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INTRODUCTION

Your mother was a chemist. In the kitchen, she experimented with acids and bases, emulsions, suspensions, gels, and foams. She denatured proteins, crystallized compounds, reacted enzymes with substrates, and nurtured desired microbial life while suppressing harmful microbes. In other words, she cooked your dinner.

Cooking is often about combining ingredients to create something completely different. It involves many chemical and physical changes to the food that the cook carefully controls in order to produce the desired result. This book is about those changes. Understanding them might help make you a better cook, but my aim here is mostly to have fun.

You can learn a lot of science in the kitchen. But just looking at food in a different way can be fun and enlightening. How many of your favorite foods are foams? Bread, cake, whipped cream, marshmallows, ice cream, and meringueall would be quite different if they didnt have bubbles of gas in them. What makes some foods foam and others not? What happens when you heat a foam? What is actually going on in the bread that changes it from a sticky, runny dough or batter into a structural element that holds a sandwich together?

Knowing how things work also helps when you want to make changes to a recipe. What would you have to do if you wanted a harder cookie, or a softer one? What went wrong when you tried to make fudge but got a hard lump of rock in the pan instead? If you dont want to use an ingredient thats less than healthy or that you are allergic to, what should you replace it with? What other changes will you have to make?

A LITTLE WHILE BACK I made a big batch of ice cream for a group of Nobel Prize winners and other brilliant scientists at a scientific convention. I brought along a huge 160-liter Dewar flask of liquid nitrogen, and we made ice cream. At -321F (-196C), the liquid quickly cooled the ingredients to the right temperature. But at the same time, the nitrogen boiled vigorously, making a foam of nitrogen gas (basically air without the oxygen) to whip up the ice cream. Instead of a rock-hard chunk of ice, we got something closer to soft-servewonderfully smooth, the ice crystals so tiny the tongue mistook them for cream.

It is in that spirit that these pages will continue. Lets have fun. Lets play with our food.
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MEASURING AND WEIGHING

In science, and especially in chemistry, careful weighing and measuring are important for reproducible results. If someone cannot reproduce your results, there is little point in doing the experiment.

For people to reproduce a culinary masterpiece, it is important to carefully weigh and measure according to a recipe. But when youre just cooking up some breakfast, it is more important to know why the ingredients are used, and why certain processes are followed. With this knowledge, you create and adjust the food on the fly, substituting some ingredients you have for some you dont, or use up things from the back of the refrigerator before they go bad.

Variations in Recipes

You can get a feel for how important measuring is by comparing recipes. Suppose you look at 10 recipes for homemade cupcakes and compare the ratios of flour and sugar in them:




	 
	Flour
	Sugar
	Ratio



	 
	1.5
	1
	150.00%



	 
	2.75
	1.5
	183.33%



	 
	2
	1.5
	133.33%



	 
	1.5
	1
	150.00%



	 
	2
	2
	100.00%



	 
	3
	2
	150.00%



	 
	2
	2
	100.00%



	 
	2.5
	1
	250.00%



	 
	3
	2
	150.00%



	 
	2.5
	2
	125.00%



	Mean
	 
	 
	149.17%



	Standard Deviation
	 
	 
	43.47%





The average cupcake has one and a half times as much flour as sugar. But some cupcakes have equal amounts, and some have two and a half times as much flour as sugar. The high standard deviation means that there is a lot of variation among simple cupcake recipes. A good cook can feel free to vary the amount of sugar in the recipe for taste or to compensate for what will accompany the cake, such as icing or bits of fruit in the batter.

Why Sifted Flour?

Some recipes list the ingredients by weight instead of volume. Some cooks swear by weighing everything, to get consistent results. When consistency of results is important, by all means, measure carefully. But when a little variation and creativity are called for, or when you are changing parts of the recipe for whatever reason, judgment and knowledge are more important.

Recipes once called for sifting flour. Flour was something that often had lumps, bits of millstone, or insects in it, so sifting was important. Other reasons have been suggested for sifting, such as aeration, or mixing dry ingredients, but a whisk in a bowl can accomplish both these tasks. The bother of sifting would not be worth it if either of these were the main reason.

So why sift? When ingredients are not weighed, the difference between a cup of flour and a cup of sifted flour can be significant. But a knowledgeable cook can use a bit less flour and avoid the time and mess of sifting.

