Leavening Agents

A leavening agent is a substance (yeast) or a material (baking powder) used to produce fermentation or gas that separates and pushes apart proteins in dough and batters before they can coagulate and/or form permanent networks.  The leavening agent, whether fermented yeast in sour dough or water turned to steam in cream puffs, makes the mass or aggregate of the final product light and tender.  Air, steam, and carbon dioxide are the main leavening agents in quick breads, cake, and other pour or drop batters.

NOTE:  Yeast breads are not generally considered to be pour or drop batters or quick since fermentation is a slower process than the reactions from mixing acids and bases or the changing, at high temperatures, of liquid to steam.  Yeast breads are categorized as dough.

CHEMICAL LEAVENING AGENTS

Baking soda and baking powder are chemical leavening agents.  They work by producing carbon dioxide during a chemical reaction.  Steam is a natural leavening agent.  It is produced when the liquid in a baked product is heated above 212 F.  Steam is produced by a change in the physical state of water.  Baking soda and baking powder produce chemical instead of physical changes.

Baking powder is a mixture of baking soda and an acid with a dry dilute, usually cornstarch, added to separate the mixture.  There are two types of baking powder-single-acting and double- acting.  Single-acting baking powder begins to react as soon as the chemical gets wet because the acid is soluble in cold liquids.  Homemade baking powder (made from soda and cream of tartar) is single-acting.  Double-acting baking powder is the kind sold almost exclusively in the United States.  Double-acting baking powder is able to react twice because it is made with two different acids.  One is dissolvable in cold liquids, and the other must have heat to react.  The first reaction is the smallest; most of the carbon dioxide is given off when the baking powder is heated.  Carbon dioxide is the only gas given off by baking powders produced in the U.S.A.  The law requires baking powder to produce 12 grams of carbon dioxide for every 100 grams of baking powder used.  Since all of the carbon dioxide comes from the baking soda in baking powder, at least 25 percent of baking powder must be baking soda.

Baking soda is a salt with the chemical name sodium bicarbonate.  The chemical formula for soda is NaHCO3.  Sodium bicarbonate is a compound formed from a strong base, sodium hydroxide, and a weak acid, carbonic acid.  The compound is a base because the base it is made from is stronger than the acid.  A base has a pH of more than 7.0. Baking soda gives off carbon dioxide when dissolved in a liquid and heated.  The correct amount of soda and acid creates a good product.  If not enough soda is used, sourness results.  Too much creates a bitter, yellowed product.
The chemical equation for the reaction that occurs when soda is heated is: 

 2NaHCO3    ---    C02    +    Na2CO3    +     H20

Heat is important because it promotes chemical reactions.  Heat also maintains the structure of the final product by coagulating the protein strands and the starch gel formed from the flour and eggs in the food mixtures.

The carbon dioxide gas makes the quick bread rise.  Water vapor goes off as steam.  Sodium carbonate makes foods taste bad and makes the quick bread a yellowish color.  It also can give the quick bread a corn bread texture.  To stop sodium carbonate from forming, an acid needs to be added to quick bread recipes that call for soda.  Adding an acid to the quick bread recipe changes the way the sodium bicarbonate reacts when heated.  The chemical reaction will take place in two steps when an acid is added.  In the first step of the new chemical reaction, the soda reacts with the acid to form a salt and a new acid.  In the second step of the reaction, the acid breaks down to form water and carbon dioxide.

For example, if one chooses to use cream of tartar for the acid, the first step of the chemical reaction would work like this:


NaHCO3    +   KHC4H406  ----  KNaC4H406     +     H2CO3

The second step of the reaction would go like this:


H2CO3         ---             H20    +      C02

Many recipes that call for soda and an acid also call for less salt in the recipe because a salt is produced during the two-step reaction.

STEAM AS A LEAVENING AGENT

Any recipe that calls for a liquid will produce some amount of steam when the product is heated.  However, not all baked products call for sufficient liquid to produce enough steam to act as a leavening agent.  Only those quick breads that are classified as pour batters have a high enough liquid concentration that the liquid will produce a sufficient amount of steam to leaven the product.  Steam is the leavening agent in popovers and cream puffs.  Steam contributes a little leavening in cakes and pie crusts.  The baking temperature for quick breads, whose primary leavening agent is steam, needs to be quite high.  Usually the baking temperature will be around 400 F.  The high temperature is needed to change the liquid to steam quickly- before the gluten sets.  The quick bread must rise before the protein in the gluten and the eggs coagulates and the structure of the quick bread becomes set.

Popovers are pricked with a fork and baked the last few minutes to allow the steam to escape from inside the popover.  This helps keep the popover from becoming soggy. (trapped steam would condense as the popover cooled when removed from the oven, and the condensation would make the popover soggy.)

CREAM OF TARTAR
Cream of tartar is the common name for potassium hydrogen tartrate, an acid salt that has a number of uses in cooking. Now, before you get all jittery about the thought of cooking with an acid, it's worth noting that lettuce, brown sugar, steak, plums, and just about every other food we eat is acidic. In fact, egg whites, baking soda, and milk are the only non-acidic (alkaline) foods we have. 
Cream of tartar is obtained when tartaric acid is half neutralized with potassium hydroxide, transforming it into a salt. Grapes are the only significant natural source of tartaric acid, and cream of tartar is obtained from sediment produced in the process of making wine. (The journal Nature reported some years ago that traces of calcium tartrate found in a pottery jar in the ruins of a village in northern Iran are evidence that wine was being made more than 7,000 years ago.) 
Cream of tartar is best known in our kitchens for helping stabilize and give more volume to beaten egg whites. It is the acidic ingredient in some brands of baking powder. It is also used to produce a creamier texture in sugary desserts such as candy and frosting, because it inhibits the formation of crystals. It is used commercially in some soft drinks, candies, bakery products, gelatin desserts, and photography products. Cream of tartar can also be used to clean brass and copper cookware. 
If you are beating eggs whites and don't have cream of tartar, you can substitute white vinegar (in the same ratio as cream of tartar, generally 1/8 teaspoon per egg white). It is a little more problematic to find a substitute for cream of tartar in baking projects. White vinegar or lemon juice, in the ratio of 3 times the amount of cream of tartar called for, will provide the right amount of acid for most recipes. But that amount of liquid may cause other problems in the recipe, and bakers have found that cakes made with vinegar or lemon juice have a more coarse grain and are more prone to shrinking than those made with cream of tartar. 
