Amino Acids and Protein Background Info.


All amino acids have a simple chemical backbone with an amine group (the nitrogen containing part) at one end.  At the other end is the acid part.  This backbone is the same for all amino acids.  The difference between them depends on a distinctive structure, the chemical side chain, that is attached to the backbone.  It is the nature of the side chain that gives identity and chemical nature to each amino acid.  Twenty amino acids with 20 different side chains make up the proteins of all living tissue. 


The amino acids that make up proteins differ from fats and carbohydrates in that they contain the element nitrogen.  Proteins differ from each other in the sequence of the amino acids that form a particular chain.  They also differ in the way that the protein chain (also called a peptide chain) is linked, coiled, or twisted. (See AMINO ACIDS Transparencies #1 and #2 in Resources.) 


Chemically, the backbone of every chain is -C-C-N-.  This backbone is also called a peptide chain.  If two amino acids join in a chain, it is called a dipeptide.  A number of amino acids in a chain are called polypeptide.  Molecules of water bind to both the backbone and polar groups of proteins.  Polypeptide and proteins are formed from amino acids by a condensation reaction in which one amino acid loses -OH from -COOH and another loses -H from -NH2 to form a peptide bond.  Repetition of this reaction (polymerization) converts dipeptide to polypeptide and these in turn to proteins.  A strand formula for an amino acid, with the variable group R, has been used in the diagram.  Breakdown of proteins to polypeptide to amino acids is the reverse process, an enzyme-catalyzed hydrolysis. (See POLYPEPTIDES AND PROTEINS transparency in Resources.)


There are 30 to several thousand amino acids contained in different proteins.  All amino acids are similar in shape, but each one contains a unique side chain that allows formation of different chains of different lengths and chains with unique combinations of sequencing.  


A strand of protein is not a straight chain, however.  The amino acids are attracted to each other at several different places along the strand.  This attraction causes the strand to coil and fold.  Each unique protein folds naturally because of its own special type of bonding and its own special shape.  Some proteins are shaped like springs.  Some are shaped like doughnuts.  Some water soluble ones are shaped like a ball of steel wool.  Some resemble flat sheets of paper that have been accordion pleated.  Some look like a tangled yarn ball.  The shape of the amino acid chains, as the fold, determines what the protein does inside the plant or animal (human) cell. 


Eight of the amino acids are known to be essential to human life.  Since proteins cannot be synthesized (put together) within the human body, the essential amino acids must be provided by the foods eaten.  Different amino acids have different names.  The names of the eight amino acids are: lysine, isoleucine, threonine, methionine, tryptophan, leucine, valine, and phenylalanine.


Some animal protein from eggs, dairy products, kidneys, and liver contain all the essential amino acids.  Other animal and some plant proteins from corn, wheat, gelatin, soybeans, peanuts, potatoes, poultry, fish, and red meats in various combinations, can also provide the complete proteins that contain the amino acids essential to the body's health and well-being.  (See PROTEIN IN FOODS in Resources.) 

Denatured Proteins 


When proteins, for any reason, lose their natural folded shape, they are called denatured, which means unnatural.  Most proteins, once they become denatured, cannot fold back again into their normal shape.  For example, when an egg is fried, the loss of water molecules and the heat changes (denatures) the protein.  The changes are visible, and they cannot be reversed.  The egg cannot be uncooked.  It is easier for a human body to digest denatured protein.  See DENATURED PROTEIN transparency in Resources.) 

In some proteins, amino acids that have affinity for water molecules are folded to the inside, and those with less tendency to bond with water molecules are on the outside of the folded protein chain.  Denaturing can expose the water-bonding molecules to the outside.  

Egg Protein 


Proteins change dramatically when cooked.  Many foods that contain proteins, such as eggs and meat, are cooked specifically to change the proteins and that changes the nature of the food. 


As noted above, eggs are one of the foods that contain all the essential amino acids.  But, eggs are important in cooking because of another unique property: egg whites and egg yolks mixed together are liquid at room temperature and solidify irreversibly when they are heated. (This is the opposite of water and other common cooking ingredients such as fats and sugars which, when heated, change irreversibly to liquids and then to gases.) 


Hydrogen bonds affect the nature of the protein molecule in both raw and cooked eggs.  Proteins in eggs, meats, and other foods, consist of long molecules.  If these molecules are poorly bonded to each other, they are liquid-like.  By cooking the egg, hydrogen bonds form between the protein molecules and thicken the proteins.  We perceive that the egg coagulates and changes color from transparent to opaque.  The changes that take place in eggs when they are heated are due to the fact that eggs contain many different types of proteins.  The most abundant of these is globular.  It is the globular protein, for example, that makes hard-boiled eggs hard. 

