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Science in Motion

Juniata College


Clean Up Your Act!
PA State Standards:

1.1.11 E
Establish a reading vocabulary by identifying and correctly using new words acquired through the study of their relationships to other words. Use a dictionary or related reference.

1.2.11 A
Read and understand the central content of informational texts and documents in all academic areas.

1.6.11 A
Listen to others.

1.6.11 D
Contribute to discussions.

1.6.11 E
Participate in small and large group discussions and presentations.

2.3.11 A
Select and use appropriate units and tools to measure to the degree of accuracy required in particular measurement situations.

3.2.10 A
Apply knowledge and understanding about the nature of scientific understanding and technological knowledge.

3.4.10 A
Explain concepts about the structure and properties of matter.  Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable.

4.8.10 C
Analyze how human activities may cause changes in an ecosystem.

Introduction:

Bacteria are prokaryotic microorganisms, which mean that they have no true nucleus or membrane bound organelles.  They exist in various shapes including spheres, rods, and spirals.  Bacteria are so abundant that they are present in one form or another in almost every environment on earth.  Humans are affected by bacteria on a daily basis.  Some bacteria are good and are needed to maintain our daily lives, but others inhibit us by causing infections and diseases.  These adverse effects can be treated, or possibly prevented, by using antibiotics.  
Antibiotics are derived from bacterial sources that can either control or kill other bacteria.  There is a long history of antibiotics being used by various cultures over the years.
· Greeks used molds and other plants to treat infections
· Russians used warm soil to cure infected wounds
· Sumerians used beer soup mixed with turtle shells and snake skins to heal
· Babylonians used a mixture of frog bile and sour milk for eye infections
One of the most common forms of antibiotic today is penicillin.  It was discovered in 1928 by Sir Alexander Fleming.  He was experimenting with the influenza virus when he accidentally observed that the fungus, Penicillium notatum, had killed a bacterial culture of Staphylococcus.
Antibiotics are meant to attack microorganisms inside the body.  They work in one of two ways.  They will either stop bacteria from growing and reproducing, which is known as being bacteriostatic, or they will actually kill the bacteria, known as being bactericidal.

Antiseptics, on the other hand, are designed to kill microorganisms on the outer surface of the body.  Agents that are specifically made to inhibit or kill bacterial only on the surface of the body are classified as Antibacterial.  In recent years, the market has become flooded with antibacterial products including antibacterial soaps.  The question is:  Are antibacterial soaps better than using regular soaps?  
We first need to look at what are soaps and how are they formed.  Soaps have been used for thousands of years dating back to the Phoenicians and even the Babylonians in 2800 B.C.  Soaps are formed from triglycerides that can be found in fats and oils.  These triglycerides contain esters which will react with a strong base to form a carboxylic acid salt and an alcohol as seen in the following equation:
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This reaction is known as saponification.  Through history, many other materials have been added to the soap making process for nutrients, scents, colors, exfoliants, and moisturizers.  Soaps work by acting as emulsifying agents, which means that they can encapsulate dirt or oil and allow them be suspended in water even though they would not normally mix together.

Equipment / Materials:
	_I_

Ethanol (95%)

Aloe Vera

Essential Oil

25 mL Graduated Cylinder
Test Tube
Small Bottle
Test Tube Brush
	_II_

2 Sterile Nutrient Agar Plates

Permanent Marker

Sterile Cotton Swabs

Forceps

Alcohol Burner

Matches

50 mL Beaker

Ethanol

Sterile Paper Disks

Metric Ruler

Biohazard Bag

Broth Cultures

· - Staphylococcus epidermidis

· - Escherichia coli

Mouthwash

Hand Sanitizer

Antibacterial Soap
Incubator

Autoclave
	_III_

NaOH Pellets

Distilled Water

100 mL Graduated Cylinder

Glass Stirring Rod

Crisco

Coconut Oil

Olive Oil

Beeswax

Essential Oils

Plastic Pipet

250 mL Beaker

600 mL Beaker

Thermometer

Hot Plate / Stirrer
Magnetic Stir Bar

Weigh Boats

Plastic Fork

Plastic Dinosaur Skull 

Heating Pad




I: Hand Sanitizer


Guiding Questions:

Please answer the following questions before beginning the lab.

1. Have you ever used a hand sanitizer?  If so, why?
2. Is hand sanitizer an antibiotic, an antiseptic, or an antibacterial agent?
Safety:
· Always wear goggles and aprons in the lab.

· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

Procedure:

1. Measure out 15 mL of ethanol into a graduated cylinder.  Pour the ethanol into the large test tube.

2. Add enough Aloe Vera to the test tube with the ethanol to have a total volume of 25 mL, which is marked on the test tube.
3. You may add 1 mL of essential oil of your choice if you want your hand sanitizer to have a scent.