It is interesting to look at recipes that are very careful to weigh out all of the ingredients yet then call for three eggs, without specifying the weight of the eggs. Eggs vary in weight, but most recipes dont specify the size of the eggs as small, medium, large, extra large, or jumbo. The reason is that it really doesnt matter too much. Whatever the size, the recipe is going to come out just fine. There is a lot of room for variation, and consistent results are usually not as important to the eater as they are to the creator of the recipe, who wants to protect his or her reputation for being reliable.

The best recipes will tell you what to look for in the processing of the food. Instead of giving a precise baking time, a cake will be tested for doneness with a toothpick or the press of a finger. In candy making, the initial amounts of sugar and water are not that important when you are cooking the mixture to a certain temperature or to hard ball stage, both of which are measures that tell the cook exactly what the ratios are during cooking.

Density and Good Eggs

In making wine or beer, the density of the mixture, measured by floating a little scale (called a hydrometer) in the water, tells how much sugar, alcohol, and water are in the mix at any given time. A density test can also tell you how fresh your eggs are. Place an egg in water, then dissolve measured amounts of salt into the water until the egg floats. A bad egg will float right away.

You may have noticed at a party that some cans of soda in a tub of ice water float, while others sink. This is caused by density; sodas with sugar in them are at the bottom and the diet sodas are at the top. As an interesting experiment, place a diet soda can in a glass container large enough for it to float, then place a small plastic cup on top. Slowly fill the cup with sugar until the can sinks. You might be amazed at how much sugar it takes to sink the can. There is at least that much sugar in the sodas that sink, but probably more.

Another place where density comes into play in the kitchen is in making hard-boiled eggs. The yolk of an egg contains fats and oils and is thus less dense than the white of the egg. This means that if left to itself, the yolk inside will float to the top of the egg and thus be off-center when the egg is cut in half for deviled eggs or sliced into a salad.

To keep the yolk centered, the eggs must be turned frequently while being cooked, keeping the yolk away from the shell. Since the white of the egg cooks on the outside first (where it is closer to the boiling water), the yolk that is turned often will not be able to get past the hardening white and will end up centered.

Calorie Estimation

Some things are easy to measure. Not all cooks have kitchen scales, so many recipes (especially in the United States) call for easy volume measurements. But some things you might care about, such as how many calories are in the food you are making, might at first seem hard to measure at home.

But with a little thought, estimating calories isnt that difficult.

As a general rule, proteins and carbohydrates have about 4 calories per gram, while fat has about 9. You can separate the ingredients by whether they are fats or not, weigh them, and then multiply. Or you can estimate by eye what percentage of the recipe is fats, and pick a number between 4 and 9 that matches the estimate. A little adjustment for water content, and you have a good guess at the number of calories in the food.

A Hostess Twinkie says on the label that it has 4.5 grams of fat (40.5 calories) and 27 grams of carbohydrates (108 calories) for a total of 148.5 calories. One Twinkie weighs 43 grams, and the label says it has 150 calories, so about 3.5 calories per gram.

Take a look at some popular foods:


	Beefjerky: 116 calories in 28 grams, or 4 calories per gram

	Pork sausage: 95 calories in 28 grams, or 3.4 calories per gram

	Air-popped popcorn: 31 calories in 8 grams, or 3.8 calories per gram

	Butter: 70 calories in l0 grams, or 7 calories per gram

	Bacon: 50 calories in l2 grams, or 4 calories per gram

	Buttercream frosting: 100 calories in 26 grams, or 3.8 calories per gram

	Enriched flour: 455 calories in 125 grams, or 3.6 calories per gram

	Whole wheat bread: 70 calories in 28 grams, or 2.5 calories per gram

	A steak: about 2 calories per gram



What you see from the examples above is that until you get to something like pure butter, most processed foods have between 3 to 4 calories per gram, about the same as pure sugar.

Celery has 0.16 calories per gram, an apple has 0.5 calories per gram, and a carrot has 0.4 calories per gram. These foods are mostly water. So eat fruits and vegetables to fill yourself up if you are watching your calories.

Steaks, chicken, pork chopseven those have fewer calories per gram than popcorn or bread. But within about a factor of two, you can simply weigh the food and figure 1,300 to 1,800 calories per pound. Put your whole meal on a plate and weigh it. If you dont like what the bathroom scale says the next morning, put less on your plate today.

