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Fourth Virtual Symposium on Sustainable Nanotechnology 
19 - 23 October 2020 

Virtual session 1 (Susfood, Suspack, Nanoadaptation): 

Boston – Monday, 19 October 2020, 9 PM 

Singapore – Tuesday, 20 October 2020, 9 AM 

9:00 – 

9:10 

Welcome address by directors of the Initiative for Sustainable Nanotechnology 

Philip Demokritou and Kee Woei Ng 

 

Target-specific Gastro-intestinal Delivery of Nano-Nutraceuticals and Nano-modulating 

Systems for Reducing Absorption of Unwanted Substances – A Sustainable Approach 

(Susfood) 

9:10 – 

9:25 

Sharad Kharel, Research Fellow, MSE NTU 

Micronutrients encapsulation with food waste substrates for improved bioavailability 

9:25-

9:40 

Agnes Chuah Soo Fei, Research Fellow, Wee Kim Wee School of Communication and Information 

Understanding Public Perceptions of Nano-Enabled Food in Singapore and the United States 

9:40-

9:55 

Glen DeLoid, Research Associate, HSPH 

Natural Biopolymer Nanomaterials in the Gut: It’s about the nutrients! 

 
Development of sustainable, biodegradable packaging materials for enhancing safety and 

quality of food (Suspack) 

9:55-

10:06 

Zeynep Aytac, Postdoctoral Fellow, HSPH 
Development of biodegradable and antimicrobial electrospun zein fibers for food packaging 

10:06-

10:17 

Suresh Kumar Raman Pillai, Research Fellow, NTU 

Construction of Multifunctional Polymer Based Colorimetric Food Sensor and Application for Seafood 

Monitoring 
10:17-

10:28 

Suresh Kumar Raman Pillai, Research Fellow, NTU 

Effect of compatibilizer on Poly(lactide)/Poly(ε-caprolactone) degradable antibacterial film 

10:28 – 

10:40 

Huibin Chang, Postdoctoral Fellow, SEAS, Harvard University 

Pullulan-Based Fibers For Food Packaging Applications 

 
Elucidating the adaptive response of human respiratory cells to genotoxic effects of printer–
emitted nanoparticles and other engineered nanomaterials (Nanoadaptation) 

10:40-

10:55 

Hong Kit Lim, Project Officer, NTU 

Bane or boon? Investigating the chronic effects of environmentally relevant dose of inhalable 

nanoparticles on human respiratory cells 

10:55-

11:10 

Zac Nagel, Assistant Professor, HSPH 

A high-throughput screening platform for nanoparticle-mediated alterations of DNA repair capacity 
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Virtual session 2 (Sunprint, Agrichem, Nanomicrobiome): 

Boston – Wednesday, 21 October 2020, 9 AM 

Singapore – Wednesday, 21 October 2020, 9 PM 

 

Respiratory and Cardiovascular Health Risk of Engineered Nanomaterials Released from 

Printing Equipment: A case study of potential environmental health and safety implications 

across the life cycle of nano-enabled products (Sunprint) 

9:00 – 

9:15 

Dhimiter Bello, Professor and Associate Dean for Research and Graduate Studies,  Zuckerberg College 

of Health Sciences UMass Lowell; Visiting Scientist, HSPH 

Chronic upper airway and systemic inflammation and oxidative stress in healthy copier operators at 

six Singaporean workplaces 

9:15-

9:30 

Lan Guo, Professor, West Virginia University 

Pilot deep RNA sequencing of worker blood samples from Singapore printing industry for occupational 

risk assessment 

9:30-

9:45 

Sanjay Chotirmall, Assistant Professor, NTU 

Emitted nanoparticles and microbiomes: The SunPRINT study 

 Nano-encapsulation of Agrichemicals for Sustainable Agriculture (Agrichem) 

9:45-

10:00 

Tao Xu, Postdoctoral Fellow, HSPH 
Development of biodegradable, tunable, biopolymer-based nanofiber seed coatings using 
electrospinning 

10:00-

10:15 

Jason C. White, Director, CT Agricultural Experiment Station 

Enhancing Cu delivery and seedling development with biodegradable, tunable, biopolymer-based 

nanofiber seed coatings 

10:15-

10:30 

Xiao 'Matthew' Hu, Professor, Nanyang Technological University 

Design and synthesis of nanomaterials from natural resources for potential applications: from nano-

agrichemicals to green hydroponic sponge 

 

