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Chapter I: Introduction 

It is well known that life activities are a complex network system of chemical reactions and 

physical variables, which are modulated by the interaction of the organism with its environments, 

such as temperature, moisture, mechanical forces and so on. It has been written in the IB Biology 

textbook that the responses of organisms to external temporary stimuli is one of the characteristics 

of life and that, generally, organisms exhibit transient stress behaviors in response to the stimuli. 

All multicellular organisms, such as human beings, animals or plants can sense and respond to the 

heat, cold, touch or pressure. In 2021, the Nobel Prize in Physiology and Medicine was awarded 

jointly to Drs. David Julius and Ardem Patapoutian, whose finding filled the gap in our 

understanding of the complex interaction between organism and their environment, for their 

groundbreaking discoveries about temperature and touch receptors (The Nobel Prize). In their 

investigation, unsurprisingly, temperature plays a crucial role in life activity by influencing the 

activation of enzymes (protein) that promote metabolism of organisms at the desired optimum 

temperature, but the mechanical forces and touch mentioned that affect the cells or organisms 

piqued my interest to explore more. It has also been shown from the literature that external forces 

on human bodies arise from mechanical actions such as blood flow, trauma, or the loading of bones, 

while abnormal mechanical forces also come from inflammation or the growth of solid tumors or 

cancers. During body’s metabolism, variable external mechanical forces that cells constantly 

perceive are critical for sculpting cells or tissues into their functional structure (G. Paci and Y. 

Mao, Seminars in Cell and developmental Biology 120 (2021) 160-170).  
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However, there are few studies related to the effect of environmental mechanical forces 

(EMF) on unicellular organisms or walled cells (e. g. yeast) that were able to grow under natural 

conditions on surfaces with different hardness (rocks or biotic surface) while interacting with 

different mechanical forces. As common matrix used for grow yeast in the laboratory, potato 

dextrose agar (PDA) media allows creamy or white yeast colonies to be easily observed. Through 

speculation, different EMF might affect the growth activity of yeast. In order to test this hypothesis, 

yeasts (Saccharomyces cerevisiae) are cultivated on PDA plates made of different concentrations 

of agar which helps adjust the hardness and elasticity of the culture matrix, and the growth capacity 

of yeasts are measured by their colonies size using ImageJ Software. This investigation will help 

us better understand the effects of surrounding environmental mechanical forces (EMF) on the 

growth of walled cells.  

 

1.1 Research Question 

To what extent does the environmental mechanical force (EMF) affect the growth of 

Saccharomyces cerevisiae (measured by yeast colony size) on stiffness conditioned potato 

dextrose agar (PDA) media plates containing different agar over a 3-day-period? 

In order to answer this question, the effect of mechanical forces on S. cerevisiae will be 

determined through changing the culture matrix stiffness with different agar concentration and 

measuring the growth rate of yeast by its colony size on the conditioned matrix. 

1.2 Background 

Beside chemical signals, cell behavior is also guided by the mechanical properties of the 

cells and their surrounding environments (Bayir, et al. 2019). It is evident that environmental 
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mechanical forces (EMF) can profoundly affect cell growth and also its physiological behaviors, 

as body cells can sense and transduce external mechanical inputs into biochemical and electrical 

signals, which influence processes such as cell proliferation, adhesion and migration (Bayir, et al. 

2019). Unicellular fungi grow as clusters adhering to biotic surfaces (e. g. plant or animal hosts) 

or abiotic surfaces (rocks, medical devices, etc.), thus forming a functional community (Mishra. et 

al. 2022). A stiffness change in the natural habitat can pose various mechanical forces to these 

organisms, so some fungus have developed to adapt to the surrounding environment (Mishra. et 

al. 2022). For instance, studies have suggested that organisms as simple as S. cerevisiae (Fig. 1) 

have also evolved complex signaling networks to sense and respond to intrinsic and extrinsic 

mechanical forces even though they can oppose mechanical force by their rigid cell walls (Mishra. 

et  al. 2022). Different matrix stiffness might also stimulate S. cerevisiae in a way that affects their 

function, proliferation as well as migration through altering mechanical forces.  

