India, bRhizosphere Biology Laboratory, Department of Microbiology, Bharathidasan 
University, Tiruchirappalli, 620 024, Tamil Nadu, India, cDepartment of Environmental & 
Water Resources Engineering, School of Civil Engineering, Vellore Institute of 
Technology, Vellore, 632 014, Tamil Nadu, India, dDepartment of Physics and Astronomy, 
College of Science, King Saud University, P.O. Box 2455; Riyadh, 11451, Saudi Arabia, 
eDepartment of Biotechnology, Faculty of Science and Humanities, SRM Institute of 
Science and Technology, Kattankulathur, Chengalpattu, Tamil Nadu 603 203, India, 
fCenter for Membrane and Cell Physiology, Department of Molecular Physiology and 
Biological Physics, University of Virginia, School of Medicine, Charlottesville, Virginia 
22903, United States). Sequential photo electro oxidation and biodegradation of textile 
effluent: Elucidation of degradation mechanism and bacterial diversity, Chemosphere, 
Volume 331 (2023): 138816 

Textile effluent contains a highly toxic and refractory azo dyes. Eco-friendly method for efficient 
decolorization and degradation of textile effluent is essential. In the present study, treatment of 
textile effluent was carried through sequential electro oxidation (EO) and photo electro oxidation 
(PEO) using RuO2–IrO2 coated titanium electrode as an anode and cathode followed by 
biodegradation. The pre-treatment of textile effluent by photo electro oxidation for 14 h 
exhibited 92% of decolorization. Subsequent biodegradation of the pre-treated textile effluent 
enhanced the reduction of chemical oxygen demand to 90%. Metagenomics results exhibited that 
Flavobacterium, Dietzia, Curtobacterium, Mesorhizobium, Sphingobium, Streptococcus, 
Enterococcus, Prevotellaand Stenotrophomonas bacterial communities majorly involved in the 
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biodegradation of textile effluent. Hence, integrating sequential photo electro oxidation and 
biodegradation proposed an efficient and eco-friendly approach for treating textile effluent. 

Keywords: Textile effluent; Electrooxidation; Metagenomics; Biodegradation 

Zhuowei Cheng, Deng Shou, Peng Zhao, Jianmeng Chen, Jingkai Zhao, Jianming Yu, 
Shihan Zhang, Yanhong Guan. (aZhejiang University of Technology, College of 
Environment, HangZhou, 310014, China, bSchool of Petrochemical Engineering & 
Environment, Zhejiang Ocean University, Zhoushan, 316004, China, cKey Laboratory of 
Microbial Technology for Industrial Pollution Control of Zhejiang Province, Hangzhou, 
310014, China).  Aerobic biodegradation of trichloromethane by Stenotrophomonas sp. 
GYH and its biodegradation mechanism analysis, International Biodeterioration & 
Biodegradation, Volume 180 (2023): 105585 

A new strain, Stenotrophomonas maltophilia GYH, used trichloromethane (TCM) as the only 
carbon source for its growth was isolated. This strain was the first reported bacterium with TCM 
aerobic degradation ability. The initial TCM concentration of 8.93 mg·L-1 resulted in a 
degradation efficiency of 100% and a mineralization efficiency of 52% under the role of the 
strain. Based on the carbon balance and chlorine balance, the strain GYH could convert about 
40 μg organic C contained by TCM to 20.4 μg inorganic C and 19.4 μg C by biomass, along 
with the complete dechlorination of TCM in 84 h. The maximum specific growth and 
biodegradation rates were 0.078 and 0.018 h-1, respectively. Two TCM-degrading genes were 
cloned and successfully expressed in the constructed strains, with 66.45% and 23.61% 
dechlorination efficiency. In combination with gas and ion chromatography detection and 
genetic analysis, an aerobic biodegradation pathway of TCM was proposed. TCM was finally 
converted to CO2, Cl-, and biomass under the aerobic degradation of the GYH. Such results 
supply fundamental knowledge for future research to effectively explain the molecular 
mechanism of TCM aerobic biodegradation and expand the potential industrial application of 
TCM biodegradation in polluted environments. 

Keywords: TCM; Aerobic biodegradation; Dechlorination; Genetic analysis; Biodegradation 
pathway 

Louisa F. James-Pearson, Kevin J. Dudley, Valentino Setoa Junior Te'o, Bharat K.C. 
Patel. (1School of Biology and Environmental Science, Queensland University of 
Technology, Brisbane, Queensland, Australia). A hot topic: thermophilic plastic 
biodegradation, Trends in Biotechnology (2023): 
https://doi.org/10.1016/j.tibtech.2023.03.016 

Biological degradation of plastic waste is an environmentally and economically friendlier 
alternative to current recycling practices and enables the cycling of plastic monomers back into 
virgin-quality plastics. However, due to slow reaction rates, there is a lack of an industrially 
viable biodegradation strategy for most plastics. Here, we highlight the applicability of a 
thermophilic biodegradation strategy over a mesophilic approach, to enhance enzyme 
accessibility and catalyze plastic biodegradation. Thus, at reactions closer to the melting 
temperature or glass transition temperature of plastics, thermophilic reactions can offer an 
alternative direction to conventional plastic biodegradation strategies. 

Keywords: mesophilic; plastic biodegradation; pretreatment; protein engineering; thermophilic 
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Crystal Xue Er Thew, Zhi Sen Lee, Penjit Srinophakun, Chien Wei Ooi. (aChemical 
Engineering Discipline, School of Engineering, Monash University Malaysia, Jalan Lagoon 
Selatan, 47500 Bandar Sunway, Selangor, Malaysia, b, Department of Chemical 
Engineering, Faculty of Engineering, Kasetsart University, Bangkok 10900, Thailand, 
cAdvanced Engineering Platform, Monash University Malaysia, Jalan Lagoon Selatan, 
47500 Bandar Sunway, Selangor, Malaysia). Recent advances and challenges in sustainable 
management of plastic waste using biodegradation approach, Bioresource Technology, 
Volume 374 (2023): 128772 

Versatility and desirable attributes of synthetic plastics have greatly contributed towards their 
wide applications. However, vast accumulation of plastic wastes in environment as a result of 
their highly recalcitrant nature has given rise to plastic pollution. Existing strategies in 
alleviating plastic wastes accumulation are inadequate, and there is a pressing need for 
alternative sustainable approaches in tackling plastic pollution. In this context, plastic 
biodegradation has emerged as a sustainable and environmental-friendly approach in handling 
plastic wastes accumulation, due to its milder and less energy-intensive conditions. In recent 
years, extensive research effort has focused on the identification of microorganisms and enzymes 
with plastic-degrading abilities. This review aims to provide a timely and holistic view on the 
current status of plastic biodegradation, focusing on recent breakthroughs and discoveries in this 
field. Furthermore, current challenges associated to plastic biodegradation are discussed, and the 
future perspectives for continuous advancement of plastic biodegradation are highlighted. 

Keywords: Plastics; Biodegradation; Enzymes; Biocatalyst; Upcycling 

Lei Liu, Liang Si, Jinghua Yang, Lingling Peng, Sheng Qiao, Yugang Sun, Changhong 
Guo. (Key Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang 
Province, College of Life Science and Technology, Harbin Normal University, Harbin, 
150025, China). Biodegradation and process optimization of phenol and formaldehyde by 
Aspergillus nomius SGFA1, International Biodeterioration & Biodegradation, Volume 182 
(2023): 105630 

Phenols and formaldehyde are often simultaneously discharged into the environment with 
sewage, and due to their highly toxic to organisms, few have been reported to be degraded 
simultaneously. This study investigated the simultaneous biodegradation of phenol and 
formaldehyde using the highly efficient formaldehyde-degrading fungus Aspergillus nomius 
SGFA1, which was previously isolated and identified in our laboratory. The response surface 
methodology was used to optimize the biodegradation conditions of phenol and formaldehyde; 
the optimum temperature, initial pH, and glucose content were determined to be 28.1 °C, 5.0, 
and 0.89%, respectively, under which the maximum degradation rates of phenol and 
formaldehyde reached 89.7% and 85.3%, respectively. Mass balance and stoichiometric analysis 
revealed 0.26 g⋅g−1 and 0.05 g⋅g−1 conversions of phenol and formaldehyde carbon to biomass, 
respectively. The degradation pathway demonstrated that phenol hydroxylase (PHE) and 
formaldehyde dehydrogenase (FALDH) were the key enzymes for phenol and formaldehyde 
degradation, with enzyme activities reaching maxima of 0.008 and 1.09 U⋅mg−1 at 8 and 6 h, 
respectively. This study demonstrated the ability of A. nomius SGFA1 to effectively remove 
phenol and formaldehyde simultaneously, providing new information on the use of 
microorganisms to reduce environmental pollution. 

Keywords: Biodegradation; Formaldehyde; Phenol; Response surface methodology; Aspergillus 
nomius 
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Zeyu Wu, Wei Shi, Teresa G. Valencak, Yanan Zhang, Guangxu Liu, Daxi Ren. (aInstitute 
of Dairy Science, College of Animal Sciences, Zhejiang University, Hangzhou 310058, 
China, bCollege of Animal Sciences, Zhejiang University, Hangzhou 310058, China, cKey 
Laboratory of Animal Virology of Ministry of Agriculture, Center for Veterinary Sciences, 
Zhejiang University, Hangzhou 310058, China). Biodegradation of conventional plastics: 
Candidate organisms and potential mechanisms, Science of The Total Environment, 
Volume 885 (2023): 163908 

With the benefits of coming at low-cost, being light-weight and having a high formability and 
durability, conventional plastics are widely used in both industry and daily life. However, 
because of their durability and extensive half-life with poor degradability and the low recycling 
rate, large amounts of plastic waste are accumulated in various environments, posing a 
significant threat to organisms and ecosystems. Compared to conventional physical and chemical 
degradation, biodegradation of plastic might become a promising and environmentally friendly 
solution for this problem. One of the aims of this review is to briefly describe the impact of 
plastics (especially microplastics). To facilitate rapid advancements in the area of plastic 
biodegradation, this paper provides a comprehensive review of the candidate organisms capable 
of biodegrading plastics and originating from four categories including natural microorganisms, 
artificially derived microorganisms, algae and animal organisms. In addition, the potential 
mechanism during plastic biodegradation and associated driving factors are summarized and 
discussed. Furthermore, the recent biotechnological progress (e.g. synthetic biology, systems 
biology, etc.) is highlighted as being key for future research. Finally, innovative research 
avenues for future studies are proposed. Concluding, our review is addressing the practical 
application of plastic biodegradation and the plastic pollution, thus necessitating more 
sustainable developments. 

Keywords: Conventional plastics; Biodegradation; Candidate organisms; Biodegradation 
mechanisms; Correlative factors 

Sheetal S. Kothawale, Lalit Kumar, Swatantra P. Singh. (aCentre for Research in 
Nanotechnology & Science (CRNTS), Indian Institute of Technology Bombay, Mumbai, 
400076, India, bDepartment of Energy Science and Engineering Department (DESE), 
Indian Institute of Technology Bombay, Mumbai, 400076, India, cEnvironmental Science 
and Engineering Department (ESED), Indian Institute of Technology Bombay, Mumbai, 
400076, India, dInterdisciplinary Program in Climate Studies, Indian Institute of 
Technology Bombay, Mumbai, 400076, India). Role of organisms and their enzymes in the 
biodegradation of microplastics and nanoplastics: A review, Environmental Research 
(2023): 116281 

Microplastic (MP) and Nanoplastic (NP) contamination have become a critical ecological 
concern due to their persistent presence in every aspect of the ecosystem and their potentially 
harmful effects. The current approaches to eradicate these wastes by burning up and dumping 
adversely impact the environment, while recycling has its own challenges. As a result, applying 
degradation techniques to eliminate these recalcitrant polymers has been a focus of scientific 
investigation in the recent past. Biological, photocatalytic, electrocatalytic, and, recently, 
nanotechnologies have been studied to degrade these polymers. Nevertheless, it is hard to 
degrade MPs and NPs in the environment, and these degradation techniques are comparatively 
inefficient and require further development. The recent research focuses on the potential use of 
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microbes to degrade MPs and NPs as a sustainable solution. Therefore, considering the recent 
advancements in this important research field, this review highlights the utilization of organisms 
and enzymes for the biodegradation of the MPs and NPs with their probable degradation 
mechanisms. This review provides insight into various microbial entities and their enzymes for 
the biodegradation of MPs. In addition, owing to the lack of research on the biodegradation of 
NPs, the perspective of applying these processes to NPs degradation has also been looked at. 
Finally, a critical evaluation of the recent development and perspective for future research to 
improve the effective removal of MPs and NPs in the environment through biodegradation is 
also discussed. 

Keywords: Microplastics; Nanoplastics; Biodegradation; Microorganisms; Enzymes; 
Mechanism 

Dongyong Wang, Meijun Li, Dingsheng Cheng, Yebo Du, Quan Shi, Xianli Zou, Qingyao 
Chen. (aState Key Laboratory of Petroleum Resources and Prospecting, China University 
of Petroleum (Beijing), Beijing 102249, China, bFaculty of Petroleum, China University of 
Petroleum-Beijing at Karamay, Karamay 834000, China, cResearch Institute of Petroleum 
Exploration and Development, PetroChina, Beijing 100083, China, dState Key Laboratory 
of Heavy Oil Processing, China University of Petroleum, Beijing 102249, China, 
eExploration and Development Research Institute, Jiangsu Oilfield Company, SINOPEC, 
Yangzhou, Jiangsu 225009, China). New biodegradation degree proxies based on acids and 
neutral nitrogen- and oxygen-containing compounds characterized by high resolution mass 
spectrometry, Fuel, Volume 347 (2023): 128438 

Heavy oil is one of the most significant unconventional petroleum resources and one of its 
formation mechanisms is biodegradation. The characterization of the molecular compositions of 
petroleum is crucial for determining the various degrees of biodegradation. In this work, detailed 
investigations of acids and polar NSO compounds in different levels of biodegraded oils from 
the Bongor Basin (Chad) were carried out by negative ion electrospray ionization (-ESI) Fourier 
transform ion cyclotron resonance mass spectrometry (FT-ICR MS). The present findings show 
that the heteroatomic compounds of biodegraded crude oils are predominantly composed of N1, 
N1O1, O1, O2, O3 and O4 species. The relative content of N1, N1O1 and O1 species tend to 
decrease and those of O2, O3 and O4 species appear to increase with the increasing of 
biodegradation. The ratio of acyclic and cyclic acids (A/C ratio) of the O2 species increase with 
an increase of biodegradation, indicating the increasing of O2 class during microbial alteration. 
A new parameter, i.e. the ratio of (O2 + O3 + O4)/(N1 + O1) species, is presented to 
quantificationally define biodegradation levels. This parameter is inversely proportional to API 
gravity and has a favorable positive correlation with total acid number (TAN), suggesting acidic 
compounds are formed by the microbial alteration of N1 and O1 class and are more presented in 
advanced biodegradation. A modified ternary diagram including N1, O1 and O2 + O3 + O4 
species describe the detailed changes of nitrogen- and oxygen- containing compounds. Data 
points with a high level of biodegradation tend to shift to O2 + O3 + O4 species end-member 
and retreat from N1 species end-member, showing the relative content of O2 + O3 + O4 species 
increase and those of N1 species decrease with increasing biodegradation which may due to the 
formation of organic acids in degradation oil. The ratio of (O2 + O3 + O4)/(N1 + O1) species 
and the modified ternary diagram provide new parameters to estimate the biodegradation degree 
and TAN in crude oil. 

Keywords: ESI FT-ICR MS; Biodegradation; Petroleum acids; Polar NSO compounds; Bongor 
Basin 
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Yimin Xie, Naiwen Chen, Zhiwei Liang, Yihuai Huang, Hojae Shim. (Department of Civil 
and Environmental Engineering, Faculty of Science and Technology, University of Macau, 
Macau SAR 999078, China) Biodegradation of dibutyl phthalate and diethyl phthalate by 
indigenous isolate Bacillus sp. MY156: Characterization, stoichiometry, enzyme activity, 
and physiological response to cell surface, Journal of Water Process Engineering, Volume 
53 (2023): 103862 

An indigenous bacterial strain, Bacillus sp. MY156, was isolated from a local wastewater 
treatment plant and utilized for degradation of dibutyl phthalate (DBP) and diethyl phthalate 
(DEP). The isolate showed a substrate preference of DBP to DEP. The optimal biodegradation 
conditions were pH 7, 30 °C, 0.2 (in terms of OD600) inoculum size, and 2 % (v v−1) bacterial 
load. The biodegradation of DBP and DEP as sole carbon source was comprehensively 
investigated via degradation kinetics and mass balance analysis. The isolate achieved complete 
degradation and over 80 % removal of 300 mg L−1 DBP within 60 h and 200 mg L−1 DEP in 
5 days. The biodegradation of DBP and DEP fitted the inhibitory kinetic model, and the 
maximum degradation rates for DBP and DEP were 183.34 and 66.90 mg L−1 day−1, 
respectively. The cell surface responses to biodegradation were investigated by analyses of 
morphology, Fourier transform-infrared, and extracellular polymeric substance. The potential 
intermediates were mono-n-butyl phthalate, mono-ethyl phthalate, phthalic acid, and 
protocatechuic acid by β-oxidation, hydrolysis, and decarboxylation. The esterase and 
dehydrogenase activities reached the highest at the initial and middle phases during 
biodegradation. The docking studies also elucidated the relevant enzyme preferred DBP to DEP 
via binding energy and bond distance. 

Keywords: Dibutyl phthalate; Diethyl phthalate; Biodegradation; Stoichiometry; Esterase 

Yifeng Xu, Ying Gu, Lai Peng, Ning Wang, Shi Chen, Chuanzhou Liang, Yiwen Liu, Bing-
Jie Ni. (aHubei Key Laboratory of Mineral Resources Processing and Environment, 
Wuhan University of Technology, Luoshi Road 122, Wuhan, Hubei, 430070, China, 
bShenzhen Research Institute of Wuhan University of Technology, Shenzhen, 518000, 
Guangdong, China, cCentre for Technology in Water and Wastewater, School of Civil and 
Environmental Engineering, University of Technology Sydney, Sydney, NSW, 2007, 
Australia). Unravelling ciprofloxacin removal in a nitrifying moving bed biofilm reactor: 
Biodegradation mechanisms and pathways, Chemosphere, Volume 320 (2023): 138099 

Although moving bed biofilm reactors (MBBRs) have shown excellent antibiotic removal 
potentials, the information on underlying mechanisms is yet limited. This work assessed the 
removal of ciprofloxacin in an enriched nitrifying MBBR by clarifying the contribution of 
adsorption and microbial-induced biodegradation. Results demonstrated the considerable 
biomass adsorption (55%) in first 30 min. Limiting nitrite oxidizing bacteria growth or inhibiting 
nitrification would lead to lower adsorption capacities. The highest ciprofloxacin biodegradation 
rate constant was 0.082 L g SS−1 h−1 in the presence of ammonium, owing to ammonia 
oxidizing bacteria (AOB)-induced cometabolism, while heterotrophs played an insignificant role 
(∼9%) in ciprofloxacin biodegradation. The developed model also suggested the importance of 
AOB-induced cometabolism and metabolism over heterotrophs-induced biodegradation by 
analyzing the respective biodegradation coefficients. Cometabolic biodegradation pathways of 
ciprofloxacin mainly involved the piperazine ring cleavage, probably alleviating antimicrobial 
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activities. It implies the feasibility of nitrifying biofilm systems towards efficient antibiotic 
removal from wastewater. 

Keywords: Biofilm; Antibiotic; Cometabolism; Biodegradation pathways; Ammonia oxidizing 
bacteria 

Lebohang Gerald Motsoeneng, Vizelle Naidoo, Lukhanyo Mekuto. (Department of 
Chemical Engineering, University of Johannesburg, Johannesburg 2028, South Africa) 
Biogas production and metabolite profiling from anaerobic biodegradation of free cyanide 
using municipal waste activated sludge, Bioresource Technology Reports, Volume 22 
(2023): 101442 

This study investigated the biodegradation of free cyanide (FCN) under anaerobic conditions 
using municipal waste activated sludge (MWAS) for subsequent biogas production and 
metabolite profiling in an airtight stirred tank bioreactor. The pH, temperature, and agitation 
speed were set at 9.5, 35 °C and 85 rpm respectively and the experiment was ran for 14 days at 
100 mg FCN/L. After the biodegradation process, the metabolites were extracted using ethyl 
acetate and thereafter, metabolite profiling was performed using LC-QTOF-MS/MS. The 
microorganisms achieved an FCN biodegradation efficiency of 99.6 %, while the maximum 
biogas produced were 229 mL and 179 mg COD/L for captured and dissolved biogas 
respectively. 248 metabolites were detected and these included tert-butyl[amino(H1,2,4,-triazol-
1-yl)methylidene] carbamate, 8-hydroxyquinone, 2.5-difluro-1H-imadazole-4-carboxylic acid, 
oleoyl ethyl amide (OEtA) and pterin; metabolites of medical significance. The findings of this 
study demonstrated that it is possible to produce value-added products from anaerobic cyanide 
treatment processes, which can be applied in various fields. 

