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PREFACE

Why does eating a piece of chocolate that literally melts on the tongue give us such feelings of decadent pleasure? Why does a freshly prepared hot dog taste very different from one that has taken a trip through the blender? Why do most people prefer their eggs with bacon that is fried until it is crisp? And why is soda pop that has lost its fizz or beer that has gone flat so unappealing? These and many other questions about the sensory perceptions of taste—especially the extent to which they are affected by how food feels in the mouth—piqued our curiosity and were the driving force that led us, a researcher and an experienced chef, to look beyond the chemical composition of a foodstuff and to think seriously about the physical impression it makes. We tackled the problem as a collaborative effort, using the kitchen as the laboratory in which we combined scientific critical thinking with creative intuition and in-depth knowledge about food preparation.

Taste is one of our most important senses. We depend on it to steer us away from ingredients that might be harmful or even poisonous and to guide us toward those that are palatable and nourishing. Here we may think that we are relying primarily on the five basic tastes—sour, sweet, salty, bitter, and umami—which we can describe quite easily. But we have considerably more difficulty in articulating, let alone remembering, the overall sensory impression made by a dish or a whole meal. This is partly because the interplay between taste and smell complicates matters. So does the presence of certain substances in food that are not true taste substances, but react with saliva and the mucous membranes. For example, tannins in red wine can induce a feeling of dryness in the mouth or capsaicin in chile peppers may be irritating or even cause pain. And what we often fail to grasp is the role played by the physical characteristics of what we put into our mouth and how we react to them. Even though this often happens quite subconsciously, it turns out that our liking a foodstuff or rejecting it is often more dependent on how it feels in our mouth, rather than on how it tastes or smells. This sensation is called mouthfeel and it relates to the texture of the food.

Without a doubt, a poor understanding of how taste works and the role of mouthfeel, especially when coupled with a lack of culinary skills, are contributing factors in our tendency to eat portions that are too big and too fattening. At the same time we are adding to our foods increasingly large amounts of sugar, salt, and fats—all of which have been linked to major dietary-related diseases that have taken on epidemic proportions in the past century. Taste is closely linked to appetite, digestion, and feelings of satiety, all of which lead to a natural regulation of food intake. Paradoxically this relates to two opposite effects: many otherwise healthy people have a poor diet and eat too much because the food is unpalatable and not naturally filling; and many who are sick and elderly eat too little because appetite falls off when the food is not tasty. This is a striking reminder of the important contribution that tasty food makes to what we think of as “the good life.”

It is thought-provoking that, on the one hand, items sold in supermarkets rarely carry any description of the taste or texture that goes beyond a reference to spiciness. On the other hand, the products are usually labeled with precise details about their places of origin, nutritional contents, calorie count, and so on, often supplied to comply with government regulations. And in many cases, taste impressions are derived from fast foods, snacks, soda pop, and candy, all of which have an impact on our health. We would like to see that changed and hope that this volume will help to promote the use of a more precise vocabulary for describing the taste of food, especially texture or mouthfeel.

The answers concerning why mouthfeel is so intimately linked to a healthy diet lead immediately to a host of new questions about what one needs to do to prepare raw ingredients and produce dishes that enhance this aspect of our daily food intake. How does one best thicken a soup or a sauce? How does one produce a crisp crackling on a pork roast? What is the secret of homemade mayonnaise? And how does one prepare vegetables so that they are cooked to perfection? In this book we have tried to provide answers to these and many other questions. We have designed it with several goals in mind: to give an overview of how mouthfeel fits into the perception of taste; to provide a popular introduction to the science underlying taste, mouthfeel, and texture, as well as a systematic review of the properties of raw ingredients that are fundamental to an appreciation of their structure, and with it, their mouthfeel; and to demonstrate the many ways in which mouthfeel can be altered. An extensive glossary and a detailed index are included as a quick reference for those who are not ready to delve too deeply into the science. Nevertheless, we hope that our search for a deeper scientific understanding will serve as a source of inspiration for experienced chefs, nutrition and wellness professionals, food entrepreneurs, and food enthusiasts so that they might join us in our goal of improving food culture as we experience it on a daily basis.

The quest to satisfy our curiosity about mouthfeel has taken us far beyond our own kitchens and laboratories on journeys around the world to places where its central role is well established. We are delighted to be able to share our adventures and experiences in tracking down taste and mouthfeel in their many forms and describe what happens to raw ingredients when we work with them to create softness, crispness, creaminess, elasticity, viscosity, and other textures. Using examples and recipes ranging from the basic to the exotic, we will show how you, the reader, can become adept at navigating through the universe of taste and gain a greater appreciation of its physical dimension: mouthfeel.
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	The Complex Universe of Taste and Flavor
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The universe of taste and flavor is marvelously complex, not only in terms of the senses involved but also in relation to the words we use to describe it. We often use the words “taste” and “flavor” rather loosely and interchangeably, without giving too much thought to their precise meaning. We might say that a piece of Brie tastes creamy or that olive oil is light in flavor. While we probably understand intuitively the meaning of these statements, they are inaccurate descriptions of the sensory impressions evoked by these foods. So, as we set out to explore this universe, we are immediately faced with the need to define the concepts of taste and flavor more rigorously.

On the one hand, strictly and scientifically speaking, taste refers only to the recognition of taste substances by the taste buds. On the other hand, flavor is multimodal and engages, to a greater or lesser degree, all five senses. Taste, smell, and touch are all central elements of a flavor impression, while sight, sound, and chemical reactions in the mouth are involved as well. Information derived from all these sources is integrated in the brain to leave us with a single impression of a food or a drink. Later in the chapter we will have a more detailed look at how the process works.

We have all experienced the extent to which taste and smell enhance and interact with each other. The role of the other main aspect of flavor, which is based on tactile sensations and known as mouthfeel, is often overlooked. In this book we have singled it out so as to foster a deeper understanding of how it affects our enjoyment of food and how we can make use of it to prepare more nutritious and flavorful food. Before plunging into how this is put into culinary practice, however, it is useful first to take the time to learn about the scientific underpinnings of flavor science.

The Mouth and the Nose: Where It All Begins

Virtually everything that we need to sustain normal life enters us through our mouth or nose, the main gateways between the material world and the inside of our body: food and drink through the mouth; air, a host of different airborne particles, and odor substances through the nose. These portals are designed to maximize the entry of those substances that are beneficial to us and minimize the possibility of swallowing or inhaling something that is potentially harmful.

The environment in which we live is far from benign; we are surrounded by vast quantities of artificial and naturally occurring substances and microorganisms that can be life-threatening. That is why we are well protected on the outside by a layer of skin, the stratum corneum, which is very dense and difficult to penetrate.

The internal surfaces of our body—that is, those of the oral and nasal cavities, air passages, and the digestive system—are more vulnerable. These areas are covered by mucous membranes, made up of epithelial cells, which form a good barrier against certain substances but allow others to pass through. They perform this function, for example, in the lungs, where oxygen and carbon dioxide are exchanged, and in the intestines, where nutrients are absorbed from the food. Unfortunately, harmful substances, such as poisons, noxious gases, and bacterial and plant toxins, are also able to pass through the mucous membranes and enter the bloodstream and reach the inner organs.

This is why the main gateways, the mouth and the nose, are well guarded by a large number of sensors. In the course of human evolution, these have developed to help us select substances that we need and allow them to pass through while at the same time keeping out those substances that are potentially dangerous and poisonous. These sensors transmit signals about taste, smell, and mouthfeel to the brain, where it is integrated with visual and auditory input and information about chemical reactions in the mouth and nose. This overall sensory impression is what determines whether we will allow something to pass through to the more easily damaged inside of our body. Mouthfeel is an important part of this determination.

Flavor impressions are surprisingly complicated and multidimensional. They are driven principally by the recognition of taste substances by the taste buds, the sensing of aromatic substances in the nose, the way the food feels in the mouth, and chemical effects on the mucous membranes (chemesthesis).

All these different senses are rooted in our nervous system. Like the motor system, this sensory system is connected to either the brain or the brainstem. This happens with the help of twelve paired cranial nerves and of nervelike connections called ganglia. They are either sensory, sending impressions from the senses to the brain, or motor, transmitting signals from the brain to the muscles and organs.


AN EXPERIMENT: THE JELLY BEAN TEST

We all know that food tastes different when we have a blocked nose because of a cold. Actually, its taste is no different, but our sense of smell is temporarily diminished.

[image: image]

You do not need to have a cold, however, to experience the extent to which smell plays a role in flavor impressions. Just pinch your nose closed with your fingers, take a piece of candy—a wine gum, a jelly bean, or a candy with a fruit, cinnamon, or anise flavor—pop it into your mouth, and chew on it without exhaling. You taste only sweetness derived from the sugar or other sweetener in it. Let go of your nose, breathe out, and prepare yourself for a surprise. The candy suddenly seems to taste totally different because the aromatic substances that were added to it are now making their way from the mouth, up into the nose, and sending additional signals to the brain.



Several of the twelve pairs of cranial nerves are involved in identifying taste and odor substances and evaluating the impression made by food. All components of flavor make use of the cranial nerves to communicate with the brain, and this takes place at a very high level, which tells us that all aspects of flavor are important for our survival. The olfactory nerves are the first of these twelve pairs, the optic nerves are the second, and the trigeminal nerves are the fifth. All three are intimately involved with flavor impressions. The sense of smell is directly connected to the brain, the most crucial part of our central nervous system, at the highest cognitive level. Sensations of taste and mouthfeel pass indirectly to the brain through the brainstem, which is where other vital autonomic functions, such as heartbeat and breathing, are controlled.

• Smell is the most discriminating and most important aspect of flavor. The sense of smell is, in fact, much more discriminating than the sense of taste. It is stimulated by airborne substances in one of two ways. Odors are given off by food before it is put in the mouth and are inhaled directly through the nostrils; this is the orthonasal pathway. When we chew on food, aromas are released in the oral cavity and make their way up into the nasopharynx; this is known as the retronasal pathway. Retronasal detection of smell is the most important and well-developed route in humans, whereas dogs, to use a familiar example, detect most scents orthonasally. In both cases, the odor compounds arrive at the top of the nasal cavity, where they are detected by hundreds of discrete olfactory receptors. This in turn propagates an electrical impulse through the first pair of cranial nerves directly to the olfactory center in the brain (the olfactory bulb and the orbifrontal cortex, a region of the frontal lobe). A smaller portion of the signal is transmitted to the limbic system (paleomammalian brain), which is the locus in the brain for memory, feelings, and decision making about rewards and punishments. The sense of smell has a long evolutionary history, with about one out of every fifty genes in the human genome devoted to it. It is vital to our survival and is strongly linked to the subconscious. As a given smell can activate many odor receptors, humans are able to detect the differences between an enormous number of individual smells, possibly as many as 1 trillion. Recent research has shown that humans conceptualize smells as spatial patterns in the olfactory bulb, much in the same way as sight does on the visual cortex, forming a smell image. Nevertheless, our sense of smell is much less sensitive than that in some other species, for example, in bears, because our olfactory receptor neurons are not packed together as densely. But the area of the brain where we process signals from the nose is much larger and more sophisticated. For this reason our sense of smell may actually be much better developed than previously thought. The smell image in the brain of a particular odor can possibly be compared with the visual picture of a familiar face. This can help explain why odors and memories are linked in our mind.


Odor, smell, or aroma?

The words “smell,” “odor,” and “aroma” can be used to denote that which we perceive through the olfactory system. “Smell” is used most broadly, particularly in reference to the sense. Although the words “smell” and “odor” are value neutral, both have acquired a somewhat negative connotation, possibly due to their frequent association with the adjective “bad” and its synonyms. An aroma is also a smell, but this word is often used to describe one that is pleasant, such as that of freshly baked bread or a hearty stew.



• Taste, in the sense of what we taste directly on the tongue and in the oral cavity, is a physico-chemical and physiological entity that is localized especially in the almost 9,000 taste buds found on the tongue. The taste substances need to be dissolved in saliva before they enter through the pores of the taste buds to be picked up by the numerous taste cells. Taste cells are a specialized type of nerve cell that are tightly packed in the taste buds like the individual cloves in a bulb of garlic. The various receptors that are sensitive to the five basic tastes—sour, sweet, salty, bitter, and umami—are located in the cell membranes of these nerve cells. When the taste substances are recognized by and bound to the receptors, an electric signal is released via a series of biochemical processes, sent to the brainstem, and from there continues on to the brain. Each taste cell is primarily responsible for one type of basic taste. The various cells that are sensitive to the same basic taste send an integrated signal along a nerve fiber via three separate cranial nerves (the seventh, the ninth, and the tenth) through the thalamus to the taste center in the brain (anterior insula and the frontal operculum). In contrast to the sense of smell, it is not yet known whether the sense of taste forms a taste image on the cerebral cortex in the same manner as the senses of smell and sight.

• Mouthfeel, which will be described in greater detail later in this chapter, is a part of what is known as the somatosensory system. This system is found not only in the mouth, but everywhere in the body—for example, in the skeletal muscles, joints, inner organs, and cardiovascular system. Physical stimuli, including pain, temperature, and tactile sensations, such as pressure, touch, stretching, and vibrations, are picked up by the somatosensory system. It is also affected by the ability to sense the position and movements of the body and parts of the body (kinesthesia). This is linked to mouthfeel through the motions of the tongue as it explores and identifies the size, shape, and texture of a piece of food while chewing on it. Nerve endings in the teeth provide additional information about the structure of the food—its hardness, whether it is crunchy or elastic, and the size of its particles. Like the sensory impressions of taste, nerve signals regarding mouthfeel go indirectly through the brainstem to the brain—that is, to the thalamus and from there to the somatosensory center.


Irritants

Irritants are substances—for example, capsaicin, isothiocyanate, and piperine—that have an irritating effect on the trigeminal nerve (chemesthesis). They are found in many raw ingredients, including onions, chile peppers, black pepper, mustard, wasabi, horseradish, ginger, cress, arugula, and radishes.



• Chemesthesis describes the sensitivity of the skin and mucous membranes to chemically induced reactions that cause irritation or pain and that may damage cells and tissues. In the mouth this is registered as a sharp taste when we eat chile peppers, which contain capsaicin; black peppercorns, which contain piperine; or horseradish and mustard, which contain isothiocyanate. As the endings of the trigeminal nerves (the fifth paired cranial nerves) are the ones affected, chemesthesis is sometimes referred to as the trigeminal sense. Sensations of temperature are related to chemesthesis, in that certain chemical substances can interact with, and in a way deceive, some of the temperature- and pain-sensitive nerves relating to mouthfeel. This gives rise to false perceptions of heat and cold that are not directly related to the actual temperature of the food. Capsaicin induces a burning sensation, whereas menthol, peppermint, and camphor feel cold in the mouth.
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The placement of the five sensory centers in the brain (left), and nerve connections that transmit the perceptions of food in the mouth and the nose to the brainstem and the brain (right).

The sense of taste, like the other senses, is especially fine-tuned to take notice of changes and differences. Having a superior ability to detect them is an important physiological function for the survival of humans as a species. It also adds to the enjoyment of eating by heightening awareness of the different types of food and the variety of flavors, stimulating our interest and whetting the appetite. This applies particularly to three separate aspects of the taste experience: intensity, congruency, and adaptation.

It is important to make the distinction between the intensity of a taste and the taste threshold. The intensity is the strength of a taste; the taste threshold of a substance is the lower limit at which it can be detected—for example, as determined by the concentration of the substance. Both of these aspects of taste vary from one individual to another and are linked to age, among other factors. On account of the synergy between different taste substances and their interaction with the sense of smell, it can be difficult to speak unambiguously about intensity and taste threshold. This relationship is exploited by cooks and gastronomes and, to its fullest extent, by companies making food products and snacks.


PERCEPTIONS OF COLD

Menthol, peppermint, and camphor are among the substances that can induce a false sensation of cold in the mouth because they have an effect on certain temperature-sensitive nerves even though the temperature in the oral cavity does not change. By way of contrast to this effect, there are substances that, while they are at the same temperature as the oral cavity, can cause, in a true chemical and physical sense, an actual drop in the temperature inside the mouth. This comes about because dissolving the substances in the surrounding saliva requires energy, which is taken from the saliva in the form of heat, with the result that the temperature drops in the mouth. Examples of this type of substance are the sweeteners xylitol and erythritol. Both, so-called sugar alcohols, sweeten about as much as ordinary sugar, but contain, respectively, 33 and 95 percent fewer calories. On the tongue, xylitol and erythritol crystals induce a surprisingly strong sensation of cold, which can be used to advantage in sweet desserts. As the drop in temperature is caused by the actual dissolving process, this effect is absent if these sweeteners have already been added to a liquid. Conversely, the effect of those substances that induce a false impression of cold persists even when they have been dissolved.



Individual taste substances can enhance one another if they are harmonious or complementary, which is known as having congruency. This can have the effect of lowering the taste threshold so that they can be detected at lower concentrations when mixed together than when present on their own. An example is sprinkling a little sea salt on dark, bitter chocolate, which makes it taste sweeter. Congruency also applies to the interaction between taste and smell, allowing either to be detected at lower concentrations. All cuisines avail themselves of these interactions, blending together complementary sensory perceptions to prepare dishes that are judged as being more flavorful.


When tastes “marry”

The Italians have a delightful way of referring to congruency. When tastes are complementary and enhance each other, they say Si sposa ben—“They marry well”—or even Si sposa magnificamente!



Conversely, we often learn to like a whole range of foods that have tastes similar to those that we find unpleasant or that could potentially be inedible or harmful. After we have been exposed to them for a period of time, we can become accustomed to them—just think of curries so spicy that your eyes water; ice-cold desserts that almost hurt the teeth; or hot, bitter espresso. In these cases, we pay scant attention to potential danger signals emanating from taste and mouthfeel sensors, a phenomenon known as taste adaptation. This is also true of odors. We are rarely aware of the smell in our own home, but immediately become aware that there is a different smell when we step into a neighbor’s house.

The situation becomes even more complicated when we talk about a flavor impression as it is experienced by an individual. It is not simply a physiological matter encompassing all the sensory components of flavor. It also has social, psychological, psychosomatic, and cultural dimensions, which are linked to norms, upbringing, lifestyle, values, and identity. The actual physiological impression is merged in the brain with previous experiences, memory, and social context, transforming it into a very complex entity. Even though we eat food every day, flavor remains a concept that we have difficulty in describing to ourselves and to others.

Over the course of human evolution, the many different components of flavor, including mouthfeel, have been adapted to the chemical and physical properties of available ingredients to meet the daily challenge of feeding ourselves. To gain a better understanding of how all these gustatory elements can be combined to produce a multitude of effects, we will examine the chemical and physical properties of raw ingredients and prepared food, viewing them as our working materials, in the chapters that follow.

Mouthfeel: A Central Element of the Total Flavor Experience

Of all the different contributors to the total flavor experience, mouthfeel is probably the most neglected. We rarely pay much attention to the actual mechanical aspects of eating, which produce the tactile sensations on which mouthfeel is based. Chewing, the movements of the tongue and its examination of the feel of the food, breathing, and swallowing all proceed more or less automatically without our thinking about them unless the food diverges greatly from what we anticipated. This is an important aspect, because mouthfeel is a sense that is driven, to a great extent, by our expectations based on visual, olfactory, and tactile inputs. Perhaps we think that an apple will be crisp, that steaming soup is hot, that a chile sauce is spicy, or that pumpernickel bread has a coarse texture. These expectations will be weighed against the actual sensory impressions once the food is in the mouth, sometimes with surprising results.

Returning now to the situation described at the beginning of the chapter, let us look more closely at the role of the sensory system as a guardian of the vulnerable interior of our body. Every time we are about to eat or drink something, this system goes into action. First, we put our senses of sight and smell to work via the orthonasal pathway to evaluate whether the food or drink should come any closer to our mouth. Both of these sensory impressions, as well as how a substance feels in our fingers if we are holding it or by inspecting it with the help of knife, fork, or spoon, are merged together and conveyed to the brain. Here they are integrated with expectations, experiences, memories, and other psychological factors to produce an initial evaluation about whether to proceed any further.

If the brain sends a positive signal, but before the food is allowed to enter the actual oral cavity and stay there, it is next judged by physical contact with the lips, which sense its temperature and other characteristics, such as coarseness. All still being well, we put the food into our mouth, where the tongue and the inside of the mouth are ready to trigger a whole cascade of mouthfeel sensations. These help us avoid food that is undesirable because it is, for example, extremely hot or cold, seems to be poisonous, or so hard that it cannot be chewed or digested. The temperature of the food and its size and shape, as well as the nature of its surface, are then judged. If it is a liquid, its temperature and viscosity are noted. As soon as the food is in the mouth, odor substances reach the nose via the retronasal pathway, leading to a much more intense impression of smell than that based on the orthonasal pathway. It is still not too late to spit out the food or drink and any potential damage may have been averted, as it has not yet been swallowed. But sometimes these safeguards fail and many of us have experienced “pizza burn” or the pain caused by a too-hot potato.


AN EXPERIMENT: WHEN EXPECTATIONS ARE NOT FULFILLED
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Crisp potato chips (left) and ones that have gone soft (right)—they look the same, and their taste is identical, but their mouthfeel is completely different.

This is an experiment that can best be carried out with other people, using potato chips, crackers, or cookies. Prepare two types of food: one crisp, and the other soft. It is important that the two look as much alike as possible and that you or the others doing the tasting do not know which is which. First of all, look at the foods and try to judge how they will taste and feel in the mouth. Next, eat them and decide how your expectations were met and what effect this has on how you perceive their taste.

A similar experiment can be conducted with two similar-looking apples: one crisp and juicy, and the other dry, soft, and mealy.



Once the food is in the mouth, mechanical handling of the food takes over, while the salivary juices start to flow. If the food is a liquid, it might be swirled around in the mouth a few times before it is swallowed. If the food is quite firm, the chewing movement of the jaws and the teeth will reduce it to small pieces, while the tongue is carrying out acrobatic maneuvers that mix everything together. At the same time, more taste substances are released and dissolved in the saliva, diffuse in the oral cavity, and are picked up by the taste buds, while volatile substances drift up into the nasal cavity and activate the odor receptors, especially when we exhale. The taste grows more intense. The vibrations from the movement of the tongue and jaws give rise to noise that is transmitted through the jawbones and cranium.

While all these chemical and physical processes are taking place, the brain is fully engaged. Both conscious and subconscious physiological and psychological mechanisms participate in a complex judgment of the overall flavor impression and the way in which this impression sends signals about whether the food is edible, whether it is nutritious, whether it will satisfy the appetite, and how much of it we should eat. Memory, experience, and what we know about that particular food dominate the outcome of this process.


THE FATHER OF GASTRONOMY ON THE FUNCTION OF THE SENSES AND ON THE MECHANICS OF TASTE

Jean Anthelme Brillat-Savarin is often referred to as “the father of gastronomy.” In his immortal work, The Physiology of Taste (1825), which has been in print continuously since it was first published, he makes the following comments about the function of the senses and on the mechanical aspects of taste:
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Let us take a quick look at the sensory system, taken as a whole…. [T]he eye perceives external objects, revealing the wonders by which man is surrounded…. [T]he ear hears sounds, including those that might be a sign of approaching danger…. [T]he sense of touch stands guard to warn us, by means of pain, of an imminent injury…. [T]he sense of smell explores them [foodstuffs] given that harmful substances almost always give off an unpleasant odor. Then taste takes over to make a decision. Teeth are put to work, the tongue unites with the palate to taste the food, and the stomach soon starts the process of absorbing it.

It is rather difficult to determine precisely what makes up the taste organ. It is more complicated than it appears. The tongue certainly plays a prominent part in the mechanics of taste because, being endowed with great muscle power, it is able to mix together, turn, compress, and swallow the food. In addition, by means of the many, or less numerous, pores that are scattered on it, the tongue becomes permeated with the small flavorful, soluble particles of the solids with which it comes in contact. But all of this is not sufficient and several other body parts adjacent to the mouth combine to complete the perception of taste—the cheeks, the palate, and especially the nasal cavity, to which physiologists may not have paid enough attention.

On the contrary, by the delicacy of its texture and the various membranes that surround it and are near to it, the human tongue [as opposed to that of an animal] makes clear the sublime nature of the function for which it is intended. Furthermore, I have discovered at least three movements, not known in animals, that I have called spication, rotation, and verrition (from the Latin verb verro, to sweep). The first takes place when the tongue, in the shape of a spike, protrudes between the lips that hold it back; the second, when the tongue rotates in the space between the inside of the cheeks and the palate; the third, when the tongue, bends itself up and down to gather up the pieces that might remain in the semi-circular canal formed by the lips and the gums.

As soon as an edible piece of food has entered the mouth, it is confiscated—gases, juice, and all—with no hope of return. The lips prevent it from going back; the teeth take hold of it and crush it; saliva saturates it; the tongue turns it over and over; an inhaled breath of air pushes it toward the throat; the tongue lifts up to make it slide down. The sense of smell takes note of it as it passes by and it is cast down into the stomach to undergo further transformations. During this whole operation, not a single fragment, not so much as a drop or an atom, has been able to escape without being critically evaluated.
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Microstructure of butter: the yellow solid mass is fat, and the blue droplets are water. The size of the water droplets are in the range of 0.1 micrometer to 10 micrometers.

One of the most famous works in the field of gastronomy, The Physiology of Taste, was published anonymously in Paris in 1825 shortly before the death of its author, Jean Anthelme Brillat-Savarin (1755–1826), a French lawyer and politician. He drew on his own observations about food and its taste, describing the physical dimension of taste as “the mechanics of taste.” Even though this book is, in many ways, a typical snapshot of its era and a personal account, which Brillat-Savarin styled “meditations on transcendental gastronomy,” it could be considered the first known attempt to set out a rudimentary theory of taste. It is interesting to note that contemporary theoretical formulations concerning taste and its neurological basis—for example, as described in The Psychology of Flavour by Richard Stevenson—are in several instances foreshadowed by Brillat-Savarin’s writings.


A MODERN THEORY OF FLAVOR

The title page of Brillat-Savarin’s magnum opus is inscribed, in English translation, as follows:

The Physiology of Taste,

or

Meditations on Transcendental Gastronomy

A theoretical, historical and topical work

DEDICATED TO THE GASTRONOMES OF PARIS

by

A PROFESSOR

Member of several literary and scholarly societies

It is obvious that what Brillat-Savarin wrote is by no means a cookbook; rather, it is a work of reflection about food and what it means to eat, with a strong emphasis on the theoretical elements. At the beginning of the nineteenth century, approaching food and the culinary arts from an academic perspective was a bold and not uncontroversial move. He was encroaching on what was the privileged domain of gourmands and gourmets, not of gastronomes. This academic and philosophical treatise is the basis for his posthumous, well-deserved reputation as the father of gastronomy, an area that brings in its wake the concrete aim of describing food and flavor in terms of objective observations and quantitative commentary.

Much has changed in the past two centuries. Taste and flavor are now the objects of scientific study and research. A whole range of traditional disciplines—physiology, psychology, philosophy, anthropology, pedagogy, food science, nutrition, sensory science, chemistry, and physics—as well as a series of new, more interdisciplinary fields—culinary chemistry, molecular gastronomy, neurogastronomy, and gastrophysics—are involved in advancing our knowledge of these vital aspects of food and drink.

In his book The Psychology of Flavour, Richard Stevenson gives a comprehensive account on what is now known about this subject and sums up the results of psychological observations and experiments. He presents these in relation to biology and the organization of the neurological system, which form the background for his work on flavor. It is interesting to compare the many aspects of Stevenson’s theory with the observations, reflections, and theoretical considerations foreshadowed by Brillat-Savarin two hundred years earlier.

Stevenson constructs an integrated model of how the flavor system functions. On this basis he proposes a theory of flavor in terms of five functions. These five functions constitute a cyclic chain of events that starts with the search for food and ends at the same point. As it unfolds, it becomes clear that mouthfeel plays a prominent role in this theory.

Function 1: Finding, Identifying, and Choosing Food

This first function is predicated on there being a motivation for finding food—for example, hunger or thirst, stimulation in the form of seeing or smelling a potential source of food, or a memory that triggers a yearning for a particularly enticing food known from an earlier meal. Finding, identifying, and choosing the food are the three steps that need to be taken before we eventually have anything to eat. Both the sense of sight and the sense of smell (via the orthonasal pathway) are involved in all three. Let us use an apple as an example. We can quickly spot an apple on a tree, and by drawing on previous experience, determine whether it is too green to be chewable, too rotten to be digestible, or sufficiently ripe to be tasty and provide energy. This mechanism is the same for modern consumers as it was for the hunter-gatherers from an earlier era. It relies on both a semantic memory (general knowledge about the object, an apple) and an emotional and hedonic memory (whether one likes apples). The sense of smell also draws on earlier experiences and a predominantly episodic and cognitive (perceptual) memory (whether the odor in question is linked to something that one has previously found to be edible). These two senses complement each other and form the basis for the decision about whether to take a bite of the apple.

Function 2: Detecting Harmful Effects in the Mouth

This function depends partly on mouthfeel (the somatosensory system) and our ability to detect many different tastes on the tongue and partly on our ability to recognize divergences from tastes and mouthfeel with which we are already familiar. This function helps us choose important nutrients—for example, through the perception of sweetness (calories), saltiness (electrolyte balance), fats (calories), and umami (proteins). It also helps detect and prevent us from ingesting harmful or potentially poisonous food and drink. For instance, bitterness and sourness can warn us about the presence of toxins; mouthfeel, about things that might cause pain because they are burning hot or very cold; prickliness or sharpness, about the potential to damage our oral cavity; and toughness, stickiness, and gumminess, about the danger of choking. The ability to interpret taste and mouthfeel perceptions is to a large degree conditioned by our ability to compare them with earlier experiences. Here the extent to which our expectations were satisfied or were unmet plays a major role. We all know what it is like to take a sip from a coffee mug, only to discover that it is not coffee, or a gulp of lemonade to which no sweetener has been added.

Function 3: Encoding and Accumulating Flavor Experiences

According to Stevenson, this function has two aspects. The first is a conscious process characterized by associations that are based on experience—for example, that a certain taste is linked to the word “apple” and the appearance of the apple. Experiences can be accumulated either directly or indirectly by what we learn from others. The second aspect is a more subconscious encoding or learning process, where the actual object is not necessarily linked to the taste. It is also influenced by an emotional component—whether one prefers a certain taste (or wishes to avoid a particular one) at that time.

Function 4: Regulating Food Intake

The same mechanisms as in function 1 are at work here, but taste, smell (including the retronasal route), and mouthfeel are fully engaged because the food is already in the mouth. Naturally, appetite, hunger, and thirst play a role, but other factors are also important. On the one hand, there is a conscious coupling between taste and mouthfeel and, on the other, knowledge about the calorie content of the food (sugar, fats) and its consistency (heavy, solid), as well as the prospect of feeling full. Some taste impressions are also linked to a delayed feeling of satiety, for example, from umami, which is controlled by glutamate detection in the stomach. In this phase, taste-specific signals about fullness that are related not only to taste, but also to the complexity of the food, and elements of variation and contrast are involved. We have all experienced having had a big appetite for tasty, heavy food that quickly tapered off and we lost interest in eating more. Finally, the memory of which foods are filling influences the food intake, even before the slightly delayed physiological signal about satiety reaches our brain.

Function 5: Learning and Deriving Benefit from the Foregoing Four Functions

All of the first four functions indicate that learning and memory are important aspects of taste. Experiences are useless unless we learn from them and remember them. Our lives as individuals, as well as the survival and reproductive capacity of the human species as a whole, are dependent on this crucial function. The overall memory of a particular meal and the taste of the food are generally of short duration. Positive sensations, such as satiety, feelings of fullness in the stomach, and contentment; or possibly unpleasant feelings, due to discomfort, queasiness, and the effect of specific bioactive substances in the food (such as alcohol or substances that trigger allergies) have a much more marked effect than the flavor impressions of which we are consciously aware. Unless some of these impressions about the meal are unusually intense, the short-term memory of them is erased before the next meal, and we are back where we started, at function 1.
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Mouthfeel is perceived by receptors in the epithelial cells of the oral cavity that are associated with four different types of somatosensory nerve endings. They are sensitive to temperature, pain, touch, and pressure, respectively. These receptors are similar to those found in other parts of the somatosensory system of the body—for example, in the skin and the muscles—but there is a much greater density of receptors in the mouth than anywhere else. This is a strong indication that mouthfeel is very finely tuned; a characteristic that is especially important for our survival.

Somatosensory nerves associated with flavor impressions are also present in the nose, where they can be activated by volatile chemical substances, such as ammonia, which gives off an odor that is irritating to the mucous membranes. Similarly, carbonated vapors that are released from the bubbles of sparkling wine or soda water cause a prickling sensation. These physical sensory impressions, together with the changes in pressure in the nose caused by inhaling and exhaling, are involved in the overall perception of odors.

Astringency and Kokumi: Not Exactly Mouthfeel, but Something Like It

At one time, astringency was considered to be a basic taste. We are now inclined to say that it is a mechanical sensation, very similar to mouthfeel, caused by substances with a high concentration of tannins. A few well-known examples of astringency are the way the mouth feels dry and as if it is sticking together when we drink young red wine or strong tea or eat an unripe persimmon or a too-green banana.

The sensation of astringency is caused by chemical reactions between food or liquid containing tannins and the surface of the tongue and saliva. The tannins bind with proteins in the saliva, causing them to clump together. These aggregated proteins feel like little particles and make the saliva more viscous, reducing its capacity to help the food slide over the tongue and past the sides of the oral cavity. It has also been suggested that astringency is a tactile sensation, which is due to contraction of the mucous membranes when proteins in the epithelial membranes bind together, leading to a tension that activates touch-sensitive channels.

Last, but not least, we should introduce another concept, kokumi, which is currently the subject of much research and ongoing controversy as to whether it is an independent basic taste, linked to distinct receptor cells. What is clear, however, is that it is described phenomenologically in terms that are related to mouthfeel. The expression itself is Japanese and is difficult to translate into other languages. It combines three distinct elements: thickness—a rich, complex interaction of all the taste impressions; continuity—the way in which long-lasting sensory effects grow over time and only taper off slowly; and mouthfullness—the reinforcement of a harmonious sensation throughout the whole mouth. So, while kokumi may not be an independent taste, it is associated with the enhancement of taste and with food that is truly delicious, overlapping to a certain extent with the characteristics of umami.


THE PHYSIOLOGICAL BASIS OF MOUTHFEEL: THE SOMATOSENSORY SYSTEM

The temperature-sensitive, pain-sensitive, touch-sensitive, and pressure-sensitive nerve endings and their associated receptors are described in detail in Neurogastronomy: How the Brain Creates Flavor and Why It Matters, a book written by an American neurobiologist, Gordon Shepherd. What follows is based on this work.

Temperature-sensitive

These nerve endings are attached to nerve fibers that transmit signals slowly with the help of special receptors called transient receptor potential (TRP) channels, which are generally permeable to sodium, potassium, and magnesium ions. They mediate a number of different sensory impressions—for example, hot and cold temperature, as well as pain. This is the system that tells us whether the tea is hot or the gelato is cold.

Pain-sensitive

These nerve endings, which also possess certain TRP channels (called nociceptors), respond to mechanical, chemical, and temperature-related stimuli, all of which can be a warning that they have detected something that is potentially damaging to cells and tissues. They are able to differentiate among the different pain sensations: sticking (such as from isothiocyanate in mustard and horseradish), burning (such as from capsaicin in chile peppers and piperine in black pepper), aching (such as from a fish bone or a piece of very crisp bread crust). Temperatures under 59°F (15°C) and over 138°F (52°C) are felt as pain. Because the channels that perceive temperature and pain are closely related, the senses can sometimes fool us so that we experience something as being cold (menthol, peppermint, and camphor) or hot (piperine and capsaicin) even though their temperature has not been altered (chemesthesis). Pain-sensitive nerve endings also react to electrical stimuli and changes in pH. The prickling and sour taste sensation derived from carbonated and effervescent drinks is thought to be due to a combination of both pH-sensitive receptors and somatosensory nerve endings.




Touch-sensitive

These nerve endings, which are controlled by a special type of receptors (mechanosensitive sodium channels also known as tactile receptors) in the membrane of the nerve cells, respond more quickly to stimuli than those that are sensitive to temperature and pain. They react to the mechanical deformation of cell membranes, which allows them to send signals about smaller deformations, stretching, and compression of the mucous membranes, as well as the size, shape, and coarseness of solids. The touch-sensitive nerves are activated not only when food is chewed, but also when the tongue is examining it with the help of the proprioceptic system, which has a special type of receptors, proprioceptors, that can sense the position and pattern of movement of the tongue (kinesthesia).

Pressure-sensitive

These nerve endings respond very quickly and are especially sensitive to vibrations that are caused by rapid movements of the tongue and jaws. We have comparable nerve endings in our fingertips, which can detect differences in texture as small as a fifth of a millimeter and vibrations up to 250 cycles per second.
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The sensory system in the skin, which registers heat, cold, pressure, and pain: (1) pain, (2) temperature, (3) touch or light pressure, and (4) pressure.



It has recently been shown that kokumi is evoked by the stimulus of certain calcium-sensitive channels on the tongue by small tripeptides—for example, glutathione, found in such foods as liver, scallops, fish sauce, garlic, onions, and yeast extract. Glutathione itself is tasteless, but can suppress bitterness and intensify saltiness, sweetness, and umami. Its effect on sourness is, at this time, unclear. Even minute quantities—as few as 2–20 parts per million—of substances that evoke the most potent kokumi can be very effective.

Sensory Confusion

Taste impressions from various sources are not independent or experienced in parallel; they interact and are combined in a manner that is not merely cumulative but to a great extent synergistic—the integrated impression is more than the sum of its parts. The normally occurring combination of taste and retronasal smell is a good example in that we typically, but erroneously, associate retronasal smell with a sensation in the mouth rather than in the nose. At other times we associate smell with taste and there are even instances when we mistakenly identify one sensory impression as something completely different.

Sensory confusion between taste and retronasal smell is not due simply to the fact that we have difficulty in distinguishing between the two. There are also more profound neurological reasons for the brain’s playing tricks and leading us to aggregate completely discrete sensory impressions into one integrated impression or a single memory.


GARLIC, BLACK GARLIC, AND KOKUMI

The characteristic taste and aroma of fresh garlic are due to certain sulfur-containing substances that are formed enzymatically in great quantities when the garlic bulb is touched and bruised. When the garlic is heated over a long period of time, many of these taste and odor impressions dissipate and are lost.

Black garlic is produced by keeping ordinary garlic in a container for several weeks at a temperature of 140°–176°F (60°–80°C) with a constant humidity of 70–80 percent. The garlic turns completely black and its pungent taste takes on a mild, slightly acidic, sweet, and well-rounded character with notes of balsamic vinegar and tamarind. Even though black garlic is referred to as fermented, this is incorrect. The transformation is due not to a fermentation process, but to low-temperature Maillard reactions, which always result in browning or blackening. In addition, the texture of the garlic changes, taking on a consistency that is soft, creamy, and a little waxy, emphasizing its contribution to kokumi.



The way the brain links different sensory impressions and the way in which this is dependent on earlier experiences and memories are known to sensory physiologists as binding. What happens is that the brain bundles together several different sensory impressions—for example, a particular taste and a smell that have been sensed at the same time on a previous occasion. When we are exposed to the same smell in a completely different context, the brain can associate it with the original occurrence, conclude that the same smell is involved, and as a result link it to the particular taste with which it was originally associated. People often say that something smells sweet, salty, or fatty, even though these sensory impressions are tastes and are perceived on the tongue. So, we might describe a red apple as having a sweet aroma. The impression of sweetness is proportional to the ability of the smell to enhance the sensory experience. This is why a sweet odor can, like a sweet taste, have the effect of suppressing sourness.

A similar binding process causes smells and tastes to call forth memories that were thought to be long forgotten. Many cooks are aware of this phenomenon and use smell and taste to create a meal that awakens strong memories of happy times—for example, childhood. Many of us have a deep-seated nostalgia for our mother’s or grandmother’s food that we carry with us throughout our lives.

Another example of sensory confusion related to binding is synesthesia, a neurological phenomenon in which stimulation of one sensory pathway can involuntarily lead to a completely different one. For example, in rare instances, a color can trigger a taste impression—the appearance of a ripe, red apple elicits a sweet taste impression. Nevertheless, it can be difficult to distinguish this from the anticipation of a taste and it is not clear whether, and to what extent, being consciously aware of the situation mediates the linking of these two sensory impressions.


JUDGE IT BY ITS CRUNCH

The careful evaluation of a hot dog amounts to a short course in mouthfeel. In the first place, the sausage, whether it is cooked or grilled, must have a crisp skin. The quality of the sausage is judged by the way it crackles when you bite into it—it is good only if you can actually hear it. An ideal hot dog bun should have a thin, crisp crust, but be soft inside. In addition, there may be crunchy, roasted onions and a slice of crisp dill pickle or sauerkraut. Ketchup or mustard must be thick and viscous. Relish must include some firm bits of gherkin; mayonnaise has to be soft and creamy, but not runny.



Mouthfeel can also exhibit binding characteristics and marked reciprocal interaction with the other senses. For example, irritation can suppress an odor, and in combination with the viscosity of the food, can affect the taste impression. And smell can influence the experience of the creaminess and temperature of the food.

The Interplay Between Mouthfeel and Other Sensory Impressions

A variety of sensory impressions converge in the brain and, as we will discuss later, it is not a simply a matter of pairing them up, as in the case of smell and taste, but of a true multisensory integration. Before we get that far, though, we will take a look at how mouthfeel interacts with the other senses. This interplay is the foundation on which all gastronomy and good cuisine are built.

Much is known about how sight, hearing, and somatosensory impressions are integrated; however, our understanding of the interplay between chemical sensory impressions and mouthfeel is more limited. Even though much of this knowledge is phenomenological and we have not yet discovered its neurological basis, we can put these interactions into practice to enhance or to suppress a given taste or mouthfeel. This can come in handy if one has accidentally put too much chile pepper in the pot or if a dish is too salty.

To stimulate taste impressions of the five basic tastes experimentally, we often use a collection of classical taste additives: sweetness is derived from ordinary sugar (sucrose), saltiness from table salt (NaCl), bitterness from quinine or caffeine, sourness from citric acid, and umami from monosodium glutamate (MSG). Irritation and pain are typically induced by capsaicin or piperine. Mouthfeel can be evoked by changing the viscosity of the food, by direct contact with it, or by the mechanical movements of the tongue in the mouth.

When we use the expression “taste” in the following, we are referring to chemical taste—that is, taste as perceived by the taste buds. “Touch” refers to a mechanical stimulus and somatosensory perception, and “irritation” is the consequence of chemesthesis. What follows is taken from a description of a series of research results compiled by Justus V. Verhagen and Lina Engelen. In several cases, the relationship between the two sensory impressions has given rise to discussion and research outcomes are not consistent.

Taste → Touch. Taste can affect the way in which the viscosity of a food is perceived. Sweetness enhances it, sourness lessens it, bitterness has no effect, and it is not clear whether salt has any effect.

Touch → Taste. In food that is very viscous there is a raised taste threshold for, and decreased intensity of, sour, sweet, salty, and bitter tastes. The effect is also dependent on the viscosity of the medium in which the taste substances are embedded. For example, oil dampens the diffusion of taste substances. In contrast to other tastes, umami becomes more intense due to the movement of the tongue, but this effect is not caused by the taste substances being distributed to the more umami-sensitive areas at the back of the tongue.

Temperature → Taste. The taste threshold for sucrose and other tastants are lowest in the temperature range from 72°–91°F (22°–37°C), which is, therefore, the range within which we are best able to taste food. It would appear that this is due to the temperature of the tongue, rather than that of the food. Moreover, some experiments have shown that changing the temperature over a small area of the tongue can evoke different taste sensations. For example, warming the part of a tongue that has been cooled brings out a sweet taste and cooling the tongue to 50°–59°F (10°–15°C) can result in sour and salty tastes, but the effect varies from one person to another. Warming the tip of the tongue results in intensification of sensitivity to sweetness from sucrose, but not to other tastes. This indicates that the perception of sweetness due to warming is less susceptible to adaptation.

Taste → Irritation. Sweetness (sucrose) can reduce the burning sensation produced by piperine and capsaicin, whereas sourness (citric acid) and water have only a minor effect, and saltiness (NaCl), and bitterness (quinine) have no effect. Here it should be noted that such substances as salt and quinine in large concentrations can in themselves lead to irritation.

Irritation → Taste. Irritation and pain caused by capsaicin reduce the taste intensity of sweet, bitter, and umami tastes, whereas they have little or no effect on sour and salty tastes. In the case of irritation caused by piperine, sour, sweet, salty, and bitter tastes are decreased; it would appear that its effect on umami has not yet been investigated. The special irritation and prickly sensation produced by carbonated drinks can reduce bitterness and enhance sourness. These results are complicated, given that some of the test subjects experienced capsaicin as a moderately intense bitter taste and that CO2 in water forms carbonic acid, which is sour.

Smell → Touch. The few results that are available indicate that smell can influence the experience of textural impressions, such the creaminess, consistency, and melting qualities of a food. For example, vanilla, which is intensely aromatic and associated with creaminess, increases the perception of creaminess in a vanilla pudding.

Touch → Smell. Increasing the viscosity of a food attenuates the intensity of the smell perception. In this experiment, the actual release of odor substances from the food is controlled so that it is not dependent on viscosity.

Smell → Temperature. Some odors are perceptually associated with temperature, an interaction due to binding. For example, the aroma given off by many spices is associated with warmth.

Temperature → Smell. In general, the intensity of odors increases with temperature. This is most probably a purely physico-chemical effect as the higher temperature leads to the vaporization of a greater number of volatile odor substances and makes the food less viscous, also facilitating the release of these substances.

Smell → Irritation. On the one hand, smells normally suppress the feeling of irritation. On the other hand, many smells can, in themselves, trigger irritation.

Irritation → Smell. Irritation—for example, as induced by capsaicin—suppresses the intensity of smells, such as those of oranges and vanilla. There are also indications that astringency in the nose contributes to the sense of smell.

Touch → Temperature. Experiments have shown that applying vibration to the lips raises the threshold for experiencing warmth or reduces sensitivity to temperature. Increasing viscosity—for example, with a higher fat content—raises the perceived temperature of a cold substance, even though the temperature remains constant. An explanation for this is that fat has an insulating effect. Another investigation of this effect has shown that a food with a high fat content at a low temperature is sensed as being less cold than its low-fat counterpart. Conversely, a food with a high fat content at a high temperature is experienced as being less warm than one with a low fat content.

Temperature → Touch. Temperature has a marked influence on the mucous membranes and the tongue and on the physical properties of the food, especially its coarseness and texture. Hence, it is likely that the influence of temperature on mouthfeel is predominantly a physico-chemical effect rather than a neurological one.

Touch → Astringency. Astringency due to the tannins from grape seeds is decreased when the viscosity of the mediums in which they are dissolved is increased. This is in agreement with other studies that have shown that lubricants, such as cooking oil, reduce the feeling of astringency. The reason for this effect is probably that the lubricant reduces the rubbing and resistance that accompany astringency.

Temperature → Irritation. Heat increases irritation and pain—for example, from capsaicin, piperine, acids, and alcohol—and cold does the opposite.

Irritation → Temperature. The effect of irritation is sometimes described using such adjectives as “hot,” “burning,” or “strong.” Irritation due to capsaicin is experienced as warmth and consequently helps suppress the feeling of cold.

All these results show that taste can in no way be viewed as merely a chemical impression and that somatosensory effects play a significant, complex role in how we perceive it. Furthermore, they demonstrate that the overall evaluation of taste should be regarded as an active process, in which touch, tactile movements, and other physical and physico-chemical factors, such as viscosity and temperature, play a part. The way in which the five primary senses interact indicates that our intuitive understanding of taste is to a large degree modulated by mouthfeel. By changing the texture of food, it is possible to stimulate other senses and, conversely, changing the other sensory impressions can affect mouthfeel.

In most instances, the mechanisms that drive the observable relationships between mouthfeel and other taste modalities are not known. Neurological, psychophysical, or biochemical explanations have been put forward with respect to some of these effects. An example of this relates to irritation due to capsaicin, which affects the taste intensity of sweet, bitter, and umami, but not that of sour and salty. This could be an indication that the mechanism involved is the binding of capsaicin to the particular type of taste receptors that, like those for sweet, bitter, and umami, are all so-called G-protein-coupled receptors, whereas the receptors for sour and salty are ion channels.

A greater understanding of the interplay between mouthfeel and the other sensory impressions can have an influence on the preparation of both our everyday meals and gastronomic specialties and lead to the development of more interesting and challenging dishes, where all the senses are engaged. Here new scientific discoveries, particularly those within the fields of neurogastronomy and gastrophysics, can be used to great advantage.

Neurogastronomy: Flavor Is All in the Brain

All our senses are part of the nervous system, which, in principle, is designed to act for them as a sort of communications system by which a sensory impression is connected to one or several locations in the brain. At one end of this communications system, we find the nerve endings, which are the tips of the sensory cells, a type of nerve cells that respond to stimuli—for example, with the help of specific molecular sensors (receptors).


FATTY FOODS SEEM WARMER

Experiments have shown that the subjective evaluation of the temperature of a food can depend on its fat content. Test subjects were asked about their perceptions of two versions of a similar product, one with high fat content and the other its low-fat counterpart. Even though the temperature of the two products was identical, test subjects felt that at a high temperature the one with more fat was less warm and at a cold temperature it was less cold. This may be due to the insulating effect associated with a high fat content. A simple demonstration of how this works can be done by sampling a rich ice cream and a slushy ice drink that are taken from the freezer at precisely the same temperature. The ice cream will seem less cold.



We can use the senses of sight and smell to illustrate how this works. The former originates in the retina of the eye, where there are nerve endings that contain light-sensitive receptors, whereas the latter starts in the epithelial membrane at the top of the nasal cavity, where there are nerve endings with receptors that are stimulated by airborne odor substances. Nerve fibers from these nerve endings connect them to the central nervous system, in either the brainstem or the brain itself. There is a comprehensive scientific understanding of how each of the five senses—sight, hearing, taste, smell, and touch—function and interact with the nervous system. To a significant extent, neurophysiologists and behavioral psychologists have discovered how the brain handles sensory impressions, as well as how these actions of the brain are linked to cognition, consciousness, memory, emotions, and behavior.


As legendary Roman gourmet Marcus Gavius Apicius, who lived in the first century C.E., said: “The first taste is always with the eyes.”



Research in this field becomes truly exciting, but also more difficult, when individual sensory impressions are integrated and gathered into a combined sensory experience. Here our knowledge is much more limited, even with respect to interactions between certain senses that are better understood than others, such as those between taste and smell. We have already seen how mouthfeel works in tandem with some of the other senses. When it comes to eating and enjoying food, it is the integration of the combined senses that produces what we think of as flavor. The current terminology in neuroscience for this process is multisensory integration and multimodal perception of food. These combined perceptions are not actually derived from the food itself, but are products of our nervous system and the brain. The conclusion? Flavor is all in the brain!

The recognition that flavor per se is actually located in the brain has led to the name of a new cross-disciplinary branch of science known as neurogastronomy, a term coined by Gordon Shepherd and described in the book of the same name. In it, he makes the case for the importance of flavor for our emotions, our consciousness, and not least our desire for and inclination toward certain types of food. He also demonstrates how this cutting-edge neuroscience links our behavior to specific neurological processes and even to the arrangement of our nervous system. According to Shepherd, the multisensory integration of flavor in the brain also becomes a question of emotions, memories, decisions, learning, language, and consciousness. Acknowledgment of the role of flavor has consequences for our behavior with regard to our eating habits and preferences. In this way, neurogastronomy becomes not only a key to understanding why we like certain foods, but also a tool that might help us handle the challenges of developing healthy eating habits and combating obesity and other diet-related illnesses.

At one time, investigations of the nervous system and the workings of the brain in relation to smell were centered on studies of persons whose sense of smell had been affected by an accident. More recently, scans of healthy test subjects who were subjected to sensory stimuli were used to uncover many of the processes taking place in the brain. These experiments have contributed to revolutionizing neuroscience in many ways. In addition, the micro neuro-circuitry of the brain has been probed by placing electrodes in special areas of the brain of laboratory animals, especially rodents, dogs, and monkeys, to measure directly the electrical effect of the stimuli. Over and above the ethical dilemmas posed by using animals for this type of research, the problem arises that this data is not necessarily applicable to the functioning of the human sensory system. First of all, parts of the central nervous system that are implicated in flavor perception do not have the same arrangement in nonprimates, such as rodents, as in primates, including humans. Furthermore, taste receptors differ from one type of animal to another. For example, mice are not able to taste the artificial sweetener aspartame and cats cannot taste sweetness at all.

The physico-chemical description of the food and its transformation in the kitchen, together with neurogastronomy, constitute the scientific basis for gastronomy. Naturally, being able to prepare good, appetizing food is in no way dependent on having a prior understanding of any of the underlying science. But having a little knowledge about the workings of our sensory physiological processes and how they shape our perceptions of flavor serves a twofold purpose. It can become a source of inspiration for gastronomes and can contribute to making our own preparation and enjoyment of delicious food a richer experience. In a sense, this is analogous to the way in which knowing something about art history and schools of painting can enhance our appreciation of a work of art.


THE A TO Z OF EATING A FRENCH FRY

In Neurogastronomy, Gordon Shepherd explains the role of the brain flavor system when we pass judgment on a food. He illustrates how you can consciously experience it at work, using the example of French fries, one of the most popular ways of preparing potatoes. In the United States, about a quarter of all vegetables are consumed in the form of French fries.

Start by holding the French fry in your fingers. The sense of sight notes its shape, size, and color and the sense of touch gives an idea of whether the French fry is soft or possibly greasy. The first faint smell impressions are already being formed, especially if the French fry is hot, and the odor molecules find their way up into the nose via the orthonasal pathway. An expectation, based on past experience, of how the French fry will taste is beginning to take shape.

Now you are ready put the French fry into your mouth. First, it touches your lips and then, providing it is not too hot, it comes in contact with the taste buds on your tongue. While the tongue is evaluating the initial taste impressions from the surface of the French fry—for example, to determine whether there is salt on it—the intense odor substances are being processed via the retronasal pathway. If these impressions are positive, you probably want to continue eating and your brain may have concluded that one French fry is not sufficient. Does this not remind you of eating salted peanuts?
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Next, you chew on the French fry and it quickly becomes apparent whether your expectations of a crisp surface have been satisfied. More odor substances are released and swirl up into the nasal cavity and are registered via the retronasal pathway, even though the brain thinks that the taste emanates from the mouth. Now the more discriminating aspects of mouthfeel are activated. Temperature sensors in the mouth determine whether the French fry is hot enough. After your teeth have bitten through the crust of the French fry, it is time to explore its texture. Is the outside tough or does it yield to pressure? Is the individual piece elastic and soft on the inside, as we would expect of one that is perfect? And we become aware of additional taste impressions: the sweetness of the potato due to its content of cooked starch, the degree of saltiness, umami from free amino acids, and those derived from the oil and the brown Maillard products on the surface of the French fry.

In the course of its journey from the lips, through the mouth, and into the throat, these combined flavor impressions of the French fry are often augmented by those from condiments, such as ketchup or vinegar, and accompanied by separate ones from drinks.




HOMUNCULUS: THE LITTLE MAN INSIDE THE BRAIN
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The cortical homunculus: a contemporary illustration of how humans would look if the size of the various somatosensory areas of the body were proportional to the amount of the brain’s cortex devoted to registering the signals sent by each of them.

Brain scans and the detailed mapping of the somatosensory center in the brain have corroborated the famous, classical image of the brain that presents a picture of the sensory areas of the body in the shape of a small human on one side and the placement and extent of the areas where sensory impressions are registered in the brain on the other. This image, which was originally proposed by the Canadian neurosurgeon Wilder Graves Penfield (1891–1976), is known as the homunculus, the Latin word meaning “little man.” In contemporary terms we would say that the size of the various sensory organs in the picture above is a reflection of the density of receptors on that particular organ. It shows that the fingers, lips, tongue, nose, and eyes are richly endowed with receptors. Homunculus makes it abundantly clear that the perception of flavor, including mouthfeel, is an important function of the brain.




COOKING AND THE EVOLUTION OF THE HUMAN HEAD

Two books published by eminent scientists in the past few years—Catching Fire: How Cooking Made Us Human, by Richard Wrangham, a British primatologist, and The Evolution of the Human Head, by Daniel Lieberman, an American biologist—advance the ideas that the food we eat and our having discovered how to cook it have played a significant role in human evolution, in particular, of our head. The authors approach the topic from complementary perspectives, taking into account the size of the human brain, observable physical characteristics that differentiate us from animals and early man, and the effects of changing from a diet of only raw ingredients to one that includes prepared food. What follows is based on some of the salient points in these studies.

Humans have a disproportionately large brain in relation to their body weight, about 2 percent of the total, whereas other animals of comparable size, apart from dolphins, have a brain that is relatively much smaller. If our brain were to be equivalent to that of other animals of our size, it would weigh ten times less. About 20 percent of the energy output in our body is devoted to brain function. This led some researchers to an earlier conclusion that the availability of an abundance of nutritious and energy-dense foodstuffs was an absolutely necessary precondition for the evolution of such a large brain.

A clue as to what might have facilitated this development can be found by looking at dietary factors. Humans are unique in being the only species that cooks some of its food. Even the higher primates eat only raw food, and, in order to extract sufficient energy from it, they must devote about one-third of each twenty-four-hour day to gathering food and an equal amount of time to chewing on it. Butchery marks found on bones indicate that our early ancestors, the hominins, began to eat raw meat about 2.6 million years ago, but it would not have been easy to eat and digest. Presumably early hominins reduced the raw ingredients to smaller pieces by cutting, pounding, crushing, or tearing them into smaller pieces before eating them. Meat and the nutrients and energy derived from it are thought to have been essential for our further evolution, but Homo sapiens does not have teeth that are well suited for chewing raw meat. For example, between fifty and seventy chewing motions are required to reduce a piece of dried raw meat to small particles. Many are familiar with the aching jaw that can result from eating a piece of beef jerky.
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The skull of a chimpanzee (left) seen from the front and the side, and similar views of that of a human (right). The pictures show that the face of the chimpanzee slopes toward the back and has a protruding jaw, whereas the human face is smaller, flatter, and drawn in under the forehead. The differences reflect the consequences of the diet of the two species. Chimpanzees need to chew at length with great strength on hard, tough, untreated food, whereas humans masticate for a shorter time and with less force because the food has been reduced to smaller pieces and often cooked, making it softer and easier to eat.

According to Wrangham, the development of the large brain became possible only after our distant ancestors learned how to get more nutrition and energy out of a piece of meat. This necessitated the invention of cooking: first over the flame and embers from an open fire, and later in the Neolithic Age, using bowls and pots. He posits that people first started to use fire to prepare food much earlier than the timelines proposed in previous archaeological studies and suggests that it first happened about 1.9 million years ago. In short, to be human is to be a cook.

Heating also softens raw ingredients, leading to changes in their structure and nutritional value. Raw meat and plants, hard fruits, and seeds are all tough. Cooking food, such as meats and plants, over a fire breaks down the proteins in the meat and gelatinizes carbohydrates in the plants, at the same time releasing taste substances and increasing the available calorie content. As a result, the process of eating is more efficient because the food is easier to chew and digest and has a higher nutritional value. In support of his arguments, Wrangham points out some relevant notable physical differences between humans and other primates. We have smaller teeth, weaker jaws, and a smaller mouth. In addition, our smaller stomach and shorter digestive tract indicate that we have adapted to ingesting food that is prepared and separated into small pieces, allowing us to eat more food in less time and to derive more energy from it.

There is other indirect scientific evidence for the evolution of humans as cooks. For example, about 2 million years ago, there was a mutation in the human muscle protein, myosin, which is involved in the molecular mechanisms for clenching the jaws. This mutation can have a connection to the reduced strength that the jaws need to exert to chew food that is soft. Another possibility is that the mutation reflects a move toward greater sensitivity in the chewing motions and an increase in the importance of mouthfeel.

The caloric content of plant-based food that has been heated is derived primarily from starch. First, though, it must be broken down into sugars with the help of an enzyme, amylase, which is both found in the saliva and secreted from the pancreas into the small intestine. A genetic mutation occurred sometime in the course of human evolution that resulted in the secretion of three times as such amylase in the mouth, but not in the intestines. Chewing on hot food stimulates the activity of amylase.

The question then arises as to why no genetically mediated increase in amylase activity has occurred in the intestines. Some researchers think that the significant amylase activity in the mouth is intended not simply to release the calories stored in the sugars but also to keep the teeth clean. Starch in the saliva, precisely because it acts as a paste, sticks to the areas between the teeth and leads to poor oral hygiene. Amylase breaks down the starch and in that way helps keep the teeth clean. Even though we can, in theory, survive without starch, about half of the caloric intake in contemporary diets is derived from starch in one form or another.

With the bold statement “You are how you eat,” a reworking of Brillat-Savarin’s famous aphorism “You are what you eat,” Lieberman pithily sums up a central hypothesis of his book. According to his analysis, the evolution of the human head is linked to food and its texture. The softer food that resulted from our ancestors having taken up cooking has altered the evolutionary forces on our skull and endowed us with the head that now sits on our shoulders. His conclusions are based on archaeological studies of the skeletons and skulls of early humans, as well as investigations of the shape of the head both of present-day humans and of a number of animals, all of which have different dietary patterns. He links the evolution of our head to two noteworthy conditions: that we need a very energy-intensive diet to keep our large brain functioning and that we walk upright, and therefore, can run quickly for a long period of time. In principle, this idea rests on energy considerations and on mechanical circumstances related to how the head is constructed, especially as these apply to chewing functions. This is where food comes into the picture—changes to our diet had a direct effect on the shape of the head and the function of its constituent parts.

Lieberman examines the physical evidence for the evolution of the head, which first developed in animals about 500 million years ago, presumably helping early mammals to become better hunters. In the case of humans, our gait and the way we move our limbs were among the determinants in this evolutionary process, but what we eat was also a factor. The head—especially the oral cavity, teeth, tongue, and pharynx—plays a major role in tasting, chewing, and swallowing food. Consequently, the texture of the food exerts an influence on the growth and development of the head.

Human heads are characterized by a flat face that is drawn in under the forehead and relatively small teeth, whereas apes have longer faces and more protruding jaws, which reflects how pressure is distributed in the skull when they chew. Lieberman holds that changes in diet, especially those due to the use of fire to prepare food, led to changes in the shape of our head, given that chewing soft food involves fewer chewing motions and the jaws do not need to exert as much pressure. He estimates that modern humans require less than half as much time to chew their food as Stone Age people did and can get by with about 30–50 percent less strength in their jaw muscles as well.

Chewing hard, tough food requires bigger jaws and teeth with deeper roots and larger crowns. Consequently, the more limited amount of chewing had an effect on the shape of the human head and skull and led to a reduction in the size of the face and the surface area of the teeth. The data for the shape of the skull among people who have shifted from being hunter-gatherers to becoming farmers, and later taking up the lifestyle that is a sign of an industrialized society, indicate that their faces have grown less compared with those of chimpanzees, especially in the area around the dental arches, which is where chewing movements have the strongest impact. Interestingly, since the Ice Age, our permanent teeth have shrunk more than our primary teeth. This may be a sign that food does not expose the primary teeth to the same selection pressure as the permanent teeth, simply because the crowns of the permanent teeth develop only after the child has started to chew solids.

Because the head needs to be held in a stable position as we move, human upright gait and ability to run has also had an effect on the shape of the skull. For example, unlike the face of other primates, which have a jaw area that juts forward, our face is smaller and drawn in under the forehead, And in contrast to our four-legged friends, we have no snout. Instead we have only a small protruding outer nose with nostrils pointing downward and a relatively short inner nasal cavity. As a result, our pharynx is also relatively short. This particular configuration is essential for the way we breathe and our ability to add moisture to the air we inhale and dry out the air we exhale, helping to regulate body temperature and ensure effective energy conversion when we run for long distances. When we eat, the role of the tongue becomes more important because of our short pharynx.

These days we rarely think about how much or how little we chew on our food, unless it has an unexpected texture that requires more or less mastication. Chewing has become an almost subconscious part of the eating experience. In his most recent book, The Story of the Human Body: Evolution, Health, and Disease, Lieberman raises the question of what the long term consequences will be for the human head and body of consuming ever increasing quantities of industrially prepared food. It tends to be soft, rich in calories, lacking in texture, and it takes less and less effort to eat it. He describes how these hastily embraced changes to our diet and lifestyle are out of synch with our genetic makeup and identifies this as one reason for the epidemic growth in the incidence of type 2 diabetes and obesity. His conclusions might give us pause to reflect—if we humans evolved as we did primarily because we learned to cook and if this development helped to shape how we look and function, should we not pay much more attention to the nutritional value and texture of the food we eat?
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	What Makes Up Our Food?
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Virtually all our food is of biological origin and comes from the tree of life. We eat living organisms, or parts of living organisms that were once alive, from a broad range of sources: plants, animals, fungi, and algae. Even bacteria contribute to our nutritional intake, although we rarely give this a second thought when we eat a dairy product, such as yogurt, that contains live lactic acid bacteria. More amazingly, these microorganisms take up residence in our digestive system, which is host to a thriving community of approximately 100 trillion essential bacteria, or about ten times as many of these unicellular organisms as there are total cells in the human body itself. This is equivalent to about 4.4 pounds (2 kg) of bacteria and may include up to 1,000 different types.

When these diverse sources are turned into food, we can think of them as raw materials that are made up of the same building blocks as living organisms—that is, proteins, carbohydrates, fats, and nucleic acids. Added to these are minerals, trace elements, vitamins, and above all, water, the largest component.

Seen through the eyes of a physicist, biological materials are what are called soft condensed matter—they are flexible, they can be bent, and their shape can be altered. Living organisms also avail themselves of rigid materials to support and protect their soft parts—for example, inner skeletons and carapaces made of calcium and chitin. Nevertheless, biological materials are first and foremost characterized as soft, a condition that is absolutely necessary for their very existence and for being able to carry out those functions that we associate with life.

In the course of human evolution, our sensory system, including mouthfeel, has been especially designed and fine-tuned to explore this characteristic of softness so as to determine whether biological materials are potentially edible.

Foodstuffs derived directly from raw ingredients that have not been altered in any substantial way and that do not contain food additives are commonly thought of as natural foods. Other foods, known as processed foods, are produced from raw materials that have usually been transformed to such an extent that it is no longer possible by simple inspection to determine their origins. This latter category includes a wide range of products, from those that contain mostly natural ingredients, such as butter, cheese, bread, and ketchup, to others that are highly processed and contain significant amounts of preservatives, additives, flavorings, and coloring. Finally, futuristic synthetic food, assembled entirely from chemical compounds, has recently become a reality. In the case of both processed and synthetic food, it is necessary to pay a great deal of attention to producing an appropriate texture that will result in a good mouthfeel. To a large extent, this has to be created as part of the manufacturing process, whereas the texture of natural foods generally mirrors the structure of the living organisms from which they are derived.

Food from the Tree of Life

Almost every part that is not poisonous of all living organisms has been incorporated into the human diet somewhere in the world. Nevertheless, there are vast differences as to what is regarded as edible. Brains, chicken feet, pig ears, jellyfish, insects, and seaweed are featured in a number of food cultures, while in others they are nowhere to be found. Some people prefer the fleshy meat of land animals, but others are happy to eat the internal organs, referred to as offal. A connection can sometimes be made between preferences for certain raw materials and the extent to which a particular cultural group is attuned to texture and mouthfeel. An example of this is seaweed, which is a staple food in Japan and highly prized for its special texture.

The mouthfeel of edible biological materials varies enormously from one species to another and is, to a large extent, dependent on the parts of the organism from which they were derived, how old those organisms were, and under which conditions they lived or grew. Of course, how the ingredients are prepared also plays an important part. Nevertheless, a number of dominant conditions characterize the different types of raw materials and are determined by their biological origin and physiological function. For instance, food that comes from the sea, especially fish, shellfish, and seaweeds, has a texture that is distinct from that of land organisms in a number of ways. This is because aquatic organisms do not have to support their own weight, whereas terrestrial animals and plants do. Another example is the texture of plants, which reflects that, unlike animals, they are unable to move about and are bound to the place where they are growing.

Plants

Plants are our most diversified food source; we eat a much greater variety of them than of animals. Vascular plants, also called higher plants, have some combination of roots, taproots, tubers, rhizomes, stems, branches, trunks, leaves, flowers, seeds, and fruits, each of which has a distinct structure. Many fruits, such as ripe berries, are juicy and soft, whereas seeds can be hard, crisp, oily, or creamy. Taproots and tubers, which tend to be hard, crunchy, and possibly stringy, can be cooked to make them soft and mealy. Stems and leaves in vegetables might be tough and fibrous, but can be prepared so that they become soft, crisp, or firm.
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(Top) Natural foods whose biological origins are easy to identify; (middle) processed foods made from ingredients that have been transformed to such an extent that the raw materials cannot be recognized; (bottom); examples of pure substances that make up food: carbohydrates, proteins, and fats.
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Cell structure of a seaweed (dulse) before and after it has been cooked. The cells are around 20 micrometers in size. Cooking loosens the cell structure so that the seaweed is softer and easier to chew.

The potential of plants as a food source is mainly attributable to their lack of mobility and the necessity to survive in places where they have put down roots. For support, plants have firm cells walls reinforced with cellulose to give them form and structure. Not all parts of the plants are equally stiff, as illustrated by the differences between leaves, stems, and roots. While all plants need sunlight to photosynthesize, some are able to thrive growing right along the ground, while others have to be sufficiently rigid to keep themselves very upright to gain sufficient exposure to light. This is why their cells have stiff walls that are strengthened with cellulose, but that are not equally stiff in all parts of the plants. To avoid being eaten, plants may also be protected by having hard or poisonous tissue or a bitter taste. Conversely, they may depend on the harvesting of their fruits and seeds by humans and animals so that these are scattered and the species can be propagated. Ripe fruits, therefore, are often soft and tasty, whereas the unripe ones may be sour, bitter, or very hard. Plant cells contain oils and starch, whose function is energy storage for the plant.

For humans to be able to eat and derive sufficient nutrition from plants, or parts thereof, it is necessary to take many of them on a trip through the kitchen to alter their texture and mouthfeel. Simple mechanical treatment sometimes does the trick. Chopping, crushing, pureeing, and grinding partially break down the cell walls, releasing the contents of the cells. The most effective method, however, is heating. Heating and cooking gelatinize the starch and soften the cell walls, with the result that the plant tissue becomes softer and easier to chew. The cellulose content, which humans cannot digest, is not broken down, though, and cooked plants still contain a considerable amount of insoluble fiber. Some plants contain poisonous substances—for example, hemagglutinin, found in kidney beans; and cyanide, in cassava—and they absolutely must be cooked to render them harmless for human consumption. Other ways of processing plants include salting, drying, marinating, and fermenting, all of which alter their nutritional content and taste as well as mouthfeel.

Two polysaccharides, called pectin and hemicellulose, bind the cells together. In contrast to cellulose, both of these substances are water soluble, and they can actually bind so much water that they can be used as gelling agents. When they are heated in water, they absorb water and the cell walls are softened to such an extent that the parts of the plant are easier to separate into small pieces and are softer to eat. This takes place at moderate temperatures in the range of 176°–198°F (80°–92°C). Using heat to prepare plant-based foods is much less challenging than cooking meat, which involves finding a delicate balance between the different ways in which muscle proteins and collagen behave. And as the cells in animals do not have rigid cell walls, the juices in them are able to seep out during heating, which can result in a dry, unpalatable piece of meat. In some cases, the cell walls of plants retain some of their properties during heating, and water can seep out of the cells—for example, when cabbage and spinach are heated; in other cases, water can be absorbed—for example, when rice is cooked. Although it is easier to preserve the texture of plants than that of meat, there is a greater risk of spoiling their good taste substances and aromas.

Fungi

Fungi make up a large class of organisms. Their cell walls, unlike those of plants, are reinforced with chitin. Many of the small unicellular fungi, including yeast, are not in themselves important contributors to mouthfeel as they are not usually eaten directly. But they play a central role in fermentation, which alters the texture of other raw materials, sourced from both plants and animals. The much larger multicellular fungi, such as button mushrooms, oyster mushrooms, and shiitake, have an edible fruiting body, called the sporocarp, which is the part of the organism that grows aboveground. Truffles are distinctly unusual in that the sporocarp grows beneath the soil near the roots of trees. Approximately 80–90 percent of the fruiting body, which can be fragile, juicy, or tough, is composed of water. When they are heated, the fungi lose most of their liquid content and they shrink, but as their cell walls are not water soluble, they retain their shape, become softer, and do not turn to mush. Soaking dried fungi in water can more or less restore them to their original shape. Some fungi—for example, wood ear mushrooms (Auricularia auricula-judae)—contain water-soluble carbohydrates, with the result that they take on a sticky texture when they are heated.
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Button mushrooms growing on spawn.

Button mushrooms that have been cultivated on a bed of dry soil have a special taste and firm texture. The gastronomic value of these extra-dry champignons is often overlooked.

Algae

Algae make up a large, diverse heterogeneous group of organisms, ranging in size from tiny unicellular specimens to large multicellular ones. The smallest algae are unicellular cyanobacteria or phytoplankton that is more closely related to plants. These are consumed mostly in the form of freeze-dried powders, with spirulina and chlorella being the best-known examples. They are used primarily as protein supplements or to add intense green color and have no impact on mouthfeel. The largest algae are the multicellular aquatic organisms that we know as seaweeds, of which there are about 10,000 different species, most of which are edible.


Extra-Dry Champignons, Endive, and Umami Crème with Grated, Smoked, and Frozen Egg Yolks and Roquefort

THE DAY BEFORE

•  Divide the oil evenly among four small ramekins.

•  Separate the eggs and place one yolk in each prepared ramekin. Reserve the whites for another use.

•  Turn on a small smoking oven. Or place smoking chips in a pot and set it over heat.

•  Place the ramekins in the smoking oven or the pot, turn off the heat, and let stand, covered, for 5 minutes. Taste the oil to find out whether it has taken on a smoky taste; if not, repeat the process. Freeze the yolks, still in the oil, in their ramekins.

•  Cut the individual leaves from the endives, until only a single long stalk remains. Reserve the stalk for some other use.

•  Season the apple cider vinegar with a little sugar and salt and place in a resealable plastic bag together with the endive leaves. Refrigerate until ready to serve.

•  Brush the mushrooms carefully to remove any dirt. Shave the mushrooms very finely and refrigerate.

•  Crumble the blue cheese and refrigerate or freeze it whole so that it can be grated over the dish just before serving.

•  Whisk together the mayonnaise, yogurt, the vinegar mixture from the endives, and the mustard and Worcestershire sauce. Stir in the parsley and chives.

TO SERVE

•  Spread a little of the crème on the bottom of a serving dish.

•  Distribute the marinated endive leaves on the crème and heap the mushroom slices on top.

•  Sprinkle or grate the blue cheese over the dish.

•  Remove the egg yolks from the freezer, take them out of the oil, and grate them on top of the other ingredients.

•  To finish, sprinkle a little Maldon salt on top and serve immediately. As an extra touch, add a few croutons and decorate with chive blossoms, if available.

Serves 4

1⅔ cups (400 ml) neutral-tasting oil

4 organic eggs

2 Belgian endives

1 tablespoon (15 ml) apple cider vinegar

Sugar

Salt

7 ounces (200 g) extra-dry champignons

1¾ ounces (50 g) Roquefort or Danablu cheese

Maldon sea salt

CRÈME

3½ tablespoons (50 ml) mayonnaise

3½ ounces (100 ml) low-fat, thick yogurt

1 teaspoon (5 ml) Dijon mustard

1 tablespoon (15 ml) Worcestershire sauce

A little fresh parsley and chives, chopped finely
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Extra-Dry Champignons, Endive, and Umami Crème with Grated, Smoked, and Frozen Egg Yolks and Roquefort.
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Seaweeds: sugar kelp and winged kelp.

Like those of plants, the cell walls of marine algae are reinforced with cellulose or water-insoluble carbohydrates that resemble it. But their makeup also includes water-soluble carbohydrates that have an important relationship to mouthfeel, especially carrageenan, alginate, and agar. These carbohydrates are a source of soluble dietary fiber and have the ability to bind large volumes of water, making them suitable as gelling agents. Seaweed extracts can be used in this way to add texture to other foodstuffs and are often incorporated into yogurt and desserts. The carbohydrates in some other marine algae, such as those in sugar kelp, produce a slimy mouthfeel. Seaweeds in their natural state may be tough, crunchy, crisp, soft, or hard, depending on the species. In many parts of Asia, seaweeds are prized precisely because of their special contribution to mouthfeel.

In contrast to terrestrial plants, the large marine algae have no need to develop roots and circulatory systems for the transport of water and nutrients. As everything they require is in their immediate surroundings, each individual cell is able to look after itself. An example of how this is reflected in their role as food is the giant kelp (Macrocystis pyrifera), which can grow up to 180 feet (60 m) in length, forming enormous kelp forests, yet in spite of its size is still edible and has a delicate mouthfeel. We can hardly make a similar statement about the largest plants in the world, the giant sequoia trees (Sequoiadendron giganteum), which can grow to a height of over 240 feet (80 m) and are totally inedible.

Terrestrial Animals: Meat from Muscles and Organs

The structure of animals reflects their ability to move around and their consequent need for muscles, a heart, and internal energy depots that are readily accessible. Muscles are composed of bundles of muscle fibers, connective tissue, and fat. The muscle fibers enable the muscles to contract, while the connective tissue holds them all together. Although there are three different types of muscles, it is primarily the striated muscles, which connect bones and tendons, and to a lesser extent cardiac muscles that are eaten. The striated muscles consist of parallel fibers, whereas the cardiac muscles are branchlike rather than linear. This difference has a major impact on their respective mouthfeel.

An essential feature of meat is its fat and protein content. Unlike plants, which store their energy in the form of starch, animals do so in the form of fat. The muscle fibers consist of proteins—myosin and actin—and the connective tissue of collagen, which is also a protein. What is special about the muscles from land animals is that their fibers are very long and run the length of the entire muscle. Collagen is relatively stiff and melts only at temperatures of 140°–158°F (60°–70°C) or higher, at which point it turns to gelatin.
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Raw beef heart.


Grilled Beef Heart

Heart meat, along with that of other organ meats, has fallen out of favor in many Western cuisines, which is a pity because it is exceptionally nutritious. We might bear in mind the old Chinese saying: “Eat the organ you want to heal.”

•  Rinse the beef heart and trim off any excess fat and hard bits of tissue and veins around the top.

•  Cut it into four or five large pieces and freeze them only as long as it takes for the surface to become a little hard.

•  Slice the heart into thin slices, a little under ½ inch (1.3 cm) thick. Use a meat slicer if that is more convenient.

•  Dry the meat with paper toweling, brush the slices with olive oil on one side only, and grill, oiled side down, just before serving. Important: remove the slices from the pan while they are still rare.

•  Season thoroughly with salt and pepper and serve grilled side up.