 

Fig 1. Saccharomyces cerevisiae. A. Electron micrograph of S. cerevisiae, extracted from 

en.wikipedia.org B. The image of S. cerevisiae on the PDA plate. 

 

 

Agar is commonly used for solidifying the microbiological culture media, as it can be easily 

melted at higher temperature and has no nutritive value for many kinds of microorganisms. One 
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of the interesting nonlinear mechanical behaviors when shear is applied is strain stiffening, 

observed only in a few polysaccharide gels such as in agar gels, and if the individual fibrils are 

stretched beyond the Hookean limit, they start to stiffen. (Macromolecules). Thus, agar 

concentrations are correlated with different hardness or mechanical forces of the agar matrix. 

Notably, the concentration of glucose in the agar has a negligible effect on radial growth rate 

(Kamath & Bungay, 1988). Hence, agar concentration is manipulated to alter mechanical forces 

(IV) of the agar matrix. 

 

Similar to multicellular organisms, unicellular eukaryotes such as S. cerevisiae are also 

exposed to a myriad of physical forces, including compressive, tensile, and shear forces in their 

natural habitat (Mishra et al. 2022). S. cerevisiae is a small single cell with a doubling time at 27-

30°C of 1.25–2 h and importantly can be cultured easily, which permits their rapid production 

and maintenance of multiple strains at low cost (Stewart, n. d). Colonies on nutrient agar show 

linear increases in diameter and height with time throughout most of the growth cycle (Kamath 

& Bungay, 1988). Additionally, Jones & Gray (19781, b,1979) has observed that mature colonies 

show an exponential increase in the diameter with time in a constant nutrient concentration at the 

colony-gel interface. Thus, yeasts’ growth can be quantified by measuring the size of yeast 

colonies (area of rounded shape) and S. cerevisiae can be used as a good model organism to 

study the effects of EMF on walled cells’ growth by measuring the size of yeast colonies (area of 

rounded shape). 

1.3 Hypothesis  

As yeast cells come across higher external forces from the harder PDA plate resulting from 

higher concentration of agar, the yeast might destabilize and reorganize away from the obstacle 
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(Mishra et al. 2022), and a hypoosmotic shock promoted by stronger mechanical forces is likely 

to result in a transient inhibition of cell-wall growth (Rojas & Huang, 2018). The hypothesis is that 

the yeast growth will be inhibited, shown as smaller size of colonies, when they are cultivated on 

harder PDA media made with higher concentration of agar.  

1.4 Variables 

1.  Independent variable (IV) 

- Mechanical forces (stiffness) of PDA plates changed by agar concentrations (1.5 %, 2 %, 

2.5%, 3%, 3.5%) 

2. Dependent variable (DV) 

- Growth size (area) of colonies (Measured by ImageJ Software, NIH) 

- Growth rate of colonies (%) 

3.  Controlled variable (CV) 

Controlled variables How to control  Effect on the result 

Condition of 

incubation 

(Temperature & 

Time) 

All the yeast grown on PDA media are set in 

the same incubator at 27℃ for 3 days. 

Referred to International Baccalaureate 

guidelines, the incubation temperature of the 

Petri dishes was kept at 27℃.  

S. cerevisiae is a small single cell with a 

doubling time of 27-30°C of 1.25–2 h 

(Stewart). Optimal temperature and growing 

time ensure yeast colonies survive so the 

data can be collected.  

PDA media  

(Before adding agar) 

It can be controlled through following the 

same recipe to make the potato dextrose agar 

media for each trial, under the same 

Same PDA media without adding agar will 

guarantee yeast colonies not affected by 

different nutrient levels provided. Colonies 



6 

conditions. In each trial, 50g diced potatoes 

are measured by the same weight scale and 

500 cm3 H2O measured by a glass measuring 

cylinder.  

on nutrient agar show linear increases in 

diameter and height with time throughout 

most of the growth cycle (Kamath & 

Bungay, 1988). 