Keywords: Anaerobic biodegradation; Free cyanide; Biogas; Municipal waste activated sludge; 
Metabolites 

Heidi Birch, Alexandre Teixeira, Roger van Egmond, Philipp Mayer. (aTechnical 
University of Denmark, Department of Environmental and Resource Engineering, 
Bygningstorvet, Building 115, 2800, Kgs. Lyngby, Denmark, bUnilever, Safety & 
Environmental Assurance Centre, Bedford, MK44 1LQ, UK). Closed aerobic 
biodegradation kinetics test with activated sludge and low concentration chemical 
mixtures, Chemosphere, Volume 330 (2023): 138752 

The activated sludge process at wastewater treatment plants is important to prevent discharge of 
organic pollutants to the environment. Determination of biodegradation kinetics in activated 
sludge is challenging for mixtures that cover a diverse range of structures. The aims of this study 
were to (1) design a closed aerobic biodegradation batch test with activated sludge and (2) 
develop a sample preparation procedure that is compatible with LC-MS and Solid Phase 
Microextraction (SPME) coupled to GC-MS. A headspace:sludge ratio of 4:1 was sufficient to 
ensure aerobic conditions in activated sludge for 7 days at co-solvent concentrations <0.01%. 
Ethanol was added to sub-samples (50%) to stop biodegradation, extract sorbed chemicals and 
allow storage at −18 °C without ice formation. The ethanol extracted the chemicals from the 
sludge before filtration (0.2 μm). The filtrate was diluted in ultrapure water to <12% ethanol 
before analysis by SPME GC-MS/MS and was suitable for direct injection on LC-MS/MS. 
Biodegradation was distinguished from sorption through abiotic controls using autoclaved 
poisoned sludge. Linalool, naphthalene, α-isomethylionone, phenanthrene, citronellol, 
drometrizole, 2-ethylhexyl 4-methoxycinnamate, dicyclohexyl phthalate, BP-1, BP-3, methyl-, 
ethyl-, propylparaben, alkyl sulfates and isethionates degraded within 48 h in activated sludge, 
while musk ketone, tonalide and 1,3,5-trichlorobenzene did not. A 10 times reduction of sludge 
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density did not markedly affect the microbial diversity but slowed biodegradation kinetics 
(partly explained by theory). This study demonstrated a ‘cold’ alternative to an OECD 314b test 
and how biodegradation kinetics can be determined for mixtures of diverse chemicals in closed 
batch tests with activated sludge. 

Keywords: UV filters; Plasticizers; Fragrances; Preservatives 

Shodai Hino, Norioki Kawasaki, Naoko Yamano, Tsutomu Nakamura, Atsuyoshi 
Nakayama. (Biomedical Research Institute, National Institute of Advanced Industrial 
Science and Technology (AIST), 1-8-31 Midorigaoka, Ikeda, Osaka, 563-8577, Japan) 
Effects of particle size on marine biodegradation of poly(l-lactic acid) and poly(ε-
caprolactone), Materials Chemistry and Physics, Volume 303 (2023): 127813 

The rising quantity of non-degradable microplastics in the world's oceans is becoming a major 
environmental and health issue. In this context, the advent of biodegradable plastics is a key 
step. However, information about the degradation of these polymers in the marine environment 
is scarce. In this study, the effect of particle size on laboratory-scale non-enzymatic hydrolysis, 
enzymatic hydrolysis, and seawater biodegradation of polymers was investigated. Compostable 
and biodegradable polymers, such as poly(l-lactic acid) (PLA) and poly(ε-caprolactone) (PCL), 
were cryo-milled and segregated into different size fractions. While non-enzymatic hydrolysis 
remained largely unaffected by the particle size, the enzymatic hydrolysis rate tended to increase 
with decreasing particle size for both polymers. The results indicated that the enzymatic 
hydrolysis rate could be accelerated by making the polymer particles finer. Furthermore, the 
seawater biodegradation rate and logarithm of the specific surface area were positively 
correlated. Therefore, it was expected that seawater biodegradation could also be accelerated. 
The hydrolysis rate of PLA in seawater, however, was not accelerated even with the smallest 
particle size, suggesting that the specific surface area, as well as the number of bacteria and 
concentration of extracellular enzymes on the particle surface, are essential for its seawater 
biodegradation. 

Keywords: Marine biodegradation; Microplastics; Particle size; Poly(l-lactic acid); Poly(ε-
caprolactone) 

Agnieszka Richert, Agnieszka Kalwasińska, Urszula Jankiewicz, Maria Swiontek 
Brzezinska. (aDepartment of Genetics, Faculty of Biology and Veterinary Science, Nicolaus 
Copernicus University in Toruń, Gagarina 11, 87-100 Torun, Poland, bDepartment of 
Environmental Microbiology and Biotechnology, Faculty of Biological and Veterinary 
Sciences, Nicolaus Copernicus University in Toruń, Gagarina 11, 87-100 Torun, Poland, 
cDepartment of Biochemistry and Microbiology, Institute of Biology, Warsaw University of 
Life Sciences-SGGW, Nowoursynowska 159, 02–776 Warsaw, Poland). Effect of birch tar 
embedded in polylactide on its biodegradation, International Journal of Biological 
Macromolecules, Volume 239 (2023): 124226 

The plasticized film was made of polylactide and birch tar, which was used in a concentration of 
1, 5 and 10 % by weight. Tar was added to the polymer to obtain materials with antimicrobial 
properties. The main purpose of this work is to characterize and biodegradation of this film after 
the end of its use. Therefore, the following analyzes were performed: enzymatic activity of 
microorganisms in the presence of polylactide (PLA) film containing birch tar (BT), 
biodegradation process in compost, barrier changes and structural properties of the film before 
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and after biodegradation and bioaugmentation. Biological oxygen demand BOD21, water vapor 
permeability (Pv), oxygen permeability (Po), scanning electron microscopy (SEM) and 
enzymatic activity of microorganisms were assessed. Microorganism strains Bacillus toyonensis 
AK2 and Bacillus albus AK3 were isolated and identified, which constituted an effective 
consortium increasing the susceptibility of polylactide polymer material with tar to 
biodegradation in compost. Analyses with the use of the above-mentioned strains had an impact 
on the change of physicochemical properties, e.g. the presence of biofilm on the surface of the 
analyzed films and the reduction of the barrier properties of the film, which translates into the 
recorded susceptibility to biodegradation of these materials. The analyzed films can be used in 
the packaging industry, and after use, subjected to intentional biodegradation processes, 
including bioaugmentation. 

Keywords: Polylactide; Birch tar; Biodegradation-compost 

Reham Wasfi, Hams A. Moussa, Riham O. Bakr, Nourtan F. Abdeltawab, Salwa A. 
Megahed. (aDepartment of Microbiology and Immunology, Faculty of Pharmacy, October 
University for Modern Sciences and Arts (MSA), Giza, Egypt,, bDepartment of 
Pharmacognosy, Faculty of Pharmacy, October University for Modern Sciences and Arts 
(MSA), Giza, Egypt, cDepartment of Microbiology and Immunology, Faculty of Pharmacy, 
Cairo University, Cairo, Egypt). Anaerobic biodegradation of anthracene by oral 
Firmicutes isolates from smokers and its potential pathway, International Biodeterioration 
& Biodegradation, Volume 180 (2023):105598 

Exposure to polycyclic aromatic hydrocarbons (PAHs) from tobacco smoke has been linked to 
many negative health effects. Studies on the biodegradation of PAHs by human microbiota and 
detailed pathways for their anaerobic biodegradation are scarce despite their importance in 
getting rid of these toxic compounds. In a previous study for our group, we determined the 
ability of oral bacterial isolates in the anaerobic biodegradation of anthracene as a model of 
PAHs. Three isolates with the highest anthracene degradation ability were selected for the 
present study which include Limosilactobacillus fermentum, Veillonella parvula, and 
Streptococcus anginosus. In this study, we aimed at exploring and elucidating the anthracene 
anaerobic biodegradation pathways in selected Firmicutes oral isolates. Metabolites throughout 
the pathway were detected by gas chromatography coupled with mass spectroscopy (GC-MS) 
using anthracene as sole source of carbon. After incubation for 3 days, anthracene was 
undetected in the supernatant of L. fermentum and V. parvula, while a residual of 3% of 
anthracene was detected in presence of S. anginosus. Results revealed that anaerobic 
biodegradation by L. fermentum and V. parvula started with hydroxylation and dehydrogenation 
producing 9,10- anthraquinone and ended up with simpler structures such as catechol, while S. 
anginosus hydroxylation for anthracene resulted in the production of 1,2-anthracenediol and 
ended up with catechol and phthalic acid. The biodegradation of anthracene by oral bacteria 
could convert it to other toxic metabolites such as anthraquinone and catechol which were 
reported to have potential carcinogenic effects. Moreover, fatty acids detected as biodegradation 
metabolites could be one of the causes of smokers’ heart-related diseases. Thus, this study 
explored oral metabolites resulting from smoking under anaerobic conditions towards 
elucidating the role of oral microbiota in health and disease states. 

Keywords: Anthracene; Anaerobic biodegradation; Oral firmicutes; Streptococcus anginosus; 
Limosilactobacillus fermentum; Veillonella parvula 

Shuo Li, Yalun Yang, Shanshan Yang, Heshan Zheng, Yongjie Zheng, Jun M, Dillirani 
Nagarajan, Sunita Varjani, Jo-Shu Chang. (aCollege of Chemistry and Chemical 
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Engineering, Qiqihar University, Qiqihar, 161006, China, bSchool of Environment, Harbin 
Institute of Technology, Harbin, 150090, China, cState Key Laboratory of Urban Water 
Resource and Environment, School of Municipal and Environmental Engineering, Harbin 
Institute Technology, Harbin, China, dDepartment of Chemical Engineering, National 
Cheng Kung University, Tainan, Taiwan, eSchool of Energy and Environment, City 
University of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong, fDepartment of 
Chemical and Materials Engineering, Tunghai University, Taichung, Taiwan, gResearch 
Center for Energy Technology and Strategy, National Cheng Kung University, Tainan, 
Taiwan, hDepartment of Chemical Engineering and Materials Science, Yuan Ze University, 
Chung-Li, Taiwan). Recent advances in biodegradation of emerging contaminants - 
microplastics (MPs): Feasibility, mechanism, and future prospects, Chemosphere, Volume 
331 (2023): 138776 

Plastics have become an essential part of life. When it enters the environment, it migrates and 
breaks down to form smaller size fragments, which are called microplastics (MPs). Compared 
with plastics, MPs are detrimental to the environment and pose a severe threat to human health. 
Bioremediation is being recognized as the most environmentally friendly and cost-effective 
degradation technology for MPs, but knowledge about the biodegradation of MPs is limited. 
This review explores the various sources of MPs and their migration behavior in terrestrial and 
aquatic environments. Among the existing MPs removal technologies, biodegradation is 
considered to be the best removal strategy to alleviate MPs pollution. The biodegradation 
potential of MPs by bacteria, fungi and algae is discussed. Biodegradation mechanisms such as 
colonization, fragmentation, assimilation, and mineralization are presented. The effects of MPs 
characteristics, microbial activity, environmental factors and chemical reagents on 
biodegradation are analyzed. The susceptibility of microorganisms to MPs toxicity might lead to 
decreased degradation efficiency, which is also elaborated. The prospects and challenges of 
biodegradation technologies are discussed. Eliminating prospective bottlenecks is necessary to 
achieve large-scale bioremediation of MPs-polluted environment. This review provides a 
comprehensive summary of the biodegradability of MPs, which is crucial for the prudent 
management of plastic waste. 

Keywords: Microplastics; Biodegradation; Bacteria; Fungi; Algae; PETase 

Mukhtiar Ali, Xin Song, Qing Wang, Zhuanxia Zhang, Meng Zhang, Xing Chen, Zhiwen 
Tang, Xin Liu. (aKey Laboratory of Soil Environment and Pollution Remediation, Institute 
of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China, bUniversity of 
Chinese Academy of Sciences, Beijing 100049, China, cChina Construction 8th Engineering 
Division Corp., LTD, Shanghai 200122, China). Thermally enhanced biodegradation of 
benzo[a]pyrene and benzene co-contaminated soil: Bioavailability and generation of ROS, 
Journal of Hazardous Materials, Volume 455(2023): 131494 

In this study, a set of comprehensive experiments were conducted to explore the effects of 
temperature on the biodegradation, bioavailability, and generation of reactive oxygen species 
(ROS) by thermally enhanced biodegradation (TEB) under benzene and BaP co-contaminated 
conditions. The biodegradation rates of benzene increased from 57.4% to 88.7% and 84.9%, and 
the biodegradation efficiency of BaP was enhanced from 15.8% to 34.6% and 28.6%, when the 
temperature was raised from the ambient temperature of 15 °C to 45 °C and 30 °C, respectively. 
In addition, the bioavailability analysis results demonstrated that the water- and butanol-
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extractable BaP increased with elevated temperatures. High enzymatic activities and PAH-
RHDα gene in gram-positive bacteria favored the long-term elevated temperatures (30 and 
45 °C) compared to gram-negative bacteria. Moreover, ROS species (O2•− and •OH) generation 
was detected which were scavenged by the increased superoxide dismutase and catalase 
activities at elevated temperatures. Soil properties (pH, TOC, moisture, total iron, Fe3+, and 
Fe2+) were affected by the temperature treatments, revealing that metal-organic-associated 
reactions occurred during the TEB of benzene–BaP co-contamination. The results concluded that 
biodegradation of benzene–BaP co-contamination was greatly improved at 45 °C and that 
microbial activities enhanced the biodegradation under TEB via the increased bioavailability and 
generation and degradation of ROS. 

Keywords: Bioavailability; ROS; Thermally enhanced biodegradation; PAH-RHDα genes; Soil 
properties 

Yu Niu, Yonglu Suo, Xian Niu. (aSchool of Electric Power, Civil Engineering and 
Architecture, Shanxi University, Taiyuan 030031, Shanxi, China, bSchool of Mining and 
Technology, Inner Mongolia University of Technology, Hohhot 010051, Inner Mongolia 
Autonomous Region, China, cCollege of Energy Science and Engineering, Xi’an University 
of Science and Technology, Xi’an 710054, Shaanxi, China, dKey Laboratory of Geological 
Hazards and Geotechnical Engineering Defense in Sandy and Drought Regions at 
Universities of Inner Mongolia Autonomous Region, Inner Mongolia University of 
Technology, Hohhot 010051, Inner Mongolia Autonomous Region, China): Insights into 
the response mechanism of Fusarium sp. NF01 during lignite biodegradation using 
proteomic analysis, Energy, (2023): 127990 

Coal biodegradation is promising for sustainable energy development. Studying proteomics in 
coal biodegradation is effective for identifying different proteins and analyzing corresponding 
biological strategies. However, previous research on this topic is limited. Here, Fusarium sp. 
NF01 was proven to degrade lignite based on surface morphology, functional groups, and 
chemical composition for the first time. The proteomics of Fusarium sp. NF01 were then 
quantitatively and qualitatively analyzed using isobaric tandem mass tags and bioinformatics 
profiling during lignite biodegradation. The results showed that 1.8 g of lignite was biodegraded 
into 4.7 mL of black droplets, with microstructural changes. The abundance of 18 proteins, 
including eight upregulated and ten downregulated proteins (fold change, FC ≥ 1.2 or FC ≤ 0.83 
and P-value ≤0.05), significantly changed during the lignite biodegradation process. These 
proteins were mainly involved in spermidine synthase, PM H+-ATPase, GGT, 6-HDNO, IPS, 
and AST. Fusarium sp. NF01 adopted multilevel protein-based strategies, such as nutrient 
transport and synthesis, positive plasma membrane regulation, immunity optimization, and 
prevention of cell damage and death to respond to the influence of the lignite environment on its 
growth and metabolism. These findings provide valuable bioinformation for identifying 
degradation-specific protein molecules and elucidating the biodegradation mechanism of coal. 

Keywords: Fusarium; Lignite biodegradation; Proteomics; Tandem mass tag; Response strategy 

 

Biosensor 
 

Yijian Wang, Liqin Kong, Guoqiang Shu, Guanqquan Sun, Yaoze Feng, Ming Zhu. 
(aCollege of Engineering, Huazhong Agricultural University, Wuhan 430070, PR China, 
bKey Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of 
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Agriculture and Rural Affairs, Wuhan 430070, PR China, cShenzhen Institute of Nutrition 
and Health, Huazhong Agricultural University, Shenzhen 518000, PR China, dShenzhen 
Branch, Guangdong Laboratory for Lingnan Modern Agriculture, Genome Analysis 
Laboratory of the Ministry of Agriculture, Agricultural Genomics Institute at Shenzhen, 
Chinese Academy of Agricultural Sciences, Shenzhen 518120, PR China, eKey Laboratory 
of Aquaculture Facilities Engineering, Ministry of Agriculture and Rural Affairs, Wuhan 
430070, PR China). Development of sensitive and stable electrochemical impedimetric 
biosensor based on T1R1 receptor and its application to detection of umami substances, 
Food Chemistry, Volume 423, (2023): 136233 

Umami substances can provide a palatable flavour for food. In this study, an electrochemical 
impedimetric biosensor was developed for detecting umami substances. This biosensor was 
fabricated by immobilising T1R1 onto AuNPs/reduced graphene oxide/chitosan which was in 
advance electro-deposited onto a glassy carbon electrode. The evaluation by the electrochemical 
impedance spectrum method showed that the T1R1 biosensor performed well with low detection 
limits and wide linear ranges. Under the optimised incubation time (60 s), the electrochemical 
response was linearly related to the concentrations of the detected targets monosodium glutamate 
and inosine-5′-monophosphate within their respective linear range of 10-14 to 10-9 M and 10-16 
to 10-13 M. The low detection limit of monosodium glutamate and inosine-5′-monophosphate 
was 10−15 M and 10−16 M, respectively. Moreover, the T1R1 biosensor exhibited high 
specificity to umami substances even in the real food sample. The developed biosensor still 
retained 89.24% signal intensity after 6-day storage, exhibiting a desirable storability. 

Keywords: Umami; Electrochemical biosensor; T1R1 receptor; Electrochemical impedance 
spectroscopy 

Mehrab Pourmadadi, Amin Shamsabadipour, Ali Aslani, Mohammad Mahdi Eshaghi, 
Abbas Rahdar, Sadanand Pandey. (aDepartment of Biotechnology, School of Chemical 
Engineering, College of Engineering, University of Tehran, Tehran, Iran, bDepartment of 
Chemistry, Amirkabir University of Technology, Tehran, Iran, cDepartment of Physics, 
University of Zabol, Zabol 98613-35856, Iran, dDepartment of Chemistry, College of 
Natural Science, Yeungnam University, 280 Daehak-Ro, Gyeongsan, Gyeongbuk, 38541, 
Republic of Korea). Development of Polyvinylpyrrolidone-Based nanomaterials for 
biosensors applications: A Review, Inorganic Chemistry Communications, Volume 152 
(2023): 110714 

A biosensor is an analytical tool applied for biomarkers' specific and sensitive detection. Using 
biosensors in clinical settings leads to trustworthy, precise, and quantitative measurements of 
biomarkers at low concentrations. Nanoengineering presents several benefits compared to 
traditional clinical diagnostics: the time saving and the ability of nanomaterials for onsite 
diagnosis of biomarkers. Over the last few years, nanotechnology has enormously contributed to 
the design and fabrication of biosensors in terms of specificity, biocompatibility, sensitivity, and 
validity. Besides, nanomaterials enable miniaturization and develop a portable sensing system 
suitable for commercial purposes. Polyvinylpyrrolidone (PVP) is a water-soluble polymer 
broadly utilized in various industries, including pharmaceuticals, medicine, cosmetics, etc. In 
pharmaceuticals, it may be used as a coating agent, binder, pore-former, suspending agent, 
solubilizer, and other excipients for traditional formulations and new controlled or targeted 
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delivery systems and biosensors. The main goal of this article is to provide a brief overview of 
recent biosensors using PVP as part of their structure. 

Keywords: Polyvinylpyrrolidone; Nanotechnology; Biosensors; Biocompatibility; Sensitivity 

Futing Wang, Hongfen Yang, Jinwei Wu, Yifan Lyu, Ke-Jing Huang, Ren Cai, Weihong 
Tan. (aMolecular Science and Biomedicine Laboratory, State Key Laboratory for 
Chemo/Bio-Sensing and Chemometrics, College of Material Science and Engineering, 
College of Chemistry and Chemical Engineering, College of Biology, Hunan University, 
Changsha 410082, China, bKey Laboratory of Chemistry and Engineering of Forest 
Products, Guangxi Key Laboratory of Chemistry and Engineering of Forest Products, Key 
Laboratory of Guangxi Colleges and Universities for Food Safety and Pharmaceutical 
Analytical Chemistry, School of Chemistry and Chemical Engineering, Guangxi University 
for Nationalities, Nanning 530008, China, cHunan Key Laboratory of Typical 
Environmental Pollution and Health Hazards, School of Public Health, Hengyang Medical 
School, University of South China, Hengyang 421001, China, dInstitute of Molecular 
Medicine, Renji Hospital, Shanghai Jiao Tong University School of Medicine, and College 
of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai, China, 
eThe Cancer Hospital of the University of Chinese Academy of Sciences (Zhejiang Cancer 
Hospital), Hangzhou Institute of Medicine, Chinese Academy of Sciences, Hangzhou, 
Zhejiang 310022, China). An “On-Off” self-powered biosensor via GOD activated signal 
transduction for ultrasensitive detection of multiple biomarkers, Chemical Engineering 
Journal, Volume 468 (2023): 143732 

A “on–off” self-powered biosensor was developed based on enzymatic biofuel cells (EBFCs) for 
sequential detection of microRNA-21 (miRNA-21) and miRNA-155 by capture and release of a 
single-bioanode enzyme, i.e., glucose oxidase. When miRNA-21 is present, it hybridizes with 
DNA1 and the glucose oxidase (GOD)-modified DNA2, i.e., DNA2-GOD. Then, GOD oxidizes 
glucose to produce a large number of electrons, and a significantly increased open-circuit 
voltage (E1OCV) is observed, corresponding to the “on” state. If miRNA-155 is present, it 
hybridizes with DNA1 and DNA3-functionalized SiO2 nanosphere@gold nanoparticles, i.e., 
SiO2@AuNPs-DNA3, and replaces miRNA-21 to release GOD at the bioanode, thus leading to 
decreased E2OCV, corresponding to the “off” state. The “on–off” self-powered biosensor shows 
ultra-sensitive detection of miRNA-21 and miRNA-155 with detection limits of 0.17 fM and 
0.37 fM, respectively. It is believed that this study provides a feasible model for designing self-
powered biosensors for multi-targets detection. 

