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Introduction and problem statement 

The question we are trying to answer:  Does cooking or heating in a microwave oven affect the 
antibacterial properties of herbs and spices? 
 
Our hypothesis:  Boiling and microwave heating destroy or reduce the antibacterial properties of spices 
and herbs 
Our Null hypothesis:  Boiling and microwave heating does not destroy or reduce antibacterial properties 
of spices and herbs 
 
We selected this hypothesis because we found a research paper that list many herbs and spices with 
antibacterial properties (Liu et al. 2017).  We cannot keep antibiotics for too long in a drawer and use it 
because they do not work.  Our mentor keeps her antibiotics in a freezer.  We are curious to find out 
what herbs and spices have the best antibacterial properties and whether we are losing the antibacterial 
properties of herbs and spices when we cook and reheat the food in the microwave.    
 
First, we want to know whether spices and herbs have any antimicrobial properties as expected 
according to the literature we read.  If they have antibacterial properties, we want to know whether we 
are killing the good properties of herbs and spices when we cook and reheat the food in the microwave.  
If our hypothesis is proven correct we can recommend eating some food as salads without cooking to 
keep their good qualities.  We can also recommend which spices will give the best protection from food 
spoiling bacteria  
  
When we get sick from eating bad food or get an infected scrape or a cut on our skin, we get antibiotics 
from the doctor and use it to get better.  However, there is a large increase of antibiotic resistant 
bacteria in Iowa (Van De Griend et al. 2009).  One example of this is MRSA (Methicillin Resistant 
Staphylococcus aureus).  One solution to this problem is to find new chemicals that will kill the resistant 
bacteria.  Some pathogenic bacteria cause food poisoning that affect lot of people in the United States.  
Spices have been used to flavor the food and kill some bacteria that causes food poisoning.  Traditional 
cultures in India use indigenous medical system (Ayurveda) to treat many infectious diseases.  Many 
ancient cultures use plant and plant products to keep diseases away.  According to one study (Rahmen 
et al. 2011) antibacterial properties of herbs and spices can kill antibiotic resistant bacteria.  It will be 
exciting if we can find spices and herbs that can kill bacteria.  It is important to find them now before we 
lose our ability to treat bacterial diseases with known antibiotics.  Then drug companies can make new 
chemicals from plants to cure the bacterial diseases.  This research will help us to find out whether we 
can put herbs and spices into food and keep them safe for longer.  If the antibacterial chemicals are 
destroyed by heat or microwaving, we can change the way we add the spices and herbs to keep their 
good properties.  It will also help scientists to use the correct methods to extract antibacterial 
compounds from the herbs and spices without killing their good properties.   

Review of Literature 
Liu, Q., Meng, X., Li, Y., Zhao, C.-N., Tang, G.-Y., & Li, H.-B. (2017). Antibacterial and Antifungal 

Activities of Spices.  International Journal of Molecular Sciences, 18(6), 1283. 

http://doi.org/10.3390/ijms18061283.   

This is a long review article of many research done on antibiotic properties of herbs and spices.  It helped 

us to select the spices/herbs with best antibacterial properties.  It also helped us to come up with the best 

method of extracting spices. 

Van De Griend, P., Herwaldt, L. A., Alvis, B., et al. (2009). Community-Associated Methicillin-

Resistant Staphylococcus aureus, Iowa, USA.  Emerging Infectious Diseases, 15(10), 1582–1589. 

http://doi.org/10.3201/eid1510.080877. 

http://doi.org/10.3390/ijms18061283
http://doi.org/10.3201/eid1510.080877


This article show how MRSA was found in hospitals at the beginning.  But now they are found in 

community gathering places.  It also informed us MRSA is spreading rapidly and we need some new 

antibacterial chemicals to fight them.    

Rahman, S., Parvez, A. K., Islam, R., & Khan, M. H. (2011). Antibacterial activity of natural spices on 

multiple drug resistant Escherichia coli isolated from drinking water, Bangladesh. Annals of Clinical 

Microbiology and Antimicrobials, 10, 10. http://doi.org/10.1186/1476-0711-10-10. 

This article gave us hope about finding antibacterial chemicals from spices/herbs that will be able to kill 
even the antibiotic resistant bacteria like MRSA.  If this works we will be able to test other medicinal 
plants from different countries to find out whether we can treat MRSA and other resistant bacteria with 
new chemicals 
 
Colorado State University outreach Spice up your life: Spices as antibiotics in foods.  Retrieved on 
October 24, 2017, from https://www.colorado.edu/Outreach/BSI/k12activities/spices.pdf. 
 
This website gave us details on how to set up the filter paper disc method we are using to investigate the 
antibacterial properties of spices.  
 