Sterilization 

techniques  

The PDA media and the apparatus (spreader, 

beaker and plate) are autoclaved with a 

pressure cooker. The operating branch and 

some apparatuses are sterilized regularly by 

hypochlorite or ethanol. Once the 

contamination occurs, all contaminants need 

to be destroyed at high temperatures.   

Bacterial contamination occurring will 

jeopardize the experiments as other 

contaminated bacteria or fungus in the PAD 

plates will affect the yeast growth or kill the 

yeast. 

Quantity of yeast  

(S. cerevisiae; brand 

name: RedMan)  

0.5 g S. cerevisiae are activated with 100 cm3 

hot water (80℃), and wait 45 mins. Then the 

solution is diluted in a ratio of 1:1000 by first 

adding 1 cm3 solution to 99 cm3 water, and 

then adding extra 99 cm3 water. Finally, 100 

µmol yeast was applied to the PDA plate by a 

micropipette.  

The same amount of S. cerevisiae applied to 

the plate can guarantee that the change in 

yeast colony area or size is due to the 

changing agar concentration instead of yeast 

quantity difference. 
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Chapter II: Investigation 

2.1 Material and Apparatus 

2.2 Methodology  

1. Make solid Potato Dextrose Agar (PDA) media for growing S. cerevisiae. 

a. Prepare 50g potatoes measured by a weight scale, and cut them into dices. (Fig.2-A) 

b. Add the diced potato to a beaker (250 cm3). 

c. Add 500 cm3 water measured by a glass measuring cylinder (250 cm3) into the beaker. 

d. Boil the diced potatoes on a heater for 30 mins until softened. (Stirring it during the 

process) 

e. Filter to obtain its extract to a beaker (250 cm3). 

f. Add water to the total volume of 500 cm3 and mix well. 

g. Sterilization.  
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1. Take some tin foil and wrap your plates 

2. Place them into a pressure cooker and set the maximum temperature. (Fig.2-B) 

3. Add 7.5 g agars (for 1.5% concentration) and 5g dextrose while shaking the 

beaker. 

4. Repeat step (g-2) for 15 mins. 

5. Remove the beaker at the temperature of 60°C, and leave it for 5mins. 

6. Frame the lips for final sterilization.  

7. Dispense 20 - 25 cm3 portions into sterile 15 × 100 mm per dishes (25-30 µl) and 

hit the plate with a frame to remove bubbles. (Avoid melting the media). 

8. Leave the plate for 20 mins till it cools. 

9. Flipped the plates. 

i. Cover the plate and label it as a form of “concentration of agar + trial”. (Fig.2-C) 

2. Repeat step 1-2 for 8 trials 

3. Repeat step 1-2 for 8 trials but change agar concentration in h(3) to 2.0%, 2.5%, 3.0%, 

3.5% by changing agar mass to 10g, 12.5g, 15g, 17.5g respectively. 

Table 1. Potato dextrose agar (PDA) media recipe  

Agar concentration 
(%) 

Agar mass (g)  
+/- 0.1g 

Total volume (cm3) 
 +/- 2cm3 

Dextrose mass (g)  
+/- 0.1g 

1.5 7.5 500 5 

2 10 500 5 

2.5 12.5 500 5 

3 15 500 5 

3.5 17.5 500 5 
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Fig. 2 A-D. The process of making potato dextrose agar(PDA) media for yeast cultivation. E-F. 

Using Texture Analysis Profile to collect data of mechanical forces, hardness and resilience. 

