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Abstract

The purpose of this experiment is to study how compounds extracted from plants using

ethanol can inhibit the growth of bacteria. This is useful because it has applications as a

natural-made antibiotic to help fight the growing problem of antibiotic resistance in bacteria. The

first round of results showed little statistical significance, and there was likely a large amount of

human error, so the data cannot be used to make a reliable conclusion. In the second round, the

extract was obtained using the maceration method of extraction, where Larrea tridentata was

crushed and placed in a beaker filled with ethanol at roughly 50°C for 5 days. The ethanol

content was then diluted to below 10% concentration to avoid allowing the ethanol itself to affect

the growth of E. coli. 5 volumes of ethanol (0 to 200 microliters) were then placed in separate

bacterial growth solutions, which grew in microfuge tubes with LB broth for 24 hours, and were

then plated for 24 hours. Afterwards, the amount of CFU/mL was calculated from the petri

dishes. The extract ended up having a noticeable effect on the growth of bacteria, with a negative

correlation of volume of extract to CFU/mL. The ANOVA test value was 1.11 x 10 -16, and the

Tukey test values were almost all below 0.01, suggesting great statistical significance.



Researchable Question

How do different volumes of extract from Larrea tridentata affect the rate of growth of

E. coli bacteria?

Hypothesis

If various volumes of ethanolic extracts from Larrea tridentata are placed in E. coli

growth solutions, then there will be less bacterial growth as a result, because the phenolic

components and hydrophobic substances of the extract will break down proteins and damage the

membranes of the E. coli bacteria.

Background

In recent years, preserving food and produce has become not only a great help but a

necessity for many world nations. Typically, food is preserved using antibiotics, which are a very

effective way to prevent disease-ridden bacteria from growing. However, this has drawbacks. As

mentioned in the chapter The Crisis in Antibiotic Resistance from the science journal Science,

the increased use of antibiotics allows bacteria to develop genetic resistance. Because bacteria

can undergo binary fission very quickly, they can evolve quickly to develop genes that resist

these antibiotics (Neu). This is especially prominent in the family of bacteria enterobacteriaceae,

in which escherichia coli (E. coli) resides. E. coli bacterial infections cause numerous symptoms,

such as diarrhea, vomiting, stomach cramping, and in some cases death. There are many other

bacteria in the enterobaceriaceae family which produce similar symptoms and have also

developed resistance against antibiotics, but E. coli is the focus of this experiment and thus will

be primarily discussed.

Because of these drawbacks, there has been a recent interest in trying to find other

methods of preserving food from bacteria that will prevent or increase the delay for bacteria to



develop resistance. One potential source is through various plant extracts. Several studies show

effectiveness of antimicrobial activity from various different plant extracts (Mostafa et al.;

Zeedan et al.; Upadhyay et al.), one of which (Zeedan et al.) tested on bovine disease causing

bacteria, proving the applications of medicinal herb extracts on helping reduce disease in cattle.

These plant extracts were derived from a chemical process using ethanol that produces a solution

containing various substances from the original plant such as polyphenols and anthraquinones.

Multiple studies have additionally shown the effectiveness of polyphenols in all forms of health

benefits, such as acting as an antioxidant, anticancer, and antimicrobial agent, and one study has

shown how the effect can be increased even further when the plant extracts are used in synergy

with chemically produced, unnatural antimicrobial agents. (Daglia). These studies, as well as

many more not mentioned, prove that naturally derived compounds are able to exhibit

antimicrobial properties on disease-causing bacteria without causing negative health effects and

while avoiding letting bacteria develop resistance to the extracts.

However, while other studies have tested for which plants prove most effective against

various bacteria, no other studies could be found about how varying concentrations of plant

extracts affect the growth rate of bacteria, and thus that is the goal of this experiment. The

purpose of this experiment is to see not just if increasing concentration will prove more effective

against E. coli, but also to see if there is a limit to how effective the plant extracts can be at

higher or lower concentrations. Although the strain of E. coli used in this experiment does not

produce toxins that cause unhealthy symptoms in humans, the variables studied in this

experiment should not show any variation in how the same variables would be affected in

toxin-producing E. coli, and therefore any conclusions about noticeable effects in growth

observed from this experiment can safely be applied to toxin-producing E. coli as well.



