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Abstract

Many of the effects of water of the perception and quality of food are easily understood by school students.  A series of activities will be presented.  In the first students will think about and survey a range of foods with a variety of different moisture contents.  In the second they will quantify the moisture contents and compare them with there predictions.  In the third they will attempt to determine the moisture content at which the texture of a crisp food becomes unacceptable.  In the last the will see how additives to food can prevent mould growth by altering the humidity within the food or its packaging. 
Audience:  

This workshop is intended for Food Technology teachers though it overlaps aspects of physical chemistry also.  It will be presented at a level accessible to high school students.

Aim:

1.  To provide teachers with a greater understanding of the nature of water in foods and how it influences product quality and consumer perceptions.

2.  To demonstrate one aspect of Food Technology, which is important to industry, that uses science.

3.  To introduce or reinforce a simple food test, i.e., moisture content

4.  To encourage much better experiments in mouldy bread at science fairs.

Introduction:

Not many consumers like mouldy bread, cake, jam, cheese or crumpets but most consumers like these products to seem moist.

Not many consumers like soggy crackers, crisp bread or cornflakes.

The foods we eat contain different amounts of moisture depending on what we expect of the food.  The amount of moisture required influences the manner in which the foods are packaged and stored.  Very moist products cannot be stored for long, or must be frozen while dry food needs to be sealed in bags.
In this workshop we will try to quantify the amount of moisture in different products and determine how it relates to consumer perceptions and keeping quality.

Activity 1.  A survey of moisture contents of different foods.

By inspecting the fridge, pantry or supermarket shelves, make a list of about 20 ready-to-eat foods with moisture contents that range from very dry to very moisture.  It might be easiest to limit this to solid foods.  For each food write down what a consumer normally expects with regard to properties influences by water, and estimate the moisture content of each.  

(At this stage the moisture contents are not important but encourage thinking about moisture)
Example

	Product
	Consumer perception
	Estimated water content

	Crisp bread
	Very crisp
	5%

	Rice wheels
	Crisp
	6%

	Cornflakes
	Crisp
	5%

	Mealmates
	Crisp
	8%

	Freeze dried berries (as in Hubbards Berry Berry Nice)
	Very crisp and dry
	2%

	Wine biscuits
	Soft but not soggy
	15%

	Muesli bars
	Soft and chewy
	20%

	Dried pears
	Soft but not sticky
	15%

	Jam
	Thick and moist
	80%

	Cake
	Moist but not soggy or crumbly
	40%

	White bread
	Soft and not dry
	50%

	Vogel style bread
	Soft and slightly moist
	50%

	Parmesan
	Hard and dry
	20%

	Cheddar cheese
	Soft and not dry
	35%

	Ham
	Soft but not wet
	20%

	Defrosted frozen peas
	Moist and soft
	60%

	Cream cheese
	Creamy
	70%

	Ice cream
	Frozen but not icy
	75%

	Iceblock
	Frozen and icy
	90%


Activity 2.  Measuring moisture content

One of the standard industrial tests on food is the moisture content expressed as a percentage of the total mass.  
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Moisture content can be found by oven drying at just over 100 °C.

Follow these steps

1.  Select a suitable small dish for the sample.  A small piece of aluminium foil may be suitable.  Ensure that it is dry.

2.  Weigh the dish as accurately as possible.

3.  Add the food sample to the dish and weigh it again.  Depending on the resolution of the weighing scales available a small sample is often better.  You should use a sample at least 100 times the resolution of the scales.

4.  Calculate the mass of the sample.

5.  Put the dish and sample into the oven at just over 100 °C and leave it in for about 5 hours.   (Some samples, e.g., bread, biscuits and crackers will take much less time.)

6.  Take out the sample and weigh it.  (It’s best to let it cool down in a dry sealed container but this might not be possible).  (Weighing hot samples is not always very accurate as electronic scales can be affected by the temperature)

7.  Calculate the mass of water that has been dried off the sample by subtracting the final mass from the initial mass.

8.  Calculate the moisture content by dividing mass of water dried off by the total sample mass.

9.  Soak and clean the dish

Compare the moisture contents obtained with the estimates.  Were there any surprises?

Activity 3.  Crispness and moisture content
In this activity we will see if we can relate the perception of crispness to moisture content.  