Of course, counting calories to control your weight assumes that your weight is simply a matter of balancing the number of calories you eat with the number of calories you burn. But your body already has mechanisms for doing that balancing. If you starve yourself, your body will stop burning as many calories. If you eat too much, your body will burn more. This is controlled by hormones in your body, the main one being insulin.

Insulin tells the fat cells to take in sugar from the blood. When there is too much sugar in the blood, extra insulin is produced to remove it, and thus extra fat is stored. Foods with high insulin indexes (foods that cause more insulin to be produced than other foods do) can upset the balance that keeps your calorie inputs and outputs matched. This is why low-carbohydrate diets seem to be effective in controlling weight. They prevent excess insulin from being produced and thus prevent extra fat from being stored.

There are many complex interactions in the body that affect the balance that controls fat production. Some are genetic, some are behavioral, some are environmental, and some are caused by infections or disease. Planning effective weight control for an individual will necessarily be an individual exercise, and one diet plan will not work for everyone. But it is important to understand that simply cutting calories or getting more exercise is not the whole story.
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FOAMS

Foams are fun. Marshmallows, meringues, cakes, whipped cream, cookies, ice creamall of these are foams.

Foams are formed by several different processes. In many foams, such as whipped cream and beaten egg whites, an interesting thing happens at the interface between water and air. In both of these foams, proteins in the foam are first denatured, which, as the name implies, means that they are changed from their natural state.

Proteins are made up of building blocks called amino acids. Some of these building blocks are attracted to water but avoid oils and fats. Others are attracted to oils and fats but are repelled by water. In the natural state of the protein, the water-loving parts are on the outside of the protein, next to the water, and the water-avoiding parts are tucked inside, away from the water.

Proteins are big molecules, formed of strands and sheets of amino acids, all tangled up into a shape that is important for their natural function. When we beat the cream or the egg whites, the protein unfolds, like a carefully folded origami animal would if you beat it hard with a whisk.

As the protein unfolds, it encounters oils and fats in the cream, as well as air. The water-loving parts of the protein still stay in the water. The water-avoiding parts unfold so they can stick into the fats or into the air, to avoid the water. Eventually, the air bubbles become smaller and smaller as they are beaten, and they become surrounded by a film made of protein, to which some water is still attached. The proteins can now link together to form a tough film that holds the bubbles in shape and prevents them from merging together again.

In whipped egg whites, you get bubbles with a protein film. The water-loving parts stick into the water, and the water-avoiding parts stick into the air bubble.

[image: Image]

In whipped cream, you get big bubbles of air surrounded by a film of protein, surrounded by tiny globules of fat stuck to the fat-loving parts of the protein, connected to another film of protein that forms the wall of the next bubble. In between the bubbles of air and the globules of fat, the water-loving parts of the proteins extend into the water.

Egg Foams

You can make an egg white foam more stable by increasing the number of places where the proteins bond together. Beating the egg whites in a copper bowl causes the amino acids that have sulfur in them to bond together where the sulfur atoms are. Linking two sulfur atoms in this way forms a disulfide bridge, a very strong chemical bond that helps keep the protein stuck in the new position.

[image: Image]

Cystine is an example of a disulfide bridge

Adding an acid such as lemon juice or cream of tartar can also help form more bonds between the proteins and stabilize the foam, because the acid unravels the protein a bit, allowing the proteins to tangle and bond together.


[image: Image] Chemistry Lesson

How to Read Structural Formulas

Chemists use some simplifying conventions to show how a molecule is shaped without cluttering up the picture.

Since carbon atoms are so common, they are not labeled with a C. Instead, they are assumed to be anywhere on a formula where two lines join. And since hydrogens attached to carbons are also very common, and carbon always has four bonds, any place on a formula where fewer than four lines join, it is assumed that hydrogens fill the carbons remaining bonds, and so they are not labeled.

If a line looks more like a dark wedge, it means that portion of the molecule comes out of the page toward the reader. If the wedge is lighter in color, it goes into the page, away from the reader.

Two lines mean a double bond, and three means a triple bond.



Fat Foams

You probably know that whipped cream forms a foam but whipped milk does not (unless it is heated with steam). The reason lies in the nature of the proteins in milk and cream, and the nature of butterfat. But mostly it lies in the amount of solid fat compared to the amount of water.

