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NC 1194 Termination Report 

 

Project/Activity Number: NC-1194 

Project/Activity Title: Nanotechnology and Biosensors 

Period Covered: October 1, 2016 to September 30, 2021 

Date of This Report: March, 2022 

 

 

Accomplishments:  

Over five years participants made numerous contributions to achieve all six objectives delineated 

in our original proposal. 

1. Develop new technologies for characterizing fundamental nanoscale processes 

During this multistate collaborative project members have developed and characterized various 

nanoscale materials that were used for development of novel nano-biosensors. Among the 

selected biosensing materials, enzymes, antibodies, aptamers, or DNA probes were coupled to 

electrochemical, optical, or acoustic (e.g., quartz crystal microbalance (QCM)) transducing 

methods. Thus, numerous advances have been made in nanomaterial-enabled biosensor 

technologies across a spectrum of applications for improvement safety and security of the food 

supply chain. Among notable advances are (i) innovative nanoparticle morphologies such as 

coupling cellulose nanofiber (CNF) to Surface Enhanced Raman Scattering (SERS), for the rapid 

detection of pesticide residues (paraquat) in vegetables (MO); (ii) assessment of metabolite 

distributions in plant and animal cells (IA, UT); (iii) development of strategies to stabilize 

enzymes for the fabrication of glucose and alcohol biosensors with long operational life (GA); 

and (iv) enhancement of the performance of a variety of other biosensing modalities for rapid 

detection of pathogens, prions, viruses, contaminants (e.g., heavy metals), pesticides, and 

antibiotics residues in water and agricultural and food products (AR, AZ, FL, HI, IA, MI, WI).  

 

The research focused on sustainable development of nanotechnology via molecular-level 

understanding of the interaction of nanomaterials with biological interfaces, both to design 

applications that interface with biological systems and to evaluate the potential risks posed by the 

release of nanoscale materials into the environment. Several groups have made significant 

progress in characterizing and understanding environmental health toxicity and toxicity 

mechanisms of a wide array of commonly used nanomaterials before and after environmental 

transformations in simple and complex exposure scenarios (KY, WI and SC). Participants 

deepened into multidisciplinary collaborations to address antimicrobial resistance, advancing 

affordable technologies to enhance the speed and sensitivity of the recovery and detection of 

pathogenic bacteria (AR, MI) as well as for the rapid clinical identification of antimicrobial 

resistance in pathogenic bacteria (MI). Researchers developed novel approaches with 

functionalized nanomaterials to prevent and treat infections with pathogenic organisms that were 

successfully demonstrated in animal models (SC). Members have also engineered new 

nanomaterials for targeted drug delivery (AR, IA) or vaccines against animal viruses (VA). 

Edible films with novel antimicrobial and nutritional properties were developed (NJ). 

Nanomaterials were also developed to improve efficiency / rates for value-added bioprocessing 

(AR, WI).  
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We developed electrochemical analyses, using impedance spectroscopy, differential pulse 

voltammetry of biomolecule interactions such as DNA chains hybridization, antibody-antigens 

interaction in nano-scale (SD).  

 

 

2. Construct and characterize self-assembled nanostructures 

A significant progress has been made in development, characterization and optimization of self-

assembled nanobrush/aptamer hybrid nanostructures (FL)) and nickel oxide nanoparticles on 

three-dimensional carbonized eggshell membrane (SD) for sensing, nano-vaccines (IA and VA), 

and  DNA biosensors (UT). For example, the construction of DNA biosensor includes multiple 

self-assembled steps to form a highly specific DNA structure on the sensor surface for 

recognizing the target DNA sequence specific to Cryptosporidium in water samples (UT). For 

nano-vaccine development, a chimeric purified protein, based on constructed Hepatitis B core 

antigen, which is self-assembled into virus-like particles has been studied as a potential vaccine 

against a swine disease (VA).  

 

3. Develop devices and systems incorporating microfabrication and nanotechnology 

The incorporation of smartphones for the rapid analysis biosensing signals has further been 

improved, with sophisticated image processing algorithms and the coupling of a fluorescent 

microscope for detecting pathogens and environmental toxicants (AZ). Fluorescence detection 

has also been attempted to improve the assay reliability and reproducibility, and successfully 

demonstrated for detecting cancer markers from blood as well as nucleic acid amplification. A 

new concept was demonstrated utilizing the capillary flow as a sensing mechanism for detecting 

E. coli and Zika virus (AZ). A user-friendly prototype has been designed and fabricated, and 

tested for field water and human saliva samples. The sensitivity and specificity of this method 

were tested for the detection of norovirus from wastewater, COVID-19 virus from aerosols, and 

COVID-19 virus from human saliva samples (AZ).  