Development of novel methods for assessing nano-gut microbiome interactions of ingested 
engineered nanomaterials: Towards safer-by-design, biocompatible nano-materials in food 
applications from the gut microbial perspective (Nanomicrobiome) 

10:30-

10:45 

Fang Mingliang, Assistant Professor, NTU 

A high-throughput method to characterize the gut bacteria growth upon engineered nanomaterial 

treatment 

10:45-

11:00 

Tharushi Prabha Keerthisinghe, PhD Student, NTU 
Metabolic response of in vitro human gut microbiome to engineered nanomaterials 

11:00 – 

11:15 

Sangeeta Khare, Senior Researcher, US Food and Drug Administration 
Effects of ingested nanocellulose on intestinal microbiota and homeostasis in Wistar Han rats 

 

ISC Meeting 

Boston - Thursday, 22 October 2020, 8:30 PM 

Singapore – Friday, 23 October 2020, 8:30 AM 

8:30 – 

10:30 
Internal Steering Committee meeting 
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Abstracts 
 

Susfood 
Name Sharad Kharel 

Title and 
affiliation 

Research Fellow, MSE NTU 

Presentation 
title 

Micronutrients encapsulation with food waste substrates for improved bioavailability 

Abstract Okara is a food processing by-product that consists of the insoluble remains of soybean in the 
production of soy-based food products. Disposal of this food waste is done at the expense of 
financial resources and poses a significant problem to the environment because of putrefaction 
and emission of greenhouse gases. In this study, this food waste is recycled into nutritionally rich 
polysaccharide and protein extracts which are further investigated as a substrate to encapsulate 
labile micronutrients like β-carotene, and ferrous sulphate. Various formulations loaded with the 
micronutrients are produced using a Spray Dyer and several attributes of the formulations are 
investigated. All the formulations are tested for release kinetics in simulated gastro-intestinal fluids 
with the aim to achieve a sequential release of each of the micronutrients in their own favourable 
sites in gastro-intestinal tract. The antioxidant effect of the β-carotene formulations was measured 
to ascertain the retention of micronutrient’s functionality after encapsulation process, and also 
during the release. Furthermore, the shelf-life of all the formulations are compared against the un-
encapsulated β-carotene over extended duration to evaluate the merits of microencapsulation of 
the labile micronutrients in the extracts of okara. 

 

Name Agnes Chuah Soo Fei 

Title and 
affiliation 

Research Fellow at Wee Kim Wee School of Communication and Information, Nanyang 
Technological University 

Presentation 
title 

Understanding Public Perceptions of Nano-Enabled Food in Singapore and the United States 

Abstract The success or failure of nano-enabled food products largely rely on public acceptance of the novel 
technology. This project seeks to gauge public perception of nano-enabled food among the general 
public in Singapore. Using data collected from a nationally representative survey, we found a 
“spillover effect” – attitudes towards genetically modified food have spilled over into the context 
of nano-enabled food. In other words, individuals’ prior attitudes toward a food technology. In 
addition, we also examined the knowledge gap hypothesis in Singapore and the United States 
(U.S.). We found that academic discipline serves as a better indicator than education levels in 
predicting nanotechnology knowledge gaps. In both countries, media attention was found to 
predict nanotechnology knowledge. The results also revealed that increased media attention and 
interpersonal discussion widened knowledge gaps between individuals from science and non-
science disciplines in the U.S. Our findings highlighted the need for communication practitioners to 
identify food technologies that are salient in the minds of the public and understand their pre-
existing attitudes toward these food technologies before implementing any communication 
strategies. Besides, the efficacy of academic discipline and education levels in affecting 
nanotechnology knowledge gaps attest to the importance of enhancing the national science 
education curriculum. 
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Name Glen DeLoid 

Title and 
affiliation 

Research Associate, HSPH 

Presentation 
title 

Natural Biopolymer Nanomaterials in the Gut: It’s about the nutrients! 