Butterfat is a liquid at body temperatureanything above about 90F (32C)but it solidifies when chilled. This is why butter melts in your mouth. To whip cream, you need chilled, solid butterfat. As you beat the cream, it forms bubbles and the proteins denature, with some parts staying in the water and some parts staying in the fat, until you end up with a film of solid fat and protein that traps the air inside, with the water in between the bubbles.

If you beat the cream too much, you can turn the whole thing inside out, with the water trapped inside films of fat and protein, and the air gets out. This is butter. Where cream was tiny bits of fat in liquid water, butter is tiny drops of water in solid fat. One is a liquid and the other is a solid, but both are made of the same stuff.

To keep whipped cream stable, you need to keep the temperature low enough that the fat stays quite solid. You can also stabilize it by adding more protein, such as gelatin or some vegetable gums. Both help to link the proteins together and hold the fat in place.

If cream does not contain at least 30 percent fat, it will be difficult to whip. Most whipping cream is about 36 percent fat. Reduced fat whipping creams need the help of stabilizers. Most common are cellulose-based ingredients called hydrocolloids, or food gums.

As you whip cream, it gradually becomes stiffer. Maximum stiffness happens when the cream just starts to become butter. It will be slightly yellow in appearance, and the volume will have dropped a bit. The stiffness comes from the firm butterfat that has formed larger and larger particles on its way to becoming butter.

If your recipe uses whipped cream as a structural element, such as in cake icing or rosettes on a cream pie, you will want a nice stiff cream. For toppings on strawberry shortcake or other desserts, stopping the whipping when the foam is at peak volume will make it stretch further.

If you want to make a foam out of milk, you must use steam, as in a cappuccino machine. The steam denatures the proteins and links them together and at the same time incorporates air into the foam. When the steam cools, it becomes water again. The foam is full of air, not steam.

Gluten Foams

Wheat flour contains a protein called gluten, which is formed when enzymes in the flour react with precursor proteins as water is added. Gluten is gluey, and as you mix the batter or knead the dough, the little bits of gluten that form stick together and form rubberlike sheets.

Stirring and folding incorporate air to form little bubbles in the sheets of protein. Yeast or other leavening agents add gas inside the bubbles and make them expand. Heating the dough further changes the protein, denaturing it into a solid.

A Bread Recipe

Basic bread is fairly simple. You need some flour, some water, some yeast, and optionally some sugar or honey, salt, and/or oil, butter, or some other fat.

What do those ingredients do, and how much of each do you need? The flour provides the gluten precursors, starch, flavor, and bulk of the bread. Water is necessary to make the gluten and allow the yeast to multiply and produce carbon dioxide gas. The yeast is there to make the carbon dioxide gas so you get a foam instead of a brick.

All the other ingredients are optional. The salt is not there just as a seasoning; its there to slow down the yeast. (There really isnt a lot of it in most breads.) If the yeast produces too much gas too fast, faster than the gluten forms, the gas will simply escape as the bubbles pop. But many recipes omit the salt. Some of the gas will escape, but these recipes usually call for the size of the bread to double, which will eventually happen with or without the salt.

Sugar or honey is often added to feed the yeast. But the yeast will find enough food in the flour without it. It will just grow a little more slowly, which (as we saw with adding salt) can be a good thing. But if you are making a lot of bread, and start with a small amount of yeast, you can grow the yeast you need in a little sugar water. The amount of sugar or honey is generally so small that it makes little difference to the taste of the bread.

Adding fatoil, butter, margarine, shortening, lard, etc.will prevent the gluten from forming large sheets. The fat gets in the way of the small sheets joining up; it shortens the strands and sheets of gluten, hence the word shortening. Adding shortening makes the result more cakelike and less breadlike. Some recipes have you oil the outside of the dough to keep it from sticking to pans, fingers, and breadboards. Others have you paint melted butter on top of a baked loaf to keep the crust from getting dry and hard. Neither of these uses has much or any effect on the interior of the loaf.

Bread flour is flour grown and processed to contain a lot of gluten. Cake flour is designed to have less gluten. All-purpose flour is a mix that has an intermediate amount of gluten. If you are using all-purpose flour, you probably wont have much use for shortening in bread dough, but shortening will make your cakes more tender and cakelike, though less breadlike.

The chart on the next page shows 10 simple bread recipes collected from different sources, with the ingredient amounts converted into percentages to make it easy to see how variable a basic bread recipe can be and still end up producing very similar results. The last column in the chart is the average recipe.