Globular Proteins 


Globular protein is the name given to a protein with long chains of amino acids which fold around each other to form a fairly compact ball, much like a ball of yarn.  Heat will cause all of the egg's proteins to unfold and expose amino acids that were once on the inside of the protein strand.  As the globular protein unfolds, it will network and form weak bonds with amino acids of other unfolded proteins.  The unfolding is generally irreversible.  Further heat will cause egg's protein networks to solidify.  Overheating creates too many bonds among the proteins and squeezes out water.  This can result in food textures that are runny, lumpy, and/or rubbery. 

Coagulation   


In food mixtures, milk and eggs are the most common source of proteins.  If a protein containing food mixture is heated, the proteins become more solid; that is, they coagulate.  This is because heat causes protein molecules to move faster through the water in the food mixture, and the molecules collide and bond with each other in large, three-dimensional networks.  In other words, the bonds between the protein molecules that become solid when heated, give structure to the mixture because the liquid within the mixture is held in the network of coagulated protein.  


If the mixture is overheated, some of the liquid is squeezed out. This is the reason that custard, for example, that is baked too fast at a temperature which is too high will tend to separate and weep.  It is also why scrambled eggs turn rubbery or watery.    Egg whites are about 10% protein and about 90% water and coagulate at around 60 C or 140 F.  Egg yolks are about 15% protein and about 50% water.  They also contain around 35% fat. This causes them to coagulate at about 68 C or about 154 F, which is slightly higher than the temperature at which the whites coagulate. 


If more ingredients are added to eggs in a mixture, the coagulation temperature of egg proteins will change.  That is because the other ingredients dilute the egg proteins, and it takes more heat to move them to a place in the mixture where they can collide and bond.   


Salts, acids, and alcohol each have the capacity to neutralize negatively charged parts of the protein molecule, so that the protein molecule will bond more easily.  Cream of tartar, for example, contains acid which can cause egg whites to coagulate without heat.  Lemon juice will do the same thing, but the water in the lemon juice will prevent a good foam from forming.  Vinegar and salt can be used to seal the cracks in eggs that are being boiled because, as protein in the egg white leaks out of the cracked shell, coagulation of protein molecules seals the crack.  Vinegar in water used to poach eggs denatures the protein on the surface and keeps it from failing apart before coagulation can take place. 


Whipping egg whites also denatures proteins because it makes the bonds of the protein break apart; then the long, unfolded strands of proteins surround air bubbles.  The molecules of protein near the surface denature (uncoil) due to exposure to the air of the water in the amino acids, and some of them collapse, forming small bubbles and resulting in a finer foam.  Foams can be stabilized by heating (for example, baking a meringue). 


Fats coat denatured proteins and stop them from bonding (coagulating).  That is why a bit of egg yolk (which contains fat) dropped into egg white will stop production of a good meringue.  Whipping egg whites in a bowl with residue of fat or oil also inhibits production of a good meringue.

Functions of Eggs 

As a leavening agent - Eggs can be used as a leavening agent because the egg white can be beaten to incorporate air.  This is affected by temperature, time, fat, acid, and sugar.  The air held in the egg white foam expands when heated and leavens the baked product.  The cream of tartar in the angel food cake recipe makes the foam more stable and helps the foam form faster.  This allows the batter to raise better.  Oiling the pan does not allow a baked product to cling to the pan and climb the pan to rise; also, fat decreases the stability of the egg white foam.  


As foams - One function of eggs is their role in making foams.  Foams are usually made by beating an egg white to incorporate air into the white.  This makes foods light and fluffy.  Maximum volume always results from beating eggs or egg whites at room temperature. 


Egg whites make good foams because they can make colloidal dispersions.  A colloidal dispersion is a homogeneous mixture that is not a true solution.  The particles in the mixture are larger than in true solutions.  The particles are dispersed in the mixture rather than dissolved in it.  The large particles are called colloids.  The large particles are bigger than atoms or molecules, but they are not big enough to settle out of the mixture.  Egg white is a colloidal dispersion because the protein molecules in the egg white liquid are large particles which are too large to dissolve, but not large enough to settle out of the mixture. 


When an egg white is beaten, the protein molecules surround the air bubbles.  The protein has been denatured, so the foam made out of egg white is stable.  When a protein is denatured, the hydrogen bonds break.  This lets the protein structure change a little.  The protein molecule unfolds and takes on a less compact structure.  Denaturation is the first step in coagulation.  Coagulation happens when the protein molecules unfold during denaturation, bump into other protein molecules, and combine together in clumps to become a solid.  Heat will denature egg white protein; there are several other methods one can use to denature egg white protein.  Freezing, irradiating, bombarding with sound waves, putting the food under pressure, and adding certain substances are other methods to denature protein.  Beating or whipping will also denature egg white protein.  


If coagulation has not occurred, denaturation can sometimes be reversed.  A slightly beaten egg white will turn back to liquid if allowed to stand.  If an egg white coagulates, it will not turn back to a liquid no matter how long it is allowed to stand.  Coagulation is affected by different ingredients.  Salt and acid will decrease the time needed to coagulate and sugar and liquid will increase the time needed for coagulation. 