Keywords: “On–off”; Self-powered biosensor; Enzymatic biofuel cells; Capture and release 

Sanika Jain, Ritu Panwar, Jyoti Mathur. (Department of Bioscience and Biotechnology, 
Banasthali Vidyapith, Banasthali, Rajasthan, India). Design and development of 
colorimetric, whole-cell based, electrochemical biosensors for arsenic detection, Inorganic 
Chemistry Communications, Volume 153 (2023): 110730 

Heavy metal contamination seriously threatens human health since these substances are non-
biodegradable and retained by the ecosystem. Pollution caused by heavy metals is a natural and 
human-caused issue that has resulted in increased heavy metal content in natural environments 
that is too dangerous for human health. The presence of heavy metals is not only toxic to human 
health but also has an impact on soil and plant productivity. Among the various contaminants 
concentration of heavy metals such as As, Pb, Hg, and Cd has increased, causing concern among 
most of the world's population. Nowadays, biosensors are a potent substitute for traditional 
analytical methods for regulating water quality, including natural water, process water used in 
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the food industry during production, and wastewater before it is released into natural water 
courses. It is an analytical tool that is portable, inexpensive, time-saving, highly sensitive, and 
selective that produces results in a split second. The analytical gadget synergistically combines 
microelectronics and biotechnology and comprises a transducer and an immobilized 
biocomponent. Several harmful compounds, like pesticides, heavy metals, etc., can be detected 
and measured using water, soil, and food biosensors. The goal is to detect the concentration of 
heavy metal ions in the soil, water, and food because their toxicity can cause damage to all life 
forms using biosensor. This review summarizes the principle, types, construction, and 
application of biosensors for arsenic detection. 

Keywords: Arsenic toxicity; Atomic absorption spectroscopy; Detection; Biosensors; Heavy 
metal 

Jing Yuan, Kankan Zhao, Xiangfeng Tan, Ran Xue, Yuan Zeng, Carlo Ratti, Pankaj 
Trivedi. (1Microbiome Network and Department of Agricultural Biology, Colorado State 
University, Fort Collins, CO 80524, USA, 2Senseable City Lab, Department of Urban 
Studies and Planning, Massachusetts Institute of Technology, Cambridge, MA 02139, USA, 
3Institute of Soil and Water Resources and Environmental Science, College of 
Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China, 
4Institute of Digital Agriculture, Zhejiang Academy of Agricultural Sciences, Hangzhou, 
Zhejiang, 310021, China, 5Hangzhou Innovation Center, Zhejiang University, Hangzhou 
311200, China, 6School of Plant and Environmental Sciences, Virginia Tech, Blacksburg, 
VA 24061, USA, 7Southern Piedmont Agricultural Research and Extension Center, 
Virginia Tech, Blackstone, VA 23824, USA). Perspective on the development of synthetic 
microbial community (SynCom) biosensors, Trends in Biotechnology, (2023): DOI: 
10.1016/j.tibtech.2023.04.007  

Synthetic microbial community (SynCom) biosensors are a promising technology for detecting 
and responding to environmental cues and target molecules. SynCom biosensors use engineered 
microorganisms to create a more complex and diverse sensing system, enabling them to respond 
to stimuli with enhanced sensitivity and accuracy. Here, we give a definition of SynCom 
biosensors, outline their construction workflow, and discuss current biosensing technology. We 
also highlight the challenges and future for developing and optimizing SynCom biosensors and 
the potential applications in agriculture and food management, biotherapeutic development, 
home sensing, urban and environmental monitoring, and the One Health foundation. We believe 
SynCom biosensors could be used in a real-time and remote-controlled manner to sense the 
chaos of constantly dynamic environments. 

Keywords: synthetic microbial communities; cell-free biosensor; whole-cell biosensor; 
consortia biosensor; SynCom biosensor 

Ahmed Barhoum, Omer Sadak, Ivon Acosta Ramirez, Nicole Iverson. (aNanoStruc 
Research Group, Chemistry Department, Faculty of Science, Helwan University, Cairo 
11795, Egypt, bNational Center for Sensor Research, School of Chemical Sciences, Dublin 
City University, Dublin 9 D09 Y074, Dublin, Ireland, cBiological Systems Engineering 
Department, University of Nebraska-Lincoln, Lincoln, NE, USA, dDepartment of Electrical 
and Electronics Engineering, Ardahan University, Ardahan, Turkey). Stimuli-
bioresponsive hydrogels as new generation materials for implantable, wearable, and 
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disposable biosensors for medical diagnostics: Principles, opportunities, and challenges, 
Advances in Colloid and Interface Science, Volume 317 (2023): 102920 

Hydrogels are excellent water-swollen polymeric materials for use in wearable, implantable, and 
disposable biosensors. Hydrogels have unique properties such as low cost, ease of preparation, 
transparency, rapid response to external conditions, biocompatibility and self-adhesion to the 
skin, flexibility, and strain sensitivity, making them ideal for use in biosensor platforms. This 
review provides a detailed overview of advanced applications of stimuli-responsive hydrogels in 
biosensor platforms, from hydrogel synthesis and functionalization for bioreceptor 
immobilization to several important diagnostic applications. Emphasis is placed on recent 
advances in the fabrication of ultrasensitive fluorescent and electrically conductive hydrogels 
and their applications in wearable, implantable, and disposable biosensors for quantitative 
measurements. Design, modification, and assembly techniques of fluorescent, ionically 
conductive, and electrically conductive hydrogels to improve performance will be addressed. 
The advantages and performance improvements of immobilizing bioreceptors (e.g., antibodies, 
enzymes, and aptamers), and incorporating fluorescent and electrically conductive nanomaterials 
are described, as are their limitations. Potential applications of hydrogels in implantable, 
wearable, disposable portable biosensors for quantitative detection of the various bioanalytes 
(ions, molecules, drugs, proteins, and biomarkers) are discussed. Finally, the global market for 
hydrogel-based biosensors and future challenges and prospects are discussed in detail. 

Keywords: Biosensor platforms; Stimuli-responsive hydrogels; Hydrogel synthesis; Conductive 
hydrogels; Florescent hydrogels; Nanomaterials; Bioreceptor immobilization; Biomarkers 

Ibrahim Khalifa, Krisana Nilsuwan, Thummanoon Prodpran, Soottawat Benjakul. 
(aDepartment of Food Technology, Faculty of Agriculture, Benha University, 13736 
Moshtohor, Egypt, bInternational Center of Excellence in Seafood Science and Innovation, 
Faculty of Agro-Industry, Prince of Songkla University, Hat Yai, Songkhla 90110, 
Thailand, cDepartment of Food and Nutrition, Kyung Hee University, Seoul 02447, 
Republic of Korea). Covalently phenolated-β-lactoglobulin-pullulan as a green 
halochromic biosensor efficiency monitored Barramundi fish's spoilage, International 
Journal of Biological Macromolecules, (2023): 125189 

The effect of the covalent binding between anthocyanins extracted from purple potato peels and 
beta-lactoglobulin (β-Lg) on its ability to fabricate a green/smart halochromic biosensor 
combined with pullulan (Pul) was studied. The physical, mechanical, colorimetry, optical, 
morphological, stability, functionality, biodegradability, and applicability of β-
Lg/Pul/Anthocyanin biosensors to monitor the Barramundi fish's freshness during storage were 
entirely evaluated. The docking and multispectral results proved that β-Lg could be successfully 
phenolated with anthocyanins and subsequently interacted with Pul via H-bonding and other 
forces which mainly subsequently form the smart biosensors. Phenolation with anthocyanins 
significantly heightened the mechanical, moisture resistance, and thermal steadiness of β-Lg/Pul 
biosensors. Anthocyanins also nearly duplicated the bacteriostatic and antioxidant activities of β-
Lg/Pul biosensors. The biosensors changed the color associated with the loss in freshness of the 
Barramundi fish, mostly due to the ammonia production and pH-alteration throughout fish 
deterioration. Most importantly, β-Lg/Pul/Anthocyanin biosensors are biodegradable and 
decomposed within ∼30 d of simulated environmental circumstances. Overall, β-
Lg/Pul/Anthocyanin smart biosensors could minimize the usage of plastic packaging materials 
and employ to monitor the freshness of stored fish and fish-stuffs. 
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Keywords: Anthocyanins; Byproducts; Covalent binding; Green/smart packaging; pH-reactive 
biosensors; Multifunctionality; Barramundi quality 

Yunqiu Zhao, Lin Zhu, Yaxue Ding, Weiting Ji, Kun Liu, Ke Liu, Bei Gao, Xinyi Tao, Yu-
Guo Dong, Feng-Qing Wang, Dongzhi Wei. (aState Key Laboratory of Bioreactor 
Engineering, Newworld Institute of Biotechnology, East China University of Science and 
Technology, Shanghai, 200237, China, bKey Laboratory of Biocatalysis and Intelligent 
Manufacturing (ECUST), China National Light Industry, Shanghai, 200237, China). 
Simple and cheap CRISPR/Cas12a biosensor based on plug-and-play of DNA aptamers for 
the detection of endocrine-disrupting compounds, Talanta, Volume 263 (2023): 124761 

Endocrine-disrupting compounds (EDCs) are widely distributed in the environment. Here, we 
present a CRISPR/Cas12a (CAS) biosensor based on DNA aptamers for point-of-care detection 
of EDCs. Two typical EDCs, 17β-estradiol (E2) and bisphenol A (BPA), were selected to be 
detected by the CAS biosensors via the plug-and-play of their DNA aptamers. The results 
indicated that the performance of the CAS biosensors can be well regulated by controlling the 
trans-cleavage activity of Cas12a on a single-stranded DNA reporter and optimizing the 
sequence and ratio of DNA aptamer and activator DNA. Ultimately, two reliable and specific 
biosensors were developed, with the linear range and limit of detection of 0.2–25 nM and 
0.08 nM for E2 and of 0.1–250 nM and 0.06 nM for BPA, respectively. Compared to the 
existing detection methods, the CAS biosensors showed higher reliability and sensitivity with 
simple operation, short detection time, and no costly equipment. 

Keywords: Endocrine-disrupting compounds; DNA aptamers; CRISPR/Cas12a biosensor; 17β-
estradiol; Bisphenol A 

Zhihao Yi, Yashuang Ren, Yang Li, Yanna Li, Feng Long, Anna Zhu. (aState Key 
Laboratory of NBC Protection for Civilian, Beijing 102205, China, bSchool of Environment 
and Natural Resource, Renmin University of China, Beijing 100872, China). Optical 
biosensors for microbial toxin detection: Recent advances and future trends, 
Microchemical Journal, Volume 191(2023): 108894 

Microbial toxins with high toxicity have caused significant threats to human health, economics 
and ecological environment, attracting considerable attentions around the world. Developing 
specific, highly sensitive, reliable, rapid and cost-effective detection technologies is essential to 
confront such threats. In recent years, novel optical biosensors due to their simple design, 
autonomous operation, fast response, high-frequency monitoring without extensive sample 
preparation and excellent recognition capability have been applied in the ultrasensitive detection 
of trace microbial toxins. In this paper, the recent advances of various novel optical biosensors 
for microbial toxins determination are summarized with emphasis on fluorescent, colorimetric, 
chemiluminescent, electrochemiluminescent, surface plasmon resonance and surface enhanced 
Raman scattering biosensors. Furthermore, the advantages, current development status, 
limitations in practical application, and future prospects of these technologies were also 
discussed comprehensively. It is expected to promote the future development and wide 
application of optical biosensors. 

Keywords: Microbial toxin; Optical biosensor; Challenges; Future prospect 

Zhao Ma, Yuanbo Li, Chao Lu, Meng Li. (aArchaeal Biology Center, Institute for 
Advanced Study, Shenzhen University, Shenzhen 518060, PR China, bShenzhen Key 
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Laboratory of Marine Microbiome Engineering, Institute for Advanced Study, Shenzhen 
University, Shenzhen 518060, PR China, cState Key Laboratory for Biology of Plant 
Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural 
Sciences, Beijing 100193, PR China, dInstitute of Agricultural Resources and Environment, 
Jiangsu Academy of Agricultural Sciences, Key Laboratory of Saline-Alkali Soil 
Improvement and Utilization (Coastal Saline-Alkali lands), Ministry of Agriculture and 
Rural Affairs, Nanjing 210014, China). On-site Screening Method for Bioavailability 
Assessment of the Organophosphorus Pesticide, Methyl Parathion, and Its Primary 
Metabolite in Soils by Paper Strip Biosensor, Journal of Hazardous Materials (2023): 
131725 

An important public concern worldwide is soil pollution caused by organophosphorus pesticides 
and their primary metabolites. To protect the public’s health, screening these pollutants on-site 
and determining their soil bioavailability is important, but doing so is still challenging. This 
work improved the already-existing organophosphorus pesticide hydrolase (mpd) and 
transcriptional activator (pobR), and it first designed and constructed a novel biosensor 
(Escherichia coli BL21/pNP-LacZ) that can precisely detect methyl parathion (MP) and its 
primary metabolite p-nitrophenol with low background value. To create a paper strip biosensor, 
E. coli BL21/pNP-LacZ was fixed to filter paper using bio-gel alginate and sensitizer polymyxin 
B. According to the calibrations of the paper strip biosensor for soil extracts and standard curve, 
the color intensity of the paper strip biosensor collected by the mobile app may be used to 
compute the concentration of MP and p-nitrophenol. This method’s detection limits were 
5.41µg/kg for p-nitrophenol and 9.57µg/kg for MP. The detection of p-nitrophenol and MP in 
laboratory and field soil samples confirmed this procedure. Paper strip biosensor on-site allows 
for the semi-quantitative measurement of p-nitrophenol and MP levels in soils in a simple, 
inexpensive, and portable method. 

Keywords: paper strip biosensor; p-nitrophenol; organophosphorus pesticide; screening method; 
soil 

Mohammad Hossein Ayati, Mostafa Araj-Khodaei, Tannaz Haghgouei, Ali Ahmadalipour, 
Ahmad Mobed, Sarvin Sanaie. (aResearch Center for Integrative Medicine in Aging, Aging 
Research Institute, Tabriz University of Medical Sciences, Tabriz, Iran, bDepartment of 
Persian Medicine, School of Persian Medicine, Tehran University of Medical Sciences, 
Tehran, Iran, cDepartment of Persian Medicine, Faculty of Traditional Medicine, Tabriz 
University of Medical Sciences, Tabriz, Iran, dDivision of Pharmacology and Toxicology, 
Department of Basic Sciences, Faculty of Veterinary Medicine, University of Tabriz, 
Tabriz, Iran, ePhysical Medicine and Rehabilitation Research Center, Aging Research 
Institute, Tabriz University of Medical Sciences, Tabriz, Iran, fResearch Center of 
Psychiatry and Behavioral Sciences, Tabriz University of Medical Sciences, Tabriz, Iran). 
Biosensors: The nanomaterial-based method in detection of human gut microbiota, 
Materials Chemistry and Physics (2023): 127854 

The gut microbiota has emerged as an important aspect of clinical oncology. The role of 
microbiota in cancer goes beyond the risks and causes of cancer. Microbiotas are currently 
known to act at the local epithelial level of the intestine and alter the immune response of 
intestinal and extra-intestinal tumors. As probiotics are increasingly used in functional foods and 
pharmaceuticals, rapid and sensitive monitoring of probiotics is important for quality, purity, and 
safety management. Due to the weaknesses and limitations of routine microbiological 
techniques, developing advanced state-of-the-art methods is one of the main goals of 
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researchers. One of the most critical and progressive areas is the nanomaterial-based method. 
Biosensors are one of the most advanced methods based on nanomaterials. While biosensing 
technology for the human gut flora has the potential to transform the clinical diagnosis, point-of-
care (POC) biosensors that directly detect microbial community disruptions are not currently 
available in clinical practice. This review study aimed to explore the potential of biosensors in 
identifying the human gut flora to achieve the best techniques for the first time. 

Keywords: Nanomaterial; Nanotechnology; Gut microbiota; Biosensors 

Mahdi Vadizadeh, Mohammad Fallahnejad, Pegah Sotoodeh, Reyhaneh Ejlali, Mahdis 
Azadmanesh. (aDepartment of Electrical Engineering, Abhar Branch, Islamic Azad 
University, Abhar, Iran, bDepartment of Electrical Engineering, Central Tehran Branch, 
Islamic Azad University, Tehran, Iran, cDepartment of Electrical Engineering, South 
Tehran Branch, Islamic Azad University, Tehran, Iran). Improving subthreshold slope in 
Si/InAs/Ge junctionless tunneling FET-based biosensor by using asymmetric gate oxide 
thickness for low-power applications: A numerical simulation study, Materials Science and 
Engineering: B, Volume 292(2023):  116445 

In this work, a Si/InAs/Ge junctionless tunneling field effect transistor (JL-TFET) based 
biosensor has been simulated. The proposed biosensor turns on with a 0.5 V bias supply voltage 
to make it suitable for low-power applications. Comparing results of Si/InAs/Ge JL-TFET based 
biosensors in which fixed (f)-gate is connected to control (c)-gate with that of in which f-gate is 
not connected to c-gate, a 90% decrease in drain current sensitivity was found. To further 
improve average subthreshold slope (SS) and sensitivity, we have proposed Si/InAs/Ge JL-
TFET based biosensor with asymmetric gate oxide thickness. Simulation results show that the 
designed Si/InAs/Ge JL-TFET based biosensor with oxide thickness underneath c-gate 
TOX1 = 2 nm and oxide thickness underneath f-gate TOX2 = 3 nm for biomolecules having a 
dielectric constant value as 12 exhibits SS = 4.6 mV/dec, and sensitivity = 1.6e4. Accordingly, 
proposed biosensor has superior electrical characteristics in comparison with the recent state-of-
the-art JL-TFET based biosensors. 

Keywords: Biosensor; Dielectric modulated TFET; Intra-band tunneling; Steep subthreshold 
slope; Simulation study 

S.V. Bazhenov, U.S. Novoyatlova, E.S. Scheglova, E.V. Prazdnova, M.S. Mazanko, A.G. 
Kessenikh, O.V. Kononchuk, E.Y. Gnuchikh, Y. Liu, R. Al Ebrahim, G.B. Zavilgelsky, 
V.A. Chistyakov, I.V. Manukhov. (aMoscow Institute of Physics and Technology, 141701, 
Dolgoprudny, Russia, bD.I.Ivanovskiy Academy of Biology and Biotechnology, Southern 
Federal University, 344090, Stachki av. 194/1, Rostov-on-Don, Russia, cLaboratory of 
Microbiology, BIOTECH University, Volokolamskoe Highway 11, 125080, Moscow, 
Russia, dNational Research Center Kurchatov Institute, Kurchatov Genomic Center, 
Moscow, 123182, Russia). Bacterial lux-biosensors: Constructing, applications, and 
prospects, Biosensors and Bioelectronics: X, Volume 13 (2023): 100323 

This review aims to systematize data on the construction and applications of bacterial lux-
biosensors in various fields ranging from investigation of gene regulation and regulatory 
networks to the new probiotics' search and ecotoxicological research. The typical technical 
solutions and devices required for diverse tasks applying lux-biosensors are reviewed. Aspects of 
the application of lux-biosensors in fundamental researches, such as the study of oxidative stress, 
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heat shock, DNA-damaging, pro- and antioxidant activities, are also considered. This technology 
allows rapid screening of the biological activities of newly synthesized compounds, which could 
be applied as components for fuels, household chemicals, and drugs. Works related to the 
ecological state assessment on water resources are also described. The use of lux-biosensor 
complexes based on different organisms, including both gram-positive and gram-negative 
bacteria, makes toxicological investigations more comprehensive. Bacterial lux-biosensors based 
on Escherichia coli can be used as a model for evaluation of the effect of certain substances on 
the transmembrane potential in mitochondria, albeit with extrapolation to a certain extent. 
Another aspect that draws our interest is that biosensors are able to help predict some systemic 
properties of probiotics. In the future, it's quite promising to see more applications of lux-
biosensors for environmental control, microbial-microbial interaction assessment, antioxidant 
action mechanism studies and toxicological studies in the development of new drugs. 