Abstract Engineered biopolymer nanomaterials derived from natural sources, predominantly cellulose- and 
chitosan-based, are being developed for diverse applications in the ag-food and biomedical 
industries, where their unique nano-specific properties can be exploited to improve food quality, 
aesthetic appeal, safety, and nutrition, or to increase the oral bioavailability of drugs or 
nutraceuticals. Yet until recently little was known of the potential health impacts of ingesting these 
materials. We have performed multiple in vitro and in vivo studies of several relevant cellulose and 
chitosan nanomaterials in order to understand their impact on gastrointestinal health, including 
cytotoxicity, inflammation, gut microbiome populations and metabolism, and effects on macro- 
and micro-nutrient digestion and absorption. To ensure physiological relevance, in vitro studies 
were performed using a three-phase digestion simulator to recapitulate the conditions of the 
gastrointestinal tract (GIT), and a tri-culture cellular model of the small intestinal epithelium (SIE), 
which includes representatives of the three most abundant cells of the human SIE (absorptive 
enterocytes, mucus-secreting goblet cells, and microfold or M-cells). The results of these studies 
demonstrated that for the most part these materials, including cellulose nanofibrils (CNF), 
cellulose nanocrystals (CNC), chitosan nanoparticles (Chnp), and starch-coated Chnp (SS-Chnp), 
were not highly toxic, with Chnp and CNC causing slight but statistically significant toxicity in the 
tri-culture model. In addition, some notable effects on the gut microbiome and intestinal cytokine 
and cell junction protein mRNA expression were observed in rats exposed to CNF by repeated 
gavage over five weeks. The most important story to emerge, however, appears to be the potential 
of these materials to affect digestion and absorption of nutrients. We found that the presence of 
cellulose in a high-fat diet (cream) reduced lipolysis of triglycerides (which is required for lipid 
absorption) during digestion, which in turn resulted in a substantial reduction (~30% in vivo) of 
triglyceride absorption. This finding suggested that nanocellulose materials could potentially be 
used as food additives or supplements to reduce fat absorption and thus provide an additional tool 
for weight management. However, in more recent studies we have discovered that CNF, CNC, and 
Chnp, as well as a cyclodextrin-modified CNF, all cause a significant and substantial (20-70%) 
increases in glucose absorption in the tri-culture model. Such an effect for a potential food additive 
could have serious public health consequences in a population with high a prevalence of diabetes 
and prediabetes. Finally, we have recently found, in in vivo studies, that the presence of Chnp or 
SS-Chnp in a liquid diet (gavage) can alter zinc uptake and biokinetics in zinc-deficient mice. Taken 
together, these findings suggest a need for more robust evaluation, including assessment of the 
effects on digestion and absorption of all essential nutrients, of all new and emerging 
nanomaterials that are being considered for use as food additives or drug delivery vehicles. 

 

Suspack 
Name Zeynep Aytac 

Title and 
affiliation 

Postdoctoral Fellow, HSPH 

Presentation 
title 

Development of biodegradable and antimicrobial electrospun zein fibers for food packaging 

Abstract Due to globalization of the food supply and attitude shifts toward a healthier lifestyle and 
environmentally friendly food packaging, there is a need to develop biodegradable and non-toxic   
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materials from biopolymers to enhance food safety and quality. In this study, electrospinning was 
used as a one-step, scalable green synthesis approach to engineer antimicrobial fibers from zein 
using non-toxic organic solvents and a cocktail of nature-derived antimicrobials which are all FDA-
classified Generally Recognized as Safe (GRAS) for food use. Morphological and physicochemical 
properties of fibers, as well as the dissolution kinetics of antimicrobials were assessed along with 
their antimicrobial efficacy using state of the art analytical and microbiological methods. A cocktail 
of nature-derived antimicrobials from three distinct categories (thyme oil, citric acid, and nisin) 
with different antimicrobial activity mechanisms that are highly effective against a broad-spectrum 
of with food-related pathogens was developed and used in the fiber synthesis. Morphological 
characterization revealed bead-free fibers with a small average diameter of 165 nm, whereas 
physicochemical characterization showed high surface area-to-volume ratio (specific surface 
area:21.91 m2/g) and presence of antimicrobial analytes in the fibers. The antimicrobials exhibited 
initial rapid release from the fibers in 2 hours into various food simulants. Furthermore, fibers 
effectively reduced E. coli and L. innocua populations by ~5 logs for after 24-hours and 1-hour of 
exposure, respectively. It is worth noting that due to the small diameter and high surface area-to-
volume ratio of the fibers, only miniscule quantities of mass per surface area of fibers are needed 
(2.50 mg/cm2) for pathogen inactivation. The scalability of this fiber synthesis process was also 
demonstrated using a multi-needle injector with production yield up to 1 g/hour. This study shows 
the potential of using nature-derived biopolymers and antimicrobials to synthesize fibers for 
sustainable food packaging materials.  