Choose a product, like a rice cracker, crisp bread, potato crisp that consumers expect to be crisp.  

Materials:  


The food product selected


Small resealable bags 

All containers and surfaces must be clean and the experiment should be carried out in a hygienic environment.  Use clean hands or gloves.

1.  Place some water in a small container (e.g., a glass) inside a larger container (e.g. a casserole dish).  

2.  Mark positions in the dish so that samples can be identified.  

3.  Open up the product packaging but then keep it in a sealed bag.

4.  Take one sample, weigh it and place it in the large container and note the time and mass.

5.  After a fixed period repeat 4. with another sample. Continue this until you have enough samples each of which will be exposed to a humid environment for a different length of time.

6.  Remove each sample and place them in individual bags to avoid any more moisture gain or loss.  

7.  Measure the mass of each.  You will need to remove each sample from its bag but replace it as soon as possible.
8.  Break off about half of each sample, noting the manner in which in breaks and bite it.  Describe your perception of the bite in terms of crispness on a scale of 0-10 say.

9.  Measure the moisture content of the other half of each sample.
10. Graph the perceived crispness vs moisture content.

Hint:  For a new food, you can place a number of samples in the dish and test them until the texture is as soft as you want it.  Then divide the time taken into short periods for use in step 5.
Mouldy Bread

Why do bread and other things go mouldy?

Think about where moulds grow.  Where in nature do they grow?  Where does mould grow in a house?  Where does it not?

It is normally found that mould growth depends on relative humidity.  It has been found that if the relative humidity around a food is less than 81% mould will not grow.
Let’s first define relative humidity.  Relative humidity is the ratio of the amount of water vapour contained in air to the maximum possible amount that air can hold at the given temperature.  When the relative humidity is 100% air cannot hold any more water.  At higher temperatures air can hold more water vapour than at lower temperatures.  If we have 100% relative humidity and the temperature drops only a small amount some water will condense as fog or rain.  

In NZ because we are an island nation, the relative humidity is normally at least about 50%.  

If we put some water in a sealed bag the relative humidity will increase to 100% within an hour or so.  
There are numerous ways to control the relative humidity around a product within its packaging.  Two common methods are: dying and the addition of a substance that has a strong attraction to water so water is absorbed and the relative humidity is lowered.

Dry products do not go mouldy but consumers want some products to be moist, e.g. bread, cake, and jam.

However if we put some dry silica gel into a bag, it will remove moisture and the humidity will become very low.  This is because silica gel absorbs moisture very strongly and so removes it from the air.
Other substances will give different relative humidities within a sealed bag.  Dry sodium chloride (salt) will also absorb moisture and even a saturated solution of sodium chloride (21% by mass) tries to absorb moisture from air so the relative humidity above it is about 75%.  A very concentrated solution of sugar (sucrose) and water will have a low relative humidity.  Glycerine (glycerol) can reduce the relative humidity while still giving a moisture mouth feel.
Consider the moist foods listed in Activity 1.  Do they have ingredients that prevent mould growth?

Activity 4
1.  Purchase a loaf of white bread and some resealable bags that are a little bigger than a slice.
2.  Number the bags and put in different substances into each bag.  For each measure and record the quantities as accurately as possible.


a)
Control, i.e., normal bread


b)
Bread sprinkled with about 10 g of dry salt (sodium chloride)

c)
Bread sprinkled with about 10 g of sugar

d)
Add about 20 g of salt to about 20 g of water.  Place in a small dish and on top plate something (eg kebab sticks) to support the bread.  Put everything into a resealable bag.

e)
Same as d) but with a concentrated sugar solution, e.g., 50 g sugar and 10 g of water, heat to dissolve and cool.

f)
Bread with vegetable oil 
g)
Bread with dried fruit on it.
h)
Bread with glycerine on it.

i)
Anything else you can think of

3.
Leave the samples in a place where they all get exposed to the same light and temperature.

4.
Each day inspect the samples and record the number of size of any mould growth.  Record the appearance of the mould (e.g. blue, black, white, hairy, etc).

5.
After about 2 weeks see which treatments were successful.
6.
Note the physical state of any samples that were not mouldy.  
Variation.  With the additives does the environment in which the bags are stored make any difference to the results?
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