 

4.  Put these plates in the refrigerator for 3 hours to cool them down. 

5. Measure the atomic forces in PDA plates by Texture profile analysis. (Fig. 2-F) 

6. Sketch the graph of agar concentration (X-axis) and culture stiffness measured by 

Texture Analysis Profile (Y-axis). (They were measured in University Laboratory) 

a.  Draw a circle briefly on the bottom of the plate. (Fig. 3-A) 

b.  The Texture Analysis Profile is conducted using a TA-XT2i Texture Analysis Profile 

(stable Micro System, Surrey, UK) according to the AIB Standard Procedure (2011) with 

modification. 

c.  The agar plate sample is subjected to a double compression by an SP20 probe (20mm 

diameter cylindrical probe) at a speed of 2 mm/s to a distance of 2mm.  

d. Conduct 3 replicates for each concentration of agar in the plate. 

e. Collect the data. (Fig. 2-E) 

6. Plating the S. cerevisiae on conditioned PDA media for another 5 trials. (Fig. 3-B) 

a. Activate 0.5g yeast with 100 cm3 hot water (80℃) for 45 mins. 

b. Dilute the yeast solution in a ratio of 1:100 by adding 1 cm3 solution to 99 cm3 water. 

c. Repeat step(6-b). 
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d. Use a micropipette to apply 100 µmL S. cerevisiae (1:1000) to the plate. 

e. Eject the pipette tips.  

f. Sterile the spreader with an alcohol lamp. 

g. Gently spread the yeast culture around the plate with the spreader.  

- Tilt the plate and take your spreader at 90° to the plate. 

- Start at the bottom and very gently swipe it back and forth from the top to the 

bottom of the plate. 

Fig.3 A. Draw a circle on the bottom of the plates and select three random spots on it for data 

collection in PDA media with different agar concentrations. B. Culturing yeast colonies on PDA 

media.  

 

7. After 3 days, take photos and measure yeast colony size by imageJ Software and get the 

result data. 

a. Open the ImageJ Software and open a file of the image. 

a. Make a copy of the image using Image > Duplicate.  

b. Leave one copy as-is for now, and use your other copy to create a binary image. 

c.  Use Process > Binary > Make Binary to create a binary image 

d. When particles are merged together, the Process > Binary > Watershed accurately cuts 

them apart by adding a 1 Pixel thick line where it feels the division should be. 
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e. Click on the Binary image to select it, then go to Analyze > Analyze Particles. (Data are 

in Appendix B, C, D, E, F, G） 

Risk assessment: 

1. Prevent cutting fingers when using a knife. 

2. When working in such close proximity to a burner to maintain a zone of sterility there is 

a risk of burns. Allow the heated apparatus (heater, pressure cooker, alcohol lamp. etc) to 

cool before handing it, and keep a safe distance between the heated apparatus before it 

cools. 

3. Cleaning up the table after the experiment prevents others ingesting yeasts accidently, 

which might hurt digestion. 

4. Once bacterial contamination occurs during yeast cultivation, contaminants have to be 

destroyed to prevent cutaneous mycoses if contacting it . When destroying the 

contaminated objects, remember to wash hands carefully and wipe the apparatus with 

hypochlorite and ethanol. 

2.3 Result Data (IV): 

Processed Table. 1. Showing average mechanical forces(N), hardness(N), resilience(N) in PDA 

media with agar concentration of 1.5 % 2.0%, 2.5%, 3.0%, 3.5% (N : Newton). 

Agar 
concentration(%) 

Overall average 
mechanical force (N) 

Overall average 
hardness(N) 

Overall average 
resilience(N) 

1.5 163.14 168.40 0.65 

2 184.67 193.31 0.68 

2.5 187.50 194.20 0.8 

3 191.81 194.44 0.89 

3.5 193.73 228.75 0.82 
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Graph 1. 