Serves 6

1 beef heart (about 3 pounds [1.5 kg])

Olive oil

Salt

Pepper
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Grilled Beef Heart.



The muscle fibers are firmly attached to the bones with connective tissue. As a result, raw meat from land animals is usually tough and elastic. Heating it denatures the proteins in the meat and the connective tissue is softened, completely changing the texture of the meat, making it tender and easier to chew.

The fat content in muscles has only a minor effect on the tenderness of the meat. On the contrary, it is the collagen content and the actual structure of the muscles that determine how tender the meat is or can become when it is heated.

[image: image]

Denaturing and unfolding of a protein.

Muscles are built up hierarchically from bundles called fascicles, consisting of from ten to one hundred muscle fibers encased in connective tissue. Multiple bundles of these fascicles are then grouped together and sheathed by a tougher layer of connective tissue to form the actual muscles, which are anchored to the bones by tendons. The tenderness of the muscle meat is determined by three factors: whether the muscle fibers in the fascicles are fine or coarse, the amount of connective tissue, and whether the muscle is weak or strong. In broad terms, we can say that tender meat comes from weak muscles and tough meat from the strong ones.

Connective tissue is a network of collagen fibers and, like the fascicles, is also hierarchically constructed. Each collagen fiber consists of many fibrils, each made up of three long protein molecules, called tropocollagen, that are helically wound around one another. The individual protein molecules are, to a greater or lesser extent, chemically cross-linked. The strength of the fibrils, and consequently, that of the connective tissue as a whole, increases with the number of cross-links. Apart from how it is prepared, this is the key factor that determines how tender the meat will be. Strong muscles and muscles from older animals have more cross-links in the connective tissue.

When meat is heated quickly for a short period of time, the fibrils contract and it becomes firmer. Conversely, if it is slow-cooked at lower heat, the cross-links can be broken down, the water-insoluble collagen breaks up into small pieces and converts to water-soluble gelatin, and the meat becomes more tender. This is why strong muscles and those from older animals need to be cooked for a longer period of time to be tender.

[image: image]

Structure of a collagen fiber from connective tissue. The fiber consists of a collection of fibrils, each of which is made up of three long protein molecules (tropocollagen) that are wound around one another like a helix. In the intact fibril, the individual protein molecules are bound together chemically by cross links. As shown at the bottom, when the fiber is heated, these linkages are broken and the fiber eventually breaks up into smaller pieces. These are actually gelatin, which is water soluble.

Technically speaking, gelatin is hydrolyzed collagen. As we will see later, gelatin can be used to prepare jellied foods. Connective tissue also contains a certain amount of fat, which has only a minor effect on the texture of the meat, but makes a particularly important contribution to the taste.

Only about half of the total meat derived from terrestrial animals is in the form of skeletal muscles. The rest comes from organs—including tongue, heart, liver, kidney, sweetbreads, and tripe—which generally contain much more connective tissue than skeletal muscles. Some of these are quite tough and may require longer cooking times to be palatable and have a pleasant mouthfeel. Others—for example, heart or lamb kidneys—need to be sautéed for only a short time. Unlike the other organ meats, liver consists of a collection of loosely bound cells, which results in a rather delicate texture. In the case of duck and goose liver, it also has a high fat content, causing it to melt partially and to curl up when it is heated.

Eggs

Chicken eggs consist primarily of whites and yolks. Proteins account for 11–13 percent of the whites and the remainder is water. The yolks are made up of 50 percent water, 16 percent protein, and 33 percent lipids (lecithin, triglyceride, and cholesterol) that contribute to the emulsifying properties of eggs.


TWO TYPES OF STRIATED MUSCLES

In principle, there are two types of striated muscles, with their differences reflected in how they work. Slow-twitch muscles need to have endurance in order to work continuously over long periods of time—for example, those in animals that are in constant motion or in the thighs of animals that stand upright most of the time. These muscles obtain energy by oxidizing glucose. Oxygen is constantly transported around in the muscles with the help of myoglobin, a protein molecule related to hemoglobin in the blood. Because myoglobin is red or brown, the slow-twitch muscles are dark and red.

Their counterparts are the fast-twitch muscles, which are able to work in short bursts only, but exert much more force. These muscles cannot wait for the myoglobin to transport oxygen to them, so instead they anaerobically oxidize a special carbohydrate, glycogen, which is produced in the liver and is already stored up in the muscles, ready for use. It is a colorless polysaccharide, with the result that fast-twitch muscles are pale.

On poultry we can clearly see which muscles are slow-twitch and which are fast-twitch by using the examples of meat from domesticated chickens and wild pheasants. The thigh muscles, which are slow-twitch, yield dark meat in both instances. The breast meat of domesticated chickens that are barely able to fly, and for only very short distances, is made up of fast-twitch muscles and is white, whereas that from the pheasants consists of slow-twitch muscles and is dark.
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The hierarchical construction of a striated muscle.
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Cross-section of raw pork: (left) shank and (right) tenderloin.




TENDERIZED AND CHOPPED MEAT

Meat from tough muscles with a great deal of strong connective tissue can be tenderized by pounding it or chopping it. This reduces the cooking time so that it can be prepared without losing very much of its taste. In certain instances, it is even possible to eat chopped meat raw, for example, in beef or veal steak tartare. Popular myth has it that the name of this dish is based on the belief that Tatar horsemen used to put a piece of meat under their saddle so that it would be tenderized while they rode. The truth is more prosaic. This dish as we know it today has evolved from one that was originally served with tartar sauce—à la tartare—the sauce is gone, but the name stuck.



The yolk is actually a suspension of lipid and protein particles, collectively called lipoproteins, encased in a complex matrix of water and proteins that has many different levels of structure. The level of most importance in terms of mouthfeel is the highest one, in which the whole yolk is composed of a large quantity of small spheres, about 0.1 micrometer in diameter, which are each protected by a membrane. When the yolk is cooked, the proteins in these spheres coagulate, becoming firm and giving the yolk in a hard-boiled egg its characteristic slightly crumbly structure. The yolk is surrounded by a wall that consists of a biological membrane and a layer of glycoproteins, special proteins that are quite strong.

In contrast to the yolk, the egg white becomes uniformly firm when heated, as the proteins in it coagulate into a solid, homogeneous white mass.

Milk

Milk has a surprisingly complicated inner structure, a characteristic that is responsible for its mouthfeel as a drink and for the properties of the dairy products made from it, including cream, cheese, yogurt, and other soured or fermented products. We will return later to the texture and mouthfeel of all these products.

Whole milk consists of 87.8 percent water, 3.5 percent fat, 3.4 percent protein, and 4.8 percent carbohydrates in the form of lactose, as well as minerals and vitamins. Two types of proteins, casein and whey protein, are particularly important for milk’s role as a nutrient.

There are four different types of casein proteins. These cluster together into small, complex structures, called micelles, which each contain from 10,000 to 100,000 proteins and have a diameter of 0.01–0.3 micrometer. The micelles are made up of smaller groupings of casein molecules that are bound together by hydrophobic interactions and calcium ions, which contribute to the calcium content of milk. Seen from the outside, the casein molecules look a bit like hairs on the micelles. These have a negative electrical charge, which causes the micelles to repel one another and prevents them from clumping together. If the milk is soured, these electrical repulsions attenuate and the milk coagulates into cheese curds when the micelles form a network that captures the fat particles in the milk. Micelles can also be made to bind together into a network with the help of a particular enzyme, rennet, which clips off the hairlike casein molecules.

Whey proteins are dissolved in the milk in the form of individual molecules that contain sulfur, which contributes to the particular smell and taste of cooked milk. When warmed, whey proteins do not coagulate, but instead bind to the casein micelles. Nevertheless, if only a little casein is present, the whey proteins can clump together in the presence of an acid, producing the type of cheese curd that is used to make ricotta.

[image: image]

Structures in milk span many different length scales.

Milk fats are present in the shape of large globules, typically 0.1 micrometer to 10 micrometers in diameter. Each globule is protected by a lipid membrane, which ensures that they do not merge into one another. In fresh whole milk, the fats float to the top after the liquid has been cooled for a few hours and form a layer of cream. When the milk is homogenized, the globules are broken up into fairly uniform pieces, about 1 micrometer in diameter. These are so small that they remain suspended in the liquid, turning the milk into a colloid. In addition, the casein micelles attach themselves to the surface of the fat globules, acting as a sort of emulsifier. If the cream is skimmed off instead, what remains is skim milk, which contains less fat but is rich in proteins. Removing some of the casein micelles from skim milk—for example, in the form of cheese curds—turns it into whey, which also has a low fat content but contains only whey proteins.

Although the fat globules are very stable when heated, during cooling they form crystals that destroy the membranes and the globules cluster together. When cream is churned, the membranes are broken down mechanically and the fat aggregates to form butter. The remaining liquid is buttermilk, which has little fat but retains the proteins.

Fish

In contrast to the plants and animals that live on land, the organisms that have adapted to living in aquatic conditions have developed much less capacity to support their own weight. On account of the buoyancy of water, the effect of gravity is very small because marine plants, animals, and algae have almost the same specific gravity as the surrounding water. Compared with terrestrial animals, those living in water expend no energy to stay upright, and consequently, are able to devote more of their muscle power to movement and to maintaining the shape of their body. Broadly speaking, this means that these organisms have less need for strong support mechanisms. Nevertheless, outer structures, such as shells and scales, are sometimes a practical necessity. In the case of fish, their skeleton and bone structure also depends on the type of water in which they live and how deep it is. Because salt water is more buoyant than fresh and brackish water, ocean fish are generally able to support a frame with heavier, thicker bones, which is also essential for withstanding the tremendous pressure exerted by deep water. Conversely those that inhabit fresh or brackish water tend to have many small, thin bones.

The fibers in the striated musculature of bony fish are much shorter than those in terrestrial animals, being typically on the order of [image: image] − ⅜ inch (2 mm–1 cm) in length. These short fibers are arranged in layers that are held together by some fragile layers of connective tissue, which stretch from the bones to the inner layer of skin in such a way that the fish is easily able to make swimming movements. This creates the well-known zigzag pattern, easily seen in salmon flesh, or observed less directly when a piece of cooked cod flakes apart. Because this structure is not very sturdy, fish muscles are much softer than those of land-based animals. But this does not mean that their muscles are weak. On the contrary, they can be very strong, because fish need to be able to move quickly through water, which offers much more resistance than the air in which land-based animals move about.
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Zigzag structure of a striated fish muscle (salmon).

There are a number of differences in the collagen and proteins found in the muscles of terrestrial and aquatic animals that have implications for mouthfeel. First of all, there is considerably more connective tissue in the meat from terrestrial animals; and, second, the collagen in fish is weaker because there are comparatively fewer cross-links between the individual protein molecules. Fish muscles fall apart more quickly after the fish is killed than do meat muscles, which typically need to be aged before they are ready to eat. In addition, fish collagen melts easily and at lower temperatures; and because it is weaker, fish flesh is softer, more tender, and can, in many cases, be eaten raw. Proteins in fish muscle also denature at a lower temperature, but this can be problematic as it is more difficult to prevent fish from becoming dry and mealy when heated.

The mouthfeel of fish eggs, known as roe, varies, depending on the structure and, especially, the size of the individual eggs. In contrast to eggs from terrestrial animals, fish eggs have no outer calcified shell but only a thin outer membrane. The membrane around small eggs, from such fish as flying fish and smelt, feels hard, crisp, and crunchy, whereas it is soft and supple on the considerably larger salmon and sturgeon eggs. Changing the osmotic pressure—for example, by adding salt—can alter the crispness of the roe. The individual eggs are held together in the egg sac by a protein solution that has to be removed mechanically to isolate an individual egg. If the entire egg sac is cooked, these proteins coagulate and the roe turns into a solid mass.
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Fish roe: (left to right) flying fish, lumpfish, and salmon.

Mollusks and Crustaceans

Mollusks are invertebrate animals, most of which have an outer shell or two half shells—for example, snails and bivalves, respectively. Others, such as octopus, cuttlefish, and squid, have a minimal outer or inner shell or none at all.

Bivalves have one or two adductor muscles. One type can hold the shells closed tightly over a long period of time, is incredibly strong, and contains a great deal of connective tissue. It is too hard and tough to be edible. The other type, which enables the shells to open or close quickly, contains less connective tissue, and consequently, it is soft. A prime example of an edible adductor muscle is what we know as a scallop. This muscle, which is a fast-twitch muscle, and therefore white, has a very particular tender texture, because the scallop is the only bivalve that can swim over short distances by clapping its shells together.

Some aquatic mollusks—abalone, large sea snails, and geoducks (Panopea generosa), among others—have a muscular foot or siphon that is used for locomotion or food intake. These muscles are very tough, and when heated, they become even tougher. To make them suitable for eating, the uncooked muscles can be pounded or else sliced very thinly to serve raw as sushi or sashimi, in which case they will have a crisp or crunchy mouthfeel.

In some bivalves, such as blue mussels, clams, and oysters, the adductor muscle is small, hard, and basically inedible. Instead, we eat all the rest, made up mostly of the stomach and the gills. The texture of a mouthful of oyster is, therefore, very different from that of a scallop. As the inside of an oyster contains only a little muscle mass, a raw oyster is soft and viscous. It becomes firmer when heated because the proteins are denatured and at the same time bind the free amino acids, which are responsible for its characteristic sweet and umami tastes when it is raw.
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Cuttlefish, razor clams, and anchovies.

Mollusks, such as octopus and cuttlefish, have longer muscle fibers and more connective tissue than do bony fish, such as anchovies. The individual muscle fibers are considerably thinner than those in fish muscles, resulting in a firm, smooth flesh. What gives these organisms their particular texture is their large collagen content. The collagen forms cross-linkages, making the muscles exceptionally strong, tough, and elastic. This special muscle structure also gives octopus and cuttlefish a great deal of flexibility, allowing them to change shape in all directions.

Octopuses are notoriously difficult to prepare. They have to be cooked either very little or for a long time. When heated for a short period of time, they become soft and juicy because the proteins are not fully denatured and the collagen is partially softened. But if we misjudge and cook them a little too long, they become tough, because the collagen contracts in all directions and the muscles lose liquid. The muscles then become soft and tender only after they have been simmered slowly so that the connective tissue breaks down to gelatin. Making crosshatches in the surface of the flesh helps somewhat to speed up this process.

Crustaceans, such as shrimps, lobsters, scampi, and crabs, have external shells, and their head often forms an integral part of the body. Shrimps, scampi, and lobsters have a very distinct striated, segmented musculature in their tail, which contains more connective tissue than the flesh of bony fish. For this reason, these muscles are tougher and dry out more readily than those from fish. A raw shrimp muscle is soft and a little soapy, but becomes firm when cooked. Because they contain large quantities of aggressive enzymes that quickly render the flesh mealy, lobsters and some other crustaceans must either be eaten immediately after they are killed or be cooked right away if they are to be kept a little longer.
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Scampi (Nephros norvegicus).

Insects

In many places all around the world, humans have eaten insects for thousands of years and in many countries—for example, Mexico, Thailand, and the Democratic Republic of Congo—some species are considered a true delicacy. Even though it is estimated that 70 percent of the global population eats insects in one form or another, they are still thought of as strange and exotic in most Western countries. In terms of nutrition, insects are very important because they contain considerable quantities of proteins, fats, and vitamins. They are a sustainable food source and utilize the earth’s resources much more efficiently than domesticated animals.

With their crisp, crunchy exoskeleton and softer innards, insects could quite easily be transformed into foods with a perfect mouthfeel. The only stumbling block is figuring out how to overcome the cultural aversion that some people have to eating bee larvae, grasshoppers, ants, and a range of other insects.

Edible Molecules


ROASTED BEE LARVAE: PEAS ’N’ BEES

Researchers and cooks at the Nordic Food Lab in Copenhagen are engaged in an ongoing quest to seek out the gastronomic potential of raw materials found in the Nordic countries and to tease out their distinctive tastes. A scientist, Josh Evans, and a chef, Roberto Flore, have turned their attention to insects. They have discovered an untapped resource—the bee larvae that beekeepers routinely discard in the springtime from the frames in beehives to control the problem of mite infestation. These larvae are very rich in proteins and unsaturated fats, so why not eat them?
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Peas ’n’ Bees: toasted bee larvae sprinkled on a creamy, chilled soup made from fresh peas, lovage, and toasted bee larvae sprinkled on top.

This is where the problem of texture arises. Most people are unwilling to eat insects, period. And if what is on offer are fat, creamy larvae, there are even fewer takers. The trick is to make them crunchy and mix them with other ingredients. One solution is a type of toasted muesli that combines bee larvae, honey, and different types of cereals and seeds.

Another possibility is to deep-fry the larvae. Prepared this way, they reminded the cooks of popcorn. So, Evans and Flore came up with the idea of sprinkling toasted bee larvae on top of a creamy, chilled green pea soup. This dish, which was named Peas ’n’ Bees, had its debut at an international symposium on the science of taste held in Copenhagen in 2014.



“Like everything on earth, foods are mixtures of different chemicals.” This statement by noted American food writer and scholar Harold McGee serves to remind us that what we eat is made up of molecules, in particular, proteins, carbohydrates, fats, and nucleic acids, or the products formed by breaking them down. The first three types of molecules are of importance for nutrition, taste, and mouthfeel, whereas nucleic acids in the form of their degradation products, known as free nucleotides, have an effect on taste, especially umami.

Proteins and carbohydrates are normally fairly large molecules that are composed of many smaller parts and form long chains or cross-linked networks. Such molecules are called polymers. The polymeric properties of proteins and carbohydrates are totally responsible for the way in which these molecules can provide structure and, with it, mouthfeel in food. Water plays an important role because the degree of water solubility of polymers completely determines how a foodstuff is structured. Carbohydrates are generally water soluble, whereas some proteins are and others are not. The behavior of fats in the food is to a great extent linked to their relative insolubility in water. When they do dissolve, however, they form some very special structures that have a great effect on texture.
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Dried grasshoppers.
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The molecules we eat: carbohydrates, proteins, nucleic acids, and fats.

Two particular properties of the proteins, carbohydrates, and fats that are found in living substances are the primary reasons that they form soft matter. One of the properties is that the molecules have very different reactions to water, being hydrophilic, hydrophobic, or amphiphilic, concepts that will be explained later. The other is that they are normally very large—that is, macromolecules—and may have complex structures and form intricate links with one another and with water.

The combination of these factors and how they interact is the secret underlying mouthfeel. Keeping this in mind, we can view the preparation of food as a collection of processes that helps transform the general characteristics of the raw ingredients in such a way that the food is edible, nutritious, palatable, and preferably safe to eat. These processes change their structure and, with it, how we experience their texture. To be able to understand how this works and how we can change it, we first have to know more about the actual molecules that make up the raw materials derived from living organisms.

Proteins

Proteins are made up of long chains of amino acids held together by strong chemical bonds. These bonds can be broken down by the action of a variety of enzymes that cut the proteins into smaller pieces, among them free amino acids and small peptides, which are important for both nutrition and taste. The enzymes can, therefore, have an effect on raw ingredients and the structure of food. An example of this process is a pineapple dessert that becomes runny because certain enzymes in the fruit degrade its pectin. Similarly, enzymes in calf rennet break down the proteins in the small micelles in milk and the milk coagulates, and amylase in the saliva breaks down starch to sugars.

A protein can incorporate both hydrophilic and hydrophobic amino acids; this causes it to fold up into a complex structure when immersed in water. This structure is important for the biological function of the protein. As proteins can also carry an electrical charge, the way in which they fold up depends on which salts and acids are present in the water. In addition, the folding process is temperature-dependent; at either low or high temperatures, the majority of proteins will undergo a change of structure; that is, they denature. We can see these effects in a cooked egg, where albumin, the protein in the egg white, becomes stiff, or in ceviche, where the proteins in the raw fish muscle denature and unfold when it is marinated in lemon juice, leaving the flesh a little firmer.

Some types of proteins that are water soluble, such as gelatin from connective tissue, can bind large quantities of water. Hence, they can be used to alter the flow behavior of liquids to make them more viscous. Under some circumstances, they then form a particular type of firm substances called gels. Gels containing a great deal of water are also known as hydrogels.

Carbohydrates

Carbohydrates are made up of a variety of sugars—for example, the monosaccharides glucose (grape sugar), fructose (fruit sugar), and galactose. When paired, they form other sugars; among the common ones are the disaccharides sucrose (fructose + glucose, ordinary white sugar), maltose (glucose + glucose, malt sugar), and lactose (glucose + galactose, milk sugar). Most sugars are not stable when heated and give off water, which affects their melting properties so that they caramelize. A larger number of sugar molecules can also bind together as polymers, called polysaccharides, in the form either of long chains as in amylose, a component of starch, or of networks, such as cellulose. Networks are stiffer than chains, which is why the support structures of plant cells and tissues are composed primarily of cellulose. As we will see later, starch is an interesting example of the interplay between chains and networks.

Starch is made up from a mixture of a linear polysaccharide, amylose, and a branched-chain carbohydrate called amylopectin. To understand the relationship between how these two types of starch work in practice, we can look at how they affect the amount of water and the cooking time needed to prepare different types of rice. More water and a longer cooking time are required to dissolve the starch crystals in long-grain rice. Short-grain rice, of the kind used for rice pudding and sushi, has a greater proportion of amylopectin, resulting in a softer mouthfeel than the harder long-grain varieties. A number of starches in powder form, commonly sourced from corn, wheat, rice, and potatoes, are often used in cooking to thicken liquids such as gravies.

In addition to starches, there is a long list of other polysaccharides that, under the right conditions, are soluble in water, can bind with it, and form hydrogels that have the properties of solid substances. Examples include fruit pectin and certain polysaccharides extracted from seaweeds. All these substances can be used to alter the flow behavior of fluids, to make them more viscous, and in certain cases to form gels.

Some enzymes can facilitate the cleavage of the bonds in carbohydrates. For example, amylase breaks down starch in the mouth and the stomach, and pectinase degrades pectin, as happens when an apple becomes overripe.

Fats

In contrast to proteins and carbohydrates, fats are not polymers, even though the molecules themselves can be large. Fats in raw ingredients are found in a variety of forms, both as building blocks in cells or in designated fat deposits. In animals they take the form of fatty tissue and in plants they are stored as oil in seeds, nuts, and fruits.

Some of the fat in a raw ingredient can often be rendered by boiling, steaming, simmering, or frying it, thereby breaking down the fatty tissues. The gentler methods, cooking in liquid or steaming, allow the fat to retain some of its character, whereas the other ways of heating the fat often degrade it and change its taste. Fats that are released from the meat can be used for the preparation of other foodstuffs, to add both taste and texture.

“Fat” and “oil” are merely different names for the same class of substances. Those that are liquid at room temperature are usually referred to as oils, whereas those that are solid, including butter, are called fats. These phases are entirely a function of their melting point, which is very dependent on the degree of saturation of the fat—the more unsaturated, the lower the melting point. Fats from plants, and especially, those from fish, are often unsaturated and typically have a low melting point, whereas fats from terrestrial animals are more saturated and generally have a higher melting point. Because they have a lower melting point, the loss of unsaturated fats during the cooking process is often greater than that of saturated fats, which can result in a drier mouthfeel, such as that of fish.

In relation to taste, there is a risk that foods containing fats may turn rancid due to the oxidation and breakdown of unsaturated fats if stored for too long a period of time or in an environment that is too warm.

Fats in food are typically made up of fatty acids that are bound in pairs or in threes to other molecules, such as glycerol, and that can also be attached to carbohydrates. Oils and fats are often composed of what are called triglycerides; frequently many different types mixed together, which means that they do not have a unique melting point, but melt over a temperature interval. Triglycerides are hydrophobic and are immiscible in water. But fats, such as the lipid lecithin, can also be amphiphilic and their solubility in water can vary significantly, a property that is important for the formation of emulsions, as discussed later.

The melting properties of fats are crucial for the mouthfeel of a food. Think of chocolate—if it does not melt on the tongue, it feels completely different, resulting in another type of flavor impression. This is a primary reason for the use of cocoa butter in chocolate making. Its melting point is around 95°F (35°C), which is considerably higher than the average room temperature, but a little under body temperature, and therefore, it melts in the mouth.



	Fats and oils
	Melting point (°F/°C)



	Clarified butter (from cow’s milk)
	206–210/96–99



	Beef fat
	129/54



	Duck and chicken fat
	129/54



	Solid margarine
	113/45



	Palm oil
	99/37



	Cocoa butter
	93–100/34–38



	Soft margarine
	91–109/33–43



	Pork fat
	91/33



	Butter
	82–100/28–38



	Coconut oil
	77/25



	Palm olein oil
	50/10



	Sesame oil
	23/−5



	Olive oil
	21/−6



	Grape seed oil
	14/−10



	Rapeseed oil
	14/−10



	Corn oil
	12/−11



	Soybean oil
	3/−16



	Thistle oil
	1/−17



	Sunflower oil
	1/−17




Source: N. Myhrvold, Modernist Cuisine: The Art and Science of Cooking (Bellevue, Wash.: Cooking Lab, 2010), 2:126.

Fats with high melting points form small crystals in the food. These small crystals can organize themselves into a sort of network that imparts properties resembling those of a gel or a solid. Some examples are pork fat, butter, and margarine at room temperature, all of which melt over a fairly broad range of temperatures. Unless they are very cold, these substances are quite pliable, allowing them to be spread easily on the surface of another food.

The fat content of foods is normally a mixture of many different types, which means that it exhibits complex behavior, with solid and crystalline phases that melt over a broad range of temperatures. In many cases, the structure of the fat is not in equilibrium and can change over time. Also, its stability depends on how the foodstuff has been handled. As a result, an otherwise fluid fat can on occasion become solid and crystalline when heated, the reverse of what we might expect. Chocolate again serves as an example: when it is melted and then cooled, the cocoa butter does not return to its original crystalline structure but becomes another that has a lumpy mouthfeel.

Biological Soft Materials

A common characteristic of all the materials from which living organisms are composed is that their structures come in many sizes, from the tiniest at the atomic and molecular level right up to that of an entire organism. Another characteristic is that the design principles behind biological soft materials are based on self-organization and self-assembly, what is known as a bottom-up approach. As we have already seen in the case of muscles and collagen, this means that the different molecular building blocks—proteins, fats, carbohydrates, and nucleic acids—initially organize themselves into larger structures, which in turn organize themselves into still larger ones, and so on. The result is a sort of hierarchical construction, which endows biological materials with their very special properties and which is a precondition for their ability to support life and life functions. This construction also determines the texture of a substance when it is used for food, especially how it is transformed in the kitchen and changes when we put it in our mouth.

An example is the complex inner structure of a cell, which is a combination of small and large molecules that together make up higher-level units, including the cell nucleus, organelles, fibers, and communication systems. All of these are enclosed in a container, the cell, surrounded by a wall, the cell membrane, which is a very thin, highly structured layer of lipids, proteins, and carbohydrates. Several cells can join together to form much bigger entities, such as muscles, organs, nervous systems, and circulatory systems, eventually ending up as a complete organism at a higher level of complexity.

Biological soft materials exhibit the properties of both fluids and solids, being something in between the two. They are often called structured or complex fluids or macromolecular materials. They resemble fluids in that they are flexible, their shape can be altered easily, and they can adapt to their surroundings. They resemble solids in that they are elastic, pliable, very strong, and can usually retain their shape. All these characteristics, which are vital for their function in living organisms, are due to their being composed of polymers. These are either long-chained or branched macromolecules that are self-assembled from other, often large, molecules, typically proteins, fats, and carbohydrates.
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Biological soft materials—both natural and processed foods.

Soft matter is endowed with a very special property that is due to its being formed by self-assembly with bottom-up design principles. Within certain limits, it can repair or heal itself, an ability unique to living organisms and unknown in all other materials. Just think of how fantastic it would be if a computer could correct a hardware malfunction after it had been dropped on the floor or if the outside of a building could clean itself or mend storm damage on its own. A self-organized soft material, whether it is dead or alive, can often autonomously rebuild a structure after it has broken down, possibly due to external forces. We will encounter this principle again and again in the kitchen, for example, when we make mixtures, when we add sugar, salt, and acids, and when we whip, heat, or cool ingredients, all processes that can dramatically alter mouthfeel.

To truly understand what is responsible for the special properties of biological soft materials and, consequently, their particular effect on the texture of food, we need to explore the role of their most overlooked component—water.

Water: Both Stable and Versatile

All living organisms contain massive quantities of water in liquid form and depend on it for their very existence. In fact, it is by far the most prevalent component of the raw ingredients that we eat and can account for up to 90 percent of the total weight of fresh fruits and vegetables.

Some Properties of Water

Water is unique in that no other substance can match its amazing stability, which is due to the extraordinary ability of its molecules to form hydrogen bonds. This implies that water has both a high melting point and a high boiling point. In liquid form, water simply sticks together incredibly well, in some ways even better than ice. Actually, the individual molecules are so content to bind to each other that they are reluctant to mix with molecules that lack hydrogen bonds, such as oils and fats. As a consequence, mixtures of oil and water separate out, unless extra effort is made to bind them together.


HOW MUCH WATER?

Water is life and life is water. Every form of life as we know it is dependent on water—water in liquid form. We humans are actually mostly made up of water: 95 percent of our weight when we are still in the womb, 75 percent while we are babies, 60 percent in adulthood, and even after we have expired of old age, the corpse is still 50 percent water.

Everything that we eat contains varying amounts of water, reflecting the biological origins of our food from organisms that were once alive. Raw ingredients are mostly water. Fresh meat has a water content of about 70 percent; while in fruits, vegetables, and fungi, it is in the range of 70 to 95 percent. Prepared foods also contain reasonable quantities of water. For example, cooked rice and cooked eggs have a water content of 73 percent; bread, about 35 percent; and butter, 16 percent, but a dried cracker or biscuit has only about 5 percent.

The water content of liquid foods varies enormously, from almost entirely water to liquids such as olive oil that contain absolutely none.

The structure of a foodstuff can sometimes make it difficult for us to judge how much water it contains. Who would have thought that firm, fresh carrots contain just as much water as whole milk, about 88 percent, or that 25 percent of the volume of a crisp, juicy apple is air?



	Foodstuff
	Water (%, by weight)



	Tomatoes, lettuce
	95



	Strawberries, green beans, cabbage
	90–95



	Carrots
	88



	Eggs: whites (yolks)
	88 (51)



	Apples, oranges, grapefruit
	85–90



	Beets, broccoli, potatoes
	80–90



	Fresh poultry
	72



	Fish
	65–81



	Lean beef
	60



	Fresh pork
	55–60



	Cheese
	37



	White bread
	35



	Jam
	28



	Honey
	20



	Dried fruit
	18



	Butter, margarine
	16



	Starch
	13



	All-purpose flour
	12



	Dried pasta
	12



	Milk powder
	4



	Beer
	90



	Whole milk
	88



	Fruit juice
	87



	Whiskey
	60



	Olive oil
	~0




Sources: T. P. Coultate, Food: The Chemistry of Its Components (Cambridge: Royal Society of Chemistry, 2002); J. W. Brady, Introductory Food Chemistry (Ithaca, N.Y.: Cornell University Press, 2013).



Pure water freezes at 32°F (0°C), forming hard ice crystals. This is of major importance for all foodstuffs that contain water. The entire water content in a particular substance does not turn to ice at the same temperature because much of the hydrogen-bond network has been disrupted and a small portion of the water, up to about 0.5 percent, is so tightly bound that it can neither freeze nor melt. In addition, biological material incorporates a host of substances that function as a sort of anti-freeze. This effect is based on the fundamental physico-chemical law called freezing point depression. Small quantities of other substances—for example, salt, sugar, carbohydrates, and proteins—that are dissolved in liquid water have the effect of lowering the temperature at which it freezes to below 32°F (0°C). For example, water in a saturated solution of table salt (NaCl) freezes only at −6°F (−21°C), a phenomenon that was utilized before the advent of the freezer to make ice cream by chilling the ingredients in pots immersed in these ultracold liquid solutions. A variety of substances are dissolved in the cells of biological materials, contributing to their tolerance for cold so that ice crystals in cold weather do not form and destroy them.

In the kitchen, we can use freezing point depression to prepare such dishes as sorbets and ice cream that contain liquid water at low temperatures and have few and relatively small ice crystals, resulting in a better mouthfeel. Two well-known gastronomic “antifreezes” are sugar and alcohol. The size of the ice crystals can also be reduced by freezing the ice cream mixture rapidly. Unfortunately, after sitting in the freezer for a period of time, these small ice crystals will recrystallize into other forms, and in the process, will join together into larger crystals, affecting the mouthfeel of the dessert.

The boiling point for pure water at normal atmospheric pressure is 212°F (100°C). This boiling point can be elevated, however, by adding another substance—for instance, sugar or salt—to the water. An example of where this comes into effect is when fruit juice and sugar are boiled together to make jelly; the boiling point is elevated as the water gradually evaporates.

How Do Other Substances Feel About Water?

Substances that are able to form some hydrogen bonds or that have polar moieties can be dissolved in water. These are characterized as hydrophilic, meaning they love water. Sugar or certain proteins and carbohydrates that can bind large amounts of water, such as fruit pectin and starch from flour, are good examples. At the other end of the spectrum are hydrophobic, or water-hating, substances that are unable to form hydrogen bonds, are not polarized and, consequently, are minimally soluble in water. Examples include olive oil and milk protein (casein). Finally, there are substances made up of molecules with two different parts, one of which is hydrophilic and the other hydrophobic. As they have mixed feelings toward water, they are called amphiphilic.

Amphiphilic substances can bind both oil and water to form what is known as an emulsion and they are, therefore, called emulsifiers. This effect is seen when lecithin from egg yolks binds together edible oils and vinegar in mayonnaise. The structure of mayonnaise, which can be regarded as a self-assembly of oil, vinegar, and lecithin (an oil-in-water emulsion), determines its mouthfeel. The effect is also at work when the amphiphilic glycoproteins found in the shells of mustard seeds are used as the binding agent in a vinaigrette.
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Micrograph of mayonnaise, an oil-in-water emulsion. The spheres are droplets of oil, typically 2–5 micrometers in size, and the blue areas in between them are water.

Biological materials contain an abundance of amphiphilic molecules, including lipids and certain proteins and carbohydrates. Together with ions and salts, these molecules help water, which is normally present in great quantities, join up with hydrophobic substances such as fats and some proteins. As a consequence, the structure and stability of the materials is determined by a balance between the propensity of water for forming hydrogen bonds on the one side and the strength of the bonds between water and the other substances on the other side. In this way, the unique properties of water have an indirect, but extremely vital, role in shaping the mouthfeel of food.

How Does Water Interact with Other Substances?

Even though water is essential for life, the water content of food can be problematic and cause spoilage due to microbes that can grow only in the presence of water. It is not the total amount of water that counts as much as what is described as its activity.

The activity of water depends on the extent to which its molecules are accessible; if they have already formed tight bonds, their activity is lower. A food product—for example, dried fish—can easily have a water content of 20 percent but, as this water is tightly bound the fish is fully preserved, and the bacteria will not be able to thrive on it. Similarly, a number of enzymes that help decompose food components, such as fats, are dependent on water activity.

Other methods of binding water in a foodstuff involve the use of special substances that can bind a large amount of water, and in that way, compete for the water in the food. The best known of these are carbohydrates, such as sugar and polysaccharides, and salt.

In a polysaccharide, an individual sugar such as glucose can react with more than five hundred water molecules. This is what permits the formation of a hydrogel consisting of more than 99 percent water. We can think of this type of hydrogel as a sort of sponge, where the polysaccharides build walls that keep the water bound in a network of tubes and empty spaces. Water-soluble proteins behave more or less like polysaccharides. Their surfaces consist overwhelmingly of amino acids with chemical groups that can bind water. The extent to which they can do so is strongly dependent on the ion content and the acidity of the water. As the pH of the water decreases, the amount of bound water increases. Also, when they are unfolded and denatured, the proteins are usually able to bind more water, unless they clump together. This happens, for example, when eggs coagulate into scrambled eggs or when meat is fried, releasing some of its juices. Small ions from salts increase the ability of proteins to bind water but only up to a certain point. If the salt concentration is too great, the proteins will precipitate because the salt ions will bind the water so that they themselves remain dissolved. Normally we do not add so much salt to foods that this happens. But when moderate amounts of salt are injected into foods, such as ham, the muscle proteins are able to bind more water and the meat is moister. By way of contrast, salt that is sprinkled or rubbed on the surface of a food, such as Bayonne ham, helps draw out the water, which has a preservative effect.

Dehydration: Removing Water

There is a whole range of very different processes that can be used to alter water content and water activity; often they affect the texture of the food. Dehydration is the most common method. Conversely, wetting, soaking, hydration, or rehydration can be used before a dried food is added to a dish so as to incorporate liquid. Rehydration can occur quite automatically—for example, when we put such foods as potato chips or dried fruit into our mouth.

Drying a raw ingredient is a way of drawing out the water. The exact amount depends on the length of time involved, the humidity of the surrounding air, and the specific properties of the raw ingredient itself. There is a long list of methods that can be used to remove water; these include air drying, vacuum packing, filtering, microwave dehydration, oven heating, spray drying, freeze drying, and extrusion.

In spray drying, a liquid is blown into a warm air mass, possibly under reduced pressure, causing the water to evaporate and the dried particles to fall like powder snow. The individual particles in the powder are typically 100–300 micro­meters in size. This process is often used to produce commercial emulsifiers.

Freeze drying is effected by reducing the pressure around an already frozen substance to such a low point that its water content sublimates; that is, it changes directly from the solid phase, ice, to water vapor. The dried substance can then be turned into powder by crushing or grinding it. A typical product made using this process is instant coffee.
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Spray drying of emulsifiers.

Extrusion involves forcing a mixture, the extrudate, which usually contains water and starch, through a perforated plate or similar die, while at the same time heating it to evaporate water and turn it into a pliable mass. It is then dried so that it hardens and can take on a state called a glass, which greatly improves its shelf life. Carrying out this form of dehydration successfully depends on how well the transition to the glass state is controlled. This is a topic that we will return to later, as this state is a perfectly normal one for a whole range of goods. These include bread crusts, hard candies, and frozen foods, which are all, technically speaking, glasses.

There are a number of other ways to draw water out of raw ingredients. We can place them in a solution with salt or another substance that is good at binding water—for example, certain polymers and carbohydrates. Osmosis can be used to do this in a controlled way: the food is separated from the substances that will bind the water by a semipermeable membrane that permits the passage only of water.

All these methods decrease the water activity in the raw ingredients. But, given that water is an essential component of all biological materials, this decrease can lead to structural changes, ultimately affecting their mouthfeel.

The different methods for achieving a low level of water activity do not necessarily result in identical internal structures. In the case of some complex processes that involve drying followed by rehydration, adding water does not return the ingredients to their original state, because something irreversible has taken place. Similarly, when a sequence of dehydrating processes is involved, changing their order can lead to different outcomes. This factor is very important for achieving an appropriately crunchy mouthfeel from dried vegetables that are placed in a salt, sugar, or alcohol marinade.

Both dehydration and the way it is carried out have a major effect on the structure of a raw ingredient. This is because removing the water has the effect of condensing the carbohydrate and fat content, resulting in more solid structures in the form of crystals or glass phases. Their detailed structure depends, in turn, on the process used to remove the water.

Processed Food

When we prepare food from raw ingredients, such as meat, vegetables, fish, fruits, and fungi, we can usually recognize the structure of their characteristic biological tissues. But our diet includes many other types of products that are categorized as processed foods. These are put together either directly from natural ingredients or from substances that have been extracted from biological materials. The goal is to transform them in such a way that they taste good, have a pleasant mouthfeel, or introduce new elements in a dish, and as a bonus, might be less perishable.

The majority of our drinks and liquid foods, such as fruit juice, syrups, broths, and many others, have been processed at least minimally. Others—for example, beer, wine, fish sauce, and soy sauce—are so highly processed that it is no longer possible to find any traces of the structure of the original ingredients from which they are produced. This is also true of many viscous or solid foods, such as cheese, bread, ketchup, and so on, that are produced from a variety of natural ingredients.

Other products are even farther removed from their origins. Think of mayonnaise, an emulsion of water and oil, or ice cream, as well as jellies made from pectin and fruit juice. Is it possible to stray any further from the tree of life that was our first source of food? As we will see, the answer is yes.

Synthetic Food: “Note-by-Note Cuisine”

We subconsciously think of food as something that has a biological origin—in the form of either raw ingredients that may or may not be processed in some way or extracts derived from them. But why not construct or synthesize a dish or an entire meal totally artificially using pure chemicals that are exact copies of the molecules found in natural ingredients?

A French physical chemist, Hervé This, deemed to be one of the fathers of molecular gastronomy, has become the spokesman for what he identifies as the next culinary trend: note-by-note cuisine. He uses the expression to define a way of preparing food that uses no meat, fish, plants, vegetables, fruits, fungi, or algae, and not even any complex extracts from these natural ingredients. Instead, only pure chemicals on their own or in the form of compounds are utilized. These substances can be synthesized in a laboratory or factory by chemical processes or be extracted from biological materials. This idea may seem strange, but when it comes right down to it, there is no point in discussing the origin of molecules in their purest form—they are always identical regardless of origin. Food can be constructed exclusively from chemicals, paying careful attention to their nutritional contents and health-promoting properties in such a way that it is quite possible to live on a diet consisting entirely of note-by-note cuisine.

Hervé This makes an analogy between food prepared in this way and electronic music, which is not performed by instruments but composed of individual synthesized sounds that, when put together, create a piece of music. Similarly, a chef is able to design dishes using chemical components that produce shapes, tastes, smells, colors, textural elements, and substances that stimulate the trigeminal nerve, so that they blend together, like the notes of a symphony, into a meal incorporating all the facets of flavor.

According to This, it is probably not particularly difficult to mix substances together to elicit the desired color, taste, odor, and trigeminal stimulation. It is also relatively easy to create simple textures by using coagulation, gelation, and emulsification techniques. These are already known from a range of such products as tofu, imitation crabmeat, and seitan. Reproducing the more complicated structural elements that are crucial for texture and mouthfeel presents a much greater challenge. But This thinks that perhaps the problem can be solved through advances in technology and he stresses that the goal should not be simply to make artificial copies of ingredients already available from biological sources. Discovering what he calls “a whole new continent of flavor” would be far more interesting. So, just as making culinary foam with a siphon flask and using liquid nitrogen for flash-freezing became hallmarks of molecular gastronomy, finding methods to create remarkable dishes with completely novel tastes and textures will be the distinguishing characteristic of note-by-note cuisine.


SCIENCE FICTION FOOD: LOTS OF NUTRITION, NO MOUTHFEEL

In Harry Harrison’s science fiction novel Make Room! Make Room! (1966), there is reference to a product called Soylent, a name cobbled together from the words “soy” and “lentils.” It is supposed to be the answer in some future time to the problem of food shortages due to overpopulation, lack of raw ingredients, and the breakdown of societal infrastructure. Even though Soylent is introduced more or less as a spoof in the book, where it appears in the form of a hamburger patty made of soybeans and lentils, the central idea of an artificial food that fulfills all human nutritional requirements has now become a reality. It was first marketed in 2014, inspired by its fictional forerunner and named after it. Soylent is sold as a powder, which is then emulsified in water to make a liquid food. It contains all essential proteins, amino acids, carbohydrates, fats, minerals, vitamins, trace elements, and dietary fiber in the quantities and formats necessary to meet human nutritional needs. But how boring it would be to live on nothing but Soylent—its texture is uninteresting and it never varies.



The proponents of note-by-note cuisine acknowledge that mouthfeel is an essential dimension of the gastronomic experience and the overall pleasure derived from eating. It is, therefore, of paramount importance not to confuse this way of preparing food with the mixtures of nutrients, vitamins, minerals, and so on, that have been developed with the sole purpose of satisfying the nutritional requirements of the human body without paying special attention to flavor impression and mouthfeel.
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	The Physical Properties of Food
FORM, STRUCTURE, AND TEXTURE
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All foods can be viewed as pliable, hierarchically constructed soft materials composed of many different types of molecules that relate to water in a variety of ways. The texture of a particular food is determined by its physical state at the time and the physical properties associated with that state.

Everything that is done to raw ingredients has an effect on their physical form and structure and, consequently, their mouthfeel. At the simplest level, form and size are primarily and most tangibly affected by mechanical operations using such implements as knives, blenders, mixers, whisks, graters, and molds. Otherwise, the most outwardly noticeable changes to the ingredients are caused by modifying the activity of water content by exposure to heat or the addition of sugar, salt, or acidic liquids. The physical structure of raw ingredients, which is central to their texture, is transformed by the method used to prepare them—whether this is cooking, baking, salting, marinating, simmering, sautéing, smoking, drying, ripening, curing, fermenting, gelating, emulsifying, whipping, freezing, or any other process.

Dramatic changes in raw ingredients and already prepared foods involve transitions from one state to another—for example, from crystalline to glass, solid to liquid, or liquid to gas. More subtle changes lead to the formation of complex liquids, gels, semisolid substances, and foam, where different phases are present at the same time and where the prepared food has properties that are completely different from those of the raw ingredients, not least with regard to mouthfeel. In many cases, these transformations require the help of additives—for example, emulsifiers, gelling agents, or gums, all of which have particular relationships to water. These are discussed in more detail later in this chapter.

Collectively, all these changes are referred to as culinary transformations, which is really just a fancy way of saying food preparation. Because there are so many possibilities for transforming foodstuffs from one state to another, the culinary arts can be put to work to explore as yet unimagined means of changing taste and mouthfeel. Seen in this light, the preparation of food can be considered far more demanding than many other crafts that involve the processing of materials, in that it depends not only on the interaction between the structure of the food and the way in which it is being altered, but also on the relationship between structure, processing, and sensory perceptions.

Structure and Texture

The physical state and structure of a food can be defined as everything related to its physical composition—that is, how the molecules and the different parts of the food are put together, from the smallest to the largest. Theoretically, we are able to observe, measure, and describe structure in a more or less quantitative manner. Some aspects of structure are visible to the naked eye, whereas others are microscopic and can be seen only with special equipment. Regardless of whether the material is a solid, liquid, gas, mixture, or emulsion, it has such properties as specific gravity, specific heat, and viscosity. The shape and morphology of the food are also physical attributes that are of great importance to the visual aspect of the flavor experience. For example, the appearance of a large round apple, a small knobby walnut, a transparent piece of jelly, or some cocoa powder all lead to different expectations.

While the physical state and structure of a food are properties inherent in it as a material substance, its texture is something that we attribute to it when we experience it with all our senses, especially mouthfeel. Although the words “texture” and “mouthfeel” are often used almost interchangeably, texture actually becomes the most important concept when we characterize the mouthfeel of a food. Texture is simply that aspect of the structure of the food that is the object of, and is recognized by, mouthfeel.

Because we generally become aware of a food’s structure only when it reaches our mouth, we have a tendency to conflate the structure and texture of certain foods. We realize that gelato is heterogeneous with small ice crystals only when it crunches between our teeth, we learn that a jelly is soft and can melt only when the jelly is pressed against the palate and melts in the warmth of the mouth, and we find out whether a gravy is smooth or lumpy only once it lands on our tongue.

At one time, individual researchers and food industry professionals have used different, often unclear, definitions of texture. The intention on the part of some in the food industry was to use terminology that could help to minimize possible defects or inconsistency in the texture of a product. It is only in the past few decades that researchers have worked out a rational, precise vocabulary to characterize the texture of food and give clear definitions to such descriptors as “creamy,” “tough,” “brittle,” and “gummy.” This is of importance both for carrying out quantitative sensory experiments and for use by the food industry. The result has been more clarity with respect to the definitions of the different parameters on which the description of texture is based, and great importance is attached to using texture to contribute positive sensory elements to a given food.

In chapter 4, we will examine more closely the parameters that describe texture and link them directly with mouthfeel. Some of these parameters are simply mechanical properties that can be measured quantitatively in a laboratory. Others are much more loosely defined and can best be determined qualitatively through the sensory impressions of an individual. Mouthfeel is especially important, but sight and hearing, among others, are also involved. All this is complicated by the fact that texture is altered when the food comes into the mouth and is exposed to saliva and the temperature in the oral cavity and when it is moved around by the tongue and chewed. Furthermore, no two individuals carry out these mechanical operations in an identical manner. Depending on the force and speed with which it is chewed, some food will feel hard and brittle to someone who chews quickly, but seem soft and supple to a person who chews slowly.

Many types of food are not in equilibrium and undergo change spontaneously, sometimes quickly and at other times slowly. This takes on importance in terms of its keeping qualities. What works in a restaurant where a dish is eaten right after it is prepared, may not work for commercially produced products that must be stored for a longer period of time before being used. Changes in texture—for example, those that take place in bread—are often what determine the expiration date for processed foods.

Foods as Solids, Liquids, and Gases

The structure of all materials, including raw ingredients and prepared foods, is a static property linked to their physical state, whether it is in the form of a solid, a liquid, or a gas. But the structure is not always in equilibrium, and it can change from one phase to another over time. It can also be altered dynamically by external forces. For example, a hard solid, such as a sugar crystal, can be crushed between the teeth: the shape of a softer solid, such as butter, can be changed in the mouth or can be melted in a skillet; a liquid, such as fruit juice, can flow; and aromatic substances can be released from a food as gaseous molecules that can be inhaled and swirl up into the nose.

It is comparatively easy to define the state of pure substances in equilibrium. Water is probably the classic example—frozen solid, it is ice; as a liquid, it flows; and as water vapor, it is a gas.

Solids are often found in crystal form, such as table salt, with a well-ordered molecular structure, where the molecules are fixed in relation to one another. Conversely, they can also be disordered at the molecular level, either as amorphous materials, which lack crystal structure, or as glasses, such as caramel. In amorphous substances, the molecules are reasonably fixed in relation to one another, but sometimes they can displace themselves over a very long period of time and the solid will flow like an extremely viscous liquid. And even though the glass state appears to be a rather strange one, it is very important for the properties of many different foods and their mouthfeel. Chocolates, hard candies, bread crusts, dried pasta, powders, and frozen foods are all examples of foods that are glasses.

Liquids are disordered at the molecular level. Even though the molecules are partially bound to each other, they can move around more or less freely. Liquids can flow, but sometimes unbelievably slowly, as is the case with thick syrup.

In gases, the molecules flow freely without having contact with one another and can move far apart, which is what happens when some escape up into the nose. Prepared foods are not found in the gaseous state, but a large amount of air is incorporated into many of them, including whipped cream, meringues, soufflés, and baked goods. Air is also a significant component of many raw materials, such as apples, where it makes up 25 percent of the total volume.

There are also pure substances, called liquid crystals, that have a structure, known as a mesophase, that lies somewhere between the traditional solid and liquid states. Many fats can form liquid crystals—for example, in the cell walls or in the cocoa butter in chocolate.

More Complex States

Only a few of our foods are made up of substances that are all in the same state. These are often fluids, such as wine, beer, and oil, or solids, such as pure fat and sugar in the form of caramel. But, given that most of what we eat and drink normally consists of mixtures of substances in different states, the situation immediately becomes more complex. For instance, there are two states in dressings, sauces, and beer foam; three in butter and dark chocolate; four in parfaits and milk chocolate; and five in buttercream.

We can learn about how different states coexist in the same foodstuff by taking simple examples, such as droplets of oil in some fish muscles, pockets of water in a solid jelly, or mixtures of two liquids in an emulsion. Other structures are made up of mixtures of gases and liquids that are organized in such a way that they behave like a solid—for instance, a foam. Some—for example, yogurt and custard cream—are in what is called the semisolid state. Finally, there are substances, such as gels, that, despite appearances, are true solids.
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Elastic and stiff (hard, uncooked) and plastic (soft, cooked) pasta.
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Micrograph of a meringue. The pale areas are air bubbles, the largest of which is about 80 micrometers in size.

Seen from a physico-chemical perspective, the state of a foodstuff and its physical structure is, in principle, determined by the various physical interactions and molecular forces among its constituent ingredients or those it comes in contact with when it is dissolved in, or mixed with, other substances. These forces, which often compete with one another, are to a great extent governed by additional factors. These might be the presence of electrically charged particles from soluble salts, acidity as determined by the balance of acids and bases, or the degree of miscibility of polymers, such as sugars and large carbohydrate molecules, and associated emulsifiers in water and oil. Sometimes only minor changes can materially alter the structure of an ingredient. For example, a bit of calcium chloride in the cooking water makes vegetables firmer, lemon juice will coagulate milk proteins or cause a cream sauce to curdle, a little lecithin will stabilize the oil and vinegar mixture in a mayonnaise, and pectin will help set a fruit dessert or a jelly.

We often want to improve the mouthfeel of certain liquids, solutions, or mixtures to make them more homogeneous, viscous, or even quite firm. Traditionally there are many ways to achieve this, using thickeners, stabilizers, emulsifiers, and gelling agents. These can alter the miscibility (ability to mix with other substances), viscosity (thickness), and state of the food or drink.

Solutions and Mixtures

The simplest mixtures are solutions of different substances in water, oil, or alcohol. Normally, the substance is distributed as individual molecules in the solvent. Whether a particular substance can be dissolved in one or another type of liquid depends on how the molecules in the substance interact with the molecules in the solvent. If these interactions are favorable, the substance will usually dissolve; otherwise, it will precipitate or separate out. As explained in chapter 2, substances dissolved in water can cause freezing point depression.

Table salt, which is an ionic crystal of sodium chloride, and white sugar, made up of sucrose crystals, are readily soluble in water because they consist of ions and polar molecules, respectively, which want to bind with the molecules in the water. Conversely, solid fat does not dissolve in water, because fats are not able to bind with water. This also holds true for liquid fats, such as oils; consequently, mixtures of oil and water separate. Some fats do, however, dissolve easily in alcohol.

Other liquids, such as water and alcohol, are very miscible. Adding a little acid, such as vinegar, to water does not change its miscibility.

Even though a substance is soluble in a given liquid, there is often a limit, called saturation, to how much can be dissolved. Solubility is especially dependent on temperature. For instance, it is possible to dissolve only up to about 1 cup (200 g) of granulated sugar or 1½ cups (360 g) of table salt in 1 quart (1 L) of water at room temperature. Gases can also be dissolved in liquids, with the degree of solubility dependent on both temperature and pressure. For example, up to 0.06 ounce (1.7 g) of carbon dioxide, equivalent to 30 fluid ounces (900 ml), can be dissolved in 1 quart (1 L) of water at room temperature and normal atmospheric pressure. These conditions are very important for the prickly mouthfeel of a glass of bubbly champagne or sparkling mineral water.

Under certain circumstances, substances that cannot be mixed with each other in a solution can still be mixed together if one of them is in the form of sufficiently small particles that can, in a sense, be held in suspension, possibly as small droplets of liquid or solids in a gas or a liquid or as small particles embedded in a solid. These mixtures have very special properties with regard to mouthfeel and we will have a closer look at them in what follows. But first, we need to describe the particles.

Particles, Powders, and Extruded Substances

Substances can be prepared in such a way that they are made up of small particles in the form of gas bubbles, liquid droplets, or particulates and powders. These particles can be found on their own or dispersed in other substances. Here we will look at the powders and later discuss droplets in connection with emulsions and gas particles in connection with air bubbles.

Some foodstuffs and additives are dried with a view to extending their shelf life and to improve their functionality for a particular end use—for example, milk powder, herbs, and spices. The moisture content of a foodstuff is defined as that which remains when nearly all the water has been removed. Given that water is an essential component of everything that is of biological origin, it is often impossible to remove all the water. Even dried fish and dried fruits contain up to 15–20 percent water and milk powder has about 5 percent.

Solid, dried foods, in particular those derived from plants, can be ground into a particulate or powder form. The solid components of liquid foods can be isolated by spray drying, freeze drying, and extruding, as already described in the previous chapter.

Powders are rarely eaten in that form as they would have a dry and, possibly, crunchy, mouthfeel, depending on the size of the particles. Exceptions are those made from maltodextrin and oil or fat, which have the ability to dissolve on the tongue and release the taste of the fat—for example, in the form of a fluffy powder with olive oil. Human mouthfeel is sensitive to particles as small as 7–10 micrometers. Particles larger than that will grate on the tongue or feel crunchy between the teeth. We are familiar with this feeling from granita or an ice cream that has crystallized. If the particles cannot be dissolved or suspended in the saliva in the mouth, they can lump together, resulting in a mealy or abrasive feeling on the tongue. This is why most powders are consumed as dispersions in another phase, generally a liquid or a solid. The character of these mixtures completely determines their functionality as foods and, not least, their mouthfeel.

Particulate Solutions: Dispersions

A dispersion is a mixture of minute particles of one phase inside another substance that is coherent and continuous. The particles can be in either liquid or solid form, that are dispersed in a gas, a liquid, or a solid. Most foodstuffs that are dispersions—for example, cream, fruit juice, or chocolate milk—consist of solid particles in water that is the continuous phase. In butter, margarine, and a few other foods, droplets of water are dispersed in a solid phase. Dark chocolate, in which the continuous phase is cocoa butter and the solid particles are sugar or cocoa powder, is an example of a dispersion of one solid in another.

The size of the microstructures in dispersions lies somewhere between the size of the molecules that make them up and that of what can be seen with the naked eye. Even though these structures are on a very small scale, the dispersions are not lacking in texture. On the contrary, we might experience them as having a very interesting mouthfeel, such as creaminess.

A suspension is a dispersion of solid particles in a liquid. If the particles are sufficiently small, typically no more than 1 micrometer in size, they can stay suspended in the liquid, even though their density is different from that of the liquid. These types of suspensions are also called colloidal solutions. Colloidal solutions are stable, as long as the particles do not clump together (aggregate, flocculate), causing them to either sink to the bottom of the liquid or rise to the top, depending on their density. We typically see this in raw milk, when fat particles in milk float on top as cream, or in chocolate milk, where the cocoa particles have sunk to the bottom. Other examples of suspensions are melted chocolate (crystalline fat with cocoa bean powder in melted cocoa butter) and cream (solid fat particles in milk). The mouthfeel of a suspension depends on the size of the dissolved particles: the smaller the particles, the softer, thicker, and more even the suspension. Unless the particles are extremely small, suspensions are opaque. The particles in some suspensions tend to precipitate over time. This can be prevented by reducing the amount of liquid, such as by heat reduction, or by thickening the continuous phase with fat, starch, or a gelling agent.

An emulsion is a particular type of suspension of droplets in another liquid, where measures have been taken to keep the droplets suspended for a long period of time. The stability of the emulsion increases as the size of the droplets decreases. As emulsions have a very special role to play in terms of mouthfeel and food preparation, they are described in a separate section. Many sauces, creams, and dressings are emulsions.

A gel is a particular type of dispersion, consisting of a solid phase in which great quantities of a liquid, such as water, are captured. In principle, a gel is a solid that is typically formed when long molecules bind together in a network. An example of a gel that contains water is made by adding gelatin, pectin, or certain polysaccharides extracted from seaweed (alginate, carrageenan, and agar) to it. A gel can be transparent if it consists of only the dissolved molecules that are bound together. If particles are also present, it will be opaque.

Stabilizers

We often talk about stabilizing suspensions and gel with the help of a broad, loosely defined category of substances called stabilizers, which includes thickeners, emulsifiers, and gelling agents. The use of these expressions is not clearly differentiated, partly because the same substance can act in any one of these capacities, depending on the circumstances. They can be used, for example, to prevent the suspended cocoa particles in chocolate milk from precipitating or to keep the oil and vinegar in a salad dressing from separating into two layers. Different stabilizers are often used in combination to create the desired texture in a processed food. For instance, locust bean gum and xanthan gum are often paired up; on their own they serve primarily as thickeners, but used together they act as a gelling agent. Locust bean gum powder is also mixed with carrageenan in ice cream to improve its ability to withstand thawing and freezing.
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(Top) A suspension of cocoa particles in chocolate milk. Moving from left to right, the diagram shows how a stabilizer binds the particles into a loose network, preventing them from sinking to the bottom. (Bottom) Chocolate milk without a stabilizer (left) and chocolate milk stabilized (right)—in this case, with carrageenan.

Thickeners, Coagulants, and Enzymes

Thickeners are substances that can make liquids more viscous so that they flow more slowly. There is no real boundary that separates a liquid that has been thickened and a true gel, which has the properties of a solid. The use of thickeners to modify the texture of a food is among the techniques employed most frequently in the kitchen.

Without thickeners, it is normally possible to thicken a liquid, such as a sauce, only by reducing it over heat or cooling it, which can often lead to the loss of aromatic substances or unforeseen changes to the taste. Thickeners, however, can be carefully selected to create texture while taking into account circumstances related to temperature, acidity, and so on. The best known thickener is starch, which swells by absorbing water. Pectin and gelatin are also good at binding water and increase the viscosity of a liquid. In higher concentrations these thickeners can also stabilize a gel, possibly in conjunction with other gelling agents. Bread crumbs, egg yolks, and milk are more complex thickeners.

Coagulants are additives that can cause substances in a solution to aggregate or that can assist in the formation of a gel. They are commonly used in food preparation to make solids. The coagulation process is often caused by ions or acid that can alter the attraction between the dissolved molecules or particles and cause them to clump together. Examples include adding lactic acid bacteria to cream to make cultured butter or to milk to form cheese curds, and the coagulation of soybean milk to form solid tofu with the help of magnesium chloride (nigari).

Enzymes can have both a positive and a negative effect. Some of them help stimulate coagulation or the formation of gels, whereas others can break them down or prevent them from forming.

Emulsions and Emulsifiers

An emulsion is a mixture of two liquids, especially oil and water. On their own, oil and water are not miscible. After they have been shaken together, they quickly separate again, with the lighter oil floating to lie on the top of the water. Under certain circumstances, the two can be made to mix. One way is by inserting small droplets of water into a continuous phase of oil (water-in-oil emulsion, such as butter or margarine) and another is by inserting small droplets of oil in a continuous phase of water (oil-in-water emulsion, such as mayonnaise). It is also possible to make even more complex emulsions, such as an oil-in-water-in-oil emulsion. Whether one type of emulsion or another is formed depends on several factors, including the ratio of the two liquids, the process used to combine them, and which additives help make it happen.

In all cases, the creation of a relatively stable emulsion requires an additive that is able to bind the oil and the water together. As explained in chapter 2, such a substance could be amphiphilic molecules, where one end is soluble in water and binds with it and the other is soluble in fat and binds with the oil. Technically speaking, these molecules work by lowering the surface tension between the water and the oil. The fats and proteins in eggs are commonly used as emulsifiers.
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Mixture of oil and water with emulsifier (left) and without (right).

An oil-in-water emulsion can be envisioned as a dispersion of oil droplets in water, where the surface of the droplets is covered by the emulsifying molecules, which turn their hydrophobic ends in toward the oil and the hydrophilic ends out toward the water. As the surface areas are vanishingly small in relation to the volume of the whole emulsion, only tiny amounts of emulsifier are required to make it stable.

The size and shape of the droplets in an emulsion depend on a whole range of circumstances, especially the type of emulsifier and the relationship between oil and water. Temperature is also a decisive factor. When two droplets in an emulsion come near each other, they can run together to form a larger drop, thereby destabilizing the emulsion.

Generally speaking, ordinary emulsions are not stable and are not formed spontaneously, but occur only when they are mechanically mixed, stirred, or shaken together. Nevertheless, some may last for a long time, in fact, so long that they can be regarded as stable when they are used in foodstuffs. A well-known example is homogenized milk, which is primarily a mixture of clear water and transparent milk fat and very rarely, if ever, separates into the two components.

What is peculiar about emulsions is that their flow properties can be very different from the flow properties of their individual components. For example, an emulsion of two liquids can take on the properties of a solid, which has a major effect on the mouthfeel.


BINDING OIL AND WATER

To bind oil and water successfully, we have to mimic a naturally occurring fundamental principle by using amphiphilic molecules as emulsifiers. All cell membranes are made up of a double layer of amphiphilic molecules, known as lipids, which turn their water-soluble ends either out of, or into, the cell and their oil-soluble ends toward each other. This separates them from the water that is found on either the outside or the inside of the cell and builds a tight “wall” between the internal and the external surroundings. Lipids that are well known and widely used in cooking include lecithin, which is abundant in egg yolks, and certain fatty acids, both saturated and unsaturated, found in vegetable oils, nuts and seeds, and fish oils.

Only the interface between the oil and the water in an emulsion needs to be covered by the emulsifier. Consequently, an extremely small quantity of the emulsifier is normally sufficient to mix together large quantities of oil and water, typically much less than 1 percent, depending on the circumstances. An emulsion is heterogeneous on a small scale, as it usually consists of droplets of one phase in the other phase. These droplets can actually be tiny, often in the range of between 0.01 micrometer and 100 micrometers. The smaller the droplets, the more stable the emulsion. Emulsions containing large droplets will often separate out and even form layers, because the droplets fuse together and gravity pulls the denser water to the bottom, leaving the oil on top. Emulsions made up of clear liquids will be transparent if the droplets are very small, but opaque if the droplets are large, because they cause light to disperse.

In the past few years, it has been possible to produce special emulsifiers that can bind very large volumes of water to oil, resulting in emulsions with up to 90 percent water. These enable manufacturers to turn out low-fat products, such as soft margarine, that are solid at room temperature, but melt in the mouth.
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Emulsion of oil droplets in water. The oil droplets are stabilized by an amphiphilic emulsifier that is active at the interface between the oil and the water.



A large number of natural emulsifiers and substances that are active at the interface are found in a variety of ingredients and raw materials. Examples include monoglycerides; diglycerides; lipids with a polar head, such as lecithin; as well as a series of amphiphilic proteins and polysaccharides. The reason that these substances are so abundant in raw ingredients is that biological materials are organized with the help of amphiphilic substances.

Complex Fluids

Emulsions belong to a large class of diverse substances called complex fluids, which have properties that are similar to those of both a liquid and a solid. Like dispersions, they are characterized by being structured on a scale that lies somewhere between the size of a single molecule and that of what can be seen with the naked eye.

In an emulsion of two liquids, each of which consists primarily of simple molecules, the structure is defined by the distribution of droplets from one phase inside the other, the size of the droplets, and possibly the way they bind to each other. The properties of this structure are what make emulsions complex fluids.

Another type of complex fluid is made up of very large and relatively complex molecules, especially polymers, or aggregates and collections of smaller molecules. Complex fluids have some special flow properties that depend on how fast the large molecules or collections of molecules can modify the structure in relation to how quickly the fluid is being made to flow. This can lead to some very surprising effects, probably best known from the “ketchup effect.” Ketchup does not flow readily out of its bottle, but when the bottle is shaken vigorously, it flows out with practically no resistance.

Many foodstuffs are complex fluids. In addition to emulsions, there are mixtures that contain polymers, which are very long molecules, such as polysaccharides. These mixtures have distinctive flow properties that are responsible for their very particular texture and mouthfeel. Under certain conditions, liquids with special water-binding long-chain molecules, known as gelling agents, can cause the liquid to form a solid gel.

Gels

Gelation is one of the most commonly used and effective methods for changing the texture of a food that is too liquid, that needs to be stiffer, or that might be made up of small particles with an undesirable mouthfeel that can be masked by embedding them in a gel. A gel in a food is typically formed by long molecules, usually polysaccharides or proteins, that act as gelling agents. In small quantities, these molecules are not able to make sufficient contact with one another to set the liquid, but they can make it more viscous. As a result, when used sparingly, gelling agents act as thickeners, such as in a sauce or ketchup. In larger concentrations, the long molecules can bind to one another crosswise and form a three-dimensional network that has properties resembling those found in solid substances, such as hardness, stiffness, elasticity, and crispness. Together with the liquid, this network forms the actual gel. What is special about many of the gelling agents is that they are able to form a gel even at low concentrations of less than 1 percent.


THE KETCHUP EFFECT

Most of us have had the experience of trying to get thick ketchup out of the bottle to no avail, until we gave it a few hard shakes—then the ketchup suddenly and quickly spurted out like a thin liquid. It seemed as if the viscosity of the ketchup had decreased dramatically. This strange phenomenon is due to the presence of some long-chained carbohydrate molecules called xanthan gum. Because the xanthan gum binds the water in the ketchup and because the long xanthan molecules intertwine, ketchup has a very high viscosity when the bottle is standing still. But if the ketchup is exposed to strong forces—for example, by shaking the bottle—the molecules straighten out and suddenly slide past one another. We say that the liquid exhibits shear-thinning—it becomes thinner when shear forces are applied to the direction of its flow. The same effect is demonstrated when some jellies are stirred. The jelly becomes less viscous while being stirred rapidly and thickens again when it is stirred slowly.




Gelation: To freeze

Gelare is the Latin verb meaning “to freeze.” When the juices from cooked meat, which contain gelatin, are cooled they form a gel. A classic aspic, considered to be a sort of “mother” of all jellies, is made this way. It is interesting that kanten, which is the Japanese term for agar, refers to cooled or frozen tokoroten, a Japanese dish made with a cooked extract of a red alga that contains a great deal of agar. Seemingly, kanten was a serendipitous discovery, when it was found that leftover tokoroten that had been put outside in freezing weather could be melted again if placed in warm water. When subsequently dehydrated, it became an even purer and more effective gelling agent.



While it might seem that gels are very unusual foodstuffs, there are many ordinary ones—technically speaking, bread, cheese, cooked eggs, and tofu are all gels.

The special properties of a gel depend on those of its constituent molecules—for example, their size and electrical properties—as these determine the way in which they bind to one another crosswise. The number of binding sites increases with the size of the molecules. When there are more of them, the gel is stiffer; when there are fewer, it is softer and more pliable. The types of liquids and the dissolved substances that make up the gel also affect its behavior, and its stability can be exceptionally dependent on temperature and acidity.

When it comes to food, water and solutions containing water are of most interest. Gels formed with aqueous solutions are called hydrogels.
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A gel as a network of long molecules. They are bound together at certain points by either physical forces or chemical bonds.

There are two completely dominant, but different, ways of creating bonds between the gelation molecules: chemical bonds and physical forces. Gels with chemical bonds are irreversible—once the bonds are formed, they cannot easily be broken. An example is the firm white in a cooked egg, which cannot be turned into a liquid again when it is cooled. If a gel with chemical bonds is broken, such as a fruit dessert gelled with agar, it cannot reassemble itself.

Gels that are stabilized with physical bonds can be created with the help of electrical forces or when the long gelation molecules intertwine. These types of gels often behave in a reversible manner when there are changes in temperature, concentration of ions, or acidity. Gels that are bound physically can sometimes also “heal” themselves when they are broken up by stirring or whipping. Many common gels used in cooking depend on physical bonds, the best-known example being gelatin, which is sold as a powder or in sheets.

The formation of bonds in a gel can take a long time and can be temperature dependent. This means that some gels become stiffer over time and at low temperature. In some cases, gelation can be encouraged by placing certain mixtures in cold water, while in other cases, hot water is better. Some are thermally reversible, which means that they can melt when heated and re-form as a gel when cooled again. Most gels have a higher melting temperature than gelling temperature. For instance, an agar gel melts at 185°F (85°C), but sets again only when cooled to under 100°F (38°C).

With the exception of gelatin, which is made up of proteins extracted from animal collagen, most traditional household gelling agents and thickeners are composed of polysaccharides. These are extracted from a number of sources, including the soft tissue of plants (pectin, starch, gum arabic), bacteria (gellan gum), and seaweeds (agar, carrageenan, alginate). Of these, starch derived from plant carbohydrates is probably the most commonly used culinary thickener.
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Two different aqueous gels made with agar (left) and gelatin (right).

In addition, there is a long list of synthetically produced gelling agents—for example, cellulose derivatives, such as methyl cellulose, which is produced by the chemical treatment of cellulose, and xanthan gum, which is produced by the bacterial fermentation of sugar. A number of starches that have been modified are also available commercially.

Gelling agents that are not naturally occurring or that are extracted from biological substances must in some countries be declared as additives in foods. For historical reasons, gelatin and starch do not need to be labeled as food additives in Europe, and in the United States they have to be listed on the product labels.

Because different gelling agents and thickeners have properties that are specific to them, they also serve a variety of purposes. It is, therefore, possible to find an additive that has the desired effect in a particular context, such as in a particular temperature range or at a specific level of acidity. Some gelling agents, including pectin and alginate, require the presence of certain ionic salts, such as those from calcium, to form stiff gels. On occasion, it may be necessary to use a combination of these substances to achieve the desired outcome.

As the characteristics of a gel will be very dependent on the gelling agent used to form it, it is crucial to choose an appropriate one. Some especially important considerations are the melting point of the gel, its stability when frozen or thawed, whether it should be translucent or opaque, whether it will be able to reassemble itself after being broken up, whether its viscosity is affected by stirring, whether it will “bleed” (syneresis), and whether or not it contains certain taste substances.


Apple “Fudge”

This “fudge” is really a stiff jelly made with apple juice and pectin.

•  Blend the apple juice with the pectin, citric acid, and ¼ cup (50 g) of the sugar.

•  Bring the liquid mixture to a boil and add the rest of the sugar and the glucose. Increase the heat to 225°F (107°C). Remove from the heat and pour into a shallow pan. Allow to cool completely.

•  When the mixture has cooled, cut the apple “fudge” into small pieces. As a finishing touch, the pieces can be coated with sugar mixed with a little citric acid powder.

2 cups (500 ml) freshly pressed, unfiltered apple juice, preferably from apples with red skins

1 tablespoon (15 g) pectin

1½ teaspoons (7.5 g) citric acid

2 cups (400 g) granulated sugar

4½ tablespoons (100 g) glucose
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Apple “Fudge.”



The melting point of a gel has a great effect on its mouthfeel. Some foods are more appealing if they melt in the mouth. An aspic made with gelatin derived from terrestrial animals has a melting point of 86°–104°F (30°–40°C), whereas one formed with gelatin extracted from fish has an even lower melting point. We expect other foods to remain firm in the mouth—for example, jam and marmalade that are set with pectin, which has a melting point of 158°–185°F (70°–85°C).

The seaweed extracts alginate, agar, and carrageenan make up a special category of gelling agents that form hydrogels. In some ways, these agents are better than other types with respect to thermal stability and enzymatic breakdown. They have been adopted enthusiastically by proponents of modernist cuisine and molecular gastronomy to develop novel techniques, such as a process called spherification, which uses alginate.

Given that the formation of gels in foodstuffs that contain water is a question of binding the water to the gelling agent, it is obvious that circumstances that change the properties of the water—for example, the presence of ions and degree of acidity—can alter the properties and stability of the gels. In addition, other substances that can also bind water, such as sugar, salt, and alcohol, could compete with them and thereby destabilize the gels.

Foam

A foam is a liquid that has been stiffened by whipping air bubbles into it, a process that requires an intense effort so as to end up with the smallest possible air bubbles. Because the air pressure inside small ones is greater than that in larger ones, it can become a race against time to achieve the desired consistency before the smallest bubbles burst and run together, thereby changing the texture of the foam.

It is difficult for the air bubbles in a foam to slide past one another without bursting, and consequently, it does not flow easily. This is why a foam can stand and form peaks and offer some resistance to a spoon or to being squeezed between the tongue and the palate. As liquid slowly drains away, the foam becomes more fragile, bubbles burst, and it all collapses. This effect is easy to see in a glass of beer that starts out with a large head that dissipates over time.

The relationship between the number of air bubbles and their size, on the one hand, and the stiffness of the liquid, on the other, determines how we experience the mouthfeel of any given foam. Some are very soft and pliable, others are crisp and fragile, and some are even quite firm.

[image: image]

Bubbles in a beer, with a foam layer at the top.

It is possible to stabilize a foam and its small bubbles by thickening it or emulsifying it with suitable fats, proteins, or emulsifiers—for example, egg yolks or milk. The emulsifiers decrease the surface tension of the air bubbles and prevent them from bursting or running together. Many liquids that are the product of reduction in the kitchen contain sufficient fats and proteins to stabilize foam at least for the short period of time it takes to serve the food. An exotic example is a dish topped with a foam made from shellfish liquid.


FOAM THREE WAYS

Your local coffee shop is a great place to take a closer look at foam. You can have whipped cream on your cake, savor the crema that rises to the surface of an espresso, and spoon up another type that floats on top of cappuccino. These three foams each have a distinct, pleasant mouthfeel. In addition, the foam often has aromatic substances that are released when the bubbles burst and the foam collapses.

Three very different processes are at work. When thick cream is whipped until it is stiff, air bubbles are trapped in a network made up of the fat globules. So, it is heavy, creamy, and smooth. Coffee beans contain carbon dioxide and surface-active substances that were formed during the roasting process. When air and hot steam are forced under pressure through the ground beans, these substances help create tiny bubbles in the liquid coffee that rise to the top, creating a thin layer of foam—the crema, hallmark of a good espresso. In the case of a cappuccino, the hot steam is passed through milk forming bubbles that are stabilized by its casein and whey proteins and the foam is then spooned onto the coffee. As too high a fat content would cause the foam to collapse, skim milk or low-fat milk is normally used to make cappuccino foam.
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A cup of cappuccino with a thick layer of foam.



The worst enemy of a foam is loss of liquid when it is pulled down by gravity and drains away or it evaporates because the air is too dry. Soap bubbles, which actually consist of a thin membrane of water stabilized with an emulsifier, soap, can have precisely the same problems. The solution is to add a substance that can retain the water—for example, a gelling agent that also increases the viscosity of the liquid. Conversely, substances that dilute the liquid, such as alcohol, will destabilize the foam and can be added in only small quantities. Nor is it a good idea to add oil to a foam, as the oil droplets have a tendency to form bridges between the air spaces in neighboring bubbles, causing them to burst and run together into larger bubbles.
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Dry meringue tinted with black currant juice.

A dry meringue is a foam in which the liquid phase between the air bubbles has been made stiff. This can be accomplished by beating sugar into an egg white, which is mostly water, and then warming the mixture to evaporate the water so that the meringue becomes stiffer. The more sugar that is added to the egg white and the more water that is evaporated, the firmer and crisper the meringue.

Foam is often used to stiffen a liquid, such as a sauce, and to make baked goods fluffier. The dough in baked items can, in principle, be regarded as a soft foam before it is baked and as a firm foam after it comes out of the oven. Some light, airy cakes, such as sponge cake, can be considered supple, spongy foams. A soufflé is another type of firm foam.

When Food Changes Form, Structure, and Texture

Ordinary, starchy potatoes can be used to illustrate the ways in which the physical properties of a raw ingredient can undergo changes of form, structure, and texture turning them into a truly delectable treat—hot, crisp French fries.
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When food changes form and texture—from potatoes to French fries.

The key to making perfect French fries is to control the water content in the starch in the potatoes, especially the proportion of water inside each piece and on its surface. Here is a step-by-step solution to the challenge. First, cook the potato pieces until just before they break apart, to maximize their water content and soften them by gelatinizing their starch content. When they cool, they take on the characteristics of a firm gel. Then, they are dried so that they are no longer damp on the outside, but still retain a great deal of water. Next, they are deep-fried in oil that is not too hot, so as to remove even more water from their surfaces, which take on the properties of a glass that has the desired crispness. The final step—the most crucial one—is to deep-fry the pieces in hotter oil, which causes the outermost glassy layer to separate from the moist interior and swell up a little because the water vapor inside is pushing it outward. When cooled to the temperature at which the French fries can be eaten, the inner moist gel contracts, creating a little layer of air between the inside and the crisp outside. This slows down the rate at which the water inside can gradually seep out into the glass, making it elastic and pliable. So, it all comes down to timing—serving the French fries quickly and eating them while they are still crisp and delicious and before their texture becomes soggy and off-putting.


