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Research



Bacteria
• Bacteria is a single-celled organism that divides into huger populations through 

Binary Fission. This is when it splits into 2 per a certain amount of time.
• There is good and bad bacteria. The good bacteria is just called bacteria, and it 

helps the body in different ways, such as digestion, nutrient absorption, and more. 
The bad bacteria is called bacilli, meaning it causes disease (Google Search, 2024).

• Under the umbrella of bacteria, there are 2 main types of bacteria: Gram-Positive 
and Gram-Negative. The main differences are their cell membranes. Gram-Positive 
has a much thicker cell membrane that easily absorbs substances, making it easier 
to kill; Gram-Negative has a thinner, but stronger and double cell membrane that 
does not easily absorb substances, making it harder to kill (WebMD, 2023).



Gram-Positive/Negative
• Gram-Positive bacteria is a very common disease-causing bacterium. Most 

common diseases today are caused by it, such as strep throat. There are diverse 
types of this bacteria, which also include "good" bacteria in the body. Very easy to 
kill because its membrane easily absorbs substances (Steward, 2019).

• Gram-Negative bacteria is the rarer disease-causing bacteria. It is much harder to 
kill with antibiotics, and when disturbed, release toxins that worsen symptoms. 
They cause hard to treat diseases like pneumonia.

• There locations vary by little. In the common household, Gram-Positive can be 
found in dry areas, such as skin and kitchen counters (Nunez, 2019).

• Gram-Negative is found in locations such as toilets and damp areas, like the 
kitchen sink or wet, dirty dishes. These locations are not 100% guaranteed of that 
bacteria because they can be moved through human interference (US Micro 
Solutions, 2024).



Antibiotics
• Antibiotics are medications designed to kill bacteria (WebMD, 2024). Not just bacilli, 

but they kill all bacteria, including the "good bacteria" in your body. That is why you 
may experience stool changes after taking antibiotics.

• They kill bacteria by destroying the cell wall or interfering with the bacteria's ability 
to reproduce.

• There are 2 types of antibiotics: Broad-spectrum, kill more than one types of 
bacteria; Narrow-spectrum, kill only one type of bacteria (WebMD, 2024).

• In our current healthcare system, to kill bacteria, there are 4 main/common types of 
antibiotics that are targeted at either targeted at Gram-Positive or Negative:

     1) Penicillin: targeted at Gram-Positive only. Narrow-Spectrum.
     2) Ampicillin: targeted at both Gram-Positive and Negative. Broad spec.
     3) Neomycin: targeted at Gram-Negative only. Narrow-Spectrum.
     4) Erythromycin: target at Gram-Positive and some negative. Broad spec.



Antibiotics (cont.)
Although antibiotics are helping save many lives, there is a problem, called "Antibiotic 
Resistance." (HealthyChildren.org, 2024).

• Antibiotic resistance is when bacteria starts to get used to antibiotics and get 
resistant to them, making "antibiotic resistant bacteria."

• It occurs when a person takes a bigger than recommended dosage of antibiotics.

Antibiotics

Pros Cons

• Kill disease-causing 
bacteria; saves lives.

• Can make antibiotic 
resistant bacteria, which 

can spread and make more 
demand on scientists to 

create more.



Problem
Are the effects or different antibiotics (penicillin, 
ampicillin, neomycin, erythromycin) identical on 
both Gram Positive and Gram-Negative bacteria? 

How are they different?



Objective
What is the purpose of my project? Why am I doing 

it.



The purpose of my project is to prove the studies of other scientists 
and show that their results are reliable, through the expression and 

results in my project. There may be lots of dis/misinformation flowing 
through the internet, and it is important to be able to distinguish 

between what is true and what is not. The purpose of my project is to 
show that the results of these experiments are true and reliable. It is 

important to show and acknowledge such a sensitive and major 
concept in our current healthcare, so I am making it my objective to 

prove these results and show them to the public.



