
LESSON PLAN:  Microbial succession 
 

BATTLE-JAR GALACTICA 
 
BACKGROUND:  Succession occurs when living organisms change the environment they live in enough to 
make it unsuitable for them to live in any longer.  Then, new types of organisms begin to thrive and grow while 
the original species declines and eventually dies out.  This process is repeated as the newcomers grow, use the 
available nutrients, reach their peak, and are replaced by yet another community.  This is the process which 
occurs as a pond fills in with silt trapped by the aquatic plants which live there.  Eventually enough sediment is 
trapped to create drier conditions which favor other kinds of plants which will replace the original aquatic 
species. 
 Although succession of microbial organisms is not as visible and dramatic as a meadow changing into a 
forest, it nonetheless occurs at a rate billions of times faster!  Because bacteria double themselves every 15-20 
minutes, a single bacterium placed on an agar plate at the beginning of the school day will divide to produce 
more than 8 billion cells by the time you leave for home that afternoon!  In this activity you will investigate the 
stages of bacterial succession which occur during the natural fermentation process of cabbage to make 
sauerkraut. 
 Before this century, refrigeration as a means of retarding spoilage was unknown.  Drying and salting 
were practiced thousands of years before bacteria were even discovered and worked by making it nearly 
impossible for microorganisms to grow.  In the case of sauerkraut, bacterial growth is encouraged by allowing 
conditions which select for certain bacteria and exclude others.  This is known as enrichment, and is 
accomplished by: (1) adding salt to produce a brine, and (2) creating an anaerobic environment.  This method 
extracts water from the leaf tissues by osmosis and suppresses the growth of unwanted bacteria (much like 
salting or drying does), but favors the growth of salt-tolerant lactic acid bacteria (similar to those which grow in 
your yogurt)! 
 In this investigation you will study the types of bacteria which grow during the formation of your 
sauerkraut, identify some characteristics of each, as well as research the type of respiratory pathway used by the 
organisms to break down the cabbage to get their energy.  
 
OBJECTIVES: 
-- To explain the concept of enrichment culturing for selective growth of lactic acid bacteria. 
-- To observe the succession of bacteria during a mixed-culture fermentation and to identify different genera.   
-- To observe how some microbes alter their environment to compete with other microbes for available 
nutrients. 
-- To become aware of acid fermentation as a means of food preservation. 
-- To explain the respiratory pathway(s) used by the microbes to utilize the available nutrients. 
 
MATERIALS:   
First Lab period: 
cabbage  gloves 
shredder/grater 1 pt. Mason jar 
plastic spoons  pre-cut circles of “plastic canvas” 
noniodized salt parafim 
balance   jar lids & rings 
 
Subsequent Lab periods: 
pH meter 
Gram-stain kit 
Tryptic soy agar plates (4 per group) 
Eosin Methylene Blue agar plates (4 per group) 
 
 



INITIAL PROCEDURE (First Lab Period):   
 

1. Weigh shredded, washed cabbage; then add 2.3 percent (by weight) noniodized NaCl. 
2. Thoroughly mix the salt with the cabbage.  This is very important! A gallon size ziplock is handy. 
3. Pack the salted cabbage in the beaker by successively adding and tamping (with gloved hands or tamper) 

one-inch layers of the shredded, salted cabbage mixture.  This tamping process begins the juice 
extraction process and forces out air pockets trapped in the shredded cabbage. 

4. Continue packing until the beaker is about 3/4 - 4/5  full.  The brine should completely cover the 
cabbage.  If enough brine is not produced during tamping, add just enough water to cover the top of the 
packed cabbage. 

5. Insert the precut plastic canvas circle into the jar and position it so as to hold the tamped cabbage in 
place. If the canvas circle is correctly sized, it should keep the shredded cabbage compressed and 
submerged in the brine.  This condition should be checked periodically to make certain that the culture 
remains anaerobic. 

6. Incubate for 24 hours at room temperature. 
 
PROCEDURE I (After 1 day):  
 
1. Collect a sample of brine and make a smear.  Save this slide for later Gram staining and comparison. 
2. Streak a sample of brine onto one EMB plate and one TSA plate.  Incubate plates for 48 hours at 30oC. 
3. After incubation, seal each plate with tape and store it in the refrigerator for comparisons with later plates. 
4. Adjust the brine level if necessary with vinegar. 
5. Continue room-temperature incubation. 
 
PROCEDURES II, III, and IV (After 3 days, 7 days, & 3-4 weeks respectively):  
 
After each time interval, repeat the four steps of the above procedure ("after one day"). 
 
RESULTS:  Your instructor will collect all the plates and Gram slides.  Arrange them in chronological order for 
your observations.  Record all your observations in the table.  Discard the upper layer (about 10 to 20 mm) and 
smell the remaining fermented cabbage.  If it has the typical sauerkraut smell, taste it and record your reaction.  
Ask your instructor if you are not sure of the smell. 
 