 

Name Suresh Kumar Raman Pillai 

Title and 
affiliation 

Research Fellow, Nanyang Technological University, Singapore 

Presentation 
title 

Construction of Multifunctional Polymer Based Colorimetric Food Sensor and Application for 
Seafood Monitoring 

Abstract Hang Zhang, Mingfeng Wang*, Mary B. Chan-Park*  
 
School of Chemical and Biomedical Engineering, Nanyang Technological University, 62 Nanyang 
Drive, Singapore 637459, Singapore.   
 
The sensitive, safe, and portable detection of food spoilage is becoming unprecedentedly 
important because it is closely related to the public health and economic development, particularly 
given the globalization of food supply chain. To achieve that, we proposed a multifunctional 
polymer system composed by the hydrophilic, sensing and anchoring segments. The successful 
preparation of designed function polymers was confirmed by the GPC and 1H NMR. Inspired by the 
processing of smart coating materials, a concise UV irradiation-anchoring protocol were presented, 
and through it, the above multi-functional polymers can be directly patterned on the surface of 
commercialized packaging film such as PP or PET to construct the colorimetric food sensor. 
Through the testing of sensing property, the sensor exhibited a superior performance including 
prominent colorimetric response (from deep pink to brilliant yellow), sensitivity (10 ppm), 
selectivity (only occurred to biogenic amines), and long-term stability, benefiting from the 
multifunctionality of polymers. Finally, the sensor was applied for monitoring the freshness of 
seafood. The related results further evidenced its promising practical application, in which sensors 
can accurately indicate the quality of seafood in real-time in a sensitive and reliable way.  
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Name Suresh Kumar Raman Pillai 

Title and 
affiliation 

Research Fellow, Nanyang Technological University, Singapore 

Presentation 
title 

Effect of compatibilizer on Poly(lactide)/Poly(ε-caprolactone) degradable antibacterial film 

Abstract Suresh Kumar Raman Pillai and Prof. Mary Chan-Park*  
 
School of Chemical and Biomedical Engineering, Nanyang Technological University, 62 Nanyang 
Drive, Singapore 637459, Singapore.   
 
Food spoilage is a major issue in world which affects health, economy and productivity. Proper 
ways of food storage and packaging is important role on the shelf life and food quality. Most of the 
materials used for food packaging are still produced from fossil fuels and hence they are non-
renewable and non-degradable. This causes serious environmental problems. The use of bio based 
materials is still limited because of poor physical properties. One of the biopolymers such as 
polylactide (PLA) is very brittle and unable to use this as food packaging material. We need to 
modify the properties of PLA to use as the packaging material. In this aspect, we prepared 
extruded films of PLA/PCL blend films with different concentrations of poly D, L Lactide (PDLLA). 
We have also synthesized a diblock polymer as suitable compatibilizer and prepared the 
biodegradable blend films. The films were characterized by FT-IR, TGA/DSC and XRD techniques. 
Antimicrobial agents were incorporated in the films to make the film as antibacterial. Tensile 
properties of the blend films were measured and observed the elongation at break is about 8 times 
compared to pure PLA films. Elastic modulus and maximum tensile strength of the blend film is 
better compared to polyethylene (PE) film. SEM cross-section image of the fractured surface of the 
biodegradable film shows that the blend is homogeneous and no immiscibility is observed 
between the constituent polymers. 