Converting the average recipe into a one-loaf batch by assuming 2 teaspoons is 1 percent and rounding the numbers, you have:


	144 teaspoons flour (3 cups)

	56 teaspoons water (l 1/8 cups)

	1 teaspoon sugar



 10 Simple Bread Recipes
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	 teaspoon salt

	2/3 teaspoon yeast

	1 teaspoon melted butter



Saving the butter for painting on the top of the loaf when the bread has baked, mix all the other ingredients in a bowl until they are well blended.

The next step is to help to process the gluten. There are some recipes that do not call for kneading the bread. These recipes let time do the work for you. You simply let the dough work all by itself overnight and most of the next day, all alone in its bowl, covered by a damp towel.

Most recipes, however, assume you want your bread the same day. To speed up the formation of the sheets of rubbery gluten, set the dough onto a floured board (so it doesnt stick to the board). Fold it over and press it flat repeatedly, for something like 8 to 10 minutes, adding flour as needed to prevent it from sticking.

This gluten-forming process has the unfortunate side effect of removing many of the bubbles that may already have been in the dough. To get back the bubbles you need, let the bread sit in a place where it wont dry out, usually a greased bowl covered with a damp towel.

Let the dough rise for 15 minutes, or until it has doubled in size. The actual length of time here is not very important. Recipes vary quite a bit. Some have you let the dough double, then punch it down and let it double again to form more gluten. How much you play with the dough will depend on how much gluten the flour has and how much gluten you want to develop. But the result, whether it is a soft, light, cakelike loaf or a rugged, firm, hearty loaf, will still be recognized as bread.

Now its time to bake the loaf. It can be placed in a loaf pan or just on a greased cookie sheet. You can decorate the top by scoring it with a knife or form the dough into ropes and braid them together. All of these are just decorative variations.

The oven for bread is generally hot, about 400F (200C) or even hotter. The time it takes to bake is 40 to 50 minutes, or until you like the color of the crust.

When the baking is done, brush the top with the melted butter. If you like a soft crust, you can let the loaf cool in a plastic bag. For a dry, hard crust, just let it cool on the countertop.

Some recipes call for placing a pan of water in the oven along with the loaf, to keep the crust thicker and crisper. This also speeds the baking (moist air conducts heat faster than dry air). This is optional. The steam condenses on the cold dough at first, which slows the formation of the crust. Some of the sugars in the dough dissolve in this condensed water layer, which contributes to browning. A lot of steam will make the crust thicker, shinier, and a darker brown.

Now that you know why the ingredients are there, and why the processing steps are needed, you can throw away your measuring equipment and do the whole thing by eye.

Dump some flour into a bowl. Add some yeast. Add some water gradually, stirring until the dough is about the consistency you remember from the times you made bread from a recipe. Knead the dough for a while on the floured cutting board. Let it double in a greased bowl with a damp cloth cover. Form a loaf on a baking sheet, preheat the oven to 400F (204C), and bake until you like the color.

[image: Image]

Thats how bread was made for centuries before the invention of measuring cups and ovens that kept a steady temperature. Usually the yeast was just a bit of bread dough saved from the last batch. Add a little water and sugar, and your starter will grow plenty of yeast for the next bread-baking session.

Leavening Alternatives

Yeast is a convenient leavening agent (something that makes bubbles of gas in a dough). Yeast spores float in the air and form white films on grapes and plums and other fruits with thin skins that allow sugars to get to the surface. You can make yeast starter for your own wine, beer, or bread by culturing the white film from grapes in a little sugar water.

Some breads, however, just use steam and hot air for leavening. Popovers are an example of steam-leavened bread. But the prize for steam leavening goes to popcorn. We go to all the trouble to grind wheat, add yeast, knead, and bake just to get a foam made from seeds, while popcorn does it fine with just some heat. Puffed wheat and puffed rice are made by heating the seeds under steam pressure (in a big pressure cooker called a gun) and then suddenly releasing the pressure (called firing the gun). This whole process takes less than a minute.

So-called quick breads (because you dont have to wait for the yeast to grow or the gluten to develop) use baking soda and an acid, such as buttermilk, to form bubbles of carbon dioxide gas. Since these breads are not kneaded or left to themselves overnight, they have little gluten and are more like cake than a sturdy loaf.