Hypothesis
Prediction about the outcome of the experiment.



If the type of bacteria (Gram-Positive or Gram-Negative) that is being 
tested changes, the effects of the different antibiotics will differ 

because various bacilli vary in defense and structure. Gram-negative 
bacteria has a thin, double cell membrane wall that is strong and does 
not absorb substances easily; Gram-Positive bacteria has a single thick 

membrane that is susceptible to absorbing all substances, making it 
easier to kill. Various antibiotics were also engineered to target and 

affect different bacilli in varied ways. To conclude, the effects of 
different antibiotics on varied bacteria will not be identical due to 

differences in cell wall structure, membrane permeability, and 
antibiotic susceptibility.



Materials
Equipment needed to succeed in the experiment.



• Agar – nutrient liquid for bacteria to grow.
• Petri-dishes x 8 (x10) 90 x 15 mm – to grow the bacteria in and to 

experiment in for 3 trials.
• Inoculating needle – to transfer the bacteria from petri-dish to microscope 

slide and petri-dishes
• Gram stain kit (has crystal violet stain, gram's iodine stain, ethyl alcohol 

solvent, safranin o counterstain, plain microscope slides, medicine 
dropper, coverslips)

• Wash bottle – to gently wash bacteria specimen after gram-staining.
• Compound microscope – to examine bacteria after gram-staining to see 

which is gram-positive and gram-negative.
• 24 antibiotic discs (Penicillin, Ampicillin, Neomycin, Erythromycin – Most 

common antibiotics used to treat common bacterial infections for 3 trials)



• Ruler – to measure the diameter of bacterial growth inhibited 
by antibiotic discs.

• Cotton swabs – to distribute bacilli to agar-filled petri-dish.
• Candle - to heat fix the bacilli specimen to the microscope 

slide and sterilize inoculating loop.
• Stopwatch – to time the length of each stain.

• Tweezers – to put/transfer certain things like the antibiotic 
discs.

• Gloves – hand protection.
• Goggles - eye protection.

• Apron – clothes protection.



SDS of Chemicals

Crystal Violet Stain

(General Storage)

SDS Statements SDS Symbols

+ May be harmful if swallowed.

+ Causes eye irritation.

+ Suspected of causing cancer.

+ Toxic to aquatic life.

+ Toxic to aquatic life with long lasting effects.

Gram’s Iodine

(Corrosive storage)

SDS Statements SDS Symbols

+ Harmful in contact with skin.

+ Harmful if inhaled.

+ Very toxic to aquatic life.



SDS of Chemicals

Ethyl Alcohol

(Flammable storage)

SDS Statements SDS Symbols

+ Highly flammable liquid and vapor.

+ Toxic if swallowed.

+ Toxic in contact with skin.

+ Causes serious eye irritation.

+ Toxic if inhaled.

+ May cause drowsiness or dizziness.

+ May cause damage to organs.

Safranin 0 Counter Stain

(General Storage)

SDS Statements SDS Symbols

+ Causes eye irritation.



Disposal of the Chemicals
Chemicals/Substances How to Dispose:

Ethyl Alcohol Cannot be diluted and poured down the drain.

Sealed and labeled in leak-proof container and disposed through 

hazardous waste disposal program.

Crystal Violet Stain Sealed and labeled in leak-proof container and disposed through 

hazardous waste disposal program.

Safranin 0 Counter. Sealed and labeled in leak-proof container and disposed through 

hazardous waste disposal program.

Gram’s Iodine Sealed and labeled in leak-proof container and disposed through 

hazardous waste disposal program.

Mixed Nutrient Agar Garbage after neutralized with bleach because it would have 

bacteria on it.



Variables
What is being changed, what is being collected, 

what needs to stay the same?



Manipulated variable

• The manipulated variable is the bacteria that is being 
tested on: Gram-Positive and Gram-Negative bacilli.

• It is the thing that is changing. The antibiotics are staying 
the same, but I am changing what they are tested on to 
see if their effects are identical.