E. Coli bacteria have been and still are a very reliable model organism for scientific

studies. As with almost all bacteria, their life cycles are very short and they are able to reproduce

very quickly. Not only this, but it is also found very abundantly all over Earth and can be isolated

very easily from almost anyone. Many scientific breakthroughs have been carried out using E.

coli, and its genome has been well studied and documented. Most applicable of all to this

experiment, E. coli is very easy to obtain and work with, and many tools have been developed

and designed to work specifically well for E. coli (Blount).

The species of plants determined for this experiment were decided upon by the additional

health benefits they provide and their effectiveness as an antimicrobial agent. Chamomile

(matricaria chamomilla) has proven to show many positive health effects, mostly therapeutic and

helping with stress, and more importantly to this experiment is its role as an antioxidant and

antimicrobial agent (Roby et al.). If it were to show effective results, it could be a very good

candidate for preserving foods because of the other mental health benefits that it provides.

Among some of the strongest and most effective plant extracts is pomegranate (punica granatum)

extract, which was proved highly effective in one of the previously mentioned studies (Al-Askar

et al.). Thus, these two plants will be used for the experiment at different concentrations.

Lastly, some basic principles of chemical reactions. A very well-known and understood

concept about chemical reactions is that if there is a higher concentration of a certain substrate

involved in a chemical reaction, the rate of reaction will also increase because there are more

physical opportunities for the substrate to react (Frank). This would typically be enough to

assume with near certainty that increasing the concentration of plant extracts in a solution would

prove more effective in inhibiting the growth of E. coli. However, a research article has found

that certain bacterial strains had an increased growth rate from the inclusion of plant extracts,



rather than the extract showing antimicrobial activity (Bouarab-Chibane et al.). This also

suggests that different species of plants used for extracts may show inverse levels of affects,

providing growth stimulation rather than growth inhibition, or the other way around.

Additionally, small concentrations of certain extracted plant substances may be beneficial to the

bacteria’s metabolic system, and it may be that only the higher concentrations will overload the

bacteria through crenation. The purpose of this experiment is to help address this uncertainty and

show a more clear understanding of how concentrations of the plant extracts will affect the

growth of E. coli.



Materials

● At least 20 petri dishes

● LB Broth

● LB Agar

● HB101 Commercial strain E. coli

● 95% Ethanol or higher

● Incubator (Adjustable from at least 37°C to at least 50°C)

● Larrea tridentata leaves

● Micropipettes of varying sizes from 10 μL to 1000 μL

● Micropipette tips

● Rubber gloves

● Several beakers

● Erlenmeyer flask

● Standard funnel

● Filter paper

● Sources for recording and analyzing data

● Labeling tape

● Fine-tip sharpie(s)

● Blender

● Plastic Wrap

● Microfuge tubes

● Microfuge tube holder

● Ionized water



● Something to mix the microfuge tubes, such as a vortex mixer

● Burner

● Glass spreader

Operational Definitions

● Larrea tridentata: Commonly known as the creosote bush, a bush native to the Sonoran

Desert which secretes many oils.

● Maceration Extraction: A method of extracting plant compounds by soaking the crushed

plant in liquid for an extended period of time.

● HB101 Commercial strain of E. coli: A strain of E. coli that is non-toxic and used as a

model organism in many biology or other scientific experiments.

● Colony forming unit: A unit used to represent the number of bacteria in a petri dish,

useful for data analysis.

● ANOVA and Tukey tests: Statistical tests that determine whether certain data points are

significantly different from each other enough to be considered reliable.



