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Format of Thesis 

The aim of this PhD thesis is to address the challenges faced by the stem cell industry using 

microfluidic devices. The thesis is presented in six chapters. In Chapter 1, an overview of the 

current stem cell production process is provided, along with a discussion of the industry's 

challenges. This is followed by a review of microfluidic devices used in stem cell research, 

along with potential applications in different processes of the stem cell industry. Chapters 2-5 

present original research on the development and application of microfluidic devices to solve 

the challenges in the stem cell industry. 

Chapter 2 describes the use of a high throughput microfluidic droplet generator to produce 

dissolvable and edible microcarriers for the cultivated meat industry, where no edible 

microcarriers are currently available. In Chapter 3, 3D printing technology is used to develop 

a microfluidic system for detaching stem cells from current commercial microcarriers and 

separating and concentrating cells for downstream applications. Industry-scale microcarriers 

detachment and harvesting rely on membrane-based technologies that cause significant cell 

loss. 

Chapter 4 presents the development of a micromixer to homogeneously mix cryoprotectant and 

stem cells. This replaces the current industrial bulk mixing methods, which can potentially 

damage cells and cause batch-to-batch differences in the products. In Chapter 5, a static droplet 

array is used to evaluate the metabolism and senescence level of cells in industrial production 

culture. 

Finally, Chapter 6 provides a summary of the thesis and highlights potential future works 

related to microfluidic applications in the stem cell industry. This thesis contributes to the 

development of innovative microfluidic devices that can address the challenges faced by the 

stem cell industry and potentially enhance the quality and efficiency of the stem cell-based 

products. 
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