VOCABULARY:    
anaerobic  brine   respiration bacteria  fermentation  agar plate microbiology 
aerobic  enrichment  facultative  lactic acid  metabolism succession ecology 
    
ADDITIONAL RESOURCES: 
Atlas, R. M., (L.C. Parks, Ed.).  Handbook of Microbiological Media  (Boca Raton, FL: CRC Press, 1993) 
Brock, T.D., & M. T. Madigan.  Biology of Microorganisms  (Englewood Cliffs, NJ: Prentice Hall, 1988) 
Burns, R., & H. J. Slater.  Experimental Microbial Ecology  (Boston: Blackwell Scientific, 1982) 
Claus, William G. Understanding Microbes:  A Laboratory Textbook for Microbiology  (New York: W. H. 
Freeman & Co., 1989) 
Gerhardt, P., et al.(Eds).  Methods for General and Molecular Bacteriology  (Wash, D.C.: American Society for 
Microbiology,1994) 
Staley, J.T. et al.(Eds).  Bergey's Manual of Systematic Bacteriology   vol. 3, first edition (Baltimore, MD: 
Williams & Wilkins, 1989) 
 
 
 



Battle-Jar Galactica      Name:____________________ 
Postlab Analysis 
Lab Group___________     Date:_____________Per:______ 
  
For each time period, record the pH of the brine, the approximate number of cell types (Gram + rod, Gram - 
sphere, etc), and describe the colony types present on each medium.  On the back of this sheet, draw a diagram 
and explain the respiratory pathway(s) used by the bacteria to obtain their energy. 
 
DAY ONE pH: _______________  Cell types: ___________________________________ 
 
Gram stain: _______________             ___________________________________ 
 
TSA  plate:__________________________________________________________________ 
 
EMB plate:___________________________________________________________________ 
 
 
DAY THREE pH: _______________  Cell types: ___________________________________ 
 
Gram stain: _______________            ___________________________________ 
 
TSA  plate:__________________________________________________________________ 
 
EMB plate:___________________________________________________________________ 
 
 
DAY SEVEN pH: _______________  Cell types: ___________________________________ 
 
Gram stain: _______________            ___________________________________ 
 
TSA  plate:__________________________________________________________________ 
 
EMB plate:___________________________________________________________________ 
 
3-4 WEEKS (actual number of days:____) 
 
pH: _______________  Cell types: ____________________________________ 
 
Gram stain: _______________           ____________________________________ 
 
TSA  plate:__________________________________________________________________ 
 
EMB plate:___________________________________________________________________ 
 
Identification key: 
 
 Enterobacter  and Erwinia  are both Gram negative (-) rod-shaped bacteria  Their growth is promoted 
by EMB agar, producing colonies with a greenish sheen.  EMB agar is selective and inhibits the growth of 
Gram positive bacteria.  The tryptic soy agar is a general media which promotes the growth of a wide variety of 
microbes. Leuconostoc is a Gram positive spherical bacteria.  It grows on TSA, but not on EMB. Lactobacillus 
is a Gram positive rod-shaped bacteria which also grows on TSA, but not EMB. 



The "Galactica" Teacher Guide 
 
 You can wash and shred all the cabbage ahead of time, to minimize time lost in the lab. I use the pre-
shredded bags of “cole slaw” (a mixture of carrots and cabbage). Students empty the “cole slaw” into a gallon 
size ziplock to find the mass and for mixing. Stress to students the importance of accuracy in measuring out the 
salt.  Too much will kill the desirable bacteria, not enough will allow undesirable bacteria to show up.  Review 
the "percent by weight" concept and let them work out the figures on their own. 
 Pint size Mason jars are ideal for this lab. They are easily sterilized beforehand and come with a lid/ring 
assembly for sealing. Make sure students do not screw the lids on tightly during the fermenting process. Do not 
use metal.   
 The TSA agar, or tryptic soy agar is available through any supply company.  For example, Fisher 
Scientific (believe me, I get NO kickback) lists it in its 1992 catalog as item #DF0369-17-6,  a 500g bottle for 
$30.50 and eosin methylene blue agar (EMB) is #DF0005-17-6,  $44.60 for 500g.  Recipes are also available to 
make your own, but you need to buy a lot of chemicals, and if you do not already have them in stock, you could 
end up spending even more (not to mention your time)! 
 I also recommend buying Gram control test slides.  These come prepared with both a positive and a 
negative control on them and six blank spaces per slide for student smears.  They come 50/box for $84 (that's 
$0.28 per test) and they keep a very long time (even past the expiration date on the box since we're not working 
in a clinical lab), cat# 08-801.   
 You should also have the reagents for Gram's staining; these come as a kit (Fisher #DF3328-32-1, 
$26.20) and if you use the method below, they should virtually last forever (provided no one knocks the jars 
over.  You can buy the jars you need to make this system (Fisher #02-890-13C) or use any 120ml capacity, 
solvent resistant, sealable alternatives.  Slides are held with clothespins while staining, and each setup can 
handle three slides at one time.  
 Not only does the following method help to assure technique standardization, it also minimizes the 
waste generated, since the contents of the containers won't need to be changed for years.  Special thanks to 
Kevin Polman at the Idaho National Laboratory for developing and sharing this method: 
 
PROCEDURE: 
-- Make up to six smears on the Gram stain control slides.  Air dry, and heat fix. 
-- Treat prepared slide in the following baths for the indicated durations: 
 
BATH      DURATION 
 
Water pre-wash    Gently rinse the slide under DI tap water (or equivalent) 
Crystal violet (CV) stain soln   3 min, stationary 
CV wash 1  (all washes DI water)  5 swishes (sw; 1 sw = a back and forth movement of the slide) 
CV wash 2     5 sw 
CV wash 3     5 sw 
CV wash 4     5 sw 
CV wash 5     5 sw 
Gram's iodine soln    1 min, stationary 
Water rinse under DI tap long enough to gently remove all excess iodine from both sides of the slide 
Decolorizer (DC)    20 sw  (adjust if necessary, usu. downwards) 
DC wash 1  (all washes DI water)  5 sw 
DC wash 2     5 sw 
DC wash 3     5 sw 
DC wash 4     5 sw 
DC wash 5     5 sw 
Safranin soln     3 min, stationary 
Water rinse under tap long enough to remove excess safranin 
Blot or air dry slide & view 