Crisp French Fries, Peel and All

Here is a recipe for making French fries that come close to perfection. They are deep-fried in beef suet, which is made up of saturated fats with high melting points and which add some taste substances. The peel must be left on the potatoes.

•  Wash the potatoes thoroughly and cut them into wedges that are about ⅜ inch (1.5 cm) thick on the peel side. Rinse them in water until no more starch comes out of them. Soak the pieces in cold water for 6 hours.

•  Cook the potato wedges in lightly salted water in a large pot until cracks are just starting to form in the wedges. Pieces with a few cracks make the crispest French fries.

•  Arrange the potato pieces in a single layer on a baking sheet, peel side down, and refrigerate them for about 12 hours.

•  Melt the suet and pass it through a sieve to remove any solid bits.

•  Heat the suet to 266°F (130°C) and fry the potatoes until they are golden. Work in small batches to keep the temperature of the fat constant.

•  Place the potato wedges on a baking sheet and allow them to cool completely.

•  Just before serving, reheat the suet to 365°F (185°C). Deep-fry the pieces until they are crisp and browned, drain on paper toweling, and sprinkle with finely ground salt. Serve immediately.

Good, starchy potatoes, unpeeled

Beef suet

Finely ground salt
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	Texture and Mouthfeel
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As we have seen, the physical texture of food first depends on whether it is based on raw ingredients that have retained some of the structure of their biological origins, whether assembled from different pure components—such as mixtures of oil, water, and extracts—or totally synthetic. Second, structure is a function of how it is processed in the kitchen or the factory. Finally, changes take place once the food is in our mouth, resulting either from chewing, a mechanical operation with the help of teeth, jaws, and tongue, or from chemical or chemical-physical changes due to saliva and temperature. Experiencing these changes often depends on how quickly we work on the food in our mouth.

These changes all affect how mouthfeel influences our judgment of the food’s quality. To understand the meaning of its texture, it might be useful first to take a look at the mechanical aspects of eating.

When We Chew, We Are Using the “Taste Muscles”

The muscles of the tongue and the jaws have developed to carry out a whole range of mechanical processes in the mouth. First, the incisors grasp the food firmly and cut off a piece, then the canines hold it in place, and finally the molars get to work crushing and grinding it so that taste and aroma substances are released and the food is in small enough particles to be swallowed together with some saliva. While this is happening, the tongue has to be able to carry out acrobatic movements to explore the food, turn it over, and swirl it around, especially if a liquid is involved, place it between the teeth, and finally search out bits that have gotten stuck between the teeth and the lips or cheeks. Chewing serves both to reduce the food into small pieces and to bind these together with saliva to form a ball of food (bolus) that is easy to swallow.

When we can tell from its mouthfeel that the food has been chewed sufficiently, the tongue takes over from the teeth and makes the definitive maneuver that pushes the ball of food back toward the pharynx. Here the most complicated and well-coordinated process is needed to ensure that the food goes down into the gullet without ending up in the trachea. What happens quite automatically during swallowing is that we close our mouth, which triggers exhaling, and the last shot of the aroma substances enter the nose via the retronasal pathway. Throughout this mechanical process, which is controlled by the “taste muscles,” all senses are going full blast, not least that of mouthfeel.

Taking hold of, and biting, the food with the incisors and the canines is a symmetrical process. Surprisingly, the actual chewing of the food, which happens rhythmically between the molars, is asymmetric. We chew on one side, while balancing with the other, all while the tongue is moving the food around to be worked on by the chewing side and there is a sideways movement of the lower jaw. One of the several advantages of asymmetrical chewing is that it permits more force to be brought to bear on the food.


As tough as leather

Fruit leather is plastic, in the physical sense, and so tough that it is easiest to cut it up using scissors. It is made from fruit purée cooked with a large quantity of sugar. The puree is spread on parchment paper in a pan to form a layer that is a little less than ¼ inch (6 mm) thick and then dried at about 122°F (50°C) for 10 hours, or until it is solid. The fruit leather has a very intense fruit taste, and it is difficult to find a food that is tougher to chew.



Initial preparation of the ingredients before they are consumed, for example, cutting them into small pieces or heating them, makes them easier to chew, less effort is required, and more nutritious substances are released. At the same time, salivary enzymes get to work to break down the molecules in the food, even before it is swallowed. The end result is less mechanical work.
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The stress-strain curve for a piece of food. When only a small force is applied to the food, the relationship between the force applied (stress) and the deformation (strain) is linear. If the force is increased considerably, the food will start to yield and will not return to its original form, even if the stress stops. When even more force is applied, the food will fracture and break up into pieces.


HOW STRONG IS FOOD? ELASTIC, PLASTIC, AND VISCOELASTIC

One of the principal reasons for chewing food is to break it down to small pieces. What is required to do so depends on the physical structure of the food and its ability to withstand the effects of force.

When we need to break down solid food mechanically, we must use a force (tension, stress) that causes the shape of the food to change (deformation, strain), and consequently, reduces it to small pieces (fracturing). A weak force will usually lead to an elastic deformation, allowing the material to which it was applied to return to its original shape when it is taken away. We know this from chewing on a hard caramel or a tough piece of meat. If the force is greater, the material can undergo a plastic deformation, preventing it from returning it to its original shape when the force is removed. We can see this effect when we chew hard on a piece of meat. Applying an even stronger force can cause the material to fracture. At what point this breaks the food apart depends on whether the fracture goes right through it and whether it happens at all depends, again, on the hardness and toughness of the material from which it is made. In the case of stiff foods, such as a biscuit or a raw apple, it is the strength of the force that determines whether the fracture will go right through the food. For more pliable materials, the effect depends on the degree of deformation that takes place. For example, we can bite through a firm vegetable or a piece of meat with a great deal of connective tissue only if the teeth tear the food into pieces, often with the help of sideways movements of the lower jaw.
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The mechanics of chewing. The illustration shows how the teeth can cut and create displacement stress in a piece of food.



The texture that is detected by our teeth can largely depend on how uniform the structure of the food is, especially if there is a difference between the surface and the inner structure. Imagine a confection made up of a soft cream filling sandwiched between two chocolate wafers. When you first bite into it, it feels hard because the teeth have difficulty in breaking through the hard chocolate, even though the soft filling easily gives way. Then, imagine the reverse—a chocolate wafer between two layers of firm cream filling or foam. It is easy for the teeth to bite into the soft layer and the whole confection will feel soft, even after you have bitten into the chocolate wafer.

What Is Texture?

Over the course of the years, the way in which food texture has been described has undergone many changes. To add to the confusion, the expressions texture and structure have been used almost interchangeably. Polish-born American food scientist Alina Surmacka Szczesniak is known as a pioneer in the study of texture and how it affects our choice of what to eat. She has tried to define texture, and concomitantly, mouthfeel as:

•  A sensory quality of food, and consequently, a quality that only a human (or another living being) can recognize and describe. Only certain properties of texture can be measured by physical means and the results of these measurements require a sensory interpretation.

•  A multifaceted quality that cannot be described by a single parameter, such as hard or creamy.

•  A quality that depends on the structure of the food at all levels, from the molecular to the microscopic.

•  A quality that is recognized by several senses, of which touch and pressure are the most important.

This definition has gained wide acceptance. The most authoritative work on texture, Food Texture and Viscosity, by Malcolm Bourne, has condensed the definition: “The textural properties of a food are that group of physical characteristics that arise from the structural elements of the food, are sensed primarily by the feeling of touch, are related to the deformation, disintegration, and flow of the food under a force, and are measured objectively by functions of mass, time, and distance.”

In accordance with this definition, we really ought to say “textural elements” to acknowledge that texture is a group of sensory properties. For the sake of simplicity, however, we will continue to use the word “texture” or “mouthfeel” in this book. In what follows we will examine the many different parameters that are involved in the description of texture. It will become evident that there is a wide range of textures and, similarly, that we use a large number of expressions to describe them.

What has made it so difficult to define texture and, along with it, mouthfeel is that some textural elements have measurable physical dimensions, whereas others take on meaning only in connection with human sensory impressions and perceptions of the structure of the food. Consequently, it is difficult to correlate the texture as it is experienced with physical properties that have been measured. About fifty years ago, food chemist H. G. Müller suggested that we should discard the term “texture” and instead refer to rheology, a branch of physics concerned with the flow properties of a material, and hapthaesthesis, a branch of psychology that deals with the perception of the mechanical behavior of materials. The term “haptic” is now used mostly by sensory scientists to describe how we feel raw ingredients and the surface structure of food.


TEXTURE IN THE HEBREW BIBLE

In the Hebrew Bible, there is reference to the perfect food source, manna. During their wanderings in the dessert, the Israelites are said to have eaten manna every day for forty years. In the book of Exodus, it is described as a fine, flakelike layer, which the Lord made appear each morning like frost on the ground. It resembled white coriander seeds and contained all the nutrition needed by humans.

The taste was described as being like that of honey cake. But it seems that manna lacked texture and variation in the texture, and the Israelites became disgruntled, with the result that the Israelites started wailing and said, “If only we had meat to eat! We remember the fish we ate in Egypt at no cost—also the cucumbers, melons, leeks, onions and garlic. But now we have lost our appetite; we never see anything but this manna!”



So Many Words for Texture and Mouthfeel

Some countries and cultures have a large number of words to describe texture and mouthfeel, while others have relatively few. It is hard to come up with a definite number, because words may have more than one meaning. Surveys have shown that the language with the richest vocabulary for texture is Japanese, with 406 discrete terms. In Austria, 105 words are used; in the United States, there were only 78. Despite these huge differences, there is a certain number that are common across many languages, which demonstrates that texture is an important concept in all parts of the world.

Swedish food researcher Birger Drake pointed this out in 1989; by studying twenty-two languages, he had found fifty-four words for textural elements that had an identical meaning. These words fall into six broad categories: viscous, plastic, elastic, compressible, cohesive, and adhesive.

The most frequently used word regarding texture, in the United States and in many European countries, is “crisp.” In Japan, the word that occurs most often is “hard.” “Crisp,” “juicy,” “soft,” “creamy,” “crunchy,” and “hard” are among the terms for texture most commonly used in the United States, Austria, and Japan.

The Importance of Texture

Experiments have shown that for a large range of raw ingredients that have been pureed, only about 40 percent of a group of younger, blindfolded test subjects were able to identify correctly the raw ingredient. In the case of older test subjects, the success rate fell to about 30 percent. There is a vast difference in the extent to which some of the ingredients were identified. For example, more than 80 percent of the younger test subjects were able to pick out pureed apples, strawberries, and fish, while the comparable numbers are 40 percent for beef, 8 percent for cucumber, and 4 percent for cabbage.

There are a number of socially driven and gender-related differences with respect to the weight placed on mouthfeel. It appears that well-educated, wealthy people, especially the women in that category, place the most emphasis on mouthfeel.


Words for mouthfeel

In Japan, there is a heightened awareness of the texture of food. How the food feels in the mouth (kuchi atari), how it feels on the tongue (shitazawari), and the resistance of the food to the action of the teeth (hogotae) are all discrete concepts. In addition, there is a vast assortment of terms for texture, as illustrated by the seven different words for “crisp.”



When People Complain About the Food

When customers complain about products available in a grocery store or at the market or when diners in a restaurant express dissatisfaction with a dish, it can almost always be traced back to mouthfeel. We seldom complain that something tastes bad. Instead we might say that the soufflé has collapsed, the meat is too tough, the French fries have gone soggy, the bread is dry, the coffee is tepid, the mustard lacks bite, and so on. Or we simply say that it is insipid. It is much easier to describe an unfulfilled expectation related to texture than one that concerns chemical sensations, such as taste and aroma. In addition, texture is often associated with the freshness of the raw ingredients and their proper preparation.

Food Reviewers and Mouthfeel

Dan Jurafsky, a professor of linguistics and computer science at Stanford University, is an exponent of a new discipline known as computational gastronomy. Using computer applications, he mines the big data available on the Internet to extract information about food, recipes, and people’s eating habits. In one part of his book, The Language of Food: A Linguist Reads the Menu, Jurafsky describes the results of an analysis of a million online restaurant reviews, including those related to desserts.

It strikes one right away that the reviewers’ descriptions of the desserts are full of expressions that can be interpreted as having thinly veiled sexual connotations. This connection is made most strongly in the focus on mouthfeel, rather than those for aroma, taste, sound, or appearance. Some typical sensuously laden words that appear frequently include “silky,” “satiny,” “juicy,” “wet,” “creamy,” “sticky,” “smooth,” “oozing,” “spongy,” “melting,” and “hot.”


AN EXPERIMENT: CAN YOU IDENTIFY PUREED FOOD?

There is a whole range of experiments designed to determine how easily people, when blindfolded, can identify, by taste alone, a food that has been pureed and then sieved. Young people in the normal weight range can generally identify only about 41 percent of the various foods; those who are overweight have better results, distinguishing 50 percent correctly. But older people in the normal weight range name the purees with only about 30 percent accuracy. The variations between different types of foods is enormous: about 80 percent of young people in the normal weight range can identify apples and fish, about 50 percent can identify carrots and lemons, and about 20 percent can identify rice and potatoes. But only 4 percent can identify lamb and cabbage. This last finding is especially surprising, as most people associate cabbage with a very characteristic taste.

You can easily perform a similar experiment with various juices to show the importance of texture for identifying a particular food.

Make five different jellies using five different raw ingredients, plus one with only pure water for comparison purposes.

Six Types of Jelly with Vegetables, Fruit, and Water

•  Prepare a juice from each of the five different raw ingredients, so as to produce ½ cup (125 ml) of each juice. Separately measure out ½ cup (125 ml) of pure water.

•  Add ⅛ teaspoon (0.6 g) of gellan gum to each juice and to the pure water and add the same color of food coloring to all. Bring each liquid to a boil and allow it to simmer for 2 minutes. Whip lightly, pour the warm liquid into a mold, and chill it. When they are cold and set, cut the jellies into small squares and serve with toothpicks.

•  Now, try to determine whether you can identify, by taste alone, the raw ingredient from which each jelly is made. You might also repeat the experiment with different colors.

Carrots

Black kale

Strawberries

Beets

Ginger

Water

¾ teaspoon (3.6 g) gellan gum or agar

Food coloring
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Red jellies made from (clockwise from top left) water, carrots, black kale, strawberries, beets, and ginger.



Jurafsky also notes that female reviewers are more likely than male ones to mention the dessert menu, usually casting it in a positive light.

According to Jurafsky, the choice of words that relate to desserts in these reviews is in line with the typical vocabulary found in American advertisements. “Soft,” “sticky,” “creamy,” and “dripping wet” all emphasize the hedonistic element of the food.

How to Describe Texture

What follows is a schematic overview of the various expressions used to describe texture and mouthfeel based on Alina Surmacka Szczesniak’s classification of texture. The table on the left illustrates the relationship between the physical and the sensory aspects of texture classification. With the help of examples, we will later describe how we determine the different properties of texture, as well as how we can enhance them and possibly alter them. The classification of the descriptions of texture is made more difficult by the fact that they often depend on whether they apply to a solid/semisolid or a liquid food. And as the borders between these phases are often blurred, these expressions may have more than one meaning.

Classification of the Textural Properties of Solid Food



	Parameter
	Popular expressions



	Mechanical
	 



	Hardness
	Soft, firm, hard



	Cohesiveness
	Crunchy, brittle, tender, tough, mealy, pasty, gummy



	Viscosity
	Thin, thick



	Springiness
	Plastic, elastic



	Stickiness
	Sticky, gooey



	Geometrical
	 



	Particle size
	Grainy, coarse, fine, grating, sandy



	Particle shape
	Fibrous, stringy



	Spatial orientation of particles
	Crystalline



	Other
	 



	Content
	Dry, wet, watery, moist



	Fat content
	Oily, fatty, greasy




Source: A. S. Szczesniak, Texture is a sensory property, Food Quality and Preference 13 (2002): 215−225.

Solid and Semisolid Foods

In the table to the left, the classification of the texture of solid or semisolid foods is divided according to mechanical, geometrical, and other parameters, as well as how it can be described in terms of the most frequently used popular expressions for texture.

Hardness

“Hardness” is a physical expression for the amount of force that must be applied to a material in order to deform it in a particular way. The harder the material, the more pressure is required. In sensory terms, “hardness” is an expression for the force that is required to compress solid food between the molar teeth or softer food between the tongue and the palate. “Softness” is the opposite and describes food that is easy to compress.

The meanings of the words “crisp,” “crunchy,” and “crackly” are difficult to define, and they are often used arbitrarily with regard to many different types of food. This is an indication that our perception of the hardness of a particular material links and mixes together tactile, visual, and auditive sensory impressions.


WHY ARE APPLES CRISP?

Unripe apples are normally firm and hard because their pectin is in a particular form, known as propectin. As the apple ripens, the propectin is converted into the water-soluble pectin by an enzymatic process of hydrolysis, caused by the presence of pectinase. The pectin binds together very firmly the cells of the apple, which have stiff cell walls, by forming a gel. Consequently, the apples stay firm until they ripen, but are now crisp instead of hard. About 25 percent of the volume of apples is air, which is evenly distributed throughout the cells and which also contributes to their crispness. By way of comparison, the air content of pears is only about 5 percent. Because they are crisp, apples initially resist the pressure exerted by teeth, but give way after sufficient force is applied and fracture as their juice spurts or seeps out of the burst cells. It is the mouthfeel of resistance to being broken up together with the release of juices that leads us to characterize an apple as crisp and juicy.

The pectin content of apples is greatest when they are fully ripe. When they are overripe, the pectin degrades into pectic acid that cannot form gels.

As the apples become more and more overripe, the decreasing amount of pectin has difficulty in holding the cells together, the air content forms large pockets, and the cells slide past one another more readily when we bite into the apple. It will feel soft. Because the cells do not break apart easily, but are simply displaced, when we bite into the apple, it will no longer feel juicy, but dry and mealy instead, even though the apple has lost none of its liquid content.

When we bake ripe or overripe apples whole and with their skin on we need to note that the large air pockets in them can expand suddenly with great force and may burst the skin.
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A crisp apple (left) and a soft, mealy one (right).



Terms of crispness are applied to thin yet hard ingredients (e.g., potato chips, bread crusts, and roasted seeds) as well as to a porous, hard material (e.g., a meringue). “Crisp,” “crunchy,” and “crackly” are often used randomly for both dry and brittle foods (e.g., potato chips, toast, cookies, and breakfast cereals), for materials that are either wet or dry (e.g., raw or lightly steamed vegetables, and raw fruits, such as apples and pears), and for materials that are harder on the outside than on the inside (e.g., crusty bread, French fries, pies, and quiches).

Cohesiveness

“Cohesiveness” is a physical expression for the cohesive forces in a material and, hence, the extent to which it can be deformed before it breaks. In sensory terms, the cohesiveness of a food means how much it must be compressed before it goes to pieces. Some types of cohesiveness are described as “tough” or “gummy.” “Leathery” is applied to food that is both gummy and very tough. “Tender” is used to characterize food that has little resistance to being chewed into pieces. “Firm” denotes food that is able to withstand chewing to a moderate degree. “Crunchy” is used when the food can be broken down into smaller pieces a little at a time, such as a cookie, and the pieces have less resistance with each successive bit of chewing. “Crunchy” and “crisp” are often used interchangeably.

“Tough” is a physical term related to the energy required to chew a piece of food before it can be swallowed. It is not possible to separate toughness from hardness and springiness. In sensory terms, toughness relates to the time required to chew a given piece of food at a constant rate.

“Gummy” is a physical term related to the energy required to chew a solid piece of food into small pieces. Gummy foods are not very hard, but have a great deal of cohesiveness. In sensory terms, gumminess characterizes the resistance of a pliable food to being reduced to smaller pieces. Hence, it relates to the amount of time required to chew a piece of food before it is reduced to pieces that are small enough to swallow.

Viscosity

“Viscosity” is a physical expression for the internal rubbing of the molecules against one another in a liquid that is flowing; that is to say, it is a statement about the material’s rheological properties. Another way to define viscosity is by the tendency of a liquid to resist flowing when a shearing force is applied to it. The viscosity of a food cannot be dissociated from its texture and mouthfeel. It may seem a little odd to talk about flow in materials other than liquids, but for the vast majority of foods there is no clear boundary between liquid and solid. This condition stems from the fact that raw ingredients and foods are mostly composed of soft materials that can have characteristics of both, depending on how quickly force is applied to them externally. And, naturally, mouthfeel is always bound up with subjecting food to the movements of the mouth, tongue, and teeth. For example, when we draw liquid from a spoon into our mouth, we notice a major difference between water and honey.

That viscosity on its own is not sufficient to describe the mouthfeel of a foodstuff can be illustrated by comparing crème fraîche and Greek yogurt, which are virtually equally viscous but have a different mouthfeel. The viscosity of a liquid can sometimes behave in a curious way—for example, ketchup, which is thickened with complex carbohydrates (xanthan gum), will have less viscosity when it is shaken and subjected to large forces.



	Material
	Viscosity



	Whipping cream
	0.02



	Raw egg yolk
	0.09



	Syrup
	0.96



	Crème fraîche
	2.9



	Greek yogurt
	3.0



	Mayonnaise
	12.1



	Honey
	18.3



	Nutella
	28.1



	Toothpaste
	43.8



	Marmite
	43.9




Note: Viscosity is expressed in units of Pa × s−1 and is measured at 10 Hz and 25°C.

Source: C. Vega and R. Mercadé-Prieto, Culinary biophysics: On the nature of the 6X°C egg, Food Biophysics 6 (2011): 152−159.

Springiness

“Springiness” is a physical expression for the speed with which a material that has been deformed returns to its original shape when the force is removed. In sensory terms, “springiness” refers to how quickly the food returns to its original shape after pressure, for example, from the tongue, has stopped.

Adhesiveness

“Adhesiveness” is a physical expression for how well a material sticks to another or, conversely, how easily one material can be pulled from another to which it is sticking. In sensory terms, adhesiveness indicates how easy it is to remove food that is sticking to the tongue, teeth, or palate.

Liquid Foods

The description of the texture of food that is in liquid form is divided into a series of categories. There are a number of typical expressions for texture that are used for foods in each of the categories. Many of these expressions reflect the complexity of the sensory experience and incorporate psychological and physiological factors.

Drinks that incorporate different textural elements derived from more semisolid food and carbonation, formation of foam, gelation, and temperature differences can display surprising effects—for example, in a special laminar coffee.

Categories of Expressions of Texture for Liquid Foods



	Category
	Typical expression



	Viscosity-related terms
	Thick, thin, viscous, consistency



	Feel on soft-tissue surfaces
	Smooth, pulpy, creamy



	Carbonation-related
	Bubbly, tingly, foamy



	Body-related
	Heavy, watery, light



	Chemical effect
	Astringent, burning, sharp



	Coating of oral cavity
	Mouth-coating, clinging, fatty, oily



	Resistance to tongue movement
	Slimy, syrupy, pasty, sticky



	Afterfeel: mouth
	Clean, drying, lingering, cleansing



	Aftereffect: physiological
	Refreshing, warming, thirst-quenching, filling



	Temperature-related
	Cold, hot



	Wetness-related
	Wet, dry




Source: A. S. Szczesniak, Texture is a sensory property, Food Quality and Preference 13 (2002): 215−225.

Consistency

“Consistency” is a poorly defined expression that is used in many different contexts. It is often used as a synonym for “viscosity” and, on other occasions, to describe, in a general way, mouthfeel and all textural characteristics.

Coating

Mouth-coating texture is especially noticeable with fatty and oily foods, cream, oils derived from plants, animal fat, butter, margarine, coconut fat, cocoa butter, and rich, creamy cheeses. This texture is brought out to its fullest extent if its melting point is just under the temperature in the mouth.

Juiciness

Juiciness is traditionally linked to the ability of a fruit to release liquid when it is chewed, with respect to how quickly it yields to pressure, the amount of juice that flows, and how much it stimulates saliva production. This term is also used to characterize prepared meat that retains a great amount of its juice and liquid fats.

Creaminess

Creaminess is a textural characteristic that is hard to define, especially as it involves several of the senses—sight, smell, taste, and mouthfeel are all involved. It is possibly surprising to find sight on this list, but it is easy to demonstrate its effect. For example, a caramel that is matte and light-colored is perceived as being creamier than one that is smooth and dark-colored.


Laminar Coffee Shots with Celeriac

POWDER AND WHIPPING CREAM

•  Soak the celeriac seeds for 6 hours.

•  Cook the celeriac seeds in water for 30 minutes, then dry them in an oven or dehydrator at 150°F (65°C) for 2 hours.

•  Toast the dried celeriac seeds on a dry skillet until they start to release their aroma; then add the instant coffee granules.

•  Place the mixture in a spice mill and grind it to a fine powder.

•  Whip the cream until it forms soft peaks, then refrigerate.

ICE-COLD, LIGHT, AND AIRY COFFEE WITH MILK AND CARAMEL

•  Place a small pot over low heat, sprinkle the cane sugar over the bottom, and allow it to caramelize on low heat.

•  Pour ⅕ cup (50 ml) of the warm espresso into the caramel and turn off the heat. Stir together to make a syrup and set aside to cool.

•  Blend the milk with ⅘ cup of the espresso. Flavor with three-quarters of the caramel syrup and set aside to cool.

•  Chill the mixture by shaking with ice cubes just before serving and strain out the ice cubes.

•  Sprinkle the xanthan gum in the milky coffee and blend with a hand mixer until the xanthan gum is completely dissolved. Set aside in the refrigerator.

HOT, DARK, CELERIAC COFFEE

•  Peel the celeriac, cut it up into small pieces, and juice them to make ⅖ cup (100 ml) of juice.

•  Mix the remaining ⅖ cup (100 ml) of the espresso with the celeriac juice. Add the remaining caramel syrup.

•  Just before serving, warm the mixture to 194°F (90°C).

TO SERVE

•  Place ¾ inch (2 cm) of the hot celeriac coffee in the bottom of each of five shot glasses. Next, carefully pour 1¼ inches (3 cm) of ice-cold espresso with milk and caramel syrup on top. Top with ¾ inch (2 cm) of whipped cream. Sprinkle the seed mixture on top.

Serves 5

1 celeriac

POWDER AND WHIPPING CREAM

1 tablespoon (6.5 g) celeriac seeds

1 tablespoon (3.5 g) instant coffee granules

⅗ cup (150 ml) organic whipping cream

ICE-COLD, LIGHT, AND AIRY COFFEE WITH MILK AND CARAMEL

½ cup (100 g) light cane sugar

1⅖ cups (350 ml) good-quality brewed espresso

⅖ cup (100 ml) whole milk

⅛ teaspoon (0.5 g) xanthan gum
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Laminar Coffee Shot with Celeriac.




DO YOU LIKE OYSTERS?

Many people regard raw oysters eaten right off the half-shell as the ultimate appetite stimulant. Here the texture is what really counts, even though there are many who will not eat them at all because “they taste too much like the sea” or they have no wish to eat something that is still alive. But the most negative statement made about oysters is that they are slimy, the flesh sticks together, and it is unpleasant to bite into them. The mantles, gills, adductor muscles, and innards of the oysters are all eaten. This is in contrast to scallops, where we usually eat only the large adductor muscle and possibly the firm roe. The scallop has a firm, slightly jellylike, and homogeneous texture, which we associate with a pleasant mouthfeel.

It is not difficult to change the mouthfeel of raw oysters so that they do not feel as slimy, while leaving their fresh taste of the sea intact when we bite into them. The way to do it is to poach them lightly, causing the oysters to contract a little and giving them a firmer surface consistency, but not altering their insides, which are still raw. To poach them, simply drop the oyster flesh into boiling water or poach them whole in their own juices in a warm oven. The latter method preserves as much of their taste as possible.

A very simple way to have the taste of raw oysters in a fish dish, without having to worry about resistance to their texture, is to freeze the raw oyster and then grate it on top of the dish just before it is served.

The Japanese chef Koji Shimomura, owner of the two-star Restaurant Édition Koji Shimomura in Tokyo, has created an oyster dish that plays on different textures. Shimomura-san serves French cuisine, informed and inspired by Japanese techniques and raw ingredients. He is unusual in his decision to collaborate with researchers, especially Dr. Hiroya Kawasaki from the Japanese company Ajinomoto, to find new ways to prepare delicious, healthy food that is consciously based on scientific principles.

Shimomura-san places the poached oysters on a base of oyster cream and a broken gel made from seawater that is thickened with gelatin and seasoned with lemon. On top, he sprinkles a little bit of toasted wild nori, the seaweed that is used to make sushi rolls. The base is creamy, the jelly is soft and elastic, the poached oysters are both firm on the outside and slimy and creamy inside, and the seaweed flakes are crisp. Together they make up a whole symphony of texture.



Creaminess is special in that the expression “creamy” is used to characterize many different types of food, yet its hallmark is that both food professionals and untrained tasters are mostly in agreement about whether something is creamy. This indicates that the feeling of creaminess is a very basic impression. Another distinctive feature is that, in contrast to other taste sensations, we can never seem to get enough of it.

Creaminess combines viscosity with the way in which the food flows and rubs against the mucous membranes and it is sometimes also described as smooth and velvety, but not as fatty, dry, or rough. Creaminess is also linked to the way and the speed with which the food mixes together with the saliva and the size of the ball of food that this forms. It is not possible to control creaminess in a food simply through viscosity, but increasing this aspect will normally lead to a creamier texture in foods that contain starch. It is probable that, in the course of evolution, we have been programmed to enjoy foods that are creamy because this can be an indicator that they may have a significant fat content and are rich in calories.
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Poached oysters in a seawater broken gel and sprinkled with dried nori.



Most people associate creaminess with the fat content of a food, but this is not necessarily the case. For example, it is possible to make dairy products that have an equally creamy texture even though their fat content varies widely. The taste impression is driven by the way in which the fats spread out over the surfaces in the mouth, especially the tongue, and how the volatile aromatic substances are released from the membranes of the fat molecules. The fat content has to be sufficient, but not excessive, as that will result in a fatty texture instead of a creamy one. In the field of neurogastronomy creaminess is regarded as a complex textural property. In addition to the tactile sensing of viscosity, it also encompasses smell, color, and possibly a perception of how the fats are organized in the food in the form of small spheres.

In dairy products, creaminess is associated with the small fat particles found in the milk. As the fats are also where many aroma substances are dissolved, it can be difficult to separate the experience of creaminess from that of taste and smell. In addition, fats have their own taste. It has been suggested that an essential physical component of creaminess is linked to the ability of the small fat particles to slide past one another when the food is moved around in the mouth. This effect has been compared to the function of ball bearings. Reaching the desired degree of creaminess in low-fat dairy products poses a special challenge.

Research has shown that the perception of creaminess in liquids and semisolid foodstuffs, such as cream cheese, is dominated by tactile elements of their texture, whereas in firmer types of foods, such as yogurt and pudding, it is primarily driven by taste and smell. For this reason, taste and aroma substances that are associated with creaminess, such as vanilla, can enhance the perception of creaminess in puddings. In all cases, we most often associate creaminess with a mouthfeel that both is smooth and has a rich aftertaste.

Finally, it is not possible to separate creaminess from the changes that occur in the mouth when the food is reduced to small pieces. A good drinkable yogurt is experienced as creamy, whereas other liquid foods—for instance, water, lemonade, cranberry juice, and suspensions of powders where one is aware of and feels the individual particles—are not considered creamy.

This description is, to a large extent, idealized and many types of food behave in a much more complex and nonlinear fashion. In some circumstances, the food behaves like an elastic or a plastic solid and under others like a liquid that can flow. This is known as viscoelasticity. When exposed to rapid forces of short duration, a viscoelastic substance will behave like a solid, while when subjected to force slowly and over a long period of time, it will flow or creep like a viscous liquid. Once such a material has started to flow it will not return to its original shape when the force is removed. Viscoelastic behavior is especially common in those materials that are composed of polymers, long-chain molecules that are intertwined with one another. When force is applied quickly, the molecules do not have time to disentangle and the material will behave in elastic fashion. But if the force is applied slowly and over a longer period of time, the molecules are able to slip past one another, the material will flow, and the deformation is permanent. Hydrogels are a good examples of how this works. Complex mixtures of fats, water, and air can also be viscoelastic. In these cases, it is their microstructure that can alter itself irreversibly and flow when force is applied over a long period of time. Margarine, baked cakes, ice cream, vegetables, fruits, and some cheeses can exhibit viscoelasticity.

Changing Texture

An overarching goal of the culinary arts is to alter the properties of the food so that it fractures when chewed, to the extent that it breaks up into pieces, thereby enhancing its taste and maximizing its nutritional value. The best example is cooking raw ingredients so that they are easier to chew. In the case of both vegetables and meat, the cellular structure in the connective tissue is ruptured but, paradoxically, this is not why they are easier to chew. Cooked vegetables deform more readily when chewed because the cooking process has softened the cellulose in the plant fibers making them less stiff. On the contrary, meat that has been heated becomes stiffer because the connective tissue, collagen, denatures, and it is easier to break it apart. We often say that the meat has become more tender. Naturally, there are some types of meat that have so much connective tissue that the teeth are able to tear it to pieces only with the help of a great deal of force to cause deformations.
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	Playing Around with Mouthfeel
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Whenever we prepare food, we put our own distinct stamp on it so that it has a particular texture and, with it, mouthfeel. This holds true both in home kitchens and in industrial plants. Our most obvious way of doing this is by using heat, which, after all, is the basis of the culinary arts.

Transforming the properties of raw ingredients to achieve the desired texture and preserving it until the food is about to be eaten can be challenging. If prepared commercially, the food might need to be transported and may be kept on supermarket shelves for a long time. It is also necessary to take into account the changes that occur in the final stages of preparation. And in all cases, it is important to make allowances for what happens when the food goes into the mouth and mouthfeel comes into play. Here the texture is affected by temperature, saliva, enzymes, and the way in which we chew.

This is also where knowledge of rheology—that is, the study of the flow properties of liquids and soft solids—becomes important. We can feel how the food flows in our oral cavity on its own or after we have worked on it with our tongue, palate, and teeth. We notice whether it is sticky (like syrup), slimy (like a thin jelly), or fatty (like oil). Liquid foods such as drinks flow into the mouth more or less quickly and fill it up. Semisolids, such as emulsions, flow more slowly and behave in a viscoelastic manner. Solids do not flow at all, but sometimes they can be dissolved in saliva or melt, or can be reduced to very small bits by the action of tongue and teeth.

Preparing food, the culinary arts, and gastronomy are centered on working with raw materials to produce food that is tasty, interesting, and nutritious. All of this necessarily involves finding ways to work with mouthfeel in the course of a long series of transformations, first in the kitchen and then in the mouth.

Many of the processes carried out in the kitchen are irreversible. Once a potato has been boiled, it is not possible to cool it and return it to its raw state. Similarly, a cooked egg that has set will not become liquid again. In addition, subjecting a raw ingredient to a combination of processes will not necessarily lead to the same result if the processes are carried out in a different sequence. An example is the addition of an acidic substance to a sauce that contains milk or cream.

The simple preparation of food rises to a whole other level when the cook has grasped that the individual operations that are performed in the kitchen cannot be changed around arbitrarily and that the outcome depends on the way he or she has chosen to proceed. This, basically, is what we call following a recipe.

Transforming Raw Ingredients

We need to take into consideration the initial material properties of the raw ingredients themselves and acknowledge that they will usually change over time. After all, they are derived from living organisms and can be broken down or altered by the action of enzymes, microorganisms, and a number of chemical reactions, or the evaporation of some of their water content or volatile components. Catching or harvesting, storing, and curing the raw ingredients before transforming them into food in the kitchen becomes either a race against time to preserve freshness or a matter of judging how long to keep them to allow their taste substances to develop fully.

Many of us like to prepare food based on what is seasonally available. Fresh raw ingredients can be tasty and contain a multitude of vitamins and nutrients. Nevertheless, much of what we eat is fresh only in the sense that it is derived from fresh raw ingredients that have been treated in a number of ways: to decrease perishability and increase texture and nutritional value, to make them easier to chew and digest, or to bring out particular taste impressions. Many of the foodstuffs we associate most closely with savoriness and an interesting mouthfeel are, therefore, not fresh in the true meaning of the word, but have been processed extensively. Examples include the fermenting of ripe cheeses; souring of milk products; brining, pickling, or drying of fruits and vegetables; and smoking of meat and fish.

Second, the physical processes involved in the preparation of food and the relationships between the raw ingredients and their component parts have an important influence on mouthfeel and the release of taste and aroma substances. The raw ingredients themselves contain a certain quantity of water and oils, which may behave in a hydrophilic, hydrophobic, or amphiphilic manner, and more of these are often added. Conversely, water may be removed by reduction or various forms of dehydration. Changes in thermodynamic conditions, such as temperature and pressure, may also have an effect.

Last, but not least, it is very important to note that the structure and texture of prepared foods are rarely in equilibrium—they will change over time. Warm food may get cold, cold food may take on the ambient temperature. The food may grow stale or simply undergo changes due to its constituent parts’ either separating or mixing together. Oil and vinegar dressings usually separate out after a little while, ice melts once it is taken out of the freezer or put in the mouth, bread dries out, and the whey separates from the curds in fresh cheeses. Thus, time is an important factor in food preparation. And it is not a given that one can reverse these time-driven processes and arrive at the same structure and texture that the food had originally.

Texture covers not only the static or molecular structure of the food, but also dynamic conditions, such as whether the food undergoes change when subjected to other forces, whether it is deformed, fractured into small particles, or flows. Texture is also altered in the mouth where several factors are at work—its original structure, how the food and its breakdown products are softened by saliva, and how long the food stays in the mouth before it is swallowed.

In connection with mouthfeel, the food is also described and judged in relation to other influences to which it is exposed. When we say that something is sticky, fatty, grainy, wet, or dry, it is just as much a description of how we perceive the food’s interaction with our fingers, lips, and mouth as it is of the food per se. Wine feels wet because it can moisten our tongue and salivary glands, but if our mouth were made of Teflon, the wine would feel dry. Nori used to make sushi feels dry because the seaweed sheet draws moisture out of our salivary glands. Fats feel fatty because they do not mix easily with our saliva, but spread out like lumps or a coating in the mouth. Milk ice feels grainy because the water crystals in it are so large that they can be perceived by the tongue and the teeth. Water and oil feel like lubricants because they cause the food to move easily in the mouth and because they can help dissolve and soften the various components of the food.

Heat and Temperature

The place where the food is cooked has always been, and will always be, the most important installation in the kitchen, regardless of whether it is a hearth, an oven, a grill, a stove, or a state-of-the-art sous vide cooker. Using heat to turn raw ingredients into food that is ready to eat is the basis for the culinary arts and a healthy, sufficiently nutritious diet. Heating ingredients while controlling the temperature is the one kitchen operation that has the most potential to change texture. Think of cooking eggs, steaming vegetables, or grilling a steak. The opposite process, taking away heat by cooling or freezing, also has a marked effect on mouthfeel—for example, allowing a jelly to set or turning a liquid mixture into ice cream.



	Food
	Texture change
	Cause



	Bread crumbs
	Firmness increases, springiness decreases
	Starch retrogradation, moisture transfer from starch to gluten



	Bread crust
	Crispness decreases, toughness increases
	Moisture migrates from crumb to crust



	Butter and margarine
	Firmness and graininess increase, spreadability decreases
	Growth of fat crystals, change in crystal form, strengthening of network bonds



	Cheese, ripe
	Firmness and fracturability increase, elasticity decreases
	Enzymatic changes



	Chocolate
	Graininess develops
	Change of the crystal structure of the cocoa butter



	 
	Surface “bloom” (white spots)
	Sugars and fats crystallize on surface



	Crackers
	Loss of crispness
	Moisture absorption from air



	Fruit, fresh
	Softening, wilting, loss of crispness, loss of juiciness
	Pectin degradation, respiration, bruising, loss of moisture and turgor, weakening of middle lamella



	Ice cream
	Coarseness increases
	Ice crystals enlarge



	 
	Butteriness
	Clumping of fat globules



	 
	Sandiness
	Crystallization of lactose



	 
	Crumbliness
	Poor protein hydration



	Mayonnaise
	Emulsion breaks
	Fat crystallization



	Meat, fresh
	Toughness increases at first
	Rigor mortis



	 
	Toughness decreases later
	Autolysis



	Meat, frozen
	Freezer burn, drip
	Surface desiccation, reduced water-holding capacity



	Mustard, prepared
	Leakage of water (syneresis)
	Aggregation of particles



	Pickles
	Softening
	Breakdown caused by enzymes and microorganisms



	Pies
	Crust loses crispness, filling becomes dry
	Moisture migrates from filling to crust



	 
	Filling seeps out
	Leakage of water from the gelling agent (syneresis)



	Shellfish
	Softening and mushiness
	Enzymatic breakdown



	Sugar confections
	Crystallinity, stickiness
	Sugars change from amorphous to crystalline state



	Vegetables, fresh
	Toughening
	Deposition of lignin in the cell walls (e.g., asparagus, green beans). Conversion of sugar to starch (e.g., green beans, sweet corn)



	 
	Softening
	Pectin degradation, loss of water (e.g., tomatoes)



	 
	Pitting
	Chilling injury (e.g., bell peppers, green beans)



	 
	Loss of crispness
	Moisture loss and turgor loss (e.g., lettuce, celery)




Source: M. Bourne, Food Texture and Viscosity: Concept and Measurement, 2nd ed. (San Diego, Calif.: Academic Press, 2002).

Three different techniques are used in the kitchen to increase the temperature of foodstuffs: heat transfer by conduction, convection, and radiation. When an egg is boiled in water, conduction transfers the heat directly from the ambient hot water. Similarly, ingredients placed in a tightly sealed plastic pouch can be cooked sous vide in a warm water bath. Heat transfer in ovens equipped with fans relies on convection currents to circulate warm air and distribute it evenly around the food. In a regular oven, radiation is involved in baking, roasting, and grilling.

On a grill, radiation is the most important process. Radiated heat is absorbed first, very quickly, on the surface of a steak, leading to browning and the formation of a crisp crust, which is the main source of the meat’s taste and aroma. From the surface, heat is transmitted to the interior of the steak as the result of a slower conduction process. The balance between these two processes determines the outcome. In the course of grilling, a large number of chemical processes take place. For example, pyrolysis of amino acids can lead to the formation of aromatic aldehydes, Maillard reactions give rise to a series of tasty compounds, and caramelizing browns the meat adding visual appeal and creates organic compounds called furans that contribute both taste and aroma.


Pyrolysis

The word “pyrolysis” is derived from the Greek pyro, referring to fire, and lysis, “to separate.” This process breaks down organic material by using high heat in the absence of oxygen. It causes changes to the physical and chemical properties of the food and is irreversible.



Temperature Control

Even though thermometers have been in the culinary tool kit for centuries, cooks generally rely on their knowledge of how water behaves at the freezing and boiling points to effect fairly accurate temperature control. Most raw ingredients have a very high water content, which determines their response to warming and cooling. For this reason, it is often sufficient for a recipe to state that whatever is being prepared must be brought to the boiling point, because this is easily seen when bubbles start to appear. In fact, this is not a particularly precise instruction, as the actual boiling point is raised or lowered depending on the makeup of the liquid—for instance, a clear broth and a creamy soup will start to boil at a different temperature.

The way fats behave has also served as an indicator of temperature. Hot oil has been used to maintain a reasonably well-controlled temperature for searing, deep-frying, and so on. Different fats have different melting points, smoke points, and boiling points, which are especially dependent on whether the fats are saturated or unsaturated and how pure they are.

Sous Vide Techniques

The science of chemistry, with its strong focus on the importance of temperature and how processes unfold, has a long historical association with the culinary arts. But the emergence of molecular gastronomy in the past few decades has given impetus to the development of techniques for measuring and controlling temperature much more accurately.

Sous vide methods are based on heating raw ingredients in a vacuum-sealed plastic bag that is placed in a temperature-controlled warm water bath for a longer period of time than would normally be required to cook them. The technique, which had been used for industrial food preservation since the 1960s, was first introduced into a high-end kitchen in France in 1974 to poach foie gras so that it retained its texture and color, and lost only 5 percent of its total weight rather than 50 percent. Since its first appearance in avant-garde restaurants, sous vide cooking has slowly made inroads into the home kitchen, thanks to the availability of a range of appliances for domestic use.


Molecular gastronomy

In a way, it is paradoxical that the two methods that are most closely identified with molecular gastronomy in the popular imagination—the use of liquid nitrogen to flash freeze and precise temperature control in sous vide water baths—actually have very little to do with a description or understanding on the molecular level.



In principle, sous vide cooking is very simple. The raw ingredients are put into a plastic pouch and vacuum-sealed. The pouch is placed in a warm water bath in a container that circulates the water at a precisely controlled, constant temperature. The heat is transferred by conduction, as opposed to the radiation that takes place in a traditional oven.

Sous vide techniques have been adopted for the slow-cooking of meats at low temperatures, first and foremost because they optimize the texture of the final products so that they are both juicy and tender.

Another benefit of sous vide cooking is that the vacuum-sealed plastic pouches prevent the raw ingredients from losing any of their natural juices. It is also possible to enhance the taste of the prepared food by adding spices and taste substances to a marinade in the pouch, allowing them to permeate completely throughout the food in the course of the long cooking time.

Sous vide cooking typically takes place at temperatures in the range of 131°–140°F (55°–60°C) for meat, with fish being cooked at a slightly lower temperature and vegetables at a slightly higher one. These low temperatures are not without problems with respect to bacteria. Vacuum-packing excludes air, preventing those bacteria that need oxygen to grow from spoiling the food, but the unintended consequence is that the long immersion in warm water provides an ideal environment for those bacteria that thrive without it. Some possible ways of averting this are to sear the surface of the meat with a gas kitchen torch or to brown it quickly over high heat before sealing it in the pouch.
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Marinating meat in a sous vide pouch.

The cooking times in the water bath depend to a great extent on the raw ingredients and the desired outcome. Preparation of tender cuts of beef, lamb, and pork usually requires four to eight hours, whereas very tough pieces may need to cook for several days. Fish is usually done in about thirty minutes; vegetables take two to four hours.

One has to be aware that a great deal of moisture, which has no way of escape, can accumulate inside the plastic pouch. This is why it is not possible to prepare meat with skin on it—for example, a duck leg or breast—in this way. The temperature is too low to tenderize the skin and it turns out disagreeably moist and sticky.

Naturally occurring enzymes in the meat can also help make it more tender in the course of slow cooking, provided the temperature does not rise above 122°–131°F (50°–55°C).

A central problem with sous vide preparation of meat is that it does not brown and lacks a crisp, tasty crust. Those Maillard reactions that create this effect usually take place extremely slowly at 122°–140°F (50°–60°C), but they happen quickly in the temperature range of 230°–338°F (110°–170°C). For this reason, it is necessary to brown the meat for a short period of time once the sous vide cooking is complete—for example, on a grill or with a gas kitchen torch.

Tender, Juicy Meat

When we chew on a piece of meat, the first bite will release tasty meat juices. A more lasting juiciness, described as succulence, is provided by the fats and gelatin that are drawn out as we continue to chew on the meat. They coast the mouth and elicit a juicy mouthfeel.


Entrecôte de Boeuf

There is not a great deal of cooking involved in preparing a tender piece of meat by either fast-frying it or placing it in a sous vide pouch. But tender cuts lose some of their taste in the pouch. Here is a recipe for making perfect steaks from premium-quality, tender beef, while still using slow-roasting at a low temperature. It happens without having to resort to sous vide methods.

•  Season the meat well with salt and pepper and place the steaks on a roasting rack together with the herbs. It is important that the air can circulate freely around the meat.

•  Preheat the oven to 200°F (90°C) and roast the steaks in the oven for 30–45 minutes. Take them out when they have reached an internal temperature of 129°F (54°C) and cover them with foil.

•  Just before serving, quickly sear the steaks in a skillet over high heat in duck fat, beef tallow, or virgin olive oil.

8 ounces (220 g) steak per person (tenderloin, strip loin, or similar quality)

Salt and pepper

Fresh herbs, such as savory, sage, rosemary, and thyme

Duck fat, beef tallow, or virgin olive oil



Sous vide methods have become fashionable for cooking all kinds of meats, even when it makes no sense or does not even improve the taste or mouthfeel. Using them to prepare tender cuts is done primarily for aesthetic reasons because it is possible to turn out a piece of meat that is perfectly juicy and a rare pink color to its very edge. It is then quickly browned to give it a very thin, but tasty crust.

How tender and juicy a cut of meat will be once it is heated is determined by a delicate balance between the amount of muscle and of connective tissue. This balance depends on the structure of the meat, the temperature at which it is cooked, and for how long it is heated. In turn, the structure is determined by the age of the animal; the part of the animal from which the meat is cut; and whether it has been aged, for how long, and by which method.

At high temperatures, the collagen in the connective tissue contracts quickly and expels the juice, making the cut firmer and drier. Collagen is broken down into gelatin so that the meat becomes more tender and softer only by slow heating over a long period of time at a high temperature, generally over 158°F (70°C). The proteins in the muscle denature when the meat is heated, which helps leave it firmer and more tender, but some of the juice runs out, and therefore, the result is less juicy.

In summary, we can say that slow-cooking meat at low temperatures using sous vide methods is especially valuable for tough cuts. It is all a question of finding the right combination of temperature and time.


Slow-Cooked Sous Vide Beef Brisket

•  Trim the meat and score the fat, if any, with a sharp knife.

•  Pour all the oil into a small pot, crush the garlic cloves with your hands, and add to the oil. Allow to simmer for a little while, then remove and discard the garlic when the oil has taken on a little of its taste. Allow the oil to cool.

•  Rub salt into the meat on both sides and rub it with the flavored oil, reserving a little of the oil for browning later.

•  Seal the meat in a vacuum pouch with the sage, bay leaf, and peppercorns.

•  Set the sous vide water bath at 135°F (57°C), immerse the pouch, and set the timer for 5–7 hours.

•  Remove the meat and brown it in the remaining flavored oil.

•  Cut the meat into 2-inch (5 cm) squares and serve with appropriate accompaniments.

4½ pounds (2 kg) beef brisket

¾ cup + 1½ tablespoons (200 ml) good olive oil

2 garlic cloves

Salt

10–12 fresh sage leaves

1 bay leaf

15 black peppercorns
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Slow-Cooked Sous Vide Beef Brisket.



Texture in a Bottle or a Can

In contrast to taste and aroma, which can be adjusted by adding seasoning substances, it is not easy to change the texture and mouthfeel of a foodstuff simply the adding some sort of “texture concentrate.” Ideally, raw ingredients should have the desired texture built in as part of their structure or it should be created by the way in which they are prepared. The group of additives most often used to change texture are thickeners, stabilizers, gelling agents, and emulsifiers. Probably the best known of these are ordinary potato starch and cornstarch, used to thicken sauces and fruit juices.

Of the many thousands of different additives used in processed foods, about 10 percent are substances that alter the consistency and texture of liquid or semisolid foods, such as yogurt. In comparison with deriving texture from the raw ingredients, creating it by using an additive that comes in a bottle or a can is relatively simple. The distinctive characteristic of these additives is that only a very small quantity is required to achieve the desired effect. Texture is big business. Many of the large multinational enterprises are huge food companies that manufacture additives to control texture and make use of the food science technology to incorporate them into products with specific textures.

Starch: A Very Particular Kind of Thickener

Starch is a kitchen classic, one of the most commonly used types of thickener. It serves as stored energy in the form of carbohydrates in plants, especially in their seeds and edible roots—for example, rice, wheat, corn, and potatoes. On a global scale, starch makes up around 50 percent of the calories consumed by humans. It consists of two types of polysaccharides, amylose and amylopectin, which are tightly and neatly packed together in small starch granules in the plant tissue. In different plants, these granules vary in size and shape. Those in rice are typically small (about 5 micrometers), those in wheat are somewhat bigger (20 micrometers), and those in potatoes are much larger (30–50 micrometers).

Starch granules are covered by a variety of proteins, the characteristics of which totally determine the capacity of the starch granules to absorb water and their resistance to enzymatic action. These proteins can bind water. At low temperatures, starch with a high protein content has a greater tendency to absorb water than does one that has fewer proteins. When the proteins have bound water, they can cause the starch granules to stick to one another, thereby preventing the starch from absorbing more water. This is why starch with many proteins tends to form lumps.

The relationship between amylose and amylopectin varies somewhat from one plant to another. Amylose generally makes up 20–25 percent of a starch, but the proportion can be as high as 85 percent. For example, starch from peas contain about 60 percent amylose. Conversely, there are also starches, known as waxy starches, composed almost entirely of amylopectin. This type of starch is found in sticky rice, corn, barley, and mung beans, among other foods.

These two types of polysaccharides in starch play different roles in the ability of the starch to act as a thickener. Both are made up of a large number of glucose units that are bound together. In amylose, they form long chains; in amylopectin, they take the shape of large, branched networks. A single amylopectin molecule can contain up to 1 million glucose units. When they form gels, the amylose molecules bind water and form intertwined structures, whereas the very large amylopectin molecules stay away from one another and create more compact structures. This can be seen in the case of tapioca, a starch derived from the cassava root, which contains 83 percent amylopectin and can be used to form an incredibly thick, viscous gel.
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The two polysaccharides in starch: (left) amylose and (right) amylopectin.

Whole starch granules are not soluble in cold water but can absorb it, increasing their water content to as much as 30 percent. The situation changes markedly at higher temperatures. This is why potatoes can be cooked to make mash and cereals to make gruel. In the temperature range of 131°–158°F (55°–70°C), the starch granules begin to melt and absorb water in increasing quantities. The ordered structure of the granules is fully broken down only at about 212°F (100°C).

Starch with a large amylose content is better at absorbing water. Potato starch, which is rich in amylose, has an incredible capacity for binding water. It is, therefore, a better thickener than cornstarch, which has a greater proportion of amylopectin. The starch granules can swell up to a size that is one hundred times that of their original one in the raw potato. Mashed potatoes can easily bind with water weighing three times as much as the potatoes and still hold their shape.

As the starch granules absorb water, some of the amylose molecules will start to seep out into the liquid and stiffen it. These long molecules will gradually intertwine and partially capture the starch granules, making them less mobile. Both of these effects cause the solution to become more viscous.

If the concentration of amylose molecules is sufficiently high, and if the temperature is sufficiently low, the resulting network of amylose molecules will become stiff and begin to resemble a solid. A gel has been formed. This process, in which the starch granules melt and absorb water, is called gelatinization. If this gel is stirred, the network of amylose molecules will be broken into pieces, the starch granules will start to break, and the viscosity will decrease. On cooling, however, the gel will be partly reconstituted, because the network of amylose molecules forms again, but the starch granules themselves remain broken up. This effect is familiar to us from thickening gravy with flour and from cooking, stirring, and allowing porridge to cool.
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(Top) Electronmicrographs of starch in a raw potato (left) and a cooked one (right). The starch granules in the raw potato are typically between 30 and 50 micrometers in size. When cooked, they are broken down by water absorption and the starch has been gelatinized. (Bottom) How starch granules absorb water when heated to form a gel.

Gelatinization of starch is also affected by conditions other than temperature and water content. As described earlier, how well the starch granules stay in one piece depends on the proteins that coat them; fats also play a role in controlling gelatinization. This is an important factor when making a roux, where equal proportions of flour and butter limit the absorption of water by the starch granules.


POTATO STARCH IS SOMETHING SPECIAL

Starch derived from raw potatoes makes an especially good thickener because the amylose molecules are longer and the starch granules larger than those in other starches. It is very useful for thickening savory and sweet sauces, but because the starch granules are large, the result is often lumpier than when cornstarch or rice flour are used. Luckily, an easy remedy is literally at hand, because vigorous stirring breaks up the potato starch granules. Starch can also be derived from cooked potatoes in the form of potato flour. Potato flour has different thickening properties than potato starch because it also contains some proteins and fibers.




WHEN A THICKENED FOOD STARTS TO BECOME LIQUID AGAIN

Starch is often used to thicken gravy and gruel or to stiffen pasta. When the starch has bound as much water as it is able to, water may start to seep out again and the food becomes more liquid. This frequently happens when the food is warmed up to the boiling point, while being stirred vigorously, causing the swelled up starch granules to break up into smaller pieces. Even though this has drawn a greater proportion of amylose molecules out of the starch granules, creating a more extensive network of these molecules, the gel can become thinner and less viscous, especially if there was a large concentration of starch granules in the first place, such as in a thick puree.



If a starch gel is allowed to cool off and stand for a period of time, the gel becomes firmer and rubbery and water seeps out. This causes the amylose molecules, which are not soluble in cold water, to start to reconstitute themselves into a crystal-like structure, which is different in nature from that of the original compact structure of the starch granules. This process is called retrogradation. Incidentally, this is why one should not keep bread in a refrigerator. Even though we tend to say that bread kept this way becomes stale and dry, we are not identifying the problem correctly. The bread is less palatable not because it has lost water, but because the starch has undergone retrogradation. Seepage of liquid, in this case referred to as syneresis, can take place when the amylose molecules crystallize and squeeze out the water. This can also happen to a gravy that has been thickened with starch. When the gravy cools and becomes stiff after it has been standing for a period of time, water may seep out and accumulate on the surface.

Retrogradation also takes place in frozen foods that contain starch. This results in the release of liquid when the food is thawed—for example, the leakage of pie filling. To a certain extent, it is possible to prevent retrogradation by using starches with a greater amylopectin content. And if retrogradation of amylopectin occurs, it can be reversed by heating, which is not the case for amylose. Also, cakes and bread products that contain a certain fat content or emulsifiers might not undergo retrogradation because the fat molecules prevent the crystallization of the starch.

Baking and drying of starch-filled gels—for example, bread dough—can cause the starch to form glasses, which are responsible for the characteristic crisp texture of a freshly baked bread crust, cookie, or potato chip.

Emulsions and Emulsifiers

An emulsion is a particular type of mixture of two liquids that, in principle, are not miscible. It is formed mechanically by shaking the two liquids so thoroughly that tiny droplets of one of the liquids become suspended in the other. These droplets can remain in suspension for a shorter or a longer period of time, but eventually they will merge and the two liquids will separate again. The emulsions most often found in the kitchen are mixtures of a watery liquid (water, vinegar, or lemon juice) and an oily liquid (oil or fat).

In everyday cooking, the two emulsions that are used most frequently are butter and margarine, which have a very similar composition of about 80 percent oil or fat and about 20 percent water. Technically speaking, both are water-in-oil emulsions; in this case, the fats constitute the continuous phase with the water droplets dispersed in it. Butter is made from animal fats with a preponderance of saturated fatty acids, which are held in suspension with water with the help of the naturally occurring emulsifiers, such as lipids and lipoproteins, found in the milk. In contrast, the margarines now being produced are made primarily from unsaturated vegetable fats to which are added a small quantity of emulsifiers from either natural proteins—for example, milk proteins and lecithin—or commercial emulsifiers. Other common culinary emulsions include vinaigrettes, mayonnaise, and a variety of sauces and dressings. Among the emulsifiers readily available in a home kitchen are eggs, honey, and mustard.

Many pure emulsifiers are produced industrially for food production; these are often designed to optimize their use in a specific end product. This is particularly true in commercial baking, where emulsifiers for cakes can increase and stabilize volume while retaining the soft and often juicy nature of the crumbs. Other types are used to produce fluffy, stable cake creams and still others are required in the margarine used to make flaky pastries that have a crisp structure but no obvious surface fats.

Ingredients That Contain Natural Emulsifiers



	Ingredients
	Emulsifier



	Egg white
	Protein



	Egg yolk
	Phospholipid (lecithin)



	Flaxseeds
	Flax gel (polysaccharides)



	Milk powder
	Casein and whey protein



	Mustard seeds
	Mustard mucilage (and polysaccharides)



	Soy beans
	Phospholipid and protein



	Whey powder
	Whey protein




Source: P. Barham et al., Molecular gastronomy: A new emerging scientific discipline, Chemical Reviews 110 (2010): 2313–2365.

Gels and Gelation

Many substances can thicken liquids and, in the appropriate amounts and under the right conditions, form gels. Most of these substances occur naturally in a variety of foodstuffs—for example, fruits, seaweeds, meat, and fish, are used in that form or extracted from them as pure substances. Other gelling agents are artificially produced with the help of chemical and biotechnological techniques, including the use of enzymes and bacteria. What they all have in common is their superior ability to bind great quantities of water. They add texture to a food and help maintain its shape; they also help bind aroma and taste substances for later release in the mouth.


MARGARINE: A COMPLEX EMULSION WITH A LONG HISTORY

Margarine is not just any old spread. It the course of its history it has gone through many transformations—from its origins a century and a half ago as a safe and inexpensive substitute for butter, to a food that was championed by those who followed a low-cholesterol diet or who eschewed animal products, to one that caused health concerns—before finally taking on its present form: a complex emulsion that is widely used both in home cooking and in industrially prepared food. Along the way, perfecting it was the spark that launched a major, modern emulsifier industry.

The story of margarine is an illustration of the way in which a competition can have a major economic and historical impact. The increase in industrialization in Europe from the middle of the nineteenth century had led to skyrocketing food prices. There was a need for a less costly alternative to butter, partly to meet the needs of the military and of those with a lower income. So, in 1866, the French emperor, Napoleon III, announced the creation of a prize to be awarded to whoever could produce a cheap substitute.

Perhaps the emperor was inspired by the example of his late uncle, Napoleon Bonaparte, who had offered a prize for whoever could discover a safe way of preserving foods so that the army could bring provisions with them when on campaign. That competition was won in 1809 by Nicolas François Appert, who hit on the idea of conserving food by cooking it and putting it into sealed glass jars, a technique that was soon adapted for use with cans. A half-century passed before Louis Pasteur found out that this worked because heat kills the microorganisms in the food.

The competition for the butter substitute was won by French chemist Hippolyte Mège-Mouriès, who took out a patent in 1869 for a product made from beef tallow mixed with a little milk and water. He called it oleomargarine, a name that was later shortened to “margarine.” The origin of the word can be traced to the work of another French chemist, Michel Eugène Chevreul. In 1813, Chevreul discovered a saturated fatty acid, margaric acid, later found to be simply a mixture of palmitic acid and stearic acid. The invention of margarine did not catch on and it was only after a Dutch company had bought the patent in 1871 that the large-scale manufacture of margarine became a reality. The production of margarine rapidly gained a foothold in agricultural countries, such as Holland, Germany, and Denmark, which had a large surplus of skim milk left over from butter making.

Technically speaking, margarine is a water-in-oil emulsion, made by heating a mixture of animal fats or vegetable oils together with skim milk or skim milk powder and water, as well as salt to add taste and to act as a preservative. The milk proteins function as emulsifiers, stiffening the margarine and contributing a slightly acidic taste similar to that of butter. Next, the mixture is made to crystallize very rapidly and then subjected to mechanical mixing and kneading until it has the desired consistency. The original product was not nearly as stable and homogeneous as today’s version, which incorporates a revolutionary emulsifier invented in Denmark in 1919. That fascinating story is recounted in the box below “Mouthfeel and Margarine.”

The change from animal fats to vegetable fats was not long in coming, as it reduced the cost of production. A major drawback with using vegetable oils, however, is that they are made up primarily of unsaturated fats, which means that they are not solid at room temperature. This problem was solved by the discovery of a process called hydrogenation, which is carried out using hydrogen and the metal nickel as a catalyst. It involves breaking, either entirely or partly, the double bonds in the unsaturated fats, elevating their melting points, and making the oils stiffer. But hydrogenation does not break down all the double bonds, and in the course of the process the fatty acid chain can wrap itself around a double bond (changing from what is known as a cis- to a trans-formation). Fatty acids with these trans-bonds are called trans-fatty acids. They help stiffen the fats even though they are unsaturated. A classical hard margarine manufactured in this way could contain 20–50 percent trans-fatty acids, which made the margarine more stable and reduced the likelihood that it would become rancid. As we will see later, this had unfortunate side effects, which were identified only about twenty years ago.

Because margarine is made from a combination of raw ingredients that have little color, the result is a pale white product that does not resemble butter. But consumers had grown used to spreading their bread or frying their food in something that had a yellowish appearance, and to that end, the manufacturers of margarine had a marketing problem. Their preferred solution was to add yellow food color, but this move sparked a great deal of controversy, especially in North America, where dairy farmers waged a veritable war against margarine up until the 1970s. It was an issue that was tailor-made for exploitation by the defenders of butter and dairy products, who lobbied persistently against this measure. Their cause was successful and in many countries it was illegal to add food color to what some referred to as artificial butter. In Canada, the sale of margarine was actually banned completely between 1886 and 1948, apart from a brief period toward the end of, and just after, World War I. In the American dairy strongholds of Minnesota and Wisconsin, the sale of yellow margarine was prohibited right up until the mid-1960s; and it was not until 1995 and 2008, respectively, that the Canadian provinces of Ontario and Quebec removed this restriction.

Apart from its early association with times of scarcity and the campaigns against it, the reputation and popularity of margarine has had its ups and downs in the course of its evolution over the past 150 years. Two health-related issues have had an especially notable impact. First, as a consequence of the publicity about the harmful effects of fatty foods to which consumers were exposed in the 1960s, many switched from butter to margarine. Being made from vegetable oils, margarine can be a healthier choice than butter in some cases, as it contains more unsaturated fats and is completely cholesterol-free. There was, however, a proverbial fly in the ointment. As described earlier, hydrogenation had been adopted to increase the melting point of the margarine, making it hard and more stable. This was desirable, but the residual trans-fatty acids became the second source of concern.

In the mid-1990s, questions were raised in Denmark about the potentially harmful effects of trans-fatty acids. They are found most commonly in deep-fried food and a variety of fast foods, but also occur naturally in smaller quantities (1–5 percent) in other foods—for example, butter, cheeses, and other dairy products, as well as the meat from sheep, where the trans-fatty acids are formed by bacterial action in the stomach of ruminants. In 2003, two Danish doctors, Jørn Dyerberg and Steen Stender, demonstrated that the presence of trans-fatty acids in foods can increase the risk of hardening of the arteries and blood clots in the heart. As a consequence, one year later, Denmark was the first country in the world to prohibit the sale of foods containing ingredients with more than 2 percent industrially produced trans-fatty acids. Many other countries have since implemented similar controls, or are in the process of doing so, and the margarines currently being produced no longer contain any trans-fatty acids.

We might be curious to know what the margarine manufacturers and makers of fast-food products and a vast number of other items have substituted for the trans-fatty acids to produce the right consistency and stability. It turns out that in many places they have resisted the temptation simply to add more saturated fats and have turned instead to a using a mixture of saturated fats and a variety of unsaturated fatty acids.
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Margarine is now finally and firmly established as a dependable and versatile culinary ingredient. The ordinary consumer can generally choose from a range of widely available margarine products, most of them based on vegetable oils. Those commonly used for frying and baking are solid and contain about 80 percent fats, of which 30 percent are saturated fats. In addition, there are spreadable margarines and liquid margarine, which contain more unsaturated fats, especially polyunsaturated fats in the case of the softer varieties. Those with the least fat have less than 10 percent and it is possible to manufacture them only with the help of specific emulsifiers.

Even though it is a manufactured product, margarine, in many ways, is just as “natural” as butter. And we should not forget why it was invented in the first place—to give access to a cheap, calorie-rich food to a great number of people who could not get or afford butter, particularly in times of shortage and war. Sadly, the way in which it was processed at one time resulted in the formation of harmful trans-fatty acids, a problem that has been recognized and rectified. Margarine has, however, proven its worth as a butter substitute for those on cholesterol-reduced diets and for those who avoid animal products for ethical reasons.



Gums are another class of substances that are good at binding water and on rare occasion form gels. But their particular strength is the ability to make liquids extremely viscous and very tough, thereby stabilizing them. Gums differ widely as to their nature and sources. Examples include locust bean gum, guar gum, and gum arabic, extracted from plants; xanthan gum and gellan gum, produced by bacterial fermentation; and methyl cellulose, manufactured from plant materials via a chemical process. These gums, which will be described in more detail, are sometimes partnered with specifically designed gelling agents.


MOUTHFEEL AND MARGARINE: A DANISH INDUSTRIAL SUCCESS STORY

This is the story of how the vision, technical expertise, and entrepreneurial drive of one individual was instrumental in establishing a family firm that grew into a large multinational enterprise producing an extensive line of sophisticated emulsifiers, ranging from food additives to antistatic agents.

Since the invention of margarine in 1869 as a substitute for butter, this water-in-oil emulsion has been an important food staple throughout the Western world. The prototype was made from beef tallow, skim milk, and water, but this first attempt was soon followed by experiments that used vegetable oils, although the quality of these early products remained very poor and variable. It was not until appropriate emulsification systems were invented that margarine acquired a texture that had a good mouthfeel and that could be used for cooking. This was due in no small way to the work of Danish inventor and industrialist Einar Viggo Schou (1866–1925).
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Einar Viggo Schou, inventor of the first emulsifier for the production of margarine.

Those who have delved into the subject may associate the large-scale commercial production of margarine with grocery wholesaler and manufacturer Otto Mønsted (1838–1916), who built the first margarine factory in Denmark in 1883 and later set up the biggest margarine factory in the world in England in 1894. But there is more to it and his story intertwines with that of Schou, with whom he was associated for many years.

Early in this career Schou worked for Mønsted’s company as an assistant bookkeeper. In 1886, after he had been there for two years, he requested a raise from 1,000 to 1,200 Danish crowns per annum, only to receive the reply that he was not worth that much. Schou promptly quit. This was not to be the last time that these two strong personalities would end up on a collision course.

The two men crossed paths again in 1888, this time quite by accident on the street in London, where Schou was working at a financial institution. Mønsted offered him a position as the head bookkeeper at his newly established margarine factory near Manchester. Schou accepted the offer, and within a year, was in charge of the operation. It worked out so well that, five years later, Mønsted decided to set up yet another factory, to be the biggest in the world, just outside London. He turned to Schou to oversee the construction and bring this ambitious project to fruition. The factory opened in 1894, with Schou in charge.

Much of the credit belonged to Schou. He had been running the operation extremely successfully for almost twenty years, when he abruptly resigned. The reason was a long-simmering dispute over licenses for Schou’s groundbreaking invention of a machine for which he and his brother had obtained a patent in 1907. This machine, called the double cooling drum, had revolutionized the manufacture of margarine because its design made it possible to produce an emulsion in a continuous process without the use of water for cooling. The resulting spread was tastier, had a better consistency, and was less costly.
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Some years earlier, in 1908, Schou had acquired the beautiful manor house Palsgaard in Juelsminde on Jutland, but he was still working in England. When he broke with Mønsted in 1912, he retired with his family to Palsgaard. The ordinary life of a landowner and gentleman farmer was hardly enough to fill his days, though. Just as Mønsted had a head for business, Schou’s talents were directed toward inventiveness and entrepreneurship. To meet this need, he set up shop in the estate’s farm buildings and began to experiment once again with different ways to produce better margarine. Six years later, there was a breakthrough when Schou invented the world’s first industrial emulsifier.

By heating a mixture of two different fatty acids (linoleic acid and linolenic acid) in oil he succeeded in making a product that could get oil and water to unite into a homogeneous, stable emulsion with a good mouthfeel. This invention was used to manufacture an improved type of margarine that did not splatter when heated for frying, but foamed instead, much like butter. In addition, it was possible to increase the water content and reduce costs by using less oil.

Schou described this type of emulsion as having an outer oil phase and an inner water phase. The tiny, stable droplets of water are coated with the almost magical emulsion oil and contained within the vegetable oil. On the basis of this invention, Schou founded a company, Emulsion A/S, in 1919. It was the first company in the world dedicated to the manufacture of emulsifiers for the food industry.

The invention of this emulsifier and the associated patents paved the way not only for an improved method for producing margarine, but also for a whole family of emulsifiers that are now used in baked goods, chocolates, dairy products, margarine, mayonnaise, and dressings. In all of these, the emulsifiers create the mouthfeel and are a major factor in the product’s taste, functionality, and keeping qualities.

When Schou died in 1925, his son, Herbert Schou, who shared this father’s strong interest in promoting the development of emulsifiers, became head of the company and turned it into a major international enterprise. In 1949 he founded Nexus A/S, a research and development company that would collaborate with Palsgaard. As he had no children, he established the Schou Foundation in 1957. It eventually became the owner of the companies and continues to run them and maintain the estate.

The legacy of Schou’s outstandingly successful career is the work that continues today at Palsgaard, the site of a state-of-the-art, internationally recognized emulsifier factory located on the historic estate in a beautiful parklike setting by the sea. The company has come a long way from the family firm that grew out of a single patent—it now has subsidiaries on five continents and is considered to be a world leader in the production of specialized emulsifiers.



The capacity of different gelling agents to bind water and form pleasing, homogeneous gels can depend on the way in which the liquid is added and its temperature at the time. It is usually best to dissolve the gelling agent in a little water until it is completely dissolved before adding the rest of the liquid. Once the bulk of the water is added the agent swells up and a gel starts to form.

Some gelling agents—for example, alginate—can form a gel only in the presence of calcium ions. Certain types of pectin also form stiff gels when calcium ions are present. As a number of raw ingredients—for example, a dairy product, such as yogurt—have naturally occurring calcium ions, a degree of gelation can occur even before calcium ions are added in the form of calcium chloride or calcium lactate. Hard water also contains calcium and potassium ions that can have an effect on gelation. Other gels, such as those made with agar and pectin, are formed only when the substances are heated; others, such as those made with alginate and gelatin, set at room temperature. Yet another type of gels, including those made with agar and gellan gum, create what are known as liquid gels when stirred. As they flow, they readily mix with saliva and consequently facilitate the release of taste substances.



	Gelling agent or gum
	Properties
	Uses
	Mouthfeel



	Agar
	Sets on cooling. Thermoreversible gel formation. Cloudy and very fragile gels.
	Thickener, stabilizer, and gelling agent.
	Clean



	Alginate (sodium alginate)
	Sets in the presence of calcium ions. Soluble in cold water. Thermoreversible gel formation.
	Thickener, stabilizer (e.g., in ice cream and frozen desserts), and gelling agent (e.g., in marmalade). Used for spherification.
	Clean, lingering



	Carrageenan
	Forms somewhat clear and fragile gels containing proteins. ɩ-carrageenan forms elastic gels in the presence of calcium ions.
	Thickener, stabilizer, and gelling agent (e.g., in dairy products, such as yogurt and chocolate milk).
	Creamy, clean, lingering



	Gelatin
	When cooled, forms very clear, pliable, and elastic gels. Thermoreversible.
	Gelling agent used in a wide range of food products.
	Clean to lingering and sticky



	Gellan gum
	Gelation properties resemble those of agar, carrageenan, and alginate. Stable at temperatures up to 248°F (120°C).
	Thickener and stabilizer.
	Clean, creamy



	Guar gum
	Easily soluble in cold water. Forms opaque liquids that flow slowly.
	Thickener (e.g., in ketchup, dressings) and stabilizer (e.g., in ice cream, dough).
	Lingering, smooth



	Gum arabic
	Easily soluble in water. At high concentrations in an acidic environment forms opaque, viscous liquids. Inhibits sugar from crystallizing in candies.
	Thickener (e.g., in wine gums, soft candies, syrups), emulsifier, and stabilizer. Binding agent in glazes. Medium for aroma additives and food dyes.
	Lingering, sticky



	Locust bean gum
	Forms cloudy, elastic gels, especially when combined with xanthan gum.
	Thickener and stabilizer. Improves freezing and thawing (e.g., in ice cream). Adds softness and elasticity to bread dough.
	Lingering, sticky
	 



	Methyl cellulose
	Swells and thickens when heated. Clear.
	Stabilizer, emulsifier, and thickener (e.g., in ice cream).
	Clean to lingering and sticky



	Pectin
	Forms clear gels in sour foods with a high sugar content. Some types of pectin form strong gels in the presence of calcium ions.
	Thickener (e.g., in ice cream, desserts, ketchup) and gelling agent (e.g., in marmalade, jams, candies). Stabilizer in emulsions and certain drinks.
	Clean, lingering



	Starch
	Swells up and dissolves in warm water. Opaque.
	Thickener used in a wide range of food products.
	Sticky and lingering



	Xanthan gum
	Soluble in both cold and warm water. Forms clear gels (together with locust bean gum) and slowly flowing, complex liquids that exhibit shear thinning. Thermoreversible.
	Versatile thickener (e.g., in sauces, salad dressings) and stabilizer.
	Lingering, smooth to sticky




Sources: P. Barham et al., Molecular gastronomy: A new emerging scientific discipline, Chemical Reviews 110 (2010): 2313–2365; N. Myhrvold, Modernist Cuisine: The Art and Science of Cooking, vol. 4 (Bellevue, Wash.: Cooking Lab, 2010).

The different gelling agents and gums normally used in home cooking can be divided into two groups: those that can be used cold or in liquid form and others that tolerate high temperatures. Cold gels are typically based on pectin, gelatin, carrageenan, locust bean gum, guar gum, and xanthan gum. Those that can be heated are made with agar, gellan gum, and methyl cellulose. Alginate can be used in both cold and warm dishes.

The mouthfeel and taste of certain gels is sometimes described as being clean. This expression is not particularly well defined and it is hard to separate it from the visual impact of the product. In this instance, “clean” can probably be understood as a taste and mouthfeel that are simple and uncomplicated.

Pectin

Pectin is a complex, water-soluble polysaccharide that is found in almost all terrestrial plants, but mostly in fruits, especially the rind of cooking apples and citrus fruits. In a sense, pectin is part of the glue that holds the cells of the plant together and provides structure. The pectin content reaches its peak when the fruit is fully ripe. In unripe fruits, the pectin, called propectin, is not water soluble; and in overripe ones, it is broken down by enzymes.

The pectin content varies considerably from one type of plant to another. It is found in large quantities in apples (especially those growing wild), black currants (especially unripe ones), cranberries, quince, and prune plums, whereas there are only small amounts in other types of fruit, such as cherries, strawberries, and grapes.

When pectin molecules are dissolved in water, they take on a negative charge so that they repel one another. To form a gel it is necessary to counteract this repulsion. This can be done by adding sugar, which binds with water, with the result that the pectin molecules are held together more tightly. Another possibility is to add an acid, which decreases the electrical repulsion. Still another option is to add calcium ions, which have a positive charge that allows them to bind the negatively charged pectin molecules together.

As pectin is found in different forms with a variety of gelling properties, the choice of which of the above three possibilities should be used depends on the type of pectin in question. Those with a high methoxyl content require an acidic environment and a certain sugar content to from stiff, elastic gels. Apples and citrus peel are examples of fruits that contain 60–80 percent methoxyl. Others with a low methoxyl content, such as strawberries, can gel without sugar and acid, but only in the presence of calcium ions, which allow them to form stiff gels that can be quite brittle. These gels melt at higher temperatures and form gels at temperatures that are lower than do those that have a high methoxyl content, but they set more slowly. The melting point increases as more calcium is added. The ability of calcium ions to stiffen foodstuffs containing pectin can be harnessed to help preserve the firmness of cooked or pickled vegetables. It is simply a matter of adding sea salt or calcium citrate.
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A gel formed with pectin or alginate in water. The bonds between the individual polysaccharide molecules are represented by the jagged “egg carton” structure. The red dots indicate that in some cases the gels can be stabilized by the addition of calcium ions.