 

The hardness of PDA media positively correlates with the concentration of agar 

Conditioned PDA media plates were prepared with potato infusion, dextrose and 1.5%, 

2.0%, 2.5%, 3.0% or 3.5% agar, named 1.5%, 2.0%, 2.5%, 3.0% or 3.0% PDA media 

respectively. After cooling and solidification, the hardness of conditioned PDA media plates 

were measured using Texture analyzers (Ta.XT2i, Stable Micro Systems) by collecting three 

different spots on the PDA media and calculating the average. 
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2.4 Result Data(DV): 

Qualitative  

Fig 4. The represent image of S. cerevisiae colonies cultured on PDA media with agar 

concentrations of 1.5%, 2.0%, 2.5%, 3.0% and 3.5%. 
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The growth rate of S. cerevisiae decreased in harder PDA media (e. g. Trial 1) 

To determine the effect of environmental mechanical forces changed by surface stiffness 

on the growth of S. cerevisiae, the yeasts were cultured in solid 1.5%, 2.0%, 2.5% or 3.0% PDA 

media for another three days at the temperature of 27 °C to form colonies and then each colony 

size was measured. To better elaborate, Figure 4 depicts that the S. cerevisiae colonies exhibit a 

larger round pattern distribution on 1.5 % and 2.0% PDA media, smaller round pattern 

distribution on 2.5%, 3.0% and 3.5% PDA media, and irregular shape pattern distribution in 

harder 3.0% and 3.5% PDA media. 
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  Fig. 5. Binary versions of the scanned images of S. cerevisiae colonies on PDA media with agar 

concentrations of 1.5%, 2.0%, 2.5%, 3.0% and 3.5% for 5 replicated trials. 

 

In Figure 5, Processed Table 2 and Graph 2, after processing with ImageJ Software, the 

average areas of yeasts’ colonies grown on stiffer plates (with higher agar concentrations) was 

significantly smaller than those grown on softer plates (with lower agar concentrations). 
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Quantitative  

Processed Table 2 showing the relationship between agar concentration (1.5%, 2%, 2.5%, 3%, 

3.5%) and yeast colonies area (Pixel). 

Agar 
concentration 

(%) 

Average of total area of yeast colonies (Pixel) 

 
Standard 

Deviation (SD) 
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average 

1.5 889.26 1,253.42 1,331.68 549.63 421.85 889.17 406.87 

2 672.28 1,151.39 790.06 965.50 562.92 828.43 234.22 

2.5 438.51 1,063.12 565.13 674.51 380.51 624.36 270.43 

3 365.09 803.80 667.80 374.27 370.85 516.36 206.03 

3.5 239.63 734.03 420.23 295.94 388.52 415.67 191.99 

Graph 2. 
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Processed Table 3 showing average showing the relationship between agar concentration 

(1.5%, 2%, 2.5%, 3%, 3.5%) and yeast growth rate (%). 

Initial agar 
concentration (%) 

Final agar 
concentration (%) 

Change of growth rate in 
yeast colonies (%) 

1.50 2.00 -6.83 

2.00 2.50 -24.63 

2.50 3.00 -17.30 

3.00 3.50 -19.50 
 

In order to put these changes in yeast growth into perspective, the mean percentage 

change of yeast growth size was calculated by the following formula, and the data were indicated 

by the processed Table 3 and Graph 3.  

Change of Yeast growth rate = 

	!ℎ#	%ℎ&'(#	)*	+#&,-	.)/)'0		&1#&		&*-#1	#&.ℎ	2'.1#&,#	)*	0.5%	&(&1	.)'.#'-1&-2)'	2'	456	7#82&	
+#&,-	(1)9-ℎ	&1#&	2'	:1#;2)<,	456	7#82&

	× 100% 

Graph 3. 
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Graph 3 demonstrates that there is a negatively downward trend between gar 

concentration and yeast area growth rate. However, the yeast growth rate change was the most (-

24.63%) when agar concentration is within the range of 2% to 2.5%. Later, the percentage 

change of yeast colony area or size slightly increased to -17.30% when agar concentration 

increases from 2.5% to 3%.  

Graph 4. 