Baking soda is sodium bicarbonate:

[image: Image]

There is a carbon atom in the middle, with three oxygen atoms, a hydrogen atom, and a sodium atom. When sodium bicarbonate is added to water, it breaks apart into three ions. These are a positively charged sodium ion, Na+, a negatively charged hydroxide ion, OH-, and carbonic acid, which is what we call soda water (carbon dioxide dissolved in water).

If you add an acid, such as vinegar (acetic acid), a reaction occurs and you get sodium acetate and water as products when the acid reacts with the sodium and hydroxide ions. What is left is carbonic acid. Carbonic acid (carbonated water) fizzes, releasing bubbles, just like in soda.

Any common acid will react with baking soda this way, so the lactic acid in buttermilk, the citric acid in lemon juice, or the acetic acid in vinegar can be used, too.

But bubble formation is only half of what happens in the bread. As you bake the bread, the heat causes the gas to expand. The heat also denatures the proteins and starches, allowing them to link up into solid webs, holding the shape of the bubble even after the gas has cooled. Air from the room slowly fills the spaces where the steam and hot expanded gas used to be, as the bread slowly cools.

If the baking has not completed, and the proteins are not yet firm, then allowing the temperature to drop can cause the bubbles to all shrink back down, and we say that your souffl has fallen. This can happen with breads and cakes as well as fluffy egg dishes.
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Ionic Bonds

In this book we will be dealing with three types of chemical bondsionic, covalent, and hydrogen bonds.

An ion is an atom that has a charge, because it has either gained or lost one or more electrons.

Ionic bonds form when a metal like sodium loses an electron to an atom of something such as oxygen or chlorine, because oxygen and chlorine have a higher affinity for electrons than sodium does. This makes the oxygen or chlorine atom end up with a negative charge, leaving the sodium atom with a positive charge.

Since opposite charges attract, the sodium atom hangs around near the atom that took its electron, and this attraction is called an ionic bond.



But firm protein networks are not the whole story. During baking, what started out as a foam (a collection of closed bubbles) becomes a sponge (where all the bubbles have broken to form an open network that air and water can flow through). The heat has not just firmed the proteins and made them bond together, but it has also expanded the gas in the bubbles to the point that the bubble walls have broken, letting the gas escape. This is important, because otherwise the gas would cool and contract, and the resulting vacuum would crush the bubbles back into a dense mass of dough.

To understand this better, put a little bit of water into an empty aluminum soda can and heat it on the stove until it is full of steam and no more water is left inside. Using a hot pad or tongs so you dont get burned, quickly invert the can into a saucer of water so that the opening is underwater. The steam will cool and contract, which draws the water into the can. This cools the can so quickly that the water cant get into the can fast enough to prevent the weight of the miles of air above it from crushing the aluminum can.

If a bubble of aluminum cant withstand the weight of the air, neither can a simple bubble made of starch and gluten. However, the open network of a sponge, where all the bubbles have been broken, lets the air in, and nothing gets crushed.

Gelatin Foam

Other proteins can also make foams. One simple protein is gelatin, which is used to make marshmallows.

Marshmallows are made by cooking a sugar syrup to the firm ball stage (240F, 116C) and then beating that into gelatin that has softened in cold water.

As with other protein foams, the gelatin will denature as the hot syrup and whisking cause it to form links with itself, forming a sturdy net. The syrup attracts the water-loving parts of the protein, leaving the oil-loving parts facing the air in the bubbles.

You can divide a marshmallow recipe into steps, then look at why each step is there. The first step is to sprinkle gelatin powder into cold water. This is done to soften the gelatin without changing the shape of the protein molecules. You only want them changing shape when you beat in the syrup.

The next step in the recipe is to make the syrup. Most candy recipes are primarily about controlling the crystallization of sugar. This is done by controlling the concentration of sugar in the water, making sure there are no seed crystals falling into the syrup to prematurely begin crystallization, and providing simple sugars in addition to the sucrose (a complex sugar made up of the two simple sugars glucose and fructose).

Simple sugars bind more tightly to water than sucrose does, and so they dont crystallize as easily. There are two basic ways to get simple sugars into a syrup. The first is to simply add them. A candy recipe that calls for corn syrup in addition to sugar is doing just that; corn syrup is mostly simple sugars.