Commercially, pectin is extracted, using acid and alcohol, primarily from lemon and lime peels, as well as the solid leftovers from apples that have been pressed to make juice. It is usually sold in powder or liquid form.

Pectin can be used to set jams and marmalades and to solidify fruit juices for use in gels and candies. It can also help to stabilize low-fat yogurt and baked goods and give them a creamy mouthfeel. Adding it to sorbets can prevent the formation of large ice crystals.

Most types of fruit jellies, marmalades, and jams are thickened with sugar, acid, and pectin. Pectin sourced from apples results in elastic gels, whereas that from lemon peel leads to gels that are more fragile and brittle. To form a gel, a mixture must have 0.5–1 percent pectin, 60–65 percent sugar, and an acidity reading lower than pH 3.5. In addition, the mixture must be boiled for the sucrose to break down into glucose and fructose, enabling them to bind a sufficient proportion of the water.

In contrast to other gelation processes, the formation of a pectin-based gel—for example, one with fruit juice—takes place by cooking the mixture until a sufficient amount of water has evaporated and the correct concentration of pectin and sugar has been reached. This must be done carefully so that the concentration of pectin is not so great that the resulting gel becomes sticky. As it cools, the gel forms at between 104°F (40°C) and 176°F (80°C), depending on the type of pectin used. Pectins with a low methoxyl content set at the lowest temperature.

Gels made with pectin have a clean and agreeably lingering mouthfeel and they break apart easily in the mouth, which has an effect on the release of taste and aroma substances. In contrast to gels formed with gelatin, gels set with pectin do not melt in the mouth, but only at temperatures of 158°–185°F (70°–85°C).

Gelatin

Gelatin is a protein found in collagen, which is the main component of the connective tissue that gives structure to all animal tissue. In mammals, it makes up 25–35 percent of the total protein mass. Most of the collagen in an animal is found in the skin and bones, rather than in the muscles. The word “collagen” is derived from the Greek word kólla, meaning “glue,” which in this case is gelatin. Unlike collagen, gelatin is soluble in water.

The strength of the collagen that forms connective tissue depends on the degree to which its protein molecules are chemically connected, a process known as cross-linking of tropocollagen molecules. When an animal exercises its muscles, the collagen becomes stronger, making the muscles tougher with age. Similarly, those muscles that are required to perform heavy work are also tougher. Newborn animals contain loosely bound collagen, which easily breaks down into gelatin. Meat from younger animals is more tender, not because it has a lower collagen content, but because the collagen has fewer cross-linkages.

Commercially produced gelatin is sourced primarily from pigskin and, to a lesser extent, from beef skin and bones. The connective tissue is heated over a long period of time to a temperature of at least 158°F (70°C), breaking down the cross-links between the tropocollagen so that the three fibrils that make up the individual molecules unwind and form the gelatin that seeps out into the water. This process is irreversible and the tropocollagen cannot be reconstituted. Once cooled to below around 59°F (15°C), the gelatin molecules instead aggregate into a more open structure that contains a great deal of water, up to 99 percent of the total. This structure is a gel and exhibits some of the properties of a solid. If this gel is made from cooling the juices extracted from animal meat, fowl, or fish, it is known as aspic. Heating the gel to a temperature over around 86°F (30°C) will melt it again and release the water.

The properties of gelatin completely determine how it can be used in food products. It is very easy to use in the form of a powder or sheets, as the gelatin can readily be dissolved in cold water. But it starts to melt only in warm liquid and the gel is not formed until the mixture is cooled again. In contrast to a gel made with agar, gelatin gels melt and congeal at the same temperature. The gelatin must make up at least 1 percent of the total to set a liquid; to make a really stiff gel, about 3 percent is required.

Gels made with only gelatin are clear and elastic. Sheets of gelatin trap fewer air bubbles than gelatin powder does, and therefore, they are used to make gels that are especially transparent. The visual appearance of the gel will of course depend on whether the other ingredients are also transparent.

Salt weakens the bonds between the gelatin molecules, resulting in a weaker gel, whereas sugar draws the water away from the gelatin, allowing it to form a firmer gel. Milk protein and alcohol also tend to help form a stronger gel, although more than 30 percent alcohol causes the gelatin to draw together into hard lumps and the gel falls apart. Gelatin has good resistance to the effect of acid, but gels made with it cannot be frozen. They start to melt when stirred, in which case they must be heated to over 99°F (37°C) and cooled again so as to reset.

Gelatin is used to stiffen a range of products, including fruit desserts, mousses, wine gums, and a number of low-fat foodstuffs. As some plant juices—for example, those from papaya, pineapple, and ginger—contain enzymes that break down gelatin, these juices can be set with gelatin only if they are first warmed to denature the enzymes.
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A gel made with gelatin.

One great advantage of preparing gels with gelatin is that they melt at around 99°F (37°C), which is the normal human body temperature, and they literally melt in the mouth. As a result, they have a pleasing mouthfeel that is both elastic and long-lasting.

Very Special Hydrogels Made with Seaweeds

The gelling agents agar, carrageenan, and alginate, which are made up of complex polysaccharides, are used extensively in the food industry, and in recent years have found their way into gourmet kitchens in Europe and North America. In Asian cooking, these gelling agents, especially agar, which is extracted from red algae, have been a staple for centuries. In Europe, carrageenan sourced, as indicated by its name, from the red alga carrageen (Chondrus crispus), has traditionally been used to thicken puddings.

AGAR

Agar is a complex combination of two different polysaccharides, agarose and agaropectin, which are extracted by cooking red algae and then freeze-drying the filtered, warm liquid. Commercially, it is sold in the form of a powder, granules, or thin filaments and often serves as a vegetarian substitute for gelatin. Agar is insoluble in cold water, but dissolves readily in boiling water and can be used to form thermoreversible gels. To form gels, the agar is first softened in cold water, which is then brought to the boiling point and subsequently cooled to below about 100°F (38°C). Once set, however, the gel will not melt again before it is heated to at least 185°F (85°C). Stirring can change solid gels made with agar into liquid ones, but they do not withstand freezing. In contrast to gels made with gelatin, those made with agar are less sticky; have a clean, crisp mouthfeel; and do not melt in the mouth but keep their shape and stay firm. This latter property can be exploited to make pieces of gel that can be incorporated into a warm dish to add structural interest and release additional taste substances. Agar also forms gels at much lower concentrations than gelatin does, having the formidable capacity to set mixtures of up to 99.5 percent water. But one drawback with using agar, as compared with pectin and gelatin, is that the gels are less clear, have a coarser texture, and crumble easily. Unlike alginate, agar is not affected to any great extent by the presence of ions and it tolerates an acidic environment.

CARRAGEENAN

Carrageenan is an umbrella term applied to a number of complex polysaccharides that are extracted from red algae. Their gelation properties differ widely from one variety to another and their behavior is affected by surrounding conditions of temperature, pH, and the presence of ions, especially those from potassium and calcium. Some can curl into helical structures that are able to link loosely together to make up networks. There are three important types of carrageenans, two of which are used as gelling agents: κ-carrageenan, which forms strong, stiff gels; and ι-carrageenan, which forms softer gels that can reassemble themselves after being broken up. The third, λ-carrageenan, is the only one that can be dissolved in cold water; it cannot form gels but is well suited for emulsifying proteins, in particular in dairy products. Gels made from κ- and ι-carrageenan are formed by heating the liquid to the boiling point and then cooling it. Both types are thermoreversible, melting at about 158°F (70°C) and setting again at about 140°F (60°C). They are formed in mixtures containing a carrageenan concentration of 0.8–1 percent in water and 0.3–0.5 percent in milk. In contrast to gels made with ι-carrageenan, those set with κ-carrageenan do not hold up well to being frozen and then thawed. Only 0.02 percent carrageenan is required to slow down the rate at which ice cream melts. In addition, the carrageenan brings out a mouthfeel similar to that of an oil-in-water emulsion, even in a mixture with a low fat content, and it inhibits the formation of ice and sugar crystals in the ice cream so that it does not feel gritty like sand between the teeth. The ability of carrageenan to hold proteins and liquids together has recently found applications in what are called designer fats for meat products, where it helps retain the juices in low-fat meat. Carrageenan also has uses in dairy products and bread, giving structure and preserving moisture. Finally, it has a well-known effect in chocolate milk, holding cocoa particles in suspension so that they do not fall to the bottom. Carrageenan imparts a clean, creamy mouthfeel.
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Two types of hydrogel (I and II) made with agar or carrageenan.


BUBBLES AND SPHERES: A WHOLE NEW WORLD OF TEXTURES

Agar has been used as a thickener and gelling agent in Asian dishes for many centuries. It was, in a sense, rediscovered in 1998 by chef Ferran Adrià, renowned for his creative modern cuisine and his promotion of molecular gastronomy at the now-closed elBulli restaurant in Spain. Agar gels have a less fatty and less greasy feel than do those made with gelatin and are also less fragile. These properties, together with their higher melting points, were exploited to the fullest to create imaginative, novel dishes such as Parmesan spaghetti, potato jelly, and wine vinegar snack chips.

Starting in 2003, Adrià turned his attention to alginates, for which he found new applications, especially in a technique called spherification. This process has become something of a trademark of the new molecular gastronomy and avant-garde cuisine. Adrià found out that it is relatively easy to make small bubbles (spheres) from sodium alginate by dipping an alginate solution in a fluid that contains calcium ions. In some cases, it is possible to trap liquids inside the bubbles for a limited period of time. This quickly inspired him to experiment with larger spheres, leading to the creation of the first artificial egg yolk and spherical ravioli. Artificial caviar, spherical balloons, noodles, and bubbles containing fruit juice were soon added to the repertoire.

A major breakthrough took place in 2005, with the invention of what is called the reverse spherification method. This technique makes it possible to control precisely the formation of spheres, as well as to use liquids that are otherwise too acidic (a pH less than 5), have too high a concentration of alcohol, or already contain calcium ions (e.g., milk products and olives). The difficulty associated with the direct spherification method is to stop the gelation before the contents of the bubbles also gel. To a certain extent, this can be done by quickly removing the newly formed spheres from the liquid containing calcium ions and washing them thoroughly in pure water. In the reverse spherification process, a liquid containing calcium ions is dripped into an alginate solution, which causes a shell to form around the droplet. As alginate cannot penetrate this gelatinous layer, the contents of the sphere remain fluid.

From a culinary standpoint, spheres offer some exceptional opportunities for introducing unusual, and often surprising, textures into a meal. With their firm exterior and liquid interior, spheres can add interesting fullness to a drink, impart a crunchy mouthfeel similar to that from fish roe but with completely different tastes, or create spectacularly novel effects, such as an “egg yolk” that tastes like papaya.

Ferran Adrià and his brother, Albert, saw the commercial potential in these culinary discoveries and together founded the company Texturas, which is now bringing a whole series of thickening and gelation products to the market. In addition to alginate and agar, the product line includes carrageenans, gelatins, methyl cellulose, gellan gum, xanthan gum, and a number of emulsifiers and composite products that have a variety of applications in molecular gastronomy.

It is easy to see that their enterprise is a good business. Selling the alginate in an attractive jar bearing the label of Texturas and enveloped in the magic aura of elBulli, markedly increases the price of ordinary food-grade alginate.



ALGINATE

Alginates are a group of complex polysaccharides extracted from brown algae. Because of their solubility, alginates have many practical, industrial, and culinary applications and are used extensively in the preparation of commercial food products and gastronomic specialties. The melting point of alginate gels lies just above the boiling point of water. Because alginate gels bind a great quantity of water, alginates are good thickeners and stabilizers. On the one hand, they are not readily broken down by acids, which gives them an advantage over other stabilizers, but on the other, their mouthfeel can be a little sticky.

Sodium alginate is the most versatile and has the most culinary applications as it can be used to create an interesting texture in food products and gastronomic specialties. In water, sodium alginate splits into sodium ions and alginate ions. The latter can form gels in the presence of calcium ions or magnesium ions and the gelation takes place at much lower temperatures than is the case for gels made with pectin. It serves as a thickener, gelling agent, binding agent, emulsifier, and stabilizer in a wide range of products, including conserved fish and meat, salad dressings, fruit and dessert jellies, and puddings. It can also help in two ways to preserve the shape of various foods, such as pasta, while they cook. It binds a great deal of the cooking water and the gel that it forms is very stable mechanically so that the food does not break apart or dissolve. In addition, it can compensate for a lower gluten content in some pasta products. A particular application of aliginate is as a stabilizer in ice cream, where it counteracts the formation of crystals and prevents the fats from separating from the water. It is also used to stabilize the foam in beer.

In recent years, new uses have been found for alginates in molecular gastronomy creations, where they are used in spherification. This involves making very small tubes or spheres that are filled with liquid. These can have a very interesting effect on the interplay between mouthfeel and taste.

From a nutritional standpoint, agar, carrageenan, and alginates are classified as soluble dietary fibers, which cannot be broken down in the stomach and intestines. Consequently, although they contribute virtually no calories to the diet, their ability to bind water has a very positive effect on the digestive process.

Gums

It is possible to extract gums directly from a variety of raw ingredients, such as grains and vegetables. For thickening foods, however, the most important gums are a number of specific substances extracted from plant cells (e.g., locust bean gum, guar gum, and gum arabic), others produced by bacterial fermentation (e.g., xanthan gum and gellan gum), and still others manufactured using a chemical process (e.g., methyl cellulose). All these substances bind water very effectively and can be used as thickeners and stabilizers. As they are made up of very complex molecules that are highly branched, with the exception of gellan gum, they cannot be used for gelation unless actual gelling substances are also present. But even in minute concentrations, these gums can form very viscous liquids and stabilize emulsions, creating a soft texture in foods such as ice cream. They are stable across a range of temperatures and can tolerate freezing. When present in a greater concentration, gums retain their plasticity, a property that is useful in certain types of candy.

Locust Bean Gum

Locust bean gum, which is actually derived as a powder from the pods of the carob tree, contains water-soluble, branched polysaccharides. The powder is dissolved in water, causing it to swell and form a sticky mass. It can be used to stabilize emulsions and thicken a range of foodstuffs—for example, cheeses, salad dressings, and sauces—often in combination with carrageenan. Unlike ordinary gelling agents, locust bean gum powder is effective at low temperatures, therefore, it helps increase ice cream’s tolerance for melting and freezing without developing an unwanted slimy mouthfeel. When used in bread dough, it contributes to making it soft and elastic. By itself, locust bean gum powder cannot form gels. When paired with xanthan gum, however, the result is a gel that is stable over a range of temperatures and in an acidic environment. The mouthfeel of products thickened with locust bean gum powder is somewhat sticky and lingering.

Guar Gum

Guar gum is derived from the seeds found in the pods of the leguminous guar plant. The gum is a branched polysaccharide that dissolves readily in cold water. Guar gum can form liquids that have some of the highest levels of viscosity—typically, eight times as much cornstarch would be required to produce the same effect. Liquids stiffened with guar gum exhibit shear thinning; that is, they flow more readily when subjected to a shear force that is parallel to their surface. Like locust bean gum, guar gum cannot form gels. It is used as a thickener and stabilizer in such emulsions as ice cream and salad dressings. The mouthfeel of products thickened with guar gum is smooth and lingering.

[image: image]

Guar gum (left) and locust bean gum (right).

Gum Arabic

Gum arabic, a complex mixture of polysaccharides and glycoproteins, is derived from the hardened sap of acacia trees. It is very soluble in water and used as an emulsifier and stabilizer, for thickening syrups and drinks; for glazes; and in soft candies, such as marshmallows and wine gums. In hard, sweet candies, it ensures that the sugar does not crystallize. The mouthfeel of products that contain gum arabic is a little sticky and lingering.

Xanthan Gum

Xanthan gum, made up of complex, branched polysaccharides, is produced by the action of a bacteria (Xanthomonas campestris). It is soluble in both cold and warm water, where it serves as a thickener in concentrations as small as 0.1–0.3 percent. Liquids stiffened with xanthan gum exhibit shear thinning, an effect well known from ketchup and dressings, which are usually made with it. This imparts a tough, stable consistency during storage, but these products flow easily, without dripping, when they are poured out of the bottle or when they are put in the mouth. The viscosity of a product thickened with xanthan gum changes very little in a temperature range between 32°F (0°C) and 212°F (100°C). Xanthan gum can also stabilize emulsions, such as ice cream, and it is not affected by acidity. The mouthfeel of products incorporating xanthan gum is lingering and somewhere between sticky and smooth. Either xanthan gum or guar gum is typically added to gluten-free baked goods to keep the alternative flours and starches from crumbling and to add chewiness.

Gellan Gum

Gellan gum contains sour polysaccharides, isolated from cultures of the bacteria Pseudomonas elodea. It comes in forms that have both short and long polysaccharides, which have different gelling and melting properties. As these polysaccharides are not branched, but can form cross-linked networks in water, gellan gum can be used to gel food products. For this reason it is often used as a substitute for more costly hydrogels, such as agar, carrageenan, and alginate. Only half as much gellan gum as agar is required to form a gel, which it can do in concentrations as small as 0.1 percent. Opinions differ as to whether it is best first to dissolve the gellan gum in cold or in warm water. But the gelling process does require heating and the presence of acid and positive ions—for example, calcium ions. Gels made with it can become very stiff and some are stable to temperatures of up to 248°F (120°C). As they are quite fragile, they break apart easily in the mouth, giving the impression that the gel is melting and releasing aroma and taste substances. When they are stirred, liquid gels can be created. The mouthfeel of foods thickened with gellan gum is clean and creamy.

Methyl Cellulose

The term “methyl cellulose” covers a group of related products that are derived synthetically from cellulose, using a chemical process. Although not a gum in the traditional sense, methyl cellulose is used as both a thickener and a stabilizer, such as in pie fillings. It can be dissolved in cold water, but not in warm, and it tolerates an acidic environment. Like carrageenan, it can be used to limit the formation of crystals in ice cream; it also prevents sugar in candy from crystallizing. Methyl cellulose has the peculiar property that it becomes stiff when heated and melts when cooled. The mouthfeel of foods made with methyl cellulose varies from clean to sticky and lingering.

The Effect of Enzymes on Texture

Enzymes, which are found in great number and many varieties in the raw ingredients we use in cooking, are particular proteins that can break down and rework molecules. Each of them has its natural function in living organisms—for example, in aiding digestion or defending against bacteria. They also help break down dead biological matter in the foods we eat. Some enzymes act on proteins; others, on carbohydrates and fats. Most enzymes are highly specific and target only certain types of molecules and are sensitive to ambient conditions, such as temperature, salinity, and acidity. Temperature is particularly important; at high temperatures they are denatured, meaning that they are ruined and their functionality cannot be reestablished. This is one of the reasons for using heat as a way to preserve food. Enzymes in pure form can be extracted from biological materials and a growing number of them are now being produced by using biotechnological principles.

The use of enzymes is one of the most effective ways of changing the structure of foods and, with it, their mouthfeel. Sometimes, naturally present enzymes carry out their work quite spontaneously—for example, when meat or fish is aged or fruit is left to ripen. Other times, they are introduced for a specific purpose, an instance being the use of rennet in cheese production. In addition, enzymes are central to fermentation processes and the effect of surface molds on meat and dairy products is often due to enzymes.

The enzyme chymosin in rennet helps coagulate milk and form cheese curds. Chymosin cleaves away the electric charges from the small particles (micelles) of the protein casein, allowing them to bind together to form a network throughout the milk and create a liquid gel in which the milk fat is trapped.


Cheese made with rennet derived from plants

A traditional way of making cheese in Portugal uses enzymes extracted from the pistils in the flower buds of the artichoke thistle (Cynara cardunculus). These enzymes work in the same way as those sourced from calf stomachs. They cause the micelles in the milk to bind to one another in a network that keeps the fat particles together.



The enzyme transglutaminase is a more recent discovery that has many applications in both commercial food processing and molecular gastronomy. It is used to thicken and introduce consistency into foods containing proteins, such as meat and dairy products. It acts as a sort of binding agent that causes the proteins to bond with one another and form a gel. As transglutaminase can cause proteins from different pieces of meat to stick together—for example, in surimi and ham—the enzyme has also, rather unattractively, been dubbed “the meat glue.”


How transglutaminase works

The enzyme catalyzes the formation of a bond between a free amine group on one protein and an acyl group on the amino acid glutamine on another protein. This causes them to bind together in such a way that they cannot be broken down by proteases, the enzymes that usually degrade proteins. This enzymatic bonding of the proteins is carried out according to the same mechanism that is related to the formation of blood clots.



There are also enzymes that break down gels or inhibit their formation. Many a cook is familiar with the failure that results from trying to use gelatin to set fruit gels containing papaya or pineapple juice. It is simply not possible, because the enzymes in these fruits—papain from papaya and bromelian from pineapple—break down proteins and, with them, the gelatin. To make gels from these fruits, it is necessary to use agar and pectin instead, as these are carbohydrates and are not affected by these enzymes. The only other recourse is to warm the juices to denature the enzymes, but this might also spoil their fresh fruit taste.
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Electronmicrograph of a cheese mass formed when the casein micelles in milk coagulate into a network in the presence of rennet (left), and illustration of this network (right). There is room for milk fat spheres in the spaces in the network, which are typically 2–5 micrometers in size.


SURIMI

Surimi is a firm solid consisting almost entirely of proteins, typically those from the flesh of fish with light-colored muscles, that are bound together with starch, emulsifiers, or transglutaminase. Its production has its origins in centuries-old techniques developed in the Far East, where it has been used to make fish balls, fish sausage, and the Japanese fish cakes kamaboko, among other foods. Gefilte fish, a classic staple of Jewish cuisine, is closely related to kamaboko. Outside Asia, surimi is commonly sold as imitation crab or shrimp, mimicking their shape, texture, and color, and is often used in sushi rolls.

The production of fish surimi is now a large-scale commercial operation with a global reach, which utilizes fish that otherwise has low economic value. The flesh is first minced and rinsed to remove fats, soluble proteins, blood, and connective tissue, as well as unwanted odor and taste substances, resulting in a paste that is almost tasteless. It is then mixed with numerous ingredients, such as starch, oil, egg white, salt, sorbitol, aromatic substances, food coloring, and possibly transglutaminase. The paste is pressed together and cooked or steamed.

In addition to fish, various types of surimi are made from pork, beef, beef tendons, and turkey meat. These types are very similar to meatballs and usually contain no transglutaminase. Unlike the meats that go into these products, which display the characteristic and differentiated tissue structure of the muscles, the resulting surimi has a uniform, firm, and slightly elastic texture.



Sugars in Food

Carbohydrates—simple sugars (such as sucrose, fructose, and glucose) as well as the more complex ones, which we have met in the form of hydrogels—are essential ingredients for sweetening, preserving, and adding texture. Their special properties are due to their ability to bind water and make it less chemically active. In the case of long-chained polysaccharides, this extends to forming cross-linkages with one another. Sugars round out and balance the mouthfeel in a dish.

Dissolving simple sugars, such as ordinary household sugar (sucrose), in water increases its viscosity, but the solutions remain liquid and do not form gels even at high concentrations of sugar. Sugar dissolved in water also depresses the freezing point, an effect that reduces the formation of ice crystals in ice cream and sorbet.

Very viscous, sticky liquids (e.g., syrup), soft solids (e.g., caramels), or hard, crunchy solids (e.g., candies that technically are glasses), can be made by melting sugars that have different melting points and by boiling down sugar solutions. All have in common their being prepared in such a way that the sugar is prevented from crystallizing. The different types of sugar are incorporated into all kinds of sweets, which can have many different types of mouthfeel, from creamy and soft, gummy, tough, sticky, sandy, and grainy to crisp and hard. The texture can be controlled by the addition of a variety of other substances—for example, cream.

Syrup

Syrup is a solution with a high concentration of sugar in water. The sugar does not precipitate into crystals because sugar and water have bound to each other, making the liquid very viscous. Syrup is produced either by dissolving sugar in water or by reducing juices that have a certain sugar content, such as the juice from sugar cane, birch sap, or maple sap. When the liquid is heated and its volume reduced, the sugar molecules have a number of ways to form compounds, some of which take on a brown color and constitute a variety of aromatic substances. In general, the mouthfeel is sticky and the extent to which it flows freely depends on the juice from which it is made. Many of the commercial syrups now on the market are produced largely from starches—for example, from corn—and many of them have a large fructose component.

Inverted Sugar

Inverted sugar is a particular form of the disaccharide sucrose, in which its two component sugars, glucose and fructose, have been split apart. This produces two effects: inverted sugar tastes sweeter than ordinary sugar because fructose is sweeter than sucrose, and the glucose prevents the sugar from crystallizing—for example, when used to make ice cream and sweets.

Maltodextrin

Maltodextrin is a type of polysaccharide that can be produced by the hydrolysis of starch, such as that derived from cassava. It is usually sold as a powder that weighs little and that pours easily. It is only slightly sweet, has practically no taste, and can serve as a thickener and prevent the formation of crystals in ice cream and sorbet. Maltodextrin has found its way into modernist cuisine because it can turn fats and oils into powders that release taste substances in the mouth when they are mixed with saliva. To do so, liquid fats or oils, in liquid form, are mixed with maltodextrin to make a paste that is then put through a sieve and dried. A more elaborate procedure utilizes a spray-drying technique to produce a powder that melts on the tongue, almost like snow.

Fats in Food

Fats, whether in the form of solid fats or liquid oils, can affect the mouthfeel of a food in a number of ways. These depend on the melting properties of the fats, as well as how they can form emulsions with watery liquids. Of all culinary ingredients, fats are possibly the ones that can be used most flexibly to influence texture. The most common ones are derived from either plants (margarine and plant oils) or animals (butter, margarine, lard, suet, and fowl).

Large pieces of pure fat are rarely incorporated into prepared foods, even though very fatty animal products, such as lard and suet, play a greater or lesser role in some dishes. Nevertheless, fats are often present in raw ingredients sourced from both plants and animals, either in the form of discrete fat deposits or trapped in their tissues. So, as a matter of course, they contribute to the mouthfeel these ingredients impart to prepared food as well as help release taste and odor substances. How a low-fat content affects mouthfeel is well known from the uninspiring taste of a beef patty made with very lean meat.

Culinary Fats from Plants

Margarine was originally produced from animal fats, but over time, the source was switched to more unsaturated oils from plants, which were hardened to increase the melting point. In many countries, the margarine now produced has none of these undesirable trans-fatty acids, which have a high melting point. Instead they are made from a combination of plant oils to adjust their melting point in accordance with their end use—for example, firm for sautéing or soft for baking. Firm margarines from plant oils contain about 80 percent fats, a proportion similar to that in butter. Therefore, they can be used as butter substitutes in terms of texture, even though opinion varies as to whether they make a positive contribution to taste. Other margarines contain only 40 percent fats, with the remainder of the weight made up of water. As a result, their volume reduces considerably when they are heated, making them unsuitable for frying. However, they are an excellent choice for use in baked goods that are to be airy and crisp.
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Two types of fats with high and low melting points: butter and olive oil, respectively.

Oils extracted from seeds and nuts are less saturated than animal fats. For example, the proportion of unsaturated fats in olive oil and rapeseed oil is 82 and 84 percent, respectively. Plant oils can be used for baking, and because of their low melting points, they are eminently suitable for making cold sauces, dressings, and emulsions that need to flow at room temperature. Olive oil is well known for its ability to impart a coating mouthfeel to an oil and vinegar dressing.

Culinary Fats from Animals

An important source of animal fats is cow’s milk, which has a 3.5 percent fat content. When churned into butter, the fat content rises to 82 percent, of which about 65 percent is saturated fat, depending on what the cows have been fed. On account of both melting properties and taste, butter is widely used in food preparation to provide texture, especially in sauces and baked goods. Clarified butter and ghee are almost pure fat.


As Julia Child famously said: “If you’re afraid of butter, use cream.”



Lard is 100 percent fat, of which 61 percent is unsaturated, and is made by rendering pork fat. Lard can be used like butter and it was once a common ingredient in baked goods, to which it contributed a noticeably meaty taste.

Adipose tissue from fowl, usually ducks or geese, is made up of about 98 percent fat, of which 70 percent is unsaturated. One of its main uses is to make confit, a way of preserving meat in lard. The best known of these is confit de canard, salt-cured duck meat cooked in its own fat that then sets and solidifies.

Suet is made up of about 99 percent fat, of which 48 percent is unsaturated. Its high melting point makes it very suitable for frying.

Fats derived from fish are highly unsaturated. They have very low melting points and oxidize readily, leaving them with a rancid taste. This is why fish oils are rarely used directly to affect the mouthfeel of food, although, of course, they are largely responsible for the soft texture of an oily fish.

Fats and Mouthfeel

The ability of fats to influence the texture of food is due to two things. First, they can form crystals that eventually can melt in the mouth, as is the case with cocoa butter in chocolate. Second, they can form complex phases with water in the form of emulsions. Fats are often added to foodstuffs in the form of oil.

The degree to which a fat is unsaturated, which dictates its melting point, often determines how it can be used in cooking. Hard, pliable fats—for example, butter, firm margarine, and lard—which all have high melting points, are well suited for baking. Cakes and pastries made with them are generally airy and exhibit the delicious flaky, tender, and crisp structure that we know from piecrusts, cookies, and Danish pastries. The fatty dough helps trap small droplets of water in the dough. The droplets evaporate during baking, leaving behind the air pockets that are responsible for the flaky structure. To achieve the best results it is necessary to pulse or rub together thoroughly flour, fat, and sugar (if used) to make a crumbly mixture. How fine it is determines the size of the flakes in the baked pastry.

When used in baking, liquid oils have a different effect from solid fats. Because they flow freely, they are easy to mix in and combine almost completely with flour, as well as with sugar. The resulting baked goods have a less flaky structure, as is seen in pound cakes and muffins, which have a somewhat crumbly mouthfeel. Soft margarines and shortening mixtures are not suitable for a making soft dough, such as shortbread, that is rolled out.

Fats will generally impart an agreeable mouthfeel, which is often attributable to their ability to spread out in the mouth as they melt. But if they are very viscous, they may instead feel unpleasantly sticky. Liquid fats will spread out in the mouth like a membrane and impart a coating mouthfeel. This is why oils and fats are used to round out or thicken sauces, an effect often achieved by using cream.

Fats, especially when combined with emulsifiers, enhance creaminess and can prevent the formation of lumps—for example, in chocolate. When present in large quantities, fats can modify and decrease the intensity of other tastes such as acidity, which can be either an advantage or a drawback.

The Surprisingly Diverse Textures of Milk

Milk and dairy products are good examples of a group of foods that exhibit a whole range of textures, from that of milk in its natural state to those of buttermilk, yogurt, butter, cheese, and so on. This diversity is a core illustration of how processing can transform texture. Milk is also able to function as an emulsifier and stabilizer of foam and can be used to thicken sauces. Last, but not least, it is the central ingredient in a treat that almost everyone loves—ice cream.


CHOCOLATE: WHY IT MELTS IN YOUR MOUTH

Chocolate is made from the seeds found in the pods of the cacao fruit tree. These beans are first partially fermented; then dried, roasted, and crushed; and finally pressed to extract their fats in the form of cacao butter. The remaining solid particles can be milled to make cacao powder or cocoa powder, which is very similar but is processed at a higher temperature.

Dark chocolate, which is solid at room temperature, is a complex mixture of cacao powder, cacao butter, and sugar. In most types of chocolate, the individual cacao particles are ground up so finely that they are not distinguishable on the tongue. Technically speaking, chocolate is a sol, or a solid colloidal system—that is, a suspension of solid particles of sugar and cacao powder in a solid matrix of cacao butter. The very special mouthfeel of chocolate is due to the specific melting properties of the cacao butter.

Fats from plants and animals are usually made up of a number of components that have different melting points. Consequently, a given fat melts over a wide range of temperatures. This is true, for example, for butter and lard. In exceptional cases, some mixtures of fats melt over a narrow temperature interval, almost at a well-defined temperature. Cacao butter is one of these very special cases. It is primarily made up of three different types of triglycerides, which contain both saturated and unsaturated fatty acids. But due to its large proportion of saturated fatty acids, the mixture has a relatively high melting point of 90°–97°F (32°–36°C), just below the normal temperature in the mouth. This is the crucial factor that contributes a mouthfeel that is so agreeable that most people love—even crave—chocolate. And the actual process of melting the cacao butter requires a certain amount of heat, which is drawn from the body, so the overall effect can be a sensation of coolness.

The inner structure of chocolate depends on how it is processed. Even though two different pieces of chocolate have an identical chemical composition, they may not have the same mouthfeel. For instance, if a piece of chocolate is melted and then solidifies again, it will not taste the same, because its mouthfeel has been altered. This happens because the fats in the cacao butter can form six different types of crystals with discrete structures and only one of these types will result in a glossy surface and the right degree of brittleness.

Chocolate intended for use in baking and candy making is produced using a method known as tempering. This is a way to ensure that it crystallizes into precisely those structures that will result in what is considered a good mouthfeel. Untempered chocolate is soft and does not snap, whereas tempered chocolate has a glossy surface, is brittle, and does not melt when you hold it between your fingers. The desired structure can be obtained by seeding the melted chocolate mass with small pieces of chocolate before allowing it to cool. Another way of doing this is to pour the melted chocolate out onto a marble slab and repeatedly fold it over on itself with a spatula while it cools slowly. This mechanical action encourages the growth of the right crystals. In both cases, it is vital that neither water nor steam is incorporated into the chocolate, as this would result in the wrong crystals, known as seizing, producing an undesirable graininess or lumpiness. Tempered chocolate can be made more stable by the addition of a number of emulsifiers—for example, lecithin.

Incorrect crystal formation can also result in what is called a bloom, the white or grayish spots that are seen on the surface of chocolate that has been stored at too high a temperature or in too moist an environment, has been kept too long, or that has been exposed to the sun. It is best to store chocolate in a dark, dry place with a constant temperature of around 61°F (16°C), so as to prevent recrystallization of the cacao butter. The bloom is made up of either sugar or fat that has migrated to the surface and formed a crystal with a high melting point. These spots can also be attributed to fats from nuts that have been added to the chocolate. Formation of bloom can to a certain extent be prevented by adding emulsifiers or other fats that can combine with the fats in the cacao butter—for example, milk fat, which is used in baked goods.

Unlike dark chocolate, white chocolate contains only cacao butter, milk fat, and sugar. Its color is due to the absence of cacao particles. Milk chocolate also contains milk fat, making it lighter than dark chocolate. Ganache, used as a filling in chocolates and cakes, is a mixture of chocolate with cream or butter—the more cream or butter, the softer the ganache. Because it is an even more complex mixture than chocolate, it can be tricky to work with ganache.

Different cultures tend to have preferences with regard to the mouthfeel of chocolate. For example, Mexican chocolate has a coarser-grained texture than the creamy, even texture of Swiss or Belgian chocolate, which typically has particles that are only 20 micrometers in size. For Mexican chocolate, the beans are not ground as finely; the cacao is often mixed with spices and contains sugar that has bigger crystals. The result is a more complex sandy and gritty texture. Particle size also has a major influence on how the chocolate flows, which in turn has an impact on the mouthfeel of the melted chocolate. The finer the particle size, the lower the viscosity and the greater the creaminess of the melted chocolate. Swiss chocolate is renowned for its especially soft texture, which is due to a discovery made by Rodolphe Lindt in 1897. Lindt observed that by conching (which resembles kneading) the cacao particles with cacao butter, the resulting chocolate became very smooth and flavorful. Lindt then invented a machine to mechanize this process.

It is not possible to use tempered chocolate to coat ice cream and frozen desserts because the temperature in the oral cavity, thanks to the cold food, seldom rises above 86°F (30°C). At such a relatively low temperature, tempered chocolate remains solid and firm. In contrast, untempered chocolate is captured in the correct crystalline form by flash freezing it to 0°F (−18°C), causing the cacao butter to crystallize into a series of different structures with low melting points, typically around 77°F (25°C). As a result, the untempered chocolate coating melts in the mouth along with the ice cream. As long as the product is stored in a freezer kept at 0°F (−18°C) or less, the crystal structure remains intact. Another method for achieving a low melting point is to mix in other fats—for example, coconut oil.
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Grainy Mexican chocolate (left) and smooth Swiss chocolate (right).




Really Crisp Old-Fashioned Crullers

Traditionally, crullers in northern Europe were deep-fried in pork fat, which contributed the particular meaty umami tastes that are absent when they are fried in oil. Nevertheless, most people prefer the less fatty taste of doughnuts fried in coconut oil. The crucial point is to heat the fat to a very high temperature to obtain a truly crisp result. This recipe, based on an old Swedish one, makes small crullers that are crisp and delicate, rather than the large, soft ones that have come to be associated with the name. The mouthfeel of the two types of crullers is completely different.

•  Beat the eggs and sugar together thoroughly, then knead in the flour, margarine, cream, and lemon zest.

•  Refrigerate the dough for about 2 hours.

•  Roll out the dough evenly to a thickness of about ⅛ inch (2–3 mm). Using a pastry wheel, divide the dough into rhomboid-shaped pieces of around 1½ × 2¾ inches (4 × 7 cm).

•  Make a slit in the middle of each piece and pull one end through the hole, forming a twisted shape.

•  Cover the bottom of a heavy pot with about 2¾ inches (7 cm) of coconut oil and heat it until the oil sizzles when a cruller is dropped into it. If the oil is not hot enough, the cruller will sink to the bottom.

•  Deep-fry the crullers, a few at a time, until they are light brown. Remove them from the pot with a slotted spoon and place on paper toweling to absorb the excess fat.

Makes 30 to 40 crullers

2 large eggs

¾ cup (165 g) granulated sugar

1¾ cups (400 g) all-purpose flour

¾ cup (165 g) margarine

3–4 tablespoons (45–60 ml) 9% light cream

Finely grated lemon zest from 1 lemon

Coconut oil
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Really Crisp Old-Fashioned Crullers.



Fresh cow’s milk is a suspension of particles and dissolved molecules in water, which makes up 88 percent of the total. The structure of the suspension, and with it, the mouthfeel can be altered dramatically if the particles clump together. There are three main ways of making this happen: changing the nature of the particles, such as by modifying their surfaces as when cream is churned into butter; introducing enzymes, as in cheese making; or altering the electric charge on the particles. Another possibility is to change the properties of the continuous phase—for example, by modifying the acid and salt content—which increases the effective attraction among the particles. This is what happens when milk is soured or as a result of certain gelation processes. A third option is to create a gel with a suitable gelling agent.


Amy’s Apple Pie

This recipe, contributed by Amy Rowat, makes one double-crust pie.

•  Cut the butter into cubes about ¾ inch (2 cm) in size, and freeze until frozen.

•  Add an ice cube to 1 cup (250 ml) of water and place in the freezer.

•  In a large bowl, thoroughly mix the flour, salt, and sugar. Add the butter cubes to the mixture and crumble it all together with your fingers or pulse in a food processor. Be sure to leave some pieces that are the size of a pea; and others, the size of an almond.

•  Sprinkle 2 tablespoons (30 ml) of the ice water on the mixture and work in with a fork or a pastry cutter until it forms small lumps that can stick together when pressed between your fingers. Add more ice water, if necessary, but do not overwork the dough or it will be too hard.

•  Place the dough on a surface dusted with a little flour and press it into two circles that are about ¾ inch (2 cm) thick. Wrap the dough in plastic wrap and freeze until it is firm, about 1 hour. If placed in a freezer bag, the dough can be kept in the freezer for up to 3 months before use.

•  Place the circles of dough on a piece of parchment paper and roll them out. The bottom crust should have a diameter of 14 inches (35 cm) and the top crust should be a little smaller.

•  Grease a pie pan. Place the bottom crust in the pan. Core the apples; peel them or leave unpeeled. Cut the apples into slices about ⅛ inch (3 mm) thick, and distribute them evenly over the crust.

•  Place the top crust on the pie, allowing the edge to extend over the rim. Press the two edges of the crust together with a fork to make a decorative pattern.

•  Make a few decorative vents in the top crust to allow steam to escape.

•  Bake at 375°F (190°C) for about 1 hour, or until the top crust is lightly browned.

½ pound (230 g) cold unsalted butter, plus more for pan

2½ cups (660 g) all-purpose flour, plus more for dusting

1 teaspoon (6 g) salt

1 teaspoon (5 g) granulated sugar

4–8 tablespoons (60–120 ml) ice water

3 pounds (about 1.5 kg) apples, preferably a mixture of sweet and tart
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Amy’s Apple Pie.




AMY’S CRISP APPLE PIE: A PHYSICIST’S APPROACH TO MOUTHFEEL

Canadian biophysicist Amy Rowat undertook her graduate studies in Denmark, where she delved deeply into the relationship between food and science. She next spent several years at Harvard University, where she helped launch a completely new general education course, Science and Cooking, said at the time to have become the most popular course on campus. Amy has moved on to a professorship at the University of California, Los Angeles, where she initiated the program Science&Food, which seeks to increase both scientific literacy through the study of food and culinary expertise through the knowledge of science. Students and members of the public turn out in large numbers to hear lectures and see demonstrations presented by famous chefs and researchers who share their passion for food and how it tastes.

In one of Amy’s many Science&Food projects, she and her students set to work to use physics to come up with a better pie, in other words, to construct the perfect American apple pie. The result was so amazing that it made it to the pages of the New York Times.

Making the perfect pie is largely a matter of getting the mouthfeel right. A successful, tasty pie must have a crisp crust with a flaky structure and a soft, slightly runny, spongy filling.

A crisp crust is due to a network of gluten proteins that are formed when the flour is mixed with water. If the network is too dense, the crust may turn out too hard. This problem can be solved by replacing some of the water with another liquid—for example, alcohol (vodka or rum work well)—so that is unable to form a network with gluten. It is also possible to use beer or carbonated mineral water, but these are less effective than alcohol.

Using a large quantity of fat (butter) and only a little water ensures that the pastry will be truly flaky. The water forms small droplets in the fatty dough. As the crust bakes, these droplets create small pockets of steam that are trapped in the dough, leaving the finished pie with an appropriately flaky structure.

The structure of the pie filling is equally important in terms of mouthfeel. If the filling is made up of apples, which contain great quantities of water, the water will evaporate under baking and the piecrust will bubble up, while the apple slices collapse on one another. To make sure that the apples actually fill up the entire inside of the baked pie, it is necessary to do two things. First, the apples can be cut up into thin slices that can be packed closely, so that there is less scope for them to fall together as their water content evaporates. Second, some of the water in the apples can be bound with flour or cornstarch, so that the liquid around the filling becomes more viscous.

Finally, Amy and her students discovered how the mouthfeel of the crust could be made even better. Generally, a piecrust is made by rubbing butter, flour, and sugar together thoroughly to make a crumbly mixture. The butter prevents all the water from binding to the gluten in the flour, resulting in a crisp, but not too hard, crust. But if the butter is first cut up into pieces of different sizes, resembling peas and almonds, two things happen. The butter lumps that are the size of almonds help create large air pockets and those that are the size of peas ensure that, nevertheless, the butter is distributed fairly evenly throughout the dough.

This, of course, is not the whole story. The pie also has to have an agreeable lightly toasted color, due to the browning that takes place as it bakes. This is a result of Maillard reactions between amino acids (e.g., from the proteins in the egg whites with which the top crust is brushed) and carbohydrates (e.g., from the lactose in the cream that is also brushed on top). The pie must not be too deep, otherwise the bottom crust will bake for too long and become hard before the filling is cooked through. It is also necessary to make vents in the top crust to allow the steam from the filling to escape, to prevent the top crust from rising.



Milk, Cream, and Homogenized Milk

Cow’s milk contains 3.5 percent total fat, primarily in the form of small globules that are on the order of 5 micrometers in size, but that can be as small as 0.1 micrometer and as big as 10 micrometers. The fat globules are less dense than water, and after the milk has been cooled for twelve to twenty-four hours, they will float to the top as cream. This process is rapid because it is enhanced by the tendency of the fat globules to bind to whey protein. It would take much longer for small globules to rise to the surface. Cream forms on milk from goats and sheep much more slowly because the fat globules are smaller and it is harder for them to bind together.

Heating denatures some of the whey protein, which slows down the rate at which the cream separates from the water. This is why pasteurized milk forms a smaller layer of cream than does milk that has not been heated.

To avoid completely any separation of milk and cream, it is necessary to homogenize the milk. In this process, the milk is forced through small nozzles at high temperature, so that the fat globules are broken up into particles that, on average, are no larger than 1 micrometer. At the same time, the high temperature destroys the enzymes that would otherwise attack the damaged globules. The original globules in raw milk are covered by a lipid membrane. After they have been broken up into many small ones, the lipid content is insufficient to cover all of their surface areas. As a consequence, casein micelles bind to the fat globules, increasing their specific gravity. These smaller, somewhat heavier fat globules have lost the ability to bind together and they remain suspended in the homogenized milk.
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Three milk products with very different textures: milk, Icelandic skyr, and cheese.

In whipped cream, the fat globules are partially broken to pieces and clumped together in a network that contributes stability and a certain amount of stiffness.

If the casein micelles are removed from skim milk—for example, in the form of cheese curds—what remains is whey, which has very little fat and contains whey proteins only.

Butter and Its Very Particular Mouthfeel

The very particular mouthfeel of butter comes from the melting properties of milk fat. Butter gradually softens at temperatures above 59°F (15°C), but does not start to melt before it is at 86°F (30°C). In the mouth, this means that the fat runs out, coats the mucous membranes, and mixes with the food on which the butter is spread. This is why a thick layer of butter on a piece of bread is so satisfying.

Softened butter above 59°F (15°C) is easy to work into other food—for example, baked goods and pastry creams—also, savory ingredients—for example, herbs, spices, or garlic—can be mixed into it.

Typically, butter is made up of 81 percent fat, broken down as follows: 51 percent saturated, 26 percent monounsaturated, and 4 percent polyunsaturated. The exact composition is a reflection of what the cows have been eating; increasing the amount of grass in their diet results in a greater proportion of polyunsaturated fats. Hence, milk from cows that are put out to pasture in the spring and summer produces a butter that is softer and easier to spread. The natural yellow color of butter is due to carotene, an antioxidant that is familiar from the orange color of carrots. As grazing also increases carotene content, the resulting butter is yellower.
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Microscopy image (left) and illustration (right) showing the structure of butter. The yellow regions are fats, and the blue droplets are water. The fats are partially crystalline and partially semisolid. The water droplets are between 0.1 micrometer and 10 micrometers in size.

The small fat globules in milk and cream are held together by a membrane composed of lipids and proteins, which prevents the globules from merging. The mechanical action of churning the milk to make butter breaks up these membranes into pieces in such a way that the globules are collected into a solid fat phase in which water droplets are trapped. So, to a large extent, the process of making butter consists of turning the milk inside out, in the sense that we start with an oil-in-water emulsion (milk and cream) and end up with a water-in-oil emulsion (butter). In the latter, the milk fat is found in three forms: as free, semisolid milk fat that makes up the aggregated phase, as crystallized milk fat, and as fat globules in their original state. Water droplets of different sizes are incorporated into this complex mixture. The crystallized milk fat ensures that the butter remains solid at room temperature and the aggregated phase of semisolid fat makes it easy to spread.

Traditional buttermilk is the liquid that is left over from churning cream to make butter. It has only a little fat, about 0.5 percent, and about the same amount of protein, 3–4 percent, as in whole milk. There are now other types of buttermilk, some of which are cultured, and that have a fat content of 1 percent, 2 percent, or 3.25 percent.


Cultured Butter

This recipe calls for a special type of fermentation culture that is not readily available in the average household. In addition, it has to be scaled down to a quantity that can be prepared in an ordinary kitchen. Nevertheless, the recipe is included as an example of how a small artisanal producer of fine dairy products or a restaurant that prides itself in serving food that is made “in house” might make cultured butter.

•  Pour the cream into a bowl and allow it to come to a temperature of 68°F (20°C).

•  Add 1–5 units FD-RS Flora Danica Culture (or another similar culture) per 10½ quarts (10 L) of cream.

•  Allow the mixture to stand at room temperature for 8–10 hours.

•  Chill to 50°F (10°C).

•  Beat at high speed with a mixer until the whey separates out.

•  Add salt or other seasonings according to taste.

•  Place the butter in a clean cloth, tie up like a bag, hang the bag over a bowl, and allow the moisture to drain at room temperature for at least 6 hours.

•  Using waxed paper, roll the butter into cylinders in the desired sizes. Store, wrapped, in the refrigerator.

Makes about 10 pounds (5 kg)

Organic 38% cream

FD-RS Flora Danica culture
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Moisture draining from cultured butter.




Instant Churned Butter

•  Mix together the cream and crème fraîche and leave them at room temperature for 1–1½ hours.

•  Chill the mixture to 50°F (10°C), then whip at the highest speed until it starts to clot. Sieve the mixture. Season with salt.

•  Finely chop the seaweed, herbs, or other additives and mix into the butter thoroughly.

•  Pipe the butter into a dish or shape it into a cylinder and roll in waxed paper. Refrigerate.

Makes about 8 ounces (225 g)

2 cups (500 ml) organic 38% cream

1 cup (250 ml) organic 38% crème fraîche

Salt

Dried seaweed—for example, dulse—or other taste additives, such as herbs
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Instant Churned Butter.



There are a number of ways to make butter. Some start with fresh cream, whereas others first allow the cream to ferment slightly with the help of lactic acid bacteria, which add both acidity and aromatic substances. In Europe, the latter approach is traditional. A little buttermilk from the previous churning is added to the cream to start the bacterial culture. While the culture is doing its work, the cream is kept cool at 41°F (5°C), which causes some of the milk fat to crystallize. These crystals help break up the fat globules as the milk is being churned. Commercially produced butter is now usually made from pasteurized fresh cream and the culture is added only after it has been churned. Normally 1.2 percent salt is added to enhance taste and improve keeping qualities.

Clarified butter is butter from which the water has been removed, made up almost entirely of pure milk fat (99.8 percent). It is very firm and especially suitable for sautéing and deep-frying at high temperatures. The traditional Indian form of clarified butter, ghee, has a grainy structure due to fat crystals. It is often a shade of brown, which is caused by the caramelizing of the lactose in the milk that is added to the butter as it is being heated.

A large number of commercial butter substitutes are various mixtures of butter and plant oils. These are softer and easier to spread.

Fermented Dairy Products

The large selection of fermented dairy products found in most supermarkets is a testament to the broad spectrum of textures that can be produced in processed milk. Most are creamy, some are grainy; others feel a bit dry; and still others fall apart easily and are semifirm and jellylike.

There are three principal ways to make sour dairy products. One consists of warming or souring milk or cream, resulting in such products as crème fraîche, cream cheese, and cottage cheese. The second way is to add rennet to the milk to make fresh cheese, which can serve as the starting point for fermentation and aging of myriad other cheeses. The third method makes use of a variety of microorganisms, especially lactic acid bacteria and certain fungi, to ferment milk and convert the lactose to lactic acid and other substances. Products made this way include yogurt, kefir, Icelandic skyr, and the Middle Eastern labneh and doogh.

All three methods produce foods that are more acidic than the raw ingredients and change the texture so that they are more viscous and even semisolid. But the fat and protein content of these products varies greatly and this, in turn, has a marked effect on their textures.

Fat content and its effect on texture are primarily responsible for the creaminess of dairy products, especially liquids (e.g., milk and drinks made from it); semisoft products (e.g., cream cheese); and firmer, jellylike solids (e.g., yogurt). In soft gels such as stirred yogurt, however, aromatic substances and a sweet taste influence the experience of creaminess. And there can be major variations in the perception of creaminess from one individual to another.

The demand for low-fat dairy products, especially fermented ones, can have a negative effect on creaminess. A secondary problem is that it is more difficult to incorporate, and subsequently release in the oral cavity, those aromatic substances that are fat soluble. It is estimated that 75–90 percent of all new low-fat dairy products are not commercially viable and many of these fail because consumers prefer the mouthfeel of those with a greater fat content.

Cheese

Of all products made from milk, cheeses, in all their varied forms, are probably the source of the most outstanding textures. Cheeses can be hard and firm, moist, soft, creamy, crumbly, grainy, crunchy, sticky, or chewy. Their texture depends on a whole range of factors, especially the type of milk from which they are made, their fat content, and how they are produced. In addition, as a cheese undergoes change as it ripens, one that has been aged will be quite different from its newly made counterpart.

Water content determines whether a cheese will be soft or hard, with the softer one having more water. Soft cheeses, such as cottage cheese, are about 80 percent water; mozzarella is about 60 percent. Roquefort and Gorgonzola, which are semisoft, have 42–45 percent water; firmer cheeses—for example, Emmentaler, Cheddar, and Gruyère—contain 39–41 percent. Finally, Parmigiano-Reggiano and other really hard cheeses contain only about 32 percent water. The fat content of the different types of melted cheeses also varies widely, affecting their creaminess.

In some cheeses, such as Parmigiano-Reggiano and various types of Gouda, that have been aged for a long time there are small crystals of calcium lactate and the bitter-tasting amino acid tyrosine. These add a pleasant crunchy feeling when one chews on the cheeses.

Amazing Eggs

Eggs are not only among the most widely used foods, but just about the most versatile ingredients to be found in the kitchen. If eggs are not contaminated with salmonella, they can be eaten raw. Eggs may be cooked in their shell, or cracked open and poached or fried, as cooking destroys salmonella. In addition, they can be used to thicken, emulsify, or make foam. They are used in many sauces and are vital ingredients in all types of baked goods, soufflés, and meringues. But an egg is not just an egg. The yolk and the white have a very different composition and their own distinct properties; they can be used together or separately.

Cooking an Egg: It Is All About Texture

There is probably no culinary process that is more widely discussed than how to prepare the perfect soft-boiled egg. Should the egg be placed in cold water before the heat is turned on or only when the water is boiling? Should a little vinegar be added to the water? For how long should it be cooked? Should it instead be simmered at a lower temperature just below the boiling point? And so on. All these questions are implicitly related to each individual’s expectations about the mouthfeel of the cooked egg. It all comes down to texture.


MELTED CHEESE: RUNNY, STRINGY, OR FIRM?

Have you ever wondered why some grilled cheese sandwiches are so stringy that they are almost like chewing gum? Dig into the chemistry a bit and you will find that the culprit is the melting point of the cheese that went into it. Some cheeses, particularly mild, soft ones, melt to form a homogeneous, viscous liquid, where the fats are trapped in it. Others that are firmer or older melt in lumps, releasing some of their fat content.

The considerable differences in texture have a lot to do with the forces that bind the casein proteins within the cheese solids. These proteins provide structure and keep the fats and the water content from going their separate ways. How well the proteins are bound to one another is a function of the calcium content and the associated calcium ions. In turn, the ability of these ions to do the job depends on other factors, especially the acidity of the cheese. The more acidic, or sour, the cheese—that is, the lower its pH—the harder it is for the calcium ions to bind the proteins together. When the proteins are more loosely bound, they can wander around and have an easier time keeping the fats in place, but this works only up to a certain point. As a cheese ages, its lactose is gradually converted to lactic acid. But if it becomes too acidic, the proteins become soluble and clump together, and the cheese begins to release its fats. Its acidity may even reach the point where the protein molecules bind so tightly that the cheese will not flow when it is heated and instead it melts in lumps. Cheeses that melt most satisfactorily have a pH of about 5.3–5.5.

Some cheeses, such as mild Cheddar and mozzarella, become stringy when they melt. This might also happen on a pizza made with “Parmesan-style” cheese rather than genuine aged Parmigiano-Reggiano, which tends to clump together and can be cut apart more easily. Stringiness can be fun, but not always, and there are several ways to minimize it. Finely grating the cheese helps, as does the addition of a bit of acid, such as lemon juice or tartaric acid. If you are making cheese sauce, you can get the same effect by putting a little cornstarch into it, or use Parmigiano-Reggiano, which will act as a thickener, and as a bonus, is a source of an abundance of delicious umami taste.

The stage is now set for a little experiment. It is more fun if you recruit a friend or two so that you can compare notes, and incidentally, get to test your hand at slicing the melted cheese. To start, lightly toast four slices of bread. On the first, put slices of mild Cheddar; on the second, some of the same mild Cheddar grated finely and mixed with a few drops of lemon juice; on the third, slices of a medium cheese, such as Tilsit or Emmentaler; on the fourth, genuine Parmigiano-Reggiano shavings. Use approximately the same amount of cheese on all of them. Put them all under a hot grill until they are just melted and starting to brown. Then sit back, taste, and evaluate the results—runny, stringy, or firm?




Parmesan-Flavored Smoked Cheese with Dried Radishes

A special type of smoked cheese, called rygeost, is considered to be the only type of cheese that is native to Denmark or, more precisely, to the island of Funen. Originally this was a very simple fresh cheese that was a staple of traditional peasant cuisine. In recent years it has evolved, taking on more elaborate gourmet incarnations. Here is a recipe for a modern variation that incorporates Parmesan cheese, which adds umami taste substances.

•  Grate the cheese coarsely, place it in a vacuum bag with the milk and seal the bag.

•  Place the bag in a water bath at 140°F (60°C) for 5 hours, sieve the milk, and discard the Parmigiano-Reggiano cheese.

•  Chill the sieved milk to 68°F (20°C), add the cream, buttermilk, and rennet, and allow to stand at room temperature for 24 hours after which it has formed a cheese curd.

•  Remove the cheese curd with a slotted spoon and place it in a clean cloth. Season with the salt and suspend the cheese mass for 12 hours so that the liquid will drip away. Set aside a scant 6½ tablespoons (100 ml) of the resulting whey for the radishes.

•  Place the cheese curd in a mold or sieve so that it has a shape that can be handled during the smoking process.

SMOKING

•  Make a smoking tube, using a piece of tin that has a hole at the bottom of one side, or use a very large pot, metal pail, or something similar.

•  Place the straw in the container, at first a little loosely, and then more closely packed—a little like the way that tobacco is tamped into a pipe. Lightly spray the straw with a bit of water and place the nettles and leaves on top.

•  Light the straw at the bottom. When the smoke is quite intense place the covered cheese on top of the straw, cover the smoking tube or pot, and allow to stand for 1–2 minutes.

•  Turn out the cheese onto a plate and keep it cool until served, or refrigerate if it is to be kept.

RADISHES

•  Dehydrate the radishes in a dehydrator for 5–8 hours at 85°F (40°C), or until they have shriveled up completely.

•  Using the remaining whey make an 8% w/w brine by adding an appropriate amount of salt to the whey and place the dried radishes in it. Refrigerate them, preferably for about 2 days. The radishes can keep a long time in the refrigerator. It is also possible to use a brine made with water or to place a piece of konbu seaweed in the brine.

Makes about 2 pounds (1 kg)

7 ounces (200 g) Parmigiano-Reggiano cheese

8½ cups (2 L) unhomogenized milk

1 cup (250 ml) unhomogenized 38% cream

1 cup (250 ml) fresh buttermilk

6 or 7 drops rennet

2–3 teaspoons (12–18 g) fine salt

10 long radishes

Oat straw

Stinging nettles, beech leaves, or dandelion leaves
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Parmesan-Flavored Smoked Cheese with Dried Radishes.




WHAT IS A SOFT-BOILED EGG? THE 6X°C EGG

The questions about the true nature of a soft-boiled egg and what actually allows it to take on so many different textures have been investigated scientifically by a renowned food chemist, César Vega. His focus is the texture of the yolk, as this is, first and foremost, the distinctive feature of a soft-boiled egg.

Together with his colleague Rube Mercadé-Prieto, Vega came up with the designation “the 6X°C egg,” where X stands for a number between 0 and 7, which means that different chefs prepare a soft-boiled egg by slow cooking it for at least one hour, allowing it to simmer in a water bath at a temperature that is far below the boiling point (212°F [100°C]).

Vega starts by demonstrating that cooking an egg is a complicated process, the success of which depends to a large extent on temperature heat transfer and time. There are two reasons for this. One is chemical and has to do with the gelling properties of the molecules that make up the white and the yolk. The other is physical and has to do with how quickly the heat from the surrounding water is conducted to the various parts of the egg.

Vega has shown that he can produce the whole gamut of desired textures by using an appropriate combination of temperature and cooking time. In all, he tested sixty-six different combinations, and for each he evaluated the texture of the cooked egg. It turned out that altering the temperature by as little as 2°F (1°C) could have a major influence on the outcome. The problem was to figure out how to characterize the resulting texture. So, Vega suggested that the best indicator was to measure the viscosity and then compare the result with the viscosity of other well-known products—for example, runny like syrup or firm like toothpaste. Based on their many experiments, Vega and Mercadé-Prieto were able to construct a table that lists which combination of temperature and cooking time should be chosen so as to achieve the desired consistency in the yolk, but only the yolk. What remains to be done is to carry out a similarly meticulous study of the egg white.

Despite all the scientific data that he has collected, Vega admits that he prefers to cook an egg using the same approach as most of us: Bring the water to a boil. Take the eggs from the refrigerator and place them right away in the boiling water, but not too many because that would decrease the water temperature too much. Let them cook for six minutes. Remove the eggs from the water and cool them with running cold water.



The difficulty in trying to assess the texture of the egg as it boils is that it is encased in a shell and there is no way to know how it will turn out without breaking it open. This is not the case with poaching or frying, where we can look at the egg to judge whether it has the right consistency or even lightly touch the egg.

But what is a soft-boiled egg? This is more than a trivial topic for discussion at the breakfast table because an egg is made up of two distinct parts. The raw egg white and the raw yolk are both complex fluids made up of large macromolecules, such as proteins and amphiphilic fats. Their properties depend on temperature and on what type of force is applied to the liquid—for example, in the mouth.

Cooking an egg is an example of a gelling process, in which the proteins in the white and the yolk are denatured and become firm like a gel. This process is irreversible: once gelation has taken place, the egg remains firm, even when cooled. As the proteins in the egg white denature at a lower temperature (126°F [52°C]) than do those in the yolks (at least 136°F [58°C]), it is possible to prepare the perfect soft-boiled egg with a firm white and a runny yolk, but it requires either very precise temperature control or careful monitoring of the cooking time and quick cooling to stop the cooking.

Eggs as Thickeners and Emulsifiers: Sauces, Cream Puddings, and Foam

Eggs can be used in a variety of ways to contribute to texture in food. They can thicken, emulsify, and create foams. In many cases, the eggs fulfill several of these functions at the same time.

In principle, a raw egg yolk is an emulsion of fat in a large quantity of water, and the proteins and phospholipids (lecithin) function as emulsifiers in such foods as hollandaise sauce and mayonnaise.

About half of the egg yolk is made up of water and its fantastic ability to bind water is exploited in crème anglaise. To prepare it, scalded milk and cream are allowed to cool and then mixed with egg yolks and sugar. The mixture is then heated gently until the desired consistency has been achieved.

Crème anglaise can be regarded as the basis for other dishes, often desserts, where the egg yolk elicits a different mouthfeel. If crème anglaise is frozen, it becomes ice cream. If starch is added to it, it can be made into cake cream or pudding. If it is baked in a water bath, it turns into crème brûlée, which is usually topped with a layer of caramel.

Eggs are also used to thicken soups. In a classic Chinese dish, hot and sour soup, a lightly beaten raw egg is added just before serving. It coagulates in the hot liquid to form fine, pale yellow threads that thicken the soup but do not bind it together firmly. They introduce a soft textural element that contrasts with the more solid pieces of mushroom and meat.

Glassy, Glossy Foods

There is a special category of solid materials known as glasses, which lack the crystal structure that characterizes a true solid. Instead, their molecules, like those in liquid, are not ordered, but either are fixed into position or move only very slowly past one another. A large proportion of the foods that have crisp and crunchy textures owe these properties to their being in a glassy state and to the special effect this has on their mouthfeel. Unlike crystals, glasses can feel fragile or brittle in the mouth, which results in a crunchy mouthfeel rather than the sensation of crushing a hard crystal. An example is the contrast between eating a caramel and a crystalline sugar.

The glass state is often preferable to the crystal state, but it may not be the more stable of the two. It might, therefore, be necessary to prepare the food in such a way that it is trapped in the glass state—for example, by cooling the food so quickly that the molecules do not have the time to organize themselves with respect to one another. The glass state occurs below a temperature known as the glass-transition temperature. As glasses are actually very viscous liquids, their viscosity can be altered by increasing the temperature. This is known from caramel, which becomes softer when heated.

The transition to the glass state can be changed by making appropriate mixtures. For example, fructose, which has a low glass-transition temperature, can decrease the glass-transition temperature of a sugar mixture that is used to make hard candy or caramel. This process, known as plasticization, makes the mixture more malleable and deformable, but it also has more difficulty in retaining its shape under pressure—for example, when it is chewed.

Water is the most important component in making food more plastic. This is easily demonstrated by the way a crisp bread crust or cracker becomes soft if it absorbs liquid. The transition from the glass to the plastic phase is reversible and takes place over a certain temperature range. This process can be seen when a cracker that is a bit soggy is made crisp again by toasting or heating it slightly.

Caramel

Caramel is a mixture of different compounds that form when sugar molecules are heated and fragment. The easiest way to make caramel is to dissolve sugar in water and then cook the mixture. The temperature at which it turns into caramel depends on the type of sugar used—for example, 221°F (105°C), 302°F (150°C), and 338°F (170°C), respectively, for fructose, glucose, and sucrose. A light, viscous fluid, which is a syrup, is formed first.
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Eggs, twelve ways: (top) hard-boiled egg, egg cooked with onion peels and brined, and fried egg; (middle above) egg in mayonnaise, egg in soufflé, and egg pickled in vinegar; (middle below) scrambled egg, omelet, poached yolk; (bottom) frittata, poached egg, and raw egg.


Peppery, Chewy, Chocolaty Caramel

Forget the salted caramel—try a peppery one instead!

•  Heat the cream with the whole peppercorns, sugar, and glucose until boiling.

•  Chop the chocolate into small pieces and place them in a heavy pot. Passing it through a sieve to remove the peppercorns, pour the hot cream mixture into the pot with the chocolate pieces. Heat to 257°F (125°C). Pour the caramel mixture into a small silicone mold or one lined with parchment paper and allow it to cool to room temperature.

•  Cut the caramel into serving-size pieces.

Makes about 18 ounces (500 g)

⅔ cup (150 ml) organic 38% cream

10 black peppercorns

⅔ cup (130 g) granulated sugar

5 tablespoons (110 g) glucose

7 ounces (200 g) good, dark chocolate
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Peppery, Chewy, Chocolaty Caramel.



The brown color of caramel is attributable to polymerization of the sugar. This occurs when the mixture is heated for a long period of time and more of the water evaporates. The longer it is heated, the darker the color and the less sweet and more bitter the taste of the caramel. When cooled, the mixture becomes a solid caramel, which is a glass.

A caramel can be soft, chewy, mealy, hard, or crisp, depending on the exact way it is made, with regard both to heating and cooling and to the other substances that are added to the sugar and water mixture. Egg whites, cream, milk, butter, and gelatin can be used to prevent the sugar from crystallizing and to achieve the desired texture. If cream is used, the fats in it help make the caramel soft and possibly a little mealy. This type of caramel is used in desserts, ice cream, and candy—for example, chocolate-covered caramels.


Caramelized Potatoes

No traditional Danish Christmas dinner is complete without a dish of small caramelized potatoes.

The potatoes must be boiled until well done but still firm and then peeled carefully rather than scraped so as to preserve the fine membrane that is found just under the peel. This membrane helps ensure that the potato starch does not seep out when they are browned, as this would result in a fuzzy and less smooth surface.

For the browning process to be successful, high heat is required to prevent the layer of caramel from becoming lumpy. The best results are achieved by sprinkling a layer of sugar over the bottom of a very hot pan and leaving it to melt without stirring it. It is also possible to achieve a more even melting of the sugar if a little water is mixed in with it.

When the sugar has melted and the water, if any, has evaporated, and before it becomes too brown, butter is melted into the sugar. The next step is the critical one: when the butter has started to froth, the peeled potatoes are placed in the melted sugar. Preferably the potatoes should be cold and have been rinsed with water. To prevent the sugar from solidifying and forming hard lumps of caramel when the ice-cold potatoes are added, it is necessary to have very high heat to keep the sugar liquid.

The browning process now proceeds by simmering the potatoes in the liquid caramel for a good period of time, all the while turning them carefully from time to time so that they do not burn at the bottom. The butter helps create a beautiful, shiny surface on the caramelized potatoes.

•  Rinse the potatoes, then place in a pot and add just enough water to cover them.

•  Add salt, cook the potatoes for about 15 minutes, peel them, and put them in the refrigerator.

•  Sprinkle the sugar in the bottom of a pan and allow it to caramelize without stirring it.

•  Add the butter and allow it to froth, then mix together the sugar and the butter.

•  Rinse the peeled, cooked potatoes in cold water and let them drain a bit so that they are still moist. Place them in the caramel and turn them carefully until their surfaces are covered with caramel and they are warmed through.

•  The potatoes are done when they are completely reheated, golden and dark, and have a fine, bitter-tasting, caramelized surface.
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Caramelized Potatoes.

Serves 6

2¼ pounds (1 kg) firm, very small potatoes

1 tablespoon (18 g) salt per quart (L) of cooking water for the potatoes

½ cup (100 g) sugar

2 tablespoons (30 g) butter



Heating the sugar for the syrup or caramel together with other ingredients that contain proteins and amino acids can result in the formation of some brown, tasty substances caused by Maillard reactions. These chemical reactions work their magic in the recipe for caramelized potatoes.

The natural sugars found in vegetables are another source of caramel. Browning onions and leeks slowly allows Maillard reactions and caramelization to take place, creating substances that can greatly enhance their taste. Some of these compounds and their associated tastes are furanes (nutty), ethyl acetates (fruity), maltol (toasty), and acetic acid (sour).

Hard Candies

Hard candies are made the same way as caramel by boiling sugar mixtures. Normally taste substances—for example, fruit extracts, nuts, or licorice—are added to the mixture, but not cream. The boiling point for the mixture depends on the water content; it rises as the water evaporates.


The cold-water test for hard candies

Cooks often use a candy thermometer to determine when the cooked sugar mixture is ready to be made into candy. But there is also a very old technique that is quite useful for making these and other types of sweets. Simply put some of the mixture onto a spoon and let it drip into a small bowl of cold water. If it forms thin, soft filaments, it is not suited for making firm candies. If it forms little spheres that can be compressed, it can be made into soft caramels or fudge. And if it forms hard threads that snap with a crackle, it is just right for hard candies.



Hard candies are formed when a sugar mixture that has lost 99 percent of its water content is cooled suddenly so that it is trapped in a glass state. The hardness and fragility of the candies depends on the glass-transition temperature of the sugars being used. These can be quite different: 41°F (5°C) for fructose, 88°F (31°C) for glucose (grape sugar), and 144°F (62°C) for sucrose (ordinary sugar). The glass-transition temperature can be determined reasonably accurately by using a weighted average of the glass-transition temperatures of the sugars in the mixture. Below this temperature, the melted sugar will harden and become a glass. Consequently, mixtures containing a sugar with a very low glass-transition temperature will turn to glass at a lower temperature, resulting in a more plastic substance.


A dessert with a glass lid

The well-known dessert crème brûlée is simply a creamy custard with a layer of caramelized sugar, or a glass lid, on top. To avoid heating the custard part, it is necessary to use very fine sugar crystals that will melt more quickly when heated with a kitchen torch.



Candy floss is produced by swirling a sugar mixture around while the mixture is cooling, turning it into a glass made up of long, thin threads that intertwine and form a loose bundle that is composed mostly of air. This structure has a very special light mouthfeel, followed by a sticky one as the floss collapses into a solid mass of sugar in the mouth.


Candied Seaweed

The simple recipe was elaborated by chefs Daniel Burns and Florent Ladeyn at a workshop in Illulissat that centered on discovering new uses for the natural ingredients that could be harvested in Greenland.

•  Blanch the kelp two times.

•  Mix together the water and sugar and heat the mixture. Place the kelp in the mixture.

•  Reduce the liquid over low heat for 30 minutes.

•  Remove the kelp fronds and spread them out on a dehydrator sheet.

•  Dehydrate the kelp for 15 hours at room temperature.

•  The candied kelp can be eaten as a sweet snack, used as an accompaniment for a frozen dessert, or crushed into granules for toppings on desserts and cakes.

14 ounces (400 g) cleaned, wet winged kelp (Alaria esculenta)

1 cup (230 ml) water

1¼ cups (300 g) table sugar
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Candied Seaweed.



Glazes and Fondants

A glaze is a topping made from icing sugar and water, to which an egg white may be added. As the name implies, a glaze is sometimes a glass, and it is almost always the sugar content that stabilizes it in that state when the water has been evaporated by heating.

A glaze serves both to decorate and to prevent the food that it covers from drying out. In addition, a glaze can impart a delicate and crisp mouthfeel that might provide a contrast with a soft cake or a pastry under it.

A cold cake glaze is made from a mixture of icing sugar, a little water, and possibly an egg white or syrup. Adding a little fat (butter or cream) helps prevent the sugar from crystallizing, and as a bonus, results in a shiny surface on the glaze. As icing sugar is a very fine powder, there are no crunchy crystals in the glaze. Depending on the ingredients, the glaze can harden or remain a little soft and shiny.

Glazes that can tolerate being heated, such as those used on meat that is to be roasted or barbecued, are made from sugar (or possibly honey) and fat (butter), mixed with mustard or other spices. A little glucose can be mixed in to ensure that the glaze takes on the glass state rather than crystallizing. As the meat is heated, Maillard reactions involving the sugar and the meat proteins produce delicious brown taste substances. Because the sugar melts when heated, it is not necessary to use it in powdered form in these types of glazes.

A fondant is a special type of glaze that is related to a soft, solid caramel, such as fudge. Fondants are used both as icings for cakes and as filling in confections. A fondant is made by cooking sugar or syrup, which is then worked mechanically, possibly with the addition of glucose, until it has a texture that resembles that of clay. The texture of a fondant is critically dependent on its water content—it can be either dry and lumpy with small sugar crystals or slightly runny.

Fudge is more complex because it contains milk, fats, and sometimes cocoa or chocolate. Consequently, fudge also incorporates fat droplets.

Baked Goods with a Crispy Crust

We usually expect the crust on baked goods, other than some cakes, to have a mouthfeel that can be characterized as crispy, crunchy, or crackly. These different expressions tell us that the way we experience eating a crust is linked to, and intermingled with, tactile, visual, and auditory sensory impressions.

Crispness is related to the high-frequency sound that is generated when the front teeth break through the crust, before it has been deformed by chewing—this is the sign of a good crust. The crunchy sound is tied to the merciless way in which the molars finish the job started by the incisors, reducing the pieces in ever smaller bits.

A problem that sometimes crops up with all baked goods that have a crisp crust and a softer interior, whether they are savory or sweet, is that over time the crust becomes soft or chewy because liquid seeps from the moister interior to the dry exterior. When the water becomes more active, it changes the state of the crust from a glass to something more gummy and plastic. As this change is reversible, a bread crust that has gone soft can be made crisp again by heating it in the oven, thereby evaporating some of the water.


Old-Fashioned Crispy Spice Cookies

This recipe has been used by Ole’s mother for almost six decades. Seemingly, it was published in a newspaper column by Lise Nørgaard and Mogens Brandt in the 1950s. They wrote that the recipe must be followed to the letter to bake the world’s best crispy spice cookies.

•  Mix the butter, 2¼ cups (500 g) of the sugar, and the syrup in a pot and heat the mixture until has melted together and is about to boil.

•  Stir the almonds, cloves, cinnamon, and potash into the mixture and allow it to cool to lukewarm.

•  Chop the orange rind into coarse pieces and bring it to a boil together with the remaining ¼ cup (50 g) of sugar and a little water. Allow it to cool to lukewarm.

•  While the butter mixture, almond mixture, and zest mixture are still lukewarm, mix all of them into the flour to make a firm dough.

•  Knead the dough thoroughly, then shape it into a thick roll 2–2¼ inches (5–6 cm) in diameter.

•  Place the dough in a cold place for a couple of hours. It can also be frozen for use later.

•  Cut the roll into thin slices; the thinner they are, the more delicate and crisp the cookies.

•  Place the slices on a cookie sheet covered with parchment paper. Bake them at 400°–425°F (200°–220°C) for 10–12 minutes, depending on the thickness of the slices.

1 pound + 4 tablespoons (500 g) butter

2½ cups (550 g) granulated sugar

½ cup + 2 tablespoons (250 g) dark corn syrup

¼ pound (125 g) almonds, coarsely chopped

1 tablespoon (7 g) ground cloves

3½ tablespoons (25 g) ground cinnamon

1 tablespoon (15 g) potash dissolved in a little water

Rind of 1 organic orange

6⅓ cups (800 g) all-purpose flour
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Old-Fashioned Crispy Spice Cookies.



Biscuits and cookies of different types are the embodiment of crispness. If they become the least bit soft, they are unappetizing, because their true worth is judged by their mouthfeel. Nevertheless, there is little unanimity about the degree of crispness that is desirable in certain traditional types of cookies. Crullers are a good example of the way in which this question divides people into camps. Some individuals like them to be very small and crisp right through, whereas others prefer them large and quite soft.

Crisp Coatings

The surfaces of vegetables, meat, and fish are often made crisp by coating them with a layer of a starchy product, such as flour or bread crumbs. This layer can be made crisp by deep-frying in oil or panfrying in fats. Milk or beaten eggs are often used to get the coating to stick.

In principle there are two types of coating, one that attaches itself directly onto the piece of food to be cooked; the other, best known from tempura, forms a coagulated shell around it.

The type of coating that clings directly to the food makes use of a substance that will help it stick—for example, by dredging the food in flour before rolling it in bread crumbs. It is best if this substance does not affect the mouthfeel. When fried, the bread crumbs cover the surface of foods, such as cutlets or fish fillets, with a crisp, golden crust.

The other way of coating the surface is with a batter that contains a leavening agent, such as beer, that forms small bubbles of carbon dioxide in a mixture of beaten egg yolk and bread crumbs. The bubbles are stabilized by the lecithin in the egg yolk; when fried, the bubbles are trapped in a crisp, slightly spongy shell. The open structure of this shell allows moisture in the food that is being cooked to evaporate. A classic example of this batter is the one used to make vegetable tempura.

The flaky, very dry Japanese bread crumbs, called panko, are particularly suitable for use in these very crisp coatings. Panko is made from a special bread that is baked by passing an electric current through a bread dough that has been allowed to rise several times. The finished product is light and fluffy and has no crust. After it has dried thoroughly, it is shaved into flakes. Because of its particular airy structure, a batter or coating made with panko absorbs less oil when deep-fried, and consequently, the result is a lighter, crisper crust.

It is well known that a crisp mouthfeel is the key to making some types of offal—for example liver, heart, and brain—into a real taste treat and a culinary adventure. The reproductive organs of an animal are also eminently edible, but many people consider this idea so repulsive that they will not even consider it. In some cultures, though, dishes that incorporate organs, such as the uterus and testicles, are common and are associated with legends that forge a symbolic relationship between the persons eating the organs and enhancement of fertility in a female or virility in a male.