Researchers in FL and SC developed value-added nanotechnology products from agricultural 

waste for food packaging, solar cells, sensors, as well as new sensor systems for studying 

signaling in plant/mammalian systems. Enhanced electrocatalytic performance of NiO/C 

electrode toward urea oxidation and urea detection in alkaline solution was developed (SD).  

Submicron fibers with surface properties suitable to capture and concentrate target chemicals, 

pathogens (E. coli) or biological molecules in microfluidic were fabricated (NY). A novel 

Raspberry Pi based optics device along with support vector machine (SVM)-based machine 

learning algorithm has been developed, fabricated, and tested for classifying the oil types from 

oil spill samples from open sea water with > 90% accuracy (AZ). 
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4. Develop a framework for economic, environmental and health risk assessment for 

nanotechnologies applied to food, agriculture and biological systems 

Complementary to the work on discrete biosensing technologies for wide distribution in the 

environment, several participants of this project have been working on development of 

networking approaches and artificial intelligence to aggregate data and provide meaningful 

decision support to improve food quality, safety, and the cost-effectiveness of agriculture and 

bioprocessing (AR, AZ, FL, SC, MI, NJ). 

  

5. Develop/improve education and outreach materials on nanofabrication, sensing, systems 

integration and application risk assessment 

Project members are highly active in instruction, developing and sharing teaching / training 

materials related to nanotechnology and biosensors. This includes leading two NSF-REU 

programs (IA) where students contributed to research and development of wearable graphene-

based stress sensors. The participants conducted workshops and disseminated training manuals 

with high school teachers in the USA (FL, MD) and also abroad (Colombia, China) for creating 

flexible graphene circuits (FL). During GARD symposium the members organized and taught 

short courses on Nanotechnology (NJ, KY), Biosensors (SC) and Entrepreneurship (MI) 

6. Improve academic-industry partnership to help move the developed technologies to 

commercialization phase 

Several groups partnered in various initiatives to strengthen ties to industry, including 

identification and execution of new research needs, and to strengthen research capacity globally 

to develop practical, cost-effective biosensing technologies. Academia-industry projects are with 

cybersecurity for food safety monitoring, and also with BRIDG for establishing a work group to 

create a draft national nanotechnology roadmap for smart Ag/food (FL). There are also 

partnerships with the Global Alliance for Rapid Diagnostics (GARD) to establish centers of 

excellence (COEs) around the world, and agreements with food companies to validate and 

license technologies for rapid pathogen extraction / detection (MI). Walmart foundation awarded 

$3.5 M to a group led by a project member from Arkansas for research on biosensors for food 

safety. A consortium of University groups including participants in this project (FL, IA) are 

actively involved in a funded planning grant under NSF-IUCRC (Industry-University 

Cooperative Research Center) to use nano-enabled sensory tools to study soil dynamics, and 

technologies developed by members of our group have successfully been used by government 

and industry, such as handheld biosensors for bacteria in drinking water used by Tucson Water 

(AZ). Participants at FL are working with SBIR funding to develop new mobile device APIs to 

facilitate risk analysis in water quality. To support commercialization of new technologies 

participants contributed to the development of open source smart-phone based approaches for 

portable analysis (AR, AZ, HI), scalable disposable sensors including using paper microfluidics 

(AZ), scalable manufactured graphene (FL, IA), as well as stabilization of immobilized 

biomaterials (GA). 
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Outputs of this 5-year project include 224 peer-reviewed publications in high impact journals, 

numerous presentations, workshops, two REU programs. In addition, research has been regularly 

highlighted as the feature article in their respective issues, and / or covered in the scientific press 

(i.e. NSF Research News and CEP Magazine) (AZ). The members collaborated on review papers 

on antimicrobial resistance, biosensors in food, agriculture, and the environment.  Participants 

have notably made publicly available several research tools to help identify relevant research 

(SENSEE; FL) and share protocols for research related to biosensors and antimicrobial resistance 

(IA, MI). The results were disseminated to the industry and scientific communities at 

professional conferences such as IFT, ASABE, ACS, SETAC, GRC, and IAFP.    