The second way is to break up the sucrose into its two simple sugars. You do this by heating it in the presence of an acid. A candy recipe that calls for cream of tartar (tartaric acid) is doing that. Other recipes might call for vinegar, lemon juice, or other acids to cook with the sugar.

The third step in a marshmallow recipe is when the foam is actually made. Generally, syrup is slowly added to the gelatin mixture while the beaters are running at medium speed (to prevent splashing), and then the speed is turned up to high for a good 15 minutes or so, to denature the proteins and form a stable foam. The foam is then turned out into a greased pan to sit for half a day8 to 12 hoursto let the protein net complete bonding.


[image: Image] Chemistry Lesson

Covalent Bonds

Electrons in an atom cant all share the same space. Close to the nucleus, there is room for two electrons. If those two places are filled, a third electron will have to start filling the next shell out from the nucleus. That second shell is bigger and can hold eight electrons.

A hydrogen atom has only one electron, so there is room for another electron in its innermost shell. When a second hydrogen atom gets very close to the first, an electron from each atom can fall into the space in the other atoms shell, so that each atom has two electrons filling its innermost shell.

Like a domino that has fallen over, electrons that have fallen into an inner shell will stay there unless energy is added to pull them back out. The hydrogen atoms have joined (bonded) to make a hydrogen molecule, and they will stay stuck together until enough energy has been added to pull them apart.

When electrons are shared between two atoms in this way, it is called a covalent bond. Covalent bonds can occur anywhere there is an unfilled shell that electrons can fall into. Carbon has four empty spaces in its outer shell, so it can form four covalent bonds with other atoms. When it does this with four hydrogen atoms, the molecule is called methane, or CH4.



Often the bulk of the recipe deals with controlling the stickiness of the whole mess. Pans are greased, lined, or lined and greased. A mixture of cornstarch and powdered sugar is spread out over a cutting board and the cooled foam is dumped out of the greased pan onto it, and the powder is generously applied to the cut surfaces after the candy is divided into bite-sized pieces. The knife used for the cutting is coated with vegetable oil for the first cut, and then coated with powdered sugar and cornstarch for subsequent cuts.

Marshmallows were originally a way of making the cough suppressant in the root of the marshmallow plant palatable. The starch in the root was mixed with egg white as the protein, and the syrup was beaten in. Some recipes still mix in beaten egg whites with the gelatin foam.

Sugar Foam

You can make foam without protein. The suds in dishwater are made of just water and detergent. The molecule in detergent, like protein, has a part that loves water and a part that avoids water in favor of air or fats. It is used to clean up greasy dishes because the fat-loving ends attach to the fat, while the water-loving ends prevent fat globules from coalescing together by making a protective coat around them. But soapsuds are not a stable foam. Eventually, all the bubbles pop, and you are left with plain dishwater again.

But if you make a foam out of something that hardens when it cools, then you dont need a protein to make the foam stable. A kind of candy called honeycomb is just that sort of foam. You start by cooking a sugar syrup (sucrose and simple sugars) to 300F (150C), the so-called hard-crack stage. This is the stage just before the sugar burns (caramelizes) and turns brown. When this syrup cools, the result is hard candy, like a lollipop.

As in any candy cooking, you must be careful not to let any sugar crystals fall into the syrup from the side of the pan. This will cause premature crystallization, resulting in a grainy texture instead of a glassy one.

When the syrup has reached 300F, you add baking soda and quickly beat the syrup. The high heat causes the baking soda to decompose into sodium carbonate and carbon dioxide bubbles. Note that this happens with heat alone, and unlike earlier, in the discussion about quick bread (page 21), no acid is needed. The syrup will foam up and triple in volume as you whisk it.

The last step is to pour the foam out into a pan prepared (as with the marshmallows) with grease, lining, or both, to prevent sticking.

This kind of candy will absorb moisture from the air easily and become a soggy mess, unless it is coated in chocolate or kept in a sealed container. Of course, you could always just eat it right away.


[image: Image] Recipe

Whipped Creamsicle Topping

[image: Image]

Did you love Creamsicles when you were a kid? Vanilla ice cream and orange popsicle together in the same bar, like an orange cream soda on a stick. With ice cream!

Whipped cream is great fun all by itself. But sometimes you just want to surprise your dinner guests with something out of the ordinary. Whipped cream that tastes like an orange Creamsicle goes great with pumpkin pie or ice cream.