Crisp-Fried Bull Testicle with Sprouts and Parsnip Emulsion

In this recipe, bull testicles are the turned into a savory delicacy.

PREPARE THE SPROUTS

•  The sprouts must be prepared several days ahead of time.

•  Soak the wheat grains in water with a little vinegar for 8 hours.

•  Rinse the wheat grains and place them on trays to sprout.

•  Place the trays in a cool place with ample light and rinse the wheat berries carefully twice daily for 3–5 days (depending on the surrounding temperature), or until they have sprouted to a desired size.

POACH THE TESTICLE

•  Peel the carrot and cut into slices.

•  Peel the onion and cut into large chunks.

•  Pour the white wine, vinegar, and water (or stock) into a pot; add the thyme, herbs, peppercorns, salt, yeast flakes, and the cut-up vegetables.

•  Allow the mixture to simmer for 10 minutes.

•  Wrap the testicle in a clean cloth, place in the pot, and allow to simmer for 10–15 minutes, depending on the size.

•  Turn off the heat and let the pot stand for about 30 minutes. Remove the testicle and refrigerate it, placing a plate with a little weight on top to press it down.

PARSNIP EMULSION

•  Peel the parsnips, cut them into large pieces, and boil them in the water and milk with 2 teaspoons (10 g) of salt until they are soft.

•  Drain the parsnips in a sieve and then dry them in a pot for about 10 minutes at low heat. Do not allow them to brown.

•  Weigh the parsnips, place them in a blender with the xanthan gum, and blend for 5 minutes.

•  Add the equivalent quantity of oil in a thin stream while the blender is running.

•  Season with salt and a little freshly ground pepper.

FRY THE TESTICLE

•  Slice the testicle into slices about ¾ inch (2 cm) thick, and season with salt and pepper. Dredge them first in the flour, then the egg white, and finally the panko crumbs.

•  Fry the pieces in a neutral-tasting oil at 338°F (170°C) until they are golden. Place them on a piece of paper to absorb any excess oil and sprinkle with Maldon salt.

TO SERVE

•  Place some warm parsnip emulsion on the middle of each plate. Place the warm, crisp testicle pieces on top and surround with small bunches of sprouts. Serve immediately.

Serves 6

SPROUTS

3½ ounces (100 g) organic wheat grains of sprouting quality

1 tablespoon (15 ml) malt vinegar

Water

TESTICLE

1 carrot

1 large onion

1 cup (250 ml) dry white wine

6½ tablespoons (100 ml) good white wine vinegar

1 cup (250 ml) water or chicken stock

Sprigs of thyme

1 bundle of soup herbs (e.g., leek tops, parsley sprigs)

1 sprig of lovage

Salt and peppercorns

1 tablespoon (12 g) yeast flakes

1 large bull testicle (about 21 ounces [600 g])

PARSNIP EMULSION

½ pound (250 g) parsnips

6½ tablespoons (100 ml) water

6½ tablespoons (100 ml) milk

Pinch (0.25 g) of xanthan gum

⅕ cup (50 ml) neutral-tasting oil

Salt and freshly ground pepper

FOR FRYING

A little all-purpose flour

Egg white

Panko bread crumbs

Maldon sea salt

Neutral-tasting oil



Particles in Food

The mouthfeel of a food is very much influenced by particles that are distributed more or less evenly throughout it. It is possible for the mouth to detect particles as small as 7–10 micrometers. If the particles are bigger than that, the mouthfeel will be perceived as sandy or mealy, an example being small ice crystals in ice cream. The particles can also be so big that they are visible to the naked eye—bits of meat in a meat sauce, tapioca grains in a pudding, or julienned vegetables. The mouthfeel of the particles will depend on their size, shape, and hardness. Particles in the form of liquid droplets or fats in a solid, but still plastic, phase will feel creamy, and ice crystals as hard and gritty, even crunchy.

Much of the work that takes place in a kitchen centers on cutting raw ingredients into the desired shapes and sizes or changing their structure. We slice, tear, grind, blend, puree, crush, chop, mince, press, sieve, shake, and so on, all with the aim of changing the particle size. Modern blenders, electric grinders, and food processors have taken the drudgery out of most of these operations.

Pureeing

Making a puree with a smooth mouthfeel from plant materials is a question of reducing the ingredients to particles that are so small that their mouthfeel is fundamentally altered. This is most easily done with a blender or an electric grinder. Adding a little oil or other fat will enhance the softness of the puree.

Because some plants have very hard parts, it can be difficult to reduce them to a fine puree. But a granular texture, similar to that of hummus, can be quite appealing. To facilitate the process, the raw ingredients should be cooked first to loosen their cell structure. Pureeing too vigorously foods that have a significant starch content can smash the grains of starch to bits, resulting in an elastic, gummy consistency. This is all too familiar from the texture of potatoes that have been mashed too aggressively. Fruits have a variety of cell structures that react differently to being mashed or pureed after cooking. The resulting textures are also affected by the pectin content of the fruit.
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Hummus.

The mouthfeel of two different purees made from exactly the same raw ingredients—for example, ketchup—can diverge so much that we perceive the two types to taste different. Think also of the example of peanut butter—our impression of the taste of the smooth version is very dissimilar from that of the crunchy one.

A puree can help thicken and stabilize a sauce if the particles are not too big. Small particles can bind more water if they contain a starch or pectin, and furthermore, they have less of a tendency to sediment out. If the puree still separates, it can be reduced by evaporating some of the water. In this way, a fine puree can serve as a stiffening and gelling agent.

Ketchup, which is a source of both umami tastes and smooth texture, is now an almost universal condiment. Originally, ketchup was an Asian fish sauce that was brought to Europe by British sailors. It underwent a transformation, with the addition of mushrooms, walnuts, wine vinegar, and a long list of spices. So, from 1750 to 1850, the word “ketchup” was used in England as a general term for a variety of thick brown sauces that contained mushrooms. Tomatoes were not added until the beginning of the nineteenth century, presumably by the English. By about 1850, all traces of fish had more or less disappeared as an ingredient, and in the United States it was modified to have a sweeter and sourer taste and a thicker consistency.


An Experiment: Two Types of Ketchup

Make two versions—one with a coarse consistency and the other finely pureed. Taste the difference.

•  Peel and core the apples and chop them into small cubes (about ½ inch [1 cm]).

•  Blanch and remove the skin from the fresh tomatoes. Canned tomatoes are ready for use.

•  Remove the seeds and stalk from the peppers and cut them into small pieces.

•  Chop the shallots.

•  Remove the seeds and stalk from the chile peppers and mince them.

•  Sprinkle the sugar in a pot, heat it until it caramelizes, and add the warm apple cider vinegar.

•  Add the apples, tomatoes, peppers, shallots, chile peppers, and cloves and bring it to a boil. Meanwhile, peel the garlic, put it through a garlic press, and add it to the pot. Allow everything to simmer without a lid for 1 hour.

•  Remove the cloves and add the olive oil. Blend half the mixture with an immersion blender until it has a coarse consistency. Blend the other half until it is a very smooth puree.

•  Season each mixture with equal amounts of additional vinegar and sugar, if desired, and add salt to taste; reduce over low heat if a thicker consistency is desired.

Taste both ketchups and evaluate whether the mouthfeel influences the taste impression.

Makes up to 3 pounds (1.5 kg)

½ pound (225 g) apples, peeled and cored

4½ pounds (2 kg) ripe tomatoes (could be canned organic tomatoes)

1 pound (500 g) red bell peppers

10½ ounces (300 g) shallots

4 ordinary chile peppers, or 2 cayenne peppers

1¼ cups (250 g) light cane sugar

2 cups (500 ml) apple cider vinegar, warmed up almost to the boiling point

2 whole cloves

6 garlic cloves

5 ounces (150 g) tomato puree (unspiced)

3½ tablespoons (50 ml) olive oil

Salt
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Two types of ketchup: (left) puréed and (right) coarsely blended.




Pesto

Pesto is a puree or sauce that is also an oil emulsion. The name comes from the Italian pestare, meaning “to crush.” The classic version is made by pounding together fresh basil, garlic, and pine nuts; stirring the mixture into olive oil; and optionally adding grated Parmesan cheese. The plant pieces are particles that are big enough to be chewed but small enough to give the pesto an integrated and soft mouthfeel. Pesto can be spread on bread or used as a sauce on pasta.

•  Boil the seaweed in water for 10 minutes.

•  Set aside a few of the pumpkin seeds.

•  Blend the seaweeds together with all the other ingredients to make a smooth puree.

•  Just before serving, stir in the remaining pumpkin seeds to add a little crunch.
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Pesto.

Makes 7 ounces (300 g)

This recipe for seaweed pesto comes from Anita Dietz, a Danish chef who is a passionate advocate of cooking with marine algae.

7 ounces (20 g) dried seaweed (e.g., a combination of sugar kelp, serrated wrack, winged kelp, and sea tangle)

1¾–3½ ounces (50–100 g) pumpkin seeds

1 avocado

1 red onion

1 garlic clove

1½ tablespoons (20 g) capers

¼ tablespoon (about 1 g) grated Parmesan cheese

A little fresh parsley or fresh spinach

2 tablespoons (30 ml) olive oil

Salt and pepper



Frozen Desserts with a Crunch

While there are numerous ways to make frozen desserts, they are all complex mixtures of ice crystals, air bubbles, and a sugar solution that is not frozen. In addition, they may contain small solid particles of fruit or other ingredients that are there to enhance their taste.

A traditional ice cream is made from milk, cream, possibly eggs, and a range of taste substances. Ideally, the ice cream itself should have a creamy texture and be free of any particles that might crunch between the teeth. But many also incorporate chocolate chips, dried fruit, caramel, nougat, or nuts to add a textural element. It is said that a famous brand of ice cream, Ben & Jerry’s, contains crunchy particles in each and every bite because one of the founders, Ben Cohen, suffered from anosmia, a lack of the sense of smell. To compensate, he oversaw the development of recipes for ice cream that had abundant texture and an interesting mouthfeel.


Sago Soup with Raisins

•  Soak the raisins in the Madeira the day before they are to be used.

•  Cut the lemon zest into large slices.

•  Bring the water to a boil with the lemon zest, sprinkle the sago pearls into the pot, and stir vigorously.

•  Cover the pot and allow the sago pearls to cook for 15–20 minutes. Remove the pieces of lemon peel.

•  Thoroughly beat the egg yolks with two-thirds of the sugar until they are a very pale yellow. Stir a little of the hot liquid into the egg mixture, then whisk it a little at a time into the liquid to thicken it. Season with remaining sugar, lemon juice, and the Madeira in which the raisins were softened. Keep warm, but do not allow the soup to boil.

•  Stir in the raisins and serve immediately while the soup is still warm.

Serves 4−6

⅔ cup (100 g) raisins

3–5 tablespoons (45–75 ml) Madeira wine

Zest and juice of 1 organic lemon

6 cups (1.5 L) water

2¾ ounces (80 g) sago or small tapioca pearls

3 or 4 egg yolks

½ cup (100 g) sugar
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Sago Soup with Raisins.




A GOURMET FEAST IN NORTHERN GREENLAND: TEXTURE FAR NORTH OF THE ARCTIC CIRCLE

A visit to Ilulissat is unique in many ways—the place and the experience are best described in superlatives. Ilulissat is the main town in the world’s largest and most northerly municipality, Qaasuitsup, which covers 255,000 square miles (660,000 sq km) in northern Greenland, making it larger than all of France. The town is located 220 miles (350 km) north of the Arctic Circle at the mouth of the Ilulissat Icefjord, an awe-inspiring natural setting that was designated as a UNESCO world heritage site in 2004. At the head of the inlet, Sermeq Kujalleq, one of the most active glaciers in the world, calves giant icebergs, up to 3,280 feet (1,000 m) in height, that sail majestically past the town out to the open sea.

The water and natural surroundings of Ilulissat are among the least polluted in the world. The foods harvested from the ocean and the rocky fields bring unique arctic flavors to the table. Among them are halibut, shrimp, whales, and seaweeds, as well as musk oxen, reindeer, angelica, lichen, crowberry, and wild arctic herbs.

The head chef at the town’s Hotel Arctic, considered the best hotel in Greenland, is Jeppe Ejvind Nielsen. He also presides over the kitchen at Ulo, the top-rated restaurant located on the premises, which has been described as being closer to nature than any other restaurant in the world. It is, in fact, a locavore’s dream. Jeppe has won many championships for this culinary skills, which reflect his approach to food. For him, the purity of the air, fjord, and rocky fields, as well as the evolution of fresh local, Greenlandic produce, are the focal point of his kitchen. This purity is expressed in dishes that are a study in simplicity with a maximum of four to five different tastes in each serving, to mirror the natural sparseness of the land. It should be possible both to see nature in the food and to acknowledge it in its taste. This is where mouthfeel takes on a central importance.

In January 2015, one of us (Ole) was invited to Ilulissat to participate in a workshop together with local chefs from Hotel Arctic and two chefs from other countries, among others. The goal of the workshop was to encourage new economic activity in that region and create employment opportunities by finding new ways of using Greenlandic raw ingredients to produce foodstuffs. We quickly turned our attention to the local growths of different seaweed species, which are largely underutilized and used only sparingly in Greenlandic cuisine. At the end of three days, we had devised twelve new recipes for seaweed products that met all the requirements of being made locally employing simple methods, but being of a sufficiently high standard with the potential to penetrate the global market.

Some of these products found their way onto the menu for the gourmet dinner at the conclusion of the workshop where the chefs could demonstrate Jeppe’s approach to Greenlandic cuisine, especially the combination of purity and simplicity. This meal illustrated how Jeppe juggles with the mouthfeel of a variety of dishes made with local ingredients.

The menu consisted of seven courses. Along the way, it was accompanied by a white bread with a wonderfully crisp crust and an unusually fine-tuned salt seasoning, which was due to the use of fresh seawater in the bread dough. It was simplicity itself.

The first dish highlighted the clean natural taste of the sea—cured halibut prepared by the Greenlandic cookbook author Anne Sofie Hardenberg. The halibut is aged for two days with salt and native herbs so that its texture becomes soft and slightly jellylike, but is still a little firm. Like other flatfish, the texture of raw halibut is best after being cured for a couple of days, which allows its natural enzymes to tenderize the muscles of the flesh. This is similar to the classical Japanese ikijime technique.
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Glimpse of the midwinter sun in Ilulissat and an array of the dishes served at the gourmet dinner.

The second course was presented in spectacular fashion. The chefs, each with two lit cooking torches, charred fresh halibut for a dish with apples, celery, and aioli seasoned with Greenlandic angelica. The dish has a clean, delicate appearance with nuances of white and light green, broken only by the slightly burned edges of the small pieces of fish and apples. It almost resembles the iceberg fragments floating in the fjord. The soft halibut is a good match for the crisp apple and celery pieces.

At this point, we came to what was styled “Chef’s Surprise” on the menu. The two international chefs, Daniel Burns (Restaurant Luksus in Brooklyn, New York) and Florent Ladeyn (L’Auberge du Vert Mont in northern France), who both run restaurants that have earned a Michelin star, had used their imagination to create a Greenlandic beef tartare with tenderloin, potatoes, dried halibut, and one of the seaweed granulates that had been developed in the workshop. Dried halibut is a local specialty called ræklinger, made from strips of fresh halibut that are dried outside in the cold, extremely dry arctic air. Even at −13°F (−25°C), ræklinger taken straight from the drying shed is soft, elastic, and juicy, because the halibut flesh contains many polyunsaturated fats.

The fourth dish was fin whale tataki, pieces of fresh, red fin whale, lightly seared. It was accompanied by fronds of sea tangle marinated in soy sauce, pickled shallots, and smoked bladder wrack. A Greenlandic dashi made from grilled halibut heads, charred onions, dried cod, soy sauce, and seaweeds was drizzled over it. The whale meat was tender, but still firm. The marinated sea tangle was soft and jellylike, whereas the smoked bladder wrack had retained some of its toughness, which enhanced the smoked taste.

Next, we were served salted lamb’s hearts with room-temperature egg yolks, deep-fried black salsify root, puree of charred celery, and seaweed salt. This dish appealed to many different types of mouthfeel. The hearts were elastic, but very easy to chew. The black salsify root was slightly tough on the outside, but was crisp on the inside. The egg yolk had its own mouthfeel; when the membrane was pierced, the fluid interior flowed out onto the other ingredients with a burst of umami.

After this parade of preliminaries, we came to the main course, which featured meat from Dexter cattle, a very hardy miniature breed that is raised in southern Greenland. Only twenty-five cows are slaughtered each year. The cut of beef was larded with bacon, sautéed, and served with beets and sunchokes. Even though we were beginning to feel sated, we fully enjoyed the perfectly tender meat. And Jeppe had added a final casual, but elegant, touch—placing a pair of toasted, crisp ribs from winged kelp on top of dish.

The dessert presented a new cascade of texture impressions—a honey-flavored soft ice cream with frozen pearled spelt and candied winged kelp and a granita containing leaves of Greenlandic mountain juniper. The contrast between firm, frozen grain kernels and the soft ice cream created an amusing sensory impression, which was enhanced by the candied winged kelp. The winged kelp consisted of a very thin, very crisp front of candied seaweed. The granita reminded us of the small pieces of ice floating in the fjord. In this dish Jeppe had captured a quintessential aspect of the winter landscape in northern Greenland—an ice fjord served in a bowl.




Arctic Textures

Jeppe Ejvind Nielsen, the head chef at the Ulo Restaurant in Hotel Arctic in Ilulissat, northern Greenland, has created a frozen dessert that delivers a veritable cascade of texture sensations. It is combines a honey-flavored soft ice cream with frozen pearled spelt and candied winged kelp and a granita containing leaves of Greenlandic mountain juniper. It is topped with a sprinkling of crüsli toasted with Greenland beer and honey. The juxtaposition of firm grains and crunchy candied seaweed, granita, and crüsli with the soft ice cream is a study in textural contrasts.

The honey used in Jeppe’s dessert comes from Ole Guldager’s hives in Narsaq in southern Greenland. This honey has a very strong, characteristic flowery taste that, together with that of the juniper, suffuses the dessert and gives it a distinctive character.

It is important to churn the ice cream part just before it is to be served so that it takes on the consistency of soft ice cream, but that the pearled spelt and the crüsli remain firmly frozen, as it is this combination that is responsible for the unique mouthfeel of the dish.

GRANITA WITH JUNIPER NEEDLES

2 teaspoons (10 g) dried juniper needles (black tea leaves can be substituted for the juniper)

2 cups (500 g) water

⅓ cup (75 g) granulated sugar

2 teaspoons (10 g) lemon juice

CANDIED WINGED KELP

2 large fronds of fresh or frozen winged kelp

6½ tablespoons (100 ml) water

2 tablespoons (30 g) sugar

PREPARE THE ICE CREAM

•  Bring the milk, cream, and honey to a boil, then remove from the heat. Place the egg yolks in a separate pan.

•  Slowly whisk the milk mixture into the egg yolks. Pour the mixture into the beaker of a Pacojet and freeze. Alternatively, allow it to thicken over low heat, remove from the heat and allow to cool, then freeze in an ice-cream maker according to the manufacturer’s instructions. Keep frozen until ready to serve.

PREPARE THE CRÜSLI

•  Heat the beer, honey, and butter in a pot until the butter has melted.

•  Mix in the dry ingredients first and then the beaten egg whites.

•  Spread out the crüsli in a thin layer on a baking sheet covered with parchment paper. Bake at 250°F (130°C) for 2–3 hours, or until it is dry. Break up into small pieces and store them in an airtight container until used.

PREPARE THE SPELT

•  Cover the pearled spelt with water and cook it until tender.

•  Allow it to cool and refrigerate it.

PREPARE THE GRANITA

•  Allow the juniper needles to soak overnight in cold water.

•  Drain the juniper needles and cook them with the water, sugar, and lemon juice.

•  Freeze the mixture and work it over with a fork so that it breaks up into small crystals.

PREPARE THE KELP

•  Cut away the central rib of the kelp and immerse the fronds in boiling water for 2–3 minutes until they become soft. Drain.

•  Cook the fronds in the water with the sugar until the water has evaporated completely.

•  Spread the fronds out on a silicone sheet and dry them in a dehydrator at 105°F (40°C) for 8–10 hours, or until they are dry.

•  Crush the candied kelp coarsely and store the granules in an airtight container.

PRESENTING THE DISH

•  Freeze a bowl. Set aside a little of the crüsli and the candied kelp. Set a bowl in ice water and place the remaining crüsli, candied winged kelp, and pearled spelt in the bottom. Top it with the ice cream.

•  Transfer the dessert to the frozen bowl, decorate with the broken-up granita, and sprinkle the reserved crüsli mixture on top.

Serves 8–10

HONEY SOFT ICE CREAM

1 cup (250 ml) milk

1 cup (250 ml) 38% cream

¼ cup + 1 tablespoon (100 g) honey

⅓ cup (100 g) egg yolks

CRÜSLI

4 teaspoons (20 g) dark, strong beer

1 tablespoon (20 g) honey

1 tablespoon (15 g) butter

¼ cup (20 g) rolled oats

2 teaspoons (10 g) spelt flakes

2 teaspoons (10 g) wheat flakes

2 teaspoons (10 g) flaked hazelnuts

2 teaspoons (10 g) sunflower seeds

Scant 1 ounce (25 g) egg whites, beaten

PEARLED SPELT

5 teaspoons (25 g) pearled spelt
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Arctic Textures.



Many other types of frozen desserts, especially sorbets and granitas, are characterized by a granular structure. A sorbet is typically made with fruit juice and fruit puree, water, and sugar or syrup. A granita is similar to a sorbet but usually has larger ice crystals and incorporates some form of alcohol. The large water content in both provides a fertile environment for the formation of many small ice crystals, while the sugar content together with mechanical churning of the mixture helps limit their size. A sorbet will have fewer air bubbles than ice cream, and therefore, gives a less creamy impression. Because they bind water, a gelling agent such as fruit pectin or gelatin can help soften the mouthfeel of a sorbet, even though they have only a minor effect on the freezing properties of the mixture.

While a sample of sorbet and one of ice cream may be at an identical temperature, the sorbet will feel colder because it contains no fat, exhibiting a well-known effect called insulation. However, if the temperature at which the ice cream is made is conducive to the formation of very small ice crystals, the sorbet may feel warmer. This is because the ice crystals are so small that they melt more quickly in the mouth, which draws more heat from the tongue and the palate, and thus the ice cream feels colder.

Bubbles in Food

The raw ingredients used in food may incorporate air in the form of small pockets between or inside the cells. We are often not aware of them, and in addition, many foods are very compact. So, it would probably come as a surprise to most people that crisp apples contain about 25 percent air; and pears, 5–10 percent.

We love to whisk or beat air into a variety of foods because it results in an exciting and pleasant mouthfeel. Foams, whipped cream, soufflés, fluffy desserts, and meringues are just a few among many examples. In some cases, air in the form of bubbles can make fluid foods, such as cream or egg whites, much stiffer. The stiffness disappears when the food meets the tongue and the palate, as the bubbles burst and run together, allowing the food to flow and lending it a very creamy mouthfeel. The air-filled bubbles in foam can catch and trap aroma substances that are released when the foam collapses in the mouth. In the avant-garde kitchen there are practically no ingredients that escape the chefs’ efforts to make them into foams.

Stabilizing Foam

Technically speaking, a foam is a dispersion of bubbles of some type of gas in a liquid. In principle, it is possible to create a foam from just about any liquid, but in most cases the newly formed bubbles burst very rapidly. Generally speaking, it is therefore necessary to stabilize the surfaces of the bubbles in the same way as soap bubbles are stabilized: by reducing the surface tension between the water and the air. The bubbles in a foam are usually large, about 1 millimeter in size, whereas the walls between the bubbles are extremely thin, on the order of micrometers.

Of course, soap would not be used to stabilize bubbles in food. Other substances—edible amphiphilic molecules—are introduced to reduce the surface tension. There are many to choose from, just as is the case with emulsifiers. In a way, a foam is an emulsion where an emulsifier makes it possible to mix gas and liquid. It is possible to use both warm and cold milk, where the milk proteins act as emulsifiers, or egg whites or egg yolks, which contain lecithin and amphiphilic proteins, respectively. Another possibility is to add pure emulsifiers, such as soy lecithin, or chemically produced emulsifiers that have been optimized for specific end-uses.

In some cases, adding an emulsifier on its own is not sufficient to form a stable foam. A foam can collapse simply because the liquid separates out on account of its own weight. This is precisely the same effect as the one that causes soap bubbles to burst. The water drains off or evaporates, causing the walls of the bubbles to become so thin that they finally burst. To prevent the water from separating out, the food can be stabilized with an appropriate gelling agent. This is where the familiar gelling agents, such as agar, starch, pectin, gums, and gelatin, again have a role. For each of these thickeners it is important to pay attention to the temperatures to which they will be subjected.

When foams become unstable, fats are often the culprits. The fats can position themselves as small drops lying between the walls of the foam, forming something like hydrophobic bridges between the air pockets in neighboring bubbles. This can cause the bubbles to run together into larger bubbles and eventually the foam collapses. Emulsifiers can help mitigate this problem.

Drinks that contain dissolved carbon dioxide in the form of carbonic acid—for example, mineral water, beer, and sparkling wines—can also form a foam when the bubbles of the gas rise up through the liquid. If the substances that stabilize the boundary surface are present in sufficient quantities either in the liquid or on its surface—for example, in the form of proteins or lipids—a foam made up of bubbles containing carbon dioxide will be formed. These bubbles also contain airborne aromatics, which are released when the bubbles burst. This is why the foam can be an important aspect of the drinking experience, especially the head on a glass of beer. The foam from champagne or mineral water collapses very quickly, however.


FOAM IN A BOTTLE

It is the mechanical action of whipping that introduces gas into the liquid. Nowadays, electric beaters are generally chosen for this task. A blender does not work because it does not incorporate a sufficient quantity of air, unless one allows an immersion blender to work just on the surface of the liquid. Alternatively, one can use a siphon, which is a closed bottle filled with pressurized gas—for example, carbon dioxide (CO2) or nitrous oxide (N2O), both of which are tasteless, harmless gases. An advantage of using a siphon is that in contrast to normal atmospheric pressure, the gas in it does not have any free oxygen, which can otherwise help oxidize fats and make them rancid. Carbon dioxide has the drawback that it introduces carbonic acid into the liquid and the taste of the burst bubbles will be a little acidic. In addition, carbon dioxide is much easier to dissolve in water than nitrous oxide, so it takes longer for it to produce bubbles. A particular advantage of nitrous oxide is that it is more soluble in fats than carbon dioxide.

The liquid from which the foam is to be made is poured into the siphon and the gas is introduced in a capsule that produces such a high pressure inside the siphon that the gas is dissolved in the liquid. When the liquid is then squirted from the siphon under pressure, the gas will spontaneously form bubbles throughout the liquid and the foam is created.
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Strawberry foam and fresh strawberries coated with fresh honey and verbena.



Foam with Thick Walls: Ice Cream, Whipped Cream, Mousse, and Soufflé

Some foods that are very rich in fats can form a type of foam without help—for example, cream, cheese with a high fat content, and even foie gras. In this type of foam, the fats stabilize the air bubbles, which lie far apart from one another, the opposite of what happens in a real foam. This is the case in whipped cream, ice cream, and whipped butter and margarine, all of which can contain up to 50 percent air.

Whipped cream is more complex than many other types of cream because it is actually a solidly packed network of air bubbles, held together by small spheres of fat that attach themselves to the surface of the air bubbles. Whipped cream can turn out to be just as stiff as a solid. As the fats are what hold the cream together, it is possible to make a stable foam only if the percentage of fat particles in the cream is sufficiently large, at least 30 percent and preferably greater. In addition, the larger fat particles in the cream must be broken up into pieces that are sufficiently small to be captured by the air bubbles. This process also releases the milk proteins from their original fat spheres, which makes them more unstable and increases their tendency to form larger fat particles. That is why the cream needs to be beaten, in fact, whipped to the stage where the fat particles are so small that they do not run together again before the stiff network of air bubbles is in place. This is also why temperature is important—when the cream is cold, it is much harder for the fat particles to coalesce. Whipped cream can also be made with the help of a siphon bottle using nitrous oxide (N2O). In the siphon, the gas is dissolved in the fat spheres of the cream, and when the pressure falls, a creamy foam with a very large number of air bubbles is formed.
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Microscopy image of whipped cream (left) and illustration of its internal structure (right). The large bubbles are air, and the walls between them are made up primarily of fats interspersed with water. The bubbles are generally 10–100 micrometers in size.

Other types of foam consisting of air bubbles separated by thick walls are bread, mousse, soufflé, and meringue. In bread, the carbon dioxide bubbles are formed by the addition of a leavening agent or by the action of the yeast. Small pockets of water in a dough will also form bubbles when the water evaporates on being heated. These bubbles do not collapse when cooled once the baked goods have become firm.

In a mousse that contains an ingredient such as chocolate, the beaten egg whites and sugar together with the cocoa particles from the melted chocolate form thick walls between the air bubbles. As the mousse cools these walls become stronger, making the mousse stiffer and more stable. When the mousse is put in the mouth, the cocoa butter in the chocolate melts at the same time as the air bubbles burst, giving this dessert its special, unique mouthfeel.

A soufflé is probably the type of foam that is most shrouded in mystery and that causes endless worries about whether it will collapse—which it always does, sooner or later. There are many different soufflé recipes encompassing a broad array of ingredients, resulting in a range of taste impressions. Soufflés can take their place among the desserts just as easily as among the savory dishes. What they have in common is that they consist of a mixture of egg yolks and a variety of other ingredients into which stiff-beaten egg whites are folded, and that they are baked in the oven. Heating creates steam in the soufflé, forming a foam that rises right up above the rim of the bowl in which it is being baked. The characteristics of the finished soufflé depend on the baking temperature. When baked at a higher temperature, it will turn out to be quite solid with a crisp top crust and a moist interior; at a lower temperature, the soufflé is firm right through. If the temperature drops partway through the baking process, such as by the baker’s opening the oven door, the soufflé can collapse.

Elastic Foam

Marshmallows are filled with air bubbles that have been whipped into a viscous gelatin solution together with sugar or syrup and, optionally, egg whites. The gelatin helps stabilize the air bubbles and create the characteristic elastic texture of marshmallows.

Meringue

There are several types of meringue, which are foams that are usually made by whipping egg whites with sugar. In one particular type, known as French meringue, the foam is initially stabilized by the proteins in the egg whites and it is then baked until it is completely or partially dry. As it bakes, water evaporates and the sugar is concentrated in the walls of the foam, eventually forming a firm glass phase that makes the foam very stiff and stable. If all the water is not evaporated away, the outside of the meringue will still be stiff and crisp, but the inside will remain somewhat moist with an interesting soft and possibly slightly chewy mouthfeel.

For a meringue to dry out completely, it must be baked for a very long time at a low temperature, under 221°F (105°C), which ensures that the meringue turns into a glass when the water is removed. As the melting point of sucrose is much higher, 365°F (185°C), the sugar dehydrates at the lower temperature. It can be advantageous to use icing sugar in the meringue so as to avoid ending up with a crunchy texture from sugar crystals that did not melt before the glass was formed.

French nougat is an air-filled meringue with nuts, which is made solid and chewy by whipping very warm syrup into it.


Carbonated sugars that prickle on the tongue

It is possible to bind carbon dioxide to sugar so that it is released when the sugar is dissolved in saliva. This carbonated sugar, also called popping sugar, leaves a prickly and crackly sensation in the mouth. As popping sugar does not dissolve in fats, it can be incorporated into treats such as chocolate and different types of frozen desserts. It is released when these are eaten. Popping sugar is made by pumping carbon dioxide, under pressure, into a flowing syrup, which is then cooled rapidly and pulverized. Some of the carbon dioxide remains trapped in the powder.



Sour and Prickly Bubbles

Carbon dioxide bubbles in drinks and culinary foams deliver both a particular physical mouthfeel and a somewhat sour taste when they burst. In addition, the actual mini-explosion of the bubbles causes a tactile impression that reinforces the prickly sensation in the mouth, on the palate, and up into the nostrils. These prickly bubbles are so important for taste and mouthfeel that many drinks quickly become completely uninteresting when the carbon dioxide has escaped. Who wants to drink sodas, beer, or champagne that have gone flat?

Carbon dioxide bubbles actually work in two distinct ways. They have an effect on the trigeminal nerves. They are also detected by a particular receptor, known as Car4, found on taste buds that are sensitive to sourness.

Carbon dioxide is more soluble in water at lower temperatures than at higher ones. In fact, about twice as much of the gas can be dissolved at 41°F (5°C) as at 68°F (20°C). When using a soda siphon to carbonate water, it is more effective to do so if the water has already been cooled in the refrigerator, rather than left at room temperature.

When carbonated liquids, such as sodas, beer, and champagne, are kept in a sealed bottle under pressure, the carbon dioxide is dissolved in the liquid, partially in the form of molecules and partially as carbonic acid. When the bottle is opened, the carbon dioxide molecules spontaneously assemble themselves into bubbles. The speed with which they are formed and how large they become before they rise and burst at the surface depends to a large extent on the particles that are dissolved in the liquid, on defects in the glass into which they are poured, and on how clean it is. It is easy to demonstrate this effect by sprinkling a little salt or sugar in sparkling mineral water. In a pub, the bartender will usually rinse out the inside of the glass with water before pouring the beer, to smooth out any scratches in, or smudges on, the glass and that may prevent too many bubbles and a head of foam from forming. In a clean glass, the bubbles will form mainly in the middle of the glass and not along the sides. The opposite is true with a plastic glass, as it has hydrophobic sides. Here the bubbles are instead found along the sides. This is why drinking champagne from a plastic glass results in a mouthfeel that is very different from the one we experience when drinking it from a clean glass flute, where we might even be lucky enough to see the bubbles rising neatly up the middle.


DELVING INTO THE MYSTERIES OF THE BUBBLES IN CHAMPAGNE AND GUINNESS

The very special and vastly different ways that bubbles behave in champagne and in Guinness are no doubt the reason that the mouthfeel of these drinks is so appealing. The bubbles and the foam carry aromatic substances—when they are the right size, we experience both drinks as soft and almost creamy. Small bubbles impart the most pleasant, softest mouthfeel, whereas the large bubbles in many mineral waters feel too hard.

There have been many discussions about what determines the size of the bubbles in champagne and other sparkling wines. For a long time it was thought that the operative factor was the amount of carbon dioxide and its diffusion throughout the wine. Recently, researchers have found that it is actually the dissolved salts, carbon dioxide molecules, and minerals that govern the size of the bubbles.

In the case of Guinness, the quest was to determine what is responsible for the distinctive creamy foam head that is made up of a mass of small bubbles. And even more mysteriously, why the bubbles along the edges of the glass move downward, whereas the bubbles in the middle move upward. The latter is to be expected, as the bubbles are lighter than the stout. But what about the counterintuitive downward motion? It turns out that the answer has nothing to do with the liquid and everything to do with the special shape of the glass in which Guinness is traditionally served—wide in the middle and narrower at both the bottom and the top. Consequently, more bubbles form in the middle of the glass. These bubbles rise as if in a fountain, pushing the bubbles that form along the edges downward.
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Champagne with a decorative piece of seaweed floating on the bubbles.



Another determining factor is the extent to which the liquid contains amphiphilic substances—for example, in the form of fats and proteins. The more of these substances there are in the liquid, the fewer the bubbles and the longer they last before bursting. This is because the amphiphilic substances collect on the surfaces of the bubbles, depressing their surface tension. The result is an audible fizzing sound of small bubbles. To dampen the effect, guar gum is sometimes added to carbonated drinks. The small bubbles then impart a softer and creamier mouthfeel, familiar from the texture of Guinness stout.

Airy, Flaky Pastry

There is a whole assortment of pastries that are characterized by their airy, flaky texture. This creates a very special mouthfeel, due to the combination of individual flakes that are very thin, crisp, and hard and the interspersed layers of air that introduce a soft and supple feel. They are made from a type of dough, sometimes referred to as feuilleté, or puff pastry, which has a high fat content, typically about 35 percent.

Croissants, Danish pastries, and the French mille-feuille, the name of which means “a thousand leaves,” are classic examples of this family of flaky and laminated baked goods. In contrast to mille-feuille, whose flakiness is derived from butter, the dough for croissants and Danish pastries also includes eggs, sugar, and leavening agents, with the result that they are softer and the flakes are less crisp.

The secret of getting the mouthfeel of mille-feuille absolutely perfect is to layer butter into the dough by folding it over on itself and rolling it thin again, time and time again. The number of individual layers increases and they become thinner and thinner, often less than one-hundredth of a millimeter thick, or about the size of a grain of starch in the flour. There can easily be several hundred layers, with one sample known to have had 1,458 layers! It is a time-consuming process.

To achieve the best texture in pastry, it is important for the fat to be plastic and have the right consistency. It must be quite firm and not sticky, so that it can be rolled into the dough easily, but not so hard that it will pierce the dough when it is folded over and rolled out again. If the fat is too soft, it has a tendency to melt into the dough, making the finished product harder and less crisp. If butter is used, the butter needs to be cold, not more than 68°F (20°C), and the rolling and folding process must done when the dough is chilled.
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Illustration of how the flaky structure is formed, when the water vapor pushes the layers of dough and margarine or butter apart as the pastry bakes (top), and mille-feuille (bottom).

To preserve maximum plasticity, the fat must not be able to crystallize. This can be prevented with the help of an appropriate emulsifier. It is especially important to address the problem if using such a fat as a margarine with a reduced fat content.

As the dough bakes, the water in the layers form steam, which pushes the layers apart, leaving the pastry airy and flaky. The steam will also shift around the fat between the layers, breaking it up without causing the pastry to fall apart. In the course of this process, the thickness of the pastry increases to several times its original size.

From Soft to Hard and Back Again

Many foodstuffs are processed in such a way that their texture is changed quite dramatically—for example, when they are preserved, dried, or fermented. Sometimes, soft raw ingredients become firm, and in some cases, turn out so hard that they must be processed again to make them soft enough to be edible. All of this usually has an distinct effect on the nutritional value and taste of these raw ingredients.

In traditional Japanese cuisine, there are many examples of products made in this way, using ingredients harvested from the sea, especially fish and seaweeds. The two most fascinating examples are made from bonito, a fish related to mackerel and tuna, and from the popular macrokelp konbu. The former becomes hard as stone, whereas the latter ends up softer than a feather—they could justifiably be said to win the prize as the hardest and the softest foods in the world.

Katsuobushi is the end product of an involved five-step process: Fillets of bonito are cooked, salted, dried, smoked, and fermented. In the course of its careful, lengthy transformation from fresh fish with a water content of 70 percent to a compact, dry fillet it has become rock hard and its water content has been reduced to less than 20 percent. To be able to eat these pieces of fish or use them to make soup stock, they must be planed into incredibly thin, light shavings that are only about 20 micrometers in diameter, less than that of a human hair. The texture of these shavings is so soft and airy that they more or less melt in the mouth.

Freshly harvested konbu has a water content of 90 percent. This falls to 20–30 percent as the seaweed is dried in the sun and then aged in special cellars with low humidity. The dried and very hard konbu cannot be eaten as is and must first be soaked in water to soften it and release its umami taste substances. Like katsuobushi, the dried blades of konbu can also be cut into similarly thin, virtually sheer shavings, using special ultrasharp knives. These fine layers, called oboru konbu or tororo konbu, have a soft, delicate mouthfeel. They almost melt on the tongue and are traditionally eaten in soups or together with rice or noodles.

The processing of these raw ingredients, from the time when they are caught or harvested to their packaging for culinary applications, is a wonderful example of optimization of their gastronomic value, which plays up their unique mouthfeel.


THE HARDEST FOOD IN THE WORLD

Throughout the centuries, the age-old Japanese food culture has availed itself of everything edible from the ocean—fish, shellfish, and seaweeds. The ways in which they are harvested, processed, and prepared have been refined to optimize their tastes and textures. One such product is katsuobushi, thought of as the world’s hardest food.

Katsuobushi is an unusual fish product that has evolved over a long period of time. In principle, it is simply a dried fillet of bonito (katsuo), a fish related to mackerel and tuna. In the eighth century, the term was used for a fish that had only been dried. In 1675, Youchi Tosa discovered that its taste could be improved by smoking it and then allowing a fungus to grow on the fillet. Today, katsuobushi is made in a number of Japanese port cities, foremost among them Yaizu, Tosa, and Makurazaki.

The desire to find out, firsthand, how katsuobushi is made took one of us (Ole) on a trip to one of these cities, Yaizu, which calls itself “Japan’s fishing city.” It is located in the Shizuoka Prefecture, only about an hour from Tokyo on the wonderful bullet train, Shinkansen. My guide was Dr. Kumiko Ninomiya, one of Japan’s most prominent umami researchers. She has contacts among those people in Yaizu who can make it possible for a foreigner like myself to gain admission to the harbor area. Tooru Tomimatsu, president of the organization Katsuo Gijutsu Kenkyujo, took us to Yanagiya Honten, a katsuobushi factory.

We were lucky to arrive on a day when the frozen raw ingredients, katsuo, were being unloaded from the large fishing vessels, which had been at sea for a month. They had sailed as far as the southern Pacific Ocean and the seas around Micronesia so as to catch this highly desirable fish.

The rock-hard fish, which are frozen to −22°F (−30ºC), each weighs 4–10 pounds (1.8–4.5 kg). They are sorted right on the quay, at first automatically and then by an army of workers who take over and sort them again carefully by hand. The fish are then transported to the factory for processing.

[image: image]

Step one is to defrost the fish in water with air bubbles circulating through it. The temperature must not rise above 40°F (4.4ºC), so as to prevent the important taste substance inosinate from breaking down. Inosinate is absolutely central to the umami taste of the finished katsuobushi. Once they have thawed, the heads of the fish are cut off and the entrails removed mechanically. These castoffs are ground into a mush and used to make fish sauce. The fish is now simmered at 208°F (98ºC) for almost two hours in a brine that is used over and over. Many of the substances that impart the desired taste to the finished product accumulate in this brine. The cooked fish are next cut into fillets, trimmed, deboned, and skinned by hand.

Now comes the most important part of the process: dehydrating the fish and reducing the water content from 65 to 20 percent, first by drying and smoking, and then, in some cases, by fermentation.

The real secret lies in how the fillets are smoked. Here our timing was also lucky. Just as we arrived at the area where the four-story-high smoking ovens are located, the smoke master was ready to start fires in the special places called hidoku that lie at the bottom of each oven. We eased ourselves through the little trapdoor in the floor and climbed down a steep ladder just in time to see him light the fires in an rectangular array of large smoke basins where the firewood had been piled up. By crouching down on the floor of the oven, we were able to escape the worst of the smoke and for a brief moment experience the tension in the air as the wood burst into flames and the process began. Then, it was a question of scrambling quickly up the ladder and out of the oven before the large trapdoor shut.

Only two types of hard oak wood (konara and kunugi, a type of chestnut oak) are used, as they impart the exact smoky taste that the Japanese prefer in their katsuobushi. The firewood is replenished and the fires relit up to four times a day. The company guards its trade secrets very well, and the inside of the oven was the only place where I was not allowed to take photographs.

The fish are arranged on wire trays stacked at the bottom of the smoke oven to dry out for about a day, reducing their water content to 40 percent. Then, the trays are moved up to the topmost stories of the oven and smoked for ten days, thus reducing their water content even further, to 20 percent. The finished fillets are arabushi, one of the several varieties of katsuobushi. This is the product that is referred to as the hardest foodstuff in the world. A piece of arabushi is as hard as a wooden chair leg, and one has to wonder how it can possibly be used as food. We will return to that question shortly.

Arabushi can undergo yet more processing and be dehydrated further by fermenting it, resulting in a stronger taste. This is a time-consuming process and consequently the product, called karebushi, is more expensive and more sought after. Unfortunately, we were not able to see how karebushi is made in the course of our visit to Yaizu, but this is a description of the process.

First, the tar-covered outer layer of the arabushi, a result of prolonged exposure to smoke, is planed or scraped off and the fillets are sprayed with a mold culture (Aspergillus glaucus) at a temperature of 82°F (28ºC). Over the course of the following weeks, the mold spores sprout on the fillet and the fungal mycelia bore into the fillet. Once it is covered with mold, the fillet is brought out into the sun to dry, and all the mold is scraped off. This alternation between returning the fillet to the mold chamber and bringing it outside to dry in the sun continues for one to two months. The quality of the fish is thought to improve with each successive cycle.

[image: image]

There are actually two types of karebushi. One type uses the whole fillet and has a more bitter taste. The other type has a milder, more refined taste because the dark red bloodline of the fillet, which lies against the lateral side of the fish, is cut away.

Before we left the factory to have lunch at one of Yaizu’s best fish restaurants, a humble establishment right at the harbor frequented by the fishers themselves, we took a quick peek into its enormous walk-in freezers. The frozen katsuo are kept at −22°F (−30°C) if they are to be made into katsuobushi and at −76°F (−60°C), a temperature at which all breakdown processes are arrested, if they are to be eaten raw as sashimi. In another room we saw some of the most expensive fish in the world, top-quality frozen tuna, in a sense hibernating until the price on the global market was just right.

Arabushi is normally ground to a powder and much of it is used in the production of hon-dashi, which is an important ingredient in many Japanese soup powders, prepared foods, and a variety of taste additives. Hon-dashi is produced by Ajinomoto, a major industrial food conglomerate, which was founded on the basis of a patent taken out by the researcher Kikunae Ikeda. He coined the term “umami” to describe a basic taste after he had isolated glutamate from konbu extracts.

The longer and more meticulous process used to make karebushi leads to a dried product that has fewer cracks. As a result, it is possible to make shavings that stay together instead of crumbling.

When it is to be used, the hard fillet is placed on top of special box, which is like an inverted plane, so that ultrathin shavings can be cut from it. The karebushi yields the best taste when it is freshly shaved. Because the shavings are so thin, it is technically possible to extract 98 percent of the taste substance inosinate from them. These shavings are combined with dried konbu to prepare dashi, the unbelievably tasty soup stock that is an essential element in Japanese cuisine. One can buy several varieties of ready-cut shavings of different thicknesses in airtight packages containing nitrogen to prevent oxidation. Naturally, the desirable umami taste substances seep out much more quickly from the thinner shavings.

Katsuobushi flakes are also sprinkled on soups, vegetables, and rice. When the dried flakes encounter the steam from the hot food, they contract and move as if dancing. That is why the Japanese call them “dancing” fish flakes.

How does katsuobushi taste? First and foremost, there is a mild smoky taste, then a little saltiness, and then umami. Bitterness from an amino acid, histidine, is quite prominent. The umami taste really comes to the forefront when katsuobushi is combined with other ingredients that contain glutamate, such as konbu.




THE SOFTEST FOOD IN THE WORLD

In a quest to seek out the softest food in the world, one of us (Ole) traveled to Sakai, an important old port town adjacent to Osaka, one of Japan’s major metropolitan areas. Sakai is probably best known for the knife smiths who forged the swords of the samurai. It remains the center for the manufacture of Japan’s famous kitchen and chef’s knives. But is also a center for the specialist processing of the large brown alga, konbu.

For centuries, right back to the fourteenth century, Kyoto was the end-station of a 745-mile (1,200-kilometer) route, known as the Konbu Road. Konbu was harvested and dried in Hokkaido in northern Japan and then shipped by sea to the coastal town of Tsuruga, where it was often aged for a year or two. It was next carried overland to Lake Biwa and sent on by boat, ending up in Kyoto. From the seventeenth century, the maritime route was expanded and the final destination moved to Sakai, which came to be regarded as the preeminent center for konbu products.

By a stroke of luck, I had the good fortune to be granted access to one of the places where the seaweeds are processed, a privilege that is granted to few outsiders. Japanese businesswoman Saori Sawano, who owns a wonderful tableware and knife shop called Korin in New York City, had put me in contact with Hiroki Yamanaka of the Sakai City Industrial Promotion Center. He kindly made the arrangements for my colleague, Dr. Koji Kinoshita, and me to visit Matsumoto, a company that turns out more than one hundred different seaweed products.

Mr. Yamanaka took us first to the large warehouse, where we were shown around by the company’s director, Tsutomu Matsumoto, who explained everything to us with a great deal of enthusiasm. Here the konbu is aged, a process that is an absolutely vital factor in the texture and taste of the finished products. It is stored at 59°F (15°C) in a humidity-controlled environment and fills the warehouse with the most fantastic smell of the ocean.

Next, we were able to look into the factory to observe how the sharp blades in specialized machines slice superthin layers across the ends of large bundles of konbu that have been marinated in rice vinegar and then compressed firmly. The result is a wide, almost sheer, pale-green tissuelike product called tororo konbu. It is featherlight and ultrasoft.

Originally tororo konbu was prepared by hand by scraping layers lengthwise from the seaweed blades by using a sharp blade, making shavings that were light and looked like crepe paper. When made according to this old-fashioned technique, the product is called oboro konbu. I had always wanted to see how this was done, but had been told beforehand that this would not be possible.

Nevertheless, other doors were opened for us. A telephone call from Mr. Matsumoto arranged for us to visit a small factory, Goda Shoten, where the craft of making the world’s softest food is still practiced in the traditional way. Even my host, Hiroki Yamanaka, had never seen this before.

This was a true adventure and the high-water mark of my visit to Sakai. Goda Shoten is located in one of the small characteristic houses in the old part of the city. We went up a narrow staircase to the second story, into a tiny room in which five people worked, two men and three women. Seated on the floor on crushed cardboard boxes, they were busy making oboro konbu as it has been done for about five centuries.

The type of konbu used to make oboro konbu is ma-konbu, which has relatively narrow blades that are 3¼–5 feet (1–1.5 m) long. The dried blades are bundled and immersed in a marinade of rice vinegar for a very short time, only about ten minutes. The marinade is used over and over again and gradually develops a powerful umami taste from the glutamate that is released by the seaweeds. The marinade is the secret behind the sweet and sour umami taste that is acquired by the finished oboro konbu. The presoaked and marinated seaweed is then allowed to rest for twenty-four hours so that its texture becomes sufficiently soft to allow a skilled worker to shave off thin layers from the blades. These are about 50 micrometers in thickness, about twice as thick as the machine-made tororo konbu. When the outermost layer of the seaweed has been scraped away, a pale-green core of the blade remains. This is the very sought-after product shiraita konbu, which is flexible and strong, but soft as silk. Among other dishes, shiraita konbu is used to make a type of sushi with marinated mackerel (battera) that is a specialty in the area around Osaka. Hanging on the wall of the workshop are many rectangular pieces of wood of slightly different sizes. They are used to slice the shiraita konbu so that it will fit precisely the measurements specified by client restaurants for their version of battera.

In former times, there were about a hundred Sakai craftsmen who could make oboro konbu or tororo konbu by hand. Now only eight are left!

In contrast to tororo konbu, the production of oboro konbu cannot be mechanized. Whereas a machine in Matsumoto’s factory can turn out nearly 200 pounds (90 kg) of tororo konbu every day, the workers at Goda Shoten can produce only 22 pounds (10 kg) of oboro konbu daily. And even that much smaller quantity must take an enormous physical effort.
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But how is the special tool—the unique knife that makes it possible to shave the konbu—made? It requires a very special blade, so it is obvious why it is forged in Sakai, the city that is famous for its knife smiths. My host, Hiroki Yamanaka, had asked in the oboro konbu workshop for the name of someone who made these special knives. A few telephone calls later, it was arranged that we should visit an old knife smith, Izumi Riki, an acknowledged master of this craft, who would be able to enlighten us. Riki-san is a colorful character who is very interested in gastronomy and who told me that he once played saxophone with the band Santana.

We met Riki-san in his store, which was bursting with knife blades. The workers were seated on the floor, attaching them to handles and packing the orders. Above the shop there is a large area filled with traditional Japanese kitchenware, as well as a big, well-appointed kitchen where Riki-san works with chefs and demonstrates the correct use of his knives.

The time finally arrived for us to see the actual knife blades that are used to cut oboro konbu. Riki-san took his time and explained that they are made from a specific type of carbon-tempered steel, which must be neither too hard nor too soft. In addition, the cutting edge has to curve slightly so that the blade shaves off a layer of the seaweed rather than slicing into it. To do this requires both know-how and skilled manual labor.

I had asked my host, who was acting as interpreter, to ask very tactfully whether it might be possible to buy one of the knife blades. The request was turned down very politely. The knives were not for sale and may be used by only true oboro konbu artisans. I sensed that there was a great deal of professional pride behind this refusal and I felt a bit of regret that I had even entertained the idea that such knives could be sold to a foreigner.

As tororo konbu is soft, fine, and a little stringy it is at its best when used to enhance a soup or a tofu dish. Oboro konbu is just as soft, but because the shavings are cut along the fibers of the seaweed it has a firmer texture and can be wrapped around balls of cooked rice or combined with udon noodles.

How does it taste? The immediate taste sensation is a subtle combination of salt with a slightly acidic undertone from the rice vinegar. And, of course, umami comes into play. The most interesting aspect, and the most surprising, is that the softest foodstuff in the world imparts a completely unusual mouthfeel. It almost melts on the tongue, just like cotton candy.
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	Making Further Inroads into the Universe of Texture
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The universe of texture offers us infinite opportunities to experiment. In this chapter, we have selected a variety of ingredients—for many of our readers some of these, such as legumes, vegetables, and grains, are already familiar staples, while others, including octopus, jellyfish, and seaweeds, may be less well known. We will show the readers how the textures of these ingredients can be transformed in a whole range of dishes, from the savory to the sweet. Finally, we will turn the spotlight onto some unusual ingredients, such as skin and bone, and special dishes that create little explosions of taste in the mouth.

Legumes, Soybeans, and Sprouts

Legumes are the third-largest family of flowering plants on earth. A few varieties are generally eaten fresh, but many others called pulses are the dried seeds of legumes that must be cooked to be edible. Soybeans are related to legumes, but are classified as oilseeds because of their high fat content. Pulses and other seeds are very well suited for long-term storage in dried form. If they are kept under suitable conditions for a limited period of time, the dried seeds can retain their ability to sprout, turning them into a source of fresh food with their own characteristic textures.

The United Nations designated 2016 as the International Year of Pulses. Its aim is to raise awareness about the exceptional nutritional benefits of pulses and their economic value as sustainable crops that have a much smaller ecological footprint than equivalent animal-based protein sources do.

Dried Beans, Chickpeas, and Lentils

If legumes are prepared in the right way, they display a wonderful spectrum of textures, ranging from hard, crisp, crunchy, and tough to soft, creamy, and mealy. And, of course, they are also an important source of vegetable protein that contains an abundance of the essential amino acids and have a combined protein content that can be up to three times greater than that in cereal grains, such as wheat and rice. In addition, they contain significant amounts of soluble fiber, carbohydrates, and dietary minerals.


ABOUT COOKING BEANS AND LENTILS: SALTS, ACIDS, AND BASES

To prevent beans and lentils from turning to mush, one can add a little calcium chloride to the cooking water, about ¼ teaspoon (about 1.25 g) per ½ cup (120 ml) of water. What this does is increase the ability of the outer layer of cells on the beans to adhere to one another while the insides cook until they are soft. If the water used is hard—that is, has too many calcium salts—it can actually be quite difficult to cook the beans right through. Adding ordinary table salt, which contains sodium ions, to the water drives out the calcium and magnesium ions, speeding up the cooking process. But the salt also makes it more difficult for the starch in the beans to gelatinize, leaving them more granular and less creamy.

A similar effect can be achieved by adding acid, which also helps the pectin molecules to stick together. One old bit of kitchen lore advises cooking beans with a very ripe tomato. The acidity from the tomato has the effect of keeping their surfaces crisp so that only the insides are mealy. In the same way, a little vinegar can thicken fully cooked split yellow peas so that they have a creamy mouthfeel without the addition of any oil or other fat.

Conversely, one can reduce the cooking time of pulses, such as chickpeas, by making the cooking water basic—for example, by adding baking soda. As it is a base, it has the opposite effect to that of an acid. It pushes the pectin molecules apart, softening their cell walls and allowing them to cook through more quickly—this effect comes in handy when making hummus.



A few members of the legume family can be eaten fresh, some of them while still raw, whereas others must be cooked first. Among the best known of these are green beans, runner beans, scarlet runner beans, and wax beans as well as garden peas, snow peas, and sugar snap peas. Except for garden peas, which are shelled first, the entire legume is eaten.

Most pulses are presoaked in water that is then discarded before cooking. The total preparation time required depends more on how long they need to be soaked, rather than on the actual cooking time. This is largely because the outer shells of dried beans are not porous. In the case of dried beans, water can enter through only one small pore located on their curved side. Typically, this takes at least twelve hours in the case of larger beans and somewhat less for smaller ones. They are then cooked for about one hour. Split peas and lentils, however, have a thin seed case and can be boiled without presoaking, but presoaking for an hour shortens the cooking time considerably. It is possible to take an even faster route by briefly boiling dried beans, draining, and then soaking them for a shorter time in fresh water. Using a pressure cooker is also a way to save time. Their ultimate texture depends to a large extent on how long they are cooked and on whether anything is added to the cooking water.


Kidney Bean and Crisp Vegetable Salad

Kidney beans are edible only if they are cooked first to break down a poisonous substance, phytohemagglutinin, found in them. Cooked kidney beans, which stay firm on the outside but are soft and possibly mealy on the inside, are the principal ingredient in this simple bean salad. It costs very little to prepare it, especially if one has cold, cooked beans on hand or in a can. To introduce an interesting contrast of textures they can be mixed with crisp vegetables, especially tsukemono, a type of Japanese pickle.

•  Rinse the kidney beans and drain them in a sieve.

•  Slice the tsukemono into very thin slices or strips.

•  Toss the beans and tsukemono with the dressing.

Serves 4 as a side dish

1 cup (250 g) cooked kidney beans

2½ ounces (75 g) tsukemono (pickled daikon, kohlrabi, baby turnip, or cucumber)

Ponzu dressing*

*If prepared ponzu is not available, the dressing can be made by mixing a little dashi or miso paste, lemon or yuzu juice, food sake, and soy sauce.
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Kidney Bean and Crisp Vegetable Salad (made with daikon tsukemono).



Creating Dishes with Novel Textures

Soybeans are especially versatile and have been embraced to make a whole range of different products, each with their particular taste and texture. A prime example is soy milk, used to make tofu via a process that resembles turning milk into fresh cheese. The proteins in the soy milk are made to coagulate by adding certain salts—for example, calcium sulfate or magnesium chloride. The resulting curds are then pressed together to form a solid. Depending on the conditions governing coagulation and the amount of excess water squeezed out, the texture of the tofu can range all the way from soft and silky to that of a hard cheese.


Duck Tongues with Beans and Artichokes

•  Soak the beans in water for at least 12 hours.

•  Clean and trim the duck tongues, sprinkle with the salt, cover, and refrigerate for at least 12 hours.

•  Discard the water from the beans. Place in a pot with about twice their volume in water. Crush two ripe tomatoes with your hands and add them together with the savory and salt. Simmer all for 1 hour and then strain off the water.

•  Rinse the duck tongues and place them in a pot with the beans, the shallots, and the cherry tomatoes. Simmer at low heat for about 1½ hours, until the tongues are tender and the beans slightly mealy. The dish should resemble a ragout.

•  Cut the tops off the outer, hard leaves of the artichokes, peel the stalks a little if necessary, and cut the artichokes into thin strips lengthwise.

•  Fry the artichokes, including the small fine hairs and the inner leaves, in olive oil until crisp. Season with salt and pepper

TO SERVE

•  Cold or warm, remove the little bone in each duck tongue.

•  Season the bean mixture and arrange on plates together with the crisp artichoke slices.

Serves 4

14 ounces (400 g) dried borlotti beans

7 ounces (200 g) fresh duck tongues

5 teaspoons (30 g) salt

2 ripe tomatoes

2 sprigs savory

1¾ pounds (800 g) cherry tomatoes

6½ tablespoons (100 ml) balsamic vinegar

Water

2 fresh artichokes

3½ ounces (100 g) shallots

Olive oil

Salt and pepper
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Duck Tongues with Beans and Artichokes.



A much more delicate product, yuba is made from fresh soy milk that is warmed gently until it forms a thin skin. Yuba is light and soft, and when it has just been skimmed off the top, it can almost melt on the tongue. It can also be dried and used to add texture to soups or rolled around a vegetable, such as a piece of cucumber.

At the other end of the firmness scale, tofu can be fermented to turn into a sort of vegetarian cheese. Its texture becomes harder and drier and sometimes acquires a very strong smell, just like a very aged cheese.

Another fermented product is tempeh. It is usually made with fresh soybeans, but it is also possible to use other legumes or presoaked grains. Traditionally tempeh is produced by adding a fungus culture to soaked, hulled, and partially cooked soybeans. This causes a mold to grow on them, knitting them together with spiderweb-like filaments. As the soybeans have kept their individual structure and are still a little firm, the mouthfeel of tempeh is quite distinctive. The filaments have a velvety mouthfeel, while the soybeans are chewy.

The soybean product that is considered to have the most unusual texture is nattō, consisting of whole soybeans that are fermented with a bacterial culture. This turns them into a stringy, very viscous, and sticky mass with an intense umami taste. But be warned—nattō has such a pungent odor that eating it might pose a challenge for the uninitiated.

Boiled and pureed pulses and lentils are an almost universal food, incorporated into a whole array of sauces, soups, stews, and dips. This is true particularly of black, red, and brown beans, but also of chickpeas and lentils.


JAPANESE SWEETS: NO SUGAR, JUST BEANS

In traditional Japanese cuisine, sugar is nowhere to be found, not even in sweet desserts, confectionary, or cakes. Instead, bean paste, usually the one made from small, red adzuki beans, is used as a sweetener. The cooked beans are mashed and used as a granular filling in sweet cakes. The paste can also be used to make jellies, called yōkan, that are set with agar. Small blocks of firm yōkan, often flavored with green tea powder, are sold in Japanese food stores in the candy section and also presented in more refined versions for making gourmet desserts.
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Yōkan, a sweet jelly made with Japanese adzuki beans.



Indian dal can be made from pulses, lentils, and chickpeas. The ingredients are cooked to make a thick stew that is eaten with rice or naan, an Indian flatbread.

Chickpeas are a versatile ingredient found in meat substitutes, salads, and sauces. Dried chickpeas must be soaked, at least overnight, before cooking. Adding baking soda to the cooking water shortens the cooking time to twenty to forty minutes. When cooked, pureed chickpeas can be made into hummus by mixing them with tahini (sesame seed paste), which is very oily and imparts a creamy mouthfeel. If a little more structure is desired, it is simply a matter of leaving the puree a little lumpy. Hummus is a staple of Middle Eastern and vegetarian cuisines and is often used as a dip or a spread on bread.

Sprouts

Dried seeds from plants, especially those from legumes and vegetables, can be sprouted if they are moistened with water and placed, if necessary, on a suitable base, such as soil, cotton batting, or gel. Sprouts consist mainly of a stalk and a small seed leaf. The sprouts of some seeds, such as beets, can be very long and thin, whereas others—for example, bean sprouts—are relatively short and thick.

Some types of seeds are quite robust and can sprout in virtually any environment. Cress is a good example. Others are more finicky and it can be challenging to hit on the exact amount of moisture needed to get them to sprout. There are also considerable variations in how long a sprout lasts before it loses its crispness and starts to wilt. It is usually best to eat the sprout together with the seed from which it grew, as the seed might also have given rise to tiny rootlets that are edible.

Fresh sprouts are very crisp, require no preparation, and can be served and eaten with a little dressing.

Wheat and barley sprouts develop a somewhat sweet taste because enzymes in the water-soaked seeds convert their starch into sugars that serve as energy depots on which the sprouted plants draw so as to grow.

Vegetables with a Bit of Bite

The term “vegetables” covers a whole variety of edible parts of plants—roots, stems, leaves, flowers, and fruits—whereas seeds are considered as something separate. The texture of a given part of the plant mirrors its biological function. In the kitchen we rarely differentiate between these parts. When we think of broccoli and asparagus, we include both the stalk parts and the flowering tops as part of the whole. At other times, we use stalks, such as rhubarb, as fruits, while we often forget that tomatoes and bell peppers are fruits and that corn is a grain.
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Wheat sprouts on a gellan gum substrate.



Roots are intended to anchor the plant in the ground, to take in nutrition and possibly to store it. Consequently, roots have hard fibers with areas where starch can be accumulated in the course of the growing season. The mouthfeel of roots, therefore, is determined by their age, ranging from young ones that are tender and crisp with only a little starch and older ones that are tougher and woody with more starch.

The role of stalks is to hold the plant upright into the sunlight and provide a pathway for the circulation of nutrition and fluids within the plant. This is why stalks have stiff fibers and a system of channels through which fluids are transported under pressure, which helps hold the plant upright. The crisp snap of a fresh stalk followed by an explosion of liquid is characteristic of the mouthfeel of this part of the plant. A stalk or leaf lacking in turgor pressure is tough and dry. A limp stalk can sometimes be made crisp again by immersing it in ice water. If necessary, the outermost layer of the stalk could be peeled away to allow the water to seep in more easily. The ice-water technique works for more than just stalks. Julienned carrots, snap peas, and daikon, among others, can be made incredibly crunchy by immersing them for a little while in cold water.

Leaves are the most delicate parts of plants and the transition from a delicious fresh texture to the inedible can be very abrupt. This is especially true of cabbage, lettuce, spinach, sprouts, and a number of herbs. Leaves easily give up moisture to their surroundings, causing them to dry up and wilt. They also become limp and much too soft when they are heated or cooked.

Those vegetables that are fruits, such as tomatoes, cucumbers, bell peppers, and avocados, become softer and sweeter as they ripen. In some cases, such as tomatoes and avocados, we prefer the soft texture of the ripe fruit, whereas for others, including summer squashes and eggplant, we like to eat them when they are still firm before they ripen fully.

Flowers are eaten almost exclusively on account of their colors and shapes. Large, juicy summer zucchini blossoms, which have a delicate, velvety texture that can be combined with a crispy crust when deep-fried, are a notable exception.

Raw, Never Cooked

A lifestyle choice that has gained traction in recent years is raw foodism. Its mantra is that one must follow a vegetarian or vegan diet and eat only food that has not be heated above a temperature of 104°–108°F (40°–42°C). The diet includes primarily raw vegetables, fruits, nuts, and seeds. The movement seems to be based on the concept that it is more authentic and natural for humans to eat raw food and it is promoted as a healthy option. Most people would probably feel very positive about eating fruits and berries completely raw and enjoy the crisp texture of a fresh apple. In some cultures even unripe fruits are highly prized—for example, unripe plums and almonds, which may be crisp and fresh without being sour.
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Unripe almonds and plums, which in the Middle East are eaten dipped in a little fine salt.

As described earlier in this book, our species and our ancestors have heated food for at least 1.9 million years. This cooked food, consisting of plants and meat, has been a precondition for the evolution of Homo sapiens. Seen from that perspective, there is little to support the idea that we should convert to a raw food diet. The temperature limit of 108°F (42°C) was chosen to preserve the enzymes in the raw ingredients. This is quite correct, but the possible health benefit of this type of preparation should be seen in the light of what happens when the food makes its journey from mouth through the digestive system—enzymes and other proteins are broken down. And according to nutritional experts, foods that can be eaten raw lack the full complement of vital nutrients, minerals, and vitamins, thus increasing the risk of becoming ill by following this diet.

That said, completely raw vegetables provide an interesting contrast to cooked food dishes and they have an inviting texture—crispness, crunchiness, and juiciness.

Preparing Vegetables

When cooking vegetables, it is important to take into consideration their large water content, as they will release some of it. As they are heated, plant solids become softer because pectin and the hemicellulose interspersed with the stiff plant cells are dissolved in the water. How this happens and how quickly it takes place depend on what is in the water. For example, pectin and the hemicellulose in beans dissolve quickly if the water is alkaline; the beans become soft very rapidly and may even turn to mush. Acidic water has the opposite effect, and water that has a neutral pH lies somewhere in between. Salts in the water have an effect similar to that of acidity, so it is easier and faster to cook vegetables in soft tap water.


Succulent Daikon

Daikon is a somewhat overlooked delicacy that can be turned into a pickle that is so crisp that it positively crackles or, as in this recipe, be simmered so that it remains a little crisp but still succulent. This dish can be eaten on its own as an accompaniment to a serving of fish.

•  Peel the daikon and slice it into crosswise slices that are 1¼–1½ inches (3–4 cm) thick. Use only the fat end of the radish.

•  Place the slices in a pot with water and food sake and simmer covered for about 20 minutes, or until the daikon is soft. Soup stock can be substituted for food sake and water.

•  Drain the daikon and arrange the slices on a plate. Drizzle a little soy sauce on the middle of each slice—it will seep into it along the length of the fibers.

Serves 6

1 large daikon

Food sake

Water

Soy sauce



When plants are cooked in water or when their cells are broken down by mechanical action, some of the starch in the cells can seep out. This starch can bind the water into a sticky mass, as is well known from cooking okra and black salsify. To preserve as much of the taste of the vegetables themselves, it can be advantageous to cook them in a sous vide pouch to retain their natural liquids.

Vegetables contain pectin, which is a polysaccharide. The pectin molecules can be made to cross-bind with one another into a stiff structure by adding calcium ions—for example, from calcium chloride or calcium citrate. Adding as little as 0.4 percent calcium chloride can help such vegetables as beans, potatoes, and carrots stay firmer while cooking. This effect is used industrially to preserve the shape of canned tomatoes. Similarly, when vegetables are preserved in brine, calcium salts—for example, from sea salt or calcium citrate—are added to help them retain their crispness.

Many people have little affection for cooked vegetables, possibly because they are often overcooked. This causes them to lose their inherent crisp texture and natural color and allows vitamins, minerals, and good taste substances to seep out into the cooking water. It is little wonder that many children are unenthusiastic about eating vegetables that have been prepared in such a way as to eliminate their interesting qualities.

Some of the crisp texture of vegetables can be preserved by grilling or roasting them. As vegetables have a low protein content, no Maillard reactions take place, but the surfaces do caramelize.


Vegetables, Prepared So That Children Love Them

•  Heat a convection oven to 525°F (275°C).

•  Peel the carrots, coat them liberally with honey, and sprinkle them with sesame seeds, cayenne, and salt.

•  Bake the carrots for 5 minutes, or until they are slightly charred, but still crunchy.

Serves 3–4

10 carrots (about 1 ounce [30 g] each)

1 tablespoon (20 g) honey

Black and white sesame seeds

A little cayenne pepper

Salt
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Vegetables, Prepared So That Children Love Them: carrots of different colors.



Like cooking, pickling vegetables is one of the oldest ways of preparing and preserving them. Using salt and vinegar draws the water out of the plants and the cell walls are made stiffer by adding calcium salts to ensure that the end result is crisp. An appropriately large amount of salt also helps the preserves withstand an onslaught by fungi and bacteria so that they have a longer shelf life.

A spontaneous fermentation process due to the presence of lactic acid and salt is another way to prepare and preserve vegetables—for example, to make sauerkraut or kimchi. To a certain extent, this process can retain some of the crisp character of the vegetables.

Still another way to preserve vegetables is to marinate them in already fermented products, such as miso or sake lees, or letting a fermentation process unfold in a medium into which the vegetables are immersed. The famous Japanese nuka-zuke is made using rice bran as a medium. In Japanese cuisine, a mold culture, koji, which is a starter for the preparation of soy sauce and miso, is also a popular option.

Tsukemono, or the Art of Culinary Crunch

Classical Japanese cuisine encompasses an abundance of brined foods, especially vegetables, but also stone fruits, such as plums and apricots. They are known as tsukemono and come in two varieties—those that must be eaten within a few days and those that will last for several months, particularly if they are salted as well as fermented. The pickling works best if it is done in a crock with a movable lid that can be weighted and pressed down. This is to ensure that the pickled foods are always covered by the brine and to prevent air or undesirable bacteria from coming in contact with the food.
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Tsukemono at a market in Japan.
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An assortment of tsukemono.

The most exciting aspect of a good tsukemono is its texture, which is both elastic and crisp, especially when made with cucumbers and daikon. In fact, biting into this quality of pickle can make such a crackly sound that it almost reverberates inside your head. The secret of its mouthfeel lies in the method: the vegetables are often dehydrated before they are brined. And dehydration is also the key to making tsukemono that will keep for more than a few days.

Dehydration removes up to a half of the water in the raw ingredients. This can take weeks if it is done outside in a hot, dry climate. Otherwise, the process can be shortened to a period of four to ten hours by using a dehydrator set at about 122°F (50°C), depending on the vegetables in question. Cucumbers need only a few hours, whereas large daikon may require up to ten hours. Once dried, the vegetables look like weak, miserable versions of themselves.

After they have been dried, the vegetables are cut into slices that are suitable for brining. The brine should contain enough salt to allow the pickles to last for a longer time in the refrigerator. The brine can be made up of sake, sugar, spices, vinegar, and citrus juice. A piece of konbu is almost always included, as the seaweed contributes umami substances. The dried vegetables soak up a little of the brine, but still retain their elasticity. When this turns out just right, the pickles are incredibly crunchy and crackle with every bite.

Grains and Seeds with a Multitude of Textures

Grains and the cereals made from them comprise a large group of foodstuffs that come in many guises with a broad range of different textures. Such grains as wheat, barley, oats, rye, rice, maize, and millet put in an appearance in cuisines all over the world. Breakfast foods, bread, cakes, pasta, flour, beer, porridge, and many other items are all based on them. While their large starch content is primarily important for its contribution to their significant nutritional value, it is also the source of their different types of mouthfeel.


Kohlabi Tsukemono

Tsukemono made from the roots of members of the cabbage family—among them daikon, baby turnips, and kohlrabi—can all be prepared in the same way. Seek out vegetables that are crisp and supple, clean them carefully, and then cut off the tops and the root tips. It is necessary to peel them only if they are really large and somewhat coarse. This recipe uses kohlrabi to make a pickle that is crisp and has very little of the characteristic cabbage smell. If the kohlrabi still has a nice green top attached, it would be a shame to waste the precious taste substances it can contribute—so just add it to the marinade. Kohlrabi tsukemono made this way will keep in the refrigerator for a month or two and will retain their crisp texture. They can be eaten as an accompaniment to vegetable and fish dishes or chopped finely and added to a green salad together with avocado, kidney beans, or chickpeas.

•  Cut the trimmed kohlrabi into halves. Place them in a dehydrator set at about 125°F (50°C) for 6–10 hours, depending on their size. They should lose about half of their weight.

•  If necessary, trim away the outermost very dry rim and then cut the halves into slices that are about ¼ inch (6 mm) thick.

•  Dissolve the salt in the food sake and cover the seaweed and the kohlrabi with the liquid.

•  Add sugar and vinegar or lemon juice according to taste.

•  Refrigerate. The tsukemono will be ready for use after a few hours but their flavor will be richer after several days.

21 ounces (600 g) kohlrabi (about 3 small ones)

5 teaspoons (25 g) salt

1 cup (250 g) food sake

1 piece of dried konbu (about ⅓ ounce [10 g])

Sugar

Vinegar or lemon juice



A single type of grain can be prepared in different ways to produce a whole range of tastes. Here we take a closer look at two examples, wheat and rice. On a global scale, these grains are two of the most widely cultivated crops and their protein and starch contents are the most important sources of proteins and calories for a vast proportion of the world’s population. To a large extent, what follows by way of examples in the following text can be applied to other types of grain.

Wheat: So Many Textures from a Single Grain

The large group of grains that we call wheat is an example of an extremely versatile raw ingredient. When in its natural state, it is hard and difficult to chew, but it can be prepared in many different ways that result in a wide range of textures.


Japanese Cucumber Salad

Sometimes cucumber salads very quickly lose their fresh taste and crisp texture, becoming limp and unappealing. One solution is to use the ingenious Japanese idea of drying the cucumbers before adding the marinade so that the salad will keep for several weeks.

•  Wash the cucumbers thoroughly in cold water. Cut them into halves lengthwise and use a spoon to remove the softest inner part and the seeds.

•  Place the cucumbers in a dehydrator set at 125°F (50°C) for 3–4 hours, depending on size.

•  Cut the dried cucumbers at an angle to make slices ¼ inch (6 mm) thick.

•  Dissolve the salt in the food sake and water. Place the seaweed and the cucumber slices in the marinade. For a tangier flavor, add a little vinegar or lemon juice according to taste.

•  Refrigerate. This tsukemono is ready to be used after a few hours and will keep for a month or two.

2 cucumbers

1 cup (250 ml) food sake

6½ tablespoons (100 ml) water

2 tablespoons (36 g) salt

Vinegar or lemon juice

1 piece of dried konbu (about ⅓ ounce [10 g])
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Japanese Cucumber Salad.



The simplest approach is to soak the wheat and eat it as a raw food that has a firm, plastic texture. Once soaked, it can also be placed on a suitable growth medium—for example, a gellan gel—and allowed to sprout. The actual wheat kernels become softer and slightly creamy; the fresh green sprouts are juicy and crisp. Wheat kernels that have been husked but are still surrounded by some of the bran—known popularly as wheat berries—retain much of their texture after being cooked lightly or steamed. Another option is to use the soaked kernels to make a slow-cooked creamy dish that resembles a risotto.


Muesli with a Difference

The original meaning of “muesli” is “something that is pureed or mashed.” As prepared in the traditional Swiss way, it consists of a mixture of rolled oats, nuts, seeds, and dried fruits that has been soaked in water or juice. For most of us now, though, muesli is a dry mixture of cereals, nuts, and fruits that is often eaten for breakfast as a cereal with milk or sprinkled on yogurt to add a bit of crunch. But its exact composition is limited by only our imagination—in this recipe it takes flight.

•  Cook the radish and the red cabbage seeds in water for 30 minutes in separate pots.

•  Spread the seeds out in a dehydrator and dry at 125°F (50°C) for 2–3 hours.

•  Place the radish seeds in a heatproof sieve and deep-fry them at 392°F (200°C) in neutral-tasting oil until they sizzle (no longer than 5–10 seconds).

•  Repeat the process at 356°F (180°C) for the red cabbage seeds.

•  Warm 5 tablespoons (70 g) of the maple syrup, glucose, and oil. Stir in the rolled oats and fried seeds and mix evenly.

•  Spread the mixture on a baking paper on a flat pan and toast it in an oven at 325°F (160°C) for 15 minutes, turning it over from time to time.

•  Chop the pistachios coarsely, mix them with the remaining tablespoon (15 g) of maple syrup, and bake them at 325°F (160°C) for 10 minutes. Stir them into the rest of the muesli mixture. Save in an airtight container.

Serves 30

3½ ounces (100 g) radish seeds

3½ ounces (100 g) red cabbage seeds

Neutral-tasting oil, for frying the seeds

6 tablespoons (85 g) Grade A maple syrup

2 tablespoons (30 g) glucose

1½ tablespoons (25 ml) neutral oil

2½ cups (200 g) rolled oats

3½ ounces (100 g) shelled pistachios
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Seed Muesli with Red Beet Sorbet.
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Wheat prepared eight ways: (top) soaked and puffed; (middle above) roasted and partly sprouted; (middle below) ground into flour and cooked; (bottom), roasted and smoked and fully sprouted.

