
This project investigated the effects of several native

Sonoran Desert plants (Prosopis glandulosa, Larrea tridentata, Cercidium

microphyllum, Fouquieria splendens) on enhancing the effects of different antibiotics

against E. coli.

1) Which among the four native Sonoran desert plants will have the greatest

effect against E. coli ?

2) Which among the four native Sonoran desert plant will enhance the effects of

the different antibiotics?

INTREPRETATIONS AND CONCLUSIONS

METHODOLOGY

RESEARCH QUESTIONS DATA ANALYSIS AND RESULTS

Preparation of 
Ethanoic 
Extracts

Obtain 
leaves 
extraction 
from 
ethanol 
solution 
utilizing 
rotary 
evaporator.

Preparation of 
Bacterial 
Dilution

Streak Petri dishes with E.coli. 

Prepare a 0.9% saline solution using 
saline packet and 240 mL of 
distilled water.

Add bacterial colonies to 2 mL of prepared 
0.9% saline solution.

mix it using a vortex to evenly distribute bacterial samples.

Follow the 0.5 McFarland Standard in preparing the 
final bacterial dilution.

Kirby-Bauer 
Sensitivity Assay

Preparation of Paper Discs

Inoculate the Mueller-Hinton plates 
with prepared bacterial dilutions

Incubate the plates in a 
digital 
incubator overnight 
under the temperature 
of 37°C. Measure the 
zones of inhibition using 
a digital caliper.

Answer to Problem 1:

Based on the results of the experiment, among the four native Sonoran desert plants that were 
tested (Prosopis glandulosa, Fouquieria splendens, Cercidium microphyllum, Larrea Tridentata),
Fouquieria splendens and Larrea tridentata were the most effective against E.coli.

Answer to Problem 2:

The results showed that among the four native Sonoran desert plants that were 
tested, Cercidium microphylum and Prosopis glandulosa enhanced the effects of  
ampicillin and erythromycin.



THE SONORA DESERT

• The Sonoran Desert is diverse,
containing more than 2,000 species
of flowering plants alone.

• The Sonoran Desert is quite lush
when compared to most other
deserts of the world

• Its vegetation is visually dominated
by columnar cacti (saguaro and
organ pipe) and legume trees
(mesquite, palo verde, acacia, etc.)

YEAR ONE STUDY

AVERAGE OF ZONES OF INHIBITION OF DIFFERENT 
ANTIBIOTICS MIXED WITH P. GLANDULOSA EXTRACT

• Based on the results, E. coli was susceptible to Ampicillin (33.34mm) and
Neomycin (25.40mm) when subjected with P. glandulosa extract. On the
other hand, S. lutea exhibited susceptibility to Penicillin (32.29mm) and
intermediate susceptibility with Ampicillin (21.34mm) and Neomycin
(23.40mm). Lastly, S. epidermidis demonstrated high susceptibility when
combined with P. glandulosa extract with all the antibiotics with a zone of
inhibition higher than 25 mm. Photo Credit: livebooks.com

My preliminary study last year appeared to have scientific 
merit. This year’s study majorly expands on past results.



ABC news

• Antibiotic resistance is one of the biggest public
health challenges of our time.

• Around 2.8 million people get an antibiotic
resistance infection while more than 35,000
people ended up dying each year.

• In what is sometimes called an evolutionary arms
race, bacteria develop ways to stop the drugs that
are designed to kill them.

• When bacteria is frequently and
repeatedly exposed to an antibiotic, it will
eventually evolve to through genetic mutation to
survive.

Photo Credit: theconversation.com

E.coli

• Results of a sampling assignment reported that 
romaine lettuce grown in the Yuma, AZ 
agricultural region for pathogenic Shiga toxin-
producing E.coli.

• In total, 210 people were affected by the 
outbreak, which resulted in 96 hospitalizations, 27 
cases of kidney failure, and five fatalities 
throughout 36 states.

• E. coli can cause symptoms including diarrhea, 
stomach pain and cramps and low-grade fever .

Antibiotic Resistance



Creosote Bush(Larrea tridentata)

• Creosote (Larrea tridentata), native to the Sonoran Desert .
• The leaves of Creosote are utilized for medicinal purposes, including as an antimicrobial.

Photo Credit:www.indefenseofplants.com

• Cercidium microphyllum in specific is one of the most prominent trees in the Phoenix area.
• Meanwhile, more research ought to be done on this plant since there is no record of any

significance that the plant may have on the medical field or if it was ever used to treat any
illness.

Palo Verde (Cercidium microphyllum)

Photo Credit: edenbythebay.comOcotillo Bush (Fouquieria splendens )

• Ocotillo plant also refer to as Ocotillo cactus, is a warm desert plant native to the southwestern
United States and Northwest Mexico. The scientific name of Ocotillo is Fouquieria splendens.