Keywords: Lux-biosensor; Whole-cell biosensor; Luminescence; Gene regulation; Probiotics; 
Ecotoxicology 

Hongyuan Shang, Xiaofei Zhang, Meili Ding, Aiping Zhang. (College of Pharmacy, Shanxi 
Medical University Taiyuan, 030001, PR China). Dual-mode biosensor platform based on 
synergistic effects of dual-functional hybrid nanomaterials, Talanta, Volume 260 (2023): 
124584 

Detection of biomarkers is very vital in the prevention, diagnosis and treatment of diseases. 
However, due to the poor accuracy and sensitivity of the constructed biosensors, we are now 
facing great challenges. In addressing these problems, nanohybrid-based dual mode biosensors 
including optical-optical, optical-electrochemical and electrochemical-electrochemical have been 
developed to detect various biomarkers. Integrating the merits of nanomaterials with abundant 
active sites, synergy and excellent physicochemical properties, many bi-functional nanohybrids 
have been reasonable designed and controllable preparation, which applied to the construction 
dual mode biosensors. Despite the significant progress, further efforts are still needed to develop 
dual mode biosensors and ensure their practical application by using portable digital devices. 
Therefore, the present review summarizes an in-depth evaluation of the bi-functional 
nanohybrids assisted dual mode biosensing platform of biomarkers. We are hoping this review 
could inspire further concepts in developing novel dual mode biosensors for possible detection 
application. 

Keywords: Dual mode; Biosensing platform; Nanohybrids; Biomarkers detection 

Gideon Opoku, Iddrisu Danlard, Albert Dede, Emmanuel Kofi Akowuah. (Department of 
Computer Engineering, Kwame Nkrumah University of Science and Technology, Kumasi, 
Ghana). Design and numerical analysis of a circular SPR based PCF biosensor for aqueous 
environments, Results in Optics, Volume 12(2023):100432 

This paper presents the design and numerical analysis of a circular photonic crystal fiber (PCF) 
biosensor based on surface plasmon resonance (SPR) for aqueous environments. The proposed 
biosensor has a geometrical design that uses the cladding at the fiber's exterior to simplify the 
gold and analyte deposition process. The sensing characteristics and performances of the 
proposed biosensor are fully investigated with the finite element method. The investigation 
indicates that the plasmonic material's thickness affects the biosensor's performance. The results 
of the proposed biosensor demonstrate a wide refractive index range of 1.30 to 1.44, with the 
highest wavelength or spectral sensitivity as 21,000 nm/RIU and the highest resolution as 
9.09×10−6 RIU. The proposed biosensor has a straightforward geometric profile. The proposed 
biosensor is stable and suited for aqueous surroundings and wide-range detection applications. 
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Keywords: Biosensor; Photonic crystal fiber; Surface plasmon resonance; Wide-ranged; 
Refractive index; Aqueous environments 

Faezeh Faraji, Hassan Tavakoli, Mahvash Jafari, Akram Eidi, Adeleh Divsalar. 
(aDepartment of Biology, Faculty of Basic Sciences, Science and Research Branch, Islamic 
Azad University, Tehran, Iran, bRadiation Injuries Research Center, Baqiyatallah 
University of Medical Sciences, Tehran, Iran, cDepartment of Biochemistry, Faculty of 
Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran, dDepartment of Cell 
and Molecular Sciences, Faculty of Biological Sciences Kharazmi University, Tehran, 
Iran). Electrochemical study of the effect of radiofrequency on glutamate oxidase activity 
using a glutamate oxidase-based biosensor, Heliyon, Volume 9, Issue 5(2023): e15911 

A biosensor based on glutamate oxidase (GluOx) was developed to measure glutamate 
concentration. The main function of this type of biosensor is related to the structure and catalytic 
activity of GluOx. Since radiofrequency, as the widest spectrum of electromagnetic fields, can 
affect the catalytic activity and structure of GluOx, in this study, the effect of these fields on the 
analytical parameters of the fabricated biosensor was investigated. To build the biosensor a sol-
gel solution of chitosan and native GluOx were prepared and then immobilized on the surface of 
the platinum electrode. Similarly, to investigate the effect of radiofrequency fields on the 
analytical parameters of the biosensor, instead of the native GluOx, irradiated GluOx was used 
to build the biosensor. To evaluate the biosensor responses, cyclic voltammetry experiments 
were performed and voltammograms were considered as biosensor responses. To determine the 
analytical parameters including detection limit, linear range, and saturation region of the 
responses, calibration curves were drawn for each of the biosensors. Also the long-term stability 
and selectivity of the fabricated biosensor were evaluated. Thereafter, the optimum pH and 
temperature for each of these two biosensors were examined. The results showed that 
radiofrequency waves harmed the detection and response of biosensors in the saturation region, 
while they had little effect on the linear region. Such results could be due to the effect of 
radiofrequency waves on the structure and function of glutamate oxidase. In general, the results 
indicate that when a glutamate oxidase-based biosensor is used to measure glutamate in 
radiofrequency fields, corrective coefficients for this type of biosensor should be considered to 
accurately measure glutamate concentration. 

Keywords: Glutamate; Glutamate oxidase; Biosensor; Radiofrequency; Analytical parameters 

Anjana Goel, Amisha Rastogi, Swadha Pandey, Sunanda Kulshrestha, Shubhangi Goel. 
(aDepartment of Biotechnology, GLA University, 17-Km stone,NH-2 Mathura-Delhi 
Highway, Chaumuhan, Mathura-281406, UP, India, bNarayana Nethralaya, Bengaluru, 
Karnataka, India). An emergent biotechnology hierarchy: Biosensors, Materials Today: 
Proceedings, (2023): https://doi.org/10.1016/j.matpr.2023.03.363 

Technology has always been a progressive thing to serve human beings in terms of advancement 
to make lives easier and processes simple. One such revolutionary technology which finds its 
wide field implication includes the 'Biosensors'. Biosensors, as the name suggested, are a kind of 
sensor that detects the presence of biological molecules including enzymes, proteins, etc in a 
sample. Biosensors are been classified based on receptor and transducer. The technology has 
found its implications in a wide range of fields of biology including medicine, diagnosis, 
defence, food industry, environmental monitoring, etc. the best example of a biosensor that is 
widely used and handy is the Glucometer. The biosensors are high throughput detectors that are 
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finding their multi-faceted implication in customer-friendly and budgeted devices for accurate 
results in limited timings. The present review will provide an overview of the kinds of 
biosensors and their different applications. 

Keywords: Biosensor; Detector; Device; Receptor; Transducer 

Chang-ye Hui, Shun-yu Hu, Xue-qin Yang, Yan Guo. (aDepartment of Pathology & 
Toxicology, Shenzhen Prevention and Treatment Center for Occupational Diseases, 
Shenzhen, China, bDepartment of Toxicology, School of Public Health, Southern Medical 
University, Guangzhou, China, cNational Key Clinical Specialty of Occupational Diseases, 
Shenzhen Prevention and Treatment Center for Occupational Diseases, Shenzhen, China). 
A panel of visual bacterial biosensors for the rapid detection of genotoxic and oxidative 
damage: A proof of concept study, Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis, Volume 888(2023): 503639 

The emergence of new compounds during the past decade requires a high-throughput screening 
method for toxicity assay. The stress-responsive whole-cell biosensor is a powerful tool to 
evaluate direct or indirect damages of biological macromolecules induced by toxic chemicals. In 
this proof-of-concept study, nine well-characterized stress-responsive promoters were first 
selected to assemble a set of blue indigoidine-based biosensors. The PuspA-based, PfabA-based, 
and PgrpE-based biosensors were eliminated due to their high background. A dose-dependent 
increase of visible blue signal was observed in PrecA-, PkatG-, and PuvrA-based biosensors, 
responsive to potent mutagens, including mitomycin and nalidixic acid, but not to genotoxic lead 
and cadmium. The PrecA, PkatG, and Ppgi gene promoters were further fused to a purple 
deoxyviolacein synthetic enzyme cluster. Although high basal production of deoxyviolacein is 
unavoidable, an enhanced visible purple signal in response to mitomycin and nalidixic acid was 
observed as dose-dependent, especially in PkatG-based biosensors. The study shows that a set of 
stress-responsive biosensors employing visible pigment as a reporter is pre-validating in 
detecting extensive DNA damage and intense oxidative stress. Unlike widely-used fluorescent 
and bioluminescent biosensors, the visual pigment-based biosensor can become a novel, low-
cost, mini-equipment, and high-throughput colorimetric device for the toxicity assessment of 
chemicals. However, combining multiple improvements can further improve the biosensing 
performance in future studies. 

Keywords: Whole-cell biosensor; Pigment biosynthesis; DNA damage; Oxidative stress; Stress 
response 

Yuelin Zhou, Xin Guan, Ru Wu, Yuan Dang, Sha Yu, Yuanzhen Zhou, Jieli Tang. (aSchool 
of Chemistry and Chemical Engineering, Xi'an University of Architecture and Technology, 
Xi'an 710055, China, bSchool of Environmental and Municipal Engineering, Xi'an 
University of Architecture and Technology, Xi'an 710055, China, cShaanxi Key Laboratory 
of Environmental Engineering, Xi'an University of Architecture and Technology, Xi'an 
710055, China). An electrochemical biosensor based on CuFe PBA/MoS2 nanocomposites 
for stable and sensitive detection of hydrogen peroxide and carcinoembryonic antigen, 
Journal of Electroanalytical Chemistry(2023): 117592 

An increasing number of electrochemical biosensors have been constructed to detect single 
bioactive substances with high sensitivity, but not multiple bioactive substances with different 
properties. Therefore, we incorporated Cu and Fe elements into Prussian blue to form Prussian 
blue analogues (PBA), in order to improve the electrochemical catalytic activity of Prussian 
blue. At the same time, MoS2 is used as the material substrate to increase the electrochemical 
active site of the composite. We have constructed a universal electrochemical sensing platform 
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using composite materials (CuFe PBA/MoS2) as electrode modification materials for detecting 
two different types of representative cancer biomarkers, hydrogen peroxide (H2O2) and 
carcinoembryonic antigen (CEA). The universal electrochemical biosensor showed a significant 
linear response to both H2O2 and CEA with the lowest detection limits of 0.23 μM and 0.01 ng 
mL-1, respectively, and it had high selectivity, reproducibility, and stability. The universal 
electrochemical biosensor is successfully applied to detect H2O2 released from human breast 
cancer (MCF-7) cells and CEA expressed on the surface of human cervical cancer (HeLa) cells. 
The developed biosensor has potential in the dynamic detection of the flux of H2O2 and the 
expression level of CEA from living cells. The high sensitivity of this universal sensor provides 
a novel strategy for simultaneously detecting multiple cancer biomarkers. 

Keywords: Hydrogen peroxide; Carcinoembryonic antigen; CuFe PBA/MoS2 nanocomposites; 
Electrochemical biosensor 

 

Bioengineering 

Julia Rädler, Dhanu Gupta, Antje Zickler, Samir EL Andaloussi. (1Biomolecular Medicine, 
Division of Biomolecular and Cellular Medicine, Department of Laboratory Medicine, 
Karolinska Institutet, 141 57 Huddinge, Sweden, 2Department of Paediatrics, University of 
Oxford, Oxford OX3 9DU, UK) Exploiting the biogenesis of extracellular vesicles for 
bioengineering and therapeutic cargo loading, Molecular Therapy, Volume 31, Issue 5 
(2023): 1231-1250 

Extracellular vesicles (EVs) are gaining increasing attention for diagnostic and therapeutic 
applications in various diseases. These natural nanoparticles benefit from favorable safety 
profiles and unique biodistribution capabilities, rendering them attractive drug-delivery 
modalities over synthetic analogs. However, the widespread use of EVs is limited by 
technological shortcomings and biological knowledge gaps that fail to unravel their 
heterogeneity. An in-depth understanding of their biogenesis is crucial to unlocking their full 
therapeutic potential. Here, we explore how knowledge about EV biogenesis can be exploited for 
EV bioengineering to load therapeutic protein or nucleic acid cargos into or onto EVs. We 
summarize more than 75 articles and discuss their findings on the formation and composition of 
exosomes and microvesicles, revealing multiple pathways that may be stimulation and/or cargo 
dependent. Our analysis further identifies key regulators of natural EV cargo loading and we 
discuss how this knowledge is integrated to develop engineered EV biotherapeutics. 

Keywords: exosomes; microvesicles; drug delivery; EV heterogeneity; EV engineering 

Justin C.Y. Chan, Ryan Chaban, Stephanie H. Chang, Luis F. Angel, Robert A. 
Montgomery, Richard N. Pierson. (aNYU Transplant Institute, New York University, 530 
1st Avenue, Suite 7R, New York, NY 10016, USAbDepartment of Surgery, Center for 
Transplantation Sciences, Massachusetts General Hospital and Harvard Medical School, 
55 Fruit Street, Boston, MA 02114, USAcDepartment of Cardiovascular Surgery, 
University Hospital of Johannes Gutenberg University, Langenbeckstr.1, Bau 505, 5. 
OG55131 Mainz, Germany): Future of Lung Transplantation: Xenotransplantation and 
Bioengineering Lungs, Clinics in Chest Medicine, Volume 44, Issue 1 (2023): 201-214 
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Keywords: Lung transplant; Xenotransplantation; Bioengineering; Ex vivo lung perfusion; 
Tissue engineering 

Hamed Barabadi, Hesam Noqani, Fatemeh Ashouri, Abhinav Prasad, Kamyar Jounaki, 
Kiana Mobaraki, Yugal Kishore Mohanta, Ebrahim Mostafavi. (aDepartment of 
Pharmaceutical Biotechnology, School of Pharmacy, Shahid Beheshti University of 
Medical Sciences, Iran, bBiochemistry and Environmental Toxicology Laboratory, Lab. # 
103, School of Environmental Sciences, Jawaharlal Nehru University, New Delhi, 110067, 
India, cDepartment of Applied Biology, School of Biological Sciences, University of Science 
and Technology Meghalaya (USTM), 9th Mile, Baridua, Ri Bhoi, 793101, Meghalaya, 
India, dStanford Cardiovascular Institute, Stanford University School of Medicine, 
Stanford, CA, United States, eDepartment of Medicine, Stanford University School of 
Medicine, Stanford, CA, United States): Nanobiotechnological approaches in anticoagulant 
therapy: The role of bioengineered silver and gold nanomaterials, Talanta, Volume 256 
(2023) 124279 

Nanotechnology is a novel area that has exhibited various remarkable applications, mostly in 
medicine and industry, due to the unique properties coming with the nanoscale size. One of the 
notable medical uses of nanomaterials (NMs) that attracted enormous attention recently is their 
significant anticoagulant activity, preventing or reducing coagulation of blood, decreasing the 
risk of strokes, heart attacks, and other serious conditions. Despite successful in vitro 
experiments, in vivo analyses are yet to be confirmed and further research is required to fully 
prove the safety and efficacy of nanoparticles (NPs) and to introduce them as valid alternatives 
to conventional ineffective anticoagulants with various shortcomings and side-effects. NMs can 
be synthesized through two main routes, i.e., the bottom-up route as a more preferable method, 
and the top-down route. In numerous studies, biological fabrication of NPs, especially metal 
NPs, is highly suggested given its eco-friendly approach, in which different resources can be 
employed such as plants, fungi, bacteria, and algae. This review discusses the green synthesis 
and characterization of silver nanoparticles (AgNPs) and gold nanoparticles (AuNPs) as two of 
the most useful metal NPs, and also their alloys in different studies focussing on their 
anticoagulant potential. Challenges and alternative approaches to the use of these NPs as 
anticoagulants have also been highlighted. 

Keywords: Anticoagulant activity; Green synthesis; Silver nanoparticles; Gold nanoparticles 

Hamed Barabadi, Kiana Mobaraki, Fatemeh Ashouri, Hesam Noqani, Kamyar Jounaki, 
Ebrahim Mostafavi. (aDepartment of Pharmaceutical Biotechnology, School of Pharmacy, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran, bStanford Cardiovascular 
Institute, Stanford University School of Medicine, Stanford, CA, United States, 
cDepartment of Medicine, Stanford University School of Medicine, Stanford, CA, United 
States, ):Nanobiotechnological approaches in antinociceptive therapy: Animal-based 
evidence for analgesic nanotherapeutics of bioengineered silver and gold nanomaterials, 
Advances in Colloid and Interface Science, Volume 316 (2023): 102917 

Pain management is a major challenge in healthcare systems worldwide. Owing to undesirable 
side effects of current analgesic medications, there is an exceeding need to develop the effective 
alternative therapeutics. Nowadays, the application of nanomaterials is being highly considered, 
as their exceptional properties arising from the nanoscale dimensions are undeniable. With the 
increasing use of metal NPs, more biocompatible and costly methods of synthesis have been 
developed in which different biological rescores including microorganisms, plants and algae are 
employed. Nanobiotechnology-based synthesis of nanosized particles is an ecological approach 
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offering safe production of nanoparticles (NPs) by biological resources eliminating the toxicity 
attributed to the conventional routes. This review provides an assessment of biosynthesized 
silver nanoparticles (AgNPs) and gold nanoparticles (AuNPs) as antinociceptive agents in recent 
studies. Living animal models (mice and rats) have been used for analyzing the effect of 
biogenic NPs on decreasing the nociceptive pain utilizing different methods such as acetic acid-
induced writhing test, hot plate test, and formalin test. Potent analgesic activity exhibited by 
green fabricated AgNPs and AuNPs represents the bright future of nanotechnology in the 
management of pain and other social and medicinal issues followed by this unpleasant sensation. 
Moreover, there NPs showed a protective effects on liver, kidney, and body weight in animal 
models that make them attractive for clinical studies. However, further research is required to 
fully address the harmless antinociceptive effect of NPs for clinical usage. 

Keywords: Antinociceptive activity; Green synthesis; Silver nanoparticles; Gold nanoparticles 

Catarina S. Silva, Banani Kundu, Joana M. Gomes, Emanuel M. Fernandes, Rui L. Reis, 
Subhas C. Kundu, Albino Martins, Nuno M. Neves. (3B's Research Group, I3Bs–Research 
Institute on Biomaterials, Biodegradables and Biomimetics, University of Minho, 
Headquarters of the European Institute of Excellence on Tissue Engineering and 
Regenerative Medicine, AvePark Parque de Ciência e Tecnologia, Zona Industrial da 
Gandra, Barco, 4805-017 Guimarães, Portugal, ICVS/3B's–PT Government Associate 
Laboratory, Braga/Guimarães, Portugal):Development of bilayered porous silk scaffolds 
for thymus bioengineering, Biomaterials Advances, Volume 147 (2023) 213320 

The thymus coordinates the development and selection of T cells. It is structured into two main 
compartments: the cortex and the medulla. The replication of such complex 3D environment has 
been challenged by bioengineering approaches. Nevertheless, the effect of the scaffold 
microstructure on thymic epithelial cell (TEC) cultures has not been deeply investigated. Here, 
we developed bilayered porous silk fibroin scaffolds and tested their effect on TEC co-cultures. 
The small and large pore scaffolds presented a mean pore size of 84.33 ± 21.51 μm and 
194.90 ± 61.38 μm, respectively. The highly porous bilayered scaffolds presented a high water 
absorption and water content (> 94 %), together with mechanical properties in the range of the 
native tissue. TEC (i.e., medullary (mTEC) and cortical (cTEC) cell lines) proliferation is 
increased in scaffolds with larger pores. The co-culture of both TEC lines in the bilayered porous 
silk scaffolds presents enhanced cell proliferation and metabolic activity when compared with 
mTEC in single culture. Also, when the co-culture occurred with cTEC in the small pores layer 
and mTEC in the large pores layer, a 9.2- and 18.9-fold increase in Foxn1 and Icam1 gene 
expression in cTEC is evident. These results suggest that scaffold microstructure and the co-
culture influence TEC's behaviour. Bilayered silk scaffolds with adjusted microstructure are a 
valid alternative for TEC culture, having possible applications in advanced thymus 
bioengineering strategies. 

Keywords: Silk fibroin; Bilayered scaffolds; Microarchitecture; Thymic epithelial cells; 
Thymus bioengineering 

Elisa A. Casanova, Adrian Rodriguez-Palomo, Lisa Stähli, Kevin Arnke, Olivier 
Gröninger, Melanie Generali, Yvonne Neldner, Simon Tiziani, Ana Perez Dominguez, 
Manuel Guizar-Sicairos, Zirui Gao, Christian Appel, Leonard C. Nielsen, Marios 
Georgiadis, Franz E. Weber, Wendelin Stark, Hans-Christoph Pape, Paolo Cinelli, 
Marianne Liebi, SAXS imaging reveals optimized osseointegration properties of 
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bioengineered oriented 3D-PLGA/aCaP scaffolds in a critical size bone defect model. 
(aDepartment of Trauma Surgery, University of Zurich, University Hospital Zurich, 
Zurich, Switzerland, bDepartment of Physics, Chalmers University of Technology, 
Gothenburg, Sweden, cInstitute for Chemical and Bioengineering, ETH Zurich, Zurich, 
Switzerland, dInstitute for Regenerative Medicine (IREM), Center for Therapy 
Development and Good Manufacturing Practice, University of Zurich, Zurich, 
Switzerland, eOral Biotechnology and Bioengineering, Department of Cranio-Maxillofacial 
and Oral Surgery, Center for Dental Medicine, University of Zurich, Zurich, Switzerland, 
fSwiss Light Source, Paul Scherrer Institute, Villigen, Switzerland, gDepartment of 
Radiology, Stanford School of Medicine, Stanford, CA, USA, hCenter for Applied 
Biotechnology and Molecular Medicine (CABMM), University of Zurich, Zurich, 
Switzerland, iCentre for X-ray Analytics, Swiss Federal Laboratories for Materials Science 
and Technology (EMPA), St. Gallen, Switzerland): Biomaterials, Volume 294 
(2023):121989 

Healing large bone defects remains challenging in orthopedic surgery and is often associated 
with poor outcomes and complications. A major issue with bioengineered constructs is achieving 
a continuous interface between host bone and graft to enhance biological processes and 
mechanical stability. In this study, we have developed a new bioengineering strategy to produce 
oriented biocompatible 3D PLGA/aCaP nanocomposites with enhanced osseointegration. 
Decellularized scaffolds -containing only extracellular matrix- or scaffolds seeded with adipose-
derived mesenchymal stromal cells were tested in a mouse model for critical size bone defects. 
In parallel to micro-CT analysis, SAXS tensor tomography and 2D scanning SAXS were 
employed to determine the 3D arrangement and nanostructure within the critical-sized bone. 
Both newly developed scaffold types, seeded with cells or decellularized, showed high 
osseointegration, higher bone quality, increased alignment of collagen fibers and optimal 
alignment and size of hydroxyapatite minerals. 