Cooked wheat kernels can be used in a variety of ways. When pickled or marinated, they add texture to a salad or as a condiment. Dehydrated cooked kernels can be popped to make them crisp but easy to chew, and incorporated into muesli or desserts. Alternatively, they can be pureed and sieved to form the basis for a creamed grain dish. If fermented in the same way as soybeans, they can be transformed into tempeh, which has a soft, creamy, and porous texture.

Wheat products take on many different forms and come in textures that range from the very coarse to the extremely fine, all depending on how they are milled. Coarsely ground meal, such as cracked wheat, is cooked and served with main dishes or added to salads, whereas the finer flour is made into pasta or baked in bread and cakes.

The starch in wheat flour can be washed away almost entirely so that virtually all that remains is the protein or gluten. In many Asian countries, the gluten is kneaded into a tough, very elastic dough and cooked in water or bouillon to make seitan, which is often used as a meat substitute because it has a similar texture. In and of itself, seitan has little taste, but its mouthfeel is chewy and it rubs against the teeth giving off an almost squeaky sound that helps enhance the taste experience.

Rice: Hard, Soft, or Sticky

There are at least 40,000 different varieties of rice, and they are classified into three principal types according to the length of the grains. The length of the grains has a significant effect on the texture of the rice when it is cooked in water. Long-grain rice retains its firmness and elasticity, and the individual grains stay separate. Medium-grain varieties turn out softer and have a slight tendency to stick together. This is particularly characteristic of those special types that are used to make risotto. Short-grain rice becomes very soft and sticks together tightly, which is why it is used to make sushi, sticky rice, and rice pudding.

The relationship between the two types of carbohydrates in starch—amylose and amylopectin—determines how much “bite” there is in cooked rice and the extent to which the grains stick together. Short-grain rice has more amylopectin, which results in a softer mouthfeel than the harder long-grain rice that contains more amylose. More water is needed to dissolve the starch molecules that are rich in amylose. Consequently, cooking long-grain rice generally requires twice as much water as is used for short-grain rice, with the amount for medium-grain varieties falling somewhere in between. Rice that contains a great deal of amylopectin also has less of a tendency to retrogradate, a reaction that takes place when the chains of the starch molecules realign themselves as they cool. This is why sushi rice and rice pudding remains soft when cooled, whereas long-grain rice becomes hard and tough.


Crisp Risotto Balls with Mushrooms, Broad Beans, and Mussel Powder

•  Soak the mushrooms for several hours, cut them into bite-size pieces, and allow them to drain on absorbent paper.

•  Warm the olive oil in a heavy pot, add the chopped shallots, and cook over gentle heat until the onions are transparent.

•  Add the rice and allow all to simmer for a few minutes.

•  Add the mushrooms and then the chicken stock, little by little, stirring gently. Continue adding the stock slowly for 15–20 minutes, or until the rice has absorbed all the liquid. The rice grains should still have a bit of “bite” when the risotto is finished.

•  Add the broad beans, stir in the butter and Parmesan cheese. Season with salt and freshly ground white pepper. The risotto should be spicy.

•  Cool the risotto and divide into 1-ounce (25 g) portions.

•  Shape the risotto into balls and refrigerate them for 30 minutes.

•  Mix the flour and the mussel powder. Roll the balls in the flour mixture, and coat them with the egg white and the panko crumbs. Refrigerate.

•  Just before serving, heat the neutral oil to 329°F (165°C). Deep-fry the risotto balls until they are light brown and crisp. Sprinkle lightly with Maldon salt.

•  Optionally, serve accompanied with pickled red onions, marinated broad beans, black garlic, and mint.

Makes about 50 small risotto balls

¾ ounce (20 g) dried mushrooms

A little olive oil

1¾ ounces (50 g) shallots, finely chopped

1 cup (250 g) risotto rice of good quality

About 4 cups (1 L) good chicken stock

3½ ounces (100 g) fresh broad beans or soybeans

5 tablespoons (75 g) butter

2⅔ ounces (75 g) fresh Parmigiano-Reggiano cheese, finely grated

A little salt and pepper

Maldon sea salt

COATING

¾ cup + 1 tablespoon (100 g) all-purpose flour

1 teaspoon (5 g) mussel powder

Egg white, lightly whipped

Panko bread crumbs

1 quart (1 L) neutral oil, for deep-frying
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Crisp Risotto Balls with Mushrooms, Broad Beans, and Mussel Powder.




ON THE HUNT FOR THE PERFECT SUSHI RICE

For eleven years, until 2011, Morihiro (Mori) Onodera operated a little sushi restaurant, Mori Sushi, in the western part of Los Angeles. Mori Sushi consistently earned top marks from the food critics and was awarded a Michelin star in 2008. As far as Mori is concerned, it is the quality of the rice that is by far the most important element of a good sushi. In fact, his passion for sushi rice is so great that he now grows his own rice in paddies in Uruguay, where the growing conditions closely mirror those in Japan. He focuses on the texture of the cooked grains and has developed a special test to differentiate the good sushi rice from the poor. When cooked, the individual grains should be soft but still feel a little firm between the teeth. They should be able to stick together and must not separate from one another until the piece of sushi is in the mouth. Mushy, overly sticky rice is a catastrophe; the same judgment is passed on rice grains that are too hard and do not adhere when they are pressed together by hand.

According to Mori, short-grain rice of the koshihikari variety comes closest to perfection for making sushi. He evaluates rice using a very simple test. He places dry, polished grains of rice in a little water and then counts how many of the grains crack open as they absorb water. In poor rice, about seven out of a hundred grains might crack, while in good-quality rice, a single one at most will crack or split apart.

When a grain of rice cracks open, the starch seeps out into the water, causing the rice to become too sticky and giving it a poor mouthfeel. For the same reason Mori insists on washing and cleaning the rice several times in cold, clean water, to remove the powdery starch residue that results from the polishing process. To produce perfect soft sushi rice, the grains are soaked completely in water for about an hour before they are cooked.
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Two qualities of sushi rice: (left) highest quality, with at most 1 percent of the grains showing cracks when they are soaked in water; (right) medium quality, with 5–10 percent of the grains cracking open.



The preparation of risotto involves striking just the right balance between two contradictory textures. The overall effect should be that of a creamy, slightly runny solid, but the individual grains should be distinguishable and feel a little firm when chewed. This is achieved by allowing an appropriate, but not too large, amount of the starch to dissolve into the liquid. Special varieties of rice are generally used to make risotto, with several Italian ones—Arborio, Carnaroli, and Vialone—being particularly well known.

Rice can be prepared in such a way that the gelatinization of the starch results in some sticky, tough dishes that have a very particular mouthfeel. In sticky rice, a staple of Chinese cuisine, the individual grains are cooked almost to the point of mush and adhere to one another to form a solid mass.

The Japanese rice cakes called mochi are made from steamed rice that is then pounded together into an elastic, soft, and sticky mass that can be eaten fresh. Sometimes the mochi is filled with a sweet bean paste, an example being daifuku, a little round cake that contains adzuki bean paste. Daifuku is covered with a fine layer of cornstarch or potato flour so that it does not cling to the fingers and is easier to eat. This type of cake has just about the most velvety mouthfeel imaginable. Mochi can also be toasted on a grill to make very crisp rice cakes known as senbei. They are traditionally served for New Year celebrations, often with tragic consequences. It is reported that every year a number of elderly Japanese choke on these sticky treats as they find their mouthfeel irresistible and fail to chew them adequately.

Crisp, Popped Grains and Seeds

Dried grains and seeds can be puffed by frying them in warm oil, so that the hard outer shell suddenly bursts open turning the seed inside out. This is precisely what happens when we make popcorn.

Regardless of whether corn or other grains are popped, their particular texture is derived from a balance between the structure of the outer part of the seed—the shell—and the moist interior. The surface of a dried grain is stiff and glassy. When it is warmed, the shell becomes softer and at the same time its moisture content turns to steam, building up a great deal of pressure on the inside. The trick is to find the point where the pressure is sufficient to force the shell open before it becomes too soft and supple. To have a sufficient moisture content inside the grain, it may be necessary first to cook it in water and then dry the outside thoroughly before it is popped.

Popcorn is eaten all around the world as a snack, but these crisp, puffed kernels are also served in South America as a condiment with ceviche.


POPCORN SCIENCE

Two French researchers have investigated the physics of popcorn. When each kernel pops, it sends out a sound that lasts less than one-hundredth of a second right at the point when the shell bursts. The shell bursts because the water inside it turns to steam and builds up pressure. When the temperature reaches about 355°F (180°C), it bursts and the white inside erupts out of it, forming a larger porous structure. Just as if it had been kicked, the kernel jumps up from the pan.
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Formation of popcorn photographed with a high-speed camera that records images at seven-microsecond intervals.



Culinary Cousins: Ceviche, Tempura, and Fish-and-Chips

Language may be the best way to trace the development and globalization of the food we eat. We all have to eat, even when far away from home, and being omnivores, we are often eager to try unfamiliar types of raw ingredients and the role they play in local food cultures, no matter how foreign they might seem.

We have a tendency to think that the globalization of food is a new phenomenon, but travelers, whether sailors, merchants, or migrants, have always brought their culinary traditions with them from place to place. Over time, other ingredients were substituted for the original ones, recipes evolved, and the names of the dishes were gradually transformed as they became embedded in their new surroundings.

In his book The Language of Food, American linguist Dan Jurafsky presents a fascinating, well-written story about the language that describes food and taste and how this mirrors the origins and evolution of a dish. A particularly interesting illustration of his ideas is to be found in the links among ceviche, a dish of marinated raw fish that we associate most closely with South America, especially Peru and Chile; Japanese tempura; and the quintessentially British fish-and-chips.

All three dishes can be traced back to sixth-century Persia and an ancient dish, sikbāj, a sweet and sour meat stew made with onions and vinegar, but entirely without fish. Eventually the dish moved westward into the Mediterranean area, where its name took such forms as scapece in the Neapolitan dialect and escabeche in Spanish. There, fried fish replaced the meat but the vinegar remained. It is possible that seafarers started to replace the meat with the more readily available and cheaper fish. And fried fish (pescado frito) was a popular option in the Catholic parts of Europe, where abstinence from meat was obligatory during Lent and on many feast days. In the course of the voyages of discovery, escabeche made its way to South America. Its name once again underwent modification when the Spaniards created ceviche by fusing the native Peruvian tradition of eating raw fish with a marinade of citrus juice, onions, and chile. Portuguese Jesuit missionaries took pescado frito in another direction to Japan, where it lives on as tempura. It is also thought that Jews who were expelled from the Iberian Peninsula brought their version of cold-battered fried fish soaked in vinegar first to Holland and then to England at the end of the seventeenth century. By the middle of the nineteenth century, potatoes fried in drippings came to London from Ireland or northern England, and they were partnered in short order with these battered fried fish, served hot with a splash or two of vinegar.

The Secrets of Sauces

Sauces are a central element in any cuisine where they serve as a liquid condiment that contributes taste, color, and mouthfeel to the food. In many cases, they are what makes a dish taste particularly savory. Even though they are liquid, sauces have their own spectrum of textures, and often help highlight the mouthfeel of the food that they accompany—for example, by providing contrast or enhancing it.

Sauces have two principal functions. First, they may have more concentrated taste substances that help the overall taste linger in the mouth for a long time. Second, their texture can add greatly to the appeal of the more solid elements of a dish and make them easier to handle in the mouth. Some sauces—for example, hollandaise or gravy—are eaten warm; whereas others, such as mayonnaise and vinaigrette, are served cold.


Ceviche with Chile Peppers and Popcorn, Sprinkled with Nutritional Yeast

PREPARE THE POPCORN

•  Place the oil and popcorn kernels in a pot, cover with the lid, and set over medium heat.

•  Have ready the salt, nutritional yeast flakes, and chile.

•  Shake the pot when the kernels begin to pop and continue shaking it intermittently until the popping stops.

•  Sprinkle the salt, nutritional yeast, and chile over the popcorn. Toss it all together and check the seasoning. Place in a bowl at room temperature until served.

PREPARE THE CEVICHE

•  Clean, peel, and devein the shrimps and place them in a bowl with a 7% brine for 5 minutes. Drain and refrigerate.

•  Cut the fish into uniform thin slices and place them immediately in a separate bowl.

•  Sprinkle a little finely ground salt on the fish and add the yuzu juice, lime juice, and avocado oil.

•  Chop the red onion and marinate for 15 minutes in a 5% brine. Drain. Place the spring onion and red onion in the bowl with the fish.

•  Coarsely dice the small tomatoes, season with a little sugar and salt, add them to the fish bowl, and refrigerate.

TO SERVE

•  Distribute the fish, vegetables, and juices in small glass bowls. Garnish with coriander leaves.

•  Quickly sauté the shrimps in a little olive oil in a hot skillet. Place them on the ceviche and sprinkle the popcorn on top.

Serves 6

POPCORN

2 teaspoons (10 ml) oil

1½ tablespoons (20 g) popcorn kernels

½ teaspoon (2 g) salt

¼ teaspoon (1 g) nutritional yeast flakes

⅜ teaspoon (1.5 g) freshly chopped chile pepper

CEVICHE

12 large shrimps

7% brine

9 ounces (250 g) firm white fish

Finely ground salt

3 tablespoons + 1 teaspoon (50 ml) yuzu juice

6½ tablespoons (100 ml) lime juice

1½ tablespoons (25 ml) avocado oil

1 red onion

5% brine

1 spring onion, cleaned and sliced

10½ ounces (300 g) small ripe tomatoes, in an assortment of colors if available

A little sugar and salt

Coriander leaves

Olive oil
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Ceviche with Chile Peppers and Popcorn, Sprinkled with Nutritional Yeast.



It is hardly surprising that there is an enormous variety of sauces, each designed to be paired with specific foods, whether these are meats, fish, vegetables, starches, salads, or desserts. Each of the world’s diverse cuisines has a signature style in sauces, which often serve to identify them. Classical French cuisine is justly famous for its rich tradition of sauces, not least on account of the master chef Marie-Antoine Carême (1784–1833), who laid the basis for their classification. According to him, there were four mother sauces: tomato, béchamel, velouté, and espagnole. Later, another illustrious chef, Auguste Escoffier, added a fifth variety, hollandaise. An enormous number of variations fall under each of these broad categories.

This all-embracing system of classifying sauces can actually be simplified into two main groups: sauces that are not thickened and those that are. The simplest unthickened sauces are made up of the cooking water, fruit juices, meat juices, and melted butter, and some of them resemble soups. Glace is a good example—it consists of meat juices that are slowly reduced over heat to concentrate the taste substances and that can be used as the basis of a more complex sauce. On account of the gelatin in the meat juices, a glace will thicken and eventually gelatinize on cooling. This type of jelly is also called an aspic. It will melt again when the temperature goes above 99°F (37°C). These sauces and glaces have an interesting mouthfeel that is based on the interplay between the melting properties of the gelatin and the release of taste and aroma substances.


Not too thick and not too thin

Thickening a sauce, especially using starch, requires a balance between achieving the right consistency without unduly reducing the taste intensity. Thin sauces are more intense because the taste and aroma substances are more mobile and have an easier time making contact with the receptors in the mouth and nose. However, they do not cling to the food pieces sufficiently long to allow the palate and the tongue to enjoy their taste to the fullest extent. The best compromise is a sauce that is sufficiently thick to stick to the solid pieces of food and linger in the mouth. Some of the taste that is lost when a sauce is thickened can be recaptured by adding salt, but this draws attention away from the mouthfeel.



An unthickened sauce can also be an oil and vinegar mixture that has not been emulsified—for example, a vinaigrette. The sauces often contain small, firm particles, possibly from meat or vegetable components that are dispersed in the sauce. To a certain extent, unthickened sauces can be thickened by reducing them, leaving them more viscous because the particles are concentrated, as are the taste substances. As heat is generally used to reduce the liquids, doing this over a longer period of time can have the unfortunate consequences of causing changes in the taste substances and loss of aromatics.

There are numerous ways to thicken sauces, including introducing gelling agents and starches, which have already been discussed. As many sauces contain both oil and water, they can also be thickened with an emulsifier, the role played by egg yolk in mayonnaise. In addition, sugar, milk, cream, sour milk products, purees, and bread crumbs (rouille) can also serve this function. In many modern restaurants, the large arsenal of gelling agents and gums discussed earlier has replaced the traditional ways of thickening sauces, contributing new texture elements to the world of sauces. It is also possible to achieve the effect of thickness by beating air into the liquid or adding whipped cream. The thickening effect is created by the difficulty the air bubbles have in getting past one another, but it is short-lived.

If one has only a limited knowledge of the culinary arts, sauces are probably considered a somewhat mysterious challenge. It can be viewed as a personal triumph to produce for the first time a sauce that has turned out really well, being tasty and free of lumps.

Some condiments, including soy sauce, fish sauce, and Worcestershire sauce, are called sauces, but actually they are not. Others, such as ketchup, mayonnaise, and rémoulade, are sauces but are not thought of that way.

Many of the classic sauces—béarnaise, hollandaise, bordelaise, and others—are prepared separately from the dish with which they are to be served and can be used in a variety of ways. Other sauces are linked to a specific dish, typically based on the liquid or meat juices that result from the cooking process. They are almost always thickened or emulsified. A well-known example is the sauce made with the pan juices left over from frying or sautéing. The pan is deglazed with stock, fruit juice, cream, milk, or wine; the liquid is reduced over heat; and it may then be thickened. This type of sauce is eaten immediately after it is prepared, together with the rest of the ingredients in the dish.

Most sauces are complex and often involve a combination of factors: thickening, emulsification, and suspension of many different particles.

Vinaigrette

Vinaigrette is a cold, unthickened sauce that is a mixture of oil, wine vinegar, salt, pepper, and possibly some other spices, all whisked together. Depending on how it is to be used, it can be varied by the addition of other ingredients, such as mustard, lemon juice, and tomato puree. In its simplest form, this type of dressing is not emulsified and the oil and vinegar separate partially from each other. When shaken, the mixture thickens a little because the oil is broken up into tiny droplets. When left to stand for a period of time, the principal ingredients separate again and the vinaigrette needs to be shaken vigorously before each use.

Thickened Sauces

A traditional way to thicken sauces is by using flour or starch. Unfortunately, sauces thickened with such substances have a tendency to become lumpy. To prevent this from happening, it is best to dissolve the thickener in water or in a fat before combining it with the rest of the liquid.

An ordinary thickener can be made with different types of flour and starch that are first dissolved in water to make a runny mixture that can easily be stirred into the rest of the liquids. Potato flour makes a thick sauce because the starch granules are large, but the result can be somewhat grainy. Using corn- or rice starch, which is made up of smaller granules, results in a smoother sauce that has a glossy appearance. In all cases, stirring the sauce vigorously as it is being prepared helps break up the starch granules, leaving it with a more even texture. As flour also contains a certain amount of protein, sauces thickened with it often have a grainier structure and a less glossy surface than those made with pure starch.

A sauce thickened with a mixture of flour and fat, called a roux, is one of the most traditional sauces still being prepared. The roux is made of equal parts of flour and melted fat and results in a very smooth sauce. To make it, the fat is first melted at a moderate temperature and then the flour is stirred in. This mixture is heated until it takes on the desired color: white, blond, or brown. At this point, stock, wine, cooking water, milk, or meat juices are whisked in slowly to prevent lumps from forming. The longer the roux has been heated, the lower the risk of forming lumps in the gravy and making it grainy on account of the proteins in the flour. Using pure starch instead of flour skirts this problem entirely.
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A thick and a thin brown gravy.

A white roux can be made into a béchamel sauce by adding milk, cream, or bouillon to it. A blond roux, which may also contain egg yolks or cream, can be turned into a velouté served with veal, poultry, or fish dishes. Brown roux is used to make sauce espagnole. Because it has been heated for such a long time at a high temperature, it has lost some of its ability to thicken and, consequently, is used mostly to add color to other sauces. When Madeira is added to a sauce espagnole, it becomes a demi-glace.

The taste of a brown sauce is sometimes modified with a liquid called a gastrique. This is a viscous, sweet, and sour liquid made from caramelized sugar and vinegar that also has the effect of making the sauce thicker.

A sauce can also be thickened by adding fat—for example, butter or cream, to it when it is below the boiling point. This works because the fat in the form of smaller droplets somewhat thickens the sauce, helps round out its taste, and makes it feel creamier in the mouth. As the fat can bind some of the taste and aroma substances, however, adding too much masks the taste of the gravy. Sauces of this type can also be enriched using milk, sour milk products, and cheese.

Emulsified Sauces

The majority of emulsified sauces consist of oil in water. The capacity of the emulsions to bind oil and water causes the sauces to coat the mouth in an appealing way, allowing enough time for the taste and aroma substances to be released before the food is swallowed.

Hollandaise sauce is regarded as the mother sauce for all emulsified sauces. It is made by emulsifying a mixture of melted butter in bouillon, and optionally lemon juice, with the help of an egg yolk. First, the egg yolk is beaten together with the bouillon (and lemon juice, if using) and the mixture is placed in a warm water bath. The melted butter is then beaten in a little at a time. Hollandaise is normally seasoned with salt, a little more lemon juice, and cayenne pepper. It is served right away with fish, vegetable, and egg dishes.

Béarnaise sauce, a variation of hollandaise sauce seasoned with spices and herbs, is typically served with beef dishes. The most frequently used herbs are tarragon and chervil. Making a good, stable béarnaise sauce can be a challenge. If the sauce turns out lumpy and coagulates, it is possible to re-emulsify it into a homogeneous liquid, by adding vinegar to make it more acidic and beating it very vigorously.

In principle, mayonnaise is an emulsified sauce. In contrast to hollandaise and béarnaise, it is served cold. A classic mayonnaise is made from a mixture of vegetable oil and either lemon juice or white wine vinegar that is emulsified with the help of egg yolks and seasoned with salt, pepper, and spices, if desired. It can also be emulsified using mustard. It is made by blending the lemon juice or white wine vinegar and the emulsifier. The oil is then added slowly while stirring constantly, starting with a drop at a time. The mayonnaise will separate if the oil is added too quickly or if there is too little water in the mixture. In a well-made mayonnaise, the tiny oil droplets are so close together that the emulsion is quite firm and has a slightly elastic mouthfeel.

Aioli is a common variation of mayonnaise that contains garlic. In Mediterranean areas it is a very popular accompaniment for seafood dishes and fish soups. Another variation is rémoulade sauce, which is flavored with an assortment of chopped herbs, pickles, and optionally capers. In many parts of northern Europe it a widely used condiment for some roast meats, fish, and pommes frites.


Béarnaise science

In 1977, a team of researchers led by Danish scientists explained the theory of how béarnaise sauce is stabilized. They demonstrated that having some insight into the colloidal properties of the sauce could help rescue a sauce that had coagulated and find a way to re-emulsify it into a fine, homogeneous whole. By examining the different forces at work between the molecules in the emulsion, they found out that if more vinegar is added the drops repelled one another, stabilizing the mixture. There is a tendency, however, for them to clump together if salt is added. In addition, the stability of the emulsion increases as its temperature cools.



Rouille

Rouille is a sauce that can be thickened with bread crumbs or crusts from old bread. It traditionally used as a garnish with the fish and shellfish soup, bouillabaisse, both to add taste and to thicken the soup. It is often made by pureeing together olive oil, red chile peppers or cayenne, garlic, and saffron, and then thickening with bread crumbs. According to other recipes, it is a form of aioli to which softened old bread, garlic, and cayenne are added.

The Mouthfeel of Soups

A soup is basically a tasty liquid to which just about anything can be added: meat, fish, shellfish, vegetables, grains, peas, mushrooms, noodles, seaweed, miso paste, or tofu. The liquid can be left very runny or thickened in the same way as sauces. The mouthfeel of soups is rarely mentioned, but in reality it is precisely their mouthfeel and variations thereof that make them special. It is particularly the contrast between the textures of the liquid element and the firmer ingredients that is interesting. The way in which the liquid coats the mouth also helps intensify the taste of the solid particles.

Stock, Broth, Bouillon, and Consommé

Soup always starts with a stock, based on fish, meat, bones, or vegetables boiled in water and then sieved to remove the solid pieces. It is composed primarily of water and will contain dissolved carbohydrates, proteins, and fats, in addition to taste and aroma substances. In its purest form, it has little taste. If seasonings—for example, salt, pepper, and other spices and herbs—have been added to it, it is usually referred to as a broth or by the French term, bouillon. Sometimes the stock is clarified using an egg white, as this causes the water-soluble proteins in the liquid to coagulate. Consommé is a broth that has been concentrated by boiling off some of the liquid.

All these soup bases have a watery texture, unless bones used to prepare them have yielded sufficient gelatin to have a thickening effect. Consequently, they are usually not particularly viscous and do not coat the inside of the mouth. Even though the taste and aroma substances have little difficulty in reaching the receptors in the mouth and the nose, the soup has a tendency to disappear down the throat before the taste experience has been savored to the fullest extent. This is why soup bases should be thickened and fortified with solid ingredients to introduce an interesting mouthfeel.

Thickening Soups

Soups are thickened in the same way as sauces, with the addition of starch, roux, gelatin, gelling agents, eggs, milk, cream, cheese, and purees. For the soups to have an interesting texture and coat the mouth in a pleasing way, it is necessary for the thickened soup to be able to mix well with the saliva. This occurs easily when starch or gelatin, for example, are used as thickeners. But soups thickened with some of the more complex polysaccharides, such as xanthan gum, do not mix readily with the saliva. The result is that saliva does not receive the taste substances sufficiently quickly, and in addition, the soup may feel a little sticky.

Adding Texture

What makes a soup really palatable, whether it is a thick or a thin liquid, is the way in which its mouthfeel is varied by adding solid ingredients to it. As these often need to be prepared a different way or for longer or shorter periods of time, the soup base and the solid elements are often prepared separately. One can also take the easy way out and use ready-made stock—whether in the form of cubes, powders, or concentrated in cans—and cook the solid pieces in it.

Provençal bouillabaisse provides us with an excellent illustration of how to achieve textural variations using a range of ingredients. There is a plethora of recipes for bouillabaisse, but they are all based on a thick fish broth. It is made by boiling together an assortment of fish and shellfish that have a range of textures, along with onions, tomatoes, garlic, and herbs, in a large quantity of olive oil to which white wine has been added. The gelatin from the fish bones helps thicken the soup. When the mixture is brought to a rolling boil, the oil is split into tiny droplets that are emulsified and made creamier with the help of the gelatin extracted from the bones in the fish. Traditionally, the fish pieces and shellfish are removed from the liquid and served on the side. A piece of bread toasted in olive oil, which adds another dimension to the mouthfeel of the dish, is placed in a bowl and the soup is poured over it. The soup must be eaten right away before the oil separates out. In some bouillabaisse recipes, escargots are used instead of seafood.


SWEET FRUIT SOUP WITH TAPIOCA “EYES”

A sweet soup made with fruit juice and sago pearls, this old-fashioned Scandinavian dish looks like a soup with small glassy eyes that seem to stare at us when we eat it. The tough and slightly sticky texture of the swollen sago pearls is the most prominent textural element of the soup.
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Some soups that were everyday fare in peasant kitchens in a bygone age often contained grains or other starchy ingredients, such as sago, potato starch, and semolina, that, apart from their nutritional value, acted as thickeners. A much-loved hearty soup of this type is Scotch broth, a lamb and barley soup—an excellent example of how the cereal rounds out the soups and binds the various textures together. Gruel in its various forms, including porridge and congee, which was a staple in the diet of the poor, can be classified in the same broad category as soups.

Transforming Chewy Dough into Crisp Bread

In principle, baking bread involves gelatinizing the starch in the dough. When it is heated, the tough, gelatinized structure of the crumbs in the dough change to the texture that is the hallmark of fresh-baked bread. The nature of the crumbs has changed from being tough to being spongy and solid. How closely they are packed together depends on the leavening agent used, how long the dough is allowed to rise, and the gluten content of the flour. At the same time, the crust has become crisp and crunchy.

Breads are characterized by the type of flour, alone or in combination with others, that is used to make them as well as the way they are kneaded. There is a great deal of difference between those made with yeast and those that incorporate a bacterial culture, such as an old sourdough starter.

From Crisp and Soft to Old and Dry Bread

While the crisp crust of freshly baked bread is almost irresistible, it loses its appeal when it has absorbed moisture and become soft and leathery. The mouthfeel of the former is crunchy and its brown appearance raises expectations of both crispness and release of tasty Maillard compounds that have formed as it baked.

Bread tastes best when it is really fresh with a wonderful crunchy exterior and a pleasantly airy, soft, and spongy interior. It has the very best mouthfeel. When the bread is a few days old, its crust loses crispness and the interior becomes hard. The loaf is dry and stale. But what actually happens is quite the opposite. The environment in which the bread is stored usually has a greater moisture content than the interior of the freshly baked loaf and it absorbs water from its surroundings. When this happens, the starch content crystallizes (or retrogradates) and become hard again, just as they were in the flour from which the bread was baked. This is why it has a dry mouthfeel.

To a certain extent, bread that has gone stale because the starch has retrogradated can be rescued by warming it to 140°F (60°C), causing the starch crystals to melt again. Adding emulsifiers, such as egg yolks, to the dough can prevent retrogradation.

Storing bread at lower temperatures, such as those found in a refrigerator, speeds up the crystallization of the starch grains. This is why bread should always be stored at room temperature. But bread can be kept successfully in a freezer because crystal formation stops at temperatures below 23°F (−5°C). The bread should be frozen just after it has been baked.

There is no need to throw out old bread, as it can be used to make crumbs or to enhance the mouthfeel of sauces and dressings—for example, as rouille.

Crisp Crusts and Novel Shapes: Pretzels and Bagels

Pretzels and bagels have a particular mouthfeel because of their two distinctly different textures: their outsides are thin, hard shells and their insides are soft.

Pretzels, which have a distinctive salty taste, are made from a stiff wheat flour dough. Once they have been shaped, they are sprayed very quickly in an alkaline solution of water and lye (sodium hydroxide). The lye combines with the carbon dioxide in the air and form a hard calcium carbonate shell, a process known as calcification. The heat and moisture present in the oven cause the starch on the surface of the pretzels to gelatinize. When baked at a high temperature, this gelatinized exterior becomes hard and shiny. Because the lye is alkaline, it helps speed up the Maillard reactions on the crust, turning it brown and enhancing its taste. The oven temperature is then lowered while the pretzels continue to bake until the insides are completely dry but still riddled with tiny air bubbles. Calcification of the outside shell can also be induced by gentler means, by substituting baking soda for lye.

Bagels are a traditional eastern European form of yeast roll made with wheat flour that is kneaded into a stiff, firm dough. They derive their distinctive character from being boiled before being baked. There are many different recipes but the most classic kind, such as the Montreal bagel, has a dense and slightly sticky interior and a firm, crisp, shiny surface.

Rusks, Hardtack, and Biscotti: Twice-Baked and Very Dry

There is a whole range of baked goods that have an exceptionally dry mouthfeel, generally because they have been baked two times or baked once and then allowed to dry out, making them very long-lasting. The words used for a pair of examples of these baked products are “biscuit” and “zweiback,” both of which literally mean “twice-baked,” in Old French and German, respectively. In English, they are commonly called rusks, biscuits, or crackers.

A particular type of rusk, hardtack, was originally made simply from wheat or rye flour, water, and salt. It has a long history. Since the time of the Roman legionnaires, hardtack has been used as a reliable, nonperishable food on military campaigns and later it became a staple on long voyages in the days of sailing ships. Over the years it has taken on a number of forms in different countries, but it is now mostly used as a form of survival food, whether in rations or for rescue missions. Hardtack is sometimes crumbled and added to soups, especially fish chowders, to add texture.


Seriously Old-Fashioned Sourdough Bread with a Crisp Crust

Sourdough starter is a living culture of lactic acid bacteria that are growing in a medium of flour and water. Theoretically, such a starter can be kept going indefinitely provided it is looked after properly. One of us (Klavs) currently has a starter that is eight years old. The dough is called Valdemar and it can be used as a leavening agent for baking bread.

Some people might think that it is completely crazy to call one’s starter by name. But it is not really—one tends to look after a small, charming, living creature much more carefully when one has a personal relationship to it.

It is quite easy to have a Valdemar of one’s own. It all starts with making a soft, sticky dough.

BREAD STARTER

•  Mix tap water with good-quality whole wheat or all-purpose flour and let the microorganisms in it have a little fun! The consistency should be like that of a smooth porridge.

•  Cover the dough with a tea towel and allow it to stand in a warm place for 2–5 days. When small air bubbles start to form, it has come to life! At this stage, about 80 percent of the starter should be discarded every day and replaced by an equal quantity of water and flour. This process continues until it starts to give off a slightly sour smell and has established a rhythm, meaning that it rises a little each time it is fed.

•  Now the starter dough can be stored in a cool place and the intervals between feedings increased to 2–3 days.

BREAD

•  Beat the ingredients together with a dough hook until it forms gluten threads. Cover it with plastic wrap and leave it at room temperature for 2 hours.

•  Refrigerate the dough for 15 hours.

•  Pour half of the dough onto a floured board. Make eight folds in it by folding it in on itself four times.

•  Using a spatula, turn the lump of dough upside down, placing it on a baking pan covered with parchment paper or in a greased bread pan.

•  Repeat the process with the other half of the dough.

•  Cover the loaves and let them rise for 1–2 hours, depending on the room temperature.

•  Heat the oven to 475°F (240°C).

•  Using kitchen scissors, make six deep cuts in each loaf. Place a few drops of oil in each cut and sprinkle with Maldon salt.

•  Put the loaves in the oven immediately and bake for 20 minutes. Reduce the temperature to 350°F (175°C) and bake for a further 25 minutes.

•  Remove from the oven when the loaves have a thick, dark, crisp crust. Remove from the pans and allow them to cool on a rack.

Makes 2 loaves

5 cups (1.2 L) water

5 cups (625 g) all-purpose flour

5 cups (625 g) wheat flour with a high gluten content, such as bread flour

2 tabespoons (35 g) Maldon sea salt, plus more for sprinkling

2 tablespoons (30 g) sourdough starter

Olive oil
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Seriously Old-Fashioned Sourdough Bread with a Crisp Crust.




Pretzels

•  Sift the flour into a bowl and make a depression in the middle.

•  Warm ⅓ cup (85 ml) of the milk to lukewarm, dissolve the yeast in it, and pour into the depression.

•  Cut the butter into cubes, and distribute them together with the salt around the edges of the flour.

•  Cover the bowl and allow it to stand for 20 minutes.

•  Warm the remaining ⅔ cup (165 ml) of the milk, pour it into the bowl, and knead everything to form a smooth dough.

•  Divide the dough into ten equal portions and let them stand, covered, in a warm place for 20–25 minutes while they rise.

•  Shape each piece of dough into the classic pretzel shape and place them on a baking pan, keeping them covered until all have been made up.

•  Heat a fan oven to 325°F (160°C) and cover a baking pan with parchment paper.

•  Add the baking soda to the water and bring to a boil.

•  Carefully immerse the pretzels one at a time in the boiling water for 20–30 seconds. Remove and place on the prepared baking pan.

•  Make cuts in the thick part of the pretzels and sprinkle with Maldon salt.

•  Bake in the middle of the oven for 15–20 minutes until golden brown.

•  Allow to cool on a baking rack, but they are best served warm.

Makes 10 pretzels

4 cups (500 g) all-purpose flour

1 cup (250 ml) milk

2¼ teaspoons (10 g) dry yeast

3½ tablespoons (50 g) butter

2 teaspoons (10 g) salt

Maldon sea salt

1 quart (1 L) water

3 tablespoons (38 g) baking soda
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Pretzels.
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Bagels.

An abundance of distinct types of biscuits are found in the different food cultures of the world. A well-known example is biscotti, also called cantuccini, which originated in Italy and often contain whole almonds. They are made by first baking a slightly flattened loaf that is leavened with baking powder. When it has been baked the first time, it is sliced crosswise and these slices are baked again at a low temperature until they are hard and dry. Biting into biscotti can be a challenge and they have been known to crack many a tooth. To change their mouthfeel to something softer and juicier, try dipping them into a cup of coffee or a glass of sweet vino santo.

Croutons are made by pan-toasting pieces of dry, stale white bread or the heel of the loaf in butter or oil. They are then cooled and cut into pieces of a size that is suitable for the dish they are to accompany. As croutons are both crisp and crunchy, they add contrasting texture, and in some cases, unexpected tastes to soups and salads. The reverberating sound transferred between the jaws and the cranium when croutons are crunched between the molars can elevate the overall taste experience to the level of perfection.

Crispy Skin and Crunchy Bones

Many of us think that there is nothing more delicious than the crisp skin from roasted poultry, pork crackling, or a panfried fish. Likewise, there is little that disappoints so much as soggy skin on a roasted chicken or a rubbery, tough pork rind. Crackling has to be dry and crisp, it has to crunch and shatter when it is chewed, and it must never turn into a tough lump in the mouth.


Tarte Flambée with Chorizo and Onions

Tarte flambée is a dish from Alsace that has a crisp bread base covered with fresh cheese, onions, and bacon. In this recipe, chicken chorizo replaces the bacon. It is similar to a pizza, but the base is much thinner and made without any leavening agents. As implied by the name, it is usually baked in a wood-fired oven and it should be so crisp that it crackles. But it can be baked very successfully in a stone oven, especially one that is wood-fired, as this will impart fantastic tastes of smoke and wood.

A bread base of this type is probably very similar to the earliest baked goods that were made from flour that had been coarsely ground between two stones and mixed with a little water to form a dough that was flattened and placed on a glowing stone in an open fire.

PREPARE THE FILLING

•  Peel the onions, cut them in half, and then slice them into thin strips.

•  Simmer the onions in the butter on low heat, without allowing them to brown, for as long as possible.

•  Cut the chorizo into thin slices.

•  Mix the fresh cheese, crème fraîche, onions, grated nutmeg, salt, and freshly ground pepper, and mix in the chorizo slices.

PREPARE THE DOUGH

•  Place the flour in a bowl or a food processor, mix while adding the oil a little at a time, followed by the water.

•  Wrap the dough in plastic wrap so that it does not dry out and allow it to rest for 1½ hours.

•  Roll out the dough to make several very thin bases and place them on parchment paper.

PREPARE THE TARTE

•  Cover the bases almost to their edge with the filling, slip them onto warm baking sheets, and bake in a very hot oven at a temperature of at least 540°–570°F (280°–300°C) for 8–10 minutes. The edges should become very brown, bordering on charred in spots.

Serves 4–6

FILLING

1 pound and 2 ounces (500 g) yellow onions

5 teaspoons (25 g) butter

5¼ ounces (150 g) chicken chorizo or bacon

⅔ cup (150 ml) soft fresh cheese (fromage frais)

⅔ cup (150 ml) 38% crème fraîche

1 whole nutmeg, finely grated

Salt

Freshly ground pepper

DOUGH

4 cups (500 g) all-purpose flour

6½ tablespoons (100 ml) oil

2 teaspoons (12 g) salt

1¼ cups (300 ml) warm water

[image: image]

Tarte Flambée with Chorizo and Onions.




Croutons

•  Tear or cut up the bread into small pieces more or less the same size, ⅜–¾ inch (1–2 cm).

•  Pour a little olive oil into a skillet, mash the garlic, and allow it to simmer in the oil together with the thyme.

•  Toast the bread pieces at high temperature until they are golden and preferably a little burnt at the corners. But it is important that they stay soft in the middle, to retain all the nuances of their taste. Discard the garlic and thyme before serving.

Good-quality day-old bread

Olive oil

Garlic

A few sprigs of thyme
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The greatest challenge when preparing roasted meat or fried fish is to make the skin crisp without overcooking the meat or the fish so much that it dries out. The rule is that the outside must be dry and crisp, and the inside must be tender and juicy.

Some 50–80 percent of the outer layer of skin is made up of water and connective tissue composed mainly of collagen, which forms a soft elastic gel that keeps everything together. Under the skin, especially in the case of fish, pork, and poultry (particularly ducks), there is often a thick layer consisting primarily of fat and connective tissue. The thickness of these two layers can vary considerably from one part of the animal to another. In the case of fish and pigs, the skin around the underside and the belly is particularly fatty.

Because skin is intended to protect the organism, it is very tough in its natural state and needs to be tenderized before it can be eaten. When skin is heated, it contracts. Consequently, if the skin is to cover all of a roasted piece of meat, it must be trimmed so that the skin projects over its edges before it is cooked. It is also worth noting that the skin does not contract evenly in all directions.

To prepare perfectly crisp skin, the following three rules must be observed. First, some of the water in the outer layer of the skin must be extracted, but not all of it, as the remaining small pockets of water will evaporate during roasting and help create the bubbles and blisters that are such an important part of our enjoyment of the crisp skin, especially in the case of pork crackling. Second, the connective tissue must be tenderized by converting the collagen to gelatin. Finally, most of the fat from the layer under the outer skin must be rendered, as it is thought by many to have a less interesting texture, to say nothing of its high calorie content.

Crisp Poultry Skin

The main difference in the skin from various types of poultry is the thickness of the fat layer that lies just under its surface. For example, on ducks it is much thicker than the relatively thin layer on chickens. As a result, it is relatively more difficult to prepare duck skin in such a way that it is crisp, while still ensuring that the duck meat is cooked to tender and juicy perfection.

If the skin is thick, it can be difficult to extract sufficient water without overcooking the underlying meat. To help the process along, the skin can be dried out somewhat by placing it under a fan or in a freezer. Freezing is the usual way of proceeding in the case of Peking duck, which is renowned for its exceptionally crisp skin. Another possibility is to loosen the skin from the meat so that the heat has a harder time penetrating into the meat.

The first step involves tenderizing the skin and gelatinizing the collagen, which requires that some water should still be present. After the skin has become soft and gelation of the outermost connective tissue has taken place, the next step is to remove the fat before starting to worry about how to make the skin crisp. This will largely happen as the meat continues to heat up, causing more water to evaporate and the fat to melt and drip away. This, however, is not enough to do the job, because the fat is also well embedded in a network of collagen. But applying sufficient heat to break down this structure often has a negative effect on the meat itself. Advanced modern techniques, which incorporate alternately heating and cooling the skin, for example, using liquid nitrogen, can solve this problem. The final step consists of high-temperature roasting for a short period of time, possibly under a grill, which causes the skin to bubble and become crisp.

As there is less water in the skin of poultry than in that of other animals such as pigs, it will not bubble and blister as much as crackling. This is why the fat present in the skin of chickens and ducks will be sufficient to ensure that the skin becomes crispy at the last step of the process. This fat will seep out from under the outer layer, especially if the skin has been pricked with a fork or scored. An even better outcome can be had by occasionally basting the meat with some of its own juices. At the same time, the fat layer helps transfer radiant heat from the surroundings to the skin, so that the collagen gelatinizes to the greatest possible extent.

Taken as a whole, the art of turning out perfectly roasted crisp skin is a bit of a balancing act. One runs the risk of ending up either with soft, rubbery skin or with overcooked meat that is tough and dry. When one is lucky enough to have it turn out exactly right, the roast must be served immediately before the skin once again becomes soft and tough because it has had time to absorb juices from the meat itself.

The authors of Modernist Cuisine: The Art and Science of Cooking, Nathan Myhrvold and Chris Young, devised an elegant, but rather involved, solution to the problem of how to make perfectly crisp duck skin. It consists of freezing the outer layer of the skin and meat several times so that extracting the water from the skin and melting the fat using heat does not reach as far as the meat before it is ready to be cooked.

Ultracrisp Crackling

There are many myths about how to make a perfect pork roast with perfectly crisp crackling. Chefs often have their own recipes and explanations for why they work. The challenge is the usual one—to remove a sufficient quantity of water from the rind, to gelatinize the collagen, and to melt away a lot of the fat, all while ensuring that the meat is tender and stays juicy. And in the case of a pork roast, everyone expects, to an even greater extent than for poultry skin, that the crackling should have a real crunch.

Some water can be drawn out by rubbing salt on the rind; scoring it also helps water and fat escape while it cooks. Pouring a little schnapps over the roast is an old culinary trick; it is thought that the alcohol content may have the effect of dissolving some of the fats. It is also possible that using a bit of vinegar and lemon juice would add enough acid to weaken the collagen network, so that it breaks down more readily to form gelatin.

Toward the end of the roasting process, what really determines how well the crackling will turn out is whether there is sufficient water left in the rind, in the form of small water pockets, to bubble up when the water expands a great deal and becomes steam. The best results are achieved either in a warm oven (356°–392°F [180°–200°C]) or under a broiler where the heat radiates directly onto the rind. The roast should be placed in such a way that the surface is more or less flat and is heated evenly.


POULTRY WITH CRISP SKIN

Poultry can be prepared in ways that vary from the mundane to haute cuisine—chicken nuggets, Sunday roast chicken, organic chicken, duck à l’orange, the Christmas turkey, and the list goes on. Sadly, many people never get beyond the easy-to-cook chicken breasts or thighs—there is so much delicious muscle meat on a chicken and a duck breast can be something far more savory than a dry piece of meat covered by tough brown skin.

At the moment, ordinary types of poultry, such as chicken and duck, attract little attention in gastronomic circles. But in the past few years, Japanese American chefs, inspired by Japanese techniques, have grabbed poultry by its wings and invented ways to achieve a combination of crisp skin and juicy meat.

One of us (Ole) had the good fortune to be in New York on a day when the Gohan Society had arranged a master class for chefs that had meat as its theme. The Gohan Society is an organization that promotes collaboration between Japanese and American chefs. On this occasion, two master chefs were to instruct twelve chefs in the art of preparing yakitori using chicken and duck breasts. The term “yakitori” comes from yaki, which means “grilling,” and tori, the word for “chicken.” The dish is prepared using a special Japanese grilling technique that was originally developed for cooking chicken, but has since been adapted for the preparation of other meats, as well as mushrooms and vegetables. These are served on skewers and have acquired the nickname “sticks” on some Western menus.

One of the chefs, Atsushi Kono, who is from Japan, has re-created a little corner of his home country in New York in his own restaurant, Tori Shin. The other chef, Erik Battes, trained in the United States but has worked with the master chef Masaharu Morimoto, who was the first to introduce modern Japanese cuisine to America. Erik is fascinated by the ancient Japanese ways of preparing food and replicates them using Western ingredients. These two chefs are able to demonstrate the wonderful things that can be achieved by collaboration between such different culinary approaches. And they are both passionately devoted to the use of a special Japanese binchōtan grill.

A binchōtan grill is not an ordinary charcoal grill. As opposed to what most people think, the coals in this grill are not especially warm, only about 1,400°F (760°C), but it is very efficient because it emits intense infrared rays. This ensures that the meat is cooked quickly and uniformly, that it is seared on the outside, and that it retains the meat juices. To do this requires a particular type of very hard charcoal (binchōtan) made from kilned oak. The coals are packed closely in the grill so that their oxygen supply is limited and can be regulated by the chef using a damper. As the coals burn very slowly, a full supply can keep the grill going for six to eight hours. Another distinctive feature is that the grill is virtually smoke-free and gives off no unpleasant smells. But, as Erik observes, having a binchōtan grill on the premises requires some expert interaction with the fire marshals.

With a great display of energy and agile body language, Atsushi Kono set about demonstrating how to cut up a number of fine-looking organically farmed chickens. Yakitori is street food, and the tradition is to use absolutely every part of the chicken, including the skin, neck, rump, and innards. Each little muscle has a name and is valued for its specific taste and texture. The whole chicken is taken apart and different pieces of meat and skin of various sizes are reassembled on a long wooden skewer. Some are round and some are square, each serving a particular purpose.
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Demonstration of yakitori techniques at the Gohan Society in New York.

As there was no time to waste, Kono-san oversaw the training of the twelve chefs and guided them quickly and effectively by walking up and down between the work tables. This was patterned to a certain extent after the classical Japanese master-apprentice model of learning by observing the master and then doing.

A great deal of time was devoted to identifying and cutting off one of the more sought-after pieces of the thigh, the so-called soriresu, or oysters. They are particularly juicy and thought to taste a little like their namesake. The name soriresu is derived from the French sot l’y lasse, or “only a fool would leave it there.”

The skewers with the chicken meat were sprinkled lightly with salt and then placed on the grill. Once the cooking is under way some of the skewers are dipped between one and three times in a sauce, tare, which is usually a mixture of soy sauce, mirin, sake, and sugar. Just as every yakitori chef chooses the type of salt he will use, he also keeps the exact recipe for his version of tare a closely guarded secret.

How did it taste? We will get there. But first we turned our attention to how to prepare a duck breast.

Erik plunged in, taking an approach that was to a certain extent the opposite of the traditional yakitori methods. He used only the duck breast, but what a wonderful piece of meat! It was from a Muscovy duck, with a skin that was not too thick. The breast meat was cut away from the rest of the duck and the skin was trimmed so that it protruded over the edge to allow for shrinkage after it was grilled. From this point onward, the object was to extract as much water as possible from the meat so that it could be grilled at the highest possible temperature.

The preparation of the duck breast followed a twenty-two-step recipe that was elaborated by the master chef Masaharu Morimoto. It is labor-intensive, but the result is well worth it. It is not patterned on traditional Japanese methods, but the binchōtan grill plays a dominant role.

Eric, who is a large man with a natural air of authority, put on a bit of a magic show. He showed how to cut the meat and demonstrated some of the steps in the intricate recipe, but not all of them. This was partly to do with timing, as the process calls for eighteen hours of air drying and a forty-minute immersion of the breast in an oil bath. As already mentioned, this is all part of the effort to reduce the water content to a minimal amount before the meat is placed on the grill.

But first the skin had to be prepared, a small patch at a time, first by grilling it with a butane torch and then immediately cooling it with a stream of ice-cold air from a liquid nitrogen siphon. It was important to keep the heat from penetrating the meat, which under no circumstances was to cook at this stage. Once this was done, the duck breast was placed on a wire net suspended over a large saucepan with neutral-tasting oil heated to 446°F (230°C). The oil was ladled repeatedly onto the meat, and alternatively cooled using the siphon. Then the meat was actually cooked very slowly for forty minutes immersed in a circulating oil bath heated to 140°F (60°C).

Next, the duck breast was cut into two pieces and each was arranged on three metal skewers in a fan shape and placed on the grill, skin side down. The duck must not have any taste of the grill when it is finished. Once the skin had become crisp and taken on a lovely chestnut color, the underside was cooked for only a few seconds. Finally, the duck breast pieces were smoked in a closed box containing lit applewood chips.

It must be admitted that the recipe is so long that it could try anyone’s patience, but the result was more than worth the effort. It was in a class by itself and without doubt the best piece of duck I have ever tasted.

Morimoto’s 22-Step Recipe for Perfect Duck Breast

  1.  Blanch a whole duck for 10 seconds in a large quantity of boiling water.

  2.  Immediately immerse the duck in ice water.

  3.  Suspend the duck with the wings at the back.

  4.  Prepare a liquid nitrogen siphon.*

  5.  Place the duck on its back and, working on small patches at a time, grill the skin with a butane torch, followed by cooling with the siphon, until the entire surface of the breast is a light golden color.

  6.  Scrape the skin with a spoon to open its pores.

  7.  Dry the duck in circulating air at room temperature or somewhat below for 18 hours.

  8.  Cut off the wings and the legs.

  9.  Remove the back.

10.  In a large saucepan, heat neutral-tasting oil (e.g., grapeseed oil) to 446°F (230°C) until it starts to smoke.

11.  Place the duck breast on a wire net that covers half of the saucepan.

12.  Ladle the oil over the duck breast repeatedly, alternately cooling it with the siphon.*

13.  Continue until the skin is golden brown.

14.  Heat neutral-tasting oil in a circulating bath to 140°F (60°C).
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The perfect duck breast, alternatively being roasted and cooled.
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Yakitori at Tori Shin in New York.

15.  Place the duck breast in the oil for 40 minutes.

16.  Remove from the oil and dry the meat with a clean cloth.

17.  Using a knife, loosen the duck breast from the breast bone and cut in half.

18.  Place each of the pieces on three metal skewers to form a fan shape by inserting them between the skin and the meat.

19.  Sprinkle pepper and salt on both sides of the meat, primarily on the thicker parts.

20.  Cook skin side down over moderate heat on a binchōtan grill until the skin is the color of chestnuts. Then grill the meat side for a few seconds.

21.  Smoke the breast meat in a closed container using hay or applewood chips.

22.  Allow the duck pieces to rest for a few minutes, slice into pieces, and serve immediately.

The duck can be served with a complementary sauce, such as one made from soy sauce, freshly crushed white sesame seeds, and Japanese parsley.

* Most people do not have a liquid nitrogen siphon as part of their kitchen equipment. So, it is important to find some other way of quickly cooling the duck breast so that only the skin, and not the underlying meat, is cooked.

I decided on the spot that the most important thing in the world—at that moment, at least—was to taste Atsushi Kono’s yakitori and that my final meal in New York during this visit had to be at his restaurant, Tori Shin, which had just earned its Michelin star for the third year in a row. But how could I, on such short notice, secure a spot to eat Michelin level street food at the hottest yakitori joint in town?

Fortunately, I know Soari Kawano very well. She is the president of the Gohan Society and owner of one of my favorite stores in Manhattan, Korin, the amazing cutlery store that supplies knives for many of New York’s top chefs. She put in a good word for me and pulled strings so that I was able to get a reservation at Tori Shin for that very evening.

When I entered the restaurant, all the seats at the bar counter that flanks three sides of the grill and the working chefs were already taken. Kono-san wanted to prepare the food for me himself, and while I waited for a place to free up, I was given some homemade tsukemono (brine-pickled vegetables), small pieces of wonderfully crisp and crunchy chicken skin, and three types of soft cheese. It was rather unusual to be served cheese in a Japanese setting, but this is New York and, besides, one of the cheeses had konbu in it.

And, of course, this meal was to be omakase, where the chef determines the menu. The skewers followed, one after the other: momo (chicken thighs) with yuzukosho (a yuzu and green Japanese pepper paste), sasami (chicken fillet) with wasabi, sasami with green shiso and umeboshi (pickled Japanese plum), soriresu in crispy skin, eringi (large oyster mushrooms), grilled bamboo shoots, reba (chicken liver), shishitoh (green Japanese bell peppers), chicken and duck meat balls with fresh egg yolk, and several other small tasting bites prepared by the chef. These were all accompanied by a selection of sauces and Japanese shio (sea salt) and wood ash granules mixed with salt in which to dip the pieces.

Along the way, Kono-san demonstrated his special salting technique. The large salt box with sea salt was lifted elegantly high up into the air and a light shower of salt was sprinkled down on the skewers and the table.

The last skewer was truly the pièce de résistance—a closely packed collection of small bits of meat, hatsumoto, which means “the root of the heart.” And that was literally what it was—the large arteries that emerge from the left side of the heart to supply the body with oxygenated blood. The meat on my skewer came from no fewer than ten chickens. It has a strong taste and pleasing texture, a little like a firm cheese. A little bit of chewing was needed, but it paid off as the mouth filled with delicious tastes that were indubitably umami.

All the skewers demonstrated how tasty the different parts of a chicken can be, exhibiting a perfect balance of a crisp exterior and an amazingly juicy interior. Those using the binchōtan grill are clearly on to something special.

What drink was served to go with it all? Green tea and cold sake. And the meal was rounded off with a refreshing green shiso granita.



There are several alternative ways of making a pork roast that has both good crackling and juicy meat. One way is to choose a particular cut—either a rib roast or the neck meat, which have more marbled fat and will stay moist even when cooked for a longer period of time to allow the rind to become crisp. Another possibility is to prepare the meat and the rind separately as well as to trim away some of the fat between the two. When the dish is being served, the crackling can be put back on top of the meat.


PORK ROAST, UPSIDE DOWN?

An old cooking tip advises that the best crackling can be obtained by placing the roast rind side down in a little water and letting it boil for a while. This idea possibly originates from a time when the pigs were somewhat older before they were slaughtered and had a tougher skin. Even though the pigs are now generally brought to market at a younger age, the suggestion is still worth considering. The water keeps the temperature low at the beginning of the cooking period and some of the fat is able to melt out of the meat without overheating it. But the problem is that the rind might absorb too much water and it can be difficult to get enough of it to evaporate before it is time to make the rind crisp.
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Crisp crackling.



Crisp Fish Skin

Fish skin is not often thought of as a true delicacy; in fact, many consider it to be inedible. It has a fat content of up to 10 percent, which is greater than that of the flesh, and consists of two layers, a thin outer layer and a thicker inner layer, called the dermis, which is mainly made up of large quantities of connective tissue. Many fish have large scales that must be scraped off first and it is common to find a layer of mucus on the surface of the skin that helps protect the animal from attack by microorganisms. Among other things, the mucus contains glycoproteins.

If fish is steamed, the collagen in the connective tissue turns the skin into a sticky, gelatinous covering, which is unappetizing. However, the collagen is also responsible for the crisp texture and delicious taste when the fish is fried or grilled with the skin on. In addition, when the glycoproteins present in the mucus are heated, they can give off water and form a wonderful, glassy surface.


Crisp Pig-Tail Confit

Only a few people still eat pig tails, and even in former times they appeared more often on the tables in peasant kitchens. This is a shame—although their relatively thick skin has a lot of collagen and is a bit watery, the pig tails have very tasty, juicy, and tender meat close to the bone. In this recipe, the tails are fried in duck fat and the skin is separated from the meat and made as crisp as crackling.

•  Singe off any bristles remaining on the tails.

•  Set aside a little duck fat for later use. Place the tails, the remaining duck fat, peppercorns, garlic, bay leaves, and crushed nutmeg in vacuum bags and steam them for 8 hours at 212°F (100°C).

•  Slice the tails open lengthwise while they are still warm. Very carefully pick out the bones and then the meat and the fat, leaving only the rind.

•  Press the meat and fat onto parchment paper on a baking pan to form a layer about ⅜ inch (1 cm) thick. Cover with another layer of parchment paper, weigh down lightly, and refrigerate.

•  Cut the meat and fat mixture into small even squares and fry them in a little duck fat at high heat until they are golden brown. Sprinkle with salt flakes and serve as a tasty snack or as an addition to another dish.

•  Deep-fry the skin from the tails in oil heated to 356°–374°F (180°–190°C) and serve them as crackling.

5½ pounds (2.5 kg) pig tails, preferably organic

4 pounds, 7 ounces (2 kg) duck fat

¼ cup (20 g) peppercorns

6 garlic cloves

6 bay leaves

1 whole nutmeg, crushed coarsely

Salt flakes
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Crisp Pig-Tail Confit with Dehydrated, Chopped Olives.



There are a number of ways to prepare the skin to make it more suitable for frying or grilling. Small scales do not always have to be removed if the fish is to be grilled at very high heat, the way sardines are often prepared in Portugal. Other types, such as mackerel and herring, have a very thin tough membrane just under the scales that can be pulled off, revealing a second layer of skin that is just as tender as the flesh under it. The skin of such fish as ocean perch, pike perch, and sea bass can be tenderized by blanching the fish after it has been scaled.

Salmon skin, with the scales removed, is particularly well suited for grilling on its own. It should be sliced away from the underlying flesh in a layer that is 1⁄32 − 1⁄16 inch (1–2 mm) thick so that some connective tissue and actual flesh remains on it, to ensure that there is enough fat for the next step. The skin can then be placed on a hot pan, fatty side down, to release a sufficient amount of fat to grill the other side as well. In sushi bars, the chef often uses a butane touch to finish the job. The salmon skin turns out crisp and crunchy, but because of its considerable fat content it has a fatty mouthfeel.

It is possible to achieve a cleaner, drier texture by using skin from a lean fish, such as cod. Both dried cod and eel skin can be deep-fried and served as a fantastic, crunchy snack.

From the Gut of the Cod

There is an interesting little surprise hiding in the gut of a cod, between the stomach and the backbone—a thick white membrane that envelops the air bladder of the fish. The membrane is almost pure collagen, which is very tough but can lose its gelatin if it is cooked. It can then be deep-fried to make a wonderfully crisp snack.

Crisp Fish Bones

Fish bones contain less collagen than does the skin, but there is enough in some types of fish skeletons to allow them to be deep-fried and turned into a snack. In the case of smaller fish, such as sprats and mackerel, even the heads and gills can be used.

In Japan, among other countries in Asia, deep-fried fish bones seasoned with sweet soy sauce or other condiments are served as a form of candy. The bones from fish with a lot of cartilage—for example, skate and eel—are especially well suited and become very crunchy.

Some Japanese restaurants prepare a special double serving of fresh horse mackerel, allowing the diner to experience a range of textures all coming from the same fish. The first serving is presented as a creamy, soft sashimi. All the flesh on a very fresh mackerel, including the head, tail, and fins is cut away from the backbone, then sliced thinly and put back together. It is mounted on small sticks so that it looks as if the fish is about to leap out of the water. When the sashimi pieces have been eaten, the head, tail, and bones are taken back to the kitchen, where they are deep-fried and served a second time as a crisp, crunchy snack.


Grilled Cod-Skin Snacks

•  Remove the skin from fresh cod fish.

•  Place the skin in a food dehydrator at 158°F (70°C) for 12 hours. Break the skin apart into smaller pieces and deep-fry them in hot oil at 356°F (180°C).

•  Place the skin on kitchen paper to absorb excess oil, sprinkle with the salt, and serve immediately.

Fresh cod skin

Neutral-tasting oil for deep-frying

Maldon sea salt

Dried, Crisp Eel Skin

•  Pull the skin from an eel and cut it up into smaller pieces.

•  Dry the skin in a food dehydrator at 160°F (70°C) for 3 hours.

•  Cut the skin into pieces of the desired size and deep-fry them in hot oil at 356°–392°F (180°–200°C).

•  Place the skin on kitchen paper to absorb the excess oil, sprinkle with the salt, and serve.

Fresh eel skin

Neutral-tasting oil, for deep-frying

Maldon sea salt
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Grilled Eel, Cod, and Salmon Skin.




Snack Made from Cod Air Bladder

•  Using scissors, cut the air bladder free from the spinal column of the cod. Rub off the thin membrane on each side of the air bladder with a piece of paper toweling, together with any bits of blood and innards on it.

•  Dry the air bladder in a food dehydrator at 140°–160°F (60°–70°C) for about 12 hours. The exact time depends a little on the thickness of the air bladder. Then cut it into smaller pieces.

•  Deep-fry the pieces in the oil at 356°F (180°C) for 10–20 seconds, sprinkle with salt, and serve immediately.

1 air bladder from a large cod

Neutral-tasting oil for deep-frying

Fine salt
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Snack Made from Cod Air Bladder: from fresh and dried to crisp and puffed.
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Crisp Sprats.


Crisp Sprats

•  Place the sprats in the brine for 5 minutes, remove from the brine, and allow the excess to drip off.

•  Mix together the ingredients for the dough. Do not overbeat the mixture, or it will become tough. If some of the water is replaced by an alcoholic liquid, for example, beer, the batter will be crisper.

•  Keep the batter cool until it is to be used, preferably by placing the bowl on ice.

•  Heat the oil to 329°–347°F (165°–175°C).

•  Dip the sprats in the batter and quickly deep-fry them until they are golden. It does not matter if the dough does not cover them completely and they look a little rustic.

•  Place the sprats on kitchen paper to absorb excess oil and sprinkle with salt.

2¼ pounds (1 kg) small, fresh sprats

Salt brine: 3 tablespoons + 2 teaspoons (50 g) salt per 4¼ cups (1 L) water

Neutral-tasting oil, for frying

CRISP DOUGH

½ cup (80 g) cornstarch

½ cup + 1 tablespoon (80 g) flour with a high gluten content, such as bread flour

¼ teaspoon baking powder

¾ cup + 1½ tablespoons (200 ml) cold carbonated water

2 teaspoons (10 ml) neutral-tasting oil

¼ teaspoon (1.5 g) salt

Pinch of cayenne pepper



The Texture of Perishability

The texture of what we eat is to a great extent determined by how we prepare our food, but it is also affected by the many natural processes that take place in the raw ingredients as they ripen, mature, age, ferment, and break down in a number of other ways. These processes are responsible for the inherently transitory nature of all life, and hence, the perishability of food. They serve to convert many of the substances that make up the raw ingredients into nutrients that we can more easily absorb and that supply us with the energy we need.

These processes change the texture and taste of the raw ingredients in ways that can be very different from their original state. We have grown quite accustomed to thinking that this is just the way it is. Fresh meat becomes more tender if it is aged, milk and cheese do not taste anything like each other and have a very different mouthfeel, and the list goes on.

Even if many of these processes change taste and texture radically, they can also help prolong the keeping qualities of the foods. We became accustomed to associating certain textures with certain foods because of the pressing need to find a way to preserve food before we had easy access to refrigerators and freezers. A good example is an old-fashioned salted herring, in which the flesh of the entire fish is tenderized by the enzymes in its innards while the herring was kept in a barrel with salt for many months.
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Deep-fried eel bones.

The basic taste that is altered the most by the treatment of raw ingredients is umami, not least by cooking, aging, and fermenting. Since humans became cooks approximately 1.9 million years ago, they have learned to produce umami and also to appreciate this taste that comes to the fore when we cook, simmer, fry, grill, dry, ripen, age, preserve, and ferment, using either yeast or enzymes.

Of all these processes, fermentation, for example in connection with aging and ripening, is the most effective way to create umami, but also to alter the mouthfeel of the raw ingredients.

Bordering on Rotten

The famous French anthropologist Claude Lévi-Strauss has worked with the so-called culinary triangle that describes how a foodstuff can be changed from its natural state (raw) either by being prepared (cooked) to make it edible, or by microbiological activity turned into something rotten and inedible. According to his way of looking at it, the difference between the raw and the cooked states is the difference between nature and culture, but the border between the raw and the cooked is blurred. Different cultures, and even the same cultures at different points in time, are not in agreement about where the border lies. This leads to differences of opinion about what is edible and what is not.

On the one hand, one can consider fermentation and microbiological conversion of ingredients as a desirable way to prepare good, tasty food with digestible proteins and carbohydrates. On the other hand, a process that causes the food to rot is deemed to be undesirable. The border between noble rot and spoilage is not clear and is always a moving target. Fermentation and ripening release a whole range of taste and aroma substances, but a foul smell or bad taste are often so off-putting that people are unwilling to eat the food.


Crunchy Skate Wing

•  Cut the fresh skate wing into good size pieces, leaving the skin on.

•  Mix together the water, vinegar, and salt and bring to a boil. Cook the skate pieces, one at a time, for 1–2 minutes. The skin can now be scraped off easily with a knife.

•  Coat the skate pieces with flour, season with salt and pepper, and fry them in butter until they are golden. Slice the flesh away from the bones on both sides. This meat can be used in another recipe, such as Grilled Skate Wing with Swiss Chard.

•  Heat neutral-tasting oil for deep-frying in a saucepan to 329°F (175°C).

•  Coat the skate wing bones with flour and fry them in the oil until crisp. Sprinkle with salt and serve right away with some of the skate flesh.

1 skate wing

4¼ cups (1 L) water

6½ tablespoons (100 ml) vinegar

1 tablespoon (18 g) salt

All-purpose flour

Salt and pepper

Butter

Neutral-tasting oil
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Crunchy Skate Wing.



Aging of Meat, Fish, and Poultry

It used to be said that wild game, such as pheasants and hares, should be hung up to age so long that they fell down from the hook on their own. That is probably not what anyone would do now because the balance between aging the meat sufficiently and attack by bacteria that cause rotting is very delicate and difficult to control, especially if the temperature is too high. But it is true that meat from game, especially that from older animals, can be very tough and definitely needs to be aged.


Grilled Skate Wing with Swiss Chard

•  Wash the chard stalks and dry them in a food dehydrator at 90°F (30°C) for 10–15 hours, depending on size, until they have shrunk to half their size.

•  Cut the skate wing into nice large pieces, leaving the skin on.

•  Mix together the water, vinegar, and salt and bring to a boil.

•  Cook the skate pieces, one at a time, for 1–2 minutes. The skin can now be scraped off easily with a knife. Slice the fillets off the bone.

•  Keep the bones in a cool place for deep-frying, to serve as a condiment for the dish.

•  Make small croutons, grate the fresh horseradish, chop the parsley, and drain the capers.

•  Mix together the chicken bouillon and the cream. Heat until reduced to two-thirds.

•  Reserving the rest of the chicken bouillon mixture, reduce 6½ tablespoons (100 ml) of the mixture to make 1 tablespoon (15 ml) of glaze.

•  Coat the skate wing pieces with flour, season with salt and pepper, and fry them in butter until they are golden.

•  At the last moment, toast the croutons together with the horseradish, parsley, and capers in a generous amount of butter. Add the grated lemon zest on top.

TO SERVE

•  Place the skate wing pieces on a plate. Hand blend the reserved creamed bouillon with the soy protein and arrange around the fish. Place the chicken glaze around it. Arrange the Swiss chard on the other side and top with the herbed croutons and butter in which they were fried. Finish with a sprinkle of Maldon salt and a few fresh grinds of pepper.

4 stalks baby red or green Swiss chard

1¾ pounds (200 g) skate wing on the bone, per serving

4¼ cups (1 L) water

½ cup (125 ml) vinegar

1 tablespoon (18 g) salt, plus more for serving

Very small croutons made from good bread

Fresh horseradish

Parsley

Capers

¾ cup + 1½ tablespoons (200 ml) chicken bouillon

3 tablespoons + 1 teaspoon (50 ml) 38% cream

All-purpose flour

Salt and pepper

Butter

½ teaspoon (2.5 g) soy protein

Maldon sea salt

Pepper

Lemon zest
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Grilled Skate Wing with Swiss Chard.



Aging meat has been described, quite accurately, as “controlled decomposition.” The enzymes that are naturally present in the meat break down the tissue so that it becomes more tender. Certain enzymes degrade the proteins in the muscles, while others work on the connective tissue. The result is that preparing the meat—for example, by frying it—can be done over a shorter period of time, which in turn means that it retains more of its moisture. A piece of rare beef that has been aged properly, can be both tender and juicy.

Aging also promotes the formation of a vast range of pleasing taste substances. Proteins are broken down into amino acids—for example, glutamic acid in the form of glutamate—which imparts umami. Fats are reduced to tasty fatty acids; carbohydrates, such as glycogen, to sweet sugar; and nucleic acids to nucleotides, including inosinate, that enhance umami.

The texture of some fish also improves if they are aged. Lean flatfish, such as turbot and brill, attain the best combination of taste and texture by being allowed to ripen for two days at 32°–36°F (0°–2°C). If fish fillets are to be aged, it is vital to ensure that all traces of blood and bodily fluids are cleaned off first.

Pork and poultry contain more unsaturated fats than beef and aging them for a long period of time can cause the fat to turn rancid. There is actually no widespread practice of aging pork, whereas the best beef is aged, often for several weeks. Veal is usually aged for ten to twelve days, and lamb for a shorter period, about five days. Much of the industrially processed meat is not aged any longer than it takes to butcher, cut up, and transport it to the consumer.

Meat can be aged under both dry and moist conditions. Dry-aging in a humidity-controlled chamber causes the meat to lose up to 20 percent of its weight as the juices evaporate. In addition, there is loss due to the necessity to clean the meat after it has been hung, as its surface can be subject to attack by fungi and bacteria and its fats can become rancid.

Aging can also take place in a moist environment when the meat is encased in plastic packaging. This is typically the case for meat sold in a supermarket, where it might be on the shelf for up to ten days after it has left the meat packing plant. While it can become tender, it does not develop the same intense taste as that which has been dry-aged. An advantage of aging in plastic packaging, however, is that oxygen in the air and bacteria in the surroundings cannot spoil the meat.

An alternative to these two methods is to force the ripening of the meat using enzymes—for example, papain from papayas and bromelain from pineapples. These enzymes break down the proteins in the meat and make it tender, but it is difficult to control the process so that it happens uniformly. And, the taste is not nearly as good as that achieved by the natural aging of the meat.


Aged Pork Loin Roast with Asparagus and “Béarnaise in Parts”

In this recipe, the ingredients that are usually combined to make a béarnaise sauce are served in parts.

PREPARE THE PORK

•  Score the fat on the roast, forming a pattern of small cubes.

•  Bring water to a boil in a saucepan. Using tongs to hold the meat, place it in the water; allow the fat to melt for 1–2 minutes. Remove the meat and dry it thoroughly with a clean cloth or paper that does not leave a nap.

•  Season the meat thoroughly with salt and pepper, making sure that the salt really penetrates the scores in the fat.

•  Heat the oven to 200°F (90°C). Place a layer of rosemary on a grill rack in an oven pan, place the meat on top, and put it in the oven.

•  Turn the meat after 15 minutes and then start to control the inner temperature of the meat. After 15–20 minutes, depending on the thickness of the meat, the temperature should have reached the desired 144°–167°F (62°–75°C), depending on how well done the meat is to be.

•  Wrap the rosemary and the pork in foil until serving time, by which time the meat will have reached the right temperature for plating.

•  Peel the white asparagus and put them in ice water.

PREPARE THE BÉARNAISE

•  Place the eggs in a temperature-controlled water bath at 146°F (63.5°C) for 1½ hours. Cut the time in half in the case of quail’s eggs.

•  Carefully peel away the shell and the egg whites, leaving perfect egg yolks. Set aside for serving.

•  If no water bath is available, separate the eggs and place the yolks in small egg coddlers in an oven at 150°F (65°C) for 1½ hours.

•  Strip the tarragon leaves from the stalks.

•  Beat the butter, add the buttermilk, and continue beating until it is white and fluffy. Fill it into a piping bag.

THE FINISHING TOUCHES, ARRANGING, AND SERVING

•  Heat olive oil in a skillet until it is smoking hot, place meat fat side down in the oil, and fry until it is golden brown.

•  Quickly sear the meat on all sides. It is important that the meat is browned evenly to give it color, but not for too long.

•  Cook the white asparagus in water with a little salt until they are crisp and tender, 2–3 minutes. Remove them from the pot and allow them to drain.

•  Place the asparagus on the plate, pipette the butter beside them, add the egg yolks, sprinkle with chopped shallot, chervil, and tarragon. Finish with a little vinegar powder and cayenne.

•  Slice the meat crosswise into thick pieces with the crisp fat on, and arrange on the plates. Sprinkle with a little Maldon salt.

Serves 2

14 ounces (400 g) well-aged pork loin roast in one piece

Salt and pepper

1 bunch rosemary

Thick white asparagus

Olive oil

BÉARNAISE IN PARTS

1 quail egg and 1 egg per person

½ bunch tarragon

½ bunch chervil

1 shallot, finely chopped

7 tablespoons (100 g) butter

2–3 tablespoons (30–45 ml) buttermilk

1 teaspoon (5 g) vinegar powder

A little cayenne pepper

Maldon sea salt
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Aged Pork Loin Roast with Asparagus and “Béarnaise in Parts.”



Aged Beef

Beef is best when it is dry-aged at low temperature, 34°–37°F (1°–3°C) and relatively high humidity, 70–80 percent. The moisture is essential to keep the meat from drying out too quickly and ensuring that all parts of the meat are equally firm. At these low temperatures the aging enzymes in the meat work slowly and bacteria do not thrive.

Traditionally, beef is aged for three to four weeks, but some cuts of beef that have hung for ninety days, and even longer, are now being served as gourmet specialties. The meat becomes very tender and dark in color, and has acquired a fermented and slightly sweeter and nutty taste than meat that has been aged for a shorter period of time.

Aged Pork

Pork is normally aged for only two to three days and rarely for more than six. Pigs raised in the open, which grow much more slowly than the ones that are raised in pens, have tougher meat. Consequently, longer aging is needed to ensure that the meat is tender. Some pork is now aged for up to twenty days.

A completely different way to cure pork is using a small quantity of salt and air drying to make ham. The most sublime versions come from Spain and Portugal, where black foot pigs are raised in the Iberian mountains, foraging on the plants of the forest. These fantastically delicious hams are made tender over a period of about eighteen months, using a combination of salting, drying, and ripening with fungi that are present in the surroundings. The ones of the highest quality are firm, but still tender, with uniform marbling made up primarily of unsaturated fats. Thin slices of Iberian ham virtually melt in the mouth.

A Taste Challenge: Some Special Seafood

There are many creatures in the ocean that some people consider too exotic and that are rarely found on their dinner plates, even though others regard them as delicacies. Outstanding among these are squid, octopuses, sea urchins, sea cucumbers, starfish, and jellyfish. And, of course, the large marine algae, of which 10,000 different species are found in all parts of the world, form part of the daily diet, primarily in Asia. All these extraordinary forms of life have an intense taste of the sea in which they thrive and are particularly valued for their texture.

Cephalopods: Octopuses, Squid, and Cuttlefish

Cephalopods, whose name is derived from the Greek for “head” and “foot,” are known to many only in the form of breaded, deep-fried squid rings. The breading dominates and the flesh is often tough, having lost its original delicate mouthfeel. Or they may associate octopus with some rubbery little pieces in a marinara sauce.

Octopuses have a reputation of being difficult to prepare. This is due to their peculiar musculature in which the muscle fibers are cross-linked in all directions. In Mediterranean countries, fishers often hit the octopuses against a rock to loosen the muscles fibers and to make the flesh more tender.

When preparing both squid and octopus, the most important thing to remember is that they should be either heated for a very short time or simmered for hours. Anything else, or heating them to a temperature of over 140°F (60°C), results in very tough flesh.

One way to prepare a cephalopod is to place it in boiling water or hot oil for no more than ten to fifteen seconds or to place it in a sieve and pour hot oil over it. The flesh becomes tender and succulent, but still has a little bite. By handling it carefully in this way, even the flesh from the body of a large cuttlefish will stay almost raw.

Jellyfish, Sea Urchins, and Starfish

Those who think that octopus and squid are odd might find jellyfish and marine echinoderms, such as sea urchins and starfish, even more of a challenge. In the case of the last two, one has to get in under the thick carapace to find the delicious parts.

The only part of the sea urchin that is eaten is the so-called roe, the yellowish-brown reproductive organs—that is, the testicles and the ovaries. They make up two-thirds of the innards and it can be difficult to tell the one from the other. The roe has a high fat content, 15–25 percent, making it very creamy. This creaminess is also the source of the strong taste of the sea, due to the salt, iodine, and bromine in the roe. The fats coat the oral cavity, allowing the intensity of the tastes to linger for a long time. It also makes it possible to use the roe to thicken a sauce or a soup.

Starfish (now known as sea stars) are eaten in only a few places in the world. Some of them contain poisonous substances and their thick carapace is encrusted with masses of tiny calcite spicules, so they hardly seem to show much promise as raw ingredients. But, like the sea urchins, they have a soft interior made up of reproductive organs that lie in channels in the arms. These can be scraped out and fried, resulting in a creamy, fatty mouthfeel.


Fish Soup with Fried Squid and Sautéed Starfish Roe

PREPARE THE SOUP

•  Coarsely dice the vegetables. Pour the olive oil into a saucepan and add the vegetables, the garlic, parsley, and tomato paste. Heat them, allowing them to steam in their own juice without browning them.