 

 

Impacts: 

Project supported training of new scientists researching innovative nanomaterials and biosensors 

(numerous PhD and MS students) and enhanced global networking of researchers with work 

related to nanotechnology and biosensors. 

 

Numerous technologies developed by project participants have enable broad distribution of 

biosensors in a wide variety of applications, including speed, efficiency, ease of use, portability, 

scalability, manufacturability, sensitivity, selectivity, and data management and analysis. 

Alternative methods and devices have been proposed and successfully demonstrated for 

smartphone-based paper microfluidic devices. These demonstrations can significantly improve 

the applicability of our biosensor methods and devices, which can be used by a lay person in 

many of environmental conditions.  

In addition, research has resulted in a variety of innovative use of biological and nanoscale 

materials for vaccine development, drug delivery and therapies against pathogenic organisms. 

Toxicological data on widely used nanomaterials can inform policy decisions related to 

manufacturing and exposure to these materials to safeguard public and environmental health. 

Secured new research grants from various funding agencies including USDA, NSF, NIH, and 

DOE as well as UArizona Health Sciences (smartphone detection of COVID-19), Tech Launch 

Arizona (smartphone microscope development), and ABOR-TRIF. Walmart foundation awarded 

$3.5 M to a group led by a project member from Arkansas (Yanbin Li) for research on 

biosensors for food safety. 

 

 

 

Publications during 2016-2021:  

1. Abdelbasir, S.M. S.M. El-Sheikh, V.L. Morgan, H. Schmidt, L.M. Casso-Hartmann, D.C. Vanegas, 

I. Velez-Torres, E.S. McLamore (2018). Graphene-anchored cuprous oxide nanoparticles from 

waste electric cables for electrochemical sensing. ACS Sustainable Chemical Engineering, 6(9), pp 

12176–12186. DOI: 10.1021/acssuschemeng.8b02510.  

2. Alanna V. Zubler and Jeong-Yeol Yoon, "Proximal Methods for Plant Stress Detection Using 

Optical Sensors and Machine Learning," Biosensors, 2020, 10(12): 193.  

3. Alexander S. Day, Tiffany-Heather Ulep, Babak Safavinia, Tyler Hertenstein, Elizabeth Budiman, 

Laurel Dieckhaus, and Jeong-Yeol Yoon, "Emulsion-based Isothermal Nucleic Acid Amplification 

for Rapid SARS-CoV-2 Detection via Angle-dependent Light Scatter Analysis," Biosensors and 

Bioelectronics, 2021, 179: 113099.  
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4. Alocilja EC, Sharief SA, Kriti N, and Chahal P. 2018. Combining Blockchain, DNA, and 

Nanotechnology for Product Authentication and Anti-Counterfeiting. Brand Protection 

Professional, (Dec. 20, 2018).  

5. Alouidor, B., Sweeney, R.E., Tat, T., Wong, R.K.* and Yoon, J.-Y. *, Microfluidic Point-of-care 

Ecarin Based Clotting and Chromogenic Assays for Monitoring Direct Thrombin Inhibitors, Journal 

of ExtraCorporeal Technology, 2019, 51: 29-37.  

6. Alsammarraie, A.K., Lin, M., Mustapha, A., Lin, H., Chen, X., Chen, Y., Wang, H., Huang, M. 

2018.  Rapid determination of thiabendazole in juice by SERS coupled with novel gold 

nanosubstrates. Food Chem. 259, 219-225.   

7. Alsammarraie, A.K., Lin, M., Mustapha, A., Lin, H., Chen, X., Chen, Y., Wang, H., Huang, M. 

2018.  Rapid determination of thiabendazole in juice by SERS coupled with novel gold 

nanosubstrates. Food Chem. 259, 219-225.  

8. Alsammarraie, A.K., Wang, W., Zhou, P., Mustapha, A., Lin, M. 2018. Green synthesis of silver 

nanoparticles using turmeric extracts and investigation of their antibacterial activities. Colloids 

Surf. B Biointerfaces. 171, 398-405.  