 

Name Huibin Chang 

Title and 
affiliation 

Postdoctoral Fellow, Disease Biophysics Group, John A. Paulson School of Engineering and Applied 
Science, Harvard University 

Presentation 
title 

Pullulan-Based Fibers For Food Packaging Applications 

Abstract To extend the shelf life and maintain the quality of food products, food packaging is needed to 
inhibit the oxidation, microbial growth, and moisture loss. Currently, the predominating food 
packaging is made from petroleum-derived materials with toxic solvents. To build a sustainable 
society, therefore, it is desired to make next-generation food packaging from natural-derived 
renewable materials with water as a solvent. In this study, rotary jet spinning (RJS) was used to 
spin pullulan-based fibers from water solution. To increase the mechanical and antimicrobial 
properties, cellulose nanocrystals (CNCs) and nature-derived and FDA Generally Regarded as Safe 
(GRAS) antimicrobial active ingredients (AIs) was incorporated into the pullulan fibers. The 
preliminary results show the pullulan based composite fibers containing 1 wt% CNCs exhibit 100% 
improvement in tensile strength and tensile modulus. Pullulan based fibers could be promising 
materials for food packaging and may directly deposit onto the food to increase the shelf life and 
quality.  
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Nanoadaptation 
Name Hong Kit Lim 

Title and 
affiliation 

Project Officer, NTU 

Presentation 
title 

Bane or boon? Investigating the chronic effects of environmentally relevant dose of inhalable 
nanoparticles on human respiratory cells 

Abstract Like the way COVID-19 virus-containing airborne droplets enter the lungs, other inhalable toxicants 
can invade our lungs every day, whereby the cilia lining our airways are working constantly to 
remove them. In the field of pulmonary nanotoxicology involving inhalable nanoparticles, the 
adaptive response of the cells upon exposure to low level of toxicants is often overlooked in favour 
of the more pronounced toxicity effects at high concentration, even though in reality the exposure 
is low. In this presentation, we will first discuss about our group’s work on pulmonary nano 
adaptation, sharing some insight into how the adaptive response of alveolar epithelial cells will 
differ by the state of inflammation of the cells, apart from different nanoparticle properties. To 
augment the work, it would be interesting to investigate the effect on fibroblasts residing in the 
stromal layer underneath the alveoli since they have an interwoven relationship with the epithelial 
cells lining the alveoli. The findings might be helpful in unveiling the mechanism of pulmonary 
fibrosis caused by inhalable toxicants. Therefore, we employ a state-of-the-art lung-on-a-chip co-
culture system to better recapitulate the real alveolar environment compared to a traditional 2D 
co-culture system, thus obtaining a more comprehensive nano-adaptation outcome. In particular, 
we will also share the recent progress of our team in the development of the lung-on-a-chip 
(molding, PDMS casting, channel bonding, cell culture on the chip, biomimicry components), as 
well as preliminary assessments on various events in the alveolar epithelial cells and fibroblasts 
upon exposure to various dosages of engineering nanoparticles including ZnO, as well as printed 
emitted nanoparticles (nano-CCPs) collected exclusively using the Harvard compact cascade 
impactor. 

 

Name Zac Nagel 

Title and 
affiliation 

Assistant Professor, HSPH 

Presentation 
title 

A high-throughput screening platform for nanoparticle-mediated alterations of DNA repair 
capacity 

Abstract The potential genotoxic effects of engineered nanomaterials (ENMs) can occur through induction 
of DNA damage or disruption of DNA repair processes. Inefficient DNA repair may lead to 
accumulation of DNA lesions and has been linked to various diseases, including cancer. Most 
studies so far have focused on understanding the nano-genotoxicity of ENM-induced damages on 
DNA while the effects on DNA repair have been widely overlooked. Here, we present the 
development of fluorescence multiplex host cell reactivation (FM-HCR) assay allows for the 
simultaneous and direct quantification of multiple DNA repair pathways in living cells following 
their exposure to ENMs. The sensitivity and efficiency of this novel DNA repair screening method 
was demonstrated in case studies using human primary small airway epithelial cells and TK6 cells 
exposed to various model ENMs (CuO, ZnO, and Ga2O3) and nano-sized printer-center particles 
(PCP) at sub-cytotoxic doses. It was shown that model ENMs and PCP may modulate specific DNA 
repair pathways, even in the absence of significant genomic DNA damage. Overall, this method can 
be part of a multi-tier, in vitro hazard assessment of ENMs as a functional, high-throughput 
platform that provides novel insights into the interplay of particle properties, DNA repair 
efficiency, and genomic stability. 
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Sunprint 
Name Dhimiter Bello 