•  Gut the fish, remove the blood and the gills, cut them into chunks, and place on the vegetables.

•  Add the water, wine, and Pastis, together with the additional flavorings.

•  Bring to a boil, skim off the foam, and allow to simmer for 30 minutes.

•  While still in the saucepan, coarsely mash the ingredients with a large wooden spoon.

•  Bring to a boil once more and then strain everything through a sieve. Push the solids firmly into the sieve to extract as much liquid as possible, together with a little of the soft solids to help thicken the soup.

•  Bring the liquid to a boil again and reduce it a little.

•  Season to taste.

PREPARE THE SQUID

•  Rinse the squid. Holding the head firmly pull out the innards and the quill. Rub off the membrane in the body cavity, trim off the fins, and clean the tentacles. Rinse again. Keep only body, tentacles, and fins.

•  Cut the body into ¼-inch (6 mm)-thick rings and the tentacles and the fins into lengths of ¾–1¼ inches (2–3 cm).

•  Place the rings and the tentacles in the brine for 5 minutes. Remove and dry them.

•  Heat the oil to 347°F (175°C), place the squid pieces in a frying basket, and dip them for 2 seconds in the oil.

•  Place the squid pieces on paper toweling to absorb extra oil and put aside for serving.

PREPARE THE STARFISH

•  Place the starfish on a cutting board with the carapace on top. Cut open the arms lengthwise.

•  Place a small bowl on ice and scrape the gonads and the roe out into it. Discard the rest of the starfish.

•  Melt a little butter in a saucepan and sauté the starfish gonads and roe until it is light golden brown. At the end, stir in the spring onion and season with hazelnut oil, chervil, salt, and pepper.

TO SERVE

•  Place a small pile of squid pieces in the middle of the soup plates and pour the steaming hot soup around them.

•  Reserve a small amount of the soup and whip it with an immersion blender to create a little foam on top and add to the bowl.

•  Put a small spoonful of the starfish gonads and roe on top.

Serves 6

FISH SOUP

2 leeks

1 large onion

2 carrots

¼ fennel bulb

4 large ripe tomatoes

3 tablespoons (45 ml) olive oil

3 garlic cloves

1⅔ cups (100 g) fresh parsley

3 tablespoons (48 g) tomato paste

4 pounds, 6 ounces (2 kg) small, whole fish

10 cups (2½ L) water

¾ cup + 1½ tablespoons (200 ml) dry white wine

1 tablespoon (15 ml) Pastis liqueur

Additional flavorings—for example, a stalk of dill, celery tops, bay leaves, peppercorns made into a bouquet garni

SQUID

6 ounces (150 g) squid

Brine: 3 tablespoons + 1 teaspoon (50 g) salt plus 2 cups (500 ml) water

Olive oil, for deep-frying

STARFISH

6 live starfish

Butter

A little finely chopped spring onion

A little finely chopped fresh chervil

1 teaspoon (5 ml) hazelnut oil

Salt and pepper
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Fish Soup with Fried Squid and Sautéed Starfish Roe.
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Starfish that has been cut open, revealing the delicious gonads and roe that are found in each of the arms.

Jellyfish

As their name implies, jellyfish are a true gel. They are made up almost entirely of water, about 95 percent, with the rest consisting of 4 percent collagen and 1 percent protein, and very few carbohydrates. The collagen holds the body of the animal together. Some jellyfish contain toxins, but others, such as the common moon jellyfish, are quite edible. In many parts of Asia, including Korea and Japan, jellyfish are regarded as a great delicacy.
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Jellyfish.

Jellyfish are among the few raw ingredients that are prepared and eaten almost exclusively on account of their mouthfeel. They have very little taste of their own, apart from saltiness, which is why they resemble artificial gels, even though they are much tougher. A freshly caught jellyfish will start to go off within a few hours and must be prepared right away. First, it is cleaned by removing the stomach, gonads, and various membranes, leaving only the bell and the tentacles that encircle the mouth. In Southeast Asia, jellyfish are usually preserved by drying them, either until they are completely dehydrated or at least until salting has caused them to lose 90 percent of their moisture.

With regard to texture, it is the partially dehydrated jellyfish that is most interesting. In this state it is crisp and crunchy, a little like the cartilage on a very young chicken. But turning jellyfish into delicious little morsels is easier said than done.

The traditional way of dehydrating jellyfish takes about two months, using a mixture of salt, soda, and alum. The salt and soda together draw out the water, the soda helps increase crispness, and the alum removes bad odors. Jellyfish of the highest quality are light and white, whereas those of inferior quality appear yellow or brown. The bell is the most valuable, primarily because it has a more regular shape than the tentacles.

When the salted, dehydrated jellyfish are to be used, they first have to be soaked in water or marinated in a vinegar dressing. They are then cut up into thin pieces and added to salads or eaten as a snack.

Because jellyfish have so little taste of their own, they offer many exciting culinary possibilities. They are almost pure texture and serve as vehicles for tastes contributed by other ingredients.

The Large Marine Algae

In addition to cephalopods, echinoderms, and jellyfish—considered culinary curiosities by many—and, of course, fish and marine animals, the oceans of the world are home to the large marine algae, known popularly as seaweeds. They belong to the largest biological kingdom on earth, the algae. This classification encompasses a very heterogeneous group of living organisms, ranging from the microscopically small unicellular ones to the giant kelp, which at almost 200 feet (60 m) in length, is among the largest organisms found in the sea.

Whereas the large seaweeds are an important food source in Asia and Polynesia, they appear as raw ingredients only rarely outside these two regions. As discussed previously, however, in the form of seaweed extracts, such as alginate, agar, and carrageenan, they are used widely as gelling agents in industrial food production and have also been discovered by the practitioners of modernist cuisine and molecular gastronomy.

On the one hand, of all the thousands of seaweed species, whether red, brown, or green varieties, only a few hundred are eaten. On the other hand, those that are consumed are very versatile, not least on account of the broad range of textures they can contribute to the food: soft, crunchy, crisp, tough, succulent, and elastic. Even though seaweeds have an interesting taste and aroma, they are prized more highly for their texture, especially in Asian cuisine.

Some varieties of seaweeds have blades that are so thin, often no more than a few cells in thickness, that they can be dried and toasted, making them crisp and crunchy and suitable for eating as a snack. This is the case particularly for dulse (Palmaria palmata), laver (Porphyra), wakame (Undaria pinnatifida), winged kelp (Alaria esculenta), and macro kelp (Macrocystis pyrifera). Macro kelp is the largest of all the species of seaweeds, but has exceptionally delicate, thin blades. Other species, for example, konbu (Saccharina japonica) and sea tangle (Laminaria digitata), must be cooked first to make them edible.


Dehydration of Jellyfish

This recipe for preparing dehydrated jellyfish follows the traditional Asian method. The recipe itself is simple, but the process involves five steps and requires a variety of salts. It takes about two weeks from start to finish, which shows that contrary to expectations, it is not so easy to draw out the water and end up with the right texture. But things can be speeded up by changing the brine every day. The dehydrated jellyfish will have lost about 94 percent of its original weight.

•  Clean the jellyfish by removing the stomach, gonads, and unwanted membranes. Wash thoroughly in cold water to remove any traces of sand that may be present.

•  Note: be sure to change the brine every second day.

•  First brining: place in jellyfish in layers with the salt and sprinkle with the alum.

•  Second, third, and fourth brining: add the soda and reduce the amount of alum by half each time.

•  Fifth brining: place the jellyfish in layers with salt only. This way they can keep for up to a year if they are stored in a very cold place.

•  Soak the jellyfish before using them.
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Dehydrated jellyfish.

Makes about 2 pounds (1 kg)

22 pounds (10 kg) large, living, freshly caught moon jellies (harvested in clean, clear water and not near a shore where sand might get into the jellyfish)

FIRST BRINE

6½ tablespoons (120 g) salt per 2¼ pounds (1 kg) moon jellies

2 teaspoons (10 g) alum per 2¼ pounds (1 kg) moon jellies

SECOND BRINE

6½ tablespoons (120 g) salt per 2¼ pounds (1 kg) moon jellies

1½ tablespoons (20 g) baking soda

1 teaspoon (5 g) alum per 2¼ pounds (1 kg) moon jellies

THIRD BRINE

6½ tablespoons (120 g) salt per 2¼ pounds (1 kg) moon jellies

1 tablespoon (15 g) baking soda

½ teaspoon (2.5 g) alum per ¼ pounds (1 kg) moon jellies

FOURTH BRINE

6½ tablespoons (120 g) salt per 2¼ pounds (1 kg) moon jellies

2 teaspoons (10 g) baking soda

¼ teaspoon (1.25 g) alum per 2¼ pounds (1 kg) moon jellies

FIFTH BRINE

6½ tablespoons (120 g) salt per 2¼ pounds (1 kg) moon jellies




Jellyfish Salad with Seaweed, Kohlrabi, Horseradish Juice, and Black Garlic

•  Thoroughly soak the jellyfish, drain, dry, and slice into thin strips.

•  Rinse the fresh seaweed in a 4 percent brine or clean seawater, being careful to remove any bits of sand, shell, and so on.

•  Peel the kohlrabi, julienne it, and place in ice water to keep it crisp.

•  Extract the juice from the horseradish with a juicer.

•  Place the jellyfish in a resealable plastic bag together with the horseradish juice. Seal the bag and let it stand for 1 hour. Alternatively, place these ingredients in a bowl and allow the mixture to rest for 1 hour.

•  Drain the kohlrabi and dry in a salad spinner or on paper toweling.

•  Cut the black garlic into thin slices.

TO SERVE

•  Mix together the jellyfish, kohlrabi, and alga and distribute into small glass bowls. Place the black garlic on top and drizzle with the avocado oil.

Serves 6

3½ ounces (100 g) dried, salted jellyfish

1⅓ ounces (40 g) fresh green algae (green string lettuce or sea lettuce)

3½ ounces (100 g) kohlrabi

1 tablespoon (15 ml) fresh horseradish juice

1 black garlic clove

1 tablespoon (15 ml) avocado oil
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Jellyfish Salad with Seaweed, Kohlrabi, Horseradish Juice, and Black Garlic.



Certain eminently edible seaweed species, especially some red ones, grow in the form of branched strands that are rather bristly and quite stiff. In the mouth they can seem to tickle at first, followed by a crunchy mouthfeel. Gracilaria, which grows in both warm and cool waters, can be eaten raw, as can the Japanese delicacies funori and tosaka-nori.


Jellyfish “Popsicles”: Where Licorice Meets the Sea

•  Have ready three skewers. If bamboo or wood, soak in water for 20 minutes while you prepare the jellyfish.

•  Thoroughly soak the jellyfish, drain, and dry. Cut into more or less even pieces, 1¼–1½ inches (3–4 cm) across.

•  Place the jellyfish pieces in a resealable plastic bag with the licorice and refrigerate for 1 hour.

•  Remove excess moisture, if any, and thread them onto the skewers. Place them on a rack and allow them to dry for 1 hour.

•  Heat oil for deep-frying to 338°F (170°C). Deep-fry the skewers for 2 seconds.

•  Serve immediately as a snack or as a condiment, for example, with grilled fish.

Serves 4

3½ ounces (100 g) dried, salted jellyfish

Pinch (1 g) of licorice powder or fresh liquid licorice

Neutral-tasting oil, for frying
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Jellyfish “Popsicles.”
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Dried konbu.




SOFT SEAWEED “LICORICE”

Some of the large brown seaweeds, such as konbu and sea tangle, can be prepared so that their texture is either elastic or like that of soft licorice. When these seaweeds are simmered, their mouthfeel is so deceptive that it is almost possible to convince oneself that they contain licorice.

A common Japanese snack is made with dried konbu that is cooked or rehydrated in water and then marinated in rice vinegar. Ginger or other spices can be added to the marinade to add subtlety. The texture is firm and elastic and can even be a little crackly. The acidity of the marinade makes such a snack quite refreshing and it is amusing to allow it to linger in the mouth for a while.

It is really quite easy to prepare simmered seaweed. The dried large brown algae are usually sold in the form of whole blades that must first be soaked in cold water for about an hour. If a lot of what looks like slime, but is actually made up of harmless polysaccharides, seeps out of the blades, it is advisable to change the water a few times. Because sugar kelp contains an abundance of polysaccharides, it is not a good choice for making these snacks as it would become overly sticky.

Once soaked, the seaweed is drained, placed in a saucepan with fresh water, and simmered until it is soft. The seaweed is again drained and then sliced finely into julienne strips or cut into squares ½–¾ inch (1–2 cm) across. These pieces are then simmered in a mixture of soy sauce and a sweet wine, possibly the rice wine, mirin. They should be simmered until the sugars in them caramelize and the pieces have become glossy and turned almost black.

This simmered seaweed is bursting with true umami taste substances. These can be intensified even further if a little grated dried shiitake is added while the seaweed is being simmered. If the finished product seems a little too sticky, the pieces can be dusted lightly with rice flour or licorice powder. Then they can easily be picked up with the fingers and eaten as a snack.

Possible uses for this seaweed “licorice” are to chop it and mix it into vanilla ice cream or to place it on top of each serving. Because the seaweeds contain polysaccharides, which bind water, the simmered pieces will not become hard when they come in contact with the cold ice cream. The result is a perfect marriage of textures—the soft and creamy mouthfeel of the ice cream contrasting with firm, chewy pieces of the sweet and umami-rich seaweed “licorice.”
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Three types of konbu: (left) marinated in vinegar; (middle) marinated in soy sauce; and (right) marinated in soy sauce, dried, and dusted with rice flour.
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Delicate seaweed species: tosaka-nori and funori.

Because of the natural gelling agents in seaweeds, dried and toasted seaweeds will absorb moisture very quickly if they are exposed to liquids or high humidity and become soft again. This holds true for the well-known nori, which is wrapped around sushi rolls, maki-sushi, or rolled inside them. Sheets of nori are produced from the red alga Porphyra. These sheets are dried and toasted and need to be totally crisp when used to make sushi. As the seaweed sheets absorb moisture rapidly, the sushi pieces must be eaten immediately after they are prepared, otherwise the nori will become tough and have a poor mouthfeel. The contrast between the crisp, crunchy seaweed and the soft sushi rice is the hallmark of good maki-sushi.

Frozen Desserts: From Granular and Creamy to Chewy

A sublime synergy between taste, mouthfeel, and temperature is the hallmark of a good frozen dessert. Textures run the gamut from the crunchiness of a granita and the graininess of a sorbet to the creaminess of homemade ice cream and the ultrasmoothness of a gelato. All frozen desserts are a complex mixture of ice crystals, air bubbles, and a sugar solution that does not freeze. Their microscopic structures are what ultimately determine their various sensory qualities.

Frozen desserts are usually made with ordinary sugar and other sweeteners—for example, glucose and inverted sugar. The sugar content has an overarching influence on how soft an ice cream feels and, hence, on its basic texture. Normally, a frozen dessert has a sugar content of at least 15 percent, and very sweet desserts, of course, contain much more.

Creamy Ice Cream

Ice cream made from milk, water, cream, sugar, and possibly some eggs, should have a very smooth, creamy texture without any traces of ice crystals that might crunch between the teeth. In both ice cream and gelato, the small milk fat particles are bound to the interface between the air bubbles and the watery sugar solution. Together with the proteins from the milk and the cream, the fats stabilize the air bubbles, helping to produce the characteristic soft, creamy mouthfeel of these frozen desserts.

Because a variety of soluble ingredients, such as sugar, salt, alcohol, and taste substances, are mixed into the ice cream, the water in it freezes at below the normal temperature of 32°F (0°C). The mouthfeel of a good ice cream should be cold and a little firm, becoming soft and creamy as it starts to melt in the mouth. Conversely, a more granular structure with a little crunch is desirable in a granita or a sorbet.

It is possible to detect particles as small as 7–10 micrometers in the mouth. So, if an ice cream is to be completely soft and creamy, such as soft-serve ice cream, it is important that the mixture is frozen very quickly while being stirred constantly to prevent crystals from forming. In addition the mixture of ingredients should include substances—for example, sugar, emulsifiers, and stabilizers—that inhibit the growth of the crystals while the dessert is stored in the freezer. Stirring serves to crush any crystals that may already have formed. It is especially challenging to make a soft, creamy product from dairy products that have a low fat content, such as milk and yogurt.

There is a range of modern kitchen appliances for making perfectly smooth ice cream or sorbet, notably a Pacojet. It has a high-speed rotating very sharp titanium blade that literally shaves the frozen block of an ice mixture into extremely small pieces that are only about 5 micrometers in size, which is below the threshold at which the tongue and mouth can feel individual particles. Another option is to flash freeze the mixture with the help of liquid nitrogen. In this case, the particles turn out to be smaller than 1 micrometer.

The Chewiest Ice Cream in the World

Salep dondurma, a Turkish specialty, has been called “the chewiest ice cream in the world.” Its name is derived from a combination of the obvious with the somewhat exotic. Dondurma is a Turkish word meaning “something that is frozen.” Salep is also Turkish, derived originally from an Arabic word for “fox testicles,” but now refers to an orchid (Orchis mascula), the roots of which apparently resemble fox testicles. Powder made from these roots is used to make the ice cream.

Salep contains a long-chain, complex polysaccharide that can incorporate more than 5,000 sugar groups. Consequently, it acts as a very effective gelling agent that can form hydrogels. It is used to thicken warm milk, leaving it with a gooey, sticky consistency and a very peculiar mouthfeel.


Ice Cream with Sugar-Cured Dulse

Adding dulse to an ice cream mixture has two effects that reduce the calorie content of this dessert and contribute to its texture. First, the umami taste substances extracted from the seaweed interact synergistically with the sugar and fat so that the quantity of each can be reduced. Second, the polysaccharides in the seaweed act as a gelling agent making it possible to use proportionally less cream and still obtain a smooth texture.

•  Bring the milk, cream, and 6½ tablespoons (100 g) of the sugar to a boil.

•  Add the dulse, allow to cool slightly, transfer to a vacuum pouch, and allow to rest at room temperature for 30 minutes.

•  Place the vacuum pouch in a water bath at 140°F (60°C) for 40 minutes.

•  Beat the egg yolks in a bowl with the remaining 3½ tablespoons (50 g) of sugar until they are very fluffy.

•  Blend the milk mixture and pass it through a very fine sieve. Heat the mixture to 176°F (80°C).
•  Add the warm milk mixture to the egg yolks, a little at a time to thicken it. Heat again to 176°F (80°C).

•  Churn the mixture in an ice-cream machine according to the manufacturer’s directions, or freeze it for 12 hours. Then run it through a Pacojet.

•  Serve with a sprinkling of sugar-cured dulse, if desired.

Serves 8–10

2½ cups (600 ml) whole milk

1⅔ cups (400 g) 38% cream

⅔ cup (150 g) sugar

1 ounce (25 g) dulse

6 egg yolks
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Ice Cream with Sugar-Cured Dulse.




Chewy Almond-Milk Ice Cream

PREPARE THE ALMOND MILK

•  Skin the almonds and discard the skins.

•  Soak the almonds in 1⅔ cups (400 ml) of the water and allow to stand for about 24 hours.

•  Discard the water, add the remaining 1⅔ cups (400 ml) of water, and blend into a very fine slurry.

•  Pass through a fine sieve and use the almond milk to make the ice cream.

PREPARE THE ICE CREAM

•  Beat together the almond milk, milk, konjac, and benzaldehyde and let stand for 30 minutes.

•  Heat the mixture to 122°F (50°C).

•  Split the vanilla pod and scrape out the seeds, mix with the sugar, and sprinkle into the warm milk.

•  Bring the milk mixture to a boil. Let it continue to boil while beating it constantly with an electric mixer for 15 minutes.

•  Freeze in an ice-cream maker, according to the manufacturer’s directions, or freeze over crushed dry ice. Allow to rest for 12 hours in the freezer before serving.

Serves 8–10

ALMOND MILK*

3½ ounces (100 g) almonds

3⅓ cups (800 ml) water

ICE CREAM

1⅔ cups (400 ml) whole milk

1 teaspoon (4 g) konjac

3 drops benzaldehyde or almond extract

½ vanilla bean

1 cup (200 g) sugar

* Three and a half cups (800 ml) of commercially sold almond milk may be substituted for the homemade almond milk.
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Chewy Almond-Milk Ice Cream.



When milk thickened in this way is frozen, the liquid becomes extremely chewy and supple, so that it can be pulled into long strings, much like taffy. Kneading an ice cream made with salep makes it even chewier, in the same way as kneading bread dough with a high-gluten content makes it possible to stretch it into pieces several yards (meters) long. Forget about using a scoop to serve it—the mixture can be cut only by using scissors.

Arielle Johnson, Kent Kirshenbaum, and Anne McBride have experimented with making salep dondurma, using other polysaccharides than those derived from the orchid roots, as it is difficult to obtain salep outside Turkey. As a first attempt they substituted cornstarch and arrowroot. The ice cream became solid but was not truly chewy and elastic. They then tried the root of a plant called konjac (Amorphophallus konjac), which is native to China and Japan, where it is used to make a special type of noodles. It turned out that konjac had the same effect as salep and they quite naturally named the result konjac dondurma. This trio of researchers also found that to achieve the right tough, viscoelastic consistency, it is vital to knead this ice cream mixture both before and after it is frozen. Otherwise, it will become grainy and less chewy.

Texture That Releases Big Bursts of Taste

Truly special taste experiences can be gained by encapsulating one phase of an ingredient within another. This could be a liquid with a particular taste encased in a little spherical shell, which might be firm, crisp, or chewy and bursts when it is chewed. It could also consist of a liquid with carbon dioxide bubbles that burst when it is poured. What this achieves is an interplay between sensing the taste as it is released and feeling the different textures. Well-known examples are egg yolks and fish roe, but it is also possible to imagine creating small capsules by artificial means. This could be done using a gelation process or by calcification, which is the chemical modification of the surface of a fruit.

Small Capsules with Surprising Textures and Tastes

Fish roe is a yolk sac filled with fat droplets that are held together by a thin wall. This wall is made up of a biological membrane that is covered by a layer of special proteins called glycoproteins, which act as stiffeners. The actual ovum is inside the yolk. Immature roe can be very hard, but it becomes softer as it ages and breaks apart easily just before it is about to hatch. Roe is best for eating just before it matures.

Brining roe produces a firmer surface that leads to a crisper and cracklier mouthfeel, which enhances the contrast with the taste of the fatty, creamy interior when the individual roe cells burst as they are chewed.

Some of the crispest, crunchiest roe, tobiko, comes from flying fish; each egg is about a 0.5 millimeter in diameter. That from capelin is even tinier and just as crunchy. Sturgeon roe, the world-famous caviar, is somewhat bigger. Its membrane is less springy, which results in a creamy mouthfeel. The roe from salmon and trout is even bigger and can have a very crisp exterior if it is salted.

Salted herring roe has a special place in Japanese cuisine based on its mouthfeel, which is almost as crunchy as that from flying fish. In Japanese it is known by the very descriptive name kazunoko, a word that means literally “many children.” A single roe sac can contain up to 100,000 individual tiny eggs. An unusual delicacy is herring roe that has been deposited on a blade of seaweed—for example, on macro kelp or on konbu, in which case it is called kazunoko-konbu. It is often placed on both sides of the blades in layers that can be up to ¾ inch (2 cm) thick.

Making good, crunchy kazunoko is a laborious process that involves successive brining of the roe sacs, ending up with a saturated salt solution. The resulting sacs are firm and densely packed with extremely crunchy eggs. When they are to be used, the roe sacs are soaked in water.

A completely different mouthfeel can be achieved by drying fish roe, as has traditionally been done in the Mediterranean countries of Europe. This prized delicacy is called bottarga in Italy and botargo in Spain. The dried roe is hard and firm and contains a large quantity of dried fatty substances that result in a waxy mouthfeel. It can be made from many different fish roes, especially from cod and tuna, but that from mullet is considered the best.
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Herring roe deposited on seaweed (kazunoko-konbu).
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An innovative use of spherification: Cavi-art, “caviar” made from seaweed.

Spherification

Apart from the use of liquid nitrogen, spherification is probably the technique that most people associate with molecular gastronomy. By using the gelling agent alginate (sodium alginate), it is possible to form small spheres that contain liquid or larger membranes, such as the ones that enclose the yolk of an egg. The process creates distinctive textures that can present a surprisingly challenging mouthfeel. There might be a crunchy sensation, similar to the feel of flying-fish roe, or a supple elasticity followed by the bursting of the membrane when the teeth sink into it. The latter can lead to a true flavor burst in the mouth.


CAVI-ART: A GOURMET VEGAN ALTERNATIVE

A small Danish enterprise that has gained an international following is actually based on a failed experiment. In 1988, Jens Møller discovered that when certain enzymes were combined with seaweed, very small spheres were formed. He was quick to spot the resemblance between these balls and fish roe and set to work to develop the idea. After spending several years experimenting with the idea and developing it further, he was able to take out a patent on his innovation in 1994. One year later, he started the commercial production of this unusual product, which was given the name Cavi-art. It consists of small spheres made from seaweed but that resemble caviar, both in appearance and, especially, with regard to mouthfeel.

Each of the small Cavi-art balls consist of a firm, elastic membrane, made from gelatinized seaweed alginate, which encloses a liquid interior to which food coloring and a variety of taste substances are added, depending on the end use. If they are to be used as a caviar substitute, they naturally taste of fish, but they can also be adapted for use in desserts by choosing sweet juices, such as those from passion fruit or papaya. Cavi-art is a simple, smart application of spherification.

Avant-garde chefs take credit for ‘inventing’ the use of alginate to make spheres for modernist cuisine. Perhaps they are not aware that Jens Møller had already made the discovery and brought it to market as a novel series of food products quite a few years earlier.
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Cavi-art: a vegan alternative to caviar.



As already pointed out, spherification is based on the ability of sodium alginate to form a chemically stable gel in the presence of calcium ions. These ions can be sourced from calcium chloride or calcium lactate, or be naturally present in the ingredient that is to be spherified. Most chefs prefer to use calcium lactate, possibly mixed with calcium gluconate because, unlike calcium chloride, it has no effect on the taste. The two methods used to make spheres are basal spherification and reverse spherification.

Basal spherification takes place when a small quantity of a liquid—for example, fruit juice—that contains sodium alginate is added to a calcium ion solution, using a dropper or a small spoon. The calcium ions cause the alginate to form a gel on the exterior surface of the drop, creating a firm spherical shell with a liquid interior. The strength of the gel depends on the concentration of calcium ions, as well as the acidity of the liquid and whether or not it contains alcohol. No gel forms if the liquid is too acidic with a pH of less than 5, as would be the case for apple juice. Instead, it would result in the formation of alginic acid, which is not very soluble and acts as a thickener. To a certain extent, this effect can be countered by adding sodium citrate, which elevates the pH. To prevent the drop from becoming completely solid, the spheres must immediately be transferred to clean water to remove the calcium ions. It can be tricky to get this just right as it is not possible to wash away all the calcium ions. After a period of time, calcium ions will diffuse into the sphere, making it completely solid. A similar problem arises if the ingredient to be spherified naturally contains a certain quantity of calcium ions, as is the case with dairy products. Because of the difficulty in achieving this delicate balance, basal spherification is usually carried out just before the spheres are to be served.

Many of the problems that are associated with basal spherification can be avoided by using the alternative process, reverse spherification. The method is similar, but the ingredient to be spherified is now the one that contains the calcium ions, either naturally occurring or from the addition of calcium lactate. The mixture is dripped into a sodium alginate solution, causing a gelated shell to form around the sphere. Because these shells are normally a little thicker than ones formed by the basal spherification method, the spheres keep their shape better but are less crisp and do not burst as readily. As with basal spherification, the spheres are immediately transferred to clean water to rinse off excess alginate. This brings the gelation to a halt and the spheres remain liquid on the inside. It is therefore possible to prepare these spheres well in advance of when they are needed. Reverse spherification also resolves the problems mentioned above that arise with liquids that are acidic, contain alcohol, or already have a large number of calcium ions.

Spherification makes it possible to incorporate yet another textural element: small carbon dioxide bubbles. These complement the solid gels and the liquid interiors, so that all three states of matter—solid, liquid, and gas—are present at the same time. When the carbon dioxide bubbles are released, the mouthfeel is like the well-known one produced by carbonated drinks.

There is a long list of practical conditions that must be taken into consideration if one wants to make perfect spheres, and it can take a great deal of practice. For example, sometimes the drops do not want to sink into the solution into which they are being placed because their specific gravity is lower than that of the solution. This problem can be overcome by adding some xanthan gum to the liquid that is to be spherified.

Calcification

It is possible to use a little culinary trick, calcification, which is the formation of calcium carbonate, to create a shell on the outside of a soft interior. As explained earlier, this can be done with pretzel dough, but it also works with tomatoes that have been blanched to remove their skins. This results in an amusing and surprising mouthfeel. The exterior feels firm and a little crisp, whereas the interior has a totally different structure. The trick is based on a bit of chemistry that involves a reaction between the carbon dioxide in the air and a base, lye, which is used to treat the surface of the ingredient.

Calcification makes it possible to create a firm, slightly crisp membrane around a skinned tomato, which suddenly bursts in the mouth releasing a stream of juice. If, in addition, the tomato has been infused with some aromatic spices, there is yet another surprising effect: the inner structure of the tomato is exactly as one expects it would be, but the taste is completely different.
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Calcification of tomatoes.


CALCIFIED TOMATOES INFUSED WITH AROMATIC HERBS

The master chef Josean Alija, who runs the kitchen at Nerua, the renowned gourmet restaurant in the Guggenheim Museum Bilbao, in Spain, has elaborated a recipe for calcified tomatoes infused with the essence of a variety of aromatic herbs. The procedure is very long and involved—it takes four pages to describe it and ten hours to prepare the tomatoes. What follows here is an overview of the critical steps needed to produce this signature dish.

First, cherry tomatoes of different colors and shapes, but all about 1¼ inches (3 cm) in diameter, are selected. They are blanched to loosen the skin, then plunged into cold water and peeled. At this point they are immersed in a solution of slaked lime!
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Calcified Tomatoes Infused with Aromatic Herbs.

To understand how this works, we need to look at the underlying chemistry. Slaked lime (calcium hydroxide), also known as limewater when in a saturated solution, is a strong base and is corrosive. It is actually used quite extensively in food production. The limewater reacts with carbon dioxide in the air, to form water and chalk (calcium carbonate), which is a solid. After soaking for three hours, the tomatoes are washed thoroughly under running cold water. They have acquired a firm outer shell that allows the tomatoes to be injected with tomato sauces after they have been heated and dried.

The tomato sauces are made from sun dried cherry tomatoes, olive oil, salt, and sugar. First the sun-dried tomatoes are baked at 350°F (170°C) for twenty minutes and then pureed by forcing them through a sieve. The sauces are seasoned with aromatic herbs—for example, lemon grass, chives, mint, rosemary, and chervil—and then injected into the calcified tomato shells. For added effect, the different sauces are matched to tomatoes with a particular color or shape.

It is also possible to produce a sweet tomato by warming the calcified shells in syrup in a vacuum bag and then drying them.

To serve, the tomatoes are steamed for thirty seconds in a seaweed extract made from sea tangle and then arranged on plates, five different ones per serving. The plates are decorated with a sauce made from capers and tomato soup thickened with xanthan gum and heated to 158°F (70°C), and a basil leaf is placed on top.

Inspired by this idea, two Danes—Kasper Styrbæk, an apprentice chef, and Per Lyngs Hansen, a physicist—have developed an alternative recipe that uses less harsh methods to calcify the tomatoes. Instead of limewater, they use calcium chloride and baking soda, adjusting the solution by the addition of vinegar. As a result, the calcification penetrates further into the tomatoes, leading to a thicker shell. The result is firmer tomatoes with a pleasantly tough mouthfeel.




DECODING THE MOUTHFEEL OF AN EIGHTEEN-COURSE LUNCH

It is rumored that Restaurant Nerua in Bilbao was not deemed worthy of a Michelin star because originally it could be entered only by going through the bistro in the Guggenheim Museum Bilbao. When it acquired its own discreet, but very elegant entrance, up a staircase facing the Nervion River, it was soon awarded its first star.

The restaurant is located in the Guggenheim Museum Bilbao, Frank Gehry’s imposing organic masterpiece of a building, which resembles a giant sculpture at the edge of the river. This museum transformed what was an ailing industrial town into a tourist destination. It took only one year after it opened in 1997 for the number of visitors to the city to increase by a factor of 300. The Guggenheim is a shining example of what a massive investment in culture can do for a city, in terms of its understanding of itself and its economy.

The person in charge of Nerua is a bit of a magician. Master chef Josean Alija’s cuisine is, in a way, puritanical and austere, focusing on the fundamentals: aroma, taste, and texture. But when examined more closely, the style borders on the brilliant, and at the very least, it is always surprising and based on an enormous amount of work to develop the recipes and techniques. Yet, despite the complexity of the recipes, the dishes are studies in simplicity when they arrive at the table. Paul Bocuse is said to have remarked that Josean’s food is some of the best he has ever tasted.
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The entrance to Nerua, the restaurant in the Guggenheim Museum Bilbao.
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Chefs hard at work in the kitchen at Nerua.

We had high expectations for our lunch at Nerua, not least because one of us (Ole) had already eaten there once, participated in a jam session with its chefs, and worked with them to prepare some recipes for a book. We had also been told by a Danish apprentice chef at the restaurant, Kasper Styrbæk (the son of one of the authors), that the menu would consist of eighteen especially selected dishes.

To start, we had a drink made from an extract of tomatoes, which had not been heated, with onions and garlic. We stood in the room in front of the kitchen, which was already a hive of activity, even though we were the first guests to arrive. With the drinks, we were served a “chip” made from fried, dried cod skin together with a “grape” on the vine made from melon infused with bouillon based on Iberian ham from black foot pigs. We were shown around the kitchen and also had a look at the small space that serves as Nerua’s “experimental laboratory.”

The restaurant itself is very small, with only ten tables as well as one in the kitchen. There is only one window, which faces the river, no decorative touches, and everything is painted in light and creamy tones. In the middle of the room is a column with a table encircling it that functions as a staging area for the servers. There are tablecloths on the tables, but nothing more. In some ways, the room mirrors the interior of the museum itself, which is to say that it is a sculpture, a freestanding work of art with shapes and colors that requires no embellishment or even an exhibition.

As soon as we were seated, cutlery, napkins, and some simple decorations appeared, and the lunch virtually started to rise up from the table. As an appetizer, there were pickled tomatoes served on ice. When the first dish materialized—beet gnocchi in a roasted bell pepper jus—Nerua’s guiding principle was on display. It looked deceptively simple, but the fine-tuning of the texture together with the interplay of sweet and sour in the beet juice brought it close to perfection.
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An array of the dishes served at the eighteen-course lunch.

This was followed by one of the restaurant’s signature dishes, known simply as “tomatoes in sauce.” Five small peeled tomatoes of different colors were arranged on a plate. When bitten into, each of them burst in the mouth, releasing the taste of a capers-based sauce infused with lemongrass, chives, mint, rosemary, or chervil. The effect was pure and overwhelming. The texture combines a firm, light, and crisp outer calcified shell with a very soft interior that is completely different from ordinary tomato pulp.

Dish number three was creamed spinach made with almond milk and olive oil—possibly the most beautifully presented dish of them all. The spinach was succulent and juicy. Next came an arrangement of wild asparagus, avocado, arugula, and a green extract of wheatgrass, decorated with a chip made by drying a water extract of Parmesan cheese, an altogether wonderful display of umami.

What was the wine pairing? A white Rioja Viña Condonia 1999 made from malvasia grapes, well balanced by oak. It is a rare and rather complex wine, but it was a good accompaniment for the first four dishes. We then switched to a lighter, young Spanish white wine, Albariño do Ferreiro Rias Baixas 2013.

With the next dish we had our first taste of the sea—a large shrimp and a zucchini flower, with stewed plums in a mint and curry sauce. We immediately returned to a vegetable course, which featured chickpeas in a green sauce with aromatic herbs. Chickpeas are cultivated in all parts of the Basque Country, where they are a staple food, eaten especially during times of abstinence. At Nerua they are prepared so that they are still a little firm and seasoned with chorizo juice, resulting in pure umami synergy.

Before we moved on to the more traditional and serious fish dishes, we tasted Josean’s own interpretation of duck foie gras, in this case accompanied by a juicy, but still firm, baby turnip and fresh lemon mint.

The eighth dish was kokotxa, also known as bacalao al pil pil in Spanish. There are hundreds of different ways of preparing this dish using the flesh found just under the jaws of fish, usually hake or cod, which is cooked in warm oil. Although the dish looked uninteresting and rather drab, the secret that underpinned this version was the use of cod tongues prepared in an oil-water emulsion. They were gelatinized in clay pots by being stirred slowly at low temperatures so that the emulsion did not separate. The tongues became both soft and a little creamy, with a texture that suited the emulsion perfectly.

Another of Nerua’s signature dishes was served next—a whole anchovy cut open to look like a butterfly and grilled flesh side down. It was presented on a small piece of runny yeast dough made from flour and bread crumbs and topped with a foam of thickened egg yolk, red onion juice, and jus from cooked anchovy bones. When the foam touched the palate, an incredibly delicate taste of the sea was released.

A lightly smoked swim bladder from a cod, in a sauce of crab broth, almonds, and red onions, was the tenth dish. The swim bladder is connective tissue that has gelatinized to acquire an interesting, slightly sticky texture.

The dishes that followed were paired with red wine, Las Gravas Jumilla 2010. It was a great match for the candied baby squid that was accompanied by cooked baby turnip and a jet-black olive paste. The natural black color of the olives was enhanced by the addition of ink from the squid. The squid were wonderfully succulent and not the least bit tough. Two more fish dishes followed. First was a small piece of albacore tuna in a light sauce of green peppercorns and tomato juice. This was followed by fried hake, the delicious cod species that is one of the most popular fish in the Basque Country. The hake was served with its skin on, placed on a swoosh of crème with green peppercorns and cabell d’angel, a sweet made from Siam pumpkin, generally used in pastries.

[image: image]

Grilled fish at the harbor in Bilbao.

The last two courses before the desserts were beef sinews—yes, sinews—in a reddish brown spicy sauce and a small, extremely tender lamb cutlet on a bed of quinoa, green onion with mint, and a drizzle of a sherry broth.

For the desserts, the wine pairing was a special sweet wine from Lanzarote, El Grifo Canari, blended from the vintages of 1956, 1970, and 1997. It is now a very rare wine and only a few bottles were left in the restaurant’s cellar after our visit.

The first dessert was kiwi with a sorbet based on green shiso, that delightful aromatic Japanese herb often found as decoration on platters of sushi. Next was Josean’s interpretation of the famous gâteau basque, traditionally in the form of a cake or a bread filled with cherry jam. Josean’s gâteau was nothing like it—a base of strawberries topped with a beautiful stiff crème with coconut, black pepper, and rose water.

We finished the meal with what are called early figs, which are quite different from ordinary figs. They have a fresh fruity taste, but retain a little of the full, creamy taste of ordinary figs. They were presented in slices with mint, nut mousse, and cold fig tree milk.

We had spent five hours at the lunch table, and Josean Alija’s magic had been transplanted into our bodies and souls. Luckily the dishes were small, and we were not too full to begin slowly to think about the evening meal—grilled Basque fish.
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	Why Do We Like the Food That We Do?
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For many years an Australian professor, John Prescott, an expert in the field of sensory science, has pursued an interest in the perceptions that shape our food preferences. In his book Taste Matters: Why We Like the Food We Do, he has tried to describe the factors that determine which foods we like and which we reject. In a slightly cryptic turn of phrase, he sums this up as “we eat what we like and we like what we eat.” To a large extent this is driven by mouthfeel.

Enjoyment and Hedonism

Prescott’s way of describing our food preferences glosses over how complicated it is to explain why we eat as we do. Fundamentally, we are driven by desire and drawn by enjoyment. Eating is a hedonistic activity. We eat what each of us thinks tastes good. In this regard, we are motivated by the same mechanism as the one that governs sexual behavior. Both food and sex improve our ability as a species to survive in the long run as evolution takes it course. Food supplies the necessary nutrition and sex the possibility of reproduction.

The enjoyment value of food is based on a person’s individual preferences rather than on its nutritional content. What we enjoy at different stages of our life can depend on genetics and a whole series of other factors, such as the eating habits of our mother during pregnancy, circumstances while we were growing up, how we were raised, our education and cognitive makeup, as well as our culture, tradition, and ethnicity.

Some food preferences are inborn and universal. We like food that tastes sweet or imparts umami and reject food that is too bitter or sour. We also prefer food that is somewhat salty. In the course of evolution, these built-in food choices have improved our chances of survival by steering us toward food that is rich in calories and away from that which is poisonous. In many parts of the world food is readily available and relatively inexpensive. On the downside, our propensity to seek out food that is fattening, in combination with this easy access and low cost, is one of the reasons for the growing obesity epidemic in both rich and even poor countries.

Nevertheless, our preference for these basic tastes does not necessarily mean that we all like the same kinds of food; in fact, far from it. There are many other nuances of taste apart from the basic ones that play a role in our choices, an important one of these being mouthfeel.

Even though it is quite easy to identify some characteristics that are shared by the food we like, it is much more difficult to pinpoint them in the food that we dislike. We reject foods for a whole variety of reasons and the only common factor is whether it is too bitter or extremely sweet or salty. As we grow older we sometimes develop preferences for a certain degree of bitterness in our foods—for example, coffee, tea, hoppy beer, spinach, and tonic water—even though we do not have an overall preference for bitter foods.

The development of hedonistic reactions to the many-faceted sensory experiences related to food actually mirrors the complex interplay among the multitude of factors that govern human behavior and social interactions. One of the best-known examples is the association between tastes and personal experiences of either a positive or a negative character. Another example is the way in which we can become accustomed to something after having tasted it a number of times and possibly even end up seeking out food with that particular taste. A third example is the development of taste preferences in social settings that involve us in the preparation of food and meals. These last two examples can play an important part in what we might call food or taste adventurousness, and in that way counteract neophobia—that is, the fear of anything new or novel—in this case, something that we have never eaten before.

Food and Taste Adventurousness

Until the age of about two, small children eat what their parents eat, provided that they are allowed to do so. They are total omnivores and the underlying biological principle is that children quite unconsciously trust that the food that their parents are eating is also safe for them. In addition, the food preferences of newborn babies are to an overwhelming extent governed by the food that their mother ate during pregnancy.

From the age of about two to three years, children slowly begin to develop a degree of independence, which again has a biological consequence in that they are less inclined to try food that they do not already know. This is a sort of neophobia, which is a relevant way of approaching the dilemma of the omnivore—to be willing to eat everything, but not to run the risk of eating something that is poisonous. The extent of this food neophobia is only partly a matter of genetics.
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Children participating in a school-garden project tasting a soup made with vegetables that they themselves have grown. Here there is no food fussiness!

Food neophobia is not a question of simply liking or not liking foods that one has never tried before. Rather, it is the fear that one might possibly not like something new if one tastes it because it could turn out to have a bad taste. This lack of adventurousness with regard to food leads to a similar lack of adventurousness when it comes to tasting it. And this means that it is quite possible that someone has not even tried to find out whether something new might actually taste good or bad. It is not unusual to hear children claim to dislike certain foods, even though they have never tasted them.

Food neophobia is often associated with being a fussy eater. But food fussiness is not an absolute condition; it depends on social context. Much to their frustration, parents experience this when they see their children who are fussy at home gladly eat all sorts of food at other people’s houses. School projects that involve children in growing their own vegetables and preparing them for themselves and their classmates often illustrate this point quite clearly. The teachers say that the children never reject food when they have taken ownership of it and how it tastes. Being fussy is not in and of itself an undesirable trait; rather, it is a very natural condition that can be influenced and changed, although seldom by the use of promises, threats, or finger-wagging.

Children often refuse to eat or try certain foods as a way of asserting their power in relation to the adults. This method is extremely effective and most families with children have probably experienced, more than once, that hour just around dinnertime when fussiness increases and even the children’s favorite dishes will not make them happy.

Normally children outgrow food neophobia by the time they are teenagers, but it stays with some people into their adult years. Research has shown that one way to defeat this fear is to be exposed to new foods and new tastes over and over. After having tasted something between four and eight times, one learns to appreciate it much more. What happens as a result of this repeated exposure to something previously untried is, in all likelihood, that the fear of the new is reduced and might then eventually disappear altogether.

Another way to break down the barriers that prevent us from trying something new is to introduce it gradually together with a food that is already familiar, a so-called gateway food. A third option is the active acquisition of knowledge in a different setting and in the company of others where one feels stimulated to display curiosity, participate, and take ownership of one’s own tastes.

Texture, the Choice of Foods, and Tolerance for Texture

Texture is an important measure of quality for both raw ingredients and prepared foods. On the one hand, a poor or undesirable texture does not serve to nearly the same extent as taste and smell indicate whether a particular food is fit to eat. A soufflé that has collapsed is just as edible as one that is still puffed up, but there is a huge difference in the mouthfeel of the two. On the other hand, it is a very legitimate indicator of quality with regard to the freshness of raw ingredients, such as vegetables and fruits, as well as a way to judge the ability of a cook to prepare and serve outstanding dishes.

Even though there might be cultural, psychological, social, and age-related differences, the texture of the food must not evoke memories of inedible things. For instance, most people would reject food that has the mouthfeel and taste of cardboard. Here again, though, there is the matter of growing accustomed to certain foods and learning to eat those with textures that one initially found foreign and strange, even unappetizing.

When one wants to acquire knowledge of another food culture, it often amounts to accepting unfamiliar textures or combinations of textural elements in novel contexts. Many who are used to Western-style food might find a silky tofu made from soy milk unappetizing and jellylike, but enjoy a sweet pudding or cheese made from milk with exactly the same texture, judging it to be soft and delicious. Another example is the case of vegetables, which in earlier times were expected to be cooked until mushy and practically unrecognizable. Now they are much more highly valued when cooked minimally to preserve their natural crispness and springiness.

Considerable age-related physiological differences may need to be taken into account when it comes to food texture. Babies without teeth and small children need to have pureed or finely chopped-up food that can be manipulated in the mouth without posing any danger of choking when it is swallowed. Elderly people may have difficulty chewing because of they have lost strength in their jaw muscles or have dental problems. In addition, the secretion of saliva may have decreased, leaving them with a dry mouth, which makes it harder to chew and swallow food that is hard or dry. A similar problem can arise for patients who have undergone chemotherapy or radiation treatments.

Research has demonstrated and lent weight to the empirical observation that we prefer different textures in different contexts, such as in the daily rotation of meals. Other experiments have shown that we are in love with textures that can be characterized as crisp, crunchy, tender, juicy, and firm, whereas such textures as tough, pasty, lumpy, slimy, and crumbly are often regarded as undesirable. In addition, there are certain combinations of textures to which we are naturally drawn, especially such contrasts as creamy/crisp, as in yogurt with muesli, and soft/firm, as in steamed fish with toasted almonds.

The Perfect Meal

No one is surprised to learn that a meal is more than the food and a fabulous dining experience is not the result of only the energetic efforts of skilled Michelin-level chefs. More is required, not least the company with whom the meal is shared. In fact, there is more, much more—and this encompasses the lighting, cutlery, and dinnerware; the names of the dishes; a complex interaction among all the five senses; and finally the influence of more psychological conditions, such as memory and the state of one’s emotions.

A British psychologist, Charles Spence, and an expert in marketing and consumer behavior, Betina Piqueras-Fiszman, coauthored a book dealing with the multisensory science of food and dining. Spence is known for, among other topics, his work on the influence of sound on how food tastes—for example, our experience of meals on airplanes where there is a great deal of background noise. The book lifts the veil on a decade’s worth of scientific investigations of gastronomy. Such expressions as “culinary chemistry,” “molecular gastronomy,” “neurogastronomy,” and “modernist cuisine” have recently gained currency as part of a methodical approach to the study of gastronomy. In this volume, all the research is gathered together under the rubric of “the new science of the table.” Spence consistently uses the term “gastrophysics,” which was first used by the Danish physicist Michael A. Lomholt in about 2002–2003. The word really became mainstream after the first international conference on the subject held under the auspices of the Royal Danish Academy of Sciences and Letters in 2012.

According to Spence, creating the perfect meal depends on knowledge from fields as disparate as experimental psychology, design, neuroscience, sensory science, behavioral economics, and marketing, as well as culinary aspects of chemistry and physics. Many modern chefs and food producers now avail themselves of all this knowledge to fashion new, surprising, and memorable dining experiences. And it is not just a question of what goes into the mouth, but also what goes on in the brain.

The new branch of science, neurogastronomy, an expression coined by the Yale neurologist, Gordon Shepherd, is beginning to shape a scientific basis for understanding the meaning of the multimodal integration of the different sensory inputs in the brain. But according to Spence, more than that is needed to create a perfect meal: the dining table, the tablecloth, the cutlery and dinnerware, the names of the dishes and how they are presented, ambient sounds and lighting, as well as everything else that could collectively be deemed the esthetics of the meal.

Can it really be true that the weight, shape, and color of the cutlery and the dinnerware influence the taste experience? As shown by the studies conducted by Spence and his colleagues, the answer is possibly yes. Food that is eaten with heavy cutlery is interpreted by the diner as being of higher quality. Can it be correct that the sounds in the room also have an effect on taste? Again, studies have shown that a pizza is considered to have a more authentic taste if it is eaten while Italian opera music plays in the background and oysters are more enjoyable when sounds of sea and surf can be heard. Other experiments have demonstrated that if one is eating food out of a handheld bowl, one is likely to feel full earlier, and consequently, eat less from a heavy bowl than from a light one. Many are also aware that the noise in an airplane has a tendency to lessen the intensity of sour, sweet, and salty tastes, while umami remains unchanged. This is said to be the reason that so many passengers quite subconsciously order tomato juice while in flight, something they would rarely do when they are in a quiet bar on terra firma.

Spence documents how the way in which we name and describe a dish has a considerable influence on how we perceive its taste and whether we like it. The name of a dish can make it more attractive to the diner—twice as much money can be charged for an omelette à la norvégienne as for baked Alaska, even though the two dishes are identical. A cassoulet is also more tempting than a casserole. There is a long tradition of naming dishes made from offal and unusual animal sources in such a way as to redirect attention away from the actual raw ingredients. King eel certainly sounds more appetizing than smoked shark belly. Two Danish sensory scientists, Line Holler Mielby and Michael Bom Frøst, have also shown that the way in which a diner in a restaurant experiences and appreciates a dish depends on the information about it derived from the menu or given by the server. Their work has led to the surprising conclusion that a description of the techniques involved in the preparation of the dishes results in a more positive evaluation than a description of their sensory qualities.

Among the many other amusing discoveries set out by Spence and his colleagues is the significance of the actual material from which the plates are made, their color, shape, and size, as well as how the cutlery, glasses, and cups feel in the mouth. It would not be very appealing to drink red wine from a black tumbler or eat with a spoon that is covered in fur. The sound made by the cutlery also has an effect on taste perception. The sound of knife and fork on a porcelain plate is very inviting, whereas the feeling of placing a plastic champagne glass on the hard surface of a table is uninspiring.

Expectations of how the food will taste—for example, based on the name of the dish, its appearance, knowledge of the raw ingredients to go into it, earlier experiences of eating it, or the server’s description of it—and possible surprises have been shown to drive how we evaluate the dish. This is especially influential if our expectations are not met, for example, if the mouthfeel is not right even though the taste is identical. While a springy Caesar salad with fried bacon that crunches when we bite into it can be delicious, the same salad can be positively off-putting if it has had a trip through the blender.


Epilogue

MOUTHFEEL AND A TASTE FOR LIFE

Food and enjoyment go together and the taste of food is a pathway to the good life. The taste of food is a constant in our lives, from cradle to grave, and even though our senses may become less acute as we age, the daily meals are occasions that give us the most, and the most lasting, pleasure. We employ all our senses when we eat and mouthfeel is an important part of that overall sensory experience.

It is quite possible to get by with food that is mushy, provided it has the right nutritional content. However, it is hard to imagine that one would like this kind of food for an extended period of time—for example, in the form of fluid food in tubes on a year-long space journey.

Food and its taste are closely bound to us as human beings, in evolutionary, physiological, and cultural ways. The preparation of food using fire, which was adopted by our ancestors some 1.9 million years ago, revolutionized our nutritional intake; and that, in turn, allowed us to have sufficient energy to develop a large brain. It liberated us from the necessity of chewing on raw food all day long and freed up time to create families and build social structures. Cooking became a driving force and cohesive element in our cultures.

Even though as a species we are far removed from the situation in which the great apes still find themselves of having to spend six to eight hours a day chewing, we are nevertheless able to appreciate the value that is added to eating by the physical act of mastication and the mechanical manipulation of food in the mouth.

This is reflected in the way in which our daily meals are structured. In the morning, we turn to lighter food—for example, yogurt, eggs, and white bread—all easy to chew and to swallow. At lunch, we seek out a little more structure on the plate, turning to heavier breads, salads, soups, and possibly a light hot dish. When dinnertime arrives, we take time to eat more challenging food and select a broader range of ingredients, such as meat and a variety of vegetables. To prepare for the more demanding work involved in chewing, we might start with an appetizer that has only a little structure and is easy to eat, but that gets the salivary juices to start flowing. The main dish usually requires more intense and time-consuming chewing. This is when it is most difficult to observe the rule about not speaking with a full mouth. At the end of the meal, we can choose a dessert that does not require as much mechanical manipulation but is a source of more interesting, and possibly surprising, textures, such as creaminess and sponginess paired with a contrasting crunchiness.

Texture not only is an important parameter of appetizing food that has a good mouthfeel, but also can be a factor in preparing delicious food that contains less fat and sugar, thereby reducing its calorie content. Some researchers think that food that has a coarser texture and a great deal of fiber is more filling. Other researchers have put forward the hypothesis, supported by experiments using mice, that the act of chewing serves to improve memory functions and reduce the risk of dementia. This sheds new light on the importance of good oral hygiene. Our lifelong attempts to keep our own teeth in healthy condition bears witness to how much we value being able to chew our food. We do not undertake regular dental checkups simply for cosmetic reasons or to promote oral health, but also because, even though we could survive on a liquid diet, we actually enjoy chewing on something that has a good mouthfeel. Only a few decades ago, we naively thought that in some futuristic, highly technological society we could dispense with meals and simply swallow a few pills or squeeze a little food out of a tube. We now reject these scenarios as having little appeal.

Having a good understanding of taste can help us to meet one of the major global challenges that face humanity: how to secure sufficient food for a growing population on a planet with limited resources. Much of our food production is inefficient with respect to the optimal utilization of the raw ingredients. A good example is protein from fish and vegetable sources, which we cycle through domestic animals to produce meat. On the one hand, 80–95 percent of the protein content is lost in the process, but on the other hand, many enjoy eating meat and savoring its particular textures.

It will become necessary in the future to find more effective ways to make use of the original protein sources. One possibility is to transform plant protein directly into solids that have a meatlike texture, as has traditionally been done in the case of tofu, seitan, pasta, or bread. These products utilize up to 90 percent of the available proteins.

We need to learn to value more highly the texture of fish and shellfish, including the many species that we currently choose not to eat. The latter are simply allowed to go to waste, turned into fish meal for use at fish farms, or made into fodder for domestic animals, which are then converted into animal fats and proteins. This is also the case with the valuable omega-3 fats in fish, which are partially lost in the course of this process.

Knowledge of taste, especially mouthfeel, can help us increase our understanding of ourselves as humans. Why we eat the food that we do and how we deal with food in the way that we do, both in the kitchen and in the mouth. Knowledge of taste can make us aware that the sense of taste is located in the brain, where it is registered as a complex interaction between the multimodal sensory perception of food coupled to memory, what we already know or have experienced, and a reward system. In this way, taste is also linked to tradition, culture, and social relationships.

Knowledge of food can help us understand why we sometimes eat too much or the wrong things. New discoveries in the field of neurogastronomy show how the brain associates delicious taste with nutrition and calories. This information can guide us toward making healthier choices, thereby possibly averting diet-related problems, especially obesity and associated illnesses, such as diabetes and heart disease. Knowledge about taste can also inform us how best to handle our strong desire for those foods that we should eat in moderation, and in that way, help curb our overindulging in them.

But first and foremost, knowledge of taste and especially mouthfeel can provide us with the tools for preparing healthier and tastier meals, strengthening the enjoyment and pleasure inherent in one of our most fundamental life forces: the need to eat.


Glossary

ACETIC ACID   Sour organic acid found in vinegar formed by bacterial and fungal fermentation of sugars.

ACIDITY   See pH.

ACTIN   Protein molecules and fibers made from them that form the structures within the cells, on the surface of cells, and in the body—for example, in muscles. Individual actin molecules can polymerize into microfilaments, which are only 7 nanometers in width but up to several micrometers in length.

ACTIVITY OF WATER   Expression that describes the extent to which the water molecules are accessible, for example, in a raw ingredient. If the water molecules have already formed tight bonds with other molecules, their activity is lower. A food product such as dried fish can easily have a water content of 20 percent but the water activity is still low. As a result it is fully preserved and microorganisms will not be able to thrive on it.

ADAPTATION   Becoming accustomed to a quality of a substance—for example, to a taste or an odor—so that after a time one is less aware of it or sensitive to it.

ADDITIVE   Substance that is added to foods to improve their taste, color, keeping qualities, texture, or nutritional value. Gelling agents and emulsifiers are examples of additives that have an effect on mouthfeel. For historical reasons, some substances—for example, table salt, baking powder, and vinegar—are not generally regarded as additives.

ADHESIVENESS   In sensory terms, the extent to which a food item adheres to a surface—for example, in the oral cavity.

ADRIÀ, FERRAN   Spanish chef, known as the owner of the now-closed Restaurant El Bulli and for his contributions to molecular gastronomy.

ADZUKI   (Azuki) Small green or red beans (Phaseolus angularis). The red ones are sweet and used in the form of a paste in Japanese cakes, confections, and desserts.

AGAR   (Agar-agar) Complex polysaccharide extracted from red algae that is composed of agarose and agaropectin. Used as a thickener, stabilizer, and gelling agent and to form heat-tolerant hydrogels.

AGAROPECTIN   Polysaccharide that together with agarose forms agar. Like agarose, agaropectin is made up of galactose groups but has a greater sulfate content.

AGAROSE   Polysaccharide that together with agaropectin forms agar. Made up of galactose groups.

AGGREGATION   Clumping together—for example, of particles in solution or micelles in milk during cheese making.

AIOLI   Type of mayonnaise made with garlic. Generally served as a condiment with fish dishes.

ALBUMIN   Protein in egg white.

ALGINATE   Polysaccharide found in brown algae. The different types of alginates are made up of long, linear molecules that are composed of two different monosaccharide groups, β-d-mannuronic acid (M) and α-l-guluronic acid (G). These acid groups can combine linearly as, for example, -M-M-M-M-M-, -G-G-G-G-G-, or -M-G-M-G-M-G. Alginate is the basic form of these substances and the related ammonium and sulfate salts—for example, sodium alginate—are water soluble. Alginates from different species of algae have varying levels of M and G acids. The length of the chains varies and the shortest typically are made up of 500 monosaccharide groups. Alginates form gels in the presence of Ca++ (or other divalent ions, including Mg++ and Ba++) at temperatures that are much lower than those for the formation of gels with pectin. The melting point of alginates is slightly higher than the boiling point of water. Alginates are used as thickeners and stabilizers on account of their ability to bind large volumes of water. They are resistant to acid, which gives them an advantage over other stabilizers. They are useful primarily because of their water solubility, especially in the form of sodium alginate, which in solution takes on an ion form known as a polyelectrolyte. Calcium alginate is not water soluble. When treated with acids, alginates are converted to alginic acid.

ALGINIC ACID   Mixture of alginates in the form of an acid. Not water soluble.

ALKALINE   Property of ionic salts, including from alkaline metals—for example, NaOH and KOH. The term is often used as a synonym for basic. Chalk (CaCO3) is also said to be alkaline.

ALUM   Water-soluble potassium aluminum sulfate (KAl(SO4)2), which has a sweet and sour, slightly astringent taste. Used for pickling, preserving, and marinating foodstuffs.

AMINO ACID   Small organic molecule containing the amino group (-NH2). Amino acids are the fundamental building blocks of proteins. Examples are glycine, glutamic acid, alanine, proline, and arginine. Nature makes use of twenty distinct amino acids to synthesize proteins, which are chains of amino acids bound together by so-called peptide bonds. Short chains are called polypeptides and long chains proteins. Of the twenty natural amino acids, nine are labeled essential as they cannot be synthesized in the body and must be ingested from the food. These are: valine, leucine, lysine, histidine, isoleucine, methionine, phenylalanine, threonine, and tryptophan. In foods, amino acids are especially found bound to proteins but to a certain extent also as free amino acids that can have an effect on taste—for example, glutamic acid, which is the basis for umami. Histidine has a bitter taste.

AMORPHOUS MATERIAL   Solid that lacks crystal structure. Glasses, such as caramel and crisp bread crusts, are amorphous materials.

AMPHIPHILE   Substance or molecule that has mixed feelings toward water. The term is typically used to characterize molecules, such as fats and proteins that are made up of two parts, one of which is attracted to water and the other that avoids it.

AMYLASE   Enzyme that can degrade starch to form sugars. Found in saliva and secreted in the pancreas.

AMYLOPECTIN   Polysaccharide made up of a branched network of glucose molecules. Together with amylose is the most important component of starch.

AMYLOSE   Polysaccharide made up of long, linear chains of glucose molecules. Together with amylopectin is the most important component of starch.

ANTIFREEZE   Substance that can depress the freezing point of a liquid. In a culinary context, salt, sugar, proteins, and polysaccharides all have this effect.

ANTIOXIDANT   Substance that can prevent oxidation. Ascorbic acid (vitamin C), vitamin E, and green chlorophyll are important antioxidants in foods. The carotenoids for example, carotene, often function as antioxidants.

APICIUS, MARCUS GAVIUS   Legendary Roman gourmet from the first century B.C.E., to whom the comprehensive ancient cookbook De re coquinaria libri decem is attributed. The recipes may not have been compiled until some four hundred years later.

AROMA   Smell or odor attributed to airborne molecules that can be sensed in the nose as olfactory substances.

ASPARTAME   Artificial sweetener that is not composed of sugars but is a dipeptide made up of two amino acids: asparginic acid and phenylalanine. It is 150–200 times sweeter than ordinary sugar (sucrose).

ASPIC   Gel derived from meat juice that sets with the help of the gelatin formed from the breakdown of the connective tissue in cooked meat and bones from beef, pork, lamb, poultry, and fish.

ASTRINGENCY   Taste impression due to chemical reactions that lead to a mechanical sensory experience—that is, a type of mouthfeel that may be connected to the taste cells in the mouth. Known from the taste of tannic acid in tea or wine, which reacts with proteins containing proline in mucous and saliva. Leads to a biting, dry, rubbing feeling. Astringency can be experienced as either pleasant or unpleasant, depending on the context.

BAKING POWDER   Mixture of substances that give off carbon dioxide when heated. Ordinary baking powder is composed of sodium hydrogen carbonate and an acid—for example, potassium bitartrate (cream of tartar). When the baking powder comes in contact with water, carbon dioxide is released and it acts as a leavening agent.

BASIC TASTE   Taste that cannot be produced by combining other basic tastes. The five basic ones are sour, sweet, salty, bitter, and umami. Some researchers think that fatty is also a basic taste.

BÉARNAISE SAUCE   Classic French variation of hollandaise sauce, seasoned with spices and herbs, often tarragon and chervil. Typically served with beef dishes.

BÉCHAMEL SAUCE   Classic French sauce made from a white roux to which milk, cream, or bouillon is added.

BINCHŌTAN GRILL   Special wood-fired grill originating in Japan. Binchōtan is a special kind of charcoal that not gets very warm, only about 1,400°F (760°C), but the grill is very effective because it gives off intense infrared radiation. The result is that the meat roasts quickly and uniformly, with a crisp exterior and a juicy interior. It is fired with very hard charcoals, binchōtan, that are packed tightly in the grill. The flow of oxygen to the flame pit is slow and controlled by a damper on the side of the grill.

BINDING   Sensory-psychological expression for the linking together of different sensory impressions by the brain and the way in which this depends on earlier experiences and consequent memories of them.

BISCUIT   From the Old French for “twice cooked,” originally a simple, very dry rusk made from flour, water, and salt, used as a staple provision for long sea voyages.

BOLUS   Rounded mass of chewed food mixed with saliva that is formed just before the food is swallowed.

BORDELAISE SAUCE   Classic French sauce based on hollandaise sauce. Made with red wine, shallots, meat glace, and sometimes butter and beef marrow.

BOTARGO (BOTTARGA)   Dried fish roe from tuna, cod, or mullet, Mediterranean specialty.

BOTTOM-UP   Physics principle that describes how materials are built up from small entities—for example, molecules that spontaneously combine themselves to construct larger, hierarchical structures.

BOUILLABAISSE   Provençal fish soup based on a thickened fish stock. The stock is made by cooking different types of fish and shellfish with different textures together with onions, tomatoes, garlic, and herbs in a large quantity of olive oil and with the addition of white wine. The gelatin in the fish bones helps to thicken the soup, which is finally boiled so vigorously that the oil splits into droplets that are emulsified and made creamier with the help of the proteins and the gelatin that have diffused out into the stock.

BOUILLON   Stock—made from fish, meat, bones, or vegetables—that has been strained to make a clear liquid. A bouillon based on bones and meat is also known as a glace. A bouillon that has been clarified—for example, by using egg white—is called a consommé. The term “stock” is also used with regard to a bouillon that has been reduced and that often is seasoned with herbs and spices. The texture of all these soup bases resembles that of water, unless a sufficient quantity of gelatin has been released to thicken them somewhat.

BRILLAT-SAVARIN, JEAN ANTHELME (1755–1826)   French jurist and politician who published a magnum opus, The Physiology of Taste, in 1825. It has been continuously in print since that time and has conferred on Brillat-Savarin the status of the “father of gastronomy.”

BROMELAIN   Enzyme found in pineapple. Can break down proteins—for example, in collagen and gelatin—and is, therefore, well suited for use in aging meat.

BRUNOISE   Mixture of finely chopped vegetables used in stuffings, sauces, and soups.

CAFFEINE   Bitter-tasting organic substance found, for example, in coffee and tea.

CALCIFICATION   Formation of a hard calcium carbonate (chalk) shell on the outside of a foodstuff—for example, a pretzel. The chalk shell is formed by exposing the surface of the food to a basic solution of lye (sodium hydroxide) that can combine with the carbon dioxide in the air to make chalk.

CALCIUM CARBONATE   Chalk (CaCO3).

CALCIUM CHLORIDE   Calcium salt (CaCl2) of hydrochloric acid. Among its uses are to act as a firming agent in tofu and canned vegetables and as an electrolyte in sports drinks.

CALCIUM CITRATE   Calcium salt of citric acid.

CALCIUM GLUCONATE   Calcium salt of gluconic acid, an acid that is formed when the body burns glucose.

CALCIUM LACTATE   Calcium salt of lactic acid.

CANTUCCINI   Another name in Italian for biscotti. Usually made with almonds.

CAPSAICIN   Organic substance that is responsible for the strong, burning taste in chile peppers.

CARAMEL   Mixture of different breakdown products of sugar that disaggregates when heated. The easiest way to make caramel is first to dissolve sugar in water and then to reduce the liquid over heat.

CARAMELIZATION   Process of making caramel.

CARBOHYDRATES   Saccharides, or sugars, constitute a large group of organic compounds primarily made up of oxygen, hydrogen, and carbon. The simple saccharides—that is, the monosaccharides and disaccharides—are sweet and include the common sugars such as glucose, fructose, galactose, sucrose, lactose, and maltose. Starch, cellulose, and glycogen are well-known plant polysaccharides. Seaweeds contain polysaccharides, such as agar, alginate, and carrageenan. Carbohydrates are formed in plants and seaweeds by photosynthesis, a process in which carbon dioxide and water combine, releasing oxygen.

CARBON DIOXIDE   Type of gas composed of CO2 molecules. When dissolved in water, it can form carbonic acid.

CARBONIC ACID   Various forms of carbon dioxide dissolved in water.

CARÊME, MARIE-ANTOINE (1784–1833)   French chef and writer who was the main exponent of haute cuisine.

CAROTENE   Reddish orange pigment found in carrots and other foods. Acts as an antioxidant.

CARRAGEENAN   Polysaccharide found in red algae, composed of the monosaccharide galactose in compounds containing varying quantities of sulfate. Carrageenans are long, flexible chains with about 25,000 galactose molecules. Their gelation properties are dependent on the variety and their behavior is affected by the surrounding conditions of pH, ion content, and temperature. Carrageenans are so-called electrolytes, able to form gels in the presence of K+ and Ca++ ions. Some can curl into helical structures that are able to link loosely together to form a network. For technical end uses there are three important carrageenans: κ-carrageenan, which forms strong, stiff gels; ι-carrageenan, which forms softer gels; λ-carrageenan, which is well suited for emulsifying proteins. Only λ-carrageenan is soluble in cold water.

CASEIN   Protein found in milk.

CASSAVA   Starch extracted from manioc (Manihot esculenta). Used to create tapioca.

CELL MEMBRANE   Thin membrane made up of fats (lipids), proteins, and carbohydrates that surrounds each cell.

CELLULOSE   Polysaccharide, made up of cross-linked linear chains of glucose. Unlike the glucose chains in starch, they are bound tightly in such a way that the cellulose does not absorb water and it is not digestible in the human stomach and intestines.

CEVICHE   Raw fish that has been marinated in citrus juice, which makes the fish muscle firmer.

CHEMESTHESIS   Describes the sensitivity of the skin and mucous membranes to chemically induced reactions that cause irritation or pain and that may damage cells and tissues. In the mouth this is registered as a sharp taste when we eat chile peppers, which contain capsaicin, black peppercorns, which contain piperine, or horseradish and mustard, which contain isothiocyanate. As the endings of the trigeminal nerves (the fifth paired cranial nerves) are the ones affected, chemesthesis is sometimes referred to as the trigeminal sense. Sensations of temperature are related to chemesthesis.

CHEVREUL, MICHEL EUGÈNE (1786–1889)   French chemist who worked with animal fats. In 1813, he discovered a saturated fatty acid, margaric acid, later found to be simply a mixture of palmitic acid and stearic acid. It is the origin of the word “margarine.”

CHITIN   Polysaccharide found both in the cell walls of fungi and in the exoskeletons of insects and crustaceans.

CHOLESTEROL   Fat found in abundance in the cell membranes of all animals. Precursor for the biosynthesis of steroid hormones, vitamin D, and bile salts.

CHYMOSIN   Enzyme in rennet that helps to coagulate milk to form cheese curds.

CITRIC ACID   Weak organic acid derived from citrus fruit.

COAGULANT   Agent that can cause substances in a solution to clump together or that is used to help form a gel.

COAGULATION   Process in the course of which something clumps together—for example, blood proteins to form a clot or milk proteins to form curds.

COATING   Expression for a mouthfeel that is associated with food that spreads out in the mouth and fills the oral cavity. Often used when describing fatty or oily foods, cream, plant oils, animals fats, butter, margarine, cocoa butter, cacao butter, and rich, creamy cheeses. The most intense version of a coating mouthfeel is experienced if the melting point of the fats is just under the temperature in the mouth. Emulsions are often characterized as coating.

COCOA BUTTER   Fat produced from the fermented beans in the pods of the cacao fruit tree.

COHESION   Physical expression for the cohesive force in a material and the consequent degree to which a material can be deformed before it reaches the breaking point. In sensory terms, it refers to the cohesive force of a food, meaning how much it must be compressed before it breaks apart.

COLLAGEN   Protein network that forms connective tissues and thereby gives structure to all animal tissues. It is found mostly in the skin and bones of animals and makes up 25–35 percent of the total amount of protein in mammals. It can be broken down to water-soluble gelatin by long-term heating at more than 158°F (70°C), a temperature at which the cross-links in the tropocollagen break down.

COLLOIDS   Particles that are so small that they can remain in suspension in a liquid—for example, fat particles in homogenized milk.

COMPLEX FLUID   Fluid that is structured on a scale that lies somewhere between the size of the individual molecules and the size of something that can be seen with the naked eye. Many polymeric liquids are complex fluids. See also soft matter.

CONFIT   Food that is salted and cooked in fat or oil to preserve it. Examples include goose and duck confit.

CONGRUENCY   Word describing a relationship in which the parties are in harmony or complement one another. Often used to characterize different tastes that complement one another or create different sensory impressions that are harmonious.

CONNECTIVE TISSUE   Hierarchically constructed network of collagen fibers. Each collagen fiber consists of a large number of fibrils, which are each made up of pairs of three long protein molecules (tropocollagen) that are wound around one another in a helix. The individual protein molecules can be bound to varying degrees to one another with chemical bonds (cross-binding). The strength of the fibril increases with the number of bonds, making the connective tissue stronger. Strong muscles and muscles in older animals have more cross-binding in their connective tissues. Collagen is much weaker in fish than in terrestrial animals, but can be very strong in cephalopods.

CONSISTENCY   Poorly defined expression found in many different contexts in connection with mouthfeel. It is most often used as a synonym for “viscosity” and in some cases to characterize mouthfeel and all textural elements in a general way.

CONSOMMÉ   Bouillon that is clear or has been clarified—for example, by using egg white.

CONVECTION   Movement in a liquid or a gas by diffusion. Can be caused by temperature differences.

CORTEX   Cerebral cortex.

CRANIAL NERVES   Twelve pairs of special nerves that emerge directly from the brain or from the brainstem. They are either sensory, conveying signals of sensory impressions to the brain, or motor, sending signals from the brain to muscles and organs. The sensory nerves are the olfactory nerve, optic nerve, trigeminal nerve that relates to mouthfeel, three nerves that register taste impressions, and the vagus nerve that links parts of the stomach to the brain.

CREAMY   Textural property that, among other characteristics, combines viscosity with the way the food slides in the mouth and rubs against the mucous membranes. For this reason it is sometimes also described as even, smooth, and velvety, but not fatty.

CRÈME ANGLAISE   Cake cream made by mixing cooled, scalded milk and cream with egg yolk and sugar. The mixture is then warmed to thicken it until it has the desired consistency.

CRÈME BRÛLÉE   Crème anglaise that is stiffened to make a cake cream or a pudding. Covered with a layer of sugar that is heated to form a caramel “lid.”

CRÈME FRAÎCHE   Soured cream.

CRISPNESS   Somewhat imprecise word for texture that is used to characterize both thin yet hard foods, such as chips, bread crusts, and roasted seeds, and porous foods, such as meringue. “Crispy,” “crunchy,” and “crackly” are often used arbitrarily for both dry and fragile foods. Crispness is associated with the high-frequency sound generated when the teeth pierce the crust, before it has been deformed.

CROSS-BINDING   Formation of crosswise chemical bonds between long-chained polymers—for example, proteins or carbohydrates. Cross-binding of fibers and polymers is one way to make soft materials more robust and tough. Both collagen in the skin and muscles and cellulose in the cell walls of plants are strongly cross-bound, which is why these tissues can be stiff and tough.

CRÜSLI   Product similar to muesli.

CRYSTAL   Solid substance in which the molecules have an ordered structure in relation to one another.

CULINARY TRANSFORMATION   Physical, chemical, or physico-chemical process that transforms raw ingredients into high-quality food. The culinary arts can be seen as a set of culinary transformations.

CYANIDE   Substance (CN−) that is poisonous and found, for example, in cassava and bitter almonds.

DAIFUKU   Small round Japanese rice cake made with mochi stuffed with red adzuki bean paste.

DAIKON   Japanese name for a large, long white radish.

DAL   Indian dish of simmered beans, lentils, peas, or chickpeas.

DASHI   From the Japanese for “cooked extract,” stock made with seaweed (konbu) and bonito fish flakes (katsuobushi). It is the quintessential source of umami taste.

DEGLACING   Making a gravy by adding wine, stock, milk, cream, or fruit juice to loosen the pan scrapings in a pot or pan that are the result of frying or braising.

DEHYDRATING   Removing water from a biological substance.

DEMI-GLACE   Sauce espagnole with Madeira that has been reduced.

DENATURING   Word that can be used to describe the breakdown or alteration of the natural and functional form of proteins—for example, by heating them.

DERMIS   Layer of skin containing collagen found just under the top layer (epidermis).

DIETARY FIBER   Carbohydrates that cannot be broken down by the enzymes in the body. The distinction is made between fiber that is water soluble and that which is not. The gelling agents agar, alginate, and carrageenan are soluble dietary fibers, whereas cellulose is insoluble.

DIFFUSION   Random movement (Brownian motion) of molecules or small particles.

DIGLYCERIDE   Fat composed of a glycerol molecule bound to two fats.

DISACCHARIDE   Sugar (carbohydrate) made up of two sugars—for example, sucrose (fructose + glucose, household sugar), maltose (glucose + galactose, malt sugar), and lactose (glucose + galactose, milk sugar).

DISPERSAL   Embedding or dissolving small particles or drops of one substance in another that is in a different state—for example, solids in a liquid.

DYERBERG, JØRN   Danish physician and researcher who carried out fundamental work on the effects of unsaturated fats on health.

ELASTICITY   Property of a substance both to be deformed when an external force is applied to it and to return to its original form when it is no longer subjected to the force. The extent to which it can be deformed is proportional to the strength of the external force.

EMULSIFIER   Substance that depresses the surface tension between oil and water, thereby facilitating the formation of an emulsion. Amphiphilic substances, such as lipids, are emulsifiers.

EMULSION   Mixture of water with oil-like substances—for example, fats—that are sparingly soluble in water usually made with the help of an emulsifier. Mayonnaise and ice cream are examples of emulsions.

ENZYME   Protein that acts as a catalyst in a chemical or biochemical reaction. Amylase, which breaks down starch, and chymosin, used in cheese making, are enzymes.

ERYTHRITOL   Sugar alcohol that can be used as a sweetener, but that has 95 percent fewer calories than sucrose. Creates a sensation of coolness on the tongue when it dissolves in the mouth.

ESCOFFIER, AUGUSTE (1846–1935)   French chef and author who updated and simplified the techniques and recipes of traditional French culinary culture.

ETHYL ACETATE   Organic substance with a fruity smell.

EXTRUSION   Forcing a mixture (the extrudate), which typically contains water and starch, through a perforated plate or similar die, while at the same time heating it to evaporate water and turn it into a pliable mass. It is then dried so that it hardens and can take on a state called a glass, which greatly improves its shelf-life. Often used for making snacks and pasta.

FASCICLE   Bundle consisting of from ten to one hundred muscle fibers encased in connective tissue.

FATS   Umbrella term for a large category of substances that are insoluble in water. Fats can be solid (e.g., butter and wax) or liquid (e.g., olive oil and fish oil). A typical fat consists of a long chain of carbon atoms and can be either saturated or unsaturated. An important type of naturally occurring fats are lipids that are composed of fatty acids and a number of other substances—for example, amino acids and saccharides. The melting point of fats has a major effect on their taste.

