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Abstract 
Microfluidic devices are channel networks with dimensions of 1 millimeter that allow for controlled fluid flow under 

a pressure gradient. The popularity of these devices have skyrocketed in various scientific fields due the ability to 

tightly control the microenvironment with minimal supplies and sample needed. Unlike most other microfluidic 

methodologies that are expensive and extensive, the foil embossed method of creating microfluidic devices is 

inexpensive and achievable on a limited budget. This allows for an increase rate of repeatability of design, testing 

and data collection. Using this method, the designs were tested for yeast cell growth, propagation, and analysis at a 

controlled microenvironment while demonstrating laminar flow and pressure gradients at little expense.

Introduction 
- Microfluidic devices use laminar flow and can create separation of fluids through a variety of 

microchannels.

- Microfluidic systems have capabilities to precisely analyze and contain many variety of 

experimentation with only a small volume of fluids needed.5

- The Foil-Embossed method allows the creation of microfluidic devices at a relatively low cost 

with items that can be easily obtained. This method allows for broader outreach and accessibility 

of microfluidic experiments to students and scientist which will provide as an innovative field of 

expanding possibilities and advancements.5

- Manipulation of small amounts of fluids can be used with minimal amounts of reagents, yield 

shorter analysis times, supply analytical footprints and allow detection of data with high 

resolution and sensitivity.

- Cell separation, identification and propagation are essential components in cellular biology 

research and in many diagnostic and therapeutic methodology.2

- With the use of microfluidic devices, propagation and growth of microorganisms can be better 

contained and analyzed. Its microenvironment is easily more manageable, and variables can be 

less uncontrollable.2

- Multiple variations of designs and copies can simultaneously be used for testing and injected 

with yeast solution and repeatability is high by using microfluidic devices. 
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Future Studies
● Further data will be collected to further establish the equation representing the 

exponential growth rate of yeast.

● Further data will be collected to determine precise time of exponential fermentation and 

exponential respiration and its rates/figures base on different environmental 

considerations.

● To continue this study a single yeast cell will be isolated and growth analyzed in a 

microfluidic device.

● Adequate and better-fitting technology will continue to be improved for better accuracy 

and reproducibility all data and results.

For further information please contact krista.mcbride@belmont.edu

Foil-embossed method

1. A broth medium was made by mixing 13 g of 

Bacto agar with 1 liter of DI water. 

2. About 10 crumbs of Fleischmann’s fast acting 

yeast was added to 2.5 mL of DI water, 2.5 mL 

of the broth medium, and 2 mL of 10% sucrose 

solution. 

3. The solution was vortexed for 5 seconds on a 

vortex mixer.

1. Holes were punched at the output terminals of each 

design using a biopsy punch to create a pressure 

gradient.

2. The solution was transferred to a 1 mL disposable 

syringe by inserting the syringe needle into the solution 

and pulling up the plunger.

3. The solution was injected at the input terminals of the 

device which then flowed through to the outputs.

4. Hot glue was used to seal all outputs and inputs to 

minimize evaporation of the solution through the PDMS.

4. The solution was heated in a water bath for 10 

minutes between 33-37℃.

5. The solution was removed from the water bath 

and vortexed for 5 seconds on a vortex mixer.

6. 1-2 drop(s) of Methylene Blue, 0.05% (w/v), was 

added to the solution. 

7. The solution was then vortexed for 5 seconds on 

the vortex mixer. 

Yeast solution 

2. Two aluminum foil sheets were placed on the design 

and hot glue was placed between the two sheets. This 

was compressed for 2 minutes to imprint the design on 

the foil.

3. Polydimethylsiloxane (PDMS) was formed by mixing 

Sylgard silicone elastomer base and curing agent in a 

10:1 ratio. It was then placed in a Thinky AR-100 

Conditioning Mixer for 2 minutes to mix and 

eliminate bubbles. 

4. PDMS was poured over the aluminum imprints and 

placed in an Acrylic Vacuum Chamber for 20 minutes 

to de-bubble. The devices were then placed in an oven 

at 150 ℃ overnight to harden.

5. To bond the design on a glass slide, the PDMS design 

and a microscope glass slide, 2” by 3”, were placed into 

a Harrick plasma cleaner PDC-32G.

6. The vacuum pump was turned on until the pressure 

reading on the pressure gauge reads to be x10−1 Torr.

7. The plasma was turned on for 1 minute and 30 seconds 

to ionize the surface of the PDMS design and the 

microscope glass slide.

8. Once the PDMS design and microscope glass slide are 

taken out of the plasma cleaner the PDMS design is laid 

flat onto the microscope glass slide.

9. Any air bubbles were gently pushed out by the hand to 

allow a proper seal. 

Below are images capturing yeast cell growth under a microscope at 40x magnification for initial 

number of cells and number of cells after 15 hours for two different trials. The sample data are 

compared through a 2-D line graph and a bar graph. 

Results 

Figure 1. Sample 1 yeast cells at hour 0 Figure 2. Sample 1 yeast cells at hour 15

Figure 3. Sample 2 yeast cells at hour 0

Figure 6.  Comparison of yeast 

cell growth of sample 1 and 2 

on a 2-D line graph

Figure 4. Sample 2 yeast cells at hour 15

Methods

1. Microfluidic designs were created using a Silhouette 

Studio vinyl cutter. 

Figure 5. Comparison of yeast cell 

growth of sample 1 and 2 at every 5th 

hour for 20 hours

N = N0 ekt

Discussion 

• From the data collected, the focus would be on exponential fermentation and 

exponential respiration. Exponential fermentation is the phase where the cells are 

rapidly dividing in an environment with abundant food source. Exponential 

respiration is the phase the growth rate of the cells has slowed down to the 

consumption of its food source therefore that source decreasing in amount.3

• Yeast growth during the exponential fermentation phase can be represented 

mathematically and shown in sample 2 (figure 6). This equation demonstrates the 

initial number of cells (N0) multiplies by the exponential of growth constant (k) 

at any time (t).4

• Yeast growth growth during the exponential respiration phase can be represented 

mathematically and shown in sample 1 (figure 6). The equation demonstrates the 

yeast’s population size (dN/dT) gets smaller and smaller until it reaches a maximum 

value (rmax) where resources (their food source) become limited and eventually 

exploited; this is known as the carrying capacity, K.1

Figure 7. An equation representing the exponential 

fermentation of yeast cell growth division/growth rate. The 

number of cells, N, can be calculated by the number of cells 

seen before any growth, N0 , multiplied by the exponential of 

the growth constant, k, at any time, t.4

Figure 8. An equation representing the exponential 

respiration of yeast cell growth division/growth rate. The 

more the carrying capacity, K, is exploited, the more “(K-

N)/K” will reduce the growth rate. Although yeast growth is 

initially exponential, it levels off at a greater rate as it 

approaches K.1
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