Responding variable

• The responding variable is the diameter of the inhibition 
growth around the antibiotics in cm, which will be 
measured using a ruler.

• It is the thing that is responding to the change of the 
manipulated variable (bacteria). The antibiotic effects will 
change and be collected in cm.



Controlled variables
Controlled variables

Variables that need to be 

maintained throughout the 

experiment for best results.

Condition: What should be 

controlled throughout the project?

Why: Why does that condition need 

to be maintained?

How: How are you going 

to control that condition?

Temperature Being exposed to different types of 

temperature can affect bacterial 

growth. Some excel while some die, 

affecting results.

Control heaters in the 

house so same 

temperature is maintained 

throughout home.

Antibiotics Different antibiotics can vary 

hugely, and their effects through the 3 

trials may fluctuate, interfering with 

accurate results.

Only use the 4 types of 

antibiotics and do not 

change the type to a new 

one. Keep consistent with 

only the 4 antibiotics 

throughout the 

experiment.

Concentration of antibiotics If one bacterium had a higher 

concentration of antibiotic than 

another, it may have more inhibition. 

If concentration of the antibiotic 

differs in the specimens, the results 

will vary and not be accurate.

Only using antibiotic 

discs. In the discs, the 

same amount of 

antibiotics are 

maintained. I will only 

use one type of disc for 

each petri-dish testing.



Method
My experimental design of the procedure for the 

project:



Antibiotic testing

1) Prepare the agar according to the instructions on the packaging. Pour until the bottom of 2 dishes are covered 
and quickly put the lids back on. Let them harden.

2) Sterilize the inoculating needle. Then take some of one gram-positive bacteria and lightly zigzag on both petri-
dishes.

3) Put one type of each disc in the bacteria at a good distance away from each other in one petri -dish. Label this 
dish A1+. Label the dish without the antibiotics C1+. This is going to be your trial one controlled dish to compare 

with the trial one gram-positive trial one.
4) Repeat for the trial one gram-negative bacteria, replacing the plus signs with a minus sign.

5) Take a picture every 24 hours. Each day, measure the diameter of the circle the antibiotic disc has inhibited. Take 
down any qualitative observations. Compare the consecutive controlled dishes and note down 

similarities/differences. This is crucial for differences and explaining the effects of the antibiotics.
6) Repeat steps 1-5 of antibiotic testing for Trials 2-3 for both gram-negative and positive bacteria. Remember to 

replace the 1 with 2 and 3 for their consecutive trial #, and the positive/negative signs for gram-positive and 
negative bacteria. Don’t forget the controlled slides of each trial.

7) After doing each trial and noting down observations for each, think and write final analysis concluding your 
results, and then do your conclusion with the answer to the problem, referring to your data doing so.

8) To dispose, put some bleach in it (powder or liquid), cover and seal, put it in a plastic bag, and throw away.



Procedure
How is the project going to be executed? How 

should it be done?



Bacterial-growth process:

1) Make sure you have all the materials necessary for the staining process; 2 petri-dishes, 
liquid agar, sharpie or marker & tape, cotton swabs, and a camera. To prepare the agar, 

follow the instructions on the back of its packaging.
2) With the prepared agar, pour it into the 2 petri-dishes. Fill it to just until it covers the 

bottom of the dish. Quickly put the lid back on to avoid contamination from the air. Let 
it cool for about an hour, when it turns solid.

3) Recall that gram-positive bacteria normally like dry places and gram-negative likes 
damp places. With one cotton swab, rub it on your skin or non-clean counter and rub it 

in a zig zag pattern across one petri-dish. Turn the dish and do it again for maximum 
distribution, and quickly put the lid back on. Label where you got the bacteria from on 

the dish with sharpie. Take a picture for future comparison.
4) Perform step 3, doing the cotton swab collection from a damp place such as a kitchen 

sink.
5) Wait for a few days while the bacteria grow. Take a picture of each petri-dish every 24 

hours for future reference/comparison. You should start using the bacteria after 3-5 
days of growth or until it looks clearly matured.