FATTY ACIDS   Substances consisting of a long chain of carbon atoms with a carboxyl acid group. Adjacent atoms in the chain are chemically bound to one another with either single or double bonds. The greater the number of double bonds the more unsaturated the fatty acid and the lower its melting point. If only single bonds are present, the fatty acid is fully saturated. Monounsaturated fatty acids have single bonds—for example, the oleic acid from olive oil. Polyunsaturated fatty acids have more than one double bond—for example, two double bonds in linoleic acid from soybeans, three double bonds in α-linolenic acid from flaxseeds, and six double bonds in docosahexaeonic acid from fish oil.

FERMENTATION   Biochemical process in which microorganisms (yeast or bacteria) or enzymes convert organic material. An example is the action of yeast to convert sugars in grape juice to alcohol or vinegar.

FIBRIL   Collection of fibers—for example, collagen in connective tissue.

FIRMNESS   Ability of a substance to resist being deformed.

FLAVOR   Word used as a collective term for all the sensory impressions derived from a food, including taste and odor, thereby incorporating the aroma substances in the food, as well as its mouthfeel and chemesthesis.

FLOCCULATION   Clumping together or aggregation of fine particles.

FOAM   Dispersion of bubbles of a gas in a liquid.

FOIE GRAS   Fat liver from ducks and geese.

FOLDING   Word sometimes used to describe the way in which protein molecules curl up and take on a certain structure. When proteins are denatured—for example, in a cooked egg—their folding pattern is changed.

FONDANT   Special glaze similar in consistency to fudge. Used as icing on cakes and as the fill in confections. Fondant is made by cooking sugar or syrup that is then worked mechanically, possibly with the addition of glucose, until it has a texture resembling that of clay.

FREEZE DRYING   Dehydration process. The ambient temperature and pressure is adjusted to be so low that the water in the substance sublimates—that is, changes directly from an ice to a gas phase. The resulting freeze-dried material can then be crushed or ground into a powder.

FRUCTOSE   Fruit sugar, monosaccharide.

FRUIT LEATHER   Tough, plastic fruit paste that has been reduced with a large quantity of sugar.

FUDGE   Caramel to which milk, fats, and often cacao or chocolate have been added. In contrast to a fondant, fudge also incorporates fat droplets.

FUNORI   Delicate branched Japanese seaweed.

FURAN   Aromatic organic compound formed when substances are caramelized. Has a nutty taste.

GALACTOSE   Milk sugar, monosaccharide.

GANACHE   Chocolate solid used for cakes and confections made from chocolate and cream.

GASTRIQUE   Thick, sweet and sour liquid made with caramelized sugar and vinegar.

GASTRONOMY   Reflections on the culinary arts, meals, and food culture. Molecular gastronomy centers on investigations of the molecular properties of foods and the physical and chemical transformations that occur when they are cooked and eaten. See also neurogastronomy.

GASTROPHYSICS   Scientific study of food, its raw materials, the effects of processing food and quantitative aspects of the physical basis for food quality, flavor, and absorption into the human body.

GEFILTE FISH   Classic Jewish dish of a minced fish forcemeat that was stuffed into the fish skin and cooked. Now usually prepared from ground, deboned fish that is formed into patties or balls and poached in a seasoned stock and served cold.

GEL   Technical term for a network of molecules that contain a large quantity of water (hydrogel) but is still somewhat firm like a solid. Gels are formed by gelation processes—for example, when an egg white is heated or when gelatin cools. In the context of food, a gel may also be called a jelly.

GELATIN   Protein found in the form of collagen in connective tissue that is released when collagen is heated, dissolving the stiff collagen fibers. In contrast to collagen, gelatin is soluble in water. When gelatin is cooled, the stiff fiber structure of collagen is not reformed. Instead a water-retaining gel is created. This process is called gelation.

GELLAN GUM   Sour polysaccharide isolated from the bacterial culture of Pseudomonus elodea.

GELLING AGENT   Substance that can form a gel—for example, agar, alginate, carrageenan, gelatin, pectin, starch, and gums.

GHEE   Traditional Indian version of clarified butter. It has a grainy structure made up of fat crystals and is often brown in color, due to caramelization of milk sugars from the milk that is mixed into the butter as it is heated.

GLACE   Meat juice that has been reduced slowly. Contains concentrated taste substances and can be used as a taste additive in gravies.

GLASS   Technical term for an amorphous solid or an extremely viscous liquid. Bread crusts, hard candies, dried pasta products, and many frozen foods are actually glasses.

GLAZE   Coating made from powder sugar and water and, sometimes, an egg white. As implied by the name, it can be a glass and it is almost always the sugar that stabilizes the glass phase when the water evaporates—for example, when it is heated. A fondant is a special case of a glaze.

GLUCOSE   Grape sugar (dextrose), a monosaccharide.

GLUTAMATE   Salt of the amino acid glutamic acid—for example, in the form of monosodium glutamate (MSG). In water, glutamate splits into sodium ions and glutamate ions. The latter are the source of umami.

GLUTAMINE   Amino acid.

GLUTAMIC ACID   Amino acid with an insipid and slightly sour taste. The salts of glutamic acid are called glutamates—for example, monosodium glutamate (MSG), which in ionic form contributes umami taste.

GLUTATHIONE   Tripeptide found, for example, in liver, scallops, fish sauces, garlic, onions, and yeast extract. Contributes a kokumi sensation.

GLUTEN   Certain proteins in wheat, especially gliadin and glutenin, that enhance the baking qualities of wheat flour. When kneaded, the proteins are stretched and form an elastic network that holds water, which is well suited to retain the bubbles of carbon dioxide that are formed as the dough rises. Seitan is concentrated gluten.

GLYCEROL   Sugar alcohol, also called glycerin, found in many fats—for example, phospholipids.

GLYCOGEN   Branched polysaccharide molecule made up of glucose units. Glycogen is the energy depot in the liver and in the white muscles of fish and shellfish.

GLYCOPROTEIN   Protein that is bound to a carbohydrate.

GOURMAND   Person who loves good food and drink, but who often does so to excess.

G-PROTEIN-COUPLED RECEPTOR   Trans-membrane protein with seven trans-membrane segments and a large outer part that turns outward and away from the cell membrane. It is this part on a taste receptor that can capture and identify taste molecules.

GRANITA   Sherbet prepared with a light sugar syrup, possibly with a little alcohol. Its texture is not uniform as it has small ice crystals that crunch between the teeth.

GRAPE SUGAR   See glucose.

GUAR GUM   Gum extracted from the legume guar. It is a branched polysaccharide that dissolves easily in cold water and can be used as a thickener.

GUM ARABIC   Gum obtained from the sap of acacia trees.

GUMS   Substances that have great capacity for binding water but that can form gels only in exceptional circumstances. They are especially well suited for stabilizing foods by forming very viscous liquids. Gums have very different characteristics and are obtained from a variety of sources: some come from plants (e.g., locust bean gum, guar gum, and gum arabic); others are the products of bacterial action (e.g., xanthan gum and gellan gum); still others are extracted by chemical processes from plants (e.g., methyl cellulose).

HAPTAESTHESIS   Sensory impressions based on touch. Used most often to refer to the feel of raw ingredients and the surface structure of foods.

HARDNESS   Word for the mouthfeel characterized by the resistance of a food to being deformed by the actions of tongue, teeth, and palate.

HEMAGGLUTININ   Poisonous substance found, for example, in raw kidney beans. It causes red blood cells to clump together.

HEMICELLULOSE   Water-soluble polysaccharide that binds the cells in plants.

HEMOGLOBIN   Reddish protein containing iron that can bind to oxygen and is the means by which blood transports oxygen in the body.

HOGOTAE   Japanese expression for the resistance of the food to the teeth.

HOLLANDAISE SAUCE   Classic French sauce made of melted butter emulsified in bouillon with the help of egg yolks.

HOMUNCULUS   From the Latin for “small man,” used to characterize an illustration of the sensory parts on the body on one side and the places and extent of the areas where these are registered in the brain.

HYDRATION   Addition of water to a substance. The opposite process is dehydration. Hydration of a dehydrated substance is called rehydration.

HYDROGEL   A somewhat solid substance, a gel, in which a large quantity of water is bound. Hydrogels, also known as hydrocolloids, are very stable and viscous, characteristics that have many applications—for example, for stabilizing liquid foods. Hydrogels based on extracts from seaweeds are in widespread use in the food industry, where they are used in meat, fish, and dairy products and in baked goods. Alginates from brown algae and agar and carrageenan from red algae readily form hydrogels.

HYDROGEN BONDING   Special polarized, chemical binding that is based on the hydrogen atom’s particular ability to contribute an electron to another compatible atom—for example, oxygen. Hydrogen bonds are ubiquitous in water and are an essential aspect of water’s very distinctive properties with regard to melting and boiling point, specific heat, and so on. Each water molecule can form up to four hydrogen bonds with other water molecules or other types of molecules that can themselves form hydrogen bonds. Hydrogen bonds are important for the formation of stable structures in intact proteins and enzymes. The hydrogen bonds in water help to determine the degree of stability of oil and water emulsions.

HYDROGENATION   Process used to make fats solid by removing the double bonds in unsaturated fats either entirely or partially—for example, when making margarine from unsaturated plant oils.

HYDROLYSIS   Chemical process by which a molecule is cleaved into smaller entities while absorbing water—for example, hydrolysis of vegetable or animal protein that is split into amino acids. Hydrolysis can be mediated by enzymes—for example, amylase hydrolyzes starch and pectinase hydrolyzes pectin.

HYDROPHILE   From the Latin for “lover of water,” an expression typically used about a substance or a molecule that is soluble in water, but not in oil.

HYDROPHOBE   From the Latin for “afraid of water,” an expression typically used about a substance or a molecule that is soluble in oil, but not in water.

IKIJIME   Japanese technique for killing fish, which is considered to enhance the taste while reducing to a minimum the damage done to the flesh and color of the fish muscles. The 350-year-old technique ensures that rigor mortis is delayed. The fish is not stressed at the time of death, which releases more of the substances, especially inosinate, that are a source of umami.

INOSINATE   Inosine monophosphate, nucleotide found in meat and fish, among other foods. Contributes umami taste.

INSULA   Insular cortex, part of the brain that, together with the operculum, is its taste center. It is considered to be involved with consciousness and emotions.

INTERFACIAL TENSION   Term normally used to characterize the force that seeks to minimize, to the greatest extent possible, the surface between two entities that cannot be merged—for example, oil and water. Interfacial tension between oil and water can be lessened and miscibility enhanced by adding a substance that is active at the interface—for example, soap or other amphiphilic substance, such as a lipid or a suitable protein. Surface tension is the interfacial tension between a surface and open space, usually air. This is the force that makes it possible to pour a meniscus on a glass of water.

INVERTED SUGAR   Particular form of sucrose that is a disaccharide where the two sugars, glucose and fructose, are separated from each other. As a result, inverted sugar tastes sweeter than sucrose because fructose is itself sweeter than sucrose and at the same time the glucose prevents the sugar from crystallizing when used to make such products as ice cream.

ION CHANNEL   Membrane protein that allows the passage of ions. The taste receptors for sour and salty are ion channels.

IRRITANT   Substance that affects the nerve endings of the trigeminal nerve, also known as chemesthesis. This causes irritation, which is, in principle a danger signal that it might damage the mucous membranes. Capsaicin found in chile peppers is an irritant.

ISOTHIOCYANATE   Substance containing the chemical group S=C=N−. Emits an unpleasant odor—for example, when mustard seeds, cabbage, horseradish, and wasabi are crushed. Causes irritation.

JUICY   Adjective traditionally associated with the extent to which juice can be extracted from a fruit is when pressed, with regard to the rate of flow, the total amount, and the way in which it stimulates saliva production. Also used to describe the degree to which a prepared meat will yield meat juice and liquid fats.

KAMABOKO   Japanese fish cakes made the same way as surimi.

KANTEN   Japanese word for agar.

KATSUOBUSHI   Japanese word for a hard fillet of katsuo (bonito) that has been subjected to a comprehensive process of cooking, drying, salting, smoking, and fermenting. Contains large quantities of inosinate that contribute synergy to umami. Used in the preparation of Japanese dashi.

KAZUNOKO   Japanese word for herring roe. Kazunoko-konbu is herring roe that has been deposited on the blades of the seaweed konbu.

KEFIR   Milk fermented with a culture of yeast and lactic acid bacteria.

KIMCHI   Korean name for pickled, fermented vegetables—for example, cabbage.

KINESTHESIA   Ability to sense the position and movements of the body and parts of the body. It is linked to mouthfeel through the motions of the tongue as it explores and identifies the size, shape, and texture of a food while chewing on it.

KOJI   Japanese word for a fermentation medium made from a solid mass of cooked rice, soybeans and roasted, crushed wheat, seeded with spores from the fungi Aspergillus oryzae and Aspergillus sojae. Used in the production of soy sauce, miso, and sake.

KOKUMI   Japanese word that describes the continuity—that is, the long-lasting taste impression—and mouthfeel of food. There may be some overlap between the taste experience of kokumi and umami.

KONBU   Large brown alga (Saccharina japonica), an important ingredient in dashi. Konbu contains large quantities of glutamate and is a source of umami. Oboro konbu and tororo konbu are konbu that has been marinated in rice vinegar, then partially dried, and made into extremely fine shavings.

KUCHI ATARI   Japanese expression for mouthfeel.

LACTIC ACID   Simple organic acid formed by the action of lactic acid bacteria. Also produced in the muscles when glycogen is used up in the presence of oxygen.

LACTOSE   Milk sugar, disaccharide made up of glucose and galactose.

LECITHIN   One of a number of phospholipids. Fat found in cell membranes and that can be sourced from animals or plants—for example, egg yolks and soybeans. Acts as an emulsifier that can bind oil and water in emulsions such as mayonnaise.

LÉVI-STRAUSS, CLAUDE (1908–2009)   French anthropologist who described a concept called the culinary triangle, which characterized food as being in one of three stages—raw, cooked, or rotten. It can be changed from the raw state by being either cooked to make it edible or turned into something rotten and inedible by microbial action.

LIGNIN   Large, complex macromolecule that makes up the woody parts of plants.

LIMBIC SYSTEM   Area of the brain that controls memory, feelings, and instinctive reactions.

LINDT, RODOLPHE (1855–1909)   Swiss chocolate manufacturer who invented the conching machine that enabled the production of chocolate with a fine-grained consistency to be mechanized.

LINOLEIC ACID   Polyunsaturated omega-6 fatty acid with eighteen carbon atoms and two double bonds. Precursor for the formation of super-unsaturated fatty acids of the omega-6 family—for example, arachidonic acid.

LINOLENIC ACID   Polyunsaturated omega-3 fatty acid with eighteen carbon atoms and three double bonds. Precursor for the formation of super-unsaturated fatty acids of the omega-3 family—for example, DHA (docosahexaeonic acid) and EPA (eicosapentaeonic acid).

LIPID   Fat composed of a water-soluble part and an oil-soluble part that is normally a fatty acid. Biological membranes are composed of lipids—for example, phospholipids.

LIPID MEMBRANE   Double layer of lipid molecules with water on both sides.

LIPOPROTEIN   Complex of fats (lipids) and proteins.

LIQUID CRYSTAL   Substance with properties of both a crystal and a liquid, found in a mesophase between the normal phases of the two. Many fats form liquid crystals—for example, inside the cell walls or in the cocoa butter in chocolate.

LOCUST BEAN GUM POWDER   Substance derived from the seeds of the acacia tree. Contains branched polysaccharides that are soluble in both cold and warm water. Used as a thickener.

MACROMOLECULE   Large molecule—for example, a protein or a carbohydrate. Most biological macromolecules are polymers. Macromolecular assemblies consist of large molecules that are either closely or loosely bound to one another, for example, in the form of lipid membranes.

MAGNESIUM CHLORIDE   MgCl2, acts, for example, as a coagulant in the production of tofu from soy milk or in spherification processes using alginate.

MAILLARD REACTIONS   Class of chemical reactions that are typically associated with browning that does not involve enzymes—for example, roasting, baking, and grilling. In the course of the multistep reaction, carbohydrates combine with amino acids from proteins, leading to a series of loosely defined, brown, aromatic colorants called melanoids. These substances give rise to a broad spectrum of taste and odor impressions, ranging from the flowery and leaflike to meaty and earthy.

MAKI-ZUSHI   Sushi roll that has a sheet of nori on either the outside or the inside.

MALTODEXTRIN   Polysaccharide that can be produced by the hydrolysis of starch—for example, from cassava. It is nearly tasteless, with only a trace of sweetness and is generally available as a fine powder that can float. Can function as a thickener and prevent the formation of ice crystals in ice cream and sorbet.

MALTOL   Organic substance with a caramel taste used as a taste enhancer.

MALTOSE   Malt sugar, disaccharide consisting of two glucose molecules.

MARGARIC ACID   Saturated fat that is an intermediary between palmitic acid and stearic acid.

MARGARINE   From the French márgaron, which refers to the tendency of beef tallow to form pearl-like beads in water at room temperature. Margarine, a water-in-oil emulsion, was invented by a French chemist, Hippolyte Mège-Mouriès, in 1869. The original product was a blend of beef tallow, skim milk, and water, but plant oils soon started to replace more expensive animal fat. The quality of these initial versions was poor and inconsistent. It was only when appropriate emulsification systems were put in place that it became possible to produce margarine with a good mouthfeel and that was suitable for the preparation of food. Currently margarine is composed of 20 percent water and 80 percent oils/fats; the latter are overwhelmingly unsaturated vegetable oils to which are added a little emulsifier in the form of lecithin, proteins from natural sources—for example, milk—or a commercial emulsifier. The fat content of some margarine can be as little as 40 percent, with the remainder being water, which means that this type of margarine shrinks when heated and is not suitable for frying. However, it is very well suited for making baked goods that are to be airy and crisp.

MARINATE   Preserve raw ingredients by immersing them in a brine, a vinegar solution, sugar, oil, alcohol, lemon juice, spices, and so on. The process changes the texture and taste of the food and can increase its keeping qualities.

MARSHMALLOW   Elastic foam that contains a large quantity of air bubbles that are whipped into a viscous gelatin solution together with sugar or syrup and, sometimes, egg whites. The gelatin helps to stabilize the air bubbles and is responsible for the marshmallow’s elastic texture.

MAYONNAISE   Oil-in-water emulsion made with oil and wine vinegar and emulsified with the help of lecithin from egg yolks.

MEAT GLUE   See transglutaminase.

MÈGE-MOURIÈS, HIPPOLYTE (1817–1880)   French chemist who invented margarine in 1869.

MERINGUE   Foam in which the liquid phase between the air bubbles has been made stiff. Made by beating sugar into egg whites, which are mostly water, and then heating the mixture to evaporate the water and make the foam even stiffer.

MESOPHASE   Intermediate phase between that of a liquid and that of a solid/crystal, for example, a liquid crystal or a glass.

METHOXYL   Part of the organic molecule containing methyl ester.

METHYL CELLULOSE   Gelling agent produced from cellulose by a chemical process. Used both as a thickener and as a stabilizer.

MICELLE   Small particle that is an aggregation of amphiphilic molecules (lipids and proteins) in water—for example, casein micelles in milk.

MILK SUGAR   See lactose.

MILLE FEUILLE   From the French for “a thousand layers,” classical French flaky, laminated pastry.

MIRIN   Sweet rice wine with an alcohol content of about 14 percent.

MISO   Japanese fermented soybean paste.

MOCHI   Soft Japanese rice cake made from steamed white rice that is pounded into an elastic paste. Senbei are baked or charcoal-grilled mochi.

MONOGLYCERIDE   Fat consisting of a glycerol molecule bound to a fatty acid.

MONOSACCHARIDE   Simple sugar (carbohydrate) made up of a single entity—for example, glucose, fructose, or galactose.

MONOSODIUM GLUTAMATE (MSG)   Sodium salt of the amino acid glutamic acid. Contributes umami taste and is also called “the third spice,” with salt and pepper being the other two.

MOUSSE   Foam that has isolated air bubbles separated by thick walls. For example, in a chocolate mousse, the beaten egg yolks and sugar together with the cocoa particles from the melted chocolate form thick walls between the air bubbles. Cooling strengthens the walls so that the mousse becomes stiff and stable. When the mousse is put in the mouth, the melting of the cocoa butter in the chocolate together with the collapse of the bubbles create a unique mouthfeel.

MOUTHFEEL   See texture.

MSG   See monosodium glutamate.

MUCUS   Layer of proteins on the skin and in the mucous membranes.

MULTIMODAL PERCEPTION   Parallel perception of several sensory impressions in the brain (multisensory integration)—for example, the integrated impression made by a food with regard to taste, aroma, mouthfeel, appearance, and so on.

MYOGLOBIN   Red protein found in the muscles that contains iron and transports oxygen from the blood out into the muscle fibers.

MYOSIN   Protein that acts as a molecular motor in the muscle tissue where it slides along an actin fiber.

NATTŌ   Stringy, viscous, sticky foodstuff made from fermented soybean and that has a very strong taste and a pungent odor. Traditionally eaten in Japan as a breakfast food with warm, cooked rice and a raw egg.

NEOPHOBIA   Fear of trying anything new—for example, a food that one has never eaten.

NEUROGASTRONOMY   Word coined by an American neurobiologist, Gordon Shepherd, and described in his book Neurogastronomy. The term refers to the neurological science that is the basis for an understanding of how the perception of food is registered and processed in the brain.

NIGARI   Sea salt with a preponderance of potassium chloride (MgCl2) that is traditionally used in Japan as a coagulant for the production of tofu.

NITROUS OXIDE   N2O, commonly known as laughing gas. It is a tasteless gas that is well suited for making foam using a siphon bottle.

NOCICEPTOR   Particular type of TRP channel that is stimulated at the tips of the sensory nerves by mechanical and chemical effects or extreme temperature conditions.

NONPOLAR   Property of a substance that is not able to attach to electrically charged ends of molecules. In contrast to polar substances, they are unable to form hydrogen bonds—for example, with water. Oils and fats are nonpolar substances and therefore are largely immiscible in water.

NORI   Paper-thin sheets made from the blades of the red alga Porphyra that have been dried and possibly toasted. Used to prepare maki-zushi, among other culinary uses.

NOTE   In the context of gastronomy refers to the elementary sensory impression of an aroma or a taste.

NOTE-BY-NOTE CUISINE   Expression coined by a French chemist, Hervé This. The concept refers to a type of cuisine in which food is prepared without any natural ingredients—neither meat, fish, plants, fruits, fungi, or algae nor complex extracts from any of them. Instead, food and whole meals are concocted from pure compounds or mixtures of pure compounds.

NOUGAT   Airy meringue containing nuts that is made firm and tough by beating very warm syrup into it.

NUCLEIC ACID   Nucleotide chain (polynucleotide). Nucleic acid is the building block of DNA and the genome.

NUCLEOTIDE   Chemical group that forms part of nucleic acid. The umami taste substances inosinate and guanylate are nucleotides.

NUKA-ZUKE   Tsukemono made by preserving vegetables in rice bran (nuka).

OIL   Water-insoluble chemical compound containing carbon; examples include fatty acids, triglycerides, and lipids.

OLFACTION   Sense of smell. Receptors localized in the nasal cavity send signals to the olfactory bulb in the brain. Pleasant smells are often called aromas.

OLFACTORY BULB   Part of the olfactory center in the frontal lobes of the brain.

OPERCULUM   Part of the brain that, together with the insula, is the locus for registering taste impressions in the brain.

ORBITOFRONTAL CORTEX   Region in the frontal lobes in the brain that is the locus for registering olfactory impressions.

ORTHONASAL   Describes the perception of odor substances that enter the nose from the external environment.

OSMOSIS   Phenomenon that occurs across a barrier—for example, a cell membrane that is water-permeable but does not allow the passage of other and larger molecules, such as salts, amino acids, or sugars. The resultant imbalance is adjusted by having some of the water seep over to the side of the larger molecules. This osmotic effect corresponds to a form of pressure (osmotic pressure) that is created across the membrane. Osmosis is an essential element of a plant’s ability to draw water out of the earth into its roots and up through the trunks and stems.

OXIDATION   Combining with oxygen—for example, when unsaturated fats are exposed to oxygen they can become rancid.

PACOJET   Kitchen appliance that consists of a rapidly rotating, extremely sharp blade that literally shaves a frozen block of a food—for example, ice—into tiny pieces that are about 5 micrometers in size, which is under the threshold where the mouth can detect the individual particles.

PALMIN   Vegetable-based cooking fat that has a high proportion of saturated fats, especially coconut oil.

PALMITIC ACID   Saturated fat with sixteen carbon atoms.

PANKO   From the Japanese pan for “bread” and ko for “small pieces,” dried, Japanese bread crumbs. They are very light and porous, and therefore, absorb only a little oil when used for deep-frying, resulting in a crust that is more crisp and less greasy. This type of bread crumb was invented during World War II when it was necessary to conserve energy by baking bread without heating it. The solution was to pass an electric current through the dough.

PAPAIN   Enzyme in papaya, which can break down proteins, for example, in gelatin. As gelatin is part of the connective tissue in meat, papain is well suited for tenderizing meat.

PASTEURIZATION   Process invented by a French biologist, Louis Pasteur (1822–1895), and named after him. It entails heating, for example, a liquid to a temperature that kills harmful germs, followed by cooling it quickly, but does not significantly alter the chemical makeup of the liquid. This improves the keeping qualities of the foodstuff.

PECTIN   Plant polysaccharide that is used as a thickener in jams, jellies, and marmalades. Found in unripe fruit—for example, apples—as propectin. As the apples ripen, the propectin is hydrolyzed by enzymatic action to form the water-soluble pectin.

PECTINASE   Enzyme that can break down pectin.

PENFIELD, WILDER GRAVES (1891–1976)   Canadian neurosurgeon who was the first to represent the connection between the sensory parts of the body and the loci and extent of the areas where sensory perceptions are registered in the brain. He did this with a picture that resembled a small man, called a homunculus.

PEPTIDE   Chemical compound composed of amino acids held together in a chain by peptide bonds. Long peptides are called polypeptides or proteins. Peptides with two or three amino acids are called, respectively, dipeptides and tripeptides.

PERCEPTION   Sensing and interpretation of sensory impressions.

PESTO   From the Italian pestare for “to pound” or “to crush,” a purée or sauce that is an emulsion containing oil.

pH   Measure of the relative degree of acidity on a scale of 0–14. A pH value of less than 7 indicates an acidic environment, one of 7 is neutral, and one of more than 7 indicates a basic or alkaline environment.

PHASE   State of a substance, most commonly solid, liquid, or gas. Glasses and emulsions are more complex phases.

PHOSPHOLIPID   Lipid with a phosphate polar head. It is a major component of cell membranes and biological tissues. Phospholipids—for example, from eggs—can function as emulsifiers.

PHYTOHEMAGGLUTININ   Toxic substance in plants found—for example, in raw kidney beans.

PIPERINE   Organic substance that is responsible for the strong taste in black pepper.

PLASTIC   Word for the ability of materials to change shape in response to external pressure, without returning to their original shape when the pressure is removed.

PLASTICIZATION   Process that makes substances and mixtures of substances more plastic and easier to deform—for example, in connection with the production of hard candies.

POLARITY   Property of a molecule that has electrically charged ends. In contrast to nonpolar molecules, polar ones can form hydrogen bonds—for example, with water—and are, therefore, water soluble.

POLYMER   Larger, chained or branched molecules that are composed of many identical or disparate entities (monomers). For example, proteins are polymers, so-called polyamides, made up of amino acids, and polysaccharides are polymers made up of many sugar groups. Polymers can be created via a process of polymerization, where the individual monomers are bound together in a chemical reaction.

POLYPHENOL   Compound that has several phenol groups. See also tannin.

POLYSACCHARIDE   Sugar consisting of many entities. Polysaccharides function as the energy depots in the cells and as structural elements both in cell walls and in stems and leaves. As opposed to the simple polysaccharides used by plants to store energy—for example, in the form of glycogen and starch—the polysaccharides used by algae as structural elements are more complex and heterogeneous. On the one hand, plants make use of a class of polysaccharides, called pectins, that can be used as thickeners. Algae, on the other hand, make use of polysaccharides that are distinctly their own: alginate, carrageenan, and agar. They compose what are known as soluble dietary fibers, which can absorb water in the stomach and intestines and form gels. Insoluble dietary fibers are also polysaccharides—for example, cellulose. See also carbohydrates.

PONZU   Japanese marinade containing soy sauce, dashi, yuzu juice, and possibly a little sake.

PROLINE   Amino acid with a sweetish taste.

PROPECTIN   See pectin.

PROPRIOCEPTOR   From the Latin for “to grasp oneself,” a particular receptor found in muscles, joints, and the inner ear, that detects position and patterns of movement. For example, the nerves that are sensitive to movement in the tongue make use of proprioceptors when they examine the food.

PROTEASE   Enzyme that can break down proteins.

PROTEIN   Polypeptide; that is, a long chain of amino acids held together by peptide bonds. The receptors in the cells that receive signals and identify them—for example, taste and smell—are proteins. Enzymes are a particular class of proteins that act as catalysts for chemical reactions under controlled circumstances. Proteins lose their functionality (denature) and undergo changes to their physical characteristics when they are heated, exposed to salt or acid when cooked, salted, or marinated, or subjected to the action of enzymes when fermented. Smaller peptides and free amino acids—for example, glutamic acid—are formed when proteins are broken down.

PYROLYSIS   Chemical breakdown of materials and substances at elevated temperatures in the absence of oxygen.

QUININE   Alkaloid, bitter-tasting substance that is extracted from the bark of the cinchona tree.

RANCIDIFICATION   Oxidation and enzymatic breakdown of fats, causing an unpleasant odor and taste. Unsaturated fats are especially prone to becoming rancid.

RECEPTOR   Protein molecule that has a particular ability to recognize and bind a particular substance—for example, an odor or a taste molecule. Receptors are found in all membranes, especially those of the nerve cells.

RECRYSTALLIZATION   Transformation of a substance from one crystal phase to another.

REDUCTION   Use of heat to reduce a quantity of liquid—for example, a sauce—to intensify its taste.

REHYDRATION   See hydration.

REMONCE   Danish pastry filling or topping made from butter, sugar, vanilla, and possibly marzipan.

RÉMOULADE   Type of mayonnaise with a variety of finely chopped herbs and sour pickles.

RENNET   Liquid containing proteases—that is, enzymes—which can break down the milk protein, casein, into smaller peptides and free amino acids. As it causes milk to coagulate, it is used in cheese making.

RETROGRADATION   Crystallization of the starch in a structure that is markedly different from the compact structure of the original grains of starch. Can be observed, for example, in frozen goods that contain starch and in bread that has gone stale.

RETRONASAL   Term used to describe the perception of odor or aroma substances that are released in the mouth and make their way up into the nose.

RHEOLOGY   Study of the flow properties of liquids.

ROUILLE   Sauce that can be thickened with bread crumbs or the crusts of old bread. It is made by mixing olive oil with chile pepper or cayenne, crushed garlic, and saffron, to which the bread crumbs are added and made soft. Often served with fish and shellfish bouillabaisse both to add taste and to thicken the soup.

ROUX   Most traditional thickener for sauces. Consists of equal quantities of flour and melted fat. The fat is melted at a low temperature, the flour is stirred in, and the mixture is then heated until it has taken on the desired color—white, light, or brown—depending on the type of sauce for which it is to be used.

SACCHARIDE   Sugar (carbohydrate) that can be made up of one or more sugar groups—for example, monosaccharides, disaccharides, and polysaccharides.

SALEP DONDURMA   Especially tough and chewy ice cream of Turkish origin.

SAUCE ESPAGNOLE   Classical French sauce made from a brown roux. Used mostly to add color to other gravies. Turns into a demi-glace with the addition of Madeira.

SCHOU, EINAR VIGGO (1836–1925)   Danish industrialist and inventor. In 1919, he took out the first patent for an emulsifier; among its uses was in the production of margarine.

SEITAN   Mass of concentrated gluten.

SELF-ORGANIZING   Spontaneous process in which smaller entities (e.g., molecules and atoms) join up to form larger structures (e.g., a micelle or a membrane).

SEMOLINA   Coarse ground yellow wheat meal.

SENBEI   Baked or charcoal-grilled Japanese rice cakes (mochi).

SENSORY SCIENCE   Science related to sensory perception, especially flavor (taste, smell, texture, mouthfeel and chemesthesis).

SHEAR-THINNING   Circumstance under which a complex liquid can flow more freely when shearing forces are applied to the direction of its flow.

SHEPHERD, GORDON M.   American neurobiologist who has defined a new branch of science known as neurogastronomy.

SHISO   Japanese leaf mint (Perilla frutecens) that comes in a green, a red, and a green/red variety.

SHITAZAWARI   Japanese word for feeling with the tongue.

SMOKE POINT   Temperature at which oil begins to give off smoke, a sign that the fats in the oil have begun to break down.

SODA   Sodium carbonate (Na2CO3).

SODIUM ALGINATE   Water-soluble sodium salt of alginic acid.

SODIUM CARBONATE   Soda (Na2CO3).

SODIUM CHLORIDE   Table salt (NaCl).

SODIUM CITRATE   Sodium salt of citric acid.

SODIUM HYDROXIDE   Lye, caustic soda (NaOH).

SOFT MATERIALS   Flexible, bendable, and deformable materials that have the characteristics of both liquids and solids. They are something in between and are often called structured or complex fluids or macromolecular materials. Biological systems, including raw ingredients and food, are for the most part soft materials.

SOFTNESS   Expression for the mouthfeel characterized by the ease with which food is deformed by the actions of tongue, teeth, and palate.

SOL   Dispersion of solid particles in a liquid. See also suspension.

SOMATOSENSORY SYSTEM   From the Greek somato, or “body,” part of the sensory system, where the skin functions as a sensory organ. It involves the conscious perception of temperature, pain, touch, pressure, position, movement, and vibration. Mouthfeel is part of the somato-sensory system

SORBITOL   Sugar alcohol that has two-thirds as many calories as sugar and is 60 percent as sweet. Chemically, sorbitol is an isomer of mannitol.

SOUS VIDE   From the French for “under vacuum,” term that describes a technique for cooking foods at low temperatures in a tightly sealed plastic pouch.

SPHERIFICATION   Formation of small spherical shells of a gel that can be made, for example, with alginate. The shells can be filled with a gel or a liquid to impart a particular taste.

SPRAY DRYING   Dehydration technique. A liquid is blown into a warm air mass, possibly under reduced pressure, causing the water to evaporate and the dried particles to fall like powder snow. The individual particles in the powder are typically 100–300 micrometers in size. This process is often used to produce commercial emulsifiers.

SPRINGINESS   Physical expression for the speed with which a material that has been deformed returns to its original shape when the force is removed. In sensory terms, springiness refers to how quickly the food returns to its original shape after pressure—for example, from the tongue—has stopped.

STABILIZER   Substance that can stabilize an emulsion, a gel, or a suspension.

STARCH   Mixture of the polysaccharides amylose and amylopectin.

STEARIC ACID   Saturated fat with eighteen carbon atoms.

STENDER, STEEN   Danish physician and researcher who was involved in the discovery of the health hazards posed by transfats.

STICKY   Physical expression for how well one material adheres to another or, conversely, how easy it is to pull a material away from the one to which it is adhering. In terms of sensory perception it refers to how easy it is to make the food slide when it sticks to the tongue, cheeks, and especially the palate.

STOCK   Bouillon that has been reduced, often seasoned with herbs and spices. A pale stock is made from white meat and vegetables. A dark stock is based on bones, meat, and herbs that have been browned.

STRUCTURED LIQUID   See complex fluid.

SUBLIMATION   Direct transition from a solid phase to a gas phase.

SUCCULENCE   Juiciness. Used especially to describe mostly plant-based foods.

SUCROSE   Household sugar, disaccharide composed of glucose and fructose.

SUGAR   See inverted sugar; lactose; maltodextrin; maltose; saccharide; sucrose.

SUGAR ALCOHOL   Produced by the reduction of the carbonyl groups in a sugar. Glycerol, mannitol, sorbitol, xylitol, and erythritol are sugar alcohols and can be used as sweeteners.

SURFACE TENSION   See interfacial tension.

SURIMI   Japanese expression that means “minced meat.” Name used, for example, for imitation crab and shrimp meat. Normally made from lean fish and made up of 75 percent water, 15 percent protein, 6.8 percent carbohydrates, and 0.9 percent fats, of which 0.03 percent is cholesterol.

SUSPENSION   Dispersion of solid particles in a liquid. If the particles are sufficiently small, typically no more than one micrometer in size, they can remain suspended in the liquid, even though their density is different from that of the liquid. These types of suspensions are also called colloidal solutions.

SYNERESIS   Process whereby liquid leaks out of a gel and sits on top of it—for example, from a yogurt or a sauce.

SYNESTHESIA   From the Greek for “sensory confusion,” confusion of different sensory impressions so that one type of sensory impression (e.g., the visual perception of the color red) can induce another (imaginary) sensory impression (e.g., a sweet taste).

SYRUP   Mixture of sugar and water with a large sugar content. The sugar has not crystallized because the water and sugar have bound to each other, making the liquid very viscous.

SZCZESNIAK, ALINA SURMACKA   Polish-born American food scientist who has undertaken pioneering research on the texture of food.

TACTILE SENSE   Sense of feel that is stimulated by physical effects, such as pressure, touch, stretching and vibrations, pain, and temperature.

TAHINI   Thick paste made from ground roasted sesame seeds.

TANNIN   Umbrella term for polyphenols, the bitter taste substances found in some red wines, black tea, and smoked products.

TAPIOCA   Starch granules made from cassava.

TASTE   Physiologically dependent perception of taste substances that can bind to particular taste receptors in the taste buds of the tongue. It is generally accepted that there are five basic tastes—sour, salty, sweet, bitter, and umami—from which all others can be combined. See also flavor.

TASTE BUDS   Collections of 50 to 150 taste cells closely packed into a structure that resembles the individual cloves of a bulb of garlic and that are located on some of the papillae of the tongue. At the top of the taste buds, the taste cells have small sacs (microvilli) that are grouped much like the opening of a pore. The taste substances must pass through these sacs to be identified by the taste receptors in the membranes of the taste cells.

TASTE CELLS   Special nerve cells that can identify the five basic taste substances.

TASTE CENTER   Anterior insula of the frontal operculum in the brain.

TASTE THRESHOLD   Concentration of a taste substance below which it is not possible to detect the substance.

TEMPEH   Fermented soybean product made with fresh soybeans, by adding a fungus culture (Rhizopas oryzae or Rhizopas oligosporus) to soaked, hulled, and partially cooked soybeans. The beans, which are still whole, are placed in a brine and fermented for a few days at around 86°F (30°C). This causes the mycelium from the mold to grow into the beans, knitting them together into a cakelike solid, in which it is still possible to feel the structure of the individual beans.

TEMPURA   Japanese expression for deep-fried fish, shellfish, or vegetables. They are breaded with panko, bread crumbs that turn out to be especially crisp and spongy because of the leavening agent that is used in the dough from which they are made.

TENSION   Describes the mechanical force (stress) applied to a material so that it deforms.

TEXTURE   Textural properties of a food is that group of distinctive physical characteristics that can be felt primarily by touch and that are due to the structural elements of the food. Textural properties are connected to mechanical properties such as deformation, breakdown, and streaming of the food when it is subjected to forces. These mechanical properties, and not the texture per se, can be measured by objective, physical means.

THALAMUS   Gray matter lying in the middle part of the brain through which sensory and motor signals pass to and from the cerebral cortex.

THICKENER   Substance that can make liquids more viscous and tougher, so that they flow more slowly. There is a sliding transition between a liquid that has been thickened and a true gel, which has the properties of a solid. Thickeners are of great importance for mouthfeel and their use is, therefore, one of the most common culinary techniques for modifying the texture of a dish—for example, gravies. Eggs, starch, and gelling agents can function as thickeners. A sauce can also be thickened by adding fat—for example, butter or cream—to it when it is below the boiling point. This works because the fat in the form of smaller droplets somewhat thickens the sauce, helps to round out its taste, and makes it feel creamier in the mouth. As the fat can bind some of the taste and aroma substances, however, adding too much dilutes the taste of the gravy. Sauces of this type can also be enriched using milk, sour milk products, and cheese.

THIS, HERVÉ   French chemistry professor who is considered one of the fathers of molecular gastronomy.

TOKOROTEN   Thousand-year-old Japanese dish made with a cooked extract of red alga (Gelidium amansii) that is cooled and turned into a gel. The gelling agent is agar (kanten).

TOSAKA-NORI   Fine Japanese red alga (Meristotheca papulosa) that has a crisp, crunchy mouthfeel and that is found in green, red, and white varieties.

TRANS FATS   Fatty acids with so-called trans-bonds, which makes the fats more solid, even if the fats remains unsaturated. A traditional hard margarine can have up to 20 percent trans fats. The presence of trans fats has been demonstrated to increase the risk of hardening of the arteries and blood clots in the heart. As a consequence, many countries have prohibited the sale of foods containing more than 2 percent industrially produced trans-fatty acids or are in the process of implementing such regulations. Trans fats are found most commonly in deep-fried food and a variety of fast foods, but also occur naturally in smaller quantities (1–5 percent) in other foods—for example, butter, cheeses, and other dairy products, as well as the meat from sheep, where they are formed by bacterial action in the stomach of ruminants.

TRANSGLUTAMINASE   Also known as meat glue, an enzyme that catalyzes the formation of a particular bond between a free amine group on one protein and the acyl group on the amino acid glutamine on another protein. This causes them to bind together in such a way that they cannot be broken down by proteases, the enzymes that usually degrade proteins. Transglutamase is used, for instance, for the production of surimi.

TRIGEMINAL NERVE   Fifth cranial nerve, which is stimulated by substances that cause irritation (chemesthesis)—for example, capsaicin from chile peppers, isothiocyanate from horseradish, and piperine from black pepper.

TRIGLYCERIDE   Hydrophobic fat composed of three fatty acids that are bound to glycerol.

TRIPEPTIDE   Three amino acids that are bound together. Some tripeptides are taste substances—for example, glutathione found in liver, scallops, fish sauce, garlic, and yeast extract.

TROPOCOLLAGEN   Long protein molecules in connective tissue that in bundles of three are helically wound around one another to make up a collagen fibril. These fibrils are joined together to make collagen fibers, which form connective tissue structures—for example, in muscles.

TRP CHANNELS   Transient receptor potential channels, which are special membrane channels that are involved in the transport of sodium, calcium, and magnesium ions. They can register a series of different sensory impressions—for example, hot and cold temperatures, as well as pain.

TSUKEMONO   From the Japanese for “something pickled,” brined or fermented foods, especially vegetables, but also stone fruits such as plums and apricots. Some must be eaten within a few days and some will last for several months, particularly if they are salted as well as fermented.

TYROSINE   Amino acid that has a bitter taste.

UMAMI   Fifth basic taste, made up of two components—a basal part that is attributed to free glutamate and a reinforcing or synergistic part that is attributable to the simultaneous presence of 5′-ribonucleotides, especially inosinate and guanylate.

VACUUM COOKING   Technique to cook food under reduced pressure—for example, in a sous vide pouch.

VELOUTÉ   Classic French sauce made with a light roux and thickened with egg yolks and cream. Served with white meats such as poultry and veal and with fish.

VISCOELASTICITY   Property of a material—for example, a foodstuff—that describes how in some circumstances the food behaves like an elastic or plastic solid and under others like a liquid that can flow. Gels made with water and complex carbohydrates (hydrogels) are a good examples of how this works. Complex mixtures of fats, water, and air can also exhibit viscoelasticity—for example, margarine, baked cakes, ice cream, vegetables, fruits, and some cheeses.

VISCOSITY   Measure of the resistance to flow of a fluid or semifluid. Alternatively the capacity of a liquid to resist the movement of another substance through it.

WAKAME   Japanese term for the brown macroalga of the genus Undaria. It has a beautiful green color and a sweet and typically umami taste and is best known as an ingredient in almost all types of miso soups. Hiyashi wakame is a seaweed salad with sesame and dill.

WASABI   Japanese horseradish (Wasabi japonica).

WHEY PROTEIN   Protein containing sulfur found in whey. Used, for example, to make ricotta.

XANTHAN GUM   Complex, branched polysaccharide produced by the action of the bacteria Xanthomonas campestris. It is soluble in both cold and warm water, where it serves as a thickener in concentrations as small as 0.1–0.3 percent. Liquids stiffened with xanthan gum exhibit shear thinning, an effect well known from ketchup and dressings.

XYLITOL   Sugar alcohol that can sweeten almost as much as ordinary sugar, but contains 33 percent fewer calories. As they dissolve on the tongue, xylitol crystals induce a sensation of cold.

YŌKAN   Japanese confectionary or candy made from red adzuki bean paste that is made into a firm gel with the help of sugar and the thickener agar (kanten).

YUBA   Skin that forms of the surface of soy milk when it is boiled.

YUZU   Small Japanese citrus fruit (Citrus junus) that has a more aromatic taste than a lemon.
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human head: characteristics, 29; chewing and, 28–30; cooking and evolution, 27–30; skull, 27

hummus, 178, 179, 208, 212

hydration, 65, 321

hydrogels, 56–57, 64, 85, 146; defined, 321–22; force and, 110–11; formation, 279; with seaweed, 138–41; types of, 139

hydrogenation, 128, 322

hydrogen bonding, 60, 62, 322

hydrolysis, 103, 147, 322

hydrophile, 321

hydrophobe, 114, 321

hydrophobic treatment, 46, 55, 114

ice cream, 191–92; appliances, 279; chewy, 279, 284; creamy, 180, 188, 278–79; ingredients, 279; salep dondurma, 279, 284, 330

Ikeda, Kikunae, 200

ikijime, 184, 322

Ilulissat, Greenland, 183–85, 184

inosinate, 199, 201, 265, 322

insects: as food, 52–53, 54

insula, 4, 322, 327

intensity, 6–7, 9, 20, 22

interfacial tension, 322

inverted sugar, 147, 278, 322

ion channel, 22, 322

irritants, 5, 322–23

irritation, 20, 21, 22

isothiocyanate, 5, 6, 16, 315, 323, 333

Japanese sweets, 211

jellies, 101, 101

jelly bean test, 3

jellyfish, 273; collagen, 272; texture, 269, 272–74

juicy, 36–37, 99–100, 106, 119–20, 303, 323

Jurafsky, Dan, 100, 102, 229

kamaboko, 146, 323

kanten, 85, 323

karebushi, 199–201

katsuobushi, 197–201, 323

Kawano, Soari, 253

Kawasaki, Hiroya, 108

kazunoko, 285, 285, 323

kefir, 161, 323

kelp, 40, 40, 274, 276

ketchup: consistency, 182; ketchup effect, 84, 85; as puree, 179–80; umami and, 179

kimchi, 218, 323

kinesthesia, 5, 17, 323

Kinoshita, Koji, 201

koji, 218, 323

kokumi, 15–16, 18, 323

konbu (kombu), 201–4, 280, 281, 317, 323

Kono, Atsushi, 249, 251, 253–54

kuchi atari, 100, 323

lactic acid, 33, 81, 160–61, 218, 240, 323

lactose, 46, 56, 161, 163, 323

Ladeyn, Florent, 185

lard, 148–51

laver, 274, 276

leathery, 104, 238

lecithin, 58, 63, 76, 83–84, 126, 189, 323

legumes: adzuki beans, 211, 227, 311; carbohydrates, 208; chickpeas and lentils, 207–9, 211, 294; cooking, 208; fresh and dried, 208; texture, 207–11

lentils, 207–9, 212, 294

Lévi-Strauss, Claude, 262, 323

Lieberman, Daniel, 27–30

lignin, 116, 323

limbic system, 4, 323

Lindt, Rodolphe, 152, 324

linoleic acid, 131, 319, 324

linolenic acid, 131, 319, 324

lipid membrane, 47, 156, 324

lipids, 44, 46–47, 83–84, 156, 189, 324

lipoproteins, 46, 126, 324

liquid crystals, 74, 324

liquids: food, 105–6, 106, 113; physical properties of food, 73–74; starch turning, 125; texture, mouthfeel and, 105–6, 106

locust bean gum, 80, 142, 324

Lomholt, Michael A., 303

magnesium chloride, 81, 209, 324

Maillard reactions: during baking, 156; defined, 324; deriving, 25; low-temperature, 18; in meat, 174; slow, 119; speeding up, 239; tasty compounds, 117, 172, 238; vegetables and, 216

main dishes: decoding eighteen-course lunch, 291–96, 293

maki-zushi, 324, 326

maltodextrin, 147–48, 324

maltol, 172, 324

maltose, 56, 312, 324

margaric acid, 127, 315, 325

margarine: campaigns against, 128; as complex emulsion, 127–29; defined, 324–25; forms of, 129; history, 127; mouthfeel and, 130–32; preparation, 148–49; success story, 130–32

marinate, 218, 230, 325

marshmallows, 192, 325

Matsumoto, Tsutomu, 201–2

mayonnaise, x, 63, 63, 234–35, 325

McGee, Harold, 52

meat: aging of, 265–66; cooking, 43–44; fat and protein content, 41; food preparation, 119–20; Maillard reactions in, 174; from muscles and organs, 41, 41–44; skin and bones, 243, 246–47; sous vide techniques for, 120, 121; striated muscles, 45, 45; tenderized and chopped, 46. See also specific meats

Mége-Mouriès, Hippolyte, 127, 325

melting points: alginates, 141; cheese, 163; chocolate, 151; fats, 58, 117, 148; gels, 86, 88; mouthfeel and, 58; sugars, 147

Mercadé-Prieto, Rube, 166

meringue, 76, 91, 91, 192–93, 325

mesophase, 74, 324, 325

methoxyl, 134, 135–36, 325

methyl cellulose, 87, 132, 140, 144, 325

micelles, 46–47, 56, 145, 145, 157, 325

Michelin stars, 185, 226, 253, 291, 303

Mielby, Line Holler, 304–5

milk: butter and mouthfeel, 157–61; carbohydrates in, 46; casein proteins, 46–47, 47, 62, 90, 145, 315; cream, 156, 157, 191, 191–92; fats, 47, 47–48; fermented dairy products, 161–62; as food, 46–48; food preparation, 150, 153, 156–62; homogenized, 82, 156, 157; kefir, 161, 323; texture, 150, 153, 155, 157, 157–62; whey proteins, 47, 47. See also cheese; yogurt

mille-feuille, 194–95, 196, 325

mirin, 251, 281, 325

miso, 209, 218, 235, 325

mochi, 227, 325

modernist cuisine, 88, 147, 248, 274, 287, 303

molecular gastronomy, 118, 140–41, 303

molecules: carbohydrates, 52–53, 59, 63; edible, 52–53, 55, 55; macromolecules, 55, 59, 167, 323, 324; odor, 25; proteins, 43, 43

Møller, Jens, 287

mollusks, 50–51, 51

monoglycerides, 84, 325

monosaccharide, 56, 325

monosodium glutamate (MSG), 19, 320, 325

Mønsted, Otto, 130–31

Morimoto, Masaharu, 249, 251–53

mousse, 191–92, 325–26

mouth, 1–7, 5, 8, 10

mouthfeel: of biological materials, 34; butter and, 157–61; curiosity about, xi; decoding eighteen-course lunch, 291–96, 293; defined, ix; fats and, 150; interplay between sensory impressions, 19–22; irritation → smell, 21; irritation → taste, 20–21; irritation → temperature, 22; margarine and, 130–32; melting points and, 58; note-by-note cuisine, 68; perception of, 11, 14; physicist’s approach, 155–56; roe, 49; role of, x, 2; smell → irritation, 21; smell → temperature, 21; smell → touch, 21; somatosensory system, 5, 5, 13, 16–17; taste for life, 307–9; taste → irritation, 20; taste → touch, 20; temperature → irritation, 22; temperature → smell, 21; temperature → taste, 20; temperature → touch, 21; texture and, 72–73; total flavor experience, 8–9, 11, 14–15; touch → astringency, 22; touch → smell, 21; touch → taste, 20; touch → temperature, 21; viscosity and, 19; words for, 100. See also taste; texture; texture, mouthfeel and; specific topics

MSG. See monosodium glutamate

mucus, 255, 326

Muesli with a Difference, 222

multimodal perception, 23, 126, 326

Myhrvold, Nathan, 248

myoglobin, 45, 326

myosin, 28, 41, 326

Napoleon III, 127

nattō, 211, 326

natural foods, 33–34, 35

neophobia, 300–302, 326

neurogastronomy, 26, 303–4; basis for gastronomy, 24; coining, 24; defined, 326; new discoveries, 309; overview, 22–23; research, 23–24

Nielsen, Jeppe Ejvind, 183–85

nigari, 81, 326

Ninomiya, Kumiko, 198

nitrous oxide, 190, 192, 326

nociceptor, 16, 326

nonpolar, 326, 328

nori, 108, 109, 115, 278, 326

nose, 1–7, 5, 15

note, 10, 18, 326

note-by-note cuisine, 67–68, 326

nougat, 180, 193, 326

nucleic acids, 33, 52–53, 55, 56, 265, 326

nucleotides, 53, 265, 326

nuka-zuke, 218, 327

nutrition, 12, 22, 28, 52, 68, 214, 307

oboro konbu, 202, 204, 323

octopus, 51, 267

odors: compared to smell and aroma, 4; danger signals, 7; molecules, 25; perception, 15; receptors, 9; substances, 2–3, 8, 23, 148, 327; temperature and, 21

oils, 57, 83, 83, 148, 149, 327

olfaction, 3–4, 327

olfactory bulb, 4, 327

Onodera, Morihiro, 226

operculum, 4, 322, 327

orbitofrontal cortex, 327

orthonasal, 8, 13, 327

osmosis, 66, 327

oxidation, 58, 201, 327

oysters, 50, 108, 109, 251, 254, 304

Pacojet, 279, 327

palmin, 327

palmitic acid, 127, 315, 327

panko, 176, 327

papain, 146, 265, 327

pasteurization, 156, 161, 327

pastry, 194–95, 196

pectin, 37, 103, 327; agaropectin, 138, 311; amylopectin, 56–57, 122–23, 123, 125, 224, 312; food preparation, 134, 135, 135–36; in vegetables, 215–16

pectinase, 57, 103, 327

Penfield, Wilder Graves, 26, 327–28

peptide, 56, 328

perception: of cold, 6; defined, 328; of mouthfeel, 11, 14; multimodal perception, 23, 126, 326; sensory, ix

perishability, 261, 262–63, 265–66

pescado frito, 229

pesto: defined, 328; Pesto recipe, 180

pH, 16, 64, 135, 139, 163, 288, 328

phase, 73, 78–79, 91, 102, 150, 328

phospholipid, 167, 321, 328

phytohemagglutinin, 209, 328

piperine, 20, 328

Piqueras-Fiszman, Betina, 303

pizza burn, 8

plants: carbohydrates, 87, 122; cell structure, 36–37; cellulose, 111; culinary fats from, 148, 148–49; food from, 34, 36–37; oils from, 149; vascular, 34, 36

plastic, 97, 328

plasticization, 170, 328

plums, 134, 215, 218, 294, 334

polarity, 328

polymers, 53, 328

polyphenol, 328

polysaccharides, 37, 64, 84, 122; branched, 142–43; chained, 246; complex, 138–39, 236, 239; defined, 328; harmless, 281; linear, 56–57

ponzu, 209, 328

popcorn, 53, 227, 228, 228; Ceviche with Chile Peppers and Popcorn, Sprinkled with Brewer’s Yeast, 230, 230

pork: aged, 268; bacon, ix; crackling, 255, 255; Iberian ham, 268; raw shank and tenderloin, 45

potatoes: potato chips, 9; potato starch, 122, 123, 124. See also French fries

poultry, 35; aging of, 265–66; crisp skin, 249, 250, 251–53; foie gras, 118, 191, 294, 319; Peking duck, 247; skin, 247–48

prepared foods, 7, 27, 61, 71–74, 148, 302

Prescott, John, 299

pretzels: as bread, 239, 243; Pretzels recipe, 242, 242

processed food, 33–34, 35, 66–67

proline, 312, 313, 328

proprioceptors, 17, 329

protease, 145, 329

proteins, 35, 55; amino acids and, 265; casein, 46–47, 47, 62, 90, 145, 315; cooking and, 28; defined, 329; in eggs, 44; fish, 48–49; food, 55–56; glycoproteins, 255, 321; G-protein-coupled receptors, 22, 321; lipoproteins, 46, 126, 324; meat content, 41; molecules, 43, 43; renewed sources, 308; starch and, 122; whey, 46–48, 47, 47, 156, 157, 334

purees: humus, 179; ketchup, 179–80; Pesto, 180; pureed food experiment, 101

pyrolysis, 117, 329

quinine, 19–20, 329

radiation, 117–18, 313

rancidification, 329

raw ingredients, x; changes in, 71; hydrophobic or amphiphilic treatment, 45, 55, 58, 114; quality, 302; raw foodism, 214; texture, 100, 214–15; transforming, 114–15; vegetables, 214–15

receptor, 329

recrystallization, 152, 329

reduction, 79, 89, 329

remonce, 329

rémoulade sauce, 235, 329

rennet, 145, 145, 329

Restaurant Nerua, Bilbao, 291, 291–92, 292

retrogradation, 116, 125, 329

retronasal, 17, 329

rheology, 98–99, 113, 329

rice, 224–25, 226, 226

Riki, Izumi, 204

roe, 50; mouthfeel, 49; salted herring, 285, 285; texture, 284–85; tobiko, 285. See also caviar

rotation, 10

rouille, 235, 320

roux, 233–34, 329–30

Rowat, Amy, 154–55

Royal Danish Academy of Sciences and Letters, 303

rusk, 239, 243

saccharide, 319, 330

Sakai, Japan, 201–4

salads, 209, 221, 276:

salep dondurma, 279, 284, 330

salivary juices, 9, 303, 308

salt, x, 77; salted herring, 285, 285; taste, ix, 20, 22

saturated fats, 57, 92, 129, 325, 327, 331

sauce espagnole, 234, 330

sauces: aioli, 235, 312; béarnaise, 234–35, 266, 267, 313; béchamel, 231, 234, 313; bordelaise, 232, 314; complex, 232; condiments, 232; consistency, 231; demi-glace, 234, 318; emulsified, 234–35; function, 229, 231; Hollandaise, 234, 321; mayonnaise, 234–35; rémoulade, 235, 329; rouille, 235, 329; texture, 229, 231–35; thickened, 233, 233–34; types, 231–32; velouté, 234, 334; vinaigrette, 232

scampi, 51, 52

school projects, 301, 301

Schou, Einar Viggo, 130, 130–32, 329

Schou, Herbert, 132

sea urchins, 269, 272

seaweed, 34, 36, 40, 40; alginates as extract, 87–88, 274; carrageenan from, 79, 87–88, 138–39, 274; gracilaria, funori, tosaka-nori, 276, 278; hydrogels with, 138–41; licorice, 281; texture, 274, 276, 278. See also specific seaweeds

seitan, 68, 224, 330

self-organizing, 59, 330

semisolid food, 74, 102, 102, 113, 122

semolina, 237, 330

senbei, 227, 330

sensory confusion, 16–17, 18–19

sensory science, 12, 209, 303–4, 330

shear-thinning, 85, 133, 143, 330

Shepherd, Gordon, 16, 24, 25, 304, 330

Shimomura, Koji, 108

shiso, 254, 296, 330

shitazawari, 100, 330

shrimp, 51, 184, 294. See also scampi

sikbāj, 229

skin and bones: crackling, 243, 248, 254; fish bones, 257; fish skin, 255–57; poultry, 247–48; texture, 243, 246–49, 251–57

smell, 21; flavor and, 3–4; odor and aroma compared to, 4; retronasal detection, 3, 17

smoke point, 117, 330

smoking, 199

snap peas, 208, 214

soda, 193, 274, 330

sodium alginate, 133, 140–41, 286, 288, 330

sodium carbonate, 330

sodium chloride, 77, 330

sodium citrate, 288, 330

sodium hydroxide, 239, 314, 330

soft materials, 59–60, 60, 104–5, 330

softness, xi, 33, 330; soft foods, 196–204

sol, 151, 330

solid food, 73–74, 102, 102

somatosensory system, 17, 330; mapping, 26; mouthfeel, 5, 5, 13, 16–17; in nose, 15; pain sensitive nerve endings, 16; pressure sensitive nerve endings, 17; temperature sensitive nerve endings, 16; touch sensitive nerve endings, 17

sorbitol, 146, 330

soufflé, 74, 91, 100, 191–92, 302

soups: adding texture, 236–38; bouillabaisse, 235–37, 314; bouillon, 224, 234–36, 292, 314; Scotch broth, 237; sticky, 236; texture, 235–38; thickening, 236. See also consommé; stock

sour taste, ix, 16, 20–22, 193, 202–4, 320

sous vide, 115, 118–19, 330; for meat, 120, 121

soybeans, 68, 207, 209–11

soylent, 68

Spence, Charles, 303–4

spherification, 286, 286, 288–89, 331

spirulina, 38

spray drying, 65, 331

springiness, 104, 105, 116, 331

sprouts, 207, 212, 213, 221

squid, 269, 270, 271

stabilizers, 79–81, 80, 122, 331

starch: amylose in, 122–25, 123, 224; carbohydrates, 56–57, 224; cornstarch, 122–24, 143, 155, 163, 227, 261; defined, 331; food preparation, 122–25, 123, 124; gelatinization, 124–25; potato, 122, 123, 124; protein and, 122; retrogradation, 125; sticky, 122; turning liquid, 125; wheat, 224

starfish, 270, 271; roe, 272; texture, 269, 272

stearic acid, 127, 315, 331

Stender, Steen, 128, 331

Stevenson, Richard, 11, 12

sticky, 100, 102, 106, 113, 133, 142–44; defined, 331; fats, 150; gels, 136, 138; interaction, 115; rice, 224–25; soups, 236; starch, 122; sugar, 146; texture, 38

stock, 177, 197, 225, 232, 235–36, 331

stress-strain curve, 96, 97

striated muscles, 45, 45, 48, 49

Styrbæk, Kasper, 290, 292, 294

sublimation, 331

succulence, 119; defined, 331

sucrose, 19–20, 56, 135, 146–47, 170, 331

sugar alcohol, 6, 318, 321, 331

sugars, x; carbohydrates, 56, 146; food preparation, 146–47; inverted sugar, 147, 278, 322; melting points, 147; sticky, 146; sucrose crystals, 77. See also lactose; maltodextrin; maltose; saccharide; sucrose

surimi, 146, 331

suspensions, 79, 80, 331

sweet taste, ix, 20, 22; Japanese sweets, 211 See also desserts

syneresis, 87, 116, 125, 331

synesthesia, 18–19, 331

synthetic food, 34, 67–68

syrup, 147, 332

Szczesniak, Alina Surmacka, 98, 102, 332

tactile sense, 5, 8, 15, 103, 110, 332

tahini, 212, 332

tannins, ix, 15, 22, 332

tapioca, 123, 178, 181, 237, 332

taste, 5, 305; adaption, 6–7; additives, 200; adventurousness, 300–302; appetite, digestion, satiety and, x; big bursts of, 284; chemical, 20; congruency, 6–7; cranial nerves and, 3; fatty acids, 265; food production and, 308; intensity, 6–7; jelly bean test, 3; for life, 307–9; mechanics of, 10–11; mouth and nose in, 1–7; overview, 1; retronasal smell and, 17; senses in, 10, 11; sensory perceptions of, ix; taste muscles, 95–97. See also astringency; bitter taste; sour taste; sweet taste; umami

taste buds, 1–4, 9, 20, 25, 332

taste cells, 4, 332

taste center, 4, 332

taste threshold, 6–7, 20, 332

tempeh, 211, 332

temperature, 8, 20, 22; conduction, convection, radiation and, 117; in food preparation, 115, 117; Maillard reactions, 18; odors and, 21; sensitive nerve endings, 16; sous vide techniques, 118

tempura, 228–29, 332

tension, 97, 332

texture: adding to soups, 236–38; additives for creating, 121–22; appetite and, 308; in Bible, 99; big bursts of taste, 284; in bottle or can, 121–22; from calcification, 289, 296; change and cause in food, 116; classification of solid food, 102, 102; creamy, 99–100; crisp bread, 238–39, 243; definitions, 72–73; enzymes and, 144–46; of food, ix; food choice and tolerance, 302–3; frozen desserts, 278–79, 284; grains and seeds, 219–21, 224–25, 228–29; Ilulissat, Greenland, 183–85, 184; jellyfish, 269, 272–74; legumes, 207–11; milk, 150, 153, 156, 157, 157–62; octopus, squid, cuttlefish, 269; of perishability, 261, 262–63, 265–66; physical properties of food, 72–73; raw ingredients, 100, 214–15; rheology replacing, 98–99; roe, 284–85; sauces, 229, 231–35; sea urchins, 269, 272; seaweed, 274, 276, 278; skin and bones, 243, 246–49, 251–57; soups, 235–38; soybeans, 207, 209–11; from spherification, 286, 286, 288–89; sprouts, 207, 212; starfish, 269, 272, 272; sticky, 38; textural elements, 98; vegetables, 212–19; when food changes, 91–92

texture, mouthfeel and, 72–73; adhesiveness, 105; chewing and taste muscles, 95–97; coating, 106, 149, 150, 316; cohesiveness, 104; complaints about food, 100; consistency, 106; creaminess, 106, 108–11; crispness, 99–100; defining texture, 98–102; describing texture, 102–11; elastic, plastic, viscoelastic, 97; food reviewers and, 100, 102; hardness, 102–4; juiciness, 106; liquid foods, 105–6, 106; overview, 95; role of texture, 99–100; solid and semisolid foods, 102, 102; springiness, 105; viscosity, 104–5, 105

thalamus, 4–5, 5, 332

thickeners, 80–81, 122; defined, 332–33; eggs as, 167; thickened sauces, 233, 233–34; thickening soups, 236

thickness, 15, 77, 232

This, Hervé, 67–68, 326, 333

tofu, 68, 209, 211

tokoroten, 85, 333

tomatoes: calcification of, 289; 290

tongue, 4–6, 8, 10

tosaka-nori, 276, 278, 333

toughness, 13, 97, 104, 116

toxins, 2, 13, 272

trans fats, 128–29, 148, 333

transglutaminase, 145, 146, 333

transient receptor potential (TRP), 16, 333

trigeminal nerves, 3, 5–6, 67, 193, 315, 333

triglyceride, 44, 58, 151, 327, 333

tripeptide, 15, 320, 328, 333

tropocollagen, 43, 44, 136, 333

TRP. See transient receptor potential

tsukemono, 218–19, 219, 254, 334

tyrosine, 162, 334

umami, ix, 219, 254; coining, 200; defined, 334; fermentation and, 262–63; intensity, 20, 22; ketchup and, 179; research, 196; sweet sour, 202, 204

unsaturated fats, 57–58

vacuum cooking, 334

vascular plants, 34, 36

Vega, César, 166

vegan diet, 214

vegetables, 35; crispness, 216; Maillard reactions and, 216; marinating, 218; pectin in, 215–16; pickling, 218; preparing, 215–16, 218; raw, 214–15; roots, stalks, leaves, flowers, 212, 214; texture, 212–19; tsukemono, 218–19, 219, 254. See also specific vegetables

vegetarian diet, 214

velouté, 231, 234, 334

Verhagen, Justus V., 20

verrition, 10

viscoelasticity, 97, 110–11, 113, 284, 334

viscosity, xi, 8, 97, 98; consistency as, 106; defined, 334; mouthfeel and, 19; texture and mouthfeel, 104–5, 105

wakame, 274, 276, 334

wasabi, 5, 254, 334

water: activity of, 64, 71, 311; alcohol and, 77; binding with oil, 83, 83; bonding with other substances, 62–64; cold-water test for hard candies, 172; content in foodstuffs, 61; dehydration, 65–66; food and, 60–66; interacting with other substances, 64; properties, 60, 62; water soluble carbohydrates, 38, 40, 62, 64, 236

wheat, 213, 220–21, 223, 224

whey proteins, 46–48, 47, 156, 157, 334

whipped cream, 191, 191–92

Wrangham, Richard, 27–28

xanthan gum, 80, 85, 87, 143, 334

xylitol, 6, 334

yakitori, 249, 250, 251–53, 253

Yamanaka, Hiroki, 201–2, 204

yogurt, 33, 39, 40; calcium in, 132; creamy, 110; fat in, 279; as lighter food, 307; preparation, 161; semisolid state, 74, 122

yōkan, 211, 212, 334

Young, Chris, 248

yuba, 210, 334

yuzu, 209, 230, 334
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Salt: Grain of Life, Pierre Laszlo, translated by Mary Beth Mader

Culture of the Fork, Giovanni Rebora, translated by Albert Sonnenfeld

French Gastronomy: The History and Geography of a Passion, Jean-Robert Pitte, translated by Jody Gladding

Pasta: The Story of a Universal Food, Silvano Serventi and Françoise Sabban, translated by Antony Shugar
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Drinking History: Fifteen Turning Points in the Making of American Beverages, Andrew F. Smith

Italian Identity in the Kitchen, or Food and the Nation, Massimo Montanari, translated by Beth Archer Brombert

Fashioning Appetite: Restaurants and the Making of Modern Identity, Joanne Finkelstein

The Land of the Five Flavors: A Cultural History of Chinese Cuisine, Thomas O. Höllmann, translated by Karen Margolis

The Insect Cookbook: Food for a Sustainable Planet, Arnold van Huis, Henk van Gurp, and Marcel Dicke, translated by Françoise Takken-Kaminker and Diane Blumenfeld-Schaap

Religion, Food, and Eating in North America, edited by Benjamin E. Zeller, Marie W. Dallam, Reid L. Neilson, and Nora L. Rubel

Umami: Unlocking the Secrets of the Fifth Taste, Ole G. Mouritsen and Klavs Styrbæk, translated by Mariela Johansen and designed by Jonas Drotner Mouritsen

The Winemaker’s Hand: Conversations on Talent, Technique, and Terroir, Natalie Berkowitz

Chop Suey, USA: The Story of Chinese Food in America, Yong Chen

Note-by-Note Cooking: The Future of Food, Hervé This, translated by M. B. DeBevoise

Medieval Flavors: Food, Cooking, and the Table, Massimo Montanari, translated by Beth Archer Brombert

Another Person’s Poison: A History of Food Allergy, Matthew Smith

Taste as Experience: The Philosophy and Aesthetics of Food, Nicola Perullo

Kosher USA: How Coke Became Kosher and Other Tales of Modern Food, Roger Horowitz

Chow Chop Suey: Food and the Chinese American Journey, Anne Mendelson

OPS/images/p282-01.png





OPS/images/p283-01.png





OPS/images/p280-01.png





OPS/images/p287-01.png





OPS/images/p289-01.png





OPS/images/p285-01.png





OPS/images/p286-01.png





OPS/images/p292-01.png





OPS/images/p290-01.png





OPS/images/p291-01.png





OPS/images/p3-01.png





OPS/images/p301-01.png





OPS/images/p293-01.png





OPS/images/p295-01.png





OPS/images/p36-01.png





OPS/images/p38-01.png





OPS/images/p339-01.png





OPS/images/p35-01.png





OPS/images/p39-01.png





OPS/images/p40-01.png





OPS/images/p258-01.png





OPS/images/p256-01.png





OPS/images/p26-01.png
}:B





OPS/images/p259-01.png





OPS/images/p255-01.png





OPS/images/p253-01.png





OPS/images/p262-01.png





OPS/images/p260-01.png





OPS/images/p264-01.png





OPS/images/p263-01.png





OPS/images/p241-01.png





OPS/images/p237-01.png





OPS/images/p243-01.png





OPS/images/p242-01.png





OPS/images/p233-01.png





OPS/images/p252-01.png





OPS/images/p246-01.png





OPS/images/p245-01.png





OPS/images/p250-01.png





OPS/images/p25-01.png





OPS/images/p267-01.png





OPS/images/p27-01.png
g





OPS/images/p273-01.png





OPS/images/p275-01.png





OPS/images/p271-01.png





OPS/images/p272-01.png





OPS/images/p278-01.png





OPS/images/p279-01.png





OPS/images/p276-01.png





OPS/images/p277-01.png





OPS/images/p218-01.png





OPS/images/p217-01.png





OPS/images/p221-01.png





OPS/images/p219-01.png
R o A





OPS/images/p230-01.png





OPS/images/p228-01.png
ok PN
Y.
. & < B
L A

¢ o8 P





OPS/images/p223-01.png





OPS/images/p222-01.png





OPS/images/p226-01.png





OPS/images/p225-01.png





OPS/images/p194-01.png





OPS/images/p198-01.png





OPS/images/p196-01.png
Dough

Margarine






OPS/images/p213-01.png





OPS/images/p211-01.png





OPS/images/p215-01.png





OPS/images/p203-01.png





OPS/images/p200-01.png





OPS/images/p210-01.png





OPS/images/p209-01.png





OPS/images/p175-01.png





OPS/images/p173-01.png





OPS/images/p187-01.png





OPS/images/p184-01.png





OPS/images/p191-01.png





OPS/images/p190-01.png





OPS/images/p180-01.png





OPS/images/p179-01.png





OPS/images/p182-01.png





OPS/images/p181-01.png





OPS/images/p171-01.png





OPS/images/p154-01.png





OPS/images/p168-01.png





OPS/images/p165-01.png





OPS/images/p170-01.png





OPS/images/p17-01.png
Gy






OPS/images/p158-01.png





OPS/images/p157-01.png





OPS/images/p160-01.png





OPS/images/p159-01.png





OPS/images/p153-01.png





OPS/images/p152-01.png





OPS/images/p142-01.png





OPS/images/p14-01.png





OPS/images/p148-01.png





OPS/images/p145-01.png





OPS/images/p135-01.png





OPS/images/p131-01.png





OPS/images/p139-01.png
Cooling

Pram—
Heating

Solution

Cooling

—
Heating






OPS/images/p137-01.png





OPS/images/p129-01.png





OPS/images/p124-01.png





OPS/images/p130-01.png





OPS/nav.xhtml




Table of Contents





		Cover



		Title Page 



		Copyright



		Contents 



		Preface



		Acknowledgments



		1. The Complex Universe of Taste and Flavor



		The Mouth and the Nose: Where It All Begins



		Mouthfeel: A Central Element of the Total Flavor Experience



		Astringency and Kokumi: Not Exactly Mouthfeel, but Something Like It



		Sensory Confusion



		The Interplay Between Mouthfeel and Other Sensory Impressions



		Neurogastronomy: Flavor Is All in the Brain











		2. What Makes Up Our Food?



		Food from the Tree of Life



		Edible Molecules



		Biological Soft Materials



		Water: Both Stable and Versatile



		Processed Food



		Synthetic Food: “Note-by-Note Cuisine”











		3. The Physical Properties of Food: Form, Structure, and Texture



		Structure and Texture



		Foods as Solids, Liquids, and Gases



		More Complex States



		When Food Changes Form, Structure, and Texture











		4. Texture and Mouthfeel



		When We Chew, We Are Using the “Taste Muscles”



		What Is Texture?



		How to Describe Texture



		Changing Texture











		5. Playing Around with Mouthfeel



		Transforming Raw Ingredients



		Heat and Temperature



		Texture in a Bottle or a Can



		Starch: A Very Particular Kind of Thickener



		Emulsions and Emulsifiers



		Gels and Gelation



		Gums



		The Effect of Enzymes on Texture



		Sugars in Food



		Fats in Food



		The Surprisingly Diverse Textures of Milk



		Amazing Eggs



		Glassy, Glossy Foods



		Particles in Food



		Bubbles in Food



		From Soft to Hard and Back Again











		6. Making Further Inroads into the Universe of Texture



		Legumes, Soybeans, and Sprouts



		Vegetables with a Bit of Bite



		Grains and Seeds with a Multitude of Textures



		The Secrets of Sauces



		The Mouthfeel of Soups



		Transforming Chewy Dough into Crisp Bread



		Crispy Skin and Crunchy Bones



		The Texture of Perishability



		A Taste Challenge: Some Special Seafood



		Frozen Desserts: From Granular and Creamy to Chewy



		Texture That Releases Big Bursts of Taste











		7. Why Do We Like the Food That We Do?



		Enjoyment and Hedonism



		Food and Taste Adventurousness



		Texture, the Choice of Foods, and Tolerance for Texture



		The Perfect Meal











		Epilogue: Mouthfeel and a Taste for Life



		Glossary



		Bibliography



		Illustration Credits



		Index



		Series List













		Cover



		Title Page



		Copyright Page











OPS/images/p119-01.png





OPS/images/p11-01.png





OPS/images/p123-01.png





OPS/images/p121-01.png





OPS/images/p103-01.png





OPS/images/p109-01.png





OPS/images/p107-01.png





OPS/images/mycover.png
MOUTHFEEL

How Texture Makes Taste

Ole G. Mouritsen and Klavs Styrbaek

TRANSLATED AND ADAPTED BY MARIELA JOHANSEN





OPS/images/cover.png
MOUTHFEEL

How Texture Makes Taste

Ole G. Mouritsen and Klavs Styrbaek

TRANSLATED AND ADAPTED BY MARIELA JOHANSEN

Columbia University






OPS/images/p101-01.png





OPS/images/p10-01.png
PHYSIOLOGLE
DU GOUT,

MEDITATIONS DE. GASTRONOMIE






OPS/images/ch07.png





OPS/images/ch06a.png
_ ,.
! % Ui
St o e &?“





OPS/images/copy.png
-






OPS/images/ch07a.png





OPS/images/ch06.png





OPS/images/ch05a.png





OPS/images/ch03.png





OPS/images/ch03a.png





OPS/images/ch02.png





OPS/images/ch02a.png





OPS/images/ch05.png





OPS/images/ch04.png





OPS/images/ch04a.png





OPS/images/ch01.png





OPS/images/ch01a.png





OPS/images/p82-01.png





OPS/images/p83-01.png





OPS/images/p80-01.png





OPS/images/p88-01.png





OPS/images/p89-01.png





OPS/images/p86-01.png





OPS/images/p87-01.png





OPS/images/p91-01.png





OPS/images/p9-01.png





OPS/images/p90-01.png





OPS/images/p97-01.png
Cutting ~ Shearing ~ Deformation

N e 3 0

3‘

—





OPS/images/p91-02.png





OPS/images/p96-01.png
Stress

Yield point

Fracturing

Strain





OPS/images/1by16.png





OPS/images/pub.png





OPS/images/title.png





OPS/images/p41-01.png





OPS/images/p44-01.png





OPS/images/p45-01.png





OPS/images/p42-01.png





OPS/images/p43-01.png





OPS/images/p49-01.png





OPS/images/p5-01.png





OPS/images/p45-02.png





OPS/images/p47-01.png
Casein micelles, ca. 5

..‘
....
e o
*
*®

Milk fat globules, 1-6 micrometers

Lactose, 0.5 nanometer





OPS/images/p50-01.png





OPS/images/p51-01.png





OPS/images/p52-01.png





OPS/images/p55-01.png





OPS/images/p60-01.png





OPS/images/p53-01.png





OPS/images/p54-01.png





OPS/images/p75-01.png





OPS/images/p76-01.png





OPS/images/p63-01.png





OPS/images/p65-01.png