9. Althawab, S., Oliveira, D. A., Smith, C., Cavallaro, N., McLamore, E.S., Gomes, C. (2017) Label-

free, rapid Listeria monocytogenes biosensor based on a stimulus response nanobrush and 

nanometal hybrid electrode. Proceedings of the Tech Connect Nanotechnology Conference. vol. 3: 

pp. 279-282  

10. Arifuzzaman MD, Paul W. Millhouse, Yash Raval*, Thomas B. Pace, Caleb J. Behrend, Shayesteh 

Beladi Behbahani*,  John D. DesJardins,  Tzuen-Rong J. Tzeng  and  Jeffrey N. Anker. An 

implanted pH sensor read using radiography.. Analyst, 2019, April 23; 144 (9): 2984-2993  

11. Anu Prathap MU, Sadak O, Gunasekaran S. 2018. Rapid and scalable synthesis of ultrathin zeolitic 

imidazole framework (ZIF-8) and its use for the detection of trace levels of nitroaromatic 

explosives. Adv Sustainable Systems 2 (10),1800053  

12. Anu Prathap, M.U., Castro-Pérez, E., Jiménez-Torres, J.A., Setaluri, V., Gunasekaran, S., 2019. A 

flow-through microfluidic system for the detection of circulating melanoma cells. Biosens. 

Bioelectron. 142, 111522. https://doi.org/10.1016/j.bios.2019.111522 

13. Asgari, S., Saberi, A.H., McClements, D.J., Lin, M.* 2019. Microemulsions as nanoreactors for 

synthesis of biopolymer nanoparticles. Trends Food Sci. Technol. 86, 118-130.  

14. Asgari, S., Sun, L., Lin, J., Weng, Z., Wu, G., Zhang, Y., Lin, M., 2020. Nanofibrillar 

cellulose/Au@Ag nanoparticle nanocomposite as a SERS substrate for detection of paraquat and 

thiram in lettuce. Microchim. Acta 187, 390. https://doi.org/10.1007/s00604-020-04358-9 

15. Asgari, S., Wu, G., Ali Aghvami, S., Zhang, Y., Lin, M. 2021. Optimisation using the finite 

element method of a filter-based microfluidic SERS sensor for detection of multiple pesticides in 

strawberry. Food Addit. Contam. Part A. 38(4), 646-658.  

16. Bao R, Gao N, Lv J, Ji CF, Liang HP, Li SJ, Yu C, Wang ZY, Lin XP, Enhancement of 

Torularhodin Production in Rhodosporidium toruloides by Agrobacterium tumefaciens-Mediated 

Transformation and Culture Condition Optimization, Journal of Agricultural and Food Chemistry 

67 (4), 1156-1164, 2019.  

17. Bera, T., E.S. McLamore, B. Wasik, B. Rathinasabapathi, G. Liu (2018). Identification of a maize 

(Zea mays L.) inbred line adapted to low‐P conditions via analyses of phosphorus utilization, root 

acidification, and calcium influx. J. Plant Phys., 181(2): 275-286. DOI: 10.1002/jpln.201700319  

18. Bhusal, N., Shrestha, S., Pote, N., Alocilja, E.C., 2018. Nanoparticle-Based Biosensing of 

Tuberculosis, an Affordable and Practical Alternative to Current Methods. Biosensors 9. 

https://doi.org/10.3390/bios9010001 

19. Bills, M.V., Loh, A., Sosnowski, K., Nguyen, B.T., Ha, S.Y., Yim, U.H., Yoon, J.-Y., 2020. 

Handheld UV fluorescence spectrophotometer device for the classification and analysis of 

petroleum oil samples. Biosens. Bioelectron. 159, 112193. 

https://doi.org/10.1016/j.bios.2020.112193 
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20. Bills, M.V., Nguyen, B.T., Yoon, J.-Y., 2019. Simplified White Blood Cell Differential: An 

Inexpensive, Smartphone- and Paper-Based Blood Cell Count. IEEE Sens. J. 19, 7822–7828. 

https://doi.org/10.1109/JSEN.2019.2920235 

21. Bills, M.V., Yoon, J.-Y., 2020. Label-Free Mie Scattering Identification of Tumor Tissue Using an 

Angular Photodiode Array. IEEE Sens. Lett. 4, 1–4. https://doi.org/10.1109/LSENS.2020.3001489 

22. Boz, Z., Welt, B.A., Brecht, J.K., Pelletier, W., E.S. McLamore, G.A. Kiker, J.E Butler (2018). 

Review of challenges and advances in modification of food package headspace gases. Journal of 

Applied Packaging Research, 10(1): 62-67.  