Gram-staining process

1) Sterilize the inoculating needle by passing it through a candle flame a few times. Let it cool for about 5-7 
seconds.

2) Put 1 drop of distilled water on microscope slide. With the inoculating needle, transfer some of the bacteria 
from one dish onto the microscope slide. With another microscope slide’s edge, scrape or press on the 

specimen smear, making it very thin. Let the specimen air dry, and quickly pass it through a candle flame to 
heat fix it. Don’t stop, and don’t let it get too hot. Do it until the water evaporates.

3) Put the microscope slide on a few layers of paper towels. Cover the specimen with 1—2 drops of the Crystal 
Violet stain for 60 seconds, and gently wash off with slow running water. Cover the specimen with a few 

drops of Gram’s iodine for 60 seconds and then gently wash off like for the crystal violet stain.
4) Tilt the slide a bit and drop the ethyl alcohol drop by drop in a way it covers the whole specimen. Drop until 

the running alcohol is no longer colored. Then, gently wash the specimen with running water.
5) Then, cover with safranin stain for 60 seconds, and then gently wash with water. Put a paper towel gently on 

the bacteria so it absorbs the water, and then put a cover slip on it.
6) Now, look under the microscope. Gram-positive cells would be purple; the retained the color. Gram-negative 

cells would be pink or red; the purple stain was washed away by the alcohol and replaced by the safranin 
stain. Label the petri-dish it was taken from.

7) Repeat the whole gram-staining process for the other petri-dish of bacteria.



Antibiotic testing

1) Prepare the agar according to the instructions on the packaging. Pour until the bottom of 2 dishes are covered 
and quickly put the lids back on. Let them harden.

2) Sterilize the inoculating needle. Then take some of one gram-positive bacteria and lightly zigzag on both petri-
dishes.

3) Put one type of each disc in the bacteria at a good distance away from each other in one petri -dish. Label this 
dish A1+. Label the dish without the antibiotics C1+. This is going to be your trial one controlled dish to compare 

with the trial one gram-positive trial one.
4) Repeat for the trial one gram-negative bacteria, replacing the plus signs with a minus sign.

5) Take a picture every 24 hours. Each day, measure the diameter of the circle the antibiotic disc has inhibited. Take 
down any qualitative observations. Compare the consecutive controlled dishes and note down 

similarities/differences. This is crucial for differences and explaining the effects of the antibiotics.
6) Repeat steps 1-5 of antibiotic testing for Trials 2-3 for both gram-negative and positive bacteria. Remember to 

replace the 1 with 2 and 3 for their consecutive trial #, and the positive/negative signs for gram-positive and 
negative bacteria. Don’t forget the controlled slides of each trial.

7) After doing each trial and noting down observations for each, think and write final analysis concluding your 
results, and then do your conclusion with the answer to the problem, referring to your data doing so.

8) To dispose, put some bleach in it (powder or liquid), cover and seal, put it in a plastic bag, and throw away.



Observations
Substance information, observations and bacteria 

observations.



Observations of the substances before 

experiment

Gram-positive bacteria Again, more green bacteria were seen. 

Today, some of the green was starting to 

grow taller. It was thicker. It is looking like 

the bacteria is going to be green.

Gram-negative bacteria The bacteria look the same as yesterday. 

Very small, grey/white, and 

dense/populating. Today, in the light, whole 

culture looked faint green.
Crystal Violet Stain Runny, purple liquid with a few small 

bubbles in. Very low viscosity.

Gram’s Iodine Slightly low viscosity, light red/magenta 

liquid. Occasional bubbles seen.

Safranin Counter Stain Very viscous, thick dark-red liquid with a lot 

of bubbles in it.

Ethyl Alcohol Clear, colorless low viscosity liquid. 