Procedures

1. Firstly, I put on rubber gloves.

2. I then went out and gathered a decent amount of branches from a Larrea tridentata bush.

3. Next, I took the leaves off of the branches and placed them in a blender.

4. I poured in a bit of ethanol to help blend the branches.

5. I turned on the blender in any mode until they were crushed down accordingly.

6. I then poured out the resulting liquid into a beaker.

7. I then labeled the beaker with label tape and a fine tip sharpie.

8. I placed it in the incubator at around 50°C for 4 to 6 days.

9. Once time had passed, I took out the beaker and poured the solution into an erlenmeyer

flask.

10. I then placed a funnel on the flask with filter paper on top and poured the solution

through the funnel.

11. I then calculated the required amount of ionized water to add to dilute the ethanol in the

solution to a 10%  or less concentration and poured the needed amount of water into a

microfuge tube along with the concentrated solution.

12. I then mixed the solution using a vortex mixer and made sure to label the tube

accordingly.

13. I then labeled 5 other tubes accordingly for each volume of extract (0 μL, 50 μL, 100 μL,

150 μL, and 200 μL).

14. Next, I placed 800 microliters of LB broth into a microfuge tube along with 10

microliters of E. coli.



15. I then added the corresponding amounts of ionized water and extract in order to get the

total volume of the microfuge tube to 1010 microliters (e.g. 50 microliters of extract

would need 150 microliters of ionized water).

16. I repeated this process for tubes with 0 μL, 50 μL, 100 μL, 150 μL, and 200 μL.

17. I then used the vortex mixer to mix each solution.

18. Next, I placed bacterial growth solutions into the incubator at 37°C for 24 hours.

19. After 24 hours, I took out each solution and labeled 10 more tubes, each for 2 dilutions of

each treatment.

20. I placed 990 microliters of ionized water in each of the 10 tubes.

21. I then placed 10 microliters of one of my bacterial growth solutions into one of the 10

tubes, mixed it with the vortex mixer, and repeated the process from that tube to the next

dilution tube.

22. I then repeated this process for all 5 treatments to obtain 5 tubes with each treatment

diluted 2 times.

23. I then filled a beaker slightly with ethanol and prepared to spread my bacteria onto plates.

24. I then labeled 20 petri dishes filled with LB agar accordingly, 4 petri dishes for each

treatment.

25. I micropipetted 50 microliters of one of my treatments onto 4 different petri dishes each.

26. I then burned off the ethanol from my glass spreader and used it to spread the bacteria

accordingly.

27. I repeated this process for each treatment until I had 20 petri dishes total, 4 for each

treatment.



28. I then placed the petri dishes in an incubator at 37°C for 24 hours, allowing colonies to

form.

29. After the time had passed, I took out the petri dishes and documented the number of

colonies from them.

30. I then calculated the CFU/mL from the resulting amounts of colonies and drew my

conclusions based on that evidence.



Results from Round 1

Larrea tridentata Extract:

0 μL (Control Group):

10 μL:



20 μL:

30 μL:



Raw Data Table

Volume of
Extract (μL) Number of Colonies After 48 Hours

Standard
Deviation

0 0 1 2 0 1 0.8366600265

10 0 0 0 0 0 0

20 0 0 0 0 0 0

30 0 0 0 0 0 0

Summary Table:

Volume of
Extract (μL)

Avg # of Colonies
After 48 Hours

Standard
Deviation

0 0.8 0.837

10 0 0

20 0 0

30 0 0

Data Graph:



ANOVA Test Results:

Tukey Test Results:



Results from Round 2:

Concentrated Extract:

Diluted Extract:



Bacterial Growth Solutions (0 μL of extract, 50 μL, 100 μL, 150 μL, 200 μL):



Plating the Bacteria:



0 μL Extract Bacteria (Control Group):

50 μL Extract Bacteria:



100 μL Extract Bacteria:

150 μL Extract Bacteria:

200 μL Extract Bacteria:



Raw Data Tables:

Volume of Extract
(μL) Estimated Number of Colonies After 24 Hours

0 902 880 954 905

50 636 610 604 623

100 308 307 313 274

150 0 0 0 0

200 0 0 0 0

Volume of Extract
(μL) Estimated Colony Forming Units per mL After 24 Hours (CFU/mL)