23. Briceno, R.K., Sergent, S.R., Benites, S.M., Alocilja, E.C., 2019. Nanoparticle-Based Biosensing 

Assay for Universally Accessible Low-Cost TB Detection with Comparable Sensitivity as Culture. 

Diagn. Basel Switz. 9. https://doi.org/10.3390/diagnostics9040222 

24. Cai, G., Zheng, L., Liao, M., Li, Y., Wang, M., Liu, N., Lin, J., 2019. A microfluidic immunosensor 

for visual detection of foodborne bacteria using immunomagnetic separation, enzymatic catalysis 

and distance indication. Mikrochim. Acta 186, 757. https://doi.org/10.1007/s00604-019-3883-x 

25. Cannon, A.E., D.C. Vanegas, J. Wang, G. Clark, E.S. McLamore, S.J. Roux. Polarized Distribution 

of Extracellular Nucleotides Promotes Gravity-Directed Polarization of Development in Spores 

of Ceratopteris richardii. Plant Journal, In review  

26. Cao, L.L., Q. Zhang, H. Dai, Y.C. Fu, and Li. 2018. Separation/concentration-signal-amplification 

in-one method based on electrochemical conversion of magnetic nanoparticles for electrochemical 

biosensing. Electroanalysis 30(3):517-524. DOI: 10.1002/elan.201700653  

27. Cao, X., Zhu, X., He, S., Xu, X., Ye, Y., Gunasekaran, S., 2019. Gold nanoparticle-doped three-

dimensional reduced graphene hydrogel modified electrodes for amperometric determination of 

indole-3-acetic acid and salicylic acid. Nanoscale 11, 10247–10256. 

https://doi.org/10.1039/C9NR01309A 

28. Castell-Perez, E., C. Gomes, J. Tahtouh, R. Moreira, E.S. McLamore, H. Knowles III (2017). Food 

Processing and Waste within the Nexus Framework. Current Sustainable Renewable Energy 

Reports, 4(3): 99-108.  

29. Cayla Baynes and Jeong-Yeol Yoon, "µPAD Fluorescence Scattering Immunoagglutination Assay 

for Cancer Biomarkers from Blood and Serum," SLAS Technology (formerly JALA - Journal of 

Laboratory Automation), 2018, 23(1): 30-43.  

30. Chaturvedi, P., D.C. Vanegas, J. Foster, B.A. Hauser, M.S. Sepulveda, E.S. McLamore (2017) 

Microprofiling real time nitric oxide flux for field studies using a stratified nanohybrid carbon-

metal electrode. Analytical Methods. 9: 6061-6072.  

31. Chen, B., Gsalla, A., Gaur, A., Lui, Y.H., Tang, X., Geder, J., Pruessner, M., Melde, B.J., Medintz, 

I.L., Shafei, B., Hu, S., Claussen, J.C., 2019a. Porous Wood Monoliths Decorated with Platinum 

Nano-Urchins as Catalysts for Underwater Micro-Vehicle Propulsion via H2O2 Decomposition. 

ACS Appl. Nano Mater. 2, 4143–4149. https://doi.org/10.1021/acsanm.9b00593 

32. Chen, B., Kruse, M., Xu, B., Tutika, R., Zheng, W., Bartlett, M.D., Wu, Y., Claussen, J.C., 2019b. 

Flexible thermoelectric generators with inkjet-printed bismuth telluride nanowires and liquid metal 

contacts. Nanoscale 11, 5222–5230. https://doi.org/10.1039/C8NR09101C 

33. Choo, K. W., Dhital, R., Mao, L., Lin, M., Mustapha, A. 2021. Development of polyvinyl 

alcohol/chitosan/ modified bacterial nanocellulose films incorporated with 4-hexylresorcinol for 

food packaging applications. Food Packag. Shelf Life. 30, 100769.  