You can do a couple of interesting things to make whipped cream a little different from what you might be used to. Add a tiny amount of xanthan gum to make the foam stiff and long lasting. And make it in a neat whipping gadget so you can make it up days before you need it, and keep it in the fridge until you need it. Who wants to be whipping cream when you could be talking with your guests after dinner?

[image: Image]

The dessert whipper shown was purchased at Amazon.com. There are one-cup sizes and one-pint sizes. This recipe uses the one-pint size.

Ingredients:


	1 pint heavy whipping cream

	2 teaspoons vanilla extract

	2 teaspoons orange extract

	Food coloring (red and yellow) to make a nice orange color

	 teaspoon xanthan gum

	 cup sugar



Supplies:


	1-quart bowl

	Spoon

	Dessert whipper

	Whippits



Start by pouring the whipping cream into a quart bowl. Add the vanilla and orange flavoring first, since they will change the color of the cream a bit.

[image: Image]

Add the food coloring after the flavorings to get the color just the way you want it. I like twice as much yellow as red, 16 drops of yellow and 8 drops of red, but make it whatever color looks best to you.

[image: Image]

Next, add the xanthan gum to the sugar, not to the cream. Stir it well into the sugar to ensure that it will dissolve well in the cream and not clump up.

[image: Image]

When the xanthan gum is mixed well with the sugar, stir the sugar into the cream. Stir the cream well, until all the sugar has dissolved. When there are no longer any grainy bits of sugar in the cream, pour it into the dessert whipper.

[image: Image]

The whipper is charged with small cylinders of nitrous oxide gas called whippits. Buy them when you buy the dessert whipper, since the two are sold separately. One whip-pit is good for one cup, so you will need two for the larger dessert whipper. Charge the whipper with one cylinder, and shake 10 to 12 times. Then remove the whippit and replace it with a fresh one.

[image: Image]

Let the nitrous oxide dissolve in the cream for a few minutes in the refrigerator before trying to dispense it. You can keep it in the dessert whipper in the refrigerator for a week past the sell-by date on the carton of cream.

[image: Image]

A Note About Xanthan Gum

While creating this recipe, I tried several ratios for xanthan gum to cream. The recipe works well for amounts as little as 1/8 of a teaspoon to about %. When I used a full teaspoon of xanthan gum, the mixture was very thick and hard to stir, and it whipped up into the most delicious foam rubber I had ever tasted. Most of the mix remained inside the dessert whipper and had to be spooned out.

Whole Foods sells xanthan gum, and many gourmet cooking stores, such as Sur La Table, sell the dessert whippers.

Of course you can just whip the cream using a whisk or a kitchen mixer, but then you wouldnt have an excuse to buy the fun toy!

A Note About Nitrous Oxide

Whippits are filled with nitrous oxide (N2O). This is also known as laughing gas, the anesthetic used by dentists to put you to sleep. It is used in whipping cream because it dissolves easily in butterfat, it does not allow the fat to oxidize and get rancid as compressed air would, and it does not curdle the milk proteins as carbon dioxide would. 






End of sample
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WHEN YOU'RE COOKING, YOU'RE A CHEMIST! Every time you
follow or modify a recipe, you are experimenting with acids and
bases, emulsions and suspensions, gels and foams. In your kitchen
you denature proteins, crystallize compounds, react enzymes with
substrates, and nurture desired microbial life while suppressing
harmful bacteria and fungi. But unlike in a laboratory, you can eat
your experiments to verify your hypotheses.

In Culinary Reactions, author Simon Quellen Field turns measuring
cups, stovetop burers, and mixing bowls into graduated cylinders,
Bunsen burners, and beakers. How does altering the ratio of flour,
sugar, yeast, salt, butter, and water affect how high bread rises?
Why is whipped cream made with nitrous oxide rather than the
more common carbon dioxide? And why does Hollandaise sauce
callfor “clarified” butter? This easy-to-follow primer even includes
recipes to demonstrate the concepts being discussed, including:

* Whipped Creamsicle Topping=a foam

* Cherry Dream Cheese-a protein gel

* Lemonade with Chameleon Eggs—an a

dicator

SIMON QUELLEN FIELD is the author of Why There's Antifreeze
in Your Toothpaste, Gonzo Gizmos, and The Return of Gonzo Gizmos
and s the creator of the popular website www.scitoys.com.
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