Runny!

Solid agar Foggy, translucent solid with a little bit of 

liquid running on top.

Light yellow with a few chunks of brown 

here and there. Odor could not be detected.



Bacilli Growth (Gram-Positive)
Bacteria: Days #: Qualitative Observations:

Kitchen Counter and Skin

(Re-growth)

Day 1 Very small air bubbles, possible signs of bacterial 

growth seen. Small, white-grey spots seen.

Day 2 Very similar to yesterday. No signs of bacterial 

growth except for small, white-grey spots and a 

few additional bumps that looked clear.

Day 3 Small-big, white-grey bacteria spots seen. Starting 

to grow thicker and more visible bacteria.

Day 4 More small-big, white-grey bacteria spots seen. 

One or two spots are green.

Day 5 Some more small-big white-grey bacteria spots 

seen. This time, some are green. Bacteria culture 

starting to form in green color.

Day 6 More thick, small spots of bacteria seen in more 

rich-green color. Almost eery spot is green, and a 

little bit of small white spots cluster seen at some 

parts of the petri dish.

Day 7 Not much difference from yesterday. More thick, 

small spots of bacteria seen in more rich-green 

color. Almost every spot is green, and a little bit 

of small white spots cluster seen at some parts of 

the petri dish.



Bacilli Growth (Gram-Negative)
Bacteria: Days #: Qualitative Observations:

2 Kitchen Sinks

(Re-growth)

Day 1 Very small, white-grey spots seen. Possible air 

bubbles in the liquid agar.

Day 2 Aggressive signs of bacterial growth seen. 

Many small, white spots in dense bunches.

Day 3 Again, more aggressive signs of bacterial 

growth seen. Dense, small white spots seen in 

the cluster formation the cotton swab was 

rubbed against on the agar. Other than looking 

a little denser, no other changes.

Day 4 Aggressive white/grey tiny spots of bacteria. In 

cluster formation in the way the swab was 

swabbed on petri dish.

Day 5 Aggressive white/grey tiny spots of bacteria. In 

cluster formation in the way the swab was 

swabbed on petri dish. A little denser and a 

little darker tint of grey-white than Day 4.

Day 6 Not much difference from Day 5. Only a few 

more spots of bacteria seen and in the cluster 

formation.

Day 7 Not much difference from Day 6. Only a few 

more spots of bacteria seen and in the cluster 

formation.



Gram-stained bacilli
Observations of microscope 

bacteria after gram-staining

Kitchen counter and skin

(Gram-positive)

Very faint light red/pink. Lots of 

blots of purple seen. This is the skin 

bacteria. Meandering, longer lines 

seen. Microscope not powerful 

enough to see all bacteria cells. This 

is gram-positive bacteria.

2 Kitchen Sinks

(Gram negative)

No faint purples. All light 

orange/pink and some small 

occasional blots of red. Small, black 

outlined lines seen. Could be 

bacteria. Microscope not powerful 

enough to see all bacteria cells. This 

is gram-negative bacteria.



Results/Data
What are the results? Responding variable results 

of antibiotic testing.



Gram-stained bacilli
Trials Trial 1 (diameter 

of inhibition in 

cm)

Trial 2

(diameter of 

inhibition in cm)

Trial 3

(diameter of 

inhibition in cm)

Controlled

Gram-positive 

bacilli

(Bacterial growth 

inhibition in (cm))

Penicillin 1.5 cm 1.3 cm 1.4 cm None

Ampicillin 0.9 cm 1.0 cm 1.1 cm None

Neomycin 0.0 cm 0.0 cm 0.1 cm None

Erythromycin 1.1 cm 0.9 cm 1.0 cm None

Gram-negative 

bacilli

(Bacterial growth 

inhibition in (cm))

Penicillin 0.0 cm 0.0 cm 0.0 cm None

Ampicillin 0.6 cm 0.7 cm 1.2 cm None

Neomycin 1.2 cm 1.0 cm 1.1 cm None

Erythromycin 0.9 cm 0.8 cm 1.0 cm None



Analyze

Interpreting data: Graphs. Do results support prediction? 
Limitations to projects that refuted more accurate results.