34. Chung, S., Breshears, L.E., Perea, S., Morrison, C.M., Betancourt, W.Q., Reynolds, K.A., and 

Yoon, J.-Y. *, Smartphone-based Paper Microfluidic Particulometry of Norovirus from 

Environmental Water Samples at Single Copy Level, ACS Omega, 2019, 4(6): 11180-

11188. Highlighted in ACS News Release and more.  

35. Chung, S., Breshears, L.E., Yoon, J.-Y. *, Smartphone Near Infrared Monitoring of Plant 

Stress, Computers and Electronics in Agriculture, 2018, 154: 93-98.  
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36. Chung, S., Jennings, C.M., Yoon, J.-Y., 2019. Distance versus Capillary Flow Dynamics-Based 

Detection Methods on a Microfluidic Paper-Based Analytical Device (μPAD). Chem. – Eur. J. 25, 

13070–13077. https://doi.org/10.1002/chem.201901514 

37. Dachavaram, S.S., Moore, J.P., Bommagani, S., Penthala, N.R., Calahan, J.L., Delaney, S.P., 

Munson, E.J., Batta‐Mpouma, J., Kim, J.-W., Hestekin, J.A., Crooks, P.A., 2020. A Facile 

Microwave Assisted TEMPO/NaOCl/Oxone (KHSO5) Mediated Micron Cellulose Oxidation 

Procedure: Preparation of Two Nano TEMPO-Cellulose Forms. Starch - Stärke 72, 1900213. 

https://doi.org/10.1002/star.201900213 

38. Dai, H., Y.Q. Li, Q. Zhang, Y.C. Fu, and Li. 2018. A colorimetric biosensor based on enzyme-

catalysis-induced production of inorganic nanoparticles for sensitive detection of glucose in white 

grape wine. RSC Advances 8:33960-33967. DOI: 10.1039/c8ra06347h  

39. Dai, H., Y.Q. Li, Y.C. Fu, and Li. 2018. Enzyme catalysis induced polymer growth in 

nanochannels: A new approach to regulate ion transport and to study enzyme kinetics in nanospace. 

Electroanalysis 30(2):328-335 (available online Dec. 18, 2017). DOI:10.1002/elan.201700703  

40. Demirbas, A., K. Groszman, M. Pazmino, R. Nolan, D.C. Vanegas, B. Welt, J.C. Claussen, J. 

Hondred, E.S. McLamore (2018) Cryoconcentration of bioflavonoid extract for enhanced 

photovoltaics and pH sensitive thin films. Biotechnology Progress, 34(1):206-217. doi: 

10.1002/btpr.2557. 

41. Demirbas, A., Y. Yagiz, Z. Boz, B.A. Welt, E.S. McLamore, W. Pelletier, S. Amarat, M. Marshall 

(2017) Effect of red cabbage extract on minced Nile perch fish patties vacuum packaged in high 

and low oxygen barrier films. Journal of Applied Packaging Research. 9(2): 35-46.  

42. Dieckhaus, L., Park, T.-S., Yoon, J.-Y., 2020. Smartphone based paper microfluidic immunoassay 

of Salmonella and E. coli, in: Schatten, H. (Ed.), Salmonella: Methods and Protocols. Springer, 

New York. 

43. Ding, S., C. Mosher, X.Y. Lee, S. Das, A. Cargill, X. Tang, B. Chen, E.S. McLamore, C. Gomes, 

J.M. Hostetter (2017). Rapid and Label-free Detection of Interferon Gamma via an Electrochemical 

Aptasensor Comprised of a Ternary Surface Monolayer on a Gold Interdigitated Electrode Array. 

ACS Sensors, 2(2): 210-217.  

44. Dong XF, Bai Y, Xu Z, Shi YX, Sun YH, Janaswamy S, Yu C, Qi H, Phlorotannins from Undaria 

pinnatifida Sporophyll: Extraction, Antioxidant, and Anti-Inflammatory Activities, Marine Drugs, 

17, 434, DOI:10.3390/md17080434, 2019.  

45. Dong XP, Liu WT, Song X, Lin XY, Yu D, Yu C and Zhu BW, Characterization of Heat-Induced 

Water Adsorption of Sea Cucumber Body Wall, J. Food Science, 84(1), 92-100, 2019.  

