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ABSTRACT

Recent advancements in point-of-care technology have led to the development of handheld,
cost-effective, and reusable biosensors designed for convenient, rapid, and daily monitoring of
glucose level. These reusable biosensors also contribute to lowering the per-test cost price of
glucose detection compared to conventional lab-based instruments. However, many existing
biosensors rely on blood samples, causing discomfort and pain for patients. In recent years,
non-invasive biosensors utilizing alternative body fluids like saliva, tears, sweat, and urine have
emerged as superior alternatives. Despite these advancements, non-invasive biosensors face
challenges such as poor correlation among body fluids, interference from surrounding
molecules, high costs, and accuracy issues, limiting their impact in the biosensor market.
Additionally, glucose devices and their strip cost for measurement of multiple times in a day
are often expensive and, making them impractical for point-of-care settings. Therefore, there
is considerable potential for developing a pain-free, affordable, easy-to-use, and reliable non-

invasive glucose biosensor, particularly appealing in developing countries.

This doctoral research comprises six chapters aimed at developing a handheld, non-invasive
glucose meter using a straightforward approach involving immobilization and miniaturization
techniques. The thesis primarily focuses on the development of glucose biosensor with multiple
features like non-invasive, cost-effective and pain free glucose biosensor using saliva samples,
in a handheld portable form. Furthermore, the system has been clinically validated in AIIMS

hospital, New Delhi.

The first chapter includes the introduction of diabetes and various diseases associated with it
along with various methods of the measurement of glucose levels. While the chapter two

extensively reviews literature on glucose biosensor technologies for both invasive and non-



invasive samples. It discusses the various generations of glucose biosensors and development

in them and also outlines the future research directions.

Chapter three presents the design and development of a handheld optical reflectance-based
instrument and optimization and fabrication of glucose strips, demonstrating its application in

estimating glucose levels in PB buffer for blank line.

Chapter four presents the optical studies of glucose meter with three different chromogenic
dyes i.e., O-Dianisidine, 4-AAP + Phenol and ABTS. The chapter includes simplified
operating procedures suitable for point-of-care settings, interference studies, and shelf-life and

reproducibility of the three developed instruments for three different chromogenic dyes.

Chapter five presents the clinical validation of the developed instruments. Clinical studies
validate the system's performance for diabetic patients under fasting and non-fasting
conditions, showing robust correlations. We did the comparison in Clarkes’ Error Grid Model
with the existing glucometer i.e., Accu Chek active which shows good correlation between
saliva glucose levels and blood glucose levels in diabetic and non-diabetic patients. It also
includes the comparison of the three developed instruments for three different chromogenic
dyes. The aim was to develop a glucose meter which can potentially replace the traditional lab-

based methods.

Chapter six focuses on the conclusion and future prospectives of the developed glucose
biosensor in enhancing its design to diagnose other analytes such as HbAlc, cancer biomarkers
etc. Improvement in strip design and manufacturing technology aim to reduce production time

and enhance biosensor strip shelf life.
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