Keywords: Mesenchymal stromal cells; Critical size bone defect; Scaffold; PLGA/aCaP; 
Extracellular matrix; SAXS tomography 

Wei Li, Yunqi Cao, Chuan Wang, Nelson Sepúlveda. (1Department of Mechanical 
Engineering, University of Vermont, Burlington, VT 05405, USA, 2College of Integrated 
Circuit Science and Engineering, Nanjing University of Posts and Telecommunications, 
Nanjing, Jiangsu 210023, China, 3State Key Laboratory of Industrial Control Technology, 
College of Control Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 
310027, China, 4Electrical and Systems Engineering, Washington University in St. Louis, 
St. Louis, MO 63130, USA, 5Institute of Materials Science and Engineering, Washington 
University in St. Louis, St. Louis, MO 63130, USA, 6Department of Electrical and 
Computer Engineering, Michigan State University, East Lansing, MI 48824, USA) 
Ferroelectret nanogenerators for the development of bioengineering systems, Cell Reports 
Physical Science, Volume 4, Issue 5 (2023): 101388 

SummaryBioengineering devices and systems will become a practical and versatile technology 
in society when sustainability issues, primarily pertaining to their efficiency, sustainability, and 
human-machine interaction, are fully addressed. It has become evident that technological paths 
should not rely on a single operation mechanism but instead on holistic methodologies that 
integrate different phenomena and approaches with complementary advantages. As an intriguing 
invention, the ferroelectret nanogenerator (FENG) has emerged with promising potential in 
various fields of bioengineering. Utilizing the changes in the engineered macro-scale electric 
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dipoles to create displacement current (and vice versa), FENGs have been demonstrated to be a 
compelling strategy for bidirectional conversion of energy between the electrical and mechanical 
domains. Here we provide a comprehensive overview of the latest advancements in integrating 
FENGs in bioengineering systems, focusing on the applications with the most potential and the 
underlying current constraints. 

Andrea Schlegel, Hynek Mergental, Constantino Fondevila, Robert J. Porte, Peter J. 
Friend, Philipp Dutkowski. (1Fondazione IRCCS Ca' Granda, Ospedale Maggiore 
Policlinico, Centre of Preclinical Research, Milan, 20122, Italy, 2Department of Surgery 
and Transplantation, Swiss HPB Center, University Hospital Zurich, Switzerland, 3The 
Liver Unit, Queen Elizabeth University Hospital Birmingham, United Kingdom, 
4Hepatopancreatobiliary Surgery & Transplantation, General & Digestive Surgery 
Service, Hospital Universitario La Paz, IdiPAZ, CIBERehd, Madrid, Spain, 5Erasmus MC 
Transplant Institute, Department of Surgery, Division of HPB & Transplant Surgery, 
Erasmus University Medical Center, Rotterdam, the Netherlands, 6Nuffield Department of 
Surgical Sciences, University of Oxford, Oxford, UK): Machine perfusion of the liver and 
bioengineering, Journal of Hepatology, Volume 78, Issue 6 (2023) Pages 1181-1198 

With the increasing number of accepted candidates on waiting lists worldwide, there is an urgent 
need to expand the number and the quality of donor livers. Dynamic preservation approaches 
have demonstrated various benefits, including improving liver function and graft survival, and 
reducing liver injury and post-transplant complications. Consequently, organ perfusion 
techniques are being used in clinical practice in many countries. Despite this success, a 
proportion of livers do not meet current viability tests required for transplantation, even with the 
use of modern perfusion techniques. Therefore, devices are needed to further optimise machine 
liver perfusion – one promising option is to prolong machine liver perfusion for several days, 
with ex situ treatment of perfused livers. For example, stem cells, senolytics, or molecules 
targeting mitochondria or downstream signalling can be administered during long-term liver 
perfusion to modulate repair mechanisms and regeneration. Besides, today’s perfusion 
equipment is also designed to enable the use of various liver bioengineering techniques, to 
develop scaffolds or for their re-cellularisation. Cells or entire livers can also undergo gene 
modulation to modify animal livers for xenotransplantation, to directly treat injured organs or to 
repopulate such scaffolds with “repaired” autologous cells. This review first discusses current 
strategies to improve the quality of donor livers, and secondly reports on bioengineering 
techniques to design optimised organs during machine perfusion. Current practice, as well as the 
benefits and challenges associated with these different perfusion strategies are discussed. 

Keywords: Liver transplantation; machine perfusion; ischemia-reperfusion-injury; 
mitochondria; bioengineering; regeneration medicine; organoids; scaffolding 

Riccardo Bellazzi, Maurizio Cecconi, Maria Laura Costantino, Pierangelo Veltri. 
(aDepartment of Electrical, Computer and Biomedical Engineering, University of Pavia, 
Italy, bDepartment of Biomedical Sciences, Anesthesiology and Intensive Care, Humanitas 
University Pieve Emanuele, Milan, Italy, cAnaesthesia and Intensive Care Medicine IRCCS 
Humanitas Research Hospital, Rozzano, Milan, Italy,dDepartment of Chemistry, Materials 
and Chemical Engineering “Giulio Natta”, Politecnico di Milano, Milan, ItalyeDepartment 
of Surgical and Medical Science, University Magna Graecia of Catanzaro, Catanzaro, 
ItalyfComputer Science, Modeling, Electronics, and Systems Engineering (DIMES), 
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University of Calabria, Rende, Italy): Bioengineering and medical informatics education in 
MD programs: perspectives from three Italian experiences, International Journal of 
Medical Informatics, Volume 172 (2023):105002 

Given the impact of bioengineering and medical informatics technologies in health care, the 
design and implementation of education programs able to combine medical curricula with a 
proper teaching on engineering and informatics is now of paramount importance. In Italy, this 
goal has to fit in with the existing higher education system, which is structured into Bachelor 
programs and Master programs. Medicine and Surgery programs, instead, are designed as a six-
year single-cycle Degree Program in Medicine and Surgery which comprises both class 
attendance and hospital internship and training. This program allows students to become Medical 
Doctors (MD). The different organization of this University program makes it not easy to 
introduce further contents, namely hard science courses, in the educational program. 
Notwithstanding this, we present here some recent innovative programs aimed at widening MD 
curriculum by including biomedical engineering and informatics subjects. In particular, we will 
introduce three of them. Two are joint-degree programs, the first between Humanitas University 
and Politecnico di Milano (MEDTEC School), and the second between University of Calabria 
and University Magna Graecia of Catanzaro (Medicina e Chirurgia TD). The Third one is a 
Professional Master coupled with an MD degree, based on a joint program among Pavia 
University, Pisa University, the Institute of Advanced studies in Pavia and the Scuola Superiore 
S. Anna in Pisa (MEET). 

The paper provides a description of the fundamental design principles of the three above 
mentioned programs, and explores some aspects of the teaching modules, highlighting their 
positive aspects. In particular, we show how the three different programs allow students to 
enrich their knowledge by studying engineering subjects and innovative methods and 
technologies, as well as their applications to patient care. 

The MEDTEC program is the first degree program at Italian and international scale which 
integrates medical and engineering subjects. In the following years, other programs were issued 
in Italy, defining similar education programs to couple a degree in medicine education with 
bioengineering and medical informatics, among which Medicina e Chirurgia TD and MEET. We 
believe the experiences described here in this paper represent the possibility of bridging the gap 
between medical and technological competencies. 

Keywords: Medicine and Technologies; Biomedical Engineering; Medical Informatics; Medical 
Education; MEDTEC; MEET; Medicina e Chirurgia TD 

Dao Shi, Feng Wu, Lingling Huang, Ying Li, Sunkui Ke, Jinyao Li, Zhenqing Hou, 
Zhongxiong Fan. (aInstitute of Materia Medica & College of Life Science and Technology, 
Xinjiang University, Urumqi, 830017, China, bCollege of Materials, Xiamen University, 
Xiamen 361005, China, cXiamen Key Laboratory of Traditional Chinese Bio-engineering, 
Xiamen Medical College, Xiamen 361021, China dDepartment of Thoracic Surgery, 
Zhongshan Hospital of Xiamen University, China): Bioengineered nanogenerator with 
sustainable reactive oxygen species storm for self-reinforcing sono-chemodynamic 
oncotherapy, Journal of Colloid and Interface Science, Volume 646,(2023): 649-662  

Oxidative stress-based antitumor modalities derived from reactive oxygen species (ROS) storms 
have attracted increasing attention. Nevertheless, low delivery efficiency, poor selectivity, 
hypoxia and overexpressed glutathione (GSH) have severely restricted the sustainable generation 
of the ROS storm in tumor cells. Herein, we design a bioengineered nanogenerator by 
coordination-driven co-assembly of sonosensitizer indocyanine green (ICG), Fenton-like agent 



EIACP-Program Centre on Environmental Biotechnology  

 

 Abstract Vol. No. 42, June 2023 

  91 

copper ion (CuⅡ) and mitochondrial respiratory inhibitor metformin (MET), which is then 
camouflaged by a cancer cytomembrane to induce a sustainable intracellular ROS storm for on-
demand self-reinforcing sono-chemodynamic oncotherapy. Such a nanogenerator with a core–
shell structure, suitable diameter and outstanding stability can efficiently accumulate in tumor 
regions and then internalize into tumor cells through the camouflaging and homologous targeting 
strategy of the cancer cytomembrane. The nanogenerator shows an exceptional instability under 
the triple stimulations of acidic lysosomes, overexpressed GSH and ultrasound (US) radiation, 
thereby resulting in the rapid disassembly and burst drug release. Interestingly, the released MET 
significantly enhances the sonodynamic therapy (SDT) efficacy of the released ICG by 
inhibiting mitochondrial respiration and meanwhile the released CuⅡ obviously reduces ROS 
elimination by downregulating overexpressed GSH for self-amplifying and self-protecting the 
intracellular ROS storm. Moreover, such a nanogenerator almost completely achieves the tumor 
ablation in vivo in a single therapy cycle. Taken together, our bioengineered nanogenerator with 
a sustainable ROS storm can provide a promising strategy for ROS storm-based oncotherapy. 

Keywords: Cancer cytomembrane; Bioengineered coordination nanogenerator; Homologous 
targeting; Sustainable ROS storm; Sono-chemodynamic oncotherapy 

Adam S. Mullis, David L. Kaplan. (aDepartment of Biomedical Engineering, Tufts 
University, Medford, MA, 02155, USA, bAllen Discovery Center, Tufts University, 
Medford, MA, 02155, USA): Functional bioengineered tissue models of neurodegenerative 
diseases, Biomaterials, Volume 298(2023): 122143 

Aging-associated neurodegenerative diseases, such as Alzheimer's and Parkinson's diseases 
remain poorly understood and no disease-modifying treatments exist despite decades of 
investigation. Predominant in vitro (e.g., 2D cell culture, organoids) and in vivo (e.g., mouse) 
models of these diseases are insufficient mimics of human brain tissue structure and function and 
of human neurodegenerative pathobiology, and have thus contributed to this collective 
translational failure. This has been a longstanding challenge in the field, and new strategies are 
required to address both fundamental and translational needs. Bioengineered tissue culture 
models constitute a class of promising alternatives, as they can overcome the low cell density, 
poor nutrient exchange, and long term culturability limitations of existing in vitro models. 
Further, they can reconstruct the structural, mechanical, and biochemical cues of native brain 
tissue, providing a better mimic of human brain tissues for in vitro pathobiological investigation 
and drug development. We discuss bioengineering techniques for the generation of these 
neurodegenerative tissue models, including biomaterials-, organoid-, and microfluidics-based 
approaches, and design considerations for their construction. To aid the development of the next 
generation of functional neurodegenerative disease models, we discuss approaches to incorporate 
greater cellular diversity and simulate aging processes within bioengineered brain tissues. 

Keywords: Bioengineering; Tissue engineering; Neurodegenerative diseases; Human 
pluripotent stem cells; Organoids; Microfluidics 

Han Liu, Hao Zhang, Sicheng Wang, Jin Cui, Weizong Weng, Xinru Liu, Hua Tang, Yan 
Hu, Xiaoqun Li, Kun Zhang, Fengjin Zhou, Yingying Jing, Jiacan Su. (aInstitute of 
Translational Medicine, Shanghai University, Shanghai, 200444, China, bOrganoid 
Research Center, Shanghai University, Shanghai, 200444, China, cDepartment of 
Orthopedics, Shanghai Zhongye Hospital, Shanghai, 200444, China, dDepartment of 
Orthopedics Trauma, Shanghai Changhai Hospital, Naval Medical University, Shanghai, 
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200433, China, eShaoxing Institute of Technology at Shanghai University, Shaoxing, 
312000, China, fDepartment of Orthopaedics, Honghui Hospital, Xi'an Jiao Tong 
University, Xi'an, 710000, China, gDepartment of Orthopedics, Xinhua Hospital, Shanghai 
Jiao Tong University School of Medicine, Shanghai, 200092, China): Bone-targeted 
bioengineered bacterial extracellular vesicles delivering siRNA to ameliorate osteoporosis, 
Composites Part B: Engineering, Volume 255 (2023): 110610 

Osteoporosis (OP), characterized by decreased bone mass and destruction of bone 
microarchitecture, is the most common bone degenerative disease. Conventional treatments for 
OP have several side effects, new treatment approaches are needed. Bacterial extracellular 
vesicles (BEVs) carrying curative molecules have emerged as a promising alternative due to 
their unique nanosized structures, stable loading capacity, good biocompatibility, ease of 
modification, and industrialization. In this study, we modified probiotics Escherichia coli Nissle 
1917 (ECN) to overexpress hCXCR4 fused with the ClyA on the membrane surface of BEVs. 
The bone targeted BEVs took advantage of the intrinsic anti-OP function and loaded with SOST 
siRNA to generate BEVs-hCXCR4-SOST siRNA (BEVs-CSs). The customized BEVs-CSs have 
exhibited great bone targeting ability without long-term cytotoxicity. In addition, the 
bioengineered BEVs-CSs can be internalized by bone marrow mesenchymal stem cell and 
promote their osteogenic differentiation with significant cytocompatibility. Finally, the 
bifunctional BEVs-CSs successfully reversed the OP in an ovariectomized mouse model. Taken 
together, such a bioengineered BEVs-based strategy provides an innovative, safe, efficient and 
promising therapeutic solution for intractable OP treatment. 

Keywords: Osteoporosis; Bacterial extracellular vesicle; Bone targeting; Small interfering 
RNA; Osteogenic differentiation 

 

Pollen Biotechnology 

Manuela Grijincu, Ioan Huțu, Milena Weber, Elijahu Babaev, Frank Stolz, Rudolf 
Valenta, Virgil Păunescu, Carmen Panaitescu, Kuan-Wei Chen. (aCenter of Immuno-
physiology and Biotechnologies, Department of Functional Sciences, Victor Babeș 
University of Medicine and Pharmacy, Timișoara, Romania, bOncoGen Center, Pius 
Brînzeu County Clinical Emergency Hospital, Timișoara, Romania, cUniversity of Life 
Sciences "King Mihai I of Romania", Timişoara, Romania, dDepartment of 
Pathophysiology and Allergy Research, Division of Immunopathology, Center of 
Pathophysiology, Infectiology and Immunology, Medical University of Vienna, Austria, 
eBiomay AG, Vienna Competence Center, Vienna, Austria, fNRC Institute of Immunology 
FMBA of Russia, Moscow, Russia, gDepartment of Clinical Immunology and Allergy, 
Sechenov First State Medical University, Moscow, Russia, hKarl Landsteiner University of 
Health Sciences, Krems, Austria): Physicochemical and immunological characterization of 
Amb a 12, a novel ragweed (Ambrosia artemisiifolia) pollen allergen, Molecular 
Immunology, Volume 157 (2023): 18-29 

Ragweed is an invasive plant in Europe, causing hay fever and asthma in allergic patients. 
Climate change is predicted to increase expansion and allergenicity. Elevated NO2 induced 
upregulation of a new allergen in ragweed pollen, an enolase, Amb a 12. 

of this study was producing ragweed enolase as a recombinant protein and characterizing its 
physicochemical and immunological features. 
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Amb a 12 was designed for E. coli and insect cell expression. Physicochemical features were 
determined by mass spectrometry, circular dichroism measurements and enzymatic activity 
assay. Immunological characteristics were determined in ELISA, in a mediator release assay and 
by investigation of association with clinical symptoms. Common allergen sources were screened 
for similar proteins. 

Ragweed enolase was produced as a 48 kDa protein forming oligomers in both expression 
systems, showing differences in secondary structure content and enzymatic activity depending 
on expression system. IgE frequency and allergenicity were low regardless of expression system. 
Enolase-specific serum bound to similar sized molecules in mugwort, timothy grass and birch 
pollen, as well as food allergen sources, while highest IgE inhibition was achieved with peach 
pulp extract. 

Amb a 12 had high sequence similarity and comparable IgE frequency to enolase allergens from 
different sources. 50 kDa proteins were found in other pollen and food allergen sources, 
suggesting that enolases might be pan-allergens in pollen and plant foods. 

Keywords: Ragweed; Enolase; Sensitization rate; Plant allergens 

Xun Weng, Yifan Shen, Liwen Jiang, Lifeng Zhao, Hao Wang. (aCollege of Life Sciences, 
South China Agricultural University, Guangzhou 510642, China, bUtahloy International 
School of Guangzhou, Guangzhou 510642, China, School of Life Sciences, Centre for Cell 
and Developmental Biology and State Key Laboratory of Agrobiotechnology, The Chinese 
University of Hong Kong, Shatin, New Territories, Hong Kong, ChinadInstitute of Plant 
Molecular Biology & Agricultural Biotechnology, The Chinese University of Hong Kong, 
Shatin, Hong Kong, China). Spatiotemporal organization and correlation of tip-focused 
exocytosis and endocytosis in regulating pollen tube tip growth, Plant Science, Volume 330 
(2023): 111633 

Pollen tube polar growth is a key cellular process during plant fertilization and is regulated by 
tip-focused exocytosis and endocytosis. However, the spatiotemporal dynamics and localizations 
of apical exocytosis and endocytosis in the tip region are still a matter of debate. Here, we use a 
refined spinning-disk confocal microscope coupled with fluorescence recovery after 
photobleaching for sustained live imaging and quantitative analysis of rapid vesicular activities 
in growing pollen tube tips. We traced and analyzed the occurrence site of exocytic plasma 
membrane-targeting of Arabidopsis secretory carrier membrane protein 4 and its subsequent 
endocytosis in tobacco pollen tube tips. We demonstrated that the pollen tube apex is the site for 
both vesicle polar exocytic fusion and endocytosis to take place. In addition, we disrupted either 
tip-focused exocytosis or endocytosis and found that their dynamic activities are closely 
correlated with one another basing on the spatial organization of actin fringe. Collectively, our 
findings attempt to propose a new exocytosis and endocytosis-coordinated yin-yang working 
model underlying the apical membrane organization and dynamics during pollen tube tip growth. 

Keywords: Exocytosis; Endocytosis; Actin fringe; Polar growth; Pollen tube tip 

Enning Zhou, Weiwei Wang, Xiaofeng Xue, Pianpian Wang, Fan Wu, Liming Wu, 
Qiangqiang Li. (aState Key Laboratory of Resource Insects, Institute of Apicultural 
Research, Chinese Academy of Agricultural Sciences (CAAS), Beijing 100093, ChinabKey 
Lab of Agricultural Animal Genetics, Breeding and Reproduction of Ministry of 
Education, College of Animal Science and Technology, Huazhong Agricultural University, 
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Wuhan 430070, ChinacState Key Laboratory of Natural and Biomimetic Drugs, Institute of 
Ocean Research, Peking University, Beijing 100191, ChinadZhejiang Provincial Key 
Laboratory of Biometrology and Inspection & Quarantine, College of Life Sciences, China 
Jiliang University, Hangzhou 310018, China). Hydrogen peroxide oxidation modifies the 
structural properties and allergenicity of the bee pollen allergen profilin, Food Chemistry, 
Volume 425(2023): 136495 

Bee pollen is a byproduct of pollination, which is a necessary process to produce foods. 
However, bee pollen can induce significant food-borne allergies. We previously identified a bee 
pollen-derived pan-allergen in the profilin family, Bra c p. Herein, we aimed to reduce Bra c p 
allergenicity via protein oxidation with hydrogen peroxide and explore the changes induced. Ion-
mobility mass spectrometry revealed aggregation of the oxidized product; we also found 
irreversible sulfonation of the free sulfhydryl group of the Bra c p Cys98 residue to a more stable 
cysteine derivative. A significant proportion of the α-helices in Bra c p were transformed into β-
sheets after oxidation, masking the antigenic epitopes. An immunoassay demonstrated that the 
IgE-binding affinity of Bra c p was decreased in vitro after oxidation. To our knowledge, this is 
the first report describing the application of protein oxidation to reduce the allergenicity of 
profilin family member in foods. 

