FSTC 313

FOOD CHEMISTRY LABORATORY

Lab #1: Water Activity

1. Introduction
The water content of a food has long been related to its perishability. Concentration and dehydration processes are generally conducted to reduce the water content of a food, and therefore, increase their stability. However, various types of food with the same water content may significantly differ in perishability. Thus, water content alone is not a reliable indicator of food stability, a situation that can be partially attributed to differences in the intensity with which water associates with non-aqueous components (water engaged in strong associations is less able to support the growth of microorganisms and hydrolytic chemical reactions), defined as water activity (Aw). Therefore, food texture, appearance, aroma, taste, freeze-thaw stability, and its microbiological, chemical, and sensory characteristics can be predicted more reliably based on water activity than from water content.
Water activity is a critical factor that determines shelf life. While temperature, pH and several other factors can influence how fast organisms will grow in a product, water activity may also play an important role in controlling spoilage. Most bacteria, for example, do not grow at water activities below 0.91, and most molds cease to grow at water activities below 0.80. By measuring water activity, it is possible to predict which microorganisms will and will not be potential sources of spoilage. Water activity--not water content--determines the lower limit of available water for microbial growth. In addition to influencing microbial spoilage, water activity can play a significant role in determining the activity of enzymes and vitamins in foods and can have a major impact on their color, taste, and aroma. Many preservation processes attempt to eliminate spoilage by lowering the availability of water to microorganisms. Reducing the amount of free--or unbound--water also minimizes other undesirable chemical changes that occur during storage. The processes used to reduce the amount of free water in consumer products include techniques like concentration, dehydration and freeze drying. Freezing is another common approach used to control spoilage. Water in frozen foods is in the form of ice crystals and therefore unavailable to microorganisms for reactions with food components.

Water activity is defined as p/po, where p is the partial pressure of water over the food samples and po is the vapor pressure of pure water at the same temperature. Water activity can also be defined as the Equilibrium Relative Humidity (ERH) divided by 100, as follows:
Aw = p/po = ERH/100

The water activity of a food can be adjusted to a specific value by equilibrating food samples in chambers over saturated solutions of known ERH and measured by instruments such as a water activity meter.
For water activity measurement, there is currently no device that can be put into a product to directly measure the water activity. However, the water activity of a product can be determined from the relative humidity of the air surrounding the sample when the air and the sample are at equilibrium. Therefore, the sample must be in an enclosed space where this equilibrium can take place. Once this occurs, the water activity of the sample and the relative humidity of the air are equal. The measurement taken at equilibrium is called an equilibrium relative humidity or ERH. 
Two different types of water activity instruments are commercially available. One uses the chilled-mirror dewpoint technology while the other measures relative humidity with sensors that change electrical resistance or capacitance. The major advantages of the chilled-mirror dew point method are accuracy, speed, ease of use and precision. Their range is from 0.030 to 1.000 Aw, with a resolution of ±0.001 Aw and accuracy of ±0.003 Aw. Measurement time is typically less than five minutes. Capacitance sensors have the advantage of being inexpensive, but are not typically as accurate or as fast as the chilled-mirror dewpoint method. Capacitive instruments measure over the entire water activity range—0 to 1.00 Aw, with a resolution of ±0.005aw and accuracy of ±0.015 Aaw. Some commercial instruments can measure in five minutes while other electronic capacitive sensors usually require 30 to 90 minutes to reach equilibrium relative humidity conditions.
2. Objective
The objective of this exercise is to illustrate the concept of water activity and the influence of food composition, particularly moisture/solids content, on water activity.
3. Materials 

· Food products i.e. soda crackers, potato chips, honey, cereal, cheese, fruit puree, tea, candies, etc.
· Salt and Sugar
· Nutritional label for moisture determination by proximate analysis (if available).
· Water activity meter (hygrometer).
4. Procedure (Results)
· If available, calculate the approximate moisture content of each food based on the nutritional label. Add total carbohydrate, protein, and fat to obtain an approximate value for total solids, and estimate water content as follows: 

Serving size (grams) – Total solids in serving (grams) * 100 = % moisture
Serving size (grams)
· If a nutritional label is not available, search the USDA Nutrient Handbook (website) for the moisture content of the food that most resembles what was evaluated. 

· Predict (i.e. guess) the water activity of each food product based on their moisture content and composition (eg. presence of sugars, salts) and write down your predictions for each product prior to measuring on the board. Someone please make a simple chart of “predicted vs actual” Aw. 
· While measurements are taking place, as a class groups will be assigned either salt or sugar to make aqueous solutions ranging from 1-25%. Record Aw values on the board. Which causes the greatest decrease in Aw?

· Were your predictions correct? Which factors appear to determine water activity in a particular food?
· Describe the relationship between water activity and moisture content by plotting them. Is the relationship linear? Why/Why not?
Hints for your Group Application Note:
· Select an industry to write for. For example, the breakfast cereal or granola industries may produce products that contain a mixture of various cereals, dried fruits, sugars, salts, and vary in moisture content that impacts texture.  You are welcome and encouraged to choose your own industry where Aw is applicable. Read the instructions in the syllabus carefully. This is your first writing assignment, so follow the directions carefully. Ask questions now, not later. 
· Discuss water activity in practice. 

· Discuss how Aw is applied to these foods

· Discuss how shelf life and product quality may change over time

· Discuss how the product might behave once the product is opened

· Discuss environmental differences/changes that may impact Aw

· Discuss general “applications” of the technology or its application to foods such as these. 