National science teachers association (2007).  Science and our food supply:  Investigating food safety 

from farm to table.  Teacher’s guide to middle level science classroom.  Retrieved on October 24, 2017, 

from https://www.fda.gov/downloads/food/foodscienceresearch/ucm186009.pdf. 

This brochure helped us to include proper safety guidelines when we are designing the experiment with 

bacteria.  We downloaded and read the guidelines to stay safe during the experiment. 

CDC, 2007. Biosafety in Microbiological and Biomedical Laboratories (BMBL) 5th Edition, Centers for 
Disease Control and Prevention, Office of Health and Safety (CDC).  Retrieved on October 24, 2017, 
from https://www.cdc.gov/biosafety/publications/bmbl5/BMBL.pdf. 

This brochure also helped us to use the proper guidelines and safety precautions in designing the 
experiment.  We will also dispose the used plates and cotton swabs to keep ourselves safe.  

Procedure 
We selected the following herbs and spices that gave the best antimicrobial properties in previous 
research (Liu et al. 2017). 
Garlic, thyme, sage, red pepper, turmeric, oregano, cinnamon, cumin, cloves and rosemary  
 
We need the following materials to set up the experiment: 
Nutrient agar, sterile petri dishes, live cultures of Escherichia coli (E. coli) and Bacillus cereus (B. 
cereus), sterile cotton swabs, sterile mortars and pestles, sterile filter paper discs, an incubator, several 
forceps, test tubes,  a Bunsen burner and a microwave oven.  We also need personal protective 
equipment that includes gloves, disposable apron, safety glasses and a biohazard bag to dispose all 
live cultures and contaminated materials like cotton swabs, laminar flow hood.  
 

1. Prepare the nutrient agar by dissolving the packet of Nutrient agar in a liter of distilled water and 
autoclave at 121°C for 30 minutes.  Pour 40 plates of agar using the sterile petri plates.  Allow 
them to cool in a laminar flow.  Be careful when handling hot media. 

 
2. Prepare a liquid culture of bacteria by inoculating a liquid nutrient culture media from a bacterial 

plate.  Incubate at the right temperature (37°C for E. coli and 30°C for B. cereus) for 16 hours. 

http://doi.org/10.1186/1476-0711-10-10
https://www.colorado.edu/Outreach/BSI/k12activities/spices.pdf
https://www.fda.gov/downloads/food/foodscienceresearch/ucm186009.pdf
http://www.cdc.gov/biosafety/publications/bmbl5/
https://www.cdc.gov/biosafety/publications/bmbl5/BMBL.pdf


3. Grind 5 grams of fresh herbs or 1 gram of dry spices/powder in a mortar and pestle.  Wear 
safety glasses and gloves and apron.  Put 5 mL of sterile water into the ground spice/herb and 
mmix well.  Filter the ground spice into 2 sterile test tubes using sterile filter paper. 

4. Get two nutrient agar plates and divide the plate into 4 quarters with a marker pen and number 
them 1, 2, 3 and 4.  Use a sterile cotton swabs to gently rub E. coli into one plate and B. cereus 
into the other plate inside a laminar flow.  Put contaminated swabs into a biohazard bag.   

5. Dip one sterile filter paper disc in sterile water and place it in No.1 quarter.  That will be our 
negative control.  Dip another disc in the spice extract and place it in No. 2.  Heat the spice 
extract in a 100°C water bath for 5 minutes and dip another disc and place it in No.3 quarter.  
Microwave the spice extract in the second test tube for 30 seconds and repeat the dipping and 
place it in the 4th quarter.  

6. Repeat this for a duplicate set.  Seal the plates with parafilm to prevent any exposure to 
bacteria.  Incubate the plates at the appropriate temperature overnight till the bacteria grow.  
Observe them to find out whether there is a clear zone around the filter paper disk.  This area is 
called the zone of inhibition.  Collect the data and place all the petri dishes in the biohazard bag.  
Do not remove the parafilm to minimize any exposure to bacteria.   

Data collection: 
7. Place the petri plate on a graph paper and measure the diameter of the zone of inhibition.  

Check the No.1 quarter in each disc to make sure our negative control does not have a clear 
zone.  Check whether there is a change in the clear zone in the No.3 (boiled) and No.4 
(microwaved) compared to untreated spice extract.  Calculate the average of duplicate plates 
and organize the data into tables and graphs. 

8. If there is a clear zone around the disc 2 we can conclude that the spice/herb has antibacterial 
properties.  If the clear zone is reduced in No.3 and No.4, we reject our null hypothesis and 
accept our hypothesis that boiling and microwaving reduced the antibacterial properties of herbs 
and spices. 