Keywords: Bee pollen allergen; Profilin family; Hydrogen peroxide; Protein oxidation; 
Allergenicity reduction 

Yong Cao, Li Shao, Lianyun Wang, Kai Su, Dong Zhang, Yilin Xie, Qing Zheng, Yanhua 
Xu, Hui Lu, Mei Xin, Zhongdong Qiao, Yinshi Guo. (aSchool of Life Sciences and 
Biotechnology, Shanghai Jiao Tong University, Shanghai, China,bDepartment of Allergy, 
Renji Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, 
China,cDepartment of Nuclear Medicine, Renji Hospital Affiliated to Shanghai Jiao Tong 
University School of Medicine, Shanghai, China). Heat shock cognate 70 protein like-2 
protein in camphor pollen is one of the major culprits of asthma, Molecular Immunology, 
Volume 156,(2023): 170-176 

In recent decades, Cinnamomum camphora have gradually become the main street trees in 
Shanghai. This study aims to investigate the allergenicity of camphor pollen. 

A total of 194 serum samples from patients with respiratory allergy were collected and analyzed. 
Through protein profile identification and bioinformatics analysis, we hypothesized that heat 
shock cognate protein 2-like protein (HSC70L2) is the major potential allergenic protein in 
camphor pollen. Recombinant HSC70L2 (rHSC70L2) was expressed and purified, and a mouse 
model of camphor pollen allergy was established by subcutaneous injection of total camphor 
pollen protein extract (CPPE) and rHSC70L2. 

Specific IgE was found in the serum of 5 patients in response to camphor pollen and three 
positive bands were identified by Western blotting. Enzyme-linked immunosorbent assay 
(ELISA), Immune dot blot and Western blot experiments confirmed that CPPE and rHSC70L2 
can cause allergies in mice. Moreover, rHSC70L2 induces polarization of peripheral blood 
CD4+ T cells to Th2 cells in patients with respiratory allergies and mice with camphor pollen 
allergy. Finally, we predicted the T cell epitope of the HSC70L2 protein, and through the mouse 
spleen T cell stimulation experiment, we found that the 295EGIDFYSTITRARFE309 peptide 
induced T cells differentiation to Th2 and macrophages differentiation to the alternatively 
activated (M2) state. Moreover, 295EGIDFYSTITRARFE309 peptide increased the serum IgE 
levels in mice. 



EIACP-Program Centre on Environmental Biotechnology  

 

 Abstract Vol. No. 42, June 2023 

  95 

The identification of HSC70L2 protein can provide novel diagnostic and therapeutic targets for 
allergies caused by camphor pollen. 

Keywords: Allergen; Camphor pollen; Heat shock cognate protein 2-like protein; Respiratory 
allergic diseases; T cell epitope prediction 

Jia-Bao Ni, Yan-Xiang Bi, Sriram K. Vidyarthi, Hong-Wei Xiao, Li-Da Han, Jun Wang, 
Xiao-Ming Fang. (aCollege of Engineering, China Agricultural University, P.O. Box 194, 17 
Qinghua Donglu, Beijing, 100083, China, bInstitute of Apicultural Research, Chinese 
Academy of Agricultural Sciences, 1 Xiangshan Beigou, Beijing, 100093, China, 
cDepartment of Biological and Agricultural Engineering, University of California, Davis, 
One Shields Avenue, Davis, CA, 95616, USA, dBiotechnology Research Institute, Chinese 
Academy of Agricultural Sciences, China ,eCollege of Food Science and Engineering, 
Northwest A&F University, Yangling, 712100, China). Non-thermal electrohydrodynamic 
(EHD) drying improved the volatile organic compounds of lotus bee pollen via HS-GC-
IMS and HS-SPME-GC-MS, LWT, Volume 176, (2023): 114480 

The effect of non-thermal processing on food flavor and aroma components is still unclear. Non-
thermal electrohydrodynamic (EHD) drying was applied as a novel technology for the drying of 
lotus bee pollen. The effect of different output voltage (10, 20, 30, 40, and 50 kV) of EHD on 
volatile organic compounds (VOCs) was studied, samples of hot air drying (HAD) and natural 
sun drying (NSD) was also evaluated. Results showed that 147 volatile organic compounds were 
identified from lotus pollen, and most of them were aldehydes and terpenes. Due to lipid 
oxidation and protein modification, most aldehydes and terpenes increased with increase of 
voltage, while alcohol and acid concentrations first increased and then decreased with voltage. 
The concentration of alcohols accumulated was the highest in natural sun drying, which caused 
by fermentation when exposed to natural environment for a long time drying. Four VOCs, ethnol 
M, ethnol D, acetic M, and acetic D, were selected by variable importance in projection variable 
selection method of partial least squares discriminant analysis as potential markers to distinguish 
different drying lotus bee pollen. These findings in current work revealed the flavor formation 
and related mechanism of bee pollen during non-thermal drying. 

Keywords: Electrohydrodynamic drying; Lotus bee pollen; Volatile organic compounds; Lipid 
oxidation; Protein modification 

Xinyue Liu, Ling He, Ze Wu, Nianjun Teng. (aKey Laboratory of Landscaping 
Agriculture, Ministry of Agriculture and Rural Affairs, College of Horticulture, Nanjing 
Agricultural University, Nanjing, Jiangsu 210095, China, bKey Laboratory of Biology of 
Ornamental Plants in East China, National Forestry and Grassland Administration, 
College of Horticulture, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China, 
cJiangsu Graduate Workstation of Nanjing Agricultural University and Nanjing Oriole 
Island Modern Agricultural Development Co., Ltd., Nanjing, Jiangsu 210043, China). 
GAMYB transcription factor LoMYB65 from lily plays a vital role in pollen development, 
Horticultural Plant Journal (2023): https://doi.org/10.1016/j.hpj.2023.01.008 

Lily (Lilium spp.) is an important horticultural crop, but its use is limited due to serious pollen 
contamination problems. There are many studies on pollen development in model plants, but few 
on flower crops such as lilies. Gibberellin (GA) is a large class of hormones and plays an 
important role in plant vegetative growth and reproductive development. GAMYB is a group of 
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the R2R3-MYB family upregulated by gibberellin, and plays an important role in anther 
development. Here, we isolated a novel GAMYB, named LoMYB65, from lily, which was 
closely related to the AtMYB65 and AtMYB33 in Arabidopsis. Fluorescence quantitative PCR 
results showed that LoMYB65 was mainly expressed in lily anthers. LoMYB65 could be 
activated by 288 μmol L−1 GA3 treatment and the LoMYB65 protein was located in the nucleus 
and cytoplasm, and had transactivation in yeast and tobacco leaf cells. The conserved motif 
within 226 amino acids of the C-terminal of LoMYB65 contributed to its transactivation. 
Overexpression of LoMYB65 caused dwarf phenotype, unnormal tapetum development, less 
seeds of siliques in transgenic Arabidopsis plants, the transgenic plants showed partly male 
sterile. Simultaneously, silencing of LoMYB65 with VIGS (Virus Induced Gene Silencing) in 
lily anthers caused unnormal pollen development and reduced the pollen amount. 
Overexpression of LoMYB65 in Arabidopsis and silencing of LoMYB65 in lily resulted in 
decreased pollen counts, so we speculate that LoMYB65 may be dose-dependent. Overall, these 
findings suggest that LoMYB65 may play an important role in anther development and pollen 
formation in lily. LoMYB65 may provide a useful candidate gene for pollenless breeding of lily. 

Keywords: Lily; Anther development; Pollen pollution; GAMYB; VIGS 

Zhihao Sun, Keke Liu, Chi Chen, Daibo Chen, Zequn Peng, Ran Zhou, Ling Liu, Dengmei 
He, Wenjing Duan, Hongmei Chen, Chenbo Huang, Zheyan Ruan, Yingxin Zhang, Liyong 
Cao, Xiaodeng Zhan, Shihua Cheng, Lianping Sun. (aKey Laboratory for Zhejiang Super 
Rice Research, Chinese National Center for Rice Improvement and Stat Key Laboratory of 
Rice Biology, China National Rice Research Institute, HangZhou 311402, China,  bBaoqing 
Northern Rice Research Center, Northern Rice Research Center of China National Rice 
Research Institute, Baoqing, Heilongjiang 155600, China, cCollege of Agronomy, 
Heilongjiang Bay Agricultural University, Daqing, Heilongjiang 163711, China). 
OsLDDT1, encoding a transmembrane structural DUF726 family protein, is essential for 
tapetum degradation and pollen formation in rice, Plant Science, Volume 329 (2023): 
111596 

Formation of the pollen wall, which is mainly composed of lipid substances secreted by tapetal 
cells, is important to ensure pollen development in rice. Although several regulatory factors 
related to lipid biosynthesis during pollen wall formation have been identified in rice, the 
molecular mechanisms controlling lipid biosynthesis are unclear. In this study, we isolated the 
male-sterile rice mutant oslddt1 (leaked and delayed degraded tapetum 1). oslddt1 plants show 
complete pollen abortion resulting from delayed degradation of the tapetum and blocked 
formation of Ubisch bodies and pollen walls. OsLDDT1 (LOC_Os03g02170) encodes a 
DUF726 containing protein of unknown function with highly conserved transmembrane and α/β 
Hydrolase domains. OsLDDT1 localizes to the endoplasmic reticulum and the gene is highly 
expressed in rice panicles. Genes involved in regulating fatty acid synthesis and formation of 
sporopollenin and pollen exine during anther development showed significantly different 
expression patterns in oslddt1 plants. Interestingly, the wax and cutin contents in mature 
oslddt1–1 anthers were decreased by 74.07 % and 72.22 % compared to WT, indicating that 
OsLDDT1 is involved in fatty acid synthesis and affects formation of the anther epidermis. Our 
results provide as deeper understanding of the role of OsLDDT1 in regulating male sterility and 
also provide materials for hybrid rice breeding. 

Keywords: Rice; Male sterility; OsLDDT1; Fatty acid synthesis; Transmembrane structural 
protein 
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Biotechnology Policy Issue 
 

Caizhi Liao, Shadow Xiao, Xia Wang. ( aRenaissance Diacare, Creative Biosciences Co. 
Ltd., Guangzhou, China, bAustralian Institute for Bioengineering and Nanotechnology, 
The University of Queensland, Brisbane, Australia, cTotal Precise Venture, Central, Hong 
Kong SAR, China, dZhejiang University Medical College affiliated Sir Run Run Shaw 
Hospital, Hangzhou, China). Bench-to-bedside: Translational development landscape of 
biotechnology in healthcare, Health Sciences Review, Volume 7 (2023): 100097 

Biotechnology is a rapidly evolving field that has the potential to transform the way we diagnose 
and treat diseases and is changing the landscape of healthcare. Great endeavors have been 
devoted to the field of healthcare biotechnology, and our knowledge of the subject has 
remarkably improved. By leveraging the latest advancements in molecular biology and genetics, 
new biotech paradigms are emerging, sparking new searches for novel solutions for human 
health and well-being. However, the clinical translational development of breakthrough 
biotechnology discoveries remains an intriguing challenge. Only a few biotech innovations have 
progressed to new transformative healthcare tools and therapies. In this review, we will outline 
the clinical translational development landscape of biotechnology in healthcare. Notable 
discoveries and translational developments in healthcare biotechnology, including classical 
discoveries and new paradigms, are thoroughly discussed. Even though great challenges remain 
in the bench-to-bedside translational development process, more groundbreaking biotech ideas 
are about to be translated into commercial products to bring positive health gains, with a tight 
multitude of collaboration among research institutes, healthcare providers, and industry partners. 

Keywords: Bench-to-bedside; Clinical translational development; Healthcare; Biotechnology; 
Therapy 
 

 

Agricultural Biotechnology 

Ervin Balázs, Péter Horn, László Hornok, Melinda Kovács, Kálmán Rajkai, Zsolt Szendrő. 
(aCentre for Agricultural Sciences, ELKH ATK, Brunszvik u 2, Martonvásár 2462, 
Hungary, bHungarian University of Agricultural and Life Sciences, Gödöllő Práter Károly 
u 1, Hungary, cHungarian University of Agricultural and Life Sciences, Kaposvár Campus, 
Guba Sándor str 40, Kaposvár 7400, Hungary, dHungarian University of Agricultural and 
Life Sciences Institute of Physiology and Nutrition, Kaposvár Campus, Guba Sándor str 
40, Kaposvár 7400, Hungary, eNational Laboratory for Agricultural Biotechnology and 
Precision Breeding for Food Safety, Hungary, fCentre for Agricultural Sciences ELKH 
ATK Soil Science Institute, Hermann Ottó str 15, Budapest 1022, Hungary). Reflections on 
the Regenerative Agriculture Report: Bioeconomical balances and the potential of 
biotechnology, EFB Bioeconomy Journal, Volume 3 (2023): 100054 

The policy report published by the European Academies Science Advisory Council (EASAC) 
introduces a new concept, ‘Regenerative Agriculture’, but but does not provide an exact 
definition for the term. The roots of the ideological concept lie in the French Enlightenment 
period, when food supplies of local communities were not a real concern. Nowadays, agriculture 
struggles to keep up with the population explosion. The EASAC position paper sets ecological 
farming and large-scale agriculture against each other despite the fact that their common aim is 
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to supply the world population with high quality food and industrial raw materials. The 
comments in the present paper aim to provide a more nuanced approach to some of the ideas 
discussed in the EASAC report, with special emphasis on the fact that, although the report 
formulates noble aims, it does not present concrete suggestions on how they could be achieved 
economically. 

Keywords: EASAC report; Intensive production; Organic production; Pesticides; Antimicrobial 
resistance; Bio economical and biotechnological approaches 

Agata Tyczewska, Tomasz Twardowski, Ewa Woźniak-Gientka. (1Laboratory of Animal 
Model Organisms, Institute of Bioorganic Chemistry, Polish Academy of Sciences, 61-704 
Poznan, Poland, 2Bioeconomy and Sustainable Development Team, Institute of Bioorganic 
Chemistry, Polish Academy of Sciences, 61-704 Poznan, Poland). Agricultural 
biotechnology for sustainable food security, Trends in Biotechnology, Volume 41, Issue 3 
(2023): 331-341 

Of late, global food security has been under threat by the coronavirus disease 2019 (COVID-19) 
pandemic and the recent military conflict in Eastern Europe. This article presents the objectives 
of the Sustainable Development Goals and the European Green Deal related to achieving food 
security and sustainable development in European Union (EU) agriculture, taking the 
aforementioned threats into account. In addition, it discusses the future of plant agricultural 
biotechnology and artificial intelligence (AI) systems, considering their potential for reaching 
the goal of food security. Paradoxically, the present challenging situation may allow politicians 
and stakeholders of the EU to realize opportunities and use the potential of the biotechnology 
sector. 

Keywords: agricultural biotechnology; artificial intelligence in agriculture; biotechnology sector; 
food security; new plant breeding techniques 

 

Bioenergy 

Vinay Kumar, Alisa S. Vangnai, Neha Sharma, Komalpreet Kaur, Pritha Chakraborty, 
Mridul Umesh, Barkha Singhal, Divya Utreja, Edgar Uquiche Carrasco, Rodrigo Andler, 
Mukesh Kumar Awasthi, Mohammad J. Taherzadeh. (aEcotoxicity and Bioconversion 
Laboratory, Department of Community Medicine, Saveetha Medical College and Hospital, 
Saveetha Institute of Medical and Technical Sciences (SIMATS), Chennai, Thandalam, 
602105, India, bCenter of Excellence in Biocatalyst and Sustainable Biotechnology, 
Department of Biochemistry, Faculty of Science, Chulalongkorn University, Bangkok, 
10330, Thailand, cMetagenomics and Bioprocess Design Laboratory, School of 
Biotechnology, Jawaharlal Nehru University, New Delhi, India, dDepartment of Chemistry, 
Punjab Agricultural University, Ludhiana, Punjab, 141004, India, eSchool of Allied 
Healthcare and Sciences, Jain (Deemed to Be) University, Whitefield, Bangalore-66, India, 
fDepartment of Life Sciences, CHRIST (Deemed to be University), Hosur Road, Bengaluru, 
560029, Karnataka, India, gSchool of Biotechnology, Gautam Buddha University, Greater 
Noida, U.P., India, hDepartamento de Ingeniería Química, Universidad de La Frontera, 
4811230, Temuco, Chile, iEscuela de Ingeniería en Biotecnología, Centro de Biotecnología 
de Los Recursos Naturales (Cenbio), Universidad Católica Del Maule, Chile, jCollege of 
Natural Resources and Environment, Northwest A&F University, Yangling, 712100, PR 
China, kSwedish Centre for Resource Recovery, University of Borås, 501 90, Borås, 
Sweden). Bioengineering of biowaste to recover bioproducts and bioenergy: A circular 
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economy approach towards sustainable zero-waste environment, Chemosphere, Volume 
319 (2023): 138005 

The inevitable need for waste valorisation and management has revolutionized the way in which 
the waste is visualised as a potential biorefinery for various product development rather than 
offensive trash. Biowaste has emerged as a potential feedstock to produce several value-added 
products. Bioenergy generation is one of the potential applications originating from the 
valorisation of biowaste. Bioenergy production requires analysis and optimization of various 
parameters such as biowaste composition and conversion potential to develop innovative and 
sustainable technologies for most effective utilization of biowaste with enhanced bioenergy 
production. In this context, feedstocks, such as food, agriculture, beverage, and municipal solid 
waste act as promising resources to produce renewable energy. Similarly, the concept of 
microbial fuel cells employing biowaste has clearly gained research focus in the past few 
decades. Despite of these potential benefits, the area of bioenergy generation still is in infancy 
and requires more interdisciplinary research to be sustainable alternatives. This review is aimed 
at analysing the bioconversion potential of biowaste to renewable energy. The possibility of 
valorising underutilized biowaste substrates is elaborately presented. In addition, the application 
and efficiency of microbial fuel cells in utilizing biowaste are described in detail taking into 
consideration of its great scope. Furthermore, the review addresses the significance bioreactor 
development for energy production along with major challenges and future prospects in 
bioenergy production. Based on this review it can be concluded that bioenergy production 
utilizing biowaste can clearly open new avenues in the field of waste valorisation and energy 
research. Systematic and strategic developments considering the techno economic feasibilities of 
this excellent energy generation process will make them a true sustainable alternative for 
conventional energy sources. 

Keywords: Biowaste to energy nexus; Microbial fuel cells; Development of bioreactors; 
Potential microbes 

Tanmay J. Deka, Ahmed I. Osman, Debendra C. Baruah, David W. Rooney. (aSchool of 
Chemistry and Chemical Engineering, Queen’s University Belfast, Belfast, BT9 5AG, 
Northern Ireland, UK, bEnergy Conservation Laboratory, Department of Energy, Tezpur 
University, 784028, Sonitpur, Assam, India). Assessment of bioenergy and syngas 
generation in India based on estimation of agricultural residues, Energy Reports, Volume 
9(2023): 3771-3786 

India possesses a huge potential in biomass power generation to reduce dependency on fossil 
fuel imports. Of the available biomass sources, crop residues are particularly interesting as they 
dispersed resources with varying spatiotemporal availability and features. These residues also 
have competing applications which differ geographically. In India, state-wise crop-level biomass 
databases are found to be scarce, and local biomass records are critical to implement 
decentralized bioenergy projects. The main objective of this study is to critically assess the 
potential of agricultural crop residues, their subsequent bioenergy, and the syngas production 
potential in all of India’s regions (28 states and 8 UTs). 43 major crop residues produced from 
28 different crops produced in different regions of India were taken for this study, considering 
their recent crop production statistics for the year 2017-18 and following standard estimation 
procedures. The syngas production potential was estimated using a Python gasification model 
using input parameters from the literature. Overall, 869.11 MT of gross residue is generated 
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annually, with 288.14 MT (33.15%) of surplus residue. In terms of surplus crop residue, Uttar 
Pradesh produces the most surplus residue (57.72 MT) and sugarcane ranks first with a national 
potential of 62.68 MT. For the 2017-18 fiscal year, the bioenergy production potential from 
surplus crop residue was estimated to be 4.88 EJ. This syngas generation potential is determined 
to be 37.64% of India’s gross residual potential. Upgrading this quantity of syngas via, for 
example, methanol (MeOH) synthesis is expected to provide 81.7905 MT of MeOH with an 
equivalent energy content of 1.85 EJ. 