Title and 
affiliation 

Professor and Associate Dean for Research and Graduate Studies,  Zuckerberg College of Health 
Sciences UMass Lowell; Visiting Scientist, HSPH 

Presentation 
title 

Chronic upper airway and systemic inflammation and oxidative stress in healthy copier operators 
at six Singaporean workplaces 

Abstract We present herein the final analysis of the upper airway and systemic inflammation (in circulation), 
as well as markers of urinary oxidative stress in health copier operators at six Singapore 
workplaces. We employed a repeated panel design combined with a multi-marker approach (13 
inflammatory cytokines; eight urinary oxidative stress markers, and eight cardiovascular markers), 
combined with comprehensive exposure characterization using four distinct exposure metrics 
(number concentration, lung deposited surface area, mass concentration, and cumulative 
exposure (mass*years)). We investigated spatial and temporal patterns of markers of upper airway 
and systemic inflammation, and their association with various exposure metrics. Furthermore, we 
calculated an integrated inflammation index and an oxidative stress index and explored its 
association with exposures. Several inflammatory markers (e.g. Fractalkine, IL1b, TNFα and IFNγ, 
GM-CSF, etc.) in plasma and nasal lavage and several oxidative stress markers in urine, were 
statistically significantly associated with exposures. The inflammation index and the oxidative 
stress index were also strongly associated with exposures.  The presentation concludes with a 
summary of the implications and recommendations for larger scale studies. 

 

Name Nancy Lan Guo 

Title and 
affiliation 

Professor, West Virginia University 

Presentation 
title 

Pilot deep RNA sequencing of worker blood samples from Singapore printing industry for 
occupational risk assessment 

Abstract Several engineered nanomaterials (ENMs) are used in toner-based printing equipment (TPE) 
including laser printers and photocopiers to improve toner performance. High concentration of 
airborne nanoparticles due to TPE emissions has been documented in copy centers and chamber 
studies. Recent animal inhalation studies by our group suggested exposure to laser printer-emitted 
nanoparticles (PEPs) increased cardiovascular risk by impairing ventricular performance and 
inducing hypertension and arrhythmia, consistent with global transcriptomic and metabolomic 
profiling results. There has been no genome-wide transcriptomic analysis of workers exposed to 
TPE emissions to systematically assess the occupational exposure health risks. In this pilot study, 
deep RNA sequencing of blood samples of workers in two printing companies in Singapore was 
performed. The genome-scale analysis of the blood samples from TPE exposed workers revealed 
perturbed transcriptional activities related to inflammatory and immune responses, metabolism, 
cardiovascular impairment, neurological diseases, oxidative stress, physical 
morphogenesis/deformation, and cancer, when compared with the control peers (office workers). 
Many of these disease risks associated with particle inhalation exposures in such work 
environments were consistent with the observation from the PEPs rat inhalation studies. In 
particular, the cell adhesion molecules (CAMs) was a top significantly perturbed pathway in blood 
samples from exposed workers compared with the office workers in both companies. The protein 
expression of sICAM was verified in plasma of exposed workers, showing a positive correlation 
with daily average nanoparticle concentration in indoor air measured in these two companies. 
Larger scale genomic and molecular epidemiology studies in copier operators are warranted in 
order to assess potential risks from such particulate matter exposures. 
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Name Sanjay Chotirmall 

Title and 
affiliation 

Assistant Professor, NTU 

Presentation 
title 

Emitted nanoparticles and microbiomes: The SunPRINT study 

Abstract  
 

Agrichem 
Name Tao Xu 

Title and 
affiliation 

Postdoctoral Fellow, HSPH 

Presentation 
title 

Development of biodegradable, tunable, biopolymer-based nanofiber seed coatings using 
electrospinning 