4. Use a rubber stopper to seal the test tube.  Shake vigorously until it appears that all the chemicals have mixed together and the resulting mixture is uniform throughout.  You may need to vent the mixture once or twice during shaking.
5. Pour contents of test tube into a small bottle and secure the cap.
Disposal and Clean-Up

1. Wash out your graduated cylinder and test tube using a test tube brush.  Any remaining material in the graduated cylinder or test tube may go down the drain with excess water.

II: Bacterial Inhibition

Guiding Questions:

Please answer the following questions before beginning the lab.

1. Why are we testing more than one antiseptic against more than one type of bacteria?
2. Why is it important to use a control in an experiment?
Safety:
· Always wear goggles and aprons in the lab.
· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Watch out for hot equipment.

· Keep ethanol away from alcohol burner.  Ethanol is flammable!
· Use caution when handling bacteria.  Wash your hands before and after doing the lab.

· Disinfect the lab tables before and after the lab.

· Dispose of all cotton swabs and nutrient agar plates with bacteria in the biohazard bag.

Procedure and Data:

Part A:  Preparation of Work Space

1. Before you begin, wash your hands using the antibacterial soap.  This will help prevent transfer of the bacteria on your hands to your work space.
2. Pour a small amount of disinfectant on the table, and use paper towels to spread the disinfectant over the surface of the table.  Allow the surface to air dry.


Part B:  Inoculation of the Plates
1. Obtain two sterile nutrient agar plates.  DO NOT open them!  Identify the top (lid) and the bottom of each plate.  
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2. Flip the plates over onto their lids.  Using a permanent marker, divide the bottom into four quadrants.  Number the quadrants 1 through 4 as shown below.  With the marker, label along the outside edge of the bottom plate with the 1) type of bacteria, 2) your team name, 3) your name, and 4) date.
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3. Use aseptic technique to inoculate your plates with bacteria.

a. Light your alcohol burner.

b. Open the sterile cotton swabs along the handle end.
c. Carefully remove the cap from the broth culture of Staphylococcus epidermidis.  DO NOT lay the cap on the table top.
d. Holding the broth culture tube at an angle, lightly flame the mouth of the tube over the alcohol burner by rolling the mouth of the tube through the flame.  
e. Slowly dip the cotton swab into the broth culture and remove. 
f. Re-flame the mouth of the tube using the alcohol burner and screw on the cap.  Watch that you do not drip any of the bacteria from the cotton swab onto the table or anything else.
g. Carefully pick up the bottom of the dish from the plate that you marked for Staph epi, and swab the entire surface of the nutrient agar 3 times as shown below:

      






  =

   First 

       Second
                 Third

         Final

h. Place the lid back on the agar plate and dispose of the cotton swab in the biohazard bag.
i. Repeat steps a – g with your other agar plate using E. coli.

j. Allow the plates to dry for about 3 minutes before proceeding.

Part C:  Antiseptic and Antibacterial Agents
1. Choose two types of mouthwash from the various ones present, and have your hand sanitizer that you made previously ready to use.  Also obtain a small beaker of ethanol for sterilizing your forceps.   
2. For this section of the lab, you will want to flip your plates over so they are resting on their bottoms.
3. Sterilize the forceps by dipping them in the ethanol and then flaming them using the alcohol burner.  (Flaming means that you simply pass the forceps through the flame to burn off the alcohol.  Do not hold the forceps in the flame.)  Caution:  the tips of the forceps will light on fire for about 2 seconds.  Warning:  The flame from the burning forceps must be completely out before you dip them back into the beaker of ethanol, or the beaker will ignite.
4. In quadrant 1 of your plate marked Staph epi, place a plain, sterile, paper disk which will serve as a control for our experiment.  Lay it in the center of the quadrant and gently tap it down so it makes good contact with the surface.
5. Replace the lid until you are ready for the next disk.
6. Re-dip the forceps in ethanol and then flame them.

7. Choose another sterile, paper disk and dip it into your first type of mouthwash.  

8. Place the disk in quadrant 2.  Again lay it in the center of the quadrant and gently tap it down so it makes good contact with the surface.
9. Re-dip the forceps in ethanol and then flame them.

10. Repeat steps 6 – 9 using another type of mouthwash for quadrant 3, and your hand sanitizer for quadrant 4.  Record the identity of each disk in Table 1.
11. Replace the lid on your dish, and invert the plate to make sure that none of your disks fall off.
12. Repeat steps 3 – 11 for your E. coli plate.  

13. Your two plates should now look like this:
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14. Double check that your plates are labeled correctly.  Your plates now need to be placed in the incubator at 37°C for 24-48 hours.

Part D:  Measurement and Interpretation of Results
1. After 48 hours, obtain your samples from the incubator.  Make sure you have the correct plates.
2. When you set your plates down on the table, they need to be kept inverted (lid down and bottom up).  