Keywords: Biomass availability; Bioenergy; Syngas production; Methanol production 

A Parvathy Eswari, Yukesh Kannah Ravi, S Kavitha, J Rajesh Banu. (aDepartment of 
Civil Engineering, Anna University Regional Campus, Tirunelveli, Tamil Nadu, 627007, 
IndiabDepartment of Environmental and Sustainable Engineering, University at Albany, 
State University of New York, 1400 Washington Avenue, Albany, NY 12222, United States 
of America, cDepartment of Biotechnology, Central University of Tamil Nadu, Neelakudi, 
Thiruvarur, Tamil Nadu, 610005, India). Recent insight into anaerobic digestion of 
lignocellulosic biomass for cost effective bioenergy generation, e-Prime - Advances in 
Electrical Engineering, Electronics and Energy, Volume 3(2023): 100119 

The progress of clean alternative energy sources is of very essential owing to the increase in an 
energy crisis and the escalating problems of climatic change. In this regard, bioenergy generation 
from carbohydrate-rich Lignocellulose biomass (LCB) is a promising technique, owing to its 
benefits such as ease of availability, decrease in harmful emissions, eco-friendly, energy 
efficiency and sustainability. The key constituents present in LCB are cellulose, hemicellulose, 
and lignin. This biological conversion of LCB faces difficulties due to the recalcitrance of lignin. 
Thus, the delignification of LCB is essential for the removal of complex lignin compounds. The 
primary technologies employed for the conversion of LCB biomass to bioenergy and 
pretreatment technologies involved in removing the lignin barrier have been extensively 
discussed in the present review. Different microorganisms and enzymes used for the 
delignification and detoxification process have also been studied for the scaling up of industrial 
bioenergy production from LCB. 

Keywords: Lignocellulose biomass; Lignin; Recalcitrant; Delignification; Detoxification; 
Bioenergy 

Terrence Wenga, Shyleen R Chinyama, Willis Gwenzi, Imtiaz Ali Jamro. (aBioenergy and 
Environment Research group, Department of Soil Science and Environment, Faculty of 
Agriculture Environment and Food Systems, P.O. Box, MP 167, Mt Pleasant, Harare, 
Zimbabwe, bSchool of Environmental Science and Engineering/Tianjin Key Lab of 
Biomass-wastes Utilization, Tianjin University, Tianjin 300072, China). Quantification of 
bio-wastes availability for bioenergy production in Zimbabwe, Scientific African, Volume 
20 (2023): e01634 

The energy demands in Zimbabwe have drastically increased due to the improvement of the 
country`s economy. To supply the electricity, Zimbabwe imports most of its energy but the 
demands are yet to be fulfilled. Bio-waste provide an alternative energy source, however, it has 
not been fully explored and their quantities are currently unknown. Therefore, this study 
assessed the bio-wastes availability for bioenergy generation in Zimbabwe. Yield data on 
biomasses were obtained from the international databases of Food and Agricultural Organization 
which was validated by the data obtained from Zimbabwean Ministry of Lands and Agriculture 
as well as from research institutes. The information compiled included biomass from agriculture, 
municipal solid waste, livestock's dung and municipal sewage sludge. Forests were not 
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considered due to the government prohibition of forests exploitations. The results showed that a 
total of 49 Gtons of bio-wastes are sustainably available producing a total of 539 PJ of energy 
which constitute ∼42.3% of the total energy required in Zimbabwe. Among the available bio-
wastes, crop residues with ∼48 Gtons produce the largest amount of energy ∼502 PJ followed 
by animal dung ∼36.2 PJ, then MSW ∼9.1 TJ and lastly by MSS ∼0.8 TJ. Assessment of the 
bio-waste availability is vital for bio-energy technology to be used sustainably implemented in 
Zimbabwe. 

Keywords: Bio-wastes quantities; Energy potential; Mathematical modelling; Bioenergy; 
Zimbabwe 

Taveen S. Kapoor, Chimurkar Navinya, Gupta Anurag, Pradnya Lokhande, Shubham 
Rathi, Anubha Goel, Renuka Sharma, Rahul Arya, Tuhin K. Mandal, K.P. Jithin, Shiva 
Nagendra, Mohd Imran, Jyoti Kumari, Akila Muthalagu, Asif Qureshi, Tanveer Ahmad 
Najar, Arshid Jehangir, Diksha Haswani, Ramya Sunder Raman, Shahadev Rabha, Binoy 
Saikia, Yang Lian, G. Pandithurai, Pooja Chaudhary, Baerbel Sinha, Abisheg 
Dhandapani, Jawed Iqbal, Sauryadeep Mukherjee, Abhijit Chatterjee, Chandra 
Venkataraman, Harish C. Phuleria. (aInterdisciplinary Program in Climate Studies, Indian 
Institute of Technology Bombay, Mumbai, 400076, India,bEnvironmental Science and 
Engineering Department, Indian Institute of Technology Bombay, Mumbai, 400076, India, 
cDepartment of Civil Engineering, Indian Institute of Technology Kanpur, Kanpur, 
208016, India, dCentre for Environmental Science and Engineering, Indian Institute of 
Technology Kanpur, Kanpur, 208016, India, eEnvironmental Sciences and Biomedical 
Metrology Division, CSIR-National Physical Laboratory, New Delhi, 110012, India, 
fDepartment of Civil Engineering, Indian Institute of Technology Madras, Chennai, 
600036, India, gDepartment of Civil Engineering, Indian Institute of Technology Delhi, 
Delhi, 110 016, India, hDepartment of Civil Engineering, Indian Institute of Technology 
Hyderabad, Kandi, 502284, India, iDepartment of Climate Change, Indian Institute of 
Technology Hyderabad, Kandi, 502284, India, jDepartment of Environmental Science, 
School of Earth and Environmental Science, University of Kashmir, Srinagar, 190006, 
India, kDepartment of Earth and Environmental Sciences, Indian Institute of Science 
Education and Research Bhopal, Bhopal, 462066, India, lCoal & Energy Division, CSIR 
North-East Institute of Science & Technology, Jorhat, 785006, India, mAcademy of 
Scientific and Innovative Research (AcSIR), Ghaziabad, 201002, India, nIndian Institute of 
Tropical Meteorology, Ministry of Earth Sciences, Pune, 411008, India, oDepartment of 
Earth and Environmental Sciences, Indian Institute of Science Education and Research 
Mohali, Mohali, 140306, India, pDepartment of Civil and Environmental Engineering, 
Birla Institute of Technology Mesra, Ranchi, 835215, India, qNational Facility on 
Astroparticle Physics and Space Science, Bose Institute, 16, A.J.C. Bose Road, Darjeeling, 
734101, India, rEnvironmental Science Section, Bose Institute, Kolkata, 700054, India, 
sDepartment of Chemical Engineering, Indian Institute of Technology Bombay, Mumbai, 
400076, India). Reassessing the availability of crop residue as a bioenergy resource in 
India: A field-survey based study, Journal of Environmental Management, Volume 
341(2023): 118055 

Second-generation bioenergy, a carbon neutral or negative renewable resource, is crucial to 
achieving India's net-zero emission targets. Crop residues are being targeted as a bioenergy 
resource as they are otherwise burned on-field, leading to significant pollutant emissions. But 
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estimating their bioenergy potential is problematic because of broad assumptions about their 
surplus fractions. Here, we use comprehensive surveys and multivariate regression models to 
estimate the bioenergy potential of surplus crop residues in India. These are with high sub-
national and crop disaggregation that can facilitate the development of efficient supply chain 
mechanisms for its widespread usage. The estimated potential for 2019 of 1313 PJ can increase 
the present bioenergy installed capacity by 82% but is likely insufficient alone to meet India's 
bioenergy targets. The shortage of crop residue for bioenergy, combined with the sustainability 
concerns raised by previous studies, imply a need to reassess the strategy for the use of this 
resource. 

Keywords: Crop residue; Bioenergy potential; Prescribed fires; Survey; Multivariate regression 

Muhammad Tayyab Sattar, Ali Raza, Shafaqat Ali, Shanzay Bashir, Farah Kanwal, Imran 
Khan, Muhammad Ali Raza, Sajad Hussain, Fei Shen (aInstitute of Ecological and 
Environmental Sciences, Sichuan Agricultural University, 211 Huimin Road, Wenjiang 
District, Chengdu, Sichuan, 611130, PR China,bRural Environment Protection 
Engineering & Technology Center of Sichuan Province, Sichuan Agricultural University, 
Chengdu, Sichuan, 611130, PR China, cCAS Key Laboratory of Mountain Ecological 
Restoration & Bioresource Utilization Ecological Restoration Biodiversity Conservation 
Key Laboratory of Sichuan Province, Chengdu Institute of Biology, Chinese Academy of 
Sciences, P.O. Box 416, Chengdu, 610041, PR China, dUniversity of Chinese Academy of 
Sciences, No. 19A Yuquan Road, Beijing, 100049, PR China, eDepartment of 
Environmental Science, Government College University, Faisalabad, Pakistan, 
fDepartment of Biological Sciences and Technology, China Medical University, Taichung, 
Taiwan,gCollege of Landscape Architecture, Sichuan Agricultural University, Chengdu, 
Sichuan, China, hCollege of Agriculture and Biotechnology, Zhejiang University, 
Hangzhou, China, iState Key Laboratory of Herbage Improvement and Grassland Agro-
Ecosystems, College of Pastoral Agricultural Science and Technology, Lanzhou University, 
Lanzhou, 730020, China, jNational Research Center of Intercropping, The Islamia 
University of Bahawalpur, Bahawalpur, 63100, Pakistan, kGansu Academy of Agricultural 
Sciences, Lanzhou, China). Integrating by-products from bioenergy technology to improve 
the morpho-physiological growth and yield of soybean under acidic soil, Chemosphere, 
Volume 327(2023): 138424 

Soil acidity may negatively affect plant growth. By-products (bottom ash (BA), biochar (BC), 
and biogas slurry (BS)) from bioenergy technology may change the physio-chemical properties 
of acidic soils and affect the plant growth parameters. The current research work was carried out 
to determine the impact of different bioenergy by-products to enhance soybean growth and 
production by alleviating the effects of acidic soil. A total of eight treatments of different 
bioenergy amendments (BA, BC, and BS) and their combined applications were used as follows; 
T1 (control), T2 (only biogas slurry); T3 (only bottom ash); T4 (only biochar); T5 (biogas 
slurry + bottom ash); T6 (biogas slurry + biochar); T7 (bottom ash + biochar); T8 
(biochar + bottom ash + biogas slurry). Our results depicted that, the synergistic use of 
amendment mainly, T8 treatment (BC + BA + BS) was found most effective, which significantly 
prompted the dry biomass and photosynthetic rate by 42.58% and 13.25% over the T6 treatment 
respectively. Furthermore, the chlorophyll pigments, photochemical activities, and root growth 
of soybean plants enhanced significantly under T5 and T8 treatments as compared to the control. 
Finally, amendments significantly increased the yield in T8 treatment by increasing the pod's 
number, grain number, 100-grain weight and grain yield by 119.6%, 75%, 24.9%, and 83.7% as 
compared to T1. Conclusively, amendments are very effective in the reclamation of acidic soil 
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and enhance the post-harvest soil pH at T8 treatment by 41.49% in comparison to T1 treatment. 
The organic amendments might neutralize the soil pH and change the acidic nature of the soil, 
which would modify the root growth of soybean and increase the photosynthetic and 
photochemical activities, resulting in increased soybean growth and yield. 

Keywords: Bioenergy waste; Biomass; Photosynthesis; Soil reclamation; Soybean yield 

José Luiz Francisco Alves, Jean Constantino Gomes da Silva, Guilherme Davi Mumbach, 
Michele Di Domenico, Cintia Marangoni. (aGraduate Program in Chemical Engineering, 
Department of Chemical Engineering and Food Engineering, Federal University of Santa 
Catarina, 88040-900, Florianópolis, Santa Catarina, Brazil,bInterdisciplinary Research 
Group on Biotechnology Applied to the Agriculture and the Environment, School of 
Agricultural Engineering, University of Campinas, 13083-875, Campinas, São Paulo, 
Brazil, cAcademic Department of Engineering, Federal University of Technology – Paraná, 
85601-970, Francisco Beltrão, Paraná, Brazil). Assessing the potential of the invasive grass 
Cenchrus echinatus for bioenergy production: A study of its physicochemical properties, 
pyrolysis kinetics and thermodynamics, Thermochimica Acta, Volume 724(2023): 179500 

The current study aims to investigate the physicochemical properties and pyrolysis 
characteristics (kinetic triplet and thermodynamic parameters) of the invasive grass Cenchrus 
echinatus to assess its bioenergy potential. A thermogravimetric analyzer was employed to 
obtain the pyrolysis behavior of the grass under slow non-isothermal conditions. First, a multi-
component deconvolution analysis of differential thermogravimetry (DTG) curves using the 
Fraser–Suzuki function was performed, aiming to quantify the individual devolatilization 
reactions of hemicellulose (P–HC), cellulose (P–CL), and lignin (P–LG). The survey of the 
activation energy employing four isoconversional methods (Friedman, Flynn–Wall–Ozawa, 
Kissinger–Akahira–Sunose, and Starink) indicated the following devolatilization order: P–LG 
(329.9 − 376.7 kJ mol−1) > P–CL (178.4 − 188.2 kJ mol−1) > P–HC (157.8 − 161.2 kJ mol−1). 
With values of pre-exponential factors from 1.1 × 1015 to 1.4 × 1031 min−1, as estimated from 
the kinetic compensation effect, it was deduced that the chemical reactions with simpler nature 
are predominant. With the method of integral master plot, a geometrical contraction mechanism 
matched the devolatilization of P–CL, and an nth-order-based reaction model matched the 
devolatilizations of P–HC and P–LG. Besides, the thermodynamic study suggested that the 
conversion process is endothermic (ΔH≠ = 153.4 to 245.2 kJ mol−1) and nonspontaneous 
(ΔG≠ = 146.8 to 174.4 kJ mol−1). With the three kinetic triplets, one overall rate expression for 
the pyrolysis of invasive grass C. echinatus was established. The simulation results were then 
compared to experimental kinetic curves, and the agreement was deemed satisfactory. The 
outcomes from this research recommend the C. echinatus as a promising feedstock for bioenergy 
production and are decisive for scheming large-scale pyrolysis reactors for this invasive grass. 

Keywords: Cenchrus echinatus; Bioenergy potential; Physicochemical characterization; Kinetic 
triplet; Thermodynamic parameters 

Michael Francis D. Benjamin, Kathleen B. Aviso, Beatriz A. Belmonte, Raymond R. Tan. 
(Michael Francis D. Benjamin Research Center for the Natural and Applied 
Sciences/Department of Chemical Engineering, University of Santo Tomas, Manila, 
Philippines,Author links open overlay panelKathleen B. Aviso,Department of Chemical 
Engineering, De La Salle University, Manila, Philippines,Author links open overlay 
panelBeatriz A. Belmonte Research Center for the Natural and Applied 
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Sciences/Department of Chemical Engineering, University of Santo Tomas, Manila, 
Philippines Author links open overlay panelRaymond R. Tan Department of Chemical 
Engineering, De La Salle University, Manila, Philippines). Optimal Multi-Disruption 
Stream Allocation in a Bioenergy Park via P-Graph, Reference Module in Earth Systems 
and Environmental Sciences, Elsevier,(2023) https://doi.org/10.1016/B978-0-323-90386-
8.00053-X 

Bioenergy parks are developed due to potential benefits in the environmental, economic, and 
social dimensions. Separate bioenergy plants or collocated facilities form collaborations and 
agree to exchange material and energy products to achieve operational sustainability. Such a 
highly integrated network is vulnerable to cascading failures caused by one or more disrupted 
component plants. This disruption will result in capacity reductions, supply chain delays, and the 
inability to meet contractual obligations to customers. During disruptions, a bioenergy park can 
still operate under abnormal conditions by allocating the product streams within the network and 
minimizing the impact of the disturbance. In this work, a P-graph model is proposed for the 
optimal allocation of product streams in the network when disruptions originate from multiple 
plants. A penalty cost is deducted from the optimal profit of the bioenergy park and is paid to 
customers as compensation due to losses for not meeting the baseline demand for products. A 
bioenergy-based eco-industrial park is used to illustrate the proposed framework. 

Keywords: Eco-industrial Park; P-graph Method; Multiple Disruptions; Industrial Symbiosis; 
Penalty Cost 

Kunal Chauhan, Varun Pratap Singh. (aDepartment of Production and Industrial 
Engineering, Punjab Engineering College (Deemed to be University), Chandigarh 160012, 
India,bDepartment of Mechanical Engineering, University of Petroleum & Energy Studies, 
Dehradun 248007, India) Prospect of biomass to bioenergy in India: An overview, 
Materials Today: Proceedings (2023): https://doi.org/10.1016/j.matpr.2023.01.419 

Energy is the most essential commodity for a rising nation like India. India's population has 
grown beyond 1.4 billion, driving a rapid rise in energy consumption. To meet this demand, 
India must explore all available energy sources, including bioenergy. Bioenergy is a renewable 
energy created from materials that were oncealive, known as “biomass.” This article examines 
the current energy situation in India and different biomass conversion technologies that can 
convert it into bioenergy. 

Keywords: Renewable Energy; Biomass; Bioenergy; Energy; Conversion technologies 

J. Aravind Kumar, S. Sathish, D. Prabu, A. Annam Renita, A. Saravanan, V.C. 
Deivayanai, M. Anish, J. Jayaprabakar, Omirserik Baigenzhenov, Ahmad Hosseini-
Bandegharaei. (aDepartment of Energy and Environmental Engineering, Saveetha School 
of Engineering, SIMATS, Chennai, 602105, Tamilnadu, India,bDepartment of Chemical 
Engineering, Sathyabama Institute of Science and Technology, Chennai, 600119, 
Tamilnadu, India, cDepartment of Biotechnology, Saveetha School of Engineering, 
SIMATS, Chennai, 602105, Tamilnadu, India, dDepartment of Mechanical Engineering, 
Sathyabama Institute of Science and Technology, 13, Chennai, 600119, Tamilnadu, India, 
eDepartment of Metallurgical Engineering, Satbayev University, Almaty, Kazakhstan, 
fFaculty of Chemistry, University of Semnan, Semnan, Iran). Agricultural waste biomass 
for sustainable bioenergy production: Feedstock, characterization and pre-treatment 
methodologies, Chemosphere, Volume 331,(2023): 138680 
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The worldwide trend in energy production is moving toward circular economy systems and 
sustainable availability of sources. Some advanced methods support the economic development 
of energy production by the utilization of waste biomass, while limiting ecological effects. The 
use of agro waste biomass is viewed as a major alternative energy source that expressively 
lowers greenhouse gas emissions. Agricultural residues produced as wastes after each step of 
agricultural production are used as sustainable biomass assets for bioenergy production. 
Nevertheless, agro waste biomass needs to go through a few cyclic changes, among which 
biomass pre-treatment contributes to the removal of lignin and has a significant role in the 
efficiency and yield of bioenergy production. As a result of rapid innovation in the utilization of 
agro waste for biomass-derived bioenergy, a comprehensive overview of the thrilling highlights 
and necessary advancements, in addition to a detailed analysis of feedstock, characterization, 
bioconversion, and contemporary pre-treatment procedures, appear to be vital. To this end, the 
current status in the generation of bioenergy from agro biomass through various pre-treatment 
procedures was examined in this study, along with presenting relevant challenges and a 
perspective for future investigations. 

Keywords: Agro residues; Bioenergy; Biological pre-treatment; Characterization; Municipal 
solid waste 

Fei Wu, Stefan Pfenninger. (aClimate Policy Group, Institute for Environmental Decisions, 
ETH Zürich, 8006 Zürich, Switzerland,bFaculty of Technology, Policy, and Management 
(TPM), Delft University of Technology, 2628 BX Delft, the Netherlands). Challenges and 
opportunities for bioenergy in Europe: National deployment, policy support, and possible 
future roles, Bioresource Technology Reports, Volume 22 (2023): 101430 

Bioenergy is currently a major renewable energy source in Europe but faces an unclear future 
because of conflicting modelling results and the lack of long-term policy. This paper identifies 
three challenges and potential opportunities by analysing bioenergy's historical national 
deployment, current policy support, and possible future roles in Europe. The first challenge is on 
the supply side. Calculating the supply-consumption dynamics and import dependency of EU 
bioenergy, we find that the security of bioenergy supply is challenging for liquid biofuels and 
those countries with the highest per-capita bioenergy consumption in Europe. Second, the 
definition of “sustainable bioenergy” in modelling studies is sometimes inconsistent with how 
EU policies label it. Third, on the demand side, there are unique but competing uses for 
bioenergy without a clear long-term strategy in Europe. We conclude with three opportunities to 
tackle these challenges for future research. First, utilising the untapped bioenergy potential with 
low environmental impacts could improve supply security. A clear and harmonised definition of 
“sustainable bioenergy” could better convey modelling results to policymaking. Finally, 
understanding where best to use limited sustainable bioenergy supply through sector-coupled 
energy system models can provide direction for a clearer EU bioenergy strategy towards 2050. 