Analyzing Results
The results match my prediction/hypothesis and research about what bacteria each 
antibiotic targets. The effects of the antibiotics changed as the type of bacteria changed:

• Penicillin's effectiveness/effects changed when comparing the gram-positive bacteria 
with the gram-negative bacteria. It was better with the gram-positive, seen with the 
graph.

• Ampicillin was relatively similar with both bacilli types, but slightly more efficient 
with gram-positive by 0.17 cm—proves how gram-positive is easier to kill with its cell 
membrane, further proving the hypothesis, as seen by the graph.

• Neomycin was much more efficient with gram-negative; this was the bacteria it 
was designed to target, supporting the hypothesis—antibiotics working with designed 
pathogens.

• Erythromycin, like ampicillin, had relatively similar effects with both bacilli, but was 
more efficient with gram-positive, when seen with the graph.
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Analyzing experimentation

Limitations Possible improvements

• Temperature. Optimal temperature to encourage 

bacterial growth could not be achieved. Bacilli grew 

at lower concentrations and slower speeds.

• Gram-staining temperature. While gram-staining, 

the environment was very cold, which killed the first 

round of bacilli as well. The gram-

staining environment temperature may have 

affected accurate gram-stained bacilli observations, 

explaining some unwanted colors.

• Antibiotic inhibition measurement. Inadequate 

inoculation of bacteria for antibiotic testing, making 

it harder to see more accurate measuring.

• Bacilli under microscope after gram-staining could 

only be seen in blurs of colors.

• Could not control temperature (controlled variable) 

well.

• Let bacteria grow in an area where temperature is 

stable. Possible buy or create a small area such 

like that.

• Do gram-staining in an indoor area that is 

ventilated and safe instead of the garage. Maybe 

an unused bedroom.

• Use a more efficient inoculating loop. So hard to 

use that I ripped agar off instead of just bacteria. 

Possibly watch tutorials to use properly or buy a 

more efficient one.

• Use, rent, or borrow a more powerful microscope 

to properly see the bacilli. Or watch tutorials to 

use the current microscope to its full potential!



Conclusion
Summarizing experiment, hypothesis, and 

results.



The goal of the experiment was to see and solve the problem if the effects 
of antibiotics are identical on both gram-positive and gram-negative 

bacteria and prove it with different antibiotics and several trials to achieve 
more accurate conclusions. Looking at the raw data and graphs, the 

hypothesis was correct; the effects of antibiotics did change as the bacteria 
they were tested on changed. Evidenced with the graphs, specifically the 

mean and standard deviation graph, if the bacteria being tested on changes, 
the effects of the antibiotics (the inhibition growth) changes. This is because 
different antibiotics were engineered to target specific kinds of pathogens, 

making their effects unpredictable/different with non-targeted bacteria. The 
experiment overall was successful, with raw data and graphs aligning with 
research, and the experiment data proving the hypothesis and presenting 

an accurate solution to the problem.



Future applications
What can the project eventually lead us to? How is is already a 

reality thing or modernizing in our society?



Future applications Future research

- This experiment is already the 

foundation of our modern 

healthcare. Antibiotics 

designed to kill bacterial 

diseases were originally found 

through the gram-staining and 

antibiotic testing process I 

have done.

- In the future, if more bacterial 

diseases pop out, we can use 

the process I have done to 

help figure out 

effective antibiotics to design.

- We can search more effective 

gram-staining processes to get 

quicker bacteria discovery. We 

could possibly integrate it with 

technology, helping save lives 

quicker.

- We could also discover 

more effective strategies or 

innovative solutions to create 

effective antibiotics faster to 

speed up the entire process, 

helping save lives faster as 

well.
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