Budget 
Item No. Description Cost 

1 Sterile petri dishes 2 sleeves of 20 dishes 21.70 

2 Nutrient Agar, prepared media 500 mL x 2 47.50 

3 Sterile Cotton swabs, box of 100 24.75 

4 Herbs and spices (from home)  00.00 

5 Mortars and pestles, sterile filter paper discs, autoclave, incubator  
(  

00.00 

6 Box of gloves  16.00 

7 Aprons, safety glasses, biohazard bags (  00.00 

8 Forceps, Bunsen burner, microwave oven 
 

00.00 

9 Graph paper, papers, pens for data recording 
(  

00.00 

10 E. coli type B non-pathogenic live culture 11.25 

11 Bacillus cereus culture 17.95 

12 Poster printing 3ft x 4ft at Staples 60.00 

 Total 199.15 

 

 

 



Potentially Hazardous Biological Agents Risk Assessment Form (GA) 
Required for research involving microorganisms, rONA, fresh/frozen tissue (including primary cell lines, human and 


other primate established cell lines and t issue cultures), blood, blood products and body fluids. 

SRC/IACUC/ IBC approval required before experimentation. 


Student's Name(s)    

Title of Project Effect of cooking and microwaving on antibacterial properties of herbs and spices 

To be completed by the QUALIFIED SCIENTIST/DESIGNATED SUPERVISOR In collaboration with the student researcher(s). 

All questions are applicable and must be answered; additional page(s) may be attached. 


SECTION 1: PROJECT ASSESSMENT 
1. Identify potentially hazardous biological agents t o be used in this experiment. Include the source, quantit y and t he biosafety level 

risk group of each microorganism. 

Escherichia Coli type B, BSL- 1, Carolina Biological supplies, Bacillus cereus, BSL-1, Carolina Biological Supplies 


2. Describe the site of experimentation including the level of biological containment. 

University of Dubuque, Laminar floor-BSL-2, Biohazard containment bags, Autoclaves 
3. Describe the procedures that will be used to min imize risk (personal protect ive equ ipment, hood type, etc.). 

All students will be instructed on proper safety protocol s, Apron, gloves, safety google will be worn by every student. Direct superviSion or mentors 

4. 	 What final biosafety level do you recom mend for th is project given the risk assessment you conducted? 
BSL-1 , It wi ll be done on certified laminar floors, cultures will be sealed with parafilm, all materials will be collected and disposed properly 

5. 	 Describe the met hod of disposal of all cultured materials and other potentially hazardous biological agents. 
All contaminated materials, cultures, vessels will be autoclaved prior to disposal. Apron and gloves will be autoclaved and disposed . 

SECTION 2: TRAINING 
, . What training will the st udent receive for this project? 
Biosafety guidelines will be given. Students will be working with the mentor at the proper safety level hood. 

2. Experience/training of Designated Supervisor as it relates to the student 's area of research (if applicable). 
Mentor 15 well versed in using E coli in her experiments. Have been in charge of a BSL-1 lab ror past 10 years 

SECTION 3: For ALL CEU LINES and MICROORGANISMS - To be completed by the QUALIFIED SCIENTIST or DESIGNATED 
SUPERVISOR - Check the appropriate box(es) below:o Experimentation on the cell line/microorganism used in this study was NOT conducted at a Regulated Research Institution, but was conducted at 

a (check onelDBSL-1 orD BSL-2 laboratory. This study has been reviewed by the 10calSRC and the procedures have been approved prior to 
experimentation. 

o Experimentat ion on the ceU line/microorganism used in this study was conducted at a Regulated Research Institution and was approved by the 
appropriate institutional board prior to experimentation; institutional approval forms are attached. I~ I ?
Origin of cell lines: Carolina B,ological supplies Date of IACUC/IBC approval (mm/dd/yy) lO I W I 

0 Experimentation on the cell line/microorganism used in this study was conducted at a Regulated Research Institution, which does not require 
pre-approval for this type of study. The SRC has reviewed that the student received appropriate training and the project co mplieswith Intel 
ISEF ru les. 

CERTIFICATION - To be SIGNED by the QUAUFIED SCJENTIST or DESIGNATED SUPERV1S0R 

The QS/DS has seen th is project's research plan and supporting documentation and acknowledges the accuracy of the information pro
vided above. This study has been approved as a (check one) 0 SSL-10SL-2 study, and will be conducted in an appropriate laboratory. 

    
QS/DS Printed Name Signat ure 

(i / O G L. lv, 1
I 

Date of review (MM/DD/YYYY) 

SECTION 4: CERTIFICATION-To be completed by the LOCAL or AFFILIATED FAIR SRC 

The SRC has seen this project's research plan and supporting documentation and acknowledges the accuracy of the information provided above. 

SRC Printed Name Signature 

Date of review (MM/DD/YYYY) 

Page 40 International Rules: Guidelines for Science and Engineering Fairs 2017-2018, student.societyforscience.org/intel-isef 
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