Keywords: Bioenergy; Decarbonisation; Energy policy; Scenarios; Europe 

Paul Atagamen Aidonojie, Kingsley Eghonghon Ukhurebor, Idemudia Edetalehn 
Oaihimire, Blessed Frederick Ngonso, Peter Eshioke Egielewa, Bamikole Olaleye 
Akinsehinde, Heri Septya Kusuma, Handoko Darmokoesoemo. (aDepartment of Public and 
International Law, Faculty of Law, Edo State University Uzairue, Edo State, Nigeria, 
bDepartment of Physics, Faculty of Science, Edo State University Uzairue, Edo State, 
Nigeria, cDepartment of Mass Communication, Edo State University Uzairue, Edo State, 
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Nigeria, dDepartment of Computer Science, Aberystwyth University, Penglais Campus, 
West Wales, United Kingdom, eDepartment of Chemical Engineering, Faculty of Industrial 
Technology, Universitas Pembangunan Nasional “Veteran”, Yogyakarta, Indonesia, 
fDepartment of Chemistry, Faculty of Science and Technology, Airlangga University, 
Mulyorejo, Surabaya, 60115, Indonesia) Bioenergy revamping and complimenting the 
global environmental legal framework on the reduction of waste materials: A facile review, 
Heliyon, Volume 9, Issue 1(2023): e12860 

The challenges posed by climate change/global warming are very alarming, and they have 
become the focal point of attention for researchers within the global environmental domains. The 
development of bioenergy can help salvage this situation as a renewable energy source that 
makes use of recycled waste materials to create useful energy products. This review study found 
that the development of sustainable bioenergy is environmentally friendly, and it has been 
proven to be a better means of recycling waste materials into final energy products for 
sustainable development. The study hereby concluded and recommended that environmental 
policies concerning the sustainable development of bioenergy should be adopted within the 
various nations' local laws and the global environment at large, as this will result in adhering 
strictly to international environmental legal frameworks regulating the prevention and reduction 
of waste materials. The possible correlation of bioenergy with the Sustainable Development 
Goals is also highlighted. 

Keywords: Bioenergy; Environment; Greenhouse gases; Legal framework; Waste materials 

 

Yazhen Wu, Andre Deppermann, Petr Havlík, Stefan Frank, Ming Ren, Hao Zhao, Lin 
Ma, Chen Fang, Qi Chen, Hancheng Dai. (aCollege of Environmental Sciences and 
Engineering, Peking University, Beijing 100871, China, bInternational Institute for Applied 
Systems Analysis (IIASA), Laxenburg, Austria, cCollege of Environmental and Resource 
Sciences, Zhejiang University, 310058, Hangzhou, China, dKey Laboratory of Agricultural 
Water Resources, Hebei Key Laboratory of Soil Ecology, Center for Agricultural 
Resources Research, Institute of Genetic and Developmental Biology, Chinese Academy of 
Sciences, Shijiazhuang, China, eUniversity of Chinese Academy of Sciences, Shijingshan 
District, Beijing, China, fInstitute for Global Health and Development, Peking University, 
Beijing 100871, China). Global land-use and sustainability implications of enhanced 
bioenergy import of China, Applied Energy, Volume 336 (2023): 120769 

Most ambitious climate change mitigation pathways indicate multifold bioenergy expansion to 
support the energy transition, which may trigger increased biomass imports from major 
bioenergy-consuming regions. However, the potential global land-use change and sustainability 
trade-offs alongside the bioenergy trade remain poorly understood. Here, we apply the Global 
Biosphere Management Model (GLOBIOM) to investigate and compare the effects of different 
increasing bioenergy import strategies in line with the 1.5℃-compatible bioenergy demand in 
China, which is projected to represent 30% of global bioenergy consumption by the middle of 
the century. The results show that sourcing additional bioenergy from different world regions 
could pose heterogeneous impacts on the local and global land systems, with implications on 
food security, greenhouse gas emissions, and water and fertilizer demand. In the worst cases 
under strict trade settings, relying on biomass import may induce up to 25% of unmanaged 
forests converted to managed ones in the supplying regions, while in an open trade environment, 
increasing bioenergy imports would drastically change the trade flows of staple agricultural or 
forestry products, which would further bring secondary land-use changes in other world regions. 
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Nevertheless, an economically optimized biomass import portfolio for China has the potential to 
reduce global overall sustainability trade-offs with food security and emission abatement. 
However, these benefits vary with indicator and time and are conditional on stricter land-use 
regulations. Our findings thus shed new light on the design of bioenergy trade strategies and the 
associated land-use regulations in individual countries in the era of deep decarbonization. 

Keywords: Bioenergy; 1.5℃; International trade; Land-use change; GLOBIOM 

Maria Ameen, Muhammad Zafar, Mushtaq Ahmad, Shazia Sultana, Trobjon 
Makhkamov, Akramjon Yuldashev, Oybek Mamarakhimov, Muhtor Nasirov, Omer Kilic, 
Fethi A. Ozdemir, Yusufjon Gafforov. (Maria Ameen, Muhammad Zafar,Biofuel 
Laboratory Department of Plant Sciences, Quaid, i-Azam University, Islamabad, 
Pakistan,Author links open overlay panelMushtaq Ahmad,Biofuel Laboratory Department 
of Plant Sciences, Quaid, i-Azam University, Islamabad, Pakistan.Pakistan Academy of 
Sciences, Islamabad, Pakistan.Author links open overlay panelShazia Sultana, Biofuel 
Laboratory Department of Plant Sciences, Quaid, i-Azam University, Islamabad, 
Pakistan.Author links open overlay panelTrobjon Makhkamov.Department of Forestry 
and Landscape Design, Tashkent State Agrarian University, Tashkent region, 
Uzbekistan.Author links open overlay panelAkramjon Yuldashev.Department of Ecology 
and Botany, Andijan State University, Andijan, Uzbekistan.Author links open overlay 
panelOybek Mamarakhimov.Department of Ecology Monitoring, National University of 
Uzbekistan, Tashkent, Uzbekistan.Author links open overlay panelMuhtor Nasirov, 
International Relations Office Samarkand State University, University Boulevard, 
Samarkand, Uzbekistan.Author links open overlay panelOmer Kilic,Department of 
Pharmacy, Pharmacy Faculty Adıyaman University, Adıyaman, Turkey,Author links open 
overlay panelFethi A. Ozdemir,Bingöl University Faculty of Science and Literature, 
Department of Molecular Biology and Genetics, Turkey Author links open overlay 
panelYusufjon Gafforov, New Uzbekistan University, Tashkent, Uzbekistan,Tashkent 
International University of Education, Tashkent, Uzbekistan Institute of Botany, Academy 
of Sciences of Republic of Uzbekistan, Tashkent , Uzbekistan). Prospects of Bioenergy 
Development in Future, Reference Module in Earth Systems and Environmental Sciences, 
Elsevier,(2023):https://doi.org/10.1016/B978-0-323-93940-9.00024-4 

The contribution of bioenergy to the global energy system is substantial and indispensable. 
Because of the population explosion, global energy demand has increased along with fossil fuel 
consumption. In this scenario, energy derived from biomass may significantly lower carbon 
emissions, exclusively in difficult-to-decarbonize industries like manufacturing, heavy 
transportation, and aviation. However, expanding the use of bioenergy with sustainability in the 
global energy grid is a great challenge due to the need for cleaner production methods and 
stakeholder governance. This chapter will provide an overview of sustainable bioenergy with 
special emphasis to focus on the generation of biodiesel, biogas and bioethanol. The main 
objectives highlight the advances in various modern techniques for producing economically 
feasible bioenergy in future. Moreover, this chapter will cover affluences of clean and renewable 
energy production from non-edible oil seeds for bioenergy (raw materials shouldn׳t compete 
with food production). The overview of bioenergy, modern production methods, challenges, 
prospects, and future work in bioenergy development are all emphasized. These factors should 
all be taken into account for a smooth transition to a bioenergy economy. 
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Daiara Colpani, Victoria M.R. Lima, Vanuza O. Santos, Rayanne O. Araujo, Jamal da S. 
Chaar, Luiz K.C. de Souza. (Federal University of Amazonas, Department of Chemistry, 
Institute of Exact Sciences, Manaus, Amazonas, Brazil.) Introduction to bioenergy, 
Reference Module in Earth Systems and Environmental Sciences, Elsevier, (2023): 
https://doi.org/10.1016/B978-0-323-93940-9.00010-4 

The application of renewable alternatives to the use of petroleum derivatives has faced several 
challenges, especially regarding high carbon dioxide emissions. Among existing solutions, 
bioenergy stands out for its high availability of feedstock worldwide and for being CO2 neutral. 
It produces solid, liquid and gaseous biofuels via a thermochemical or biochemical route. Over 
the years, the bioenergy industry has shown some difficulties, which has affected industrial 
productivity worldwide. Nonetheless, prospects are promising considering the advances in 
research that have enabled the emergence of technologies that can adapt the products to become 
a viable replacement for fossil resources. 

 

Keywords: Biochar; Biodiesel; Bioenergy; Bioethanol; Biofuels; Biogas; Biomass conversion; 
Energy; Energy production; Fuel; Renewable energy; Sustainability. 

M.R. Errera, T.A.da C. Dias, D.M.Y. Maya, E.E.S. Lora. (aFederal University of Paraná, 
Department of Environmental Engineering, Av. Cel. Francisco H. dos Santos, Curitiba, 
81530-000, Brazil,bExcellence Group in Thermal Power and Distributed Generation - 
NEST, Institute of Mechanical Engineering - IEM, Federal University of Itajubá, UNIFEI, 
Av. BPS, 1303 - Bairro Pinheirinho, Itajubá, MG, 37500-903, Brazil). Global bioenergy 
potentials projections for 2050, Biomass and Bioenergy, Volume 170 (2023): 106721 

This paper makes projections of the theoretical and technical potentials of bioenergy supply for 
2050. The projections consider changes in available land for bioenergy and food for the global 
demand and advancements in yield, productivity, expansion of bio-waste recovery, and energy 
conversion. We present a literature review on projections. We introduced a novel logical and 
transparent forecasting model. Three future scenarios were established: business as usual (BUS), 
optimistic trends (OPT), and full adaptation response (FAR). The projection is carried out based 
on four adjusting factors. An uncertainty analysis was carry-out based on a Monte-Carlo method. 
Projections of bioenergy production in 2050 were compared with other projections in the 
literature. The FAR scenario showed that it would be possible to produce twenty-one times the 
current primary bioenergy supply and to even supply all global primary energy demand in 2050, 
mostly by energy crops. The assumptions adopted for the BUS and OPT scenarios make their 
projections more likely. Therefore, the contribution of bioenergy in the global energy matrix is 
expected to be between 64 and 313 EJ (7.5%–37%) in 2050. There would be a significant 
change in the composition of the bioenergy supply from today's mostly firewood to energy crops 
and biowastes. The technical potential for fuel and electric power mostly follow the supply 
trends for primary bioenergy (theoretical). The potential avoided greenhouse emissions are 
estimated. The heuristics and the level of transparency of the novel model will allow adjustments 
and exploration of other scenarios as time passes. 

Keywords: Bioenergy; Modeling; Improved scenarios; Biofuel land use; C2050 projections; 
Energy crops 

Maria Regina Gean G. Aledia, Po-Wei Tsai, Kathlia A. De Castro-Cruz, Cheng-Jui Shen, 
Chung-Chuan Hsueh, Bor-Yann Chen. (aSchool of Chemical, Biological, and Materials 
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Engineering and Sciences, Mapúa University, Metro Manila 1002, The 
Philippines,bDepartment of Medical Science Industries, College of Health Sciences, Chang 
Jung Christian University, Tainan 711, Taiwan, cDepartment of Chemical and Materials 
Engineering, National I-Lan University, I-Lan 260, Taiwan). Unveiling electron-mediating 
properties of red perilla (shiso) leaves for bioenergy-steered antiviral capabilities, 
Biochemical Engineering Journal, Volume 197 (2023): 108986 

Antiviral herbal medicines with polyphenolics were studied to exhibit effective disease 
treatment, antioxidant and antiviral capabilities. Prior studies have deciphered synergistic 
interactions of herbal medicines for disease treatment through electrochemical catalysis. 
Supplementing TCM to microbial fuel cell (MFC) systems allows herbal medicines to work as 
electron shuttles (ESs) or electrochemical catalyst, stimulating bioenergy-generating and 
disease-treating capabilities. ES prevents redox balance damage induced by viruses while 
bioelectricity-steered antiviral characteristics were triggered. Hence, this feasibility study 
selected the red variant of perilla leaves to decipher such correlations. This study proceeded by 
extracting the perilla leaves using water and ethanol. The water and ethanol extracts were 
subjected to phytochemical analysis and antioxidant activity. Moreover, augmentation of water 
and ethanolic extracts of red perilla to MFCs was quantitatively assessed for comparative study 
of bioenergy generation. As TPC and antioxidant activity indicated, water extract exhibited the 
most significant results. Meanwhile, the ethanolic extracts showed the maximal performance of 
bioenergy generation. With the findings of this study, it proves that the use of electrochemical 
approach to screen possible antiviral herbal medicine could be a promising and sustainable 
technique. Furthermore, deciphering the antiviral characteristics of herbal medicines through 
bioenergy production could address the current challenges regarding antiviral drugs. 

Keywords: Antiviral; Microbial fuel cell; Electron shuttle; Red Perilla frutescens 

Maxence Gérard, Pierre-Alain Jayet. (Université Paris-Saclay, INRAE, AgroParisTech, 
Paris-Saclay Applied Economics, 91120, Palaiseau, France) European farmers’ response to 
crop residue prices and implications for bioenergy policies, Energy Policy, Volume 177 
(2023):113561 

To achieve the European bioenergy objectives, member states are likely to implement support 
policies targeting the use of lignocellulosic biomass for advanced bioenergy. Such policies could 
increase prices. In this study, we argue that with higher prices and new market opportunities for 
lignocellulosic biomass, farmers will account for crop residues in their choice of production and 
use of inputs. We test this hypothesis in an economic model of the EU agricultural supply 
coupled with a crop model to assess the effect of crop residue prices on residue supply, land 
allocation, yields, fertiliser use, and nitrogen pollution. We find that 120 million tonnes of dry 
matter (tDM) of crop residues are co-produced when they are unpriced. The price-induced 
additional supply is elastic to price but limited to 8% at €100/tDM and 13% at €200/tDM of the 
unpriced production. However, the increase in residue prices induces farmers to increase their 
crop areas and yields, which leads to significantly higher fertiliser consumption and nitrous 
oxide emission. These results indicate to policy makers that supporting prices would not 
substantially increase crop residue potential but could have collateral effects on the environment. 
They raise issues of coordination between bioenergy and agri-environmental policies in the EU. 

Keywords: Bioenergy policy; Renewable energy directive; Biomass supply; Crop residues; 
Mathematical programming model 
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Nano Biotechnology 

Muhammad Bilal, Ehsan Ullah Rashid, Junaid Munawar, Hafiz M.N. Iqbal, Jiandong Cui, 
Jakub Zdarta, Syed Salman Ashraf, Teofil Jesionowski. (aInstitute of Chemical Technology 
and Engineering, Faculty of Chemical Technology, Poznan University of Technology, 
Berdychowo 4, PL-60965 Poznan, Poland, bDepartment of Chemistry, University of 
Agriculture Faisalabad, 38040 Faisalabad, Pakistan, cCollege of Chemistry, State Key 
Laboratory of Chemical Resource Engineering, Beijing University of Chemical 
Technology, 100029, PR China, dTecnologico de Monterrey, School of Engineering and 
Sciences, Monterrey 64849, Mexico, eState Key Laboratory of Food Nutrition and Safety, 
Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin 
University of Science and Technology, No 29, 13th, Avenue, Tianjin Economic and 
Technological Development Area (TEDA), Tianjin 300457, China, fDepartment of Biology, 
College of Arts and Sciences, Khalifa University, Abu Dhabi, P.O. Box 127788, United 
Arab Emirates, gCenter for Biotechnology (BTC), Khalifa University, P.O. Box 127788, 
Abu Dhabi, United Arab Emirates, hCenter for Catalysis and Separation (CeCaS), Khalifa 
University, P.O. Box 127788, Abu Dhabi, United Arab Emirates, iAdvanced Materials 
Chemistry Center (AMCC), Khalifa University, P.O. Box 127788, Abu Dhabi, United Arab 
Emirates). Magnetic metal-organic frameworks immobilized enzyme-based nano-
biocatalytic systems for sustainable biotechnology. International Journal of Biological 
Macromolecules, Volume 237 (2023): 123968 

Nanobiocatalysts, in which enzyme molecules are integrated into/onto multifunctional materials, 
such as metal-organic frameworks (MOFs), have been fascinating and appeared as a new 
interface of nanobiocatalysis with multi-oriented applications. Among various nano-support 
matrices, functionalized MOFs with magnetic attributes have gained supreme interest as 
versatile nano-biocatalytic systems for organic bio-transformations. From the design 
(fabrication) to deployment (application), magnetic MOFs have manifested notable efficacy in 
manipulating the enzyme microenvironment for robust biocatalysis and thus assure requisite 
applications in several areas of enzyme engineering at large and nano-biocatalytic 
transformations, in particular. Magnetic MOFs-linked enzyme-based nano-biocatalytic systems 
offer chemo-regio- and stereo-selectivities, specificities, and resistivities under fine-tuned 
enzyme microenvironments. Considering the current sustainable bioprocesses demands and 
green chemistry needs, we reviewed synthesis chemistry and application prospects of magnetic 
MOFs-immobilized enzyme-based nano-biocatalytic systems for exploitability in different 
industrial and biotechnological sectors. More specifically, following a thorough introductory 
background, the first half of the review discusses various approaches to effectively developed 
magnetic MOFs. The second half mainly focuses on MOFs-assisted biocatalytic transformation 
applications, including biodegradation of phenolic compounds, removal of endocrine disrupting 
compounds, dye decolorization, green biosynthesis of sweeteners, biodiesel production, 
detection of herbicides and screening of ligands and inhibitors. 

Keywords: Nanobiocatalysis; Magnetic materials; MOFs; Enzyme immobilization; 
Biotransformation 

Khin July Win Thant, Nguyen Anh-Vu, Kigo Yun-Je, Kobayashi Masumi, Chettiyappan 
Visvanathan. (aDepartment of Energy, Environment and Climate Change, School of 
Environment, Resources and Development, Asian Institute of Technology, P.O. Box 4, 
Khlong Luang, Pathumthani, 12120, Thailand, bAqua Solutions Laboratory, Mitsubishi 
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Chemical Corporation, 1-2, Ushikawadori 4-chome, Toyohashi-shi, Aichi, 440-8601, 
Japan,cTechnology Section, Performance Separation Materials Unit, Aqua and 
Infrastructure Sector, Mitsubishi Chemical Corporation, 10th Floor, Gate City Ohsaki 
East Tower, 11-2, Osaki 1-chome, Shinagawa-ku, Tokyo, 141-0032, Japan). Performance of 
pilot-scale membrane aerated biofilm reactors integrated with anoxic nano-
biotechnological reactor for domestic wastewater treatment. Chemosphere, Volume 319 
(2023): 137927 

Membrane-aerated biofilm reactors (MABRs) have aroused increasing attention due to their 
excellent performance in treating wastewater, where the membranes behave as bio-carriers for 
microorganisms and bubbleless air diffusers. The MABR technology has not been fully 
commercialized due to reactor design and low total nitrogen (TN) removal efficiency at short 
hydraulic retention times (HRT). In this study, a hybrid system of MABR 1 integrated with an 
anoxic nano-biotechnological reactor filled with Granulated Nanoscale Oxyhydroxides of Fe 
(GNOF) media was evaluated to assess the improvement in nitrogen removal performance at 12, 
10, and 4 h of HRTs. At the same time, another MABR (MABR 2) was operated individually at 
12, 10, 8, 6, 4, and 2 h of HRTs to assess the influence of HRT on nitrogen removal 
performance. An enhancement in removal performance was reported in the hybrid MABR-
GNOF, achieving the highest removal efficiencies of 74.3 ± 3.1% for ammonium nitrogen 
(NH4+-N), 69.8 ± 2.1% for total nitrogen (TN), and 90.9 ± 1.7% for chemical oxygen demand 
(COD), at 12 h HRT. The hybrid MABR-GNOF system attained 18% higher nitrogen removal 
than the MABR-only system at 12 h of HRT. A simultaneous anoxic nitrification-denitrification 
and COD oxidation might be developed for the removal of COD, NH4+-N, and TN from 
domestic wastewater by using GNOF as an electron acceptor in the hybrid MABR-GNOF unit. 
The findings in this study confirmed the possibility of integration of GNOF and MABR on a 
pilot scale and are promising for the application of this hybrid system on a full scale. 

Keywords: Denitrification; Domestic wastewater; Granulated nanoscale oxyhydroxides of Fe; 
Membrane aerated biofilm reactor; Nitrification 

 

Biomimicry 

Tolulase Olufunmilayo Ajayi. (University of Lagos Faculty of Engineering, Nigeria).  
Biomimicry: the nexus for achieving sustainability in the people-process-planet 
relationship. Heliyon, Volume 9, Issue 5 (2023): e16180 

Population growth inevitably gives rise to an increase in consumption of products and services. 
This has the domino effect of more exploitation of already scarce natural resources, with its 
concomitant pollution from the industries that process these natural resources into products and 
services for man. At the end of life of these products, they are disposed of as waste to landfills. 
All these issues threaten the sustainable development of any society. To proffer sustainable 
solutions to the environmental problems associated with the process industry, it has incorporated 
the concepts of process intensification via modularization, lean manufacturing, and industrial 
ecology into its operations. These same concepts are used by nature, though in a different way. 
As nature has survived for billions of years, looking to nature for inspiration – biomimicry, 
might be the only sustainable solution to the planet's problem. This paper, reviews nature's 
strategies that have been tested, and are relevant to the process industry. It highlights biomimicry 
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as a powerful tool for achieving sustainability in the people-process-planet relationship as it 
assists to reduce waste, increase process efficiency and reduce reliance on scarce natural 
resources. As the process industry seeks to reduce its negative impact on the planet, biomimicry 
offers a promising approach to creating a more sustainable future. 

Keywords: Industry; Environment; Sustainable development; Nature; Inspiration 
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