Abstract One of the challenges in agriculture is the inefficiencies in agrichemical delivery and utilization. 
Much of this inefficiency results from an inability to deliver the active ingredient to the target site 
exactly when needed and at the required time and dose (i.e., the 3Rs; right place, right time, right 
dose). An emerging research area in agrichemical delivery is the development of novel nano-
enabled seed coating platforms for precise and targeted delivery of agrichemicals. Herein, a 
biodegradable, tunable, biopolymer-based nanoplatform was developed as seed coating to 
enhance agrichemical delivery and seedling development. The nanofibers were synthesized using 
electrospinning of biopolymer blends (cellulose acetate and gelatin) without any toxic chemicals or 
post-treatment. Copper (Cu) was selected as a model agrichemical and incorporated into 
nanofibers. Such novel approach can be used to tune agrichemical delivery by modulating the 
chemical composition of nanofibers (i.e., biopolymer blend ratio and surfactant concentration). In 
order to demonstrate that the versatile biopolymer-based nanofibers can be used as seed coating 
to precisely deliver agrichemicals at the right place (around the seed) and the right dose (miniscule 
amount), two types of model seeds (tomato and lettuce) were coated with Cu2+ loaded 
nanofibers, and their germination and subsequent growth were then investigated. Moving 
forward, this platform can readily be exploited to deliver a whole range of micro- and 
macronutrients, as well as other analytes such as growth promoters or antimicrobial agents. 

 

Name Jason C. White 

Title and 
affiliation 

Director, CT Agricultural Experiment Station 
 

Presentation 
title 

Enhancing Cu delivery and seedling development with biodegradable, tunable, biopolymer-based 
nanofiber seed coatings 

Abstract A biodegradable, tunable, biopolymer-based nanoplatform was developed as seed coating to 
enhance copper (Cu) delivery and seedling development. The germination and growth of different 
nanofiber-coated seeds (tomato and lettuce) as a function of Cu release kinetics were investigated 
in greenhouse studies, in the presence or absence of a fungal pathogen. The various Cu-release 
nanofiber coatings promoted seed germination, particularly in the diseased media conditions. This 
more rapid germination led to increased seedling biomass for both plants (12-29%) in the healthy 
media conditions. Importantly, the developed nanofiber seed coating approach significantly 
improved germination and seedling biomass for model seeds compared to conventional film 
coating approaches utilized by the industry, owing to its unique nanofibrous structure and 
controlled release kinetics. This seed nano-coating approach could be used in pathogen infested 
soil conditions to increase production yields.  
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Name Xiao “Matthew” Hu 

Title and 
affiliation 

Professor, Nanyang Technological University 

Presentation 
title 

Design and synthesis of nanomaterials from natural resources for potential applications: from 
nano-agrichemicals to green hydroponic sponge 

Abstract This presentation discusses potentials of using engineered nanomaterials to enhanced the 
sustainability and efficiency in farming and agriculture. In particular, nanomaterials derived from 
non-toxic and natural resources such as waste biomass will be most attractive. We report the 
design and preparation of a series of nanomaterials based on carbon nanodots. These carbon dots, 
which have diameter typically less than 10 nm, can be prepared using a wide variety of starting 
materials including food waste, fruit shell, jelly fish in addition to more traditional chemicals. We 
also report the successful doping of these carbon dots with different concentrations of farming-
relevant elements, such as copper. These copper-doped carbon dots are ‘soluble’ in water and 
their release profile may be tuned. Contact angle and spreading of these carbon dot solutions on 
model plant leaves are determined. Other efforts at NTU include developing new materials 
towards eco-friendly farming practices by replacing the passive plastic growth substrates with 
active or functional ones derived from biomass, which themselves can be part of the essential 
plant nutrients. Materials have been distributed to collaborators for more systematic plant studies. 

 

Nanomicrobiome 
Name Fang Mingliang 

Title and 
affiliation 

Assistant Professor, NTU 

Presentation 
title 

A high-throughput method to characterize the gut bacteria growth upon engineered nanomaterial 
treatment 