 

In Graph 4, as agar concentration increases from 1.5% to 3.5%, the yeast colony size 

decrease from 889.168 pixel to 414.668 pixel, which illustrates a negative correlation between 

the average yeast colony size and agar concentration.  
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Chapter III: Discussion  

4.1 Conclusion  

In conclusion, stronger environmental mechanical forces inhibit S. cerevisiae’s growth on 

harder matrix of the PDA media made with higher concentration of the agar. To elaborate, both 

Graph 1 and processed Table 1 showed that the mechanical properties of PDA media including 

resilience (N), hardness (N) and mechanical forces (N) positively correlated with higher agar 

concentration (%). From 1.5% to 3.5% agar concentration, the mechanical forces increased from 

163.14N to 193.73N, indicating that higher agar concentration (%) resulted in harder or stronger 

mechanical force of PDA media. Specifically, both Figure 4 and 5 showed that a harder matrix 

medium or stronger mechanical force inhibits the yeast growth shown as smaller colonies 

supporting the hypothesis.  

 

The qualitative data producing in-depth analysis of specific patterns from the observation 

identifies rich data that can lead to further research. As Graph 2(quantitative data) illustrates that 

the S. cerevisiae colony's size (pixel) was smaller when higher agar concentration was present, the 

relative area size (pixel) of the yeast colonies quantified by ImageJ Software provided the 

numerical measurement, and concluded that weaker mechanical forces actually foster yeasts’ 

growth. It’s evident that larger round distribution patterns of S. cerevisiae colonies grow on the 

softer 1.5% and 2% PDA media, and the smaller round colonies distribute on the harder 2.5%, 3% 

or 3.5% PDA media (where yeasts grow the worst). Graph 4 indicates that yeasts’ development 

and growth capacity was negatively correlated with the environment's stiffness and surrounding 

mechanical force, in a way supporting the hypothesis that EMF suppresses the growth of walled 
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cells such as yeast, as the average colony area present a downward trend on the third day when 

increasing agar concentration from 1.5% to 3.5%. 

 

Additionally, the coordinate (2.50, -24.63) shown in Graph 3 implies that yeasts grew the 

worst when in range of 2% to 2.5% agar concentration due to the lowest average area change rate, 

then it continues to decrease on PDA media with agar concentration as well as mechanical forces 

increasing. In Graph 2 and 3, stronger environmental mechanical forces produced by higher agar 

concentration will eventually curb the growth of walled cells such as S. cerevisiae, and its size 

decrease most in growth status occurs when agar concentration presents in the range of  2% to 

2.5%. The hypothesis is accepted due to the negative correlation between yeasts colony size and 

agar concentration, which can also be linked to the research. Accordingly, Rojas and Huang (2018) 

reported that a hypoosmotic shock promoted by increasing mechanical forces will increase the 

turgor pressure and membrane tension, leading to transient inhibition of cell-wall growth via 

electrical depolarization. Moreover, it also clear to explain why 1.5 % to 2 % agar concentration 

is always and typically used to cultivate yeasts in the solid culture media, which is always helps to 

determine the colony characteristics of the isolates (such as colony morphology, hemolysis, 

pigment production, etc.) (Tankeshwar). Beside the laboratory, the yeasts are exposed to various 

EMF in their natural habitat, so Mishra (2022) mentioned that “yeast have evolved complex 

signaling networks to sense and respond to intrinsic and extrinsic mechanical forces”, which could 

be counted as an adaptive evolution. Consequently, this investigation did help us better understand 

the effects of sustained environmental mechanical forces on the growth of walled cells such as 

unicellular fungi which are exposed to a myriad of mechanical cues in their natural habitats.  
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The standard deviation of the raw data is calculated as it measures how far the data is from 

the mean, and it gives an insight of whether the data in one condition is spread out or not. As Graph 

1 demonstrates, the high standard deviation (191.99 to 406.87) of the average mechanical forces 

reflects the large amount of variation in the data group, indicating that mechanical forces in the 

same agar concentration is significantly different, which is likely to be accounted for the 

unavoidable evaporation of matrix and its unequal thickness. Nonetheless, the hypothesis is still 

accepted as data of each trial is within the same range, illustrating an accurate and general trend. 

The investigation briefly and fundamentally builds the understanding and relationship between the 

interactions between walled cells and their environment.  