3. Closely examine your Staph epi plate for zones of inhibition around the paper disks.  Bacteria should be covering the rest of the plate in what is known as a “lawn growth.”
4. Using a ruler as shown below, measure the diameter of each zone of inhibition in millimeters and record it in Table 1.  No zone can equal 0 mm.
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5. Repeat steps 3 and 4 for your plate marked E. coli, but record your measurements in Table 2.  
Disposal and Clean-Up
1. Any remaining ethanol will go down the drain and flush with excess water.

2. Dispose of all cotton swabs and nutrient agar plates with bacteria in the biohazard bag.  These will be autoclaved in the lab to kill all bacteria.
3. Disinfect the lab table surfaces.
4. Wash your hands.
Table 1.  Staphylococcus epidermidis
	Quadrant
	Substance on Disk
	Zone of Inhibition (mm)

	1
	Control
	

	2
	
	

	3
	
	

	4
	
	


Table 2.  Escherichia coli

	Quadrant
	Substance on Disk
	Zone of Inhibition (mm)

	1
	Control
	

	2
	
	

	3
	
	

	4
	
	


Questions:
1. Which substance caused the greatest inhibition of bacteria growth? 

2. Why are some substances more effective against either Staph epi or E. coli? 

3. Why must scientists continuously search for new substances to fight against bacteria?
References:


Inhibition of Bacteria: Antibiotics and Antiseptics. Science In Motion.  Juniata 



College, 2008.
III:  Saponification of Fatty Acids

Guiding Questions:

Please answer the following questions before beginning the lab.

1. What makes soap soap?
2. What components make up soap?
Safety:
· Always wear goggles and aprons in the lab.

· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Do not allow NaOH solution to come into contact with skin.  If it does, rinse immediately and inform your instructor.
· Watch out for hot equipment.

Procedure:
1. Using a graduated cylinder, measure 67.5 mL of distilled water.  Pour the water into a 250 mL beaker.
2. Mass 25.88 g of NaOH pellets into a weigh boat.  Warning:  NaOH is extremely harmful to skin and clothing.  Rinse immediately if it comes into contact with you.
3.  Carefully add the NaOH pellets into the beaker of distilled water and stir with your glass stirring rod.  Caution:  As NaOH dissolves, it is extremely exothermic and can reach temperatures of 90-100°C.  Set the solution aside to cool.
4. Place a 600 mL beaker on the balance (remember to zero/tare it).  

a. Pour olive oil into the beaker until you have a mass of 63.4 g.  Remove the beaker from the balance.

b. Using a weigh boat, mass 63.4 g of Crisco and add it to the beaker with the oil.
c. Mass 54.4 g of coconut oil and add to your beaker.

d. Finally mass 3.8 g of beeswax and add to beaker.

5. Place the beaker with the different oils on the hot plate, and begin heating.  Continue heating until all of the oils have fully melted together.  You may stir gently with the plastic fork.

6.  Once all of the oils have melted, remove the beaker from the hot plate and turn the hot plate off.  Place the thermometer into the oil and monitor the temperature.  
7. When the NaOH solution and the oil are both about 40°C, remove the thermometer and slowly add the NaOH solution to the 600 mL beaker of oil.  Stir gently with the plastic fork.  The mixture should become cloudy in appearance.

8. Add the magnetic stir bar to the beaker and place the beaker on the hot plate/stirrer.  Turn the stirrer on and slowly increase the speed until a vortex forms in the mixture.  DO NOT turn on the hot plate portion.  
9. Continue stirring until the soap mixture has reached trace (Trace is when you drizzle a little of the mixture with the plastic fork across the surface and it leaves a faint pattern without sinking immediately back into the mixture).  This may take 15-20 minutes.  Be patient.
10. Remove the mixture from the stirrer.  Now you may add any colorants, moisturizers, exfoliants, or fragrances that you would like.  Be careful not to add too much or else your soap will not harden properly.  If you are using essential oils, add about 4 mL.  Stir your soap mixture gently with the plastic fork to fold in your materials.
11. You and your partner need to obtain two weigh boats and choose two plastic dinosaur skulls.  Write your name on the bottom of your weigh boat.

12. Each of you will place your dinosaur skull in your own weigh boat and pour the soap mixture over them until the weigh boats are filled.  Be careful not to pour the magnetic stir bar into the mold.
13. Place your mold filled with soap mixture carefully on one of the heating pads located at the side lab table.  This heat will help the saponification reaction reach completion.  

14. After 24 hours, you can remove your soap from the mold.  Wrap the soap in a paper towel and allow it to finish curing for three weeks.  The soap will become harder and milder.
Disposal & Clean-Up
1. Any remaining soap mixture in the 600 mL beaker should be poured into the trash can.

2. Wash out the beakers thoroughly with soap and water.  Also wash off the thermometer.
3. Plastic forks and weigh boats should be placed in the trash can.

Questions:

1.  What is saponification?
2. Why does the soap need to set for three weeks? 

3. Is antibacterial soap or regular soap better?
References:


Cavitch, Susan Miller.  The Soapmaker’s Companion: A Comprehensive Guide with 
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