Abstract Human are increasingly exposed to various types of engineered nanomaterials (ENMs) via dietary 
ingestion of nano-enabled food products, but these ENMs’ impact on the gut bacteria health is still 
poorly understood. Current efforts in understanding the impact of these ENMs are hampered by 
their optical interferences in conventional quantification and viability assays, such as optical 
density and whole cell fluorescence staining assays. Therefore, there is a need to develop a more 
reliable bacteria quantification method in the presence of ENMs to effectively screen the potential 
adverse effects arising from the exposure of increasing ENMs on human gut microbiome. In this 
study, we developed a DNA-based quantification (DBQ) method in a 96-well plate format. Post-
spiking method was used to correct the interference from ENMs on the reading. We showed the 
applicability of this method for several types of ENMs, i.e., cellulose nanofiber (CNF), graphene 
oxide (GO), silicon dioxide (SiO2), and chitosan, both in pure bacterial culture and in vitro human 
gut microbiome community. The detection limit for the highest dosing of CNF, GO, SiO2, and 
chitosan ENMs was approximately 0.18, 0.19, 0.05, and 0.24 as OD600, respectively. The method 
was also validated by a dose response experiment of E. coli with chitosan in the course of 8 hr. We 
believe that this method has great potential to be used in screening the effect of ENMs on the 
growth of gut bacteria or any other in vitro models and normalization for metabolites or proteins 
analysis. 

 

 

Name Tharushi Prabha Keerthisinghe 
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Title and 
affiliation 

PhD student, NTU 

Presentation 
title 

Metabolic response of in vitro human gut microbiome to engineered nanomaterials 

Abstract Human gut microbiome is increasingly exposed to various types of engineered nanomaterials 
(ENMs) through dietary ingestion of nano-enabled food products. To date, very few studies have 
investigated the effect of these ENMs on gut microbial metabolism. In this study, we set up an in 
vitro human gut microbiome and incorporated a metabolomics approach to investigate the effect 
of seven different ENMs (i.e., cellulose nanocrystal (CNC), cellulose nanofiber (CNF), graphene 
oxide (GO), silicon dioxide (SiO2), titanium dioxide (TiO2), Poly lactic-co-glycolic acid (PLGA), and 
chitosan) at two dose levels on gut microbiome. The metabolic response was highest under the 
exposure to chitosan ENMs compared to the exposure to other six ENMs while indole derivatives 
and vitamins were among responsive metabolites under the exposure to chitosan ENMs, all of 
which have implications on host health. Metabolites such as indoxyl was downregulated in 0.7 and 
0.6 folds under the low and high dose of chitosan ENM exposure, respectively while pantothenic 
acid was upregulated in 1.3 and 1.2 folds, respectively. Metabolites including xanthurenic acid and 
phenylpropionylglycine were significantly altered only under the highest exposure concentration 
showing a clear dose-response relationship. Collectively, our result demonstrated that the unique 
response of gut microbial metabolome towards the exposure of seven different ENMs and may 
induce different effects on host health. 

 

Name Sangeeta Khare 

Title and 
affiliation 

Senior Researcher, US Food and Drug Administration 

Presentation 
title 

Effects of ingested nanocellulose on intestinal microbiota and homeostasis in Wistar Han rats 

Abstract Micron scale cellulose materials are “generally regarded as safe” (GRAS) as binders and thickeners 
in food products. However, nanocellulose materials, which have unique properties that can 
improve food quality and safety, have not received US-Food and Drug Administration (FDA) 
approval as food ingredients. In vitro and in vivo toxicological studies of ingested nanocellulose 
revealed minimal cytotoxicity, and no subacute in vivo toxicity. However, ingested materials may 
modulate gut microbial populations, or alter aspects of intestinal function not elucidated by 
toxicity testing, which could have important health implications. Here, we report the results of 
studies conducted in a rat gavage model to assess the effects of ingested cellulose nanofibrils 
(CNF) on the fecal microbiome and metabolome, intestinal epithelial expression of cell junction 
genes, and ileal cytokine production. Feces, plasma, and ilea were collected from Wistar Han rats 
before and after five weeks of biweekly gavages with water or cream, with or without 1% CNF. CNF 
altered microbial diversity, and diminished specific species that produce short chain fatty acids, 
and that are associated with increased serum insulin and IgA production. CNF had few effects on 
the fecal metabolome, with significant changes in only ten metabolites of 366 measured. Exposure 
to CNF also altered expression of epithelial cell junction genes, and increased production of 
cytokines that modulate proliferation of CD8 T cells. These perturbations likely represent initiation 
of an adaptive immune response, however, no associated pathology was seen within the duration 
of the study. Additional studies are needed to better understand the health implications of these 
changes in long term. 

 