0 1.80E+08 1.76E+08 1.91E+08 1.81E+08

50 1.27E+08 1.22E+08 1.21E+08 1.25E+08

100 6.16E+07 6.14E+07 6.26E+07 5.48E+07

150 0 0 0 0

200 0 0 0 0

Summary Table:

Volume of Extract
(μL)

Avg # of CFU per
mL After 24

Hours (CFU/mL)
Standard
Deviation

0 1.82E+08 6.24E+06

50 1.24E+08 2.85E+06

100 6.01E+07 3.57E+06

150 0.00 0

200 0.00 0



Data Graph:

ANOVA Test:



Tukey Test:

Tukey Test Key:

Trial Name Trial Contents

Trial A 0 μL of Extract (Control Group)

Trial B 50 μL of Extract

Trial C 100 μL of Extract

Trial D 150 μL of Extract

Trial E 200 μL of Extract



Conclusions

In conclusion, the hypothesis was not supported from the first/trial round of

experimentation, but was supported by the second round. During the first round, bacteria only

grew in the petri dish with no extract in it. Normally, this would suggest that the extract was

highly effective against bacterial growth, but the very low number of colonies in the control

group suggests that something else had gone wrong with the experiment. This was most likely

due to mistreatment of the bacteria, improper handling of the extract, contamination of the

samples through inadequate protection of a sterile environment, or some other form of human

error. Regardless of the cause, it is safe to assume that the first round of experiments is not ideal

for determining the effectiveness of the extract. Furthermore, there was insignificance between

each trial of the experiment that wasn’t the control group (Tukey values of ~0.9 each). The graph

also showed a very large error bar for the control group, and there were no bars for any of the

other treatments, suggesting a lot of insignificant data along with the Tukey HSD values.

On the other hand, the second experiment strongly supported the hypothesis that the

extract would inhibit microbial growth. Firstly, as shown by the photos taken of the petri dishes

after 24 hours, there is a noticeably higher amount of colonies in the petri dishes with less of the

extract. The graph also shows this with a clear negative trendline. The ANOVA test resulted in a

p value of 1.11 x 10-16 suggesting a high statistical significance between all treatments. Each

treatment in the Tukey test also resulted in a value lower than 0.01, suggesting further statistical

significance, except for the 150 μL and 200 μL extract. This was, however, due to the fact that by

the time the solutions contained 150 μL of extract or more, no bacteria grew in them as a result.

To ensure that this was a valid part of the data and that the plating of the bacteria hadn’t gone

wrong for the 150 μL and 200 μL samples, the bacteria were left to grow in an incubator for an



additional 24 hours. After this, there were a couple of colonies in each dish. This suggests that

the bacteria had been plated properly, and it was just that the extract had vastly reduced the

growth rate of the bacteria. The Tukey and ANOVA test values, as well as the non-overlapping

error bars shown on the graph, support the hypothesis that there was a significant difference in

the growth rate of E. coli when various volumes of the extract were placed in their growth

solutions. This supports the idea that the large amount of oil in Larrea tridentata, as well as its

natural phenolic compounds, were able to greatly reduce how well E. coli could grow.

Overall, this was a great opportunity to learn how to properly grow bacteria in different

conditions and analyze their growth over time. It was also a chemistry learning experience, as

extracting the compounds from Larrea tridentata required knowledge of how to use various

types of chemistry equipment. It was also a great way to build upon skills used in carrying out

experiments like time management, conducting research, data collection, and data analysis.

Improvements

A few things could be altered with the experiment in order to produce more accurate,

reproducible, and reliable results. Firstly, the experiment could be conducted in a more controlled

and clean environment. This would allow for less chance of contamination and interference with

the growth of the bacteria. A more effective and consistent extract method could also have been

used, such as rotary evaporation to receive solid compounds, as the lack of available technology

hindered the possibility of using this method. Lastly, It may be worth trying more specific types

of extracts separate from each other to gain a better understanding of how Larrea tridentata can

inhibit bacterial growth, such as testing hydrophilic and hydrophobic compounds independently.
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