• The flowers and leaves of Ocotillo have been used to treat spasmodic coughs. Despite its bitter
taste, Ocotillo is a stimulant, decongestant, cholagogue, expectorant, and mild emmenagogue .

Photo Credit: https/www.summitpost.ord

Mesquite Plant (Prosopis glandulosa)

• The mesquite plant is native to the southwestern United States and Mexico.
• The mesquite tree may be use to provide medicine. This plant possesses antimicrobial 

properties.
Photo Credit: www.gardenia.net



➢ If E. coli is exposed to different extracts derived from native Sonoran Desert plants, antibiotic resistance should
diminish as most of the plants selected have antimicrobial properties, such as Prosopis glandulosa, Larrea
tridentata, and Fouquieria splendens.

1. Which among the four native Sonoran Desert plants will have the greatest effect against E. coli?
2. Which among the four native Sonoran Desert plants will enhance the effects of the different antibiotics?

INDEPENDENT VARIABLE: Extract from Native Sonoran Desert Plants
DEPENDENT VARIABLES: Diameter of zones of inhibition/antibiotic susceptibility
CONSTANT VARIABLES: Amount of extract, concentrations of the antibiotics, temperature (37o C), type 
of bacteria.



Preparation of Ethanoic Extracts

Obtaining Extracts

Collect and air-dry plant
samples for 1 week.

Grind plant samples and place
each in a mason jar.

Add 50 mL of ethanol to each jar,
let sample soak for 2 weeks.

Isolate plant extracts from ethanol,
utilizing a rotary evaporator set to 100
rpm at 60oC.

Photo credits: All photos taken by 
the researcher.



Preparation of Bacterial Dilution

Streak Petri dishes with E.coli. Seal
plates with parafilm.

Prepare a 0.9% saline solution using
saline packet and 240 mL of distilled
water.

Add bacterial colonies to 2 mL
of prepared 0.9% saline solution.

Place the bacterial dilution in test
tubes and use a vortex mixer to evenly
distribute bacterial samples.

Follow the 0.5 McFarland Standard in
preparing the final bacterial dilution. This
should create 1.5 x 108 CFU/mL. Check using
the Wickerham card.

Photo credits: All photos taken by 
the researcher.



Kirby-Bauer Sensitivity Assay

Preparation of Paper Discs:
Sterile paper discs were soaked in
different antibiotics and plant extracts.
Antibiotics used: (10mg/mL each)
ampicillin, erythromycin, and penicillin

Formulations:
10µL antibiotics + 10µL plant extracts

Inoculate the Mueller-Hinton plates with
the prepared bacterial dilutions using
sterile cotton swabs.

Experimental Treatments:
Treatment 1: Receives plant extracts only
Treatment 2: Receives antibiotics only
Treatment 3: Receives plant extracts and

antibiotics
Experimental Control: Ethanol

Place the prepared paper discs onto the
inoculated MH plates. Incubate the plates
overnight at 37oC temperature. Measure the
zones of inhibition using a digital caliper.

Photo credits: All photos taken by 
the researcher.



INTERPRETATION
(Johnson and Case,
1995)

Resistant- <10 mm

Intermediate- 11-15 mm

Susceptible- 16+mm

Photo credits: All photos and graphs taken and 
created by the researcher

•All four plant extracts were able to kill E. coli with average zones of inhibition higher than 16mm.
•Larrea tridentata (Creosote) exhibited the highest antibacterial property with an average zone of inhibition of 37mm.
•Results are validated by paired t-test with p-value of less than 0.05.

*

*

*

*

* denotes significant difference between the plant extracts and ethanol with p<0.05 (paired t-test)

Prosopis glandulosa Fouquieria splendens Cercidium microphyllum Larrea tridentata             Ethanol
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Figure 2: Ampicillin + Plant Extracts
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Figure 3: Erythromycin + Plant Extracts

* denotes significant difference between the antibiotics  and antibiotics with plant extracts  with p<0.05 
(paired t-test)

Photo credits: Photos 
taken by 

the researcher
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INTERPRETATION
(Johnson and Case,
1995)

Resistant- <10 mm

Intermediate- 11-15 mm

Susceptible- 16+mm



AMPICILLIN (p-values)
Native Plants Ampicillin Extracts Combination Interpretation

Cercidium 
microphylum 0.0104 0.999 7.22E-06 **

Larrea tridentata 5.05E-05 6.23E-05 0.8520951 -
Fouquieria splendens 9.88E-05 0.000262906 0.4360599 -
Prosopis glandulosa 0.5327127 0.002051874 0.000815472 **

Erythromycin (p-values)
Native Plants Erythromycin Extracts Combination Interpretation