46. Dong, Xiufang, Bai, Y., Xu, Z., Shi, Y., Sun, Y., Janaswamy, S., Yu, C., Qi, H., 2019. 

Phlorotannins from Undaria pinnatifida Sporophyll: Extraction, Antioxidant, and Anti-

Inflammatory Activities. Mar. Drugs 17, 434. https://doi.org/10.3390/md17080434 

47. Dong, Xiuping, Liu, W., Song, X., Lin, X., Yu, D., Yu, C., Zhu, B., 2019. Characterization of Heat-

Induced Water Adsorption of Sea Cucumber Body Wall. J. Food Sci. 84, 92–100. 

https://doi.org/10.1111/1750-3841.14392 

48. Dutta, S.D., Patel, D.K., Seo, Y.-R., Park, C.-W., Lee, S.-H., Kim, J.-W., Kim, J., Seonwoo, H., 

Lim, K.-T., 2019. In Vitro Biocompatibility of Electrospun Poly(ε-Caprolactone)/Cellulose 

Nanocrystals-Nanofibers for Tissue Engineering [WWW Document]. J. Nanomater. 

https://doi.org/10.1155/2019/2061545 

49. Eke, J., Mills, P.A., Page, J.R., Wright, G.P., Tsyusko, O.V., Escobar, I.C., 2020. Nanohybrid 

Membrane Synthesis with Phosphorene Nanoparticles: A Study of the Addition, Stability and 

Toxicity. Polymers 12, 1555. https://doi.org/10.3390/polym12071555 

50. Franco, A.J.DM., Merca, F.E., Rodriguez, M.S., Balidion, J.F., Migo, V.P., Amalin, D.M., Alocilja, 

E.C., Fernando, L.M., 2019. DNA-based electrochemical nanobiosensor for the detection of 

Phytophthora palmivora (Butler) Butler, causing black pod rot in cacao (Theobroma cacao L.) pods. 

Physiol. Mol. Plant Pathol. 107, 14–20. https://doi.org/10.1016/j.pmpp.2019.04.004 
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51. Frank, B. P.; Durkin, D. P.; Caudill, E. R.; Zhu, L.; Curry, M. L.; Pedersen, J. A.; Fairbrother, D. H. 

Impact of silanization on the dispersion properties and biodegradability of nanocellulose. ACS 

Appl. Nano Mater. 2018, 1.  

52. Garland, N.T., E.S. McLamore, N.D. Cavallaro, D. Mendivelso-Perez, E.A. Smith, D. Jing, J.C. 

Claussen (2018). Flexible Laser-Induced Graphene for Nitrogen Sensing in Soil. Advanced 

Functional Materials. 10 (45): 39124–39133. DOI: 10.1021/acsami.8b10991  

53. Garland, N.T., E.S. McLamore, N.D. Cavallaro, D. Mendivelso-Perez, E.A. Smith, D. Jing, J.C. 

Claussen (2018). Flexible Laser-Induced Graphene for Nitrogen Sensing in Soil. Advanced 

Functional Materials. 10 (45): 39124–39133. DOI: 10.1021/acsami.8b10991  

54. Gómez-Velasco, A., León-Cortés, J.L., Gordillo-Marroquín, C., Sánchez-Pérez, H.J., Alocilja, E.C., 

Muñoz-Jiménez, S.G., Bencomo-Alerm, A., Enríquez-Ríos, N., Jonapá-Gómez, L., Gómez-

Bustamante, A., 2019. Uso de nanopartículas magnéticas y un biosensor para el diagnóstico y 

monitoreo de enfermedades infecciosas emergentes, re-emergentes y tropicales desatendidas. 

Enfermedades Emerg. 18, 23–31. 

55. Gong S, Chen H, Zhou X, Gunasekaran S. 2017. Synthesis and applications of MANs/poly(MMA-

co-BA) nanocomposite latex by miniemulsion polymerization. R. Soc. Open Sci. 4: 170844.  

56. Gordillo CM, Gomez AV, Sanchez HP, Pryg K, Shinners J, Murray N, Munoz-SG, Bencomo AA, 

Gomez, AB, Janapa LG, Enriquez NR, Martin M, Romero NS, and Alocilja EC. 2018. Magnetic 

Nanoparticle-based Biosensing Asasy Quantitatively Enhances Acid-Fast Bacilli Count in 

Paucibacillary Pulmonary Tuberculosis. Biosensors, 8(4):128-141.  

57. Guo, R., Wang, S., Huang, F., Chen, Q., Li, Y., Liao, M., Lin, J., 2019. Rapid detection of 

Salmonella Typhimurium using magnetic nanoparticle immunoseparation, nanocluster signal 

amplification and smartphone image analysis. Sens. Actuators B Chem. 284, 134–139. 

https://doi.org/10.1016/j.snb.2018.12.110 

58. Hahn J, Kim E, You YS, Gunasekaran S, Lim S, Choi YJ. 2017. A switchable linker-based 
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