What Does Salt Do? 
Osmosis and Density Changes in Kimchee (sauerkraut)
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BACKGROUND:
OSMOSIS: When you sprinkle salt on cabbage leaves and then exert pressure on them, you'll [image: image1.jpg]


notice that the leaves become limp and the bottle begins to fill with liquid. Just what is going on here? 

Liquid inside the cells of the cabbage leaves is flowing out of the cells in response to the salt, a phenomenon called osmosis. 

Osmosis is the movement of fluid through a membrane in order to create an equal concentration of dissolved solids (salt, in this case) in the fluid on either side of the membrane. When you salt a cabbage leaf, you create a difference in salt concentration — higher outside the cabbage leaf and lower inside the cells. In order to equalize the salt concentration, water from inside the cabbage leaf cells will exit through the cell membranes. The water will continue to flow out of the cells until there is an equal concentration of salt in the fluids on either side of the cell wall, or until the cell is completely dehydrated. 
The term "FERMENTATION" refers to the activity of bacteria and fungi, such as yeast (which is a single-celled fungus). These microbes break complex compounds, like sugars, into simpler substances, such as carbon dioxide and alcohol. Because these simpler substances are toxic to food-spoiling microbes, they act as natural preservatives for food.  Before refrigeration, fermentation was a primary method of food preservation. Builders working on China's 1,500-mile-long Great Wall in the early part of this millennium ate cabbage fermented in wine. 

Genghis Khan's forces carried pickled food with them on their invasions of Eastern Europe in the 12th century. In the early 18th century, the British Navy carried pickled cabbage to provide sailors with vitamin C in order to prevent scurvy.  KIMCHEE is a traditional fermented cabbage dish from Korea. Koreans eat kimchee year round for the spicy taste and because it contains lots of vitamins C and B.  You may be more familiar with the traditional German pickled cabbage dish, SAUERKRAUT, a less spicy version of kimchee. 

In a bottle fermentation chamber you can pickle your own cabbage. You'll learn a lot about fermentation, and enjoy great-tasting results.

MATERIALS:

· Head of Cabbage
· Clean, 2-liter bottle
· Knife
· Distilled water
· Salt
· Electronic balance
PROCEDURE:
Make sure your hands and work area are clean before starting!

FIRST, use a sharp knife to cut off the top of your 2-liter bottle.  (See picture below to see how to cut the bottle.)

NEXT, chop the head of cabbage and place it into the bottom of your plastic bottle.
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NOW PREPARE YOUR 2% SALT SOLUTION: People who pickle often use a 2% salt concentration. How much salt must you add to your 2-liter bottle of cabbage to produce a 2% salt concentration?
It just so happens that a 2-liter soda bottle packed full of cabbage leaves weighs approximately 1 kilogram. Chinese cabbage is about 95% water, so you need only to figure out how much salt you need to add to 1 kilogram (1,000 grams) of water in order to create a 2% solution. Two percent of 1,000 (.02 x 1,000) is 20 — you need 20 grams of salt. 

NOW WE WAIT:  Store for several days in the refrigerator.  You should see Density changes: During the first few hours after you fill your kimchee bottle, you will observe that the height of cabbage leaves falls by half. The weight of the bottle remains the same, but the density changes. How can you quantify the density changes in your 2-liter bottle? 
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A 2-liter bottle newly packed full of leaves weighs about a kilogram. Since density is grams per volume (d=g/v), your kimchee or sauerkraut has an initial density of 1 kilogram of cabbage per 2-liter soda bottle, or 1/2. 

DUE TO OSMOSIS, however, the cabbage level drops to about half the bottle. In other words, the volume drops to 1 liter. Now the density equals 1 kilogram per 1 liter, or 1. The mass of the bottle hasn't changed, but the density has doubled. 
Table 1

	Original appearance of cabbage
	Final appearance of cabbage
	Original pH
	Final pH
	Original volume
(mark on container distance from top in centimeters)
	Final volume (mark on container distance from top in centimeters)
	Change in pH
	Change in volume

	
	
	
	
	
	
	
	


QUESTIONS:
1. What was the effect of osmosis on the cabbage cells?  Explain why.
2. What was the tonicity of the salt water in which the cabbage was placed?

3. What process caused the cabbage to become “sour” in the kimchee?

4. Was this process anaerobic or anaerobic?
Other Great Bottle Ideas can be found at: http://www.bottlebiology.org/index.html
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