Cercidium 
microphylum 0.000200649 0.1454839 3.32E-05 **

Larrea tridentata 1.25E-05 1.55E-05 0.8259339 -
Fouquieria splendens 4.34E-05 8.83E-05 0.5349074 -
Prosopis glandulosa 4.99E-05 0.7089998 3.32E-05 **

PENICILLIN (p-values)
Native Plants Penicillin Extracts Combination Interpretation

Cercidium 
microphylum 0.004425504 0.004483742 9.93E-01 -

Larrea tridentata 5.69E-07 1.74E-06 0.1603781 -
Fouquieria splendens 9.43E-07 5.48E-06 0.05366087 -
Prosopis glandulosa 3.11E-04 8.75E-05 3.19E-01 -

** Denotes that the extract enhanced the effects of the antibiotics
- Denotes that the effect of the antibiotic was diminished

The researcher performed R to
determine whether the combination of
the plant extracts and antibiotics
increases the inhibitory activity.



Answer to Problem 1:

Answer to Problem 2:

The results showed that among the four native Sonoran desert plants that were tested, Cercidium microphylum and Prosopis 
glandulosa enhanced the effects of  ampicillin and erythromycin.

Based on the results of the experiment, among the four native Sonoran desert plants that were tested (Prosopis 
glandulosa, Fouquieria splendens, Cercidium microphyllum, Larrea Tridentata), Fouquieria splendens and Larrea 
tridentata were the most effective against E.coli. However, all the tested native plants showed promising antimicrobial 
effects against E. coli.

1. This research finds ways to combat antibiotic resistance using natural sources.
2. This research expands our knowledge to better understanding the medicinal properties of different native plants in 

the Sonoran Desert.
3. This research has a cultural significance to Arizona and Mexico being part of the Sonoran Desert.



➢ All the tested native Sonoran desert plants showed promising antimicrobial effects against E. coli.
➢ Cercidium microphylum and Prosopis glandulosa enhanced the effects of ampicillin and erythromycin.
➢ All the native plant extracts diminished the effects of penicillin.

Based on the results and data analysis, I drawn the following conclusions:

POSSIBLE APPLICATIONS: On the research conducted by
Santhaseelan et. al (2016), the genus Prosopis showed
potential pharmaceutical applications, such as binding abilities
for tablet production as well as antimicrobial effects. The results
of this research supports this idea as the extract of Prosopis
glandulosa exhibited significant interactions with the tested
antibiotics. This is also true with Cercidium microphylum. While
possibly be used as a TABLET BINDER it can also increase the
antimicrobial effects of the different antibiotic medications. Photo credits: Photos 

taken by 
the researcher



Ampicillin and Erythromycin each from a different class of antibiotics, showed promising results on lowering antibiotic resistance of E.coli . This 
validates previous studies that these antibiotics are effective against E.coli

Certain plant extracts effects were slightly diminished by the presence of Penicillin

When Larrea Tridentata and Fouquieria splendens were combine with Penicillin ( antibiotic that showed resistance) the 
results were less than the individual herbal extract activity.

❖ Larrea tridentata (Creosote) exhibited the highest 
antibacterial property with an average zones of inhibition of 
37 mm. However, when it was exposed with the addition of 
Penicillin the average zone of inhibition diminished from 
37mm to 33mm.

❖ Similarly, Fouquieria splendens exhibited an average zone of 
inhibition of 33mm. Nevertheless, when combine with 
Penicillin the average zone of inhibition diminished to 28mm.

▪ E.coli is a gram-negative bacterium, its outer membrane prevents it from absorbing penicillin, leading to resistance. A possible 
explanation to why the individual activity of plant extracts resulted to be most efficient than when combined with Penicillin, is because 
penicillin properties destroy some active components found within the extracts. Since Penicillin is an acid; it's possible that Larrea 
tridentata and Fouquieria splendens are acid labile, and the acids lower their PH. The potency of plant extracts would be diminished as 
a result.

Credits: This theory was developed with 
the help of Dr. Molnar, Professor, School of 
Natural Resources and the Environment



1. Research for other native Sonoran desert plants and test their antibiotic properties.
2. Identify the phytochemical constituents(saponins, tannins, glycosides, flavanoids, etc.) of the tested herbs that contribute to their 

antibiotic properties.
3. Perform more Kirby-Bauer Antibiotic Sensitivity Assay Test and Synergy Testing to assess the in vitro interaction of antimicrobial 

combinations.
4. Perform an MIC Test( Minimum Inhibitory Concentration).
5. Test more antibiotics as well as bacteria to learn more about their interactions with different plant extracts.

Photo Credits: nyuad.nyu.edu

MIC Test( Minimum Inhibitory 
Concentration)
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