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Introduction:

Everything we see, touch, smell, and taste is chemical, whether it is the neon lights at your
favorite restaurant, the napkin you place in your lap, the aroma of fresh garlic, or the food that
you eat.

During the development of a new food product, each ingredient (i.e. chemical) is selected
because of its specific function within the food. Sugar sweetens. Vanilla flavors. Flour
thickens. Potassium sorbate preserves. The specific function of an ingredient is a result of its
chemical structure, and therefore, any changes in the chemical structure alter the function of the
ingredient. For example, L-carvone and D-carvone are enantiomers, or isomers whose structures
are mirror images of one another. In this case, L-carvone exhibits a spearmint aroma; whereas,
D-carvone exhibits a caraway, or rye cracker-like, aroma. Structural changes in ingredients can
result indirectly from heating, processing, and storage or can result directly from the efforts of
food scientists to manipulate specific functional properties of an ingredient. Therefore,
knowledge of the relationship between the structure and function of ingredients is critical in food
science.

Explain to students that they will be sampling sucrose, saccharin, and sucralose. Each of these is
an organic compound that is used as a sweetener in food and beverage products. Organic
compounds are often simplified to include those compounds that contain the element carbon. For
example, aspirin, CoHgOys, is an organic compound. Organic compounds do contain carbon, and
most organic compounds also contain hydrogen. Those compounds that consist solely of carbon
and hydrogen are called hydrocarbons. Butane, CsHio, is an example of a hydrocarbon. Other
organic compounds may contain oxygen, nitrogen, sulfur, phosphorus, or one of the halogens.
These groups of atoms containing elements other than carbon and hydrogen constitute functional
groups. Each functional group is important because it provides the compound with unique
chemical properties. Furthermore, organic compounds are commonly classified by the functional
groups they contain.

As with any ingredient function, it is the chemical structure of sweeteners that allows them to
function as such. Food scientists have determined that a specific arrangement of organic
functional groups allows a compound to interact with taste bud receptors to register a sweet
sensation. A compound must contain an —OH or -NH group, a basic N or C atom, and a
hydrophobic group such as —CHj in a triangle with specific angles and distances in order to act
as a sweetener. Among the more than 50 sweeteners known to food scientists, the natural sugars,
such as sucrose and fructose, are the best known.

Sucrose (Figure 1), or common table sugar, is a carbohydrate and is a major source of calories
and energy in the human diet. Sucrose is actually a disaccharide that is composed of the two
monosaccharides glucose and fructose. Table sugar is refined from sugarcane and sugar beets
and is considered the standard when measuring the sweetness of compounds.
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Figure 1: Sucrose

Because of the interest in low-calorie and low-sugar foods that has developed over the last few
decades, interest has grown in using low-calorie or no-calorie sweeteners. These sweeteners,
such as sucralose, saccharin, cyclamate, and aspartame, are either not metabolized or are so
intensely sweet that very small quantities can be used.

Sucralose (Figure 2) is the newest artificial sweetener to enter the market and is known by the
trade name Splenda®. Sucralose is made through a process that converts sucrose to a non-
caloric, non-carbohydrate sweetener by replacing three —OH groups on the sucrose molecule
with three CI atoms. The result is a stable compound, 600-times sweeter than sucrose, that is not
metabolized by the body and is stable at high temperatures. Aside from its use in manufactured
products and as a tabletop sweetener, Splenda® is sold as a sucrose-sucralose blend for baking,
as sucrose can have important functions in the texture and appearance of baked foods.
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Saccharin (Figure 3), the world’s oldest low-calorie sweetener, was discovered accidentally in
1879 when a researcher at Johns Hopkins University spilled the compound on his hand and later
noticed his hand to have a sweet taste. Saccharin is a heterocyclic compound that is derived
from toluene or methyl anthranilate and is 300-times sweeter than sucrose. It is not metabolized
by the body, and although there has been much controversy concerning its health effects,
saccharin has been shown to be a safe alternative to sugar. Today, saccharin is sold as a tabletop
sweetener under the trade name Sweet’N Low® and is used in such products as baked goods,
gum, candy, and salad dressings.
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