There are several things that determine how easy an egg white foam forms and how stable the foam will be.  The following things affect egg white foams:  


Beating:  The higher the setting on the mixer, the faster the foam will form.  If the foam is over beaten, it may cause the egg white to denature too much (the protein unfolds too much and loses its elasticity).  This makes the foam less stable. 

Egg Temperature: An egg white at room temperature will beat up faster than a refrigerated egg white.   

Egg Freshness:   Fresher eggs whip up faster and better than aged eggs.  

Acid-Base Balance of Egg:   A pH of 4.6 - 4.8 makes the highest volume and most stable egg white foam. 


Added Substances:   Cream of tarter is an acid and slightly lowers the pH.  It makes the protein more stable.  Adding sugar to an egg white makes the foam more stable, but it makes the foam form more slowly.  That is why the recipe for meringue says to beat the egg white until foamy before adding the sugar.  Fat makes an egg white foam less stable.  Water makes an egg white foam less stable.


To make the meringue, slightly beat a room-temperature egg white with the cream of tartar.  The acid will lower the pH of the white and makes it foam faster.  Beat until foamy to start to denature the egg white protein.  Slowly add sugar and beat until peaks form.  The sugar makes the foam more stable.  Spread the meringue over filling, sealing the meringue to the edge of the pastry if making a pie, or sealing the meringue to the cup if making pudding.  This will help keep the meringue from shrinking.  The meringue should be put on the filling while it is still hot.  This will keep the meringue from weeping.  When meringue weeps, liquid leaks out of the foam, and can build up between the foam and the filling or bead up on top of the foam. 


As a thickening agent - Eggs are used to thicken foods like custards and puddings.  As the egg cooks, the protein in the egg thickens.  This, in turn, thickens the food.  As a general rule, one egg will thicken one cup of liquid; also, two egg yolks can thicken about the same amount as one egg.  Eggs lose their ability to thicken sauces if they are added to a hot liquid because the egg coagulates.  Foods high in acid (like lemon juice) also make the egg less able to function as a thickening agent because the acid causes the egg white protein to coagulate. 


As the protein in the egg coagulates due to the heat of cooking, it thickens.  This causes the filling to thicken.  The lemon juice is added after the egg because it is an acid, and acid makes egg protein coagulate faster.  If the egg coagulates too fast, there will be poached egg pieces in the filling.  This is also the reason that a small amount of the hot mixture must be added to the slightly beaten egg and the egg is NOT just poured into the hot mixture.  The egg is slightly beaten to start the denaturation process.  Then the protein must be heated very slowly to allow the protein to coagulate and thicken the mixture--not coagulate and cook. 


As a binding agent - Eggs function as a binding ingredient in foods (like meat loaf)  because the egg protein thickens when heated and helps the food hold its shape.  Foods coated in crumbs and fried are often dipped in beaten egg before being rolled in the crumbs because the egg helps bind the crumbs to the food being coated.  In ice cream, eggs hold the ingredients together and inhibit the growth of ice crystals in the cream itself. Eggs are also a part of the binding and structure of baked products. 

Eggs function as a binding ingredient in foods (like meat loaf) because the egg protein thickens when heated and helps the food hold its shape. 


As an Emulsifier - An emulsion is a mixture of two liquids that normally do not combine with one another.  An emulsifier coats the droplets of one of the liquids so it will mix with the other.  An emulsion is another example of a colloidal dispersion.  The surface tension of liquids can make two liquids repel each other.  This happens with oil and water.  Surface tension makes the molecules on the surface of a liquid attract to the other molecules of that liquid.  The surface tension of the oil makes the oil molecules attract to themselves and the water molecules attract to other water molecules.  The oil and the water repel each other.  Adding an emulsifier will let the water and the oil mix together.  Emulsifiers are substances whose molecules have a polar end which dissolves in water and a non-polar end which dissolves in oil.  A molecule of the emulsifier holds a molecule of water next to a molecule of oil and does not let them separate.  Nonwater-loving ingredients can then bind with water.

Eggs are very good emulsifying agents.  The yolk contains chemicals that are both water soluble and fat soluble.  The yolks of the egg will surround oil droplets and keep them suspended.   


An egg yolk is a good emulsifier because it contains lecithin which is one of the best natural emulsifiers there is.  Lecithin has a polar and a non-polar group.  Emulsions can be thickened because beating shears the oils and increases the surface area so a more liquid phase is needed to surround the droplets.  Adding too much oil at first makes a poor emulsion because you cannot whip the mixture fast enough to break up the fat globules quickly enough; the vinegar and yolk do not have enough time to surround the oil.  Emulsions can hold only so much oil.  If you add too much, you break the emulsion.  