4.2 Evaluation of Procedure  

The experimental procedure is concise and easy to follow due to the simple methodology 

and uncomplicated materials required. It is also easy to operate due to the available access to 

required apparatus in university labs and the notion that it can be executed with materials, as the 

Texture Analysis Profile has a high force sensor accuracy, which is defined as the smallest amount 

of force that can be applied to the senor body required to cause a linear and repeatable variation in 

the voltage output (FUTEK). Besides, ImageJ Software elaborates the data of colony sizes clearly 

and more accurately, and supports the relationship through the quantitative data which helps 

observe the growing status of yeast colonies easier. The errors are minimized by repeating trials 

10 times and calculating the standard deviation of raw data, to ensure the validity and reliability 

of the experiment. This investigation showed that mechanical forces changed by agar 

concentration, which simulates the environmental mechanical forces generated by different 

surfaces in yeasts’ habitat, is likely to curb the growth of microbes such as yeast. The hypothesis 



22 

is accepted that when yeast is cultured on stiffer PDA media made with a higher range of agar 

concentration. 

 

Nevertheless, strict requirements for handling the process of yeast cultures can be an 

issue whereas it is not a case for this investigation. As the major challenge, contamination of 

yeast culture is usually caused by an airborne route or by the contaminated flask or plate surface. 

In order to avoid it, the apparatus had to be carefully autoclaved by being sprayed or wiped with 

hypochlorite and ethanol, and contaminated plates and objects had to be disposed of 

immediately. Secondly, data collected from the experiment relies on a large proportion of human 

input which in turn creates a larger capacity of human error, and the inconsistency of data 

resulted in high standard deviation (Table 1 & 2). It can be addressed by increasing the trial of 

each concentration from 10 times to 100 times and then calculating its average. To maximize the 

forces sensor accuracy, the number of sites selected in the line of different circular diameters 

drawn on the plate bottoms can increase from 3 to 10 to increase data validity and percision, and 

then they can be measured by the Texture Analysis Profile (Figure 3-A). Thirdly, the high 

background presented in1.5%, 2%, 3%,3.5% in replicated 5 (#5) and 3%, 3.5% in replicated 

4(#4) (Figure 5) caused by the uneven matrix thickness or photography will result in inaccurate 

identification of yeast colonies, which is measured by the ImageJ Software. It causes less 

accurate area data, so it is acceptable to cook the potato dextrose agar media for a longer time 

and set a uniform thickness of each plate to prevent uneven matrix, or photography in a location 

with abundant light. In addition, the systematic errors caused by the physical operation might 

happen in the calculated uncertainty such as hand-eye coordination (measuring cylinder, beakers, 

weight scale) that would result in inconsistent data recording, so it can be improved by 
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expanding the number of trials and/or changing the initial yeast number in the culture to test how 

environmental mechanical forces affect the yeasts’ growth. 
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Appendices 

Appendix A: Raw Table 1 shows average mechanical forces(N), hardness(N), resilience(N) with 
PDA media agar concentration of 1.5 % 2.0%, 2.5%, 3.0%, 3.5%. (gravity : g=9.806 65 m s-2) 
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Appendix B: Raw Table 2 shows the yeast colony area on PDA with agar concentration of 
1.5%, 2%, 2.5%, 3%, 3.5% (Trial 1).  
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Appendix C: Raw Table 3 shows the yeast colony area on PDA with agar concentration of 
1.5%, 2%, 2.5%, 3%, 3.5% (Trial 2). 
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Appendix D: Raw Table 4 shows the yeast colony area on PDA with agar concentration of 
1.5%, 2%, 2.5%, 3%, 3.5% (Trial 3). 
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Appendix E: Raw table3  showing the yeast colony area on PDA with agar concentration of 
1.5%, 2%, 2.5%, 3%, 3.5% (Trial 4). 
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Appendix F:  Raw Table 4 shows the yeast colony area on PDA with agar concentration of 
1.5%, 2%, 2.5%, 3%, 3.